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FIELD OF THE INVENTION
The present invention relates to oral pharmaceutical dosage forms and more
particularly to controlled release forms and forms designed to mask the taste of the active
ingredient.
15
BACKGROUND OF THE INVENTION

Tailoring drug delivery to the needs of therapy is a current goal in the development
of drug delivery systems. The delivery profile may be desired to be one of immediate
release within the oral cavity (the so-called “immediate dissolve” or “fast dissolve’ systems),

20 immediate release in the stomach or in the intestine, controlled slow release of the drug in
the gastrointestinal (GI) tract, concomitant release of more than one drug at the same or at
different rates, and many combinations of the above. There are systems that exist to provide
drug delivery profiles that approximate the above requirements, but in each category there is
room for improvement.

25 Immediate dissolve systems for immediate delivery of drugs in the oral cavity have
been developed by R. P. Scherer Corporation in the form of a freeze dried tablet that
readily dissolves on the tongue called Zydis® and by Cima labs, Inc. in the form of the
OraSolv® system. These systems dissolve quickly in the mouth and are useful for cases

where the delivery of the drug is needed immediately and in cases where the patient has
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OraSol y(r) system These systens dissolve quickly in the nmouth and are
useful for cases where the delivery of the drug is needed i medi ately and
in cases where the patient has 1 *ACTI ON* WD 03/ 075893 PCT/ US03/ 06591
difficulty_swallow ng tablets. Both of these systens suffer from being
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difficult to handle with the noisture of the fingers damaging the
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tapers off with tine. In the eroding system the surface that provides
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15 gives drug delivery that tapers off with time. In the eroding system, the surface that provides
drug delivery is shrinking with time so the rate falls off proportionally. If the drug is delivered
by diffusion through a non eroding hydrogel the rate falls off as drug depletion changes the
force of the chemical gradient. These systems do not offer the opportunity to carefully tailor
the drug release rates.
20 Zero order delivery has been achieved with the “Oros” osmotic pumps as is
documented in many patents held by the Alza company (e.g. US Patent 3,995,631 to
Higuchi, T. et. al., US Patent 3,977,404 to Theeuwes,F. and many other patents).The
“Oros” system is based on osmotic pressure pushing the drug out of an almost microscopic
orifice. The zero order profile is achieved due to the constant, small, cross section of the
25 orifice being the rate determining step in the drug release. The “Oros” system has proven
itself in several products but has limitations. It is most useful for soluble drugs with insoluble
drugs having limited applicability. The technology of manufacture is somewhat
complicated with the need of a laser drilled hole in the semipermeable coating. The drug

release through an almost microscopic hole can also lead to several drawbacks. Clogging of
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orifice. The zero order profile is achieved due to the constant, small,
cross section of the 25 orifice being the rate determning step in the
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delivery layer is eroded and the cross-section of the eroding layer is constant. Again here,

there are several drawbacks. The manufacture of the system requires special equipment to
produce two and three layer tablets. The system does not easily lend itself to changing the
rate of delivery during the release profile. The amount of drug available in the tablet is
20 somewhat limited since only one of the layers is used for drug delivery. The zero order
profile may not be followed up to 100% of drug release due to tablet breakup once most of
the central layer has eroded.
In view of the foregoing, it would be highly desirable to have a versatile solid
dosage form that enables controlled release of an active ingredient approaching zero order
25 release. Accordingly, one object of the present invention is to provide a solid dosage form

that can release a drug according to a predetermined release profile.



