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CHRONOTHERAPEUTIC DOSAGE FORMS AND 
METHODS OF TREATMENT USING 

CHRONOTHERAPY 

0001. This application claims priority from U.S. Provi 
sional Application No. 60/275,382, filed Mar. 31, 2001, the 
disclosure of which is hereby incorporated by reference in 
its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to a chronotherapeu 
tic dosage form containing a therapeutically effective 
amount of a drug. The present invention is further related to 
methods of preparing Such formulations, and to methods of 
treatment utilizing Such formulations. 

BACKGROUND OF THE INVENTION 

0003 Coordinating biological rhythms (chronobiology) 
with medical treatment is called chronotherapy. Chrono 
therapy takes into consideration a perSon's biological 
rhythms in determining the timing-and Sometimes the 
amount-of medication to optimize desired effects of a 
drug(s) and minimize the undesired effects. The Synchroni 
zation of medication levels to the biological rhythms of 
disease activity is playing an increasing role in the manage 
ment of common cardiovascular conditions Such as hyper 
tension, elevated cholesterol, angina, Stroke and ischemic 
heart disease, according to experts in this new and ever 
expanding field. For example, in humans, at lam post 
Surgical death is most likely; at 2 am peptic ulcers flare up; 
at 3 am blood pressure bottoms out; at 4am asthma is at its 
Worst. When one wakes up, hay fever is at its most torment 
ing, and in the morning hours, as ones blood preSSure rises 
to meet the day, one is most likely to Suffer a heart attack or 
Stroke. Rheumatoid arthritis improves through the day, but 
Osteoarthritis grows worse. Alcohol is least toxic to the body 
at around 5 pm: cocktail hour. 
0004. The first application of chronotherapy, in the 
1960s, was a synthetic corticosteroid tablet (Medrol, 
Upjohn). Clinicians found that when used in the morning, 
the drug was more effective and caused fewer adverse 
reactions. Another example of a commercial product 
employing chronotherapy is the bronchodilator, Uniphyl(R), a 
long-acting theophylline preparation manufactured by Pur 
due Frederick (approved by the FDA in 1989). Taken once 
a day at dinner to control night-time asthma Symptoms. 
Uniphyl(R) causes theophylline blood levels to reach their 
peak and improve lung function during the difficult morning 
hours. 

0005 Oral controlled release delivery systems may also 
be capable of passing over the entire tract of the Small 
intestine, including the duodenum, jejunum, and ileum, So 
that the active ingredients can be released directly in the 
colon, if Such site Specific delivery is desired. One means of 
accomplishing this is by providing a coating Surrounding the 
active pharmaceutical formulation core So as to preserve the 
integrity of the formulation while it is passing through the 
gastric tract. The high acidity of the gastric tract and 
presence of proteolytic and other enzymes therein generates 
a highly digestive environment that readily disintegrates 
pharmaceutical formulations that do not possess Some type 
of gastro-resistance protection. This disintegration would 
typically have a detrimental effect upon the Sustained release 
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of the active agent. Such coated pharmaceutical formula 
tions, in addition to slowing the release rate of the active 
agent contained within the core of the tablet, can also 
effectuate a delay in the release of the active ingredient for 
a desired period of time such that the dissolution of the 
active drug core can be delayed. Examples of coated phar 
maceutical delivery Systems for delayed release can be 
found in U.S. Pat. Nos. 4.863,742 (Panoz et al.) and 5,891, 
474 (Busetti et al.), as well as in European Patent Applica 
tions Nos. 366 621, 572 942 and 629 398. In the delayed 
release tablets described in each of these references, the 
therapeutically active drug core is coated with at least one 
and potentially Several layers of coating, wherein the layers 
of coating have a direct effect upon the timed release of the 
active drug within the tablet core into the system of the 
patient. 

0006. It is considered desirable by those skilled in the art 
to provide an oral controlled release delivery System that is 
adaptable to deliver a drug(s) Such that release rates and drug 
plasma profiles can be matched to physiological and chro 
notherapeutic requirements. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

0007. It is an object of the present invention to provide an 
oral pharmaceutical dosage form that releases a drug(s) into 
the body of a patient at a predetermined time after oral 
ingestion of the dosage form by the patient. 
0008. It is a further object of the present invention to 
provide an oral pharmaceutical dosage form that provides a 
delayed release of a drug(s) into the gastrointestinal tract of 
a patient at a predetermined time after oral ingestion of the 
dosage form. 
0009. It is a further object of certain embodiments of the 
present invention to provide an oral pharmaceutical dosage 
form having a core containing drug, the core being com 
pression coated with a coating that provides a delayed 
release of the drug from the dosage form after the dosage 
form is orally administered to a patient. 
0010. It is a further object of certain embodiments of the 
present invention to provide an oral pharmaceutical dosage 
form having a drug-containing core that is compression 
coated with a coating which provides a delayed release of 
the drug when the dosage form is orally administered to a 
patient. 

0011. It is a further object of certain embodiments of the 
present invention to provide a dosage form which allows 
time-specific dosing for a wide variety of diseases. 
0012. It is a further object of certain embodiments of the 
present invention to provide a dosage form which allows 
time-specific dosing for diseases Such as arthritis, high blood 
preSSure, or asthma which are typically more Symptomatic 
in the early morning corresponding to circadian rhythms. 
0013. It is a further object of certain embodiments of the 
present invention to provide a dosage form which provides 
a delayed release of drug from the dosage form, followed by 
a Sustained release of the drug thereafter as the dosage form 
travels through the gastrointestinal tract. 
0014. It is a further object of certain embodiments of the 
present invention to provide a compression coated dosage 
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form having an immediate release layer of a drug(s) over 
coating a compression coated core which provides a delayed 
release of the same or different drug(s) from the dosage 
form; the core optionally providing a Sustained release of the 
drug thereafter as the dosage form travels through the 
gastrointestinal tract. 

0.015. It is a further object of certain embodiments of the 
present invention to provide an oral dosage form which 
provides site-specific delivery of drug (e.g., to the colon). 
0016. It is a further object of certain embodiments of the 
present invention to develop an oral dosage form which 
provides programmed release of drug. 

0.017. It is a further object of certain embodiments of the 
present invention to develop an oral dosage form which 
provides pulsatile release of drug. 

0.018. In accordance with the above-mentioned objects of 
the invention, the present invention is directed in part to an 
oral dosage form which comprises a core comprising a 
therapeutically effective amount of a drug, and a compres 
Sion coating material applied to the core, the compression 
coating material including a delayed release material com 
prising one or more natural or Synthetic gums which are 
compression coated onto the Surface of the core Such that the 
release of drug from the dosage form is delayed for a desired 
time period after oral administration of the dosage form to 
a mammal (e.g., human patient). 
0019. In certain preferred embodiments, the compression 
coating comprises a mixture (e.g., matrix) of Xanthan gum, 
locust bean gum, and a pharmaceutically acceptable Saccha 
ride, e.g., a monosaccharide, a disaccharide, a polyhydric 
alcohol, or a combination of any of the foregoing. In certain 
preferred embodiments, the core is an immediate release 
core comprising the drug together with one or more phar 
maceutically acceptable excipients. 

0020. The invention is further directed in part to a 
delayed release oral Solid dosage form comprising a core 
comprising a therapeutically effective amount of a drug(s), 
and a delayed release material compression coated onto Said 
core, the delayed release material comprising one or more 
natural or Synthetic gums, the compression coating delaying 
the release of Said drug from Said dosage form for a period 
of time from about 2 to about 18 hours after exposure of the 
dosage form to an aqueous Solution. 

0021. The invention is further directed in part to a 
delayed release oral Solid dosage form comprising a core 
comprising a therapeutically effective amount of a drug(s), 
and an agglomerated delayed release material compression 
coated onto the core, the agglomerated delayed release 
material comprising a gum Selected from, e.g., a 
homopolysaccharide, a heteropolysaccharide, and a mixture 
of a homopolysaccharide and a heteropolysaccharide, 
together with a pharmaceutically acceptable excipient, the 
compression coating delaying the release of the drug from 
the dosage form for a predetermined period of time after 
exposure of the dosage form to an aqueous Solution. 

0022. The invention is further directed in part to a 
delayed release oral Solid dosage form comprising a core 
comprising a therapeutically effective amount of a drug(s) 
and a disintegrant, and a delayed release material compres 
Sion coated onto the core, Said delayed release material 
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comprising one or more natural or Synthetic gums, Said 
compression coating delaying the release of the drug from 
the dosage form for a predetermined period of time after 
exposure of the dosage form to an aqueous Solution, the 
disintegrant being included in the core in an amount effec 
tive to cause the release of at least about 50 percent of the 
drug into Said aqueous Solution within one hour after Said 
predetermined period of time. 

0023 The invention is further directed in part to a 
delayed release oral Solid tablet, comprising a tablet core 
comprising a therapeutically effective amount of a drug, and 
a delayed release material compression coated onto the core, 
the delayed release material comprising one or more natural 
or Synthetic gums, the gums comprising from about 6.5 
percent to about 83 percent of the tablet by weight, the 
compression coating delaying the release of the drug from 
the dosage form for a period of time from about 2 to about 
18 hours after exposure of the dosage form to an aqueous 
Solution. 

0024. The invention is further directed to a chronothera 
peutic, delayed release oral Solid dosage form for low dose 
drugs, comprising a core comprising from about 0.01 mg to 
about 40 mg of a drug(s), and a delayed release material 
compression coated onto the core, the delayed release mate 
rial comprising one or more natural or Synthetic gums, the 
compression coating comprising from about 75 to about 94 
percent by weight of the oral Solid dosage form, and the ratio 
of the core to gum in the compression coating being from 
about 1:0.37 to about 1:5, by weight, the compression 
coating delaying the release of the drug from the dosage 
form for a period of time from about 2 to about 18 hours 
after exposure of the dosage form to an aqueous Solution. 

0025 The invention is further directed in part to a chro 
notherapeutic, delayed release oral Solid dosage form for a 
relatively high dose drug, comprising a core comprising 
from about 41 mg to about 300 mg of a drug, and a delayed 
release material compression coated onto the core, the 
delayed release material comprising one or more natural or 
Synthetic gums, the ratio of the core to gum in the compres 
Sion coating being from about 1:0.3 to about 1:3, by weight, 
the total weight of the oral Solid dosage form being from 
about 500 mg to about 1500 mg, the compression coating 
delaying the release of the drug from the dosage form for a 
period of time from about 2 to about 18 hours after exposure 
of the dosage form to an aqueous Solution. 

0026. The invention is further directed in part to a method 
of preparing a chronotherapeutic oral Solid dosage form of 
a drug, comprising preparing a core comprising a therapeu 
tically effective amount of a drug(s) and from about 5 to 
about 20% disintegrant, by weight of the core, preparing a 
granulate of a delayed release material comprising one or 
more natural or Synthetic gums, compression coating the 
granulate onto Said core, the compression coating delaying 
the release of the drug from the dosage form until after a 
period of time from about 2 to about 18 hours after exposure 
of the dosage form to an aqueous Solution. In certain 
preferred embodiments, the method further comprises pre 
paring the granulate of delayed release material by wet 
granulating one or more natural or Synthetic gums together 
with at least one pharmaceutically acceptable excipient, and 
drying the resultant granulate to obtain agglomerated par 
ticles of the delayed release material. In certain embodi 
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ments the method further comprises granulating the gluco 
corticosteroid, the disintegrant, and a pharmaceutically 
acceptable inert diluent prior to the compression coating 
Step. 

0027. In certain preferred embodiments, the disintegrant 
is a Superdisintegrant incorporated in the core in an amount 
effective to cause the release of at least about 50 percent of 
the drug(s) into the aqueous Solution within one hour upon 
completion of the time period for delayed release. 
0028. The invention is further directed to methods of 
treatment utilizing the formulations disclosed herein. 
0029. In certain embodiments, the oral dosage form pro 
vides a lag time (delayed release of drug) from about 2 to 
about 18 hours, after oral administration to, e.g., a human 
Subject or patient. 
0.030. In certain preferred embodiments, the oral dosage 
form releases at least about 50 percent of the drug(s) 
contained in the core within about one hour, and preferably 
at least about 80 percent of the drug(s) contained in the core 
within about one or two hours, after the end of the lag time 
provided by the compression coating. 

0031. In certain embodiments, the oral dosage form of 
the invention provides a lag time from about 5 to about 8 
hours with a full release by about 8 to about 12 hours, after 
oral administration, e.g., to a human patient. 
0032. In certain preferred embodiments, the oral dosage 
form provides a lag time of about 6 to about 7 hours with full 
release by about 8 to about 9 hours, after oral administration 
of the dosage form. 
0033. In certain other preferred embodiments, the oral 
dosage form provides a lag time of about 6 to about 7 hours, 
followed by full release of the drug by about 7 to about 8 
hours after oral administration. 

0034. In yet other embodiments, the formulation provides 
a lag time from about 9 to about 12 hours, with full release 
by about 11 to about 13 hours after oral administration, 
preferably a lag time of about 10 to about 11 hours followed 
by full release at about 11 to about 12 hours after oral 
administration of the dosage form. 
0035) In yet other embodiments, the formulation provides 
a lag time of, e.g., about 3-12 hours, with full release of the 
drug from the dosage form within about 24 hours, or 
(alternatively) after 24 hours. 
0.036 By “delayed release” it is meant for purposes of the 
present invention that the release of the drug is delayed and 
the drug contained in the dosage form is not Substantially 
released from the formulation until after a certain period of 
time, e.g., Such that the drug is not released into the 
bloodstream of the patient immediately upon ingestion by 
the patient of the tablet but rather only after a specific period 
of time, e.g., a 4 hour to a 9 hour delay. For purposes of the 
present invention, delayed release is Synonomous with 
"timed delay' or a release of drug after a lag time, or a 
programmed release. 
0037. By “sustained release” it is meant for purposes of 
the present invention that, once the drug is released from the 
formulation, it is released at a controlled rate Such that 
therapeutically beneficial blood levels (but below toxic 
levels) of the medicament are maintained over an extended 
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period of time from the Start of drug release, e.g., providing 
a release over a time period, e.g., from about 4 to about 24 
hours from the point of drug release after the lag time, 
onward. 

0038. The term “environmental fluid” is meant for pur 
poses of the present invention to encompass, e.g., an aque 
ous Solution (e.g., an in-vitro dissolution bath) or gas 
trointestinal fluid. 

0039. The term USP apparatus type III used herein is 
described e.g., in the United States Pharmacopeia XXV 
(2002). 

DETAILED DESCRIPTION OF THE 
INVENTION 

0040. The present invention may be employed to achieve 
the time-delayed release of a pharmaceutically active agent 
and in certain embodiments to provide a controlled-release 
pharmaceutical formulation for pharmaceutically active 
agents that are desirously delivered over a predetermined 
period of time. The formulations of the present invention 
provide the time-delayed release of a pharmaceutically 
active agent and may be useful for the treatment of condi 
tions that are desirously treated through time-delayed phar 
maceutical agent delivery mechanisms. For example, the 
formulations of the present invention are useful for the 
treatment of morning pathologies, i.e., conditions, diseases 
or other illnesses, Such as arthritis, hypertension and asthma, 
the Symptoms of which are generally more acute in the 
morning as the patient awakens from Sleep. These conditions 
may be treated by administering the time-delayed release 
formulation according to the present invention to the patient 
prior to Sleeping, Such that the delivery of the pharmaceu 
tically active agent is achieved at about the time the patient 
awakens, or preferably the pharmaceutically active agent 
has been delivered from the dosage form (and absorbed from 
the gastrointestinal tract) to an extent that it has achieved a 
therapeutic effect, thereby alleviating the Symptoms of the 
morning pathology. 
0041. The formulations of the present invention comprise 
a core comprising an active agent and a compression coating 
over the core that comprises one or more natural or Synthetic 
pharmaceutically acceptable gums. In certain especially 
preferred embodiments, the compression coating comprises 
a combination of a heteropolysaccharide gum (e.g., Xanthan 
gum) and a homopolysaccharide gum (e.g., locust bean 
gum), together with a pharmaceutically acceptable Saccha 
ride (e.g., lactose, dextrose, mannitol, etc.). In certain pre 
ferred embodiments, the gum(s) are wet granulated together 
with the optional Saccharide(s) to form agglomerated par 
ticles comprising a mixture of, e.g., Xanthan gum, locust 
bean gum and dextrose. 
0042. The goal of the compression coating of the present 
invention is to delay the release of the active agent, for a 
predetermined period of time, referred to in the art as a “lag 
time.” In certain embodiments, the release of the active 
agent is delayed for, or has a lag time of, about 2 to about 
18 hours after administration of the dosage form. 
0043. The core comprising the active agent can be for 
mulated for either immediate release or Sustained release of 
the active agent. Formulations for both immediate release 
and Sustained release of active agents are well known to 
those skilled in the art. 
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0044) In the present invention, when the core comprising 
the active agent is formulated for immediate release, the core 
can be prepared by any Suitable tableting technique known 
to those skilled in the art. For example, the pharmaceutically 
active agent may be admixed with excipient(s) and formed 
into a tablet core using a conventional tableting press or 
using conventional wet granulation techniques. According 
certain preferred embodiments of the present invention, 
ingredients for the core are dry blended in a V-blender and 
compressed on a rotary tablet press into tablet cores. Alter 
natively, in certain embodiments, the ingredients for the core 
can be wet granulated, dried and thereafter compressed into 
tablet cores. Preferably, the core should be compressed to a 
degree of hardneSS Such that they do not chip or come apart 
during further processing, Such as during the coating pro 
ceSS. In certain embodiments, the cores can be compressed 
to 50 mg weight and 2 to 8, preferably 4 to 8, most 
preferably 4-5 kP hardness. In addition, tablet core size 
should range from /s inch to 5/8 inch, preferably from /s inch 
to /3 inch, more preferably from 3/16 inch to 4 inch. 

0.045. In certain embodiments, wherein the core is manu 
factured without a wet granulation Step, and the final mixture 
is to be compressed into a tablet core, all or part of the 
excipient in the core may comprise a pre-manufactured 
direct compression diluent. Examples of Such pre-manufac 
tured direct compression diluents include Emcocelf (micro 
crystalline cellulose, N.F.), Emdex(R) (dextrates, N.F.), and 
Tab-Fine(E) (a number of direct-compression Sugars includ 
ing Sucrose, fructose and dextrose), all of which are com 
mercially available from Penwest Pharmaceuticals Co., 
Patterson, N.Y.). Other direct compression diluents include 
anhydrous lactose (Lactose N.F., anhydrous direct tableting) 
from Sheffield Chemical, Union, N.J. 07083; Elcems(R) 
G-250 (powdered cellulose), N.F.) from Degussa, D-600 
Frankfurt (Main) Germany; Fast-Flo Lactose(R) (Lactose, 
N.F., spray dried) from Foremost Whey Products, Banaboo, 
Wis. 53913; Maltrin(R) (Agglomerated maltodextrin) from 
Grain Processing Corp., Muscatine, Iowa 52761; Neosorb 
60(R) (Sorbitol, N.F., direct-compression from Roquet Corp., 
6455th Ave., New York, N.Y. 10022; Nu-Tab(E) (Compress 
ible Sugar, N.F.) from Ingredient Technology, Inc., Penn 
sauken, N.J. 08110; Polyplasdone XL(R) (Crospovidone, 
N.F., cross4linked polyvinylpyrrollidone) from GAF Corp., 
New York, N.Y. 10020; Primojel(R) (Sodium starch glycolate, 
N.F., carboxymethyl starch) from Generichem Corp., Little 
Falls, N.J. 07424; Solka Floc(R) (Cellulose floc) from Pen 
west Pharmaceuticals Co., Patterson, N.Y. 10512; Spray 
dried lactose(R) (Lactose N.F., spray dried) from Foremost 
Whey Products, Baraboo, Wis. 53913 and DMV Corp., 
Vehgel, Holland; and Sta-RX 1500(R) (Starch 1500) (Prege 
latinized Starch, N.F., compressible) from Colorcon, Inc., 
West Point, Pa. 19486. In certain embodiments of the 
present invention, the directly compressible inert diluent 
which is used in the core of the present invention is an 
augmented microcrystalline cellulose as disclosed in U.S. 
Pat. No 5,585,115, issued Dec. 17, 1996, and entitled 
“PHARMACEUTICAL EXCIPIENT HAVING 
IMPROVED COMPRESSIBILITY”, hereby incorporated 
by reference in its entirety. The augmented microcrystalline 
cellulose described therein is commercially available under 
the tradename ProSolv(E) from Penwest Pharmaceuticals Co. 
PROSOLV SMCC 50 is a silicified microcrystalline cellu 
lose. This particular grade has a median particle size (by 
sieve analysis) in the region of 50 lum. PROSOLVSMCC 90 
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is a Silicified microcrystalline cellulose. This grade has a 
median particle size (by Sieve analysis) in the region of 90 
plm. 

0046 Alternatively, in certain embodiments, the core 
comprising the active agent can be formulated as a Sustained 
release core for the Sustained release of the active agent. 
When the core comprising the active agent is formulated for 
Sustained release, the core can be prepared in a number of 
ways known in the art. For example, the active agent can be 
incorporated in a Sustained release matrix and thereafter 
compressed into a core, or a Sustained release material can 
be coated onto the immediate release core to provide for the 
Sustained release of the active agent, or a combination of the 
compressed Sustained release matrix and Sustained release 
coating on the core can be used. Additionally, Spheroids 
comprising the active agent, or multiparticulates with Sus 
tained release coatings and comprising the active agent, may 
be compressed with optional binders and other excipients 
into a Sustained release core. 

0047. When the core of the present invention comprises 
a Sustained release matrix, the matrix formulations are 
generally prepared using Standard techniques well known in 
the art. Typically, they are prepared by dry blending a 
Sustained release material, diluent, active agent, and optional 
other excipients followed by granulating the mixture until 
proper granulation is obtained. The granulation is done by 
methods known in the art. Typically with a wet granulation, 
the wet granules are dried in a fluid bed dryer, Sifted and 
ground to appropriate size. Lubricating agents are mixed 
with the dried granulation to obtain the final core formula 
tion. 

0.048. In our U.S. Pat. Nos. 4,994,276; 5,128,143; 5,135, 
757; 5.455,046; 5,512,297; 5,554,387; 5,667,801; 5,846, 
563; 5,773,025; 6,048,548; 5,662,933; 5,958,456; 5,472, 
711; 5,670,168; and 6,039,980, all of which are hereby 
incorporated by reference, we reported that a controlled 
release excipient that is comprised of a gelling agent Such as 
Synergistic heterodisperse polysaccharides (e.g., a het 
eropolysaccharide Such as Xanthan gum) preferably in com 
bination with a polysaccharide gum capable of croSS-linking 
with the heteropolysaccharide (e.g., locust bean gum) is 
capable of processing into oral Solid dosage forms using 
either direct compression, following addition of drug and 
lubricant powder, conventional wet granulation, or a com 
bination of the two. These systems (controlled release 
excipients) are commercially available under the trade name 
TIMERX(E) from Penwest Pharmaceuticals Co., Patterson, 
N.Y., which is the assignee of the present invention. 

0049. In certain embodiments of the present invention, 
wherein the core provides for the Sustained release of the 
active agent, the core comprises a Sustained release matrix 
Such as those disclosed in our foregoing patents. For 
example, in certain embodiments of the present invention, in 
addition to the active agent, the core comprises a Sustained 
release excipient comprising a gelling agent comprising a 
heteropolysaccharide gum and a homopolysaccharide gum 
capable of croSS-linking Said heteropolysaccharide gum 
when exposed to an environmental fluid, and an inert 
pharmaceutical diluent. Preferably, the ratio of the het 
eropolysaccharide gum to the homopolysaccharide gum is 
from about 1:3 to about 3:1, and the ratio of active agent to 
gelling agent is preferably from about 1:3 to about 1:8. The 
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resulting core preferably provides a therapeutically effective 
blood level of the active agent for at least about 4 hours, and 
in certain preferred embodiments, for about 24 hours. In 
certain preferred embodiments, the Sustained release excipi 
ent further comprises an effective amount of a pharmaceu 
tically acceptable ionizable gel Strength enhancing agent, 
Such as those described hereinafter, to provide a Sustained 
release of the active when the core is exposed to an envi 
ronmental fluid. The Sustained release excipient (with or 
without the optional ionizable gel Strength enhancing agent) 
may be further modified by incorporation of a hydrophobic 
material which slows the hydration of the gums without 
disrupting the hydrophilic matrix. In addition, in certain 
embodiments, the Sustained release excipient can be modi 
fied to provide for bi- or multi-phasic release profiles of the 
active agent by the inclusion of a pharmaceutically accept 
able Surfactant or wetting agent in the core. Alternatively, the 
Sustained release excipient comprises only one of the afore 
mentioned gums. In yet other embodiments, the Sustained 
release excipient comprises a different pharmaceutically 
acceptable gum. 

0050. In addition to the above, other Sustained release 
materials may be used for the Sustained release matrix cores 
of the inventive formulations. A non-limiting list of suitable 
Sustained-release materials which may be included in a 
Sustained-release matrix according to the present invention 
include hydrophilic and/or hydrophobic materials, Such as 
Sustained release polymers gums, acrylic resins, protein 
derived materials, waxes, shellac, and oils Such as hydro 
genated castor oil, hydrogenated vegetable oil. Preferred 
Sustained-release polymers include alkylcelluloses Such as 
ethylcellulose, acrylic and methacrylic acid polymers and 
copolymers, and cellulose ethers, especially hydroxyalkyl 
celluloses (especially hydroxypropylmethylcellulose) and 
carboxyalkylcelluloses. Preferred waxes include for 
example natural and Synthetic waxes, fatty acids, fatty 
alcohols, and mixtures of the same (e.g., beeswax, carnauba 
wax, Stearic acid and Stearyl alcohol). Certain embodiments 
utilize mixtures of any of the foregoing Sustained release 
materials in the matrix of the core. However, any pharma 
ceutically acceptable hydrophobic or hydrophilic Sustained 
release material which is capable of imparting Sustained 
release of the active agent may be used in accordance with 
the present invention. 
0051 Alternatively, in certain embodiments of the 
present invention, the core may be formulated to provide for 
the Sustained release of the active agent through the use of 
an immediate release core (as previously described) with a 
Sufficient amount of a hydrophobic coating to provide for the 
Sustained release of the active agent from the immediate 
release core. The hydrophobic coating may be applied to the 
core using methods and techniques known to those skilled in 
the art. Examples of Suitable coating devices include fluid 
bed coaters, pan coaters, etc. Examples of hydrophobic 
materials which may be used in Such hydrophobic coatings 
include for example, alkylcelluloses (e.g., ethylcellulose), 
copolymers of acrylic and methacrylic acid esters, waxes, 
shellac, Zein, hydrogenated vegetable oil, mixtures thereof, 
and the like. 

0.052 Additionally, the cores may be formulated for 
Sustained release of the active agent by using a combination 
of the Sustained release matrix and Sustained release coating. 
The Sustained release cores (e.g., Sustained release matrix, 
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Sustained release coated, or combination thereof), and the 
immediate release cores, may also contain Suitable quanti 
ties of additional excipients, e.g., lubricants, binders, granu 
lating aids, diluents, colorants, flavorants and glidants which 
are conventional in the pharmaceutical art. 
0053 Specific examples of pharmaceutically acceptable 
diluents and excipients that may be used in formulating the 
cores are described in the Handbook of Pharmaceutical 
Excipients, American Pharmaceutical Association (1986), 
incorporated by reference herein. 
0054. In certain preferred embodiments, the oral dosage 
form includes one or more disintegrants preferably incor 
porated in the core. When Such an agent is included in the 
core, the rate of release of drug (after the initial delay caused 
by the compression coating) is an immediate pulse effect. In 
certain embodiments, when no disintegrant is present, a 
controlled profile may be produced. Suitable disintegrants 
are known to those skilled in the art, and include for example 
Sodium Starch glycolate (commercially available as 
Explotab(R) from Penwest Pharmaceuticals Co.). 
0055. The mechanism of disintegration is based on Swell 
ing, wicking, and deformation of the disintegrants. When a 
compressed tablet is placed in aqueous Solution, water can 
be quickly absorbed, and the Swelling of the disintegrant 
breaks apart tablets quickly. In one embodiment in which the 
therapeutic active drug is formulated for immediate release, 
when a disintegrant is present in the core of the tablet, the 
rate of release of the active agent is an immediate pulse 
effect. In certain embodiments in which the therapeutic 
active drug is formulated for immediate release, when no 
disintegrant is present, a controlled profile may be produced. 

0056. Examples of such disintegrants for use in the 
present invention include, for example, Starch, Veegum, 
croSpoVidone, cellulose, kaolin, microcrystalline cellulose 
(e.g., Avicel PH101 & PH102), crosslinked polyvinyl pyr 
rolidone (e.g., Kollidon C L), and mixtures thereof. In 
certain preferred embodiments, the disintegrant is a Super 
disintegrant, Such as, for example, croScarmelloSe Sodium, 
croSpoVidone, crosslinked carboxy methyl cellulose, Sodium 
Starch glycolate, and mixtures thereof. Superdisintegrants 
can be incorporated at lower levels than regular disintegrants 
to increase the water content. Some brand named Superdis 
integrants for use in the present invention include, Ac-Di 
Solf), Primoje1(R), Explotab(R), and Crospovidone(R). 

0057. In certain embodiments, the core of the present 
invention includes a wicking agent in addition to or as an 
alternative to a disintegrant. Wicking agents Such as those 
materials already mentioned as disintegrants (e.g. microc 
rystalline cellulose) may be included if necessary to enhance 
the Speed of water uptake. Other materials Suitable for acting 
as wicking agents include, but are not limited to, colloidal 
Silicon dioxide, kaolin, titanium dioxide, fumed Silicon 
dioxide, alumina, niacinamide, Sodium lauryl Sulfate, low 
molecular weight polyvinyl pyrrollidone, m-pyrol, bentonite, 
magnesium aluminum Silicate, polyester, polyethylene, mix 
tures thereof, and the like. 

0058. In certain embodiments, the one or more disinte 
grant(s) in the core is included in an amount from about 5 to 
about 20 percent, preferably from about 6 to about 10 
percent, most preferably about 8 percent by weight of the 
core. In terms of whole tablet weight (e.g., core plus 
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compression coating), the one or more disintegrant(s) in the 
core are included in an amount from about 0.1 to about 5 
percent, preferably from about 0.3 to about 2 percent, by 
weight of the tablet (entire formulation). 
0059. According to the present invention, the core con 
taining active drug is completely Surrounded or Substantially 
Surrounded by a compression coating. The compression 
coating preferably delays the release of the pharmaceutically 
active agent for a predetermined period of time, which time 
is dependent upon the formulation of the coating and the 
thickness of the coating layer. The appropriate time period 
for the release of the active ingredient can be determined 
prior to the preparation of the formulation, and the formu 
lation can be designed by applying the appropriate thickneSS 
and composition of the coating to achieve the desired time 
delay prior to release of the active ingredient and the desired 
release rate of the active ingredient following the time delay. 
0060 Preferably, the compression coating comprises a 
natural or Synthetic gum which can function as a gelling 
agent, causing the core to be Surrounded by the gel when the 
compression coated tablet is exposed to an environmental 
fluid (e.g., water or gastrointestinal fluid) and thereby caus 
ing the drug to be released after diffusion of the environ 
mental fluid through the compression coating, the dissolu 
tion of the drug into the environmental fluid, and the egreSS 
of the dissolved drug into the fluid Surrounding the com 
pression coated tablet. 

0061. In certain embodiments, gums for use in the com 
pression coating include, for example and without limita 
tion, heteropolysaccharides Such as Xanthan gum(s), 
homopolysaccharides Such as locust bean gum, galactans, 
mannans, Vegetable gums. Such as alginates, gum karaya, 
pectin, agar, tragacanth, accacia, carrageenan, tragacanth, 
chitosan, agar, alginic acid, other polysaccharide gums (e.g. 
hydrocolloids), and mixtures of any of the foregoing. Fur 
ther examples of Specific gums which may be useful in the 
compression coatings of the invention include but are not 
limited to acacia catechu, Salai guggal, indian bodellum, 
copaiba gum, asafetida, cambi gum, Enterolobium cyclo 
carpum, mastic gum, benzoin gum, Sandarac, gambier gum, 
butea frondosa (Flame of Forest Gum), myrrh, konjak 
mannan, guar gum, Welangum, gellan gum, tara gum, locust 
bean gum, carageenan gum, glucomannan, galactan gum, 
Sodium alginate, tragacanth, chitosan, Xanthan gum, 
deacetylated Xanthan gum, pectin, Sodium polypectate, glu 
ten, karaya gum, tamarind gum, ghatti gum, Accaroid/ 
Yacca/Red gum, dammar gum, juniper gum, ester gum, 
ipil-ipil Seed gum, gum talha (acacia Seyal), and cultured 
plant cell gums including those of the plants of the genera: 
acacia, actinidia, aptenia, carbobrotus, chickorium, cucumis, 
glycine, hibiscus, hordeum, letuca, lycopersicon, malus, 
medicago, mesembryanthemum, oryza, panicum, phalaris, 
phleum, poliathus, polycarbophil, Sida, Solanum, trifolium, 
trigonella, Afzelia africana Seed gum, Treculia africana gum, 
detarium gum, cassia gum, carob gum, ProSopis africana 
gum, Colocassia eSulentagum, Hakea gibbosa gum, khaya 
gum, Scleroglucan, Zea, mixtures of any of the foregoing, 
and the like. 

0.062. In certain especially preferred embodiments, the 
compression coating comprises a heteropolysaccharide Such 
as Xanthan gum, a homopolysaccharide Such as locust bean 
gum, or a mixture of one or more hetero- and one or more 
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homopolysaccharide(s). Heterodisperse excipients, previ 
ously disclosed as a Sustained release tablet matrix in our 
U.S. Pat. Nos. 4,994,276,5,128,143, and 5,135,757, may be 
utilized in the compression coatings of the present invention. 
For example, in certain embodiments of the present inven 
tion, a gelling agent of both hetero- and homo-polysaccha 
rides which exhibit Synergism, e.g., the combination of two 
or more polysaccharide gums producing 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, may be used in the compression 
coatings of the present invention. 
0063. The term “heteropolysaccharide” as used in the 
present invention is defined as a water-Soluble polysaccha 
ride containing two or more kinds of Sugar units, the 
heteropolysaccharide having a branched or helical configu 
ration, and having excellent water-wicking properties and 
immense thickening properties. 
0064. An especially preferred heteropolysaccharide is 
Xanthan gum, which is a high molecular weight (>10) 
heteropolysaccharide. Other preferred heteropolysaccha 
rides include derivatives of Xanthan gum, Such as deacylated 
Xanthan gum, the carboxymethyl ether, and the propylene 
glycol ester. 
0065. The homopolysaccharide materials used in the 
present invention that are capable of croSS-linking with the 
heteropolysaccharide include the galactomannans, i.e., 
polysaccharides that are composed Solely of mannose and 
galactose. A possible mechanism for the interaction between 
the galactomannan and the heteropolysaccharide involves 
the interaction between the helical regions of the het 
eropolysaccharide and the unsubstituted mannose regions of 
the galactomannan. Galactomannans that have higher pro 
portions of unsubstituted mannose regions have been found 
to achieve more interaction with the heteropolysaccharide. 
Hence, locust bean gum, which has a higher ratio of man 
nose to galactose, is especially preferred as compared to 
other galactomannans, Such as guar and hydroxypropyl guar. 

0066. In certain preferred embodiments, the het 
eropolysaccharide comprises from about 1 to about 50 
percent and the homopolysaccharide material comprises 
from about 50 to about 1 percent by weight of the compres 
Sion coating. In certain preferred embodiments, the ratio of 
heteropolysaccharide to homopolysaccharide material is 
from about 1:3 to 3:1, preferably from about 2:3 to 3:2, or 
1:1. 

0067. In a certain preferred embodiment, the compres 
Sion coating comprises from about 5 to about 70 percent or 
more by weight of a hydrophilic material (e.g., gums). In 
certain preferred embodiments of the present invention, the 
higher the percentage of gums in the compression coating, 
the longer the delay of the release or “lag time” of the active 
agent. 

0068. In certain embodiments, the percent of gums in the 
compression coating corresponds to a delayed release of the 
active agent which is independent of pH. For example, in 
certain preferred embodiments, when the compression coat 
ing is less than about 25% gums, preferably comprising 
about 5 to about 15% gums, the delayed release is more 
independent of pH than a compression coating comprising 
greater than about 25% gums (e.g., 30, 40, or 50% gums). 
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0069. In certain preferred embodiments, the compression 
coating also includes pharmaceutically acceptable excipi 
ents, for example, a Saccharide Such as a monosaccharide, a 
disaccharide or a polyhydric alcohol, and/or mixtures of any 
of the foregoing, or microcrystalline cellulose or a Starch. 
Examples of Suitable Such excipients include Sucrose, dex 
trose, lactose, fructose, Xylitol, Sorbitol, mannitol, Starches, 
mixtures thereof and the like. In certain embodiments, it is 
preferred that a Soluble pharmaceutical excipient Such as 
lactose, dextrose, Sucrose, mannitol, or mixtures thereof is 
included in the materials to be used in the compression 
coating. In certain preferred embodiments, the gum(s) is wet 
granulated with the pharmaceutically acceptable excipient 
prior to its use as a compression coating on the Surface of the 
inner cores of the invention. The compression coating may 
comprise, e.g., up to about 95% pharmaceutically acceptable 
excipient(s), by weight. 

0070. In certain embodiments, the amount of gum(s) 
contained in the compression coating is from about 1 percent 
to about 90 percent by weight, preferably from about 6.5 
percent to about 83 percent of the total tablet, by weight. 

0071. In certain embodiments, it is possible to dry mix 
the ingredients of the compression (delayed release) coating 
without utilizing a wet granulation Step. If the mixture is to 
be manufactured without a wet granulation Step, and the 
final mixture is to be compression coated onto a pre-formed 
tablet core, it is preferred that all or part of the pharmaceu 
tically acceptable excipient(s) should impart Sufficient com 
pressibility to provide a pharmaceutically acceptable prod 
uct. The properties and characteristics of a specific excipient 
System prepared according to the present invention may be 
dependent in part on the individual characteristics, e.g., of 
the homo- and heteropolysaccharide constituents, in terms 
of polymer Solubility, glass transition temperatures etc., as 
well as on the synergism both between different homo- and 
heteropolysaccharides and between the homo- and het 
eropolysaccharides and the inert Saccharide constituent(s) in 
modifying dissolution fluid-excipient interactions. 

0.072 In certain embodiments of the invention where the 
compression coating comprises a heteropolysaccharide, a 
homopolysaccharide, or both, a release-modifying agent as 
described in our previous patents directed to the use of these 
materials in Sustained release matrices can also be utilized in 
the compression coating. Such release-modifying agents and 
pre-manufactured excipients disclosed in our U.S. Pat. Nos. 
5,455,046; 5,512,297; 5,554,387; 5,667,801; 5,846,563; 
5,773,025; 6,048,548; 5,662.933; 5,958,456; 5,472,711; 
5,670,168; and 6,039,980 may be utilized in the compres 
Sion coatings of the present invention. 
0.073 Thus, for example, the release-modifying agent 
may comprise an ionizable gel-strength enhancing agent. 
The ionizable gel Strength-enhancing agent that is optionally 
used in conjunction with the present invention may be 
monovalent or multivalent metal cations. The preferred Salts 
are the inorganic Salts, including various alkali metal and/or 
alkaline earth metal Sulfates, chlorides, borates, bromides, 
citrates, acetates, lactates, etc. Specific examples of Suitable 
ionizable gel Strength enhancing agent include calcium 
Sulfate, Sodium chloride, potassium Sulfate, Sodium carbon 
ate, lithium chloride, tripotassium phosphate, Sodium borate, 
potassium bromide, potassium fluoride, Sodium bicarbonate, 
calcium chloride, magnesium chloride, Sodium citrate, 
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Sodium acetate, calcium lactate, magnesium Sulfate and 
Sodium fluoride. Multivalent metal cations may also be 
utilized. However, the preferred ionizable gel Strength 
enhancing agents are bivalent. Particularly preferred Salts 
are calcium Sulfate and Sodium chloride. The ionizable gel 
Strength enhancing agents of the present invention are added 
in an amount effective to obtain a desirable increased gel 
Strength due to the cross-linking of the gelling agent (e.g., 
the heteropolysaccharide and homopolysaccharide gums). 
In alternate embodiments, the ionizable gel Strength-enhanc 
ing agent is included in the delayed release excipient of the 
present invention in an amount from about 1 to about 20% 
by weight of the delayed release excipient, and in an amount 
0.5% to about 16% by weight of the final dosage form. In 
certain embodiments, the inclusion of an ionizable gel 
Strength-enhancing agent not only delays the release of the 
active, but also provides for a Sustained release of the active 
agent. 

0074. In certain embodiments of the present invention, 
the (delayed release) compression coating coated onto the 
core comprises from about 1 to about 90 percent by weight 
of a gelling agent comprising a heteropolysaccharide gum 
and a homopolysaccharide gum, from about 0 to about 20 
percent by weight of an ionizable gel Strength enhancing 
agent, and from about 10 to about 95 percent by weight of 
an pharmaceutically acceptable excipient. In other embodi 
ments, the compression coating material comprises from 
about 5 to about 75 percent gelling agent (gum), from about 
0 to about 15 percent ionizable gel Strength enhancing agent, 
and from about 30 to about 95 percent pharmaceutically 
acceptable excipient (e.g., an inert diluent). In yet other 
embodiments, the compression coating material comprises 
from about 7.5 to about 50 percent gelling agent, from about 
0 to about 10 percent ionizable gel Strength enhancing agent, 
and from about 30 to about 95 percent pharmaceutically 
acceptable excipient. 

0075 Surfactants that may be used in the present inven 
tion generally include pharmaceutically acceptable anionic 
Surfactants, cationic Surfactants, amphoteric (amphipathic/ 
amphophilic) Surfactants, and non-ionic Surfactants. Suit 
able pharmaceutically acceptable anionic Surfactants 
include, for example, monovalent alkyl carboxylates, acyl 
lactylates, alkyl ether carboxylates, N-acyl Sarcosinates, 
polyvalent alkyl carbonates, N-acyl glutamates, fatty acid 
polypeptide condensates, Sulfuric acid esters, alkyl Sulfates 
(including sodium lauryl Sulfate (SLS)), ethoxylated alkyl 
Sulfates, ester linked Sulfonates (including docusate Sodium 
or dioctyl Sodium Succinate (DSS)), alpha olefin Sulfonates, 
and phosphated ethoxylated alcohols. 
0076 Suitable pharmaceutically acceptable cationic Sur 
factants include, for example, monoalkyl quaternary ammo 
nium Salts, dialkyl quaternary ammonium compounds, ami 
doamines, and aminimides. 
0077 Suitable pharmaceutically acceptable amphoteric 
(amphipathic/amphophilic) Surfactants, include, for 
example, N-Substituted alkyl amides, N-alkyl betaines, Sul 
fobetaines, and N-alkyl 6-aminoproprionates. 
0078. Other suitable surfactants for use in conjunction 
with the present invention include polyethyleneglycols as 
esters or ethers. Examples include polyethoxylated castor 
oil, polyethoxylated hydrogenated castor oil, or polyethoxy 
lated fatty acid from castor oil or polyethoxylated fatty acid 
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from hydrogenated castor oil. Commercially available Sur 
factants that can be used are known under trade names 
Cremophor, Myri, Polyoxyl 40 stearate, Emerest 2675, Lipal 
395 and PEG 3350. 

0079. Other release-modifying pharmaceutically accept 
able agents that may be added in appropriate quantities for 
their particular ability to modify dissolution rates include, 
for example: Stearic acid, metallic Stearates, Stearyl alcohol, 
hydrogenated cotton Seed oil, Sodium chloride and certain 
disintegrants that are described below. 
0080. The quantity of such release-modifying agent 
employed depends on the release characteristics required 
and the nature of the agent. For a delayed release formula 
tion according to the invention, the level of release-modi 
fying agents used may be from about 0.1 to about 25%, 
preferably from about 0.5 to about 10% by weight of the 
total composition. 

0081. In certain other embodiments of the invention, the 
compression coating includes a pH-modifying agent. The 
pH-modifying agent may be present in the compression 
coating from about 1% to about 10% by weight of the final 
dosage form. In preferred embodiments, the pH-modifying 
agent is an organic acid Such as citric acid, Succinic acid, 
fumaric acid, malic acid, maleic acid, glutaric acid or lactic 
acid. 

0082 In certain preferred embodiments, the release of 
drug occurs when aqueous environmental fluid (e.g., water 
or gastrointestinal fluid, etc. Surrounding the dosage form) 
diffuses through the compression coating of the dosage 
form, resulting in hydration of the core and dissolving the 
drug, which then can pass into the fluid Surrounding the core. 
0.083. In certain preferred embodiments, the delayed 
release of the drug (lag time) is varied by increasing the 
thickness of the compression coating (increased lag time) or 
by decreasing the thickness of the compressing coating 
(decreased lag time). The delayed release may also be 
varied, e.g., by changing the gum(s) included in the delayed 
release compression coating, Selecting a particular combi 
nation of gums, by including or not including a pharmaceu 
tically acceptable excipient, Such as a Saccharide (including 
polysaccharides) or a combination of Saccharide(s) (or 
polysaccharides) in the compression coating, by changing or 
by adding additional agents to the compression coating 
which cause the compression coating to further delay the 
diffusion of water (or gastrointestinal fluid) through the 
compression coating (e.g., matrix) into the inner core 
(thereby allowing hydration of the inner core). In addition, 
the compression force used to apply the compression coating 
may be used to alter the release rate of the active ingredient. 
Also, release can be modified via the use of an extragranular 
excipient addition to the compression coating. Such ingre 
dients may comprise, for example, microcrystalline cellu 
lose, polyvinylpyrrollidone, polyethylene glycol, and the 
like. 

0084. The delayed release of the drug may further be 
varied by utilizing a further coating (i) between the core and 
the compression coating; (ii) over the compression coating; 
or (iii) both between the core and the compression coating 
and over the compression coating. Such coatings may com 
prise, for example a hydrophilic polymer (Such as hydrox 
ypropylmethylcellulose) and/or a hydrophobic polymer 
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(Such as an acrylic polymer, a copolymer of acrylic and 
methacrylic acid esters, an alkylcellulose Such as ethylcel 
lulose, etc.). In Such circumstances, the release of drug from 
the dosage form may not only be occurring as fluid diffuses 
through the compression coating, erosion of the further 
coatings described in this paragraph may also delay the 
release of drug. 