profile may not be followed up to 100% of drug rel ease due to tablet
breakup once nost of the central |ayer has eroded. In view of the
foregoing, it would be highly desirable to have a versatile solid dosage
formthat enables controlled rel ease of an active ingredient approaching
zero order VOB '8 %ase. Accordingly, one object of the p?%ggﬁ?ogﬂbention i's
to provide a solid dosage formthat can release a drug according to a
predeterm ned rel ease profile. 3 WD 03/075893 PCT/ US03/ 06591 SUMVARY OF
THE I NVENTI ON The present | aMeRIARY GF THERSVERTIOR! | ed rel ease
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exci pients. ,The controlled rel eas h euti cal, dosage fo f. the
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to 12% per hour. 15 -The present invention further provides a
phar maceut i dafrogmerepyd celiweseattydroxypropyl etpylrginarecmdrecaystaliineagiulosss sl

adapt for .ext ended Qr,zero-or rel.ease,of ;active dru terial. The
prese i nvel?f#?sghsu ﬁ?’tpﬁl A géneacaéﬂ%%%s B ?%réci/anaé’éhéegreeg?qartﬁ@\ﬁﬁer ei-n the
pharnaceutiqaaﬁgg@age formis adapted for inmediate rel ease of active drug

material. 20 The present invention further provides a pharnaceutical dosage
f or m wher ei n t he The controlled release pharmaceutical dosage forms of the invention release the

active ingredient from the core tablet into the environment of the dosage form at a rate in the
range of from 3% per hour to 12% per hour.

15 : ‘The present invention further provides a pharmaceutical dosage form wherein the
pharmaceutical dosage form is adapted for extended or zero-order release of active drug
material.

The present invention further provides a pharmaceutical dosage form whérein the
pharmaceutical dosage form is adapted for immediate release of active drug material.

20 The present invention further provides a pharmaceutical dosage form wherein the
pharmaceutical dosage form is adapted for sublingual administration.

The present invention further provides a pharmaceutical dosage form wherein the
pharmaceutical dosage form is adapted so as to mask the taste of the active material.
The present invention further provi&es a method of independently controlling the

25 rate of release of coactive ingredients in a single dosage form.

The present invention further provides a pharmaceutical dosage form for co-

administration of coactive ingredients in a single dosage form.



pharmaceuti cal dosage formis adapted for sublingual adm nistration. The
present invention further provides a pharmaceutical dosage form wherein the
pharmaceuti cal dosage formis adapted so as to mask the taste of the active
material. The Jols esent invention further provides a nmethod of independently
control i nYARE™P5 rate of release of coactive ingredi eRtEUFH%%5i ngl e
dosage form The present invention further provides a pharnaceutical dosage
formfor co- adm nistration of coactive ingredients in a single dosage
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annul ar body of owder or granular material in accordance with the
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granular material to ejection of a finished tablet at a tableting station

10 equi pped toglsdhinstallodl set i n accordance with the invention. FIG 5 is a

pl ot of the aver ate of gl endronate excretion. in. uripe of, humans who
had taken a do_saggg&f%‘rsﬁsfﬂm %8@?&%’0@% ﬁoﬁur?l}%pwcgggﬁ’uqcﬁegﬁ?l’gh cont ai ni ng
70 mg nonosodi U@l aRdE aRAt&ioA4 dide viwsepidtidg stded R aBYRIe SO0 sRAMr Onat e
dosage form FIG 6 is a plot of the rate of release of oxybutynin froma

dosage f or mdetiver$ ofpayoled argrenuldr niateriaktoiejpption ¢fgyfinishhd fablenattaliebletmigestatipn

rel ea is maintajned between 3% h'' and .12%h-' for seven hours or nore.
FI G §8| s a "_ﬂf”c??e‘{)‘?’l%_?%o°ﬁs§t_t’838°f°“¥a3 ee‘ﬁ@é&‘(?f’_w(?’)‘(%utyni n froma dosage formin
accordance W th tag. 3 RuGNtioPihe avdifeRbt0 BOAIEARShaRS exBHEPBRIrink Bf filh®ans Fh6
tablet is increased relative to the dosage formthat produced FIG 6

resul ting i rhad taken pndosagel fommyin sagondampeavithfthe present invention containing 70 mg
monosodium alendronate and a prior art 70 mg monosodium alendronate dosage form.

FIG. 6 is a plot of the rate of release of oxybutynin from a dosage form in

15 accordance with the invention, wherein the rate of release is maintained between 3% h™! and
12% h™! for seven hours or more.