0085 The dissolution rates of the present invention (with 
or without the optional release modifying agents mentioned 
above) may be further modified by incorporation of a 
hydrophobic material in the compression coating, which 
Slows the hydration of the gums without disrupting the 
hydrophilic matrix. This is accomplished in alternate 
embodiments of the present invention by granulating the 
delayed release excipient with a Solution or dispersion of a 
hydrophobic material prior to the compression coating of the 
core. The hydrophobic polymer may be selected from an 
alkylcellulose Such as ethylcellulose, other hydrophobic 
cellulosic materials, polymers or copolymers derived from 
acrylic or air methacrylic acid esters, copolymers of acrylic 
and methacrylic acid esters, Zein, waxes, shellac, hydroge 
nated vegetable oils, and any other pharmaceutically accept 
able hydrophobic material known to those skilled in the art. 
The Solvent for the hydrophobic material may be an aqueous 
or organic Solvent, or mixtures thereof. The amount of 
hydrophobic material incorporated into the delayed release 
excipient is that which is effective to slow the hydration of 
the gums without disrupting the hydrophilic matrix formed 
upon exposure to an environmental fluid. In certain pre 
ferred embodiments of the present invention, the hydropho 
bic material is included in the compression coating in an 
amount from about 1 to about 20 percent by weight. 

0086 The compression coating may also contain suitable 
quantities of, e.g., lubricants, binders, granulating aids, 
diluents, colorants, flavorants and glidants which are 
described hereinafter and are which are conventional in the 
pharmaceutical art. 

0087. In preferred embodiments where the materials to be 
included in the compression coating are pre-manufactured, 
the combination of the gum gelling agent (e.g., a mixture of 
Xanthan gum and locust bean gum) with the pharmaceutical 
excipient(s), with or without a release modifying agent, 
provides a ready-to-use compression coating product in 
which a formulator need only apply the material onto the 
core by compression coating to provide the desired chrono 
therapeutic dosage forms. The compression coating may 
comprise a physical admix of the gums along with a Soluble 
excipient Such as compressible Sucrose, lactose, dextrose, 
etc., although it is preferred to granulate or agglomerate the 
gums with a plain pharmaceutically acceptable excipient 
(i.e., crystalline) Sucrose, lactose, dextrose, mannitol, etc., to 
form a delayed release excipient for use in the compression 
coating. The granulate form has certain advantages includ 
ing the fact that it can be optimized for flow and compress 
ibility. 

0088. The gums and optional pharmaceutical excipients 
used in the compression coating are preferably prepared 
according to any agglomeration technique to yield an 
acceptable excipient product. In wet granulation techniques, 
the desired amounts of the hydrophilic material (e.g., het 
eropolysaccharide gum and/or the homopolysaccharide 
gum) and the inert diluent are mixed together and thereafter 
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a moistening agent Such as Water, propylene glycol, glyc 
erol, alcohol or the like is added to prepare a moistened 
mass. Next, the moistened mass is dried. The dried mass is 
then milled with conventional equipment into granules. 
Thereafter, the excipient product is ready to use. 
0089. The (preferably) pre-manufactured delayed release 
excipient is preferably free-flowing and directly compress 
ible. Accordingly, the excipient may be directly compressed 
onto a pre-formed inner core of a therapeutically active 
medicament to form coated tablets. The delayed release 
coating mixture, in an amount Sufficient to make a uniform 
coating onto a pre-formed tablet core, is Subjected to tablet 
ing in a conventional production Scale tableting machine at 
normal compression pressure, i.e., about 2000-1600 lbs./sq. 
in. However, the mixture should not be compressed to Such 
a degree that there is Subsequent difficulty in its hydration 
when exposed to gastric fluid. 
0090 The average particle size of the granulated delayed 
release excipient of the present invention ranges from about 
50 microns to about 400 microns and preferably from about 
185 microns to about 265 microns. The particle size of the 
granulation is not narrowly critical, the important parameter 
being that the average particle size of the granules must 
permit the formation of a directly compressible excipient 
which forms a coating over pharmaceutically active tablet 
cores. The desired tap and bulk densities of the granulation 
of the present invention are normally between from about 
0.3 to about 0.8 g/ml, with an average density of from about 
0.5 to about 0.7 g/ml. 
0.091 The compression coatings of the present invention 
preferably have uniform packing characteristics over a range 
of different particle size distributions and are capable of 
processing onto the pre-formed tablet core using direct 
compression, following the addition of a lubricant. 
0092. In addition to being (optionally) used in the tablet 
core, in certain embodiments it is preferred that one or more 
pharmaceutically acceptable lubricants be added to the com 
pression coating materials (preferably pre-agglomerated) 
prior to the mixture being compression coated onto the 
Surface of the core. Examples of Suitable lubricants for use 
in the core and compression coating of the invention include, 
for example and without limitation, talc, Stearic acid, Veg 
etable oil, calcium Stearate, Zinc Stearate, magnesium Stear 
ate, etc. Preferably, an effective amount of any generally 
accepted pharmaceutical lubricant, including calcium or 
magnesium Soaps is preferably added to the mixture of 
ingredients prior to compression of the mixture onto the 
Solid pre-formed tablet core. An especially preferred lubri 
cant is Sodium Stearyl fumarate, NF, commercially available 
under the trade name Pruv(E) from Penwest Pharmaceuticals 
Co. 

0093. In certain embodiments, the present invention is 
further directed towards a method of manufacturing the 
delayed release Solid oral dosage forms (e.g., tablets) of the 
present invention. In certain preferred embodiments, the 
Steps for preparation of a delayed release oral Solid dosage 
form of the present invention may include the following: 
Preparation of inner core formulation: 

0094) 1. (A) Wet granulate active ingredient (e.g., 
drug) together with optional excipients, followed by 
drying and milling as necessary to obtain a granulate; 
O 
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0.095 (B) Dry blend the active together with 
optional excipients using geometric dilution as 
necessary to obtain a granulate; 

0096 2. Optionally, extragranularly add excipients 
to the material prepared in Step 1 with appropriate 
blending; 

0097 3. Preferably, lubricate powder blend prepared 
in Step 1 or 2: 

0.098 4. Compress core using powder blend pre p g p p 
pared in Step 3 with an appropriate press. 

0099 5. Optionally, applying a functional film coat 
ing onto the tablet cores prepared in Step 4, 

0100 Preparation of delayed release (compression) coat 
ing may be accomplished, e.g., as follows: 

0101 6. (A) Wet granulate a gum(s) (e.g., a het 
eropolysaccharide gum and a homopolysaccharide 
gum) together with optional excipients to form a 
delayed release material (agglomerated particles), 
and then dry the delayed release material; or 
0102 (B) Dry blend a gum(s) together with 
optional excipients to form a delayed release 
material (granulate); 

0103) 7. Preferably, mill the delayed release material 
prepared in Step 6; 

0104 8. Preferably, lubricate the delayed release 
material prepared in Step 6 or 7; 

0105 Coating of inner core: 
0106 9. Compression coat the delayed release mate 
rial prepared in Steps 6-8 over the tablet cores 
prepared in Step 1-5, 

0107 10. Optionally, film coat the final dosage form 
(if desired). 

0108. In certain embodiments, steps 4 & 10 are combined 
in a Single unit operation when using e.g., a Dry-Cota PreSS 
as described hereinafter. A functional coating of the tablet 
cores may be possible using the Dry-Cota Press if a modi 
fication is made to the press to add a core tablet feeder 
System. 

0109) A Manesty Dry-Cota press press consists of two 
Side by Side interconnected tablet presses where the core is 
made on one press then mechanically transferred to the next 
preSS for compression coating. Each "press' has an inde 
pendent powder feed mechanism So that core blend is loaded 
on one machine and coating blend on the other. Mechanical 
transfer arms rotate between the machines to remove cores 
from one press and transfer them to the coating press. Other 
and more modern types of presses which may be used (e.g. 
Elizabeth Hata HT-AP44-MSU-C, Killian RUD, Fette PT 
4090) have a dual feed system for coating blend and 
pre-made cores. This configuration is more flexible, in that 
cores can be pan coated with a functional or cosmetic 
coating before compression coating. In addition, this allows 
multiple compression coating layers to be achieved by 
recycling tablets that have already been compression coated. 
Both types of presses have mechanisms to center the tablet 
within the coating both vertically and radially. One of 
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ordinary skill would understand that other tablet presses may 
be used to provide for the final dosage forms of the present 
invention. 

0110. Although typically the compression coating Sur 
rounds the entire core, in certain embodiments of the present 
invention, the compression coating Substantially Surrounds, 
but does not entirely surround the tablet core. In such 
instances, the release of drug from the tablet core will occur 
first from that portion of the inner core to which the 
compression is not applied. In other embodiments of the 
invention, compression coating is not applied to the same 
thickness around the entire inner core, thereby creating areas 
of the compressed dosage form that release drug earlier (and 
later) than other areas. This may be accomplished, e.g., by 
having the core to which the compression coating is applied 
not being centered in the press. 
0111 For best results, the tablets formed from the com 
pression coating of the core are from about 4 to about 25 kP, 
preferably about 5 to about 15 kP, most preferably about 8 
to about 9 kP hardness. In certain preferred embodiments, 
for round compression coated tablets the diameter may be up 
to 5/8 inch or greater, and for caplet Shaped compression 
coated tablets the diameter may be up to % inch or greater. 
The average flow of the (non-compression) coatings pre 
pared in accordance with the present invention is from about 
25 to about 40 g/sec. 
0112) In certain embodiments of the present invention, 
the compression coated tablet may then be further over 
coated with an enteric coating material or a hydrophobic 
material. Examples of Suitable enteric polymers include 
cellulose acetate phthalate, hydroxypropyl-methylcellulose 
phthalate, polyvinylacetate phthalate, methacrylic acid 
copolymer, shellac, hydroxypropylmethylcellulose Succi 
nate, cellulose acetate trimellitate, and mixtures of any of the 
foregoing. An example of a Suitable commercially available 
enteric material is available under the trade name EudragitE) 
L3OD55. 

0113. In further embodiments, the dosage form may be 
coating with a hydrophilic coating in addition to or instead 
of the above-mentioned enteric coating or hydrophobic 
coating. An example of a Suitable material that may be used 
for Such a hydrophilic coating is hydroxypropylmethylcel 
lulose (e.g., Opadry(E), commercially available from Color 
con, West Point, Pa.). 
0114. In still further embodiments, the optional enteric 
and/or hydrophobic and/or hydrophilic coatings may be 
alternatively or additionally applied as an intermediate lay 
er(s) between the core and the compression coating. 
0115 The optional enteric and/or hydrophobic and/or 
hydrophilic coatings may be applied in any pharmaceuti 
cally acceptable manner known to those skilled in the art. 
For example, in one embodiment, the coating is applied via 
a fluidized bed or in a coating pan. For example, the coated 
tablets may be dried, e.g., at about 60-70° C. for about 3-4 
hours in a coating pan. The Solvent for the hydrophobic 
polymer or enteric coating may be organic, aqueous, or a 
mixture of an organic and an aqueous Solvent. The organic 
Solvents may be, e.g., isopropyl alcohol, ethanol, and the 
like, with or without water. 

0116. In additional embodiments of the present invention, 
a Support platform is applied to the tablets manufactured in 
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accordance with the present invention. Suitable Support 
platforms are well known to those skilled in the art. An 
example of Suitable Support platforms is Set forth, e.g., in 
U.S. Pat. No. 4,839,177, hereby incorporated by reference. 
In that patent, the Support platform partially coats the tablet, 
and consists of a polymeric material insoluble in aqueous 
liquids. The Support platform may, for example, be designed 
to maintain its impermeability characteristics during the 
transfer of the therapeutically active medicament. The Sup 
port platform may be applied to the tablets, e.g., via com 
pression coating onto part of the tablet Surface, by Spray 
coating the polymeric materials comprising the Support 
platform onto all or part of the tablet Surface, or by immerS 
ing the tablets in a Solution of the polymeric materials. 
0117 The Support platform may have a thickness of, e.g., 
about 2 mm if applied by compression, and about 10u if 
applied via Spray-coating or immersion-coating. Generally, 
in embodiments of the invention wherein a hydrophobic 
polymer or enteric coating is applied to the tablets over the 
delayed release coating, the tablets are coated to a weight 
gain from about 1 to about 20%, and in certain embodiments 
preferably from about 5% to about 10%. 
0118 Materials useful in the hydrophobic coatings and 
Support platforms of the present invention include deriva 
tives of acrylic acid (Such as esters of acrylic acid, meth 
acrylic acid, and copolymers thereof) celluloses and deriva 
tives thereof (Such as ethylcellulose), polyvinylalcohols, and 
the like. 

0119) As mentioned above, the cores and/or compression 
coatings may also contain Suitable quantities of, e.g., lubri 
cants, binders, granulating aids, diluents, colorants, fla 
Vorants and glidants which are conventional in the pharma 
ceutical art. 

0120 Examples of suitable binders for use in the present 
invention include for example and without limitation, povi 
done, polyvinylpyrrolidone, Xanthan gum, cellulose gums 
Such as carboxymethylcellulose, methyl cellulose, hydrox 
ypropylnethylcellulose, hydroxycellulose, gelatin, Starch, 
and pregelatinized Starch. 
0121 Examples of suitable glidants for use in the present 
invention include talc, Silicon dioxide, and cornstarch. 
0122) In certain embodiments of the present invention, 
the tablet core includes an additional dose of the drug (or a 
therapeutically effective dose of a different drug) included in 
either the (optional) hydrophobic or enteric coating, or in an 
additional (optional) overcoating coated on the outer Surface 
of the tablet core (without the hydrophobic or enteric 
coating) or as an additional coating layer coated on the 
Surface of the base coating(s) comprising the compression 
coating and, if applicable, hydrophobic and/or enteric coat 
ing material. This may be desired when, for example, a 
loading dose of the drug is needed to provide therapeutically 
effective blood levels of the active agent when the formu 
lation is first exposed to gastric fluid. The loading dose of 
drug included in the coating layer may be, e.g., from about 
10% to about 40% of the total amount of drug included in 
the formulation. 

0123 Examples of drugs that are suitable for incorpora 
tion in the present invention include: 

0.124 antihistamines (e.g., azatadine maleate, bro 
mpheniramine maleate, carbinoxamine maleate, 
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chlorpheniramine maleate, dexchlorpheniramine 
maleate, diphenhydramine hydrochloride, doxy 
lamine Succinate, methdilazine hydrochloride, 
promethazine, trimeprazine tartrate, tripelennamine 
citrate, tripelennamine hydrochloride and triproli 
dine hydrochloride); 

0125 antibiotics (e.g., penicillin V potassium, clox 
acillin Sodium, dicloxacillin Sodium, nafcillin 
Sodium, oxacillin Sodium, carbenicillin indanyl 
Sodium, Oxytetracycline hydrochloride, tetracycline 
hydrochloride, clindamycin phosphate, clindamycin 
hydrochloride, clindamycin palmitate HCL, linco 
mycin HCL, novobiocin Sodium, nitrofurantoin 
Sodium, metronidazole hydrochloride); antitubercu 
losis agents (e.g., isoniazid), 

0.126 cholinergic agents (e.g., ambenonium chlo 
ride, bethanecol chloride, neoStigmine bromide, 
pyridostigmine bromide); 

0127 antimuscarinics (e.g., anisotropine methylbro 
mide, clidinium bromide, dicyclomine hydrochlo 
ride, glycopyrrolate, hexocyclium methylsulfate, 
homatropine methylbromide, hyoscyamine Sulfate, 
methantheline bromide, hyoscine hydrobromide, 
Oxyphenonium bromide, propantheline bromide, 
tridihexethyl chloride); 

0128 sympathomimetics (e.g., bitolterol mesylate, 
ephedrine, ephedrine hydrochloride, ephedrine Sul 
phate, orciprenaline Sulphate, phenylpropanolamine 
hydrochloride, pseudoephedrine hydrochloride, rito 
drine hydrochloride, Salbutamol Sulphate, terbutaline 
Sulphate); 

0129. Sympatholytic agents (e.g., phenoxyben 
Zamine hydrochloride); miscellaneous autonomic 
drugs (e.g., nicotine); 

0.130 iron preparations (e.g., ferrous gluconate, fer 
rous Sulphate); 

0131 haemostatics (e.g., aminocaproic acid); 
0132 cardiac drugs (e.g., acebutolol hydrochloride, 
disopyramide phosphate, flecainide acetate, 
procainamide hydrochloride, propranolol hydrochlo 
ride, quinidine gluconate, timolol maleate, tocainide 
hydrochloride, Verapamil hydrochloride); 

0.133 antihypertensive agents (e.g., captopril, cloni 
dine hydrochloride, hydralazine hydrochloride, 
mecamylamine hydrochloride, metoprolol tartrate); 
vasodilators (e.g., papaverine hydrochloride); 

0134) non-steroidal anti-inflammatory agents (e.g., 
choline Salicylate, ibuprofen, ketoprofen, magne 
sium Salicylate, meclofenamate Sodium, naproxen 
Sodium, tolmetin Sodium); 

0.135 opiate agonists (e.g., codeine hydrochloride, 
codeine phosphate, codeine Sulphate, dextromora 
mide tartrate, hydrocodone bitartrate, hydromor 
phone hydrochloride, pethidine hydrochloride, 
methadone hydrochloride, morphine Sulphate, mor 
phine acetate, morphine lactate, morphine meconate, 
morphine nitrate, morphine monobasic phosphate, 
morphine tartrate, morphine Valerate, morphine 
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hydrobromide, morphine hydrochloride, pro 
poxyphene hydrochloride); 

0136 anticonvulsants (e.g., phenobarbital sodium, 
phenytoin Sodium, troxidone, ethoSuximide, Val 
proate Sodium); 

0.137 tranquilizers (e.g., acetophenazine maleate, 
chlorpromazine hydrochloride, fluphenazine hydro 
chloride, prochlorperazine edisylate, promethazine 
hydrochloride, thioridazine hydrochloride, trifluo 
roperazine hydrochloride, lithium citrate, molindone 
hydrochloride, thiothixine hydrochloride); 

0.138 chemotherapeutic agents (e.g., doxorubicin, 
cisplatin, floxuridine, methotrexate, combinations 
thereof, etc.); 

0139 lipid lowering agents (e.g., gemfibrozil, clofi 
brate, HMG-CoA reductase inhibitors, Such as for 
example, atorvastatin, cerivastatin, fluvastatin, lov 
astatin, pravastatin, Simvastatin, etc.); 

0140 H-antagonists (e.g., cimetidine, famotidine, 
nizatidine, ranitidine HCl, etc.); 

0141 anti-coagulant and anti-platelet agents (e.g., 
warfarin, cipyridamole, ticlopidine, etc.); 

0142 bronchodilators (e.g., albuterol, isoproterenol, 
metaproterenol, terbutaline, etc.); 

0143 stimulants (e.g., benzamphetamine hydro 
chloride, dextroamphetamine Sulphate, dextroam 
phetamine phosphate, diethylpropion hydrochloride, 
fenfluramine hydrochloride, methamphetamine 
hydrochloride, methylphenidate hydrochloride, 
phendimetrazine tartrate, phenmetrazine hydrochlo 
ride, caffeine citrate); 

0144) barbiturates (e.g., amylobarbital sodium, but 
abarbital Sodium, Secobarbital Sodium); 

0145 sedatives (e.g., hydroxyzine hydrochloride, 
methprylon); expectorants (e.g., potassium iodide); 

0146 antiemetics (e.g., benzaquinamide hydrochlo 
ride, metoclopropamide hydrochloride, trimethoben 
Zamide hydrochloride); 

0147 gastro-intestinal drugs (e.g., ranitidine hydro 
chloride); heavy metal antagonists (e.g., penicil 
lamine, penicillamine hydrochloride); 

0.148 antithyroid agents (e.g., methimazole); 
0149 genitourinary Smooth muscle relaxants (e.g., 
flavoxate hydrochloride, oxybutynin hydrochloride); 

0150 vitamins (e.g., thiamine hydrochloride, ascor 
bic acid); 

0151 unclassified agents (e.g., amantadine hydro 
chloride, colchicine, etidronate disodium, leucovorin 
calcium, methylene blue, potassium chloride, prali 
doxime chloride. 

0152 Steroids, particularly glucocorticoids (e.g., 
prednisolone, prednisone, cortisone, hydrocortisone, 
methylprednisolone, betamethasone, dexametha 
Sone, triamcinolone). 
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0153. The drugs may be in their base for, or a pharma 
ceutically acceptable Salt or complex may be used. The list 
of possible therapeutic classes and particular drugs listed 
above are representative only, and are not meant to limit the 
Scope of the invention in any way. 
0154) The chronotherapeutic formulations of the present 
invention may be utilized to treat any condition known (or 
which become known) to those skilled in the art which 
would benefit from Such therapy. These therapies include, 
but are not limited to allergic rhinitis, attention deficit 
disorder, asthma, arthritis, cancer therapy, cardiovascular 
disease, high cholesterol, hypertension, and ulcers. 
O155 With respect to allergic rhinitis, major symptoms of 
Sneezing, runny nose and Stuffy nose are typically worse 
upon rising than during the middle of the activity span of a 
given day. The chronotherapeutic approach of the present 
invention could also help offset the Sneezing, nasal conges 
tion and runny nose and eyes that come with allergies. For 
instance, hay fever Symptoms peak in the morning. Some 
Studies show taking an antihistamine in the evening, rather 
than during the day, helps block Symptoms before a patient 
gets out of bed, rather than waiting for Symptoms to begin. 
Thus, it would be greatly desirable to provide a chrono 
therapeutic oral formulation of, for e.g., an antihistamine, 
which would be taken at a convenient time and which would 
have release the dose at a time point Such that the maximal 
effect of the dosage form is reached in the morning. 

0156 With respect to asthma, normal lung function 
undergoes circadian changes and reaches a low point in the 
early morning hours. This dip particularly pronounced in 
people with asthma. Chronotherapy for asthma is aimed at 
getting maximal effect from bronchodilator medications 
during the early morning hours. It has been proferred that the 
key to managing asthma cases is chronotherapy, and that 
treatment to improve nighttime asthma will allow for 
improvement of daytime manifestations of asthma. Cer 
tainly dosage and timing are related for asthma patients, 
whose number has doubled since 1975 in America alone. 
The majority of asthma patients Suffer most at night, poS 
sibly because that is when cortisol, the body's natural 
anti-inflammatory, is at its lowest level. The most common 
time for an attack is 4 am, So the agony of the asthma itself 
is often compounded by the further Strain of SleepleSSneSS. 
Thus, it would be greatly desirable to provide a chrono 
therapeutic oral formulation of, e.g., an antihistamine, which 
would be taken at a convenient time and which would 
release the dose at, e.g., just before 4 a.m., Such that the 
maximal effect of the dosage form is reached at that time. 
O157 The chronotherapeutic formulations of the inven 
tion may also be used to treat arthritis. Glucocorticosteroids 
have a very favourable effect on the symptoms of rheuma 
toid arthritis, e.g. morning Stiffness, joint pain and joint 
Swelling. With respect to arthritis, chronobiological patterns 
have been observed with arthritis pain. People with osteoar 
thritis (the most common form of arthritis) tend to have less 
pain in the morning and more at night. But for people with 
rheumatoid arthritis, the pain usually peaks in the morning 
and decreaseS as the day wears on. Recent animal Studies 
showing that joint inflammation in rats fluctuates over a 
24-hour period Support these observations by both patients 
and physicians. Potential drug candidates in this therapeutic 
area include (for all forms of arthritis) standard treatment, 
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NSAIDs and corticosteroids, etc. Preferably, the dosages 
should be timed to ensure that the highest blood levels of the 
drug coincide with peak pain. For Osteoarthritis-the opti 
mal time for an NSAID (ibuprofen, etc.) would be around 
noon or mid-afternoon. For rheumatoid arthritis-the opti 
mal time for an NSAID to be taken is after the evening meal. 

0158 With respect to attention deficit disorder, it has 
been observed that peak plasma concentrations of the drug 
are lower when Sustained release formulations are used, and 
in Some instances, Sustained release formulations of meth 
ylphenidate have been shown to have lower efficacy than 
conventional dosage forms. A dosage form which provides 
for a delay in release of maximally effective amount of an 
agent to treat attention deficit disorder could be useful, 
particularly if the dosage form provides in one administra 
tion, and initial release of the active agent, followed by a 
predictable delay and then a Second release of the active 
agent. Potential drug candidates include Stimulants Such as 
for example methylphenidate and pharmaceutically accept 
able salts thereof. 

0159. With respect to cancer therapy, animal studies 
Suggest that chemotherapy may be more effective and leSS 
toxic if cancer drugs are administered at carefully Selected 
times. The Studies currently Suggest that there may be 
different chronobiological cycles for normal cells and tumor 
cells. If this is true, the goal would be to time the adminis 
tration of cancer drugs to the chronobiological cycles of 
tumor cells, making them more effective against the cancer 
and less toxic to normal tissues. Potential drug candidates 
include, e.g., injectables Such as doxorubicin and cisplatin 
(combination) and floxuridine. 
0160 Chronotherapeutics are not entirely new in the 
treatment of cardiovascular disease. Since 1986, people with 
angina have been treated with nitroglycerin patches that are 
attached to their chest or shoulder in the morning and are 
removed in the evening. This is considered to be “side door” 
chronotherapy because it is not based on the recognition that 
a disease gets worse at a certain time of the day, and 
therefore should be treated at that time of the day. Rather, it 
arose out of the recognition that nitroglycerin is not effective 
when it is continuously administered. Based on the fact that 
cardiologic diseases have a 24-hour pattern, the use of the 
chronotherapeutic formulations of the present invention 
would be greatly desirable. It has been thought by those 
skilled in the art that heart attacks, Sudden death, angina and 
Stroke all seem to peak in the morning hours. Thus, it would 
be greatly desirable to provide a chronotherapeutic oral 
formulation which would be taken at a convenient time and 
which would release the dose Such that the maximal effect 
of the dosage form is reached at that time. Potential drug 
candidates include antihypertensive agents, antiischemic 
agents, and agents that control clotting. 

0.161 With respect to hypertension, blood pressure fluc 
tuates over the 24-hour (circadian) period. In most normo 
tensive patients and in most patients with essential hyper 
tension (Systemic vasoconstriction is associated with 
increased peripheral vascular resistance in arterioles), cir 
cadian mechanisms plus differences in activity and StreSS 
during the Sleep/activity cycle cause blood pressure to rise 
rapidly upon awakening. After it peaks during daytime 
activity, blood pressure declines during sleep by 10% to 20% 
of the mean daytime level. Both blood pressure and heart 
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rate typically rise early in the morning and Significantly 
increase myocardial oxygen demand to cause myocardial 
ischemia in patients with known or nondiagnosed coronary 
artery disease. The rapid Surge in blood pressure on awak 
ening is associated with an increased incidence of morning 
cerebrovascular accidents and myocardial infarction. More 
over, the incidence of cerebrovascular accidents and other 
cardiovascular events (Sudden death, acute myocardial inf 
arction, and total ischemic burden) also follows a circadian 
pattern, being greatest during the first 6 hours of the activity 
span (6 a.m. to 12 noon) and least during Sleep, as observed 
from the Framingham Study results. Morning Surges of 
blood pressure can theoretically rupture atherosclerotic 
plaques in coronary arteries, injure underlying tissue, and 
promote clot formation in the early morning when coagul 
lation processes are most active. Thus, it would be greatly 
desirable to provide a chronotherapeutic oral formulation 
which would be taken at a convenient time and which would 
have release the dose Such that the maximal effect of the 
dosage form is reached at that time. 
0162. In addition to a rapid rise in blood pressure on 
awakening, a "dip' in blood pressure occurs in most people 
during nighttime sleep. The dip may vary or be absent in 
patients with more Severe forms of hypertension and among 
patients with Secondary hypertension, in whom blood pres 
Sure either fails to decline as expected or else rises during 
Sleep, relative to daytime levels. Blood pressure patterns 
have been grouped into four categories: (i) “dippers' show 
a 10% to 20% decline in blood pressure during nighttime 
Sleep compared with their average daytime blood pressure 
level; (ii) “nondippers have nighttime blood pressures that 
vary little from the daytime levels; (iii) “superdippers” show 
a decline in blood pressure greater than 20% at night from 
the daytime mean level; and (iv) “risers' experience a high 
blood pressure at night compared with daytime levels. 
Deviations in blood preSSure from normal circadian patterns 
are associated with an increased risk of end-organ damage 
and adverse cardiovascular events. Hypertensive patients 
with nocturnal patterns of Superdipping or nondipping blood 
preSSure are more likely to develop eye, renal, and cardiac 
pathologies and show a higher rate of cardiovascular events, 
Such as cerebrovascular accidents and myocardial infarction, 
than normal dipperS. 
0163 Chronotherapy is a treatment approach that allows 
for better control of blood pressure during the day and night 
by delivering medication in amounts proportional to 
patients’ needs and, therefore, in Synchrony with the circa 
dian blood pressure rhythm. More chronotherapeutic anti 
hypertension medication is delivered in the morning and 
daytime when blood preSSure is greatest, and less at night 
when blood pressure typically declines to the lowest level. 
The incidence of early morning cardiovascular events could 
theoretically be decreased if early morning Surges in blood 
preSSure and heart rate are blunted by the chronotherapeutic 
administration of indicated drugs using appropriate delivery 
Systems. 

0164. The calcium channel blocker verapamil reduces 
heart rate as well as blood preSSure, which is especially 
beneficial for patients with both ischemic heart disease and 
hypertension. These characteristics of Verapamil and its 
appropriate half-life made it a good choice for the formu 
lation of an antihypertensive drug with a chronotherapeutic 
oral drug absorption system (CODAS). This system was 
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designed to be taken at bedtime, to cause a 4- to 5-hour 
initial lag in drug delivery and, thereafter, to achieve a 
controlled release of drug. CODAS-Verapamil capsules 
(VerelancEPM) were made using the CODAS multiparticu 
late technology along with Verapamil-coated beads. When 
taken as directed, this formulation results in a maximum 
Verapamil plasma concentration around the time of awak 
ening in the morning. Studies showed that nighttime dosing 
of Verapamil chronotherapy allows for better control of the 
Sharp morning blood pressure rise than do conventional 
antihypertensive medications. Bedtime dosing with Vera 
pamil chronotherapy also controls daytime blood preSSure 
without inducing hypotension or Superdipping of blood 
preSSure at night, reducing the risk of target organ damage 
due to poor perfusion preSSure. Furthermore, Verapamil 
chronotherapy is designed to deliver more medication in the 
daytime than conventional Verapamil and other antihyper 
tension medications. Potential drug candidates include anti 
hypertensive medications Such as calcium channel blockers. 
0.165 Medications to control high cholesterol, such as 
HMG-CoA reductase inhibitors, are also considered to work 
better when given in the evening, a time when enzyme 
activity levels peak. Therefore, it would be greatly desirable 
to provide a chronotherapeutic oral formulation which 
would be taken at a convenient time and which would have 
release the dose Such that the maximal effect of the dosage 
form is reached at that time. 

0166 Treating ulcers is another example where timing is 
important. Since it is known that the acidity produced by the 
Stomach peaks at 6 p.m., medication to reduce the Secretion 
of acid in the Stomach can therefore be delivered accord 
ingly. 
0.167 The benefits of chronotherapeutics include safety 
and more efficient treatment than conventional therapies. 
This is achieved by delivering more medication when risk of 
disease is greater, and delivering leSS medication when 
potential for disease Symptoms are less likely. Other benefits 
to the patient include an increased quality of life and a 
once-a-day drug delivery System to increase patient com 
pliance. 

0.168. In certain preferred embodiments of the invention 
where the manifestations of the disease State to be treated 
(e.g., asthmatic attack, pain from arthritis) are greatest upon 
awakening, the chronotherapeutic formulations are prefer 
ably orally administered to the patient at bedtime (e.g., at 
about 9 or 10 p.m.) and have a lag time of about 5 or 6 hours, 
So that, e.g., a Substantial portion of the drug in the com 
pression coated delayed release oral dosage form is released, 
e.g., between 2-3 a.m., or between 3-4 a.m., and the drug is 
absorbed from the gastrointestinal tract and provides thera 
peutic efficacy at a time which correlates with the peak of the 
manifestations of the disease State. 

0169. In situations where the active agent is a low dose 
active agent (e.g., a drug administered in a (unit) dose 
amount from about 0.01 mg to about 40 mg), in certain 
preferred embodiments, the total tablet weight is from about 
220 mg to about 900 mg; and the core weight is preferably 
from about 50 mg to about 170 mg. Preferably, the core is 
from about 5 to about 23 percent, most preferably about 18 
to about 20 percent by weight of the total tablet weight. In 
embodiments wherein the active agent is a low dose active 
agent, the coating is preferably from about 150 mg to about 
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850 mg. Preferably, the coating is from about 75 to about 94 
percent by weight, most preferably from about 78 to 80 
percent by weight of the total tablet. Preferably, where the 
active dose is a low dose active agent, the ratio of the core 
to gum (in the compression coating) is from about 1:0.37 to 
about 1:5, preferably from about 1:0.37 to about 1:1.12, 
most preferably from about 1:0.75. Where the active dose is 
a low dose active agent, the ratio of the core to compression 
coating material (all ingredients) is preferably from about 
1:2 to about 1:9, and in certain embodiments more prefer 
ably about 1:4. 
0170 In situations where the active agent is a relatively 
high dose active agent (e.g., a drug administered in a (unit) 
dose amount from about 41 mg to about 300 mg), the ratio 
of core to gum (in the compression coating) is from about 
1:0.3 to about 1:3, preferably from about 1:0.6 to about 
1:1.5. In certain embodiments, preferably where the active 
agent is a high dose active agent, the ratio of the core to 
compression coating material (all ingredients) is from about 
1:1 to about 1:5, preferably from about 1:2 to about 1:3. In 
Situations where the active agent is a relatively high dose 
active agent, the total tablet weight is preferably from about 
500 mg to about 1500 mg, more preferably from about 750 
mg to about 1000 mg. 
0171 In the appended examples, the cores comprising 
the active agent are typically compression coated with the 
coating formulation by hand on a rotary tablet preSS. In Such 
a process, roughly half the outer core material is first added 
to the die. An inner core tablet is typically centered on the 
powder bed and is covered with the other half of the outer 
coating powder. However, one skilled in the art will appre 
ciate that compression coating may be accomplished via 
automated tablet presses for commercialization. Prior to 
compression coating with any tablet press, preferably 0.75% 
Pruv(R) (sodium stearyl fumarate, NF) or another suitable 
lubricant is added to the compression coating material(s). In 
certain examples wherein the coatings are indicate by the 
gums, for example, 50% Xanthan gum (XG), the coating 
comprises 50% xanthan gum diluted with dextrose; and for 
example 50% locust bean gum (LBG), the coating com 
prises 50% locust bean gum diluted with dextrose, etc. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0172 The following examples illustrate various aspects 
of the present invention. They are not to be construed to limit 
the claims in any manner whatsoever. 

EXAMPLE 1. 

0173 A delayed release material to be used in the com 
pression coatings of the invention is prepared having the 
following formulation listed in Table 1: 

TABLE 1. 

Component Percentage 

1. Xanthan Gum 12 
2. Locust Bean Gum 18 
3. Dextrose 70 
4. Water C.S. 

* Removed during processing 
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0174) Process: 
0.175 1. The requisite amounts of Xanthan gum, locust 
bean gum, and dextrose are dry blended in a high Speed 
mixer/granulator for 3 minutes. 

0176) 2. Water (125-150 ml) is added to the dry blended 
mixture, and granulated for another 3 minutes. 
0177 3. The granulation is then dried in a fluid bed dryer 
to a LOD (loss on drying) of less than about 10% by weight 
(e.g., 4-7% LOD). 

EXAMPLE 2 

0.178 A delayed release material to be used in the com 
pression coatings of the invention is prepared having the 
following formulation listed in Table 2: 

TABLE 2 

Component Percentage 

1. Xanthan Gum 25 
2. Locust Bean Gum 25 
3. Dextrose 35 
4. Calcium Sulfate Dihydrate 1O 
5. Ethylcellulose 5 
5. Alcohol, SD3A, anhydrous 2O 
6. Water C.S. 

*Removed during processing 

0179 Process: 
0180 1. The requisite amounts of Xanthan gum, locust 
bean gum, calcium Sulfate, and dextrose are dry blended in 
a high Speed mixer/granulator for 3 minutes. 
0181 2. A slurry of hydrophobic polymer (ethylcellulose) 
is prepared by dissolving ethyl cellulose in ethyl alcohol. 

0182. 3. The slurry is added to the dry blended mixture, 
and granulated for another 3 minutes. 

0183 4. The granulation was then dried in a fluid bed 
dryer to a LOD (loss on drying) of less than about 10% by 
weight (e.g., 4-7% LOD). 

EXAMPLE 3 

0184. A delayed release material to be used in the com 
pression coatings of the invention is prepared having the 
following formulation listed in Table 3: 

TABLE 3 

Component Percentage 

1. Xanthan Gum 15 
2. Locust Bean Gum 15 
3. Dextrose 60 
4. Calcium Sulfate Dihydrate 1O 
5. Water* C.S. 

*Removed during processing 

0185. Process: 
0186 1. The requisite amounts of Xanthan gum, locust 
bean gum, calcium Sulfate, and dextrose are dry blended in 
a high Speed mixer/granulator for 3 minutes. 



US 2003/00822.30 A1 

0187 2. Water (125-150 ml) is added to the dry blended 
mixture, and granulated for another 3 minutes. 

0188 3. The granulation is then dried in a fluid bed dryer 
to a LOD (loss on drying) of less than about 10% by weight 
(e.g., 4-7% LOD). 

EXAMPLE 4 

0189 Adelayed release material to be used in the com 
pression coatings of the invention is prepared having the 
following formulation listed in Table 4: 

TABLE 4 

Component Percentage 

1. Xanthan Gum 16 
2. Locust Bean Gum 24 
3. Dextrose 60 
4. Water C.S. 

* Removed during processing 

0190. Process: 
0191 The same process for Example 1 is used to prepare 
the delayed release coating of Example 4. 

EXAMPLE 5 

0.192 A delayed release material to be used in the com 
preSSion coatings of the invention is prepared having the 
following formulation listed in Table 5: 

TABLE 5 

Component Percentage 

1. Xanthan Gum 2O 
2. Locust Bean Gum 3O 
3. Dextrose 45 
4. Calcium Sulfate Dihydrate 5 
5. Water* C.S. 

* Removed during processing 

0193 Process: 
0194 The same process for Example 3 is used to prepare 
the delayed release material to be used in the compression 
coatings of the invention in Example 5. 

EXAMPLE 6 

0.195 A delayed release material to be used in the com 
pression coatings of the invention is prepared having the 
following formulation listed in Table 6: 

TABLE 6 

Component Percentage 

1. Xanthan Gum 12 
2. Locust Bean Gum 18 
3. Dextrose 65 
4. Calcium Sulfate Dihydrate 5 
5. Water* C.S. 

* Removed during processing 
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0196) Process: 
0197) The same process for Example 3 is used to prepare 
the delayed release material to be used in the compression 
coatings of the invention in Example 6. 

EXAMPLE 7 

0198 Adelayed release material to be used in the com 
pression coatings of the invention is prepared having the 
following formulation listed in Table 7: 

TABLE 7 

Component Percentage 

1. Xanthan Gum 1O 
2. Locust Bean Gum 15 
3. Dextrose 75 
4. Water C.S. 

*Removed during processing 

0199 Process: 
0200. The same process for Example 1 is used to prepare 
the delayed release material to be used in the compression 
coatings of the invention in Example 7. 

EXAMPLE 8 

0201 Adelayed release material to be used in the com 
pression coatings of the invention is prepared having the 
following formulation listed in Table 8: 

TABLE 8 

Component Percentage 

1. Xanthan Gum 8 
2. Locust Bean Gum 12 
3. Dextrose 8O 
4. Water C.S. 

*Removed during processing 

0202) Process: 
0203 The same process for Example 1 is used to prepare 
the delayed release material to be used in the compression 
coatings of the invention in Example 8. 

EXAMPLE 9 

0204 Adelayed release material to be used in the com 
pression coatings of the invention is prepared having the 
formulation listed in Table 9: 

TABLE 9 

Component Percentage 

1. Xanthan Gum 2O 
2. Locust Bean Gum 3O 
3. Lactose 50 
4. Water C.S. 

*Removed during processing 

0205 Process: 
0206. The same process for Example 1 is used to prepare 
the delayed release material to be used in the compression 
coatings of the invention in Example 5, Substituting lactose 
for dextrose. 



US 2003/00822.30 A1 

EXAMPLE 10 

0207 Adelayed release material to be used in the com 
pression coatings of the invention is prepared having the 
formulation listed in Table 10: 

TABLE 10 

Component Percentage 

1. Xanthan Gum 2O 
2. Locust Bean Gum 3O 
3. Mannitol 45 
4. Hydroxypropylmethylcellulose 5 
5. Water* C.S. 

* Removed during processing 

0208 Process: 
0209 1. The requisite amounts of Xanthan gum, locust 
bean gum, mannitol, and hydroxypropylmethylcellulose are 
dry blended in a high Speed mixer/granulator for 3 minutes. 

0210 2. Water (125-150 ml) is added to the dry blended 
mixture, and granulated for another 3 minutes. 
0211 3. The granulation is then dried in a fluid bed dryer 
to a LOD (loss on drying) of less than about 10% by weight 
(e.g., 4-7% LOD). 

EXAMPLE 11 

0212. A delayed release material to be used in the com 
pression coatings of the invention is prepared having the 
formulation listed in Table 11: 

TABLE 11 

Component Percentage 

1. Xanthan Gum 12 
2. Locust Bean Gum 18 
3. Mannitol 70 
4. Water C.S. 

* Removed during processing 

0213 Process: 
0214. The same process for Example 1 is used to prepare 
the delayed release material to be used in the compression 
coatings of the invention in Example 11, Substituting man 
nitol for dextrose. 

EXAMPLE 12 

0215. A delayed release material to be used in the com 
pression coatings of the invention is prepared having the 
formulation listed in Table 12: 

TABLE 12 

Component Percentage 

1. Xanthan Gum 9 
2. Locust Bean Gum 13.5 
3. Mannitol 77.5 
4. Water C.S. 

* Removed during processing 
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0216) Process: 
0217. The same process for Example 10 is used to 
prepare the delayed release material to be used in the 
compression coatings of the invention in Example 12. 

EXAMPLE 13 

0218. A delayed release material to be used in the com 
pression coatings of the invention is prepared having the 
formulation listed in Table 13: 

TABLE 13 

Component Percentage 

Xanthan Gum 8 
2. Locust Bean Gum 12 
3. Mannitol 8O 
4. Water C.S. 

*Removed during processing 

0219 Process: 
0220. The same process for Example 12 is used to 
prepare the delayed release material to be used in the 
compression coatings of the invention in Example 13. 

EXAMPLE 1.4 

0221) A delayed release material to be used in the com 
pression coatings of the invention is prepared having the 
formulation listed in Table 14: 

TABLE 1.4 

Component Percentage 

1. Xanthan Gum 6 
2. Locust Bean Gum 9 
3. Mannitol 85 
4. Water C.S. 

*Removed during processing 

0222 Process: 
0223) The same process for Example 12 is used to 
prepare the delayed release material to be used in the 
compression coatings of the invention in Example 14. 

EXAMPLE 1.5 

0224. A delayed release material to be used in the com 
pression coatings of the invention is prepared having the 
formulation listed in Table 15: 

TABLE 1.5 

Component Percentage 

1. Xanthan Gum 4 
2. Locust Bean Gum 6 
3. Mannitol 90 
4. Alcohol, SD3A, anhydrous* 
5. Water* C.S. 

*Removed during processing 

0225. Process: 
0226. The same process for Example 12 is used to 
prepare the delayed release material to be used in the 
compression coatings of the invention in Example 15. 
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EXAMPLE 16 

0227. A delayed release coating is prepared having the 
following formulation listed in Table 16: 

TABLE 16 

Component Percentage 

1. Xanthan Gum 3 
2. Locust Bean Gum 4.5 
3. Mannitol 92.5 
4. Water C.S. 

* Removed during processing 

0228 Process: 

0229. The same process for Example 12 is used to 
prepare the delayed release material to be used in the 
compression coatings of the invention in Example 16. 

EXAMPLE 1.7 

0230. A delayed release material to be used in the com 
pression coatings of the invention is prepared having the 
formulation listed in Table 17: 

TABLE 1.7 

Component Percentage 

1. Xanthan Gum 8 
2. Locust Bean Gum 12 
3. Dextrose 40 
4. Microcrystalline Cellulose 40 
5. Water* C.S. 

* Removed during processing 

0231 Process: 

0232 1. The requisite amounts of Xanthan gum, locust 
bean gum, dextrose, and microcrystalline cellulose are dry 
blended in a high Speed mixer/granulator for 3 minutes. 

0233 2. Water (125-150 ml) is added to the dry blended 
mixture, and granulated for another 3 minutes. 

0234 3. The granulation is then dried in a fluid bed dryer 
to a LOD (loss on drying) of less than about 10% by weight 
(e.g., 4-7% LOD). 

EXAMPLE 1.8 

0235 A delayed release material to be used in the com 
pression coatings of the invention is prepared having the 
formulation listed in Table 18: 

TABLE 1.8 

Component Percentage 

1. Xanthan Gum 8 
2. Locust Bean Gum 12 
3. Dextrose 
4. Microcrystalline Cellulose 8O 
5. Water* C.S. 

* Removed during processing 
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0236 Process: 
0237) The same process for Example 1 is used to prepare 
the delayed release material to be used in the compression 
coatings of the invention in Example 18, Substituting micro 
crystalline cellulose for dextrose. 

EXAMPLE 1.9 

0238 A prednisolone core composition was prepared 
having the ingredients set forth in Table 19: 

TABLE 1.9 

Component Percent amt. (mg) 

1. Prednisolone 2.O 1.O 
2. Prosow SMCCTM SO 32.75 16.4 
3. Prosow SMCCTM 90 50 25.0 
4. Explotab (R) 1O 5.0 
5. Sodium carboxymethylcellulose 5 2.5 
6. Pruv 0.25 O.1 

Total 1OO 50 
Core size and shape 3/16" Round 

SC: 

*SC means standard concave 

0239) Process: 
0240) 1. Blend the requisite amounts of prednisolone and 
ProSolvy SMCC 50 in a V-blender for 5 to 10 minutes. 

0241) 2. Add the requisite amounts of ProsolvTM SMCC 
90, Exploitab(R) and sodium carboxymethylcellulose to the 
blend and continue blending for another 5 minutes. 
0242 3. Add the requisite amount of Pruv to the mixture 
and blend for an additional 5 minutes. 

0243 4. Compress the tablet cores using tablet press. 

EXAMPLE 2.0 

0244. A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 20: 

TABLE 2.0 

Component Percent amt. (mg) 

1. Prednisolone 1O 5 
2. Prosow SMCCTM SO NA NA 
3. Prosow SMCCTM 90 81.75 40.875 
4. Explotab (R) 6 3 
5. Sodium carboxymethylcellulose NA NA 
6. Pruv 0.25 O.125 
7. PVP 2 1. 

Total 1OO 50 
Core size and shape 3/16" Round 

FF: 

*FF = flat face 

0245 Process: 
0246 1. Blend the requisite amounts of prednisolone, 
Prosolv"M SMCC 90, Explotab(E) for 5 to 10 minutes. 
0247 2. Add the requisite amount of Pruv and PVP to the 
mixture and blend for an addition 5 minutes. 

0248 3. Compress the tablet cores using tablet press. 
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EXAMPLE 21 

0249. A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 21: 

TABLE 21 

Component Percent amt. (mg) 

1. Prednisolone 1O 5 
2. Prosow SMCCTM SO NA NA 
3. Prosow SMCCTM 90 75.75 37.375 
4. Explotab (R) 1O 5 
5. Sodium carboxymethylcellulose 5 2.5 
6. Pruv O.25 O.1 

Total 1OO 50 
Core size and shape 3/16" Round 

FF 

0250) Process: 

0251 1. Blend the requisite amounts of prednisolone, 
Prosolv"M SMCC 90, Explotab(R), and sodium carboxym 
ethylcellulose for 5 to 10 minutes. 

0252) 2. Add the requisite amount of Pruv and PVP to the 
mixture and blend for an additional 5 minutes. 

0253) 3. Compress the tablet cores using tablet press. 

EXAMPLE 22 

0254. A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 22: 

TABLE 22 

Component Percent amt. (mg) 

1. Prednisolone 2 1.O 
2. Prosow SMCCTM SO 40 2O.O 
3. Prosow SMCCTM 90 47.75 23.9 
4. Explotab (R) 6 3.0 
5. PVP 2 1.O 
6. Talc 2 1.O 
7. Pry O.25 O1 

Total 1OO 50 
Core size and shape 3/16" Round 

SC 

0255) Process: 

0256 1. Blend the requisite amounts of prednisolone and 
ProSolvy SMCC 50 in a V-blender for 5 to 10 minutes. 

0257 5. Add the requisite amounts of ProsolvTM SMCC 
90, Explotab(E), PVP, and talc to the blend and continue 
blending for another 5 minutes. 

0258 6. Add the requisite amount of Pruv to the mixture 
and blend for an additional 5 minutes. 

0259 7. Compress the tablet cores using tablet press. 
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EXAMPLE 23 

0260 A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 23: 

TABLE 23 

Component Percent amt. (mg) 

1. Prednisolone 2 3.4 

2. Prosow SMCCTM SO 40 68 

3. Prosow SMCCTM 90 47.75 81.75 

4. Explotab (R) 6 10.2 

5. Sodium carboxymethylcellulose 2 3.4 
6. Talc 2 3.4 

7. Pry O.25 O.425 

Total 1OO 170 

Core size and shape /A" Round 
FF 

0261) Process: 

0262) 1. Blend the requisite amounts of prednisolone and 
ProSolvy SMCC 50 in a V-blender for 5 to 10 minutes. 

0263. 2. Add the requisite amounts of ProsolvTM SMCC 
90, Explotab(R, Sodium carboxymethylcellulose, and talc to 
the blend and continue blending for another 5 minutes. 

0264 3. Add the requisite amount of Pruv to the mixture 
and blend for an additional 5 minutes. 

0265. 4. Compress the tablet cores using tablet press. 

EXAMPLE 24 

0266. A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 24: 

TABLE 24 

Component Percent amt. (mg) 

1. Prednisolone 2 1. 
2. Prosow SMCCTM SO 40 2O 
3. Prosow SMCCTM 90 47.75 23.875 
4. Explotab (R) 6 3 
5. Sodium carboxymethylcellulose 2 1. 
6. Talc 2 1. 
6. Pruv O.25 O.125 

Total 1OO 50 

Core size and shape 3/16" Round 
SC 

0267 Process: 

0268. The same process for Example 23 is used to 
prepare the core of Example 24. 
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EXAMPLE 25 

0269. A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 25: 

TABLE 25 

Component Percent amt. (mg) 

1. Prednisolone 2 1. 
2. Prosow SMCCTM SO 40 2O 
3. Prosow SMCCTM 90 55.75 27.85 
4. Explotab (R) NA NA 
5. Sodium carboxymethylcellulose NA NA 
6. Talc 2 1. 
7. Pry O.25 O.125 

Total 1OO 50 
Core size and shape 3/16" Round 

SC 

0270 Process: 

0271 The same process for Example 23 is used to 
prepare the core of Example 25, without the inclusion of 
Explotab(R) and sodium carboxymethylcellulose. 

EXAMPLE 26 

0272 A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 26: 

TABLE 26 

Component Percent amt. (mg) 

1. Prednisolone 2 1. 
2. Prosow SMCCTM SO 40 2O 
3. Prosow SMCCTM 90 52.75 26.375 
4. Explotab (R) 3 1.5 
5. Sodium carboxymethylcellulose NA NA 
6. Talc 2 1. 
7. Pry O.25 O.125 

Total 1OO 50 
Core size and shape 3/16" Round 

SC 

0273) Process: 

0274 The same process for Example 23 is used to 
prepare the core of Example 26, without the inclusion of 
Sodium carboxymethylcellulose. 

EXAMPLE 27 

0275 A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 27: 

TABLE 27 

Component Percent amt. (mg) 

1. Prednisolone 2 1. 
2. Prosow SMCCTM SO 40 2O 
3. Prosow SMCCTM 90 51.75 25.875 
4. Explotab (R) 3 1.5 
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TABLE 27-continued 

Component Percent amt. (mg) 

5. Sodium carboxymethylcellulose 1. 0.5 
6. Talc 2 1. 

6. Pruv O.25 O.125 

Total 1OO 50 

Core size and shape 3/16" Round 
SC 

0276 Process: 

0277. The same process for Example 23 is used to 
prepare the core of Example 27. 

EXAMPLE 28 

0278 A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 28: 

TABLE 28 

Component Percent amt. (mg) 

1. Prednisolone 2 1. 
2. Prosow SMCCTM SO 40 2O 
3. Prosolv SMCCTM 90 53.75 26.875 
4. Explotab (R) NA NA 
5. Sodium carboxymethylcellulose 2 1. 
6. Talc 2 1. 
7. Pry O.25 O.125 

Total 1OO 50 
Core size and shape 3/16" Round 

SC 

0279 Process: 

0280 The same process for Example 23 is used to 
prepare the core of Example 28, without the inclusion of 
Explotab(R). 

EXAMPLE 29 

0281 A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 29: 

TABLE 29 

Component Percent amt. (mg) 

1. Prednisolone 2 1. 
2. Prosow SMCCTM SO 40 2O 
3. Prosow SMCCTM 90 47.75 23.875 
4. Explotab (R) 2 1. 
5. Sodium carboxymethylcellulose 6 3 
6. Talc 2 1. 
7. Pry O.25 O.125 

Total 1OO 50 
Core size and shape 3/16" Round 

SC 
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0282 Process: 
0283 The same process for Example 23 is used to 
prepare the core of Example 29. 

EXAMPLE 30 

0284. A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 30: 

TABLE 30 

Component Percent amt. (mg) 

1. Prednisolone 2 1. 
2. Prosow SMCCTM SO 40 2O 
3. Prosow SMCCTM 90 49.75 24.875 
4. Explotab (R) NA NA 
5. Sodium carboxymethylcellulose 6 3 
6. Talc 2 1. 
7. Pry O.25 O.125 

Total 1OO 50 
Core size and shape 3/16" Round 

SC 

0285) Process: 
0286 The same process for Example 23 is used to 
prepare the core of Example 30, without the inclusion of 
Explotab(R). 

EXAMPLE 31 

0287. A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 31: 

TABLE 31 

Component Percent amt. (mg) 

1. Prednisolone 2 1. 
2. Prosow SMCCTM SO 26 13 
3. Prosow SMCCTM 90 49.75 24.875 
4. Explotab (R) 2O 1O 
5. Sodium carboxymethylcellulose NA NA 
6. Talc 2 1. 
7. Pry O.25 O.125 

Total 1OO 50 
Core size and shape 3/16" Round 

SC 

0288 Process: 
0289. The same process for Example 23 is used to 
prepare the core of Example 31, without the inclusion of 
Sodium carboxymethylcellulose. 

EXAMPLE 32 

0290 A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 32: 

TABLE 32 

Component Percent amt. (mg) 

1. Prednisolone 2 1. 
2. Prosow SMCCTM SO 26 13 
3. Prosow SMCCTM 90 49.75 24.875 
4. Explotab (R) 2O 1O 
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TABLE 32-continued 

Component Percent amt. (mg) 

5. Sodium carboxymethylcellulose NA NA 
6. Talc 2 1. 
7. Pry O.25 O.125 

Total 1OO 50 

Core size and shape 3/16" Round 
SC 

0291 Process: 

0292. The same process for Example 23 is used to 
prepare the core of Example 32, without the inclusion of 
Sodium carboxymethylcellulose. 

EXAMPLE 33 

0293 A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 33: 

TABLE 33 

Component Percent amt. (mg) 

1. Prednisolone 2 1. 
2. Prosow SMCCTM SO 40 2O 
3. Prosolv SMCCTM 90 52.75 26.375 
4. Explotab (R) 3 1.5 
5. Sodium carboxymethylcellulose NA NA 
6. Talc 2 1. 
7. Pry O.25 O.125 

Total 1OO 50 
Core size and shape 3/16" Round 

SC 

0294 Process: 

0295) The same process for Example 23 is used to 
prepare the core of Example 33, without the inclusion 
Sodium carboxymethylcellulose. 

EXAMPLE 34 

0296. A prednisolone core composition was prepared 
having the formulation set forth in Table 34: 

TABLE 34 

Component Percent amt. (mg) 

1. Prednisolone 2 1. 
2. Prosow SMCCTM SO 40 2O 
3. Prosow SMCCTM 90 51.75 25.875 
4. Explotab (R) 3 1.5 
5. Sodium carboxymethylcellulose 1. 0.5 
6. Talc 2 1. 
7. Pry O.25 O.125 

Total 1OO 50 
Core size and shape 3/16" Round 

SC 
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0297 Process: 

0298 The same process for Example 23 is used to 
prepare the core of Example 34. 

EXAMPLE 35 

0299. A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 35: 

TABLE 35 

Component Percent amt. (mg) 

1. Prednisolone 2 1. 
2. Prosow SMCCTM SO 40 2O 
3. Prosow SMCCTM 90 53.75 26.875 

4. Explotab (R) NA NA 
5. Sodium carboxymethylcellulose 2 1. 
6. Talc 2 1. 
7. Pry O.25 O.125 

Total 1OO 50 

Core size and shape 3/16" Round 
SC 

0300 Process: 

0301 The same process for Example 23 is used to 
prepare the core of Example 35, without the inclusion of 
Explotab(R). 

EXAMPLE 36 

0302) A prednisolone core composition was prepared 
having the formulation ingredients set forth in Table 36: 

TABLE 36 

Component Percent amt. (mg) 

1. Prednisolone 4 2 
2. Prosow SMCCTM SO 40 2O 
3. Prosow SMCCTM 90 45.75 22.875 
4. Explotab (R) 6 3 
5. Sodium carboxymethylcellulose 2 1. 
6. Talc 2 1. 
7. Pry O.25 O.125 

Total 1OO 50 
Core size and shape 3/16" Round 

SC 

0303 Process: 

0304. The same process for Example 23 is used to 
prepare the core of Example 36. 

EXAMPLES 37-39 

0305. In Examples 37-39, prednisolone tablets were pre 
pared having a core formulation as described in Example 21 
and coating formulation as described in Example 3. The 
tablet formulations of Examples 37-39 are listed in Table 37 
below: 
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TABLE 37 

Ex. 37 Ex. 38 Ex. 39 

Component Amt. (mg) amt. (mg) amt. (mg) 

1. Example 21 core 50 50 50 
2. Example 3 coating 150 250 350 

Total tablet weight 2OO 3OO 400 

Size and shape of tablet %2" round 3/8" round 3/8" round 

Compression force standard standard standard 

COCaWe COCaWe COCaWe 

8-9 kP 8-9 kP 8-9 KP 

0306 Process: 

0307 1. Weigh out the requisite amount of immediate 
release cores and Set aside. 

0308) 2. Blend 0.75% by weight of Pruv(R) sodium stearyl 
fumarate, NF, (commercially available from the Edward 
Mendell Co., Inc.) with the requisite amount of coating for 
5 minutes. 

0309 3. Weigh out approximately half of the compres 
Sion coating. 

0310. 4. Pour the lower layer of the compression coating 
into the lower punch of the die. 

0311 5. Place the immediate release core in the center of 
the compression coating. 

0312) 6. Pour the top layer of into the die. 

0313 7. Rotate the punch station for compression. 

0314 8. Weigh out finished tablets to ensure proper 
weight. 

0315) The tablets of Examples 37-39 were tested using 
USP apparatus type III with 250 mL DI water at 15 dips per 
minute (dpm) giving the following results listed in Table 38: 

TABLE 38 

Time (hours) O 2 4 6 8 1O 12 16 

Example 37 O O O O 18.6 
% dissolved 
Example 38 O O O O O 35.6 100 1OO 
% dissolved 
Example 39 O O O O O O 6.8 1OO 
% dissolved 

0316) The tablets of Examples 37-39 resulted the follow 
ing lag times (time when prednisolone is release from the 
tablet) and full release times (time when all of prednisolone 
is released from the tablet) listed in Table 39: 
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TABLE 39 TABLE 41 

Time (hours) O 2 4 6 8 1O 12 16 
Example 37 Example 38 Example 39 

Example 40 O - 22.7 40.6 1OO 
% dissolved 

Lag time (hours) 6-7 8-9 10-12 Example 41 O O O O O O 1 OO 100 
% dissolved 

Full release (hours) 8-9 10-12 14-16 Example 42 O O O O O O 19.5 19.5 

EXAMPLES 40-42 

0317) 
pared having a core formulation as described in Example 21 

In Examples 40-42, prednisolone tablets were pre 

and coating formulation as described Example 2. The tablet 
formulations of Examples 40-42 are listed in Table 40 
below: 

TABLE 40 

Ex. 40 Ex. 41 Ex. 42 
Component Amt. (mg) amt. (mg) amt. (mg) 

1. Example 21 core 50 50 50 
2. Example 2 coating 150 250 350 

Total tablet weight 2OO 3OO 400 
Size and shape of tablet %2" round 3/8" round 3/8" round 
Compression force standard standard standard 

COCaWe COCaWe COCaWe 

8-9 kP 8-9 kP 8-9 KP 

0318) Process: 

03.19. The tablets of Examples 40-42 are prepared using 
the same process as examples 37-39. 

0320 The tablets of Examples 40-42 were tested using 
USP apparatus type III with 250 mL DI water at 15 dips per 
minute (dpm) giving the following results listed in Table 41: 

Formulation: 

1. a. Core (Ex. 24 core) 
b. Core (Ex. 22 core) 
Ex. 2 coating 
Ex. 3 coating 
Ex. 8 coating 
Xanthan Gum 

Sodium Stearyl 
Fumarate 

Tablet weight (mg) 
Tablet hardness (kP) 

% dissolved 

0321) The tablets of Examples 40-42 resulted in the 
following lag times (time when prednisolone is release from 
the tablet) and full release times (time when all of predniso 
lone is released from the tablet) listed in Table 42: 

TABLE 42 

Example 40 Example 41 Example 42 

Lag time 6-7 10-11 10-11 
(hours) 
Full release 7-8 11-12 11-12 

(hours) 

0322 AS can be seen, as total tablet weight increases (due 
to increase in coating weight), lag time and the correspond 
ing release time also tend to increase. 

EXAMPLE 43 

0323 In Example 43, various delayed release coating 
formulations were prepared in order to determine the effect 
of the gum percentage in the coating formulation on the time 
of release and the rate of release of the active agent within 
the tablet core. 

0324. The ingredients of the various delayed release 
coating granulations of this example having varying gum 
percentages are as follows: 

TABLE 43a 

Ex. 2 Coating Ex. 3 coating Ex. 8 coating Xanthan 

% mg/tab % Mg/tab % mg/tab % mg/tab 

- 22.73%. 50 22.73%, 50 

22.73%, 50 22.73%. 50 

76.69%. 168,725 

- 76.69%. 168.725 - 

- 76.69%. 168.725 - 

76.69%. 168.7 

0.58%, 1.275 0.58%. 1275 0.58%, 1.275 0.58%. 1275 

22O 22O 22O 22O 

8-9 8-9 8-9 8-9 
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0325 The effects of the different percentages of gums 
within the delayed release compression coating are Set forth 
in the table below. 

TABLE 43b 

Xanthan Gum coating 
220 mg tablet 

Ex. 8 coating 
220 mg tablet 

Ex. 2 coating 
220 mg tablet 

Time Normalized Time Normalized Time Normalized Time 

(hrs) Mean (hrs) Mean (hrs) Mean (hrs) 

O O.O O O.O O O.O O 

1. O.O 1. 28.4 4 O.O 2 

2 O.O 2 1OO.O 6 O.O 4 

3 O.O 3 1OO.O 8 O.O 6 

4 66.7 4 1OO.O 1O O.O 8 

5 1OO.O 5 1OO.O 12 33.3 1O 

6 1OO.O 6 1OO.O 16 1OO.O 12 

0326. As shown in the Table 43b, the formulation with 
20% gums released the active drug faster than did the 
formulations with 30% or 50% gums. The results followed 
the rank order for % gums with granulated delayed release 
examples. Xanthan gum (ungranulated) did not track (e.g., 
provide the same delayed release) as with the other delayed 
release coatings in this example (which had granulated 
gums). 
0327 AS can be seen from the results set forth above, as 
the amount of gum with respect to drug in the formulation 
is increased, a corresponding increase in lag time before 
release of the drug is observed. 

EXAMPLE 44 

0328. In Example 44, various examples of delayed 
release compression coating formulations were prepared in 
order to determine the effect of ratio of the drug within the 
tablet to the gum within the coating formulation on the time 
of release and the rate of release of the active agent within 
the tablet core. 

0329. The ingredients of the various delayed release 
coating granulations are shown in the examples above. The 
effects of the different drug to gum ratios are set forth in the 
table below. 

TABLE 44 

Ex. 8 coating Xanthan Gum coating Xanthan Gum coating Ex. 2 coating 

0330. In this Example, the gums of the Ex. 8 coating 
(Drug:Gum ratio of 1:33.75) showed faster release time than 
both Ex. 3 coating (Drug:Gum ratio of 1:50.6) and Ex. 2 

Ex. 3 coating 
220 mg tablet 

Normalized 

Mean 

O.O 

O.O 

O.O 

33.3 

SO.O 

coating (Drug:Gum ratio of 1:84.4). Xanthan gum followed 
rank order with itself (e.g., the larger tablet having more total 
gum had a longer delay) but not with the granulated mate 
rials (Ex. 8, 2, and 3 coatings). It was observed that, as the 
amount of gum relative to drug is increased, a corresponding 
increase in lag time is observed. The conclusion reached is 
that increasing gum to drug ratio increased (longer) release 
lag time before release of the drug. 

EXAMPLE 45 

0331) 
coating formulations were prepared in order to determine the 

In Example 45, various lots of delayed release 

effect of the thickness of the Sustained release coating on the 
time of release and the rate of release of the active agent 
within the tablet core. 

0332 The ingredients of the various inner core formula 
tions are shown in the examples above, and the ingredients 
of the various delayed release coating granulations are 
shown in Table 45. The effects of the delayed release coating 
thickness are set forth in the table below. 

Ex. 3 coating 
220 mg tablet 220 mg tablet 300 mg tablet 220 mg tablet 220 mg tablet 

Time Normalized Time Normalized Time Normalized Time 
(hrs) Mean (hrs) Mean (hrs) Mean (hrs) 

O O.O O O.O O O.O O 
1. 28.4 1. O.O 3 O.O 4 
2 1OO.O 2 O.O 4 O.O 6 
3 1OO.O 3 O.O 5 38.8 8 
4 1OO.O 4 66.7 6 1OO.O 1O 
5 1OO.O 5 1OO.O 7 1OO.O 12 
6 1OO.O 6 1OO.O 8 1OO.O 16 

Normalized Time Normalized 
Mean (hrs) Mean 

O.O O O.O 
O.O 2 O.O 

O.O 6 33.3 

33.3 1O 1OO.O 
1OO.O 12 1OO.O 
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TABLE 45 

Ex. 3 coating 
300 mg tablet 

Ex. 3 coating 
200 mg tablet 

Ex. 2 coating 
300 mg tablet 

May 1, 2003 

Xanthan Gum coating 
220 mg tablet 

Time Normalized Time Normalized Time Normalized Time Normalized 
(hours) Mean (hours) Mean (hours) Mean (hours) Mean 

O O.O O O.O O O.O O O.O 
4 1OO.O 4 49.0 4 O.O 1. O.O 

8 1OO.O 8 1OO.O 8 17.9 3 O.O 
1O 1OO.O 1O 1OO.O 1O 51.7 4 66.7 
12 1OO.O 12 1OO.O 12 1OO.O 5 1OO.O 
16 1OO.O 16 1OO.O 16 1OO.O 6 1OO.O 

Xanthan Gum coating Ex. 8 coating Ex. 8 coating 
300 mg tablet 220 mg tablet 300 mg tablet 

Time Normalized Time Normalized Time Normalized 
(hours) Mean (hours) Mean (hours) Mean 

O O.O O O.O O O.O 
3 O.O 1. 28.4 1. O.O 
4 O.O 2 1OO.O 2 SO.O 
5 38.8 3 1OO.O 3 1OO.O 

0333. In this example, it was observed that tablets with Example 2 was measured. In this example, the types of 
170 mg of Example 8 coating were faster releasing than 
tablets with 250 mg Example 8 coating. It was thus observed 
that, as the thickness of coating is increased in the tablet, a 
corresponding increase in lag time is observed. The conclu 
Sion reached is that tablets with a thicker coating showed a 
longer lag time before release of the drug. 

EXAMPLE 46 

excipient added were Microcrystalline cellulose, Polyvi 
nylpyrrollidone and Polyethylene glycol, and these excipi 
ents were added in levels of 0,5% and 10%. 

0335 The ingredients of the inner core formulation of 
this Example is shown in Example 24 above, and the 
ingredients of the various delayed release coating granula 
tion of this Example are shown in Example 2 above. The 

0334. In Example 46, the effect of the addition of an amounts or percentages of extragranular excipients added 
extragranular excipient(s) to the delayed release coating of are set forth in Tables 46a and 46b below: 

TABLE 46a 

addition of addition of 
Control 5%, PVP 10% PVP 

Formulation: % mg/tab % mg/tab % mg/tab 

Core (Ex. 24) 22.72%. 50 22.73% 50 22.73% 50 
Delayed release coating 76.69%. 168,725 73%, 160,225 68.97% 151.725 
(Ex. 2) 
Polyvinylpyrollidone K-30 Na la 3.86% 8.5 7.73% 17 
Polyethylene Glycol, 6000 Na la Na la la la 
Microcrystalline Cellulose Na la Na la la la 
Sodium Stearyl Fumarate O.58% 1.275 0.58% 1.275 O.58% 1.275 
Tablet weight (mg) 22O 22O 22O 
Tablet hardness (kP) 8-9 8-9 8-9 

0336) 

TABLE 46b 

addition of addition of addition of Addition of 
5% PEG 10% PEG 5%. MCC 10% MCC 

Formulation: % mg/tab % mg/tab % mg/tab % mg/tab 

Core (Ex. 24) 22.73% 50 22.73% 50 22.73% 50 22.73% 50 
Delayed release coating 73%, 16O.225 68.97% 151.725 73% 16O.225 68.97% 151.725 
(Ex. 2) 
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TABLE 46b-continued 

addition of addition of 
5% PEG 10% PEG 

Formulation: % mg/tab % mg/tab 

Polyvinylpyrolidone K-30 la la Na la 
Polyethylene Glycol, 6000 3.86% 8.5 O.O77272 17 
Microcrystalline Cellulose la la Na la 
Sodium Stearyl Fumarate O.58% 1.275 O.58% 1.275 
Tablet weight (mg) 22O 22O 
Tablet hardness (kP) 8-9 8-9 

0337 The effects of the addition of extragranular excipi 
ent to the Sustained release coating are set forth in the table 
below. 

TABLE 46c 

Control 
220 mg tablet 220 mg tablet 220 mg tablet 

addition of Addition of 
5% MCC 10% MCC 

% mg/tab % mg/tab 

la la Na la 

la la Na la 

3.86% 8.5 7.73% 17 
O.58% 1.275 O.58% 1.275 

22O 22O 
8-9 8-9 

HT-AP44MSU-C 44 station core coating press was used to 
press the The inner cores of the tablets were made with a 4" 
round flat face with a beveled tableted to 170 mg and 8-10 

Addition of 5% PVP Addition of 10% PVP Addition of 5% MCC 
220 mg tablet 

Normalized 
Mean 

220 mg tablet 

Normalized 
Mean 

O.O 
O.O 
O.O 

22.1 
83.3 
1OO.O 

Time Normalized Time Normalized Time Normalized Time 
(hrs) Mean (hrs) Mean (hrs) Mean (hrs) 

O O.O O O.O O O.O O 
4 O.O 2 O.O 2 O.O 8 
6 O.O 4 O.O 4 O.O 9 
8 O.O 6 O.O 6 O.O 1O 
1O O.O 8 O.O 8 O.O 11 
12 33.3 1O O.O 1O 16.7 12 
16 1OO.O 12 16.7 14 1OO.O 14 

Addition of 10% MCC Addition of 5% PEG. Addition of 10% PEG 
220 mg tablet 220 mg tablet 

Time Normalized Time Normalized Time 
(hrs) Mean (hrs) Mean (hrs) 

O O.O O O.O O 
2 O.O 8 O.O 8 
4 O.O 9 18 9 
6 O.O 1O 18 1O 
8 O.O 11 4.1.8 11 
1O O.O 12 618 12 
14 1OO.O 

0338. In this example, it was observed that the addition of 
5% and 10% Polyethylene Glycol 6000 served to slightly 
speed the release of active agent. Tablets with 5% PVP K-30 
also show slightly shorter lag time compared to the control. 
The release speed and lag time of tablets with 10% PVP 
K-30 were unchanged. Tablets made with 10% MCC 
showed no change in lag time, although they were slower 
with 5% MCC. The conclusion reached is that lag time can 
be varied by the addition of extragranular additives into the 
Sustained release coating. 

EXAMPLE 47 

0339. In Example 47, a scaled up production of the 
Sustained release coating was done in order to determine 
whether tablets produced at production Scale exhibit release 
profiles similar to those of tablets produced in laboratory 
Scale. 

0340. In this example, the core-coated tablets were pro 
duced on a production press at Elizabeth Hata. A 

kP. The final tablets were made 9 mm round concave, ere 
tableted to 525 and 560 mg, 8-10 kP. 
0341 The blends for the production scale were composed 
as follows: 

Inner Core blend: Outer Coating blend: 

2% Prednisolone 
40% Prosolv SMCC 50 

47.75% Prosolv SMCC 90 
6% Croscarmellose Sodium 
2% Sodium Starch Glycolate 
2% Talc 

0.25% Sodium Stearyl Fumarate 

Example 2 wif 0.75% sodium stearyl 
fumarate 

0342. In production of the tablets, the press speed varied 
from 9 to 12 rpm. 
0343. The effects of the scaled up production of the 
delayed release coating are shown in the data points for 
which are set forth in Table 47 below. 
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Production scale 
525 mg tablet weight 

Time 
(hours) 

13.5 
14 
14.5 
15 
15.5 
16 

May 1, 2003 
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0344) In this example, it was observed that tablets pro 
TABLE 47 duced at production Scale exhibit Similar release profiles to 

tablets produced at laboratory Scale. Accordingly, the con 
Production Scale lusi hed is that f lati d ducti hnol 560 mg tablet weight clusion reached is that formulation and production technol 

ogy can be Successfully Scaled up. 
Normalized Time Normalized 

Mean (hours) Mean EXAMPLE 48-57 
O.O O O.O 

23.7 12 10.1 0345. In Examples 48-57, prednisolone tablets were pre 
38.2 13 10.7 pared having core formulations with different amounts of 
65.O 14 35.4 
72.9 15 65.O disintegrants and coating formulations as described 
85.7 16 79.0 Example 10. Each tablet had the same core weight, Same 
1OO.O 17 1OO.O coating weight, and the same total tablet weight. The tablet 

formulations of Examples 48-57 are listed in Tables 48 and 
49 below: 

TABLE 48 

Component Ex. 48 Ex. 49 Ex. SO Ex. 51 Ex. 52 

Core formulation used Ex. 25 core Ex. 28 core Ex. 26 core Ex. 27 core Ex. 31 core 
Disintegrant Ole 2% Ac-Di-Sol 3% Explotab 3% Explotab and 6% Ac-Di-Sol 

2%. Ac-Di-Sol 

amt. (mg) amt. (mg) amt. (mg) amt. (mg) amt. (mg) 

1. Core 50 50 50 50 50 
2. Example 10 coating 450 450 450 450 450 

Total tablet weight 500 500 500 500 500 

0346) 

TABLE 49 

Component Ex. 53 Ex. 54 Ex. 55 Ex. 56 Ex. 57 

Core formulation used Ex. 29 core Ex. 29 core Ex. 31 core Ex. 30 core Ex. 32 core 
Disintegrant 

1. Core 
2. Example 10 coating 

Total tablet weight 

2% Explotab V17 and 
6%. Ac-Di-Sol 

2% Explotab V17 
and 6%. Ac-Di-Sol 

6%. Ac-Di-Sol 20% Explotab 20% Explotab 

amt. (mg) amt. (mg) amt. (mg) amt. (mg) amt. (mg) 

50 50 50 50 50 
450 450 450 450 450 

500 500 500 500 500 

0347 The tablets of Examples 48-57 were tested using 
USP dissolution apparatus type III with 250 mL DI water at 
15 dips per minute (dpm) giving the following results listed 
in Table 50: 

TABLE 50 

Time (hours) O 3 4 4.5 5 5.5 6 6.5 7 8 

Example 48 O O O O 8.3 - 12 12 
% dissolved 
Example 49 O O O 73.7 - 100 1OO 100 
% dissolved 
Example 50 O O O 78.3 - 100 1OO 100 
% dissolved 
Example 51 O O O 14.9 - 100 1OO 100 
% dissolved 
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TABLE 50-continued 

Time (hours) O 3 4 4.5 5 5.5 6 6.5 

Example 52 O O O O 65.8 - 
% dissolved 
Example 53 O O O 2.7 - 96.8 - 
% dissolved 
Example 54 O - 9.2 56.9 100 100 100 1OO 
% dissolved 
Example 55 0 - 17.3 50.6 64.6 66.7 100 1OO 
% dissolved 
Example 56 O O O O 14.9 40.8 60.6 - 
% dissolved 
Example 57 O O O O 66.7 - 
% dissolved 

0348 The results indicated that the inclusion of a disin 
tegrant in the core can lead to a more rapid release of the 
active agent from the formulation. 

EXAMPLES 58-60 

0349. In Examples 58-60, prednisolone tablets were pre 
pared having core formulations of Example 24 and coating 
formulations as described Examples 2, 4, and a combination 
Examples 2 and 4 (25% of Example 2 and 75% of Example 
4). Each tablet had the same core weight, same coating 
weight, and the same total tablet weight. The tablet formu 
lations of Examples 58-60 are listed in Table 51 below: 

TABLE 51 

Ex. 58 Ex. 59 Ex. 60 
Component amt. (mg) amt. (mg) amt. (mg) 

1. Core (Ex. 24) 50 50 50 
2. Example 2 250 
coating 
3. Example 4 250 
coating 
4. Coating 250 

consisting of 25% 
of Example 2 and 
75% of Example 4 
coatings 
Total tablet 3OO 3OO 3OO 
weight 

0350 Tablets having the formulations described in 
Examples 58-60 were Subjected to dissolution testing using 
the USP apparatus type 3 with 250 ml DI water at 15 dips 
per minute. The results are set forth in Table 52 below. 

TABLE 52 

Ex. 58 Ex. 59 Ex. 60 

Time % Time % Time % 
(hr) Dissolved (hr) Dissolved (hr) Dissolved 

O O O O O O 
8 3 2 O 4 O.3 
1O 6.9 3 O 6 4 
12 23.8 4 59.4 8 39.6 
14 52.3 5 99.6 1O 99.4 
16 99 6 1OO 12 1OO 
2O 1OO 7 1OO 14 1OO 

27 
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1OO 

1OO 

1OO 

EXAMPLE 61 

0351. In Example 61, prednisolone tablets having the 
formulations described in Examples 59 were subjected to 
dissolution variations in pH, ionic Strength, and dip rates. 
The pH evaluated was 1.5, 7.5 and pH change. 
0352. The pH change method uses increasing pH from 
one dissolution vessel to the next to Simulate the transport of 
the dosage form through the gastrointestinal tract. Initially 
the pH is 1.5 for 1 hour. The pH of the second station is 3.5 
for two additional hours and then the third station is 5.5 for 
an additional 2 hours. Finally the last three stations are at pH 
7.5. The time length for the last three stations can vary 
depending on the expected release for the dosage form. 
0353. The results are set forth in Tables 53 and 54 below. 
The results indicate that the dissolution profiles for a for 
mulation prepared in accordance with Example 59 where the 
dissolution media pH and ionic Strength were varied. 

TABLE 53 

pH 1.5 pH 7.5 pH 7.5 pH 7.5 pH Change 
Time (0.25 M) (0.01 M) (0.1 M) (0.25 M) (0.1 M) 

O O O O O O 
1. O O O O O 
3 9.3 98.1 5.9 3 O 
5 20.8 1OO 28.9 8.8 O 
1O 44.6 1OO 88.1 42.8 11.2 
15 87.9 1OO 92 93.9 70 
2O 1OO 1OO 1OO 95 1OO 

0354) 

TABLE 54 

Time pH Change No Ions 

O O 
1. O 
3 O 
5 O 
7 7.7 
9 17.7 
11 1OO 

0355 The results set forth in Tables 55 and 56 below 
provide the normalized mean dissolution profiles for a 
formulation prepared in accordance with Example 59 using 
the pH change method (0.1M) at 15 and 30 dpm, respec 
tively. 
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TABLE 55 

Normalized mean values using pH 
change method (0.1 M) at 15 dpm 

Normalized Normalized Normalized 
Mean SD % CV 

0356) 

TABLE 56 

Normalized mean values using pH 
change method (0.1 M) at 30 dpm 

Normalized Normalized Normalized 
Mean SD % CV 

EXAMPLE 62 

0357. In Example 62, a 2 mg prednisolone core compo 
Sition was prepared Similarly to Example 24, increasing the 
amount of prednisolone in the core and decreasing the 
amount of Prosolve SMCC 90, and having the following 
formulation listed in Table 57: 

TABLE 57 

Component Percent amt. (mg) 

1. Prednisolone 4 2.O 
2. Prosow SMCCTM SO 40 2O.O 

May 1, 2003 

TABLE 57-continued 

Component Percent amt. (mg) 

3. Prosow SMCCTM 90 45.75 22.875 
4. Explotab (R) 6 3.0 
5. Sodium carboxymethylcellulose 2 1.O 
6. Talc 2 1.O 
7. Pry O.25 O.125 

Total 1OO 50 
Core size and shape 3/16" Round 

SC 

EXAMPLES 63-68 

0358. In Examples 63-68, the core formulation of 
Example 62 was coated with coatings prepared in accor 
dance with Examples 11, 12, 13, 14, 15, and 16. The 
formulations of Examples are listed in Table 58 below: 

TABLE 58 

Ex. 63 Ex. 64 Ex. 65 Ex. 66 Ex. 67 Ex. 68 
amt. amt. amt. amt. amt. amt. 

Component (mg) (mg) (mg) (mg) (mg) (mg) 

1. Core 50 50 50 50 50 50 
(Ex. 62) 
2. Ex. 11 250 
coating 
3. Ex. 12 250 
coating 
4. Ex. 13 250 
coating 
5. Ex. 14 250 
coating 
6. Ex. 15 250 
coating 
7. Ex. 16 250 
coating 

Total tablet 3OO 3OO 3OO 3OO 3OO 3OO 
weight 

0359 Dissolution testing was done on each formulation 
using USP apparatus 3 with 250 ml of media and 15 dpm. 
Two dissolution methods using different media (1) DI water 
and (2) pH change were performed. Table 59 provides the DI 
water dissolution results, and Table 60 provides the pH 
change (0.1M) dissolution results. 

TABLE 59 

Time Ex. 63 Ex. 64 Ex. 65 Ex. 66 Ex. 67 Ex. 68 

(hr.) (30% Gums) (22.5% Gums) (20% Gums) (15% Gums) (10% Gums) (7.5% Gums) 

O O 

1. O 

1.5 O 

2 30.1 

2.5 98.7 

3 1OO 

3.5 1OO 

O O O O O 

1.2 O O O O 

33.4 O 30.8 64.5 98.8 

98.6 64.5 99.3 98.4 1OO 

1OO 99.5 1OO 1OO 1OO 

1OO 1OO 1OO 1OO 1OO 

1OO 1OO 1OO 1OO 1OO 
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0360) 

TABLE 60 

Time Ex. 63 Ex. 64 Ex. 65 Ex. 66 Ex. 67 Ex. 68 

(hr.) (30% Gums) (22.5% Gums) (20% Gums) (15% Gums) (10% Gums) (7.5% Gums) 
O O O O O O O 
1. O O.8 O O O 32 
3 5.8 1. O O.8 O.7 98.9 
5 6.7 3.4 3.3 5.6 91.3 1OO 
8 10.8 19.4 11 96.8 1OO 1OO 
11 15.7 37.6 69.5 1OO 1OO 1OO 
14 67.8 93 1OO 1OO 1OO 1OO 

0361 Analysis of the data allows for the approximation 0363 The particular dissolution media are defined as 
of the lag time based a linear fit of the data obtained. The follows: 
data demonstrates the lag time can be varied from 0 to 8 
hours depending on gum level in the formulation. Table 61 
is a Summary of the Example and gum ratio (%) used and the 

DI water: USP purified water; 
approximated lag time before release. pH change or pH change method as described 

pH change NI (“no ion’): in Example 61, without the 
use of ions to change adjust 
the pH: 

TABLE 61 pH change (0.1 M): pH change method as described 
in Example 61 with the use 

Approximated Lag Time Before Release of salts to give an ionic 
strength of 0.1 molar; 

Example Number Gum Ratio (%) Lag Time (Hours) pH 7.5: dissolution media having a 
pH of 7.5; 

68 7.5 O.7 pH 7.5 (0.1 M): dissolution media having a 67 1O.O 1.7 pH of 7.5 and ionic strength 66 15.O 3.6 
of 0.1 M: 65 2O.O 5.0 SG: simulated gastric fluid; 

64 22.5 7.4 Peanut oil pH 7.5: peanut oil with a pH of 7.5; 
63 3O.O 9.2 s 

0364. Other dissolutin media indicated would be readily 
EXAMPLE 69 understood by those skilled in the art (e.g., pH 1.5:dissolution 

0362. In Example 69, other formulations were prepared media having a pH of 1.5, etc.) in view of the above. 
and tested using USP apparatus Type 3, with 250 ml of the 0365 With respect to certain excipients indicated in the 
dissolution media and dipS per minute as indicated in the comments Section, these excipients have been added to the 
Table 62. compression coating prior to coating the cores. 

TABLE 62 

Coating Tablet Coating 
Coating Core Amount Weight Size Dissolution Dissol Dissolution Time (hrs) 

Test Example Example (mg) (mg) (in.) Media dipm (shaded) vs. 76 Dissolved 

O 1 2 3 4 5 6 
1 Ex. 14 Ex. 22 250 3OO 5/16 DI 5 O O 100 100 1OO OO OO 

Water 
O 1 3 5 7 9 1. 

2 Ex. 14 Ex. 22 250 3OO 5/16 pH 5 O O 33 100 1OO OO OO 
Change 
NI 

O 1 3 5 7 9 1. 
3 Ex. 14 Ex. 22 250 3OO 5/16 pH 5 O O O.8 15 90 OO OO 

Change 
(0.1 M) 

O 2 4 6 8 1O 2 
4 Ex. 14 Ex. 22 250 3OO 5/16 pH 1.5 5 O O 6.3 81 98 OO OO 

O 2 4 6 8 1O 2 
5 Ex. 14 Ex. 22 250 3OO 5/16 pH 7.5 5 O O O 56 95 OO OO 

O 2 4 6 8 1O 2 
6 Ex. 14 Ex. 22 18O 230 5/16 pH 1.5 5 O O 11 98 1OO OO OO 

(0.1 M) 
O 1 3 5.5 7 9 1. 
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Test 

21 

22 

23 

24 

25 

26 

27 

28 

29 

Coating 
Example 

Ex. 14 

Ex. 14 

75% Ex. 
alC 

25% Ex. 

75% Ex. 
alC 

25% Ex. 

75% Ex. 
alC 

25% Ex. 

75% Ex. 
alC 

25% Ex. 

75% Ex. 
alC 

25% Ex. 

75% Ex. 
alC 

25% Ex. 

75% Ex. 
alC 

25% Ex. 

75% Ex. 
alC 

25% Ex. 

Ex. 2 

Ex. 2 

Ex. 2 

Ex. 2 

Ex. 2 

Ex. 2 

Ex. 10 

Ex. 10 

Ex. 10 

Ex. 10 

Ex. 10 

Ex. 10 

Ex. 10 

Core 
Example 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

22 

22 

22 

22 

22 

22 

22 

24 

22 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

Coating Tablet 
Amount Weight 
(mg) 

18O 

18O 

250 

250 

250 

250 

250 

250 

250 

250 

70 

70 

70 

70 

70 

70 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

(mg) 

230 

230 

22O 

22O 

22O 

22O 

22O 

22O 

500 

500 

500 

500 

500 

500 

500 

TABLE 62-continued 

Coating 
Size 
(in.) 
5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

Dissolution 
Media 

pH 
Change 

DI 
Water 

DI 
Water 

Water 

Water 

pH 7.5 
(0.1 M) 

pH 7.5 
(0.01 M) 

DI 
Water 

Peanut 
O 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

pH 1.5 

pH 7.5 

pH 1.5 

pH 7.5 

pH 1.5 

pH 7.5 

pH 1.5 

30 

Dissol 
dpm 

15 

15 

15 

O 

OOOOOO 
O 

1. 

O 

1. 

5 

g 

5 

O 

O 

Dissolution Time (hrs) 
(shaded) vs. 76 Dissolved 

6 

8 

1. 8 

81 

8 

6 

12 
1OO 

1O 
22 

1O 
18 

1O 

65.1 

8 

16 
1OO 

16.7 

2 

5 

85.8 

1OO 

12 
2.7 

35.4 

77.8 

1OO 

62 

24 

14 

14 

14 

14 

14 

14 

14 

May 1, 2003 

14 
7.8 

24 
1OO 

O 

26 

16 

16 

16 

16 

16 

16 

16 
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Test 

31 

32 

33 

34 

35 

36 

37 

38 

39 

50 

51 

52 

53 

54 

55 

56 

Coating 
Example 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

6 

Core 
Examp 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

25 

25 

28 

26 

28 

26 

27 

27 

28 

27 

28 

27 

31 

29 

31 

e 

Coating Tablet 
Amount Weight 
(mg) 

450 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

4 50 

250 

250 

250 

250 

450 

450 

450 

450 

(mg) 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

3OO 

3OO 

500 

500 

500 

500 

TABLE 62-continued 

Coating 
Size 
(in.) 
3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

5/16 

5/16 

5/16 

5/16 

3/8 

3/8 

3/8 

3/8 

Dissolution 
Media 

pH 1.5 

pH 1.5 

DI 
Water 

DI 
Water 

DI 
Water 

DI 
Water 

DI 
Water 

DI 
Water 

DI 
Water 

DI 
Water 

DI 
Water 

DI 
Water 

DI 
Water 

pH 1.5 

DI 
Water 

DI 
Water 

pH 1.5 

pH 1.5 

DI 
Water 

DI 
Water 

DI 
Water 

pH 1.5 

pH 1.5 

pH 1.5 

DI 
Water 

DI 
Water 

Change 

31 

Dissol 

5 

5 

Og 
O 

O 

g 

g 

g 
g 

g 
O 

8 

1O 
7.3 

12 
2.9 

1. 

10 
4.1 

: 

g 

6 

5 

Dissolution Time (hrs) 
(shaded) vs. 76 Dissolved 
O O O O 
8 O 2 4 
O O O O 
O 2 4 6 
6.9 3 46 67 

O 2 4 6 
O O 3.3 4.9 

O 2 4 6 
O O O 2.3 

O 2 4 6 
O O O 64 

O 2 4 6 
O 6 56 99 

O 2 4 6 
O 6 56 99 

4 6 8 2O 
7 47 62 99 

4 6 8 2O 
5.1 7.6 O 27 

2 3 4 5 
0.5 0.5 0.5 99 

14 16 18 2O 
13 40 69 83 

4 5 6 7 
O O 8.3 12 

8 12 16 2O 
O O O O 
4 5 6 7 
O 74 1OO 1OO 

4 5 6 7 
O 78 1OO 1OO 

8 12 16 2O 
O O O O 
8 12 16 2O 
O O O O 
4 5 6 7 
O 15 1OO 1OO 

6 8 1O 12 
O O O 16 

6 8 1O 12 
0.5 0.5 0.5 0.5 

8 12 16 2O 
O O O O 
8 12 16 2O 
O O O O 
8 12 16 2O 
O O O 1.9 
4.5 5 5.5 6 

25.3 32.3 66.7 82.9 

4 5 6 7 
O 2.7 97 1OO 

4 6 8 12 
O O O O 

4 5 6 12 

May 1, 2003 

22 
1OO 

24 
73 

22 
83 

24 
14 

24 
29 
24 
16 

16 
1OO 

16 
38 

24 
12 
24 
15 
24 
26 
7 

1OO 

8 
1OO 

2O 
16 
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Test 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

81 

82 

Coating 
Example 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

O 

Core 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Example 

29 

29 

18 

31 

31 

31 

31 

31 

29 

31 

35 

32 

34 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

Coating Tablet 
Amount Weight 
(mg) (mg) 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

TABLE 62-continued 

Coating 
Size 
(in.) 
3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

Dissolution 
Media 

bH 
Change 

bH 
Change 

bH 
Change 

bH 1.5 

bH 5.5 

bH 7.5 

bH 7.5 
Buffer 

bH 3.5 

bH 5.5 

bH 
Change 

SGI 

pH 1.5 

pH 1.5 

pH 7.5 

pH 7.5 

Peanut 
O 
pH 1.5 

32 

Dissol 
dipm 

5 

OOO 
O 

5 

O 

5 

O 

O 

1O 
12 

Dissolution Time (hrs) 
(shaded) vs. 76 Dissolved 

O 

6 
O 

8 

i 
12 

12 
49 
12 

12 
41 

O 

18 
19 

5.5 
1OO 

8 
9 

5 

67 

16 
7.1 

16 
150 

O 

65 

14 

14 
49 
14 

14 
41 

O 

22 
19 

22 
19 

5.5 
41 

2O 
33 

2O 
33 

2O 
13 

2O 
11 

2O 
37 

2O 
28 

95 

78 

16 

16 
49 
16 

16 
41 
1O 

May 1, 2003 

18 

26 
88 

6.5 
1OO 

26 
23 

24 
33 

24 
1OO 

24 
48 

24 
69 

24 
1OO 

24 
1OO 

24 
70 

1OO 
11 

1OO 

18 
57 
18 

1OO 
18 
45 
18 

1OO 
12 

12 
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Test 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

OO 

O2 

05 

Coating 
Example 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

O 

Core 
Examp 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

22 

21 

21 

21 

19 

19 

19 

19 

19 

22 

e 

Coating Tablet 
Amount Weight 
(mg) 

450 

250 

250 

400 

400 

450 

550 

550 

450 

450 

450 

450 

250 

850 

250 

250 

350 

150 

150 

150 

250 

250 

150 

175 

(mg) 

500 

450 

450 

500 

500 

500 

500 

500 

900 

400 

225 

TABLE 62-continued 

Coating 
Size 
(in.) 
3/8 

5/16 

5/16 

5/16 

5/16 

3/8 

7/16 

7/16 

3/8 

3/8 

3/8 

3/8 

5/16 

A. 

3/8 

3/8 

3/8 

3/8 

3/8 

Dissolution 
Media 

Peanut 
O 
pH 7.5 

DI 
Wa 

DI 
Wa 

DI 
Wa 

DI 
Wa 

DI 
Wa 

DI 
Wa 

DI 
Wa 

DI 
Wa 

DI 
Wa 

DI 
Wa 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

33 

Dissol 
dpm 

15 

15 

15 

15 

15 

1O 

15 

1O 

15 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

8 

2 
O 

g 

55.6 

Dissolution Time (hrs) 
(shaded) vs. 76 Dissolved 

5.5 
11.5 

10.5 

45.4 

5.5 
33.3 

3 
O 

5 
55.6 

6 

6 

6 

1O 
37 

66.7 

5.75 
33.3 

4 
O 

6 
66.7 

6 
1OO 

5.5 
51 

1OO 

6.5 
1OO 

11.5 
49.1 

83.3 

66.7 

4.5 
99.3 

66.7 

1O 
52 

1O 

7 
1OO 

1OO 

12 
1OO 

12 
97.1 

11 
1OO 

6.25 
83.3 

1O 
48 

12 
1OO 

12 
2O 

2 

s 

May 1, 2003 

OO 

6.8 
OO 

11 
OO 

7.5 
OO 

12.5 
OO 

12 
OO 

6.75 
OO 

5.5 
OO 

16 
98 

16 
1OO 

16 
1OO 

16 
2O 

8 

1OO 
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Test 

21 

22 

23 

24 

25 

26 

27 

28 

29 

Coating 
Example 

Ex. 2 

Ex. 2 

Ex. 2 

Ex. 2 

Ex. 2 

Ex. 2 

Ex. 2 

Ex. 3 

Ex. 3 

Ex. 2 

Ex. 2 

Ex. 3 

Ex. 2 

Ex. 3 

Ex. 3 

Ex. 3 

Ex. 3 

Ex. 9 

Ex. 9 

Ex. 4 

Ex. 4 

Ex. 4 

Ex. 4 

Ex. 4 

Core 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Example 

22 

23 

23 

23 

24 

24 

31 

21 

21 

24 

24 

24 

24 

24 

24 

22 

22 

22 

170 

355 

390 

330 

250 

250 

250 

350 

250 

150 

150 

250 

250 

170 

170 

450 

250 

250 

450 

250 

250 

250 

250 

250 

Coating Tablet 
Amount Weight 
(mg) (mg) 

22O 

525 

560 

500 

400 

22O 

22O 

500 

500 

TABLE 62-continued 

Coating 
Size 
(in.) 

5/16 

5/16 

3/8 

7/16 

5/16 

5/16 

3/8 

3/8 

9/32 

3/8 

3/8 

5/16 

5/16 

5/16 

3/8 

5/16 

5/16 

5/16 

5/16 

5/16 

Dissolution 
Media 

DI 
Wa 

DI 
Wa 

DI 
Wa 

DI 
Wa 

DI 
Wa 

DI 
Wa 

DI 
Wa 

DI 
Wa 

DI 
Wa 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

Change 

e 

e 

e 

e 

e 

e 

e 

e 

e 

34 

Dissol 

5 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

14 
7.5 

14 
35 

12 
11 

8 

4 
O 

O 

O 

O 

O 

6 

2 
O 

2 
O 

O 

5 

Dissolution Time (hrs) 
(shaded) vs. 76 Dissolved 
O 

5 

3 

6 

6 
1OO 

g 
3 

22 

73 

3.5 
52 

3.7 
23 

3.5 
74 

O 

6 
1OO 

5 
1. 

2 

8 

8 

1O 
33 

3.8 
36 

O 

1O 
52 

1O 
95 

12 
1OO 

4.2 
64 

May 1, 2003 

19 
1OO 

16 
1OO 

17 
1OO 

18 
33 

18 
87 

16 
1OO 

16 
1OO 

s 

5.5 
1OO 
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Test 

31 

32 

33 

34 

35 

36 

37 

38 

39 

50 

51 

52 

53 

Coating 
Example 

Ex... 4 

Ex... 4 

Ex... 4 

Ex... 4 

Ex. 8 

Ex. 8 

Ex. 8 

Ex. 7 

Ex. 7 

Ex. 6 

Ex. 5 

Ex. 5 

Ex. 6 

50% 

30% 
LBG 

30% 
LBG 

50%. Ex. 4 
and 
50%. Ex. 2 

Xanthan 
Gum 

Xanthan 
Gum 

Xanthan 
Gum 

30% 
Xanthan 
Gum 

Core 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Example 

22 

22 

22 

22 

22 

22 

22 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

22 

22 

24 

24 

24 

250 

250 

250 

250 

250 

250 

170 

170 

250 

250 

350 

250 

250 

400 

400 

400 

400 

450 

250 

170 

170 

250 

250 

Coating Tablet 
Amount Weight 
(mg) (mg) 

22O 

22O 

3OO 

400 

450 

450 

450 

450 

500 

22O 

22O 

3OO 

TABLE 62-continued 

Coating 
Size 
(in.) 
5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

3/8 

5/16 

5/16 

3/8 

3/8 

3/8 

3/8 

5/16 

5/16 

5/16 

Dissolution 
Media 

DI 
Water 

pH 
Change 
No on 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

35 

Dissol 
dipm 

5 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

1. 

1. 

1. 

O 

1. 

3 

1O 
4.1 

5 
3 

1. 

5 

Dissolution Time (hrs) 
(shaded) vs. 76 Dissolved 
8.1 

3 
O 

O 

3 

3 

5 
g 

5 

1O 
12 

14 
13 

3 

55 

5 
O 

3 

12 
9.5 

12 
19 

16 
40 

g 

55.9 

3 

38 

1OO 

94.1 

g 

14 
57 

14 
98 

18 
69 

4.5 
1OO 

15 
70 

15 
1OO 

16 
87.3 

16 
1OO 

2O 
83 

6 

1O 

May 1, 2003 

11 
1OO 

12 
1OO 

2O 
OO 

2O 
OO 

22 
83 

6 

12 
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Test 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

Coating 
Example 

50% 
Xant 
Gum 

50% 
Xant 
Gum 

Xant 
Gum 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

al 

al 

al 

Ex. 

Core 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Example 

24 

24 

24 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

Coating Tablet 
Amount Weight 
(mg) 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

(mg) 

TABLE 62-continued 

Coating 
Size 
(in.) 
5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

5/16 

Dissolution 
Media 

DI 
Water 

DI 
Water 

pH 1.5 

Water 

Water 

Water 

Water 

bH 7.5 
0.1 M 

bH 7.5 
0.1 M 

bH 7.5 
0.1 M 

bH 7.5 
0.1 M 

bH 1.5 
0.1 M 

bH 1.5 
0.1 M 

bH 1.5 
0.1 M 

bH 1.5 

0.1 M 

DI 
WAter 

36 

Dissol 

5 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

Dissolution Time (hrs) 
(shaded) vs. 76 Dissolved 

O O 

4 5 
2.6 99 

6 8 
O O 

1. 3 
O 5.8 

1. 3 
O8 1 

1. 3 
O O.8 

1. 3 
3.2 99 

OS 1 
O 98 

OS 1 
O 31 

1.5 
33 

1.5 
O O 

3 
O 98 

3 
O O 

3 
O O 

3 
O O 

3 
O 98 

3 
O O 

3 
O O 

3 
O O 

OS 1 
O 65 

OS 1 
O O 

1. 3 
O O.7 

1. 3 
O O 

1. 3 

5.5 
1OO 

1.5 
1OO 

1.5 
99 

1OO 

1.5 
99 

1.5 
65 

91 

6 
1OO 

6.5 
1OO 

11 
16 

11 
38 

11 
OO 

11 
OO 

2.5 
OO 

2.5 
OO 

2.5 
1OO 

2.5 
1OO 

11 
1OO 

11 
70 

11 

May 1, 2003 

1OO 

16 
5.2 

14 
68 

14 
93 

14 
OO 

14 
OO 

3.5 
OO 

3.5 
OO 

14 
1OO 

14 
1OO 

14 
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Coating Tablet Coating 
Coating Core Amount Weight Size Dissolution Dissol 

Test Example Example (mg) (mg) (in.) Media dpm 

177 Ex. 15 Ex. 36 250 3OO 5/16 pH 7.5 15 O 
0.1 M 

O 
178 Ex. 13 Ex. 36 250 3OO 5/16 pH 7.5 15 O 

0.1 M 
O 

179 Ex. 15 Ex. 36 250 3OO 5/16 pH 1.5 15 O 
0.1 M 

O 
180 Ex. 13 Ex. 36 250 3OO 5/16 pH 1.5 15 O 

0.1 M 

Comments: 

1. Test 9 was average merged data. 
2. Test 14 was average merged data. 
3. Test 16 was average merged data. 
4. Test 17 utilized 5% PVP added to the coating as an additional excipient. 
5. Test 18 utilized 10% PVP added to the coating as an additional excipient. 
6. Test 19 utilized 5% MCC added to the coating as an additional excipient. 
7. Test 20 utilized 5% MCC added to the coating as an additional excipient. 
8. Test 21 utilized 10% PEG added to the coating as an additional excipient. 
9. Test 22 utilized 5% PEG added to the coating as an additional excipient. 
10. Test 23 utilized 10% MCC added to the coating as an additional excipient. 
11. Test 24 utilized 20% MCC added to the coating as an additional excipient. 
12. Test 25 utilized 5% PEG added to the coating as an additional excipient. 
13. Test 26 utilized 5% PEG added to the coating as an additional excipient. 
14. Test 27 utilized 10% PVP added to the coating as an additional excipient. 
15. Test 28 utilized 10% PVP added to the coating as an additional excipient. 
16. Test 29 utilized 10% PEG added to the coating as an additional excipient. 
17. Test 30 utilized 5% PVP added to the coating as an additional excipient. 
18. Test 31 utilized 15% PEG added to the coating as an additional excipient. 
19. Test 32 utilized 5% Calcium Sulfate added to the coating as an additional excipient. 
20. Test 33 utilized 10% Calcium Sulfate added to the coating as an additional excipient. 
21. Test 34 utilized 10% Calcium Sulfate added to the coating as an additional excipient. 
22. Test 35 utilized 30% Calcium Sulfate added to the coating as an additional excipient. 
23. Test 36 utilized 5% Calcium Sulfate added to the coating as an additional excipient. 
24. Test 37 utilized 10% Calcium Sulfate added to the coating as an additional excipient. 
25. Test 38 utilized 30% Calcium Sulfate added to the coating as an additional excipient. 
26. Test 39 utilized 30% Calcium Sulfate added to the coating as an additional excipient. 
27. Test 40 utilized 15% PEG added to the coating as an additional excipient. 
28. Test 41 utilized 305% Calcium Sulfate added to the coating as an additional excipient. 
29. Test 54 was average merged data. 
30. Test 90 was average merged data. 
31. Test 96 was based on two tablets. 
32. Test 97 was based on two tablets. 
33. Test 98 was based on three tablets. 
34. Test 99 was based on three tablets. 
35. Test 100 was based on six tablets. 
36. Test 101 was based on three tablets. 
37. Test 102 was average merged data. 
38. Test 103 was based on three tablets. 
39. Test 104 was based on three tablets. 
40. Test 105 was based on three tablets. 
41. Test 106 was based on twelve tablets. 

42. Test 107 was average merged data. 
43. Test 108 was based on six tablets. 
44. Test 109 was based on twelve tablets. 
45. Test 110 was based on twelve tablets. 
46. Test 111 was based on three tablets 
47. Test 112 was based on six tablets. 
48. Test 113 was based on twelve tablets. 
49. Test 117 was averaged merged data. 
50. Test 120 was average merged data. 
51. Test 140 was average merged data. 
52. Test 146 was average merged data. 
53. Test 150 was average merged data. 
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TABLE 62-continued 

Dissolution Time (hrs) 
(shaded) vs. 76 Dissolved 

3 5 8 11 

3 5 8 11 

3 5 8 11 
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14 
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EXAMPLE 70 

0366 An albuterol core composition was prepared hav 
ing the formulation ingredients set forth in Table 63: 

TABLE 63 

Component Percent amt. (mg) 

1. AIbuterol 19.2 9.6 
2. Prosow SMCCTM SO 26.8 13.4 
3. Prosolve SMCC TM 90 41 20.63 
4. Silicone dioxide 0.5 O.25 
5. Explotab 6 3 
6. Sodium carboxymethylcellulose 2 1. 
7. Talc 4 2 
8. Pruv O.25 O.13 

Total 1OO 50 
Core size and shape /16 Round 

SC 

0367 Process: 

0368. The same process for Example 23 is used to 
prepare the core in Example 70. 

EXAMPLE 71 

0369. An albuterol core composition was prepared hav 
ing the formulation ingredients set forth in Table 64: 

TABLE 64 

Component Percent amt. (mg) 

1. AIbuterol 1O 9.6O 
2. Prosow SMCCTM SO 26.8 25.73 
3. Prosolve SMCC TM 90 50 48.43 
4. Silicone dioxide 0.5 O.48 
5. Explotab 6 5.76 
6. Sodium carboxymethylcellulose 2 1.92 
7. Talc 4 3.84 
8. Pruv O.25 O.24 

Total 1OO 96 
Core size and shape /A" Round 

SC 

0370 Process: 

0371 The same process for Example 23 is used to 
prepare the core in Example 71. 

EXAMPLE 72 

0372 An albuterol core composition was prepared hav 
ing the formulation ingredients set forth in Table 65: 

TABLE 65 

Component Percent amt. (mg) 

1. AIbuterol 4.8 2.4 
2. Prosow SMCCTM SO 37.2 18.6 
3. Prosolve SMCC TM 90 48 23.88 
4. Explotab 6 3.0 
5. Sodium carboxymethylcellulose 2 1.O 

May 1, 2003 

TABLE 65-continued 

Component Percent amt. (mg) 

6. Talc 2 1.O 
7. Pry O.25 O.13 

Total 1OO 50 
Core size and shape 3/16 Round 

SC 

0373) Process: 
0374. The same process for Example 23 is used to 
prepare the core in Example 72. 

EXAMPLE 73 

0375 An albuterol core composition was prepared hav 
ing the formulation ingredients set forth in Table 66: 

TABLE 66 

Component Percent Amt. (mg) 

1. AIbuterol 8.7 9.6 
2. Prosow SMCCTM SO 26.8 29.48 
3. Prosolve SMCC TM 90 52 56.89 
4. Silicon Dioxide 0.5 0.55 
5. Explotab 6 6.60 
6. Sodium carboxymethylcellulose 2 2.20 
7. Talc 4 4.40 
8. Pruw 0.25 0.25 

Total 1OO 110 
Core size and shape /4. Round 

SC 

0376) Process: 
0377 The same process for Example 23 is used to 
prepare the core in Example 73. 

EXAMPLE 74 

0378. An albuterol core composition was prepared hav 
ing the formulation ingredients set forth in Table 67: 

TABLE 67 

Component Percent Amt. (mg) 

1. AIbuterol 8.7 9.6 
2. Prosow SMCCTM SO 26.8 29.48 
3. Prosolve SMCCTM 90 52 56.89 
4. Silicon Dioxide 0.5 0.55 
5. Explotab 6 6.60 
6. Sodium carboxymethylcellulose 2 2.2O 
7. Talc 4 4.40 
8. Pruv 0.25 O.25 
No coating 

Total 1OO 110 
Core size and shape /4 round 

SC 

0379 Process: 
0380 The same process for Example 23 is used to 
prepare the core in Example 74. 
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EXAMPLE 75 

0381 An albuterol core composition was prepared hav- TABLE 70-continued 
ing the formulation ingredients set forth in Table 68: Component Percent Amt. (mg) 

3. Prosolve SMCCTM 90 52 56.89 
TABLE 68 4. Silicon Dioxide 0.5 0.55 

5. Explotab 6 6.60 
Component Percent Amt. (mg) 6. Sodium carboxymethylcellulose 2 2.2O 
1. AIbuterol 8.7 9.6 7. Talc 4 4.40 
2. Prosow SMCCTM SO 26.8 29.48 8. Pruv 0.25 - DS 
3. Prosolve SMCCTM 90 52 56.89 
4. Silicon Dioxide 0.5 0.55 Total 1OO 110 
5. Explotab 6 6.60 Film coating 3% (3.3 mg) 
6. Sodium carboxymethylcellulose 2 2.20 opadry II 
7. Tal 4 4.40 
8. Fi 0.25 0.25 Core size and shape /A und 

Total 1OO 110 
Film coating 3% (3.3 mg) 
Say AMP 0388 Process: 
Core size and shape /4 round 

p 4. SC 0389. The same process for Example 23 is used to 
prepare the core, along with a film coating where applicable 
(see Table 70) in Example 77. 

0382 Process: 
EXAMPLE 78 

0383. The same process for Example 23 is used to 
prepare the core, along with a film coating where applicable 0390 An albuterol core composition was prepared hav 
(see Table 68) in Example 75. ing the formulation ingredients set forth in Table 71: 

EXAMPLE 76 TABLE 71 

0384 An albuterol core composition was prepared hav- C t Percent Amt. (mg) 
OOC CCC. . . 

ing the formulation ingredients set forth in Table 69: p S. 
1. AIbuterol 8.7 9.6 
2. Prosow SMCCTM SO 26.8 29.48 

TABLE 69 3. Prosolve SMCCTM 90 52 56.89 

Component Percent Amt. (mg) in posite ps E. 
1. AIbuterol 8.7 9.6 6. Sodium carboxymethylcellulose 2 2.2O 
2. Prosow SMCCTM SO 26.8 29.48 7. Talc 4 4.40 
3. Prosolve SMCC TM 90 52 56.89 8. Pruv 0.25 O.25 
4. Silicon Dioxide 0.5 0.55 
5. Explotab 6 6.60 Total 1OO 110 
6. Sodium carboxymethylcellulose 2 2.2O Film coating 6% (6.6 mg) 
7. Talc 4 4.40 Opadry II 
8. Pruv 0.25 O.25 

o Core size and shape /4 round 
Total 1OO 110 SC 
Film Coating 6% (6.6 mg) 
opadry AMB 

Core size and shape /4 round 0391) Process: 
SC 

0392 The same process for Example 23 is used to 
prepare the core, along with a film coating where applicable 

0385) Process: (see Table 71) in Example 78. 

0386 The same process for Example 23 is used to EXAMPLE 79 
prepare the core, along with a film coating where applicable 
(see Table 69) in Example 76. 0393 An albuterol core composition was prepared hav 

ing the formulation ingredients set forth in Table 72: 
EXAMPLE 77 

0387 An albuterol core composition was prepared hav- TABLE 72 
ing the formulation ingredients set forth in Table 70: Component Percent Amt. (mg) 

TABLE 70 1. AIbuterol 8.7 9.6 
2. Prosow SMCCTM SO 26.8 29.48 

Component Percent Amt. (mg) 3. Prosolve SMCCTM 90 52 56.89 
4. Silicon Dioxide 0.5 0.55 

1. AIbuterol 8.7 9.6 5. Explotab 6 6.60 
2. Prosow SMCCTM SO 26.8 29.48 6. Sodium carboxymethylcellulose 2 2.2O 
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TABLE 72-continued 

Component Percent Amt. (mg) 

7. Talc 4 4.40 
8. Pruv 0.25 O.25 

Total 1OO 110 
Film coating 3% (3.3 mg) 
Opadry II 

Core size and shape /4 round 
SC 

0394 Process: 

0395. The same process for Example 23 is used to 
prepare the core, along with a film coating where applicable 
(see Table 72) in Example 79. 

EXAMPLE 8O 

0396 An albuterol core composition was prepared hav 
ing the formulation ingredients set forth in Table 73: 

TABLE 73 

Component Percent Amt. (mg) 

1. AIbuterol 8.7 9.6 
2. Prosow SMCCTM SO 26.8 29.48 
3. Prosolve SMCCTM 90 52 56.89 
4. Silicon Dioxide 0.5 0.55 
5. Explotab 6 6.60 
6. Sodium carboxymethylcellulose 2 2.20 
7. Talc 4 4.40 
8. Pruw 0.25 0.25 

Total 1OO 110 
Film coating 6% (6.6 mg) 
Opadry II 

Core size and shape /4 round 
SC 

0397) Process: 

0398. The same process for Example 23 is used to 
prepare the core, along with a film coating where applicable 

May 1, 2003 
40 

EXAMPLE 81 

0399. An albuterol core composition was prepared hav 
ing the formulation ingredients set forth in Table 74: 

TABLE 74 

Component Percent Amt. (mg) 

1. AIbuterol 8.7 9.6 
2. Prosow SMCCTM SO 26.8 29.48 
3. Prosolve SMCCTM 90 52 56.89 
4. Silicon Dioxide 0.5 0.55 
5. Explotab 6 6.60 
6. Sodium carboxymethylcellulose 2 2.2O 
7. Talc 4 4.40 
8. Pruv 0.25 O.25 

Total 1OO 110 
Film coating 0.5% (0.55 mg) 
Magnesium stearate 

Core size and shape /4 round 
SC 

0400 Process: 
04.01 The same process for Example 23 is used to 
prepare the core, along with a film coating where applicable 
(see Table 74) in Example 81. 

Example 82 
0402. In Example 82, other formulations were prepared 
and tested using USP apparatus type 3, with 250 ml of the 
dissolution media and dipS per minute as indicated in the 
Table 75. 

0403. The particular dissolution media are defined as 
follows: 

0404 DI water: 
04.05 USP purified water; 

0406 pH change NI (or no ion): 
04.07 pH change method as described in Example 
63, without the use of ions to change adjust the pH, 

0408 pH change or change (0.1M): 
04.09 pH change method as described in Example 
63 with the use of Salts to give an ionic strength of 

(see Table 73) in Example 80. 0.1 molar. 

TABLE 75 

Tablet 
Coating Core Coating Weight Coating Dissolution Dissol Dissolution Time (hrs) 

Test Example Example Amount (mg) Size Media dpm (shaded) vs. 76 Dissolved 

O 4 5 5 6 6 7 
1. Ex. 10 Ex. 72 450 500 3/8 DI Water 15 O O O 13 72 98 100 

O 4 5 5 6 6 7 
2 Ex. 10 Ex. 72 450 500 3/8 DI Water 15 O O O O 77 1OO 100 

O 4 5 5 6 6 7 
3 Ex. 10 Ex. 70 450 500 3/8 DIWater 15 O O 2 8 48 79 100 

O 3 4 5 5 6 6 
4 Ex. 10 Ex. 70 250 3OO 5/16 DIWater 15 O 1 20 29 40 51 1 OO 

O 2 3 4 5 6 7 
5 Ex. 10 Ex. 70 400 450 3/8 DIWater 15 O O O O 40 98 100 

O 8 10 12 14 16 18 
6 Ex. 2 Ex. 70 250 3OO 5/16 DIWater 15 O 40 68 84 96 1OO 100 

O 4 6 8 1O 12 14 
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Test 

7 

8 

21 

22 

23 

24 

25 

26 

27 

28 

29 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Coating 
Example 

3 

3 

Core 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Ex. 

Example 

70 

71 

73 

70 

70 

70 

71 

71 

74 

75 

76 

77 

78 

79 

81 

71 

81 

74 

74 

74 

77 

81 

73 

73 

73 

73 

73 

73 

73 

73 

73 

81 

81 

81 

81 

81 

Tablet 
Coating Weight 
Amount (mg) 

250 3OO 

350 460 

250 3OO 

250 3OO 

250 3OO 

250 3OO 

350 460 

350 460 

350 460 

350 460 

350 460 

350 460 

350 460 

350 460 

350 460 

350 460 

350 460 

400 510 

3OO 410 

350 460 

350 460 

350 460 

3OO 410 

3OO 410 

3OO 410 

350 460 

350 460 

350 460 

400 510 

400 510 

400 510 

350 460 

350 460 

350 460 

400 510 

400 510 

5/16 

3/8 

5/16 

5/16 

5/16 

5/16 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

3/8 

: 

Media 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

DIWa 

Coating Dissolution 
Size 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

er 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 
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TABLE 75-continued 

Dissol 

5 

5 

11 
4 

1.1. 
O 

O 

50 
6 

2 8 

5 

2 O 

1. 

351.1.1.1.31.223 

88 
8 

57 
3 
O 
3 
13 
4 

71 
4 

3O 
4 

99 
4 

83 
3 

27 
3 

26 
3 
3 
3 

29 
3 

26 
3 

88 
3 

62 
3 
4 

3 
3 

4 

98991. 
6 

479744689 
5 

98 
1O 
89 
4 

86 
4 

31 
5 

84 
4 

75 
5 

1OO 
5 

1OO 

98 

68 

98 

1OO 

99 

96 

70 

77 

67 

46 

99 

Dissolution Time (hrs) 
(shaded) vs. 76 Dissolved 

OO 
12 
OO 
5 

OO 
5 

79 
6 

OO 
5 

99 
6 

OO 
6 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

99 
5 

OO 
5 

OO 
5 

99 
5 
O 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
5 

OO 
16 
OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OO 
6 
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TABLE 75-continued 

May 1, 2003 

Tablet 
Coating Core Coating Weight Coating Dissolution 

Test Example Example Amount (mg) Size Media 

43 Ex. 1 Ex. 81 400 510 : DIWater 

44 Ex. 1 Ex. 81 3OO 410 : DIWater 

45 Ex. 1 Ex. 81 3OO 410 : DIWater 

46 Ex. 1 Ex. 81 3OO 410 : DIWater 

47 Ex. 1 Ex. 78 350 460 * pH change 

48 Ex. 1 Ex. 8O 350 460 * pH change 

49 Ex. 1 Ex. 76 350 460 * pH change 

50 Ex. 1 Ex. 81 350 460 * pH change 

* = 10.3 mm. 

0410 The effects of the different percentages of gums 
within the sustained release coating are shown in Table 76 
below: 

TABLE 76 

Ex. 1 coating 
300 mg coating 

Ex. 1 coating 
446 mg coating 

Ex. 2 coating 
300 mg coating 

Ex. 3 coating 
446 mg coating 

Dissol Dissolution Time (hrs) 
dipm (shaded) vs. 76 Dissolved 

5 O O O 58 100 1 OO 100 
O 1 2 3 4 5 6 

5 O O 7O 995 1OO 100 100 
O 1 2 3 4 5 6 

5 O O O 80 100 1 OO 100 
O 1 2 3 4 5 6 

5 O O 59 85 1OO 100 100 
O 1 3 5 8 11 14 

5 O 1 1. 16 56 97 100 
O 1 3 5 8 11 14 

5 O O 1. 15 68 97 100 
O 1 3 5 8 11 14 

5 O O 2 19 53 94 100 
O 1 3 5 8 11 14 

5 O O 1. 15 63 96 100 

Ex. 4 coating 
300 mg coating 

Ex. 10 coating 
450 mg coating 

Ex. 10 coating 
500 mg coating 

Example 70 Core Example 71 Core Example 70 Core Example 71 Core Example 70 Core Example 72 Core Example 70 Core 

Time % Time % Time % Time % 
(hrs.) released (hrs.) released (hrs.) released (hrs.) released 
O O O O O O O O 
2 0.4 2 13.7 8 39.6 4 7.7 
3 8.4 3 51.2 1O 67.5 6 28.3 
3.5 29.6 4 99.3 12 83.5 8 56.7 
4 74.8 5 1OO 14 96.2 1O 88.7 
4.5 99.1 6 1OO 16 99.5 12 1OO 
5.0 1OO 7 1OO 18 1OO 16 1OO 

0411. As shown in the Table 76, the formulation with 
20% gums released the active drug faster than formulations 
with 30% or 50% gums. The coating used affects the release 
rate. In Example 820a), delayed release coating formulations 
were prepared in order to determine the effect of the coating 
weight and compression force on the time of release and the 
rate of release of the active agent within the tablet core. 

EXAMPLE 83 

0412. A metoprolol core composition was prepared hav 
ing the formulation ingredients set forth in Table 77: 

TABLE 77 

Component Percent Amt. (mg) 

1. Metoprolol Tartrate 47.5 1OO 
2. Prosow HD TM 90 47.5 1OO 
3. Hydroxypropyl methyl cellulose 5 11 
4. Explotab 4 1O 
5. Ac-Di-Sol 2 5 
6. Prosolv 5.75 14 

Time % Time % Time % 
(hrs.) released (hrs.) released (hrs.) released 
O O O O O O 
1. O 4 O 2 O 
2 O 4.5 O 3 O 
3 13.3 5 12.6 4 O.3 
4 30.6 5.5 72.3 5 40.1 
5 79.2 6 98.3 6 98.4 
6 1OO 6.5 1OO 7 1OO 

TABLE 77-continued 

Component Percent Amt. (mg) 

7. Talc 4 1O 

8. Pruv 0.25 1. 

Total 1OO 250 

Film coating 6% (6.6 mg) 
Opadry AMB 

0413 Process: 

0414. The same process for Example 23 is used to 
prepare the core, except that a film coating is included in 
Example 83. 

0415. The core of Example 83 was then compression 
coated with compression coating materials from previous 
examples and the resultant tablets were Subjected to in-vitro 
dissolution studies, as set forth in Table 78 below. 
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TABLE 78 

Active Active TIMERX Core TIMERx Tablet Coating Dissolution Dissol Dissolution Time (hrs) 
Test Compound Dose Grade Reference Amount Weight Size Media dpm (shaded) vs. 76 Dissolved 

O 3 4 5 6 7 8 
1 Metoprolol 1OO Ex. 10 Ex. 83 750 1OOO /2 DI Water 15 O O S 35 66 99 100 

O 3 4 5 6 7 8 
2 Metoprolol 1OO Ex. 10 Ex. 83 750 1OOO /2 DI Water 15 O O O 3 66 72 99 

O 8 10 12 14 16 20 
3 Metoprolol 1OO Ex. 2 Ex. 83 6OO 850 7/16 DI Water 15 O 13 22 36 48 71 99 

O 8 10 12 14 16 20 
4 Metoprolol 1OO Ex. 2 Ex. 83 750 1OOO /2 DI Water 15 O 11 26 41 56 68 89 

O 2 3 4 5 6 8 
5 Metoprolol 1OO Ex. 4 Ex. 83 6OO 850 7/16 DI Water 15 O O 1 6 35 53 88 

O 2 3 4 5 6 8 
6 Metoprolol 1OO Ex. 4 Ex. 83 500 750 /16 D Water 15 O O O 6 16 70 100 

0416) The examples provided above are not meant to be 
exclusive. Many other variations of the present invention 
would be obvious to those skilled in the art, and are 
contemplated to be within the Scope of the appended claims. 

What is claimed is: 
1. A delayed release oral Solid dosage form, comprising 
a core comprising a therapeutically effective amount of a 

drug, and a delayed release material compression 
coated onto Said core, Said delayed release material 
comprising one or more natural or Synthetic gums, Said 
compression coating delaying the release of Said drug 
from Said dosage form until after a period of time from 
about 2 to about 18 hours after exposure of the dosage 
form to an aqueous Solution. 

2. The delayed release oral Solid dosage form of claim 1, 
wherein Said one or more natural or Synthetic gums are 
agglomerated with a Saccharide material prior to being 
compression coated onto Said core. 

3. The delayed release oral Solid dosage form of claim 1, 
which delays release of Said drug until at least about 4 hours 
after exposure of the dosage form to an aqueous Solution. 

4. The delayed release oral Solid dosage form of claim 1, 
wherein Said gums comprise a mixture of Xanthan gum and 
locust bean gum. 

5. The delayed release oral solid dosage form of claim 4, 
wherein Said delayed release material further comprises an 
ionizable gel Strength enhancing agent Selected from the 
group consisting of calcium Sulfate, Sodium chloride, potas 
sium Sulfate, Sodium carbonate, lithium chloride, tripotas 
sium phosphate, Sodium borate, potassium bromide, potas 
sium fluoride, Sodium bicarbonate, calcium chloride, 
magnesium chloride, Sodium citrate, Sodium acetate, cal 
cium lactate, magnesium Sulfate, Sodium fluoride, and mix 
tures thereof. 

6. The delayed release oral solid dosage form of claim 5, 
wherein Said ionizable gel Strength enhancing agent is 
calcium Sulfate. 

7. The delayed release oral solid dosage form of claim 1, 
wherein Said delayed release material further comprises a 
Surfactant Selected from the group consisting of anionic 
Surfactants, cationic Surfactants, amphoteric (amphipathic/ 
amphophilic) Surfactants, and non-ionic Surfactants. 

8. The delayed release oral solid dosage form of claim 1, 
wherein Said delayed release material further comprises a 
hydrophobic material. 

9. The delayed release oral Solid dosage form of claim 8, 
wherein said hydrophobic material is selected from the 
group consisting of an alkylcellulose, a copolymer of acrylic 
and methacrylic acid esters, waxes, shellac, Zein, hydroge 
nated vegetable oil, and mixtures thereof, in an amount 
effective to slow the hydration of Said gelling agent when 
exposed to an environmental fluid. 

10. The delayed release oral Solid dosage form of claim 
10, wherein Said hydrophobic material comprises ethylcel 
lulose. 

11. The delayed release oral Solid dosage form of claim 2, 
wherein Said Saccharide is Selected from the group consist 
ing of Sucrose, dextrose, lactose, fructose, mannitol, and 
mixtures thereof. 

12. The delayed release oral Solid dosage form of claim 1, 
wherein said core further comprises from about 5 to about 20 
percent disintegrant, by weight. 

13. The delayed release oral Solid dosage form of claim 
12, wherein Said disintegrant is a Superdisintegrant. 

14. The delayed release oral Solid dosage form of claim 
12, wherein Said disintegrant is Selected from the group 
consisting of Starch, Veegum, crospoVidone, cellulose, 
kaolin, microcrystalline cellulose, crosslinked polyvinyl 
pyrrollidone, and mixtures thereof. 

15. The delayed release oral Solid dosage form of claim 
13, wherein Said Superdisintegrant is Selected from the group 
consisting of croScarmelloSe Sodium, croSpoVidone, 
crosslinked carboxy methyl cellulose, Sodium Starch glyco 
late, and mixtures thereof. 

16. The delayed release oral Solid dosage form of claim 1, 
wherein Said inner core further comprises an inert diluent 
Selected from the group consisting of Sucrose, dextrose, 
lactose, microcrystalline cellulose, fructose, Xylitol, Sorbitol, 
mannitol, Starches, mixtures thereof. 

17. The delayed release oral solid dosage form of claim 1, 
wherein Said core is an immediate release core. 

18. The delayed release oral solid dosage form of claim 1, 
wherein Said core is further comprises a Sustained release 
carrier. 

19. A delayed release oral Solid dosage form comprising: 
a core comprising a therapeutically effective amount of a 

drug, and an agglomerated delayed release material 
compression coated onto Said core, Said agglomerated 
delayed release material comprising a gum Selected 
from the group consisting of a homopolysaccharide, a 
heteropolysaccharide, and a mixture of a homopolysac 
charide and a heteropolysaccharide, together with a 



US 2003/00822.30 A1 

pharmaceutically acceptable excipient, Said compres 
Sion coating delaying the release of Said drug from Said 
dosage form for a predetermined period of time after 
exposure of the dosage form to an aqueous Solution. 

20. The delayed release oral solid dosage form of claim 1, 
wherein Said heteropolysaccharide gum is in an amount of 
from about 20 to about 80 percent of the delayed release 
coating and Said homopolysaccharide gum is in an amount 
of from about 80 to about 20 percent of the delayed release 
coating. 

21. The delayed release oral Solid dosage form of claim 
21, wherein Said heteropolysaccharide gum is Xanthan gum 
and Said homopolysaccharide gum is locust bean gum. 

22. The delayed release oral Solid dosage form of claim 
20, wherein Said core further comprises an effective amount 
of disintegrant. 

23. A delayed release oral Solid dosage form comprising: 
a core comprising a therapeutically effective amount of a 

drug and an effective amount of a disintegrant, and an 
agglomerated delayed release material compression 
coated onto Said core, Said agglomerated delayed 
release material consisting essentially of one or more 
natural or Synthetic pharmaceutically acceptable gums 
and one or more optional pharmaceutical excipients, 
Said compression coating delaying the release of Said 
drug from Said dosage form for a predetermined period 
of time after exposure of the dosage form to an aqueous 
Solution. 

24. The delayed release oral Solid dosage form of claim 
23, wherein said core comprises from about 5 to about 20 
percent disintegrant, by weight. 

25. The delayed release oral Solid dosage form of claim 
24, wherein Said disintegrant is Selected from the group 
consisting of Starch, Veegum, crospoVidone, cellulose, 
kaolin, microcrystalline cellulose, crosslinked polyvinyl 
pyrrollidone, and mixtures thereof. 

26. The delayed release oral Solid dosage form of claim 
24, wherein Said disintegrant is Selected from the group 
consisting of croScarmelloSe Sodium, croSpoVidone, 
crosslinked carboxy methyl cellulose, Sodium Starch glyco 
late, and mixtures thereof. 

27. The delayed release oral Solid dosage form of claim 22 
which delays the release of Said drug until at least about 4 
hours after exposure of the dosage form to an aqueous 
Solution. 

28. The delayed release oral Solid dosage form of claim 
22, wherein Said gums comprise a mixture of Xanthan gum 
and locust bean gum. 

29. A delayed release oral Solid dosage form comprising: 
a core comprising a therapeutically effective amount of a 

drug and a disintegrant, and a delayed release material 
compression coated onto Said core, Said delayed release 
material comprising one or more natural or Synthetic 
gums, said compression coating delaying the release of 
Said drug from Said dosage form for a predetermined 
period of time after exposure of the dosage form to an 
aqueous Solution, Said disintegrant being included in 
Said core in an amount effective to cause the release of 
at least about 50 percent of Said drug into Said aqueous 
Solution within one hour after Said predetermined 
period of time. 

30. The delayed release oral Solid dosage form of claim 
29, wherein Said disintegrant comprises from about 5 to 
about 20 percent of Said core, by weight. 
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31. The delayed release oral Solid dosage form of claim 
29, wherein Said disintegrant comprises from about about 
0.1 to about 5 percent of said oral solid dosage form, by 
weight. 

32. The delayed release oral Solid dosage form of claim 
29, wherein Said disintegrant is a Superdisintegrant. 

33. The delayed release oral Solid dosage form of claim 
32, wherein Said Superdisintegrant is Selected from the group 
consisting of croScarmelloSe Sodium, croSpoVidone, 
crosslinked carboxy methyl cellulose, Sodium Starch glyco 
late, and mixtures thereof. 

34. The delayed release oral Solid dosage form of claim 
29, wherein Said gums comprise a mixture of Xanthan gum 
and locust bean gum. 

35. The delayed release oral Solid dosage form of claim 
34, wherein Said Xanthan gum and Said locust bean gum are 
agglomerated with a Saccharide material prior to compres 
Sion coating onto Said core. 

36. A delayed release oral Solid tablet, comprising: 
a tablet core comprising a therapeutically effective 

amount of a drug, and a delayed release material 
compression coated onto Said core, Said delayed release 
material comprising one or more natural or Synthetic 
gums, Said gums comprising from about 6.5 percent to 
about 83 percent of the tablet by weight, Said compres 
Sion coating delaying the release of Said drug from Said 
dosage form for a period of time from about 2 to about 
18 hours after exposure of the dosage form to an 
aqueous Solution. 

37. The delayed release oral solid tablet of claim 36, 
wherein said tablet core further comprises from about 5 to 
about 20% superdisintegrant. 

38. A chronotherapeutic, delayed release oral Solid dosage 
form for a low dose drug, comprising a core comprising 
from about 0.01 mg to about 40 mg drug together with 
optional pharmaceutically acceptable excipients, and a 
delayed release material compression coated onto Said core, 
Said delayed release material comprising one or more natural 
or Synthetic gums, said compression coating comprising 
from about 75 to about 94 percent by weight of the oral solid 
dosage form, and the ratio of the core to gum in Said 
compression coating being from about 1:0.37 to about 1:5, 
by weight, Said compression coating delaying the release of 
Said drug from Said dosage form for a period of time from 
about 2 to about 18 hours after exposure of the dosage form 
to an aqueous Solution. 

39. The oral solid dosage form of claim 38, wherein the 
total weight of Said dosage form is from about 220 mg to 
about 900 mg. 

40. The oral solid dosage form of claim 38, wherein the 
core weight is from about 50 mg to about 170 mg. 

41. The oral Solid dosage form of claim 38, wherein said 
core is from about 5 to about 23 percent by weight of the 
total weight of the dosage form. 

42. The oral Solid dosage form of claim 38, wherein said 
compression coating is from about 150 mg to about 850 mg. 

43. The oral Solid dosage form of claim 38, wherein said 
coating is from about 78 to 80 percent by weight of the total 
weight of the dosage form. 

44. The oral solid dosage form of claim 38, wherein the 
ratio of the core to gum in the compression coating is from 
about 1:0.37 to about 1:1.12, most preferably from about 
1:0.75. 
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45. The oral solid dosage form of claim 38, wherein the 
ratio of the core to compression coating is preferably from 
about 1:2 to about 1:9, by weight. 

46. A chronotherapeutic, delayed release oral Solid dosage 
form for a relatively high dose drug, comprising 

a core comprising from about 41 mg to about 300 mg of 
a drug, and a delayed release material compression 
coated onto Said core, Said delayed release material 
comprising one or more natural or Synthetic gums, the 
ratio of the core to gum in Said compression coating 
being from about 1:0.3 to about 1:3, by weight, the total 
weight of Said oral Solid dosage form being from about 
500 mg to about 1500 mg, Said compression coating 
delaying the release of Said drug from Said dosage form 
for a period of time from about 2 to about 18 hours after 
exposure of the dosage form to an aqueous Solution. 

47. The oral solid dosage form of claim 46, wherein the 
ratio of the core to gum in Said compression coating is from 
about 1:0.6 to about 1:1.5, by weight. 

48. The oral solid dosage form of claim 46, wherein the 
ratio of the core to compression coating is from about 1:1 to 
about 1:5, by weight. 

49. The oral solid dosage form of claim 46, wherein the 
ratio of the core to compression coating is from about 1:2 to 
about 1:3. 

50. The oral solid dosage form of claim 46, wherein the 
total weight of the dosage form is from about 750 mg to 
about 1000 mg. 

51. A method of preparing a chronotherapeutic oral Solid 
dosage form of a drug, comprising: 

preparing a core comprising a therapeutically effective 
amount of a drug and from about 5 to about 20% 
disintegrant, by weight of the core, 

preparing a granulate of a delayed release material com 
prising one or more natural or Synthetic gums, 

compression coating Said granulate onto Said core, Said 
compression coating delaying the release of Said drug 
from Said dosage form until after a period of time from 
about 2 to about 18 hours after exposure of the dosage 
form to an aqueous Solution. 

52. The method of claim 51, further comprising preparing 
Said granulate of delayed release material by wet granulating 
one or more natural or Synthetic gums together with at least 
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one pharmaceutically acceptable excipient, and drying the 
resultant granulate to obtain agglomerated particles of Said 
delayed release material. 

53. The method of claim 52, further comprising granu 
lating Said drug, Said disintegrant, and a pharmaceutically 
acceptable inert diluent prior to Said compression coating 
Step. 

54. The method of claim 53, wherein said disintegrant is 
a Superdisintegrant incorporated into Said core in an amount 
Said disintegrant being included in Said core in an amount 
effective to cause the release of at least about 50 percent of 
Said drug into Said aqueous Solution within one hour upon 
completion of the time period for Said delayed release. 

55. A method of treating an early morning pathology, 
comprising: 

orally administering to a human at bedtime an oral Solid 
dosage form comprising a core comprising a therapeu 
tically effective amount of a drug, and a delayed release 
compression coating on Said core comprising one or 
more natural or Synthetic pharmaceutically acceptable 
gums, Said compression coating delaying the release of 
Said drug from Said dosage form for a time period until 
at least about 4 hours after oral administration. 

56. The method of claim 56, wherein after oral adminis 
tration of the dosage form, the drug is not released from the 
dosage form for about 4 to about 12 hours. 

57. The method of claim 56, wherein after oral adminis 
tration of the dosage form, the drug is released over a time 
period of at least about 4 hours after the period of delay is 
completed. 

58. A method of chronotherapeutically treating a patient, 
comprising 

orally administering to a patient a chronotherapeutic oral 
Solid dosage form comprising an core containing a 
therapeutically effective amount of a drug and a disin 
tegrant, Said core compression coated with a delayed 
release material comprising a gum Selected from the 
group consisting of a heteropolysaccharide, a 
homopolysaccharide, and a mixture of a heteropolysac 
charide and a homopolysaccharide, Said compression 
coating delaying the release of Said drug for a time 
period until at least about 4 hours after oral adminis 
tration of Said dosage form. 
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