FIG. 7 is a plot of the rate of release of oxybutynin from a dosage form in
accordance with the invention. The proportion of hydrogel in the core tablet is increased
relative to the dosage form that produced FIG. 6 resulting in a decreased maximum rate of

20 release and an extended release between 3% and 12% per hour for about twelve hours.

FIG. 8 is a plot of the rate of release of oxybutynin from a dosage form in
accordance with the invention. The proportion of release-inhibiting hydrogel in the annular
body was increased relative to the dosage form that produced FIG. 7. The maximum rate
of release was further reduced to less than 7% h.

25 FIG. 9 is a plot of the rate of release of carbidopa from the core tablet and of
levodopa from the annular body of a dosage form in accordance with the present invention.
The core tablet is cylindrically shaped and annular having a 2.5 mm diameter hole

therethrough.



20 rel ease and an extended rel ease between 3% and 12% per hour for about
twelve hours. FIG 8 is a plot of the rate of rel ease of oxybutynin froma
dosage formin accordance with the invention. The proportion of

rel ease-inhi biting hydrogel in the annular body was increased relative to
t he dosagewpd’P’Hﬁsgf‘at produced FIG 7. The maxi mumrate BfT/P¥PEEEL was
further reduced to less than 7% h-'. 25 FIG 9 is a plot of the rate of
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cylindrical THRd8sdgdfdrin thattpodacatl thisfiguredd Bobeal (;dy_rbﬁbléﬁ)/v.lthBBSﬂRI}BIEl ON OF THE
PREFERRED EMBCDI MENTS The present invention ovi des_a novel solid dosage
form as weltherethrouglyvhisl resitieddin agelerse signilapio tg"‘( dndiicahcern tblsovith a 9 augye
form Erefer F:dgférggdl ments of the invention are 15 well suited for the
contrdPled 'S f drugs, especially extended rel ease approaching
zero-order, and for taste masking of unpleasant tasting drugs. The novel
dosage form conprises a core tablet cont ai ni ng an actl ve phar maceut i cal

i ngredi ent sheat hedPESCRIPTHONIOF THERREEERREDEMBODIMENIBo j 1y 't hj s

di scl osure) Corrpr’llhg ﬁgasé)nt invention provides a novel solid dosage form, as well as tooling and a

process for producing the novel dosage form. Preferred embodiments of the invention are
15 well suited for the controlled release of drugs, especially extended release approaching
zero-order, and for taste masking of unpleasant tasting drugs.

The novel dosage form comprises a core tablet containing an active pharmaceutical
ingredient sheathed in an annular body (also called a mantle in this disclosure) comprised of
compressed powder or granular material. The core tablet has first and second opposed

20 surfaces and a circumferential surface. “Sheathed” means that the annular body encircles
the core tablet and is in contact with the core tablet about its circumferential surface, but
leaves opposed surfaces of the core tablet substantially exposed. The core tablet contains
at least one active pharmaceutical ingredient, but otherwise its formulation is not critical to
the invention. The core tablet can be formulated for any desired release profile, such as

25 immediate release, delayed release, burst or pulsed release, sustained or zero order release.
The annular body can be formulated to achieve any desired purpose, such as gastric
retention, ease of swallowing, taste masking and control of the rate of drug release from the

core tablet. The annular body also can contain or be coated with a co-active ingredient.



conpressed powder or granular material. The core tablet has first and
second opposed 20 surfaces and a circunferential surface. "Sheathed" neans
that the annul ar body encircles the core tablet and is in contact with the
core tablet about its circunferential surface, but |eaves opposed surfaces
of the corWO%3B7%8? substantially exposed. The core tabl eECHBHPAIHE at

| east one active pharnaceutical ingredient, but otherwse its formulation
is not critical to the invention. The core tablet can be formnulated for
any desired rel ease, profile, su ' ' - : d rel ease,
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Active pharmaceutical ingredients that can be admnistered in the
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gangl i oni ¢ QlLeekiAddruad) dhiffeprabsemt, MBmaRE Ghugs, aByHRALS) BPUTEES, Sedativeds

serotonin receptor agonists and antagonists; central nervous system active
drugs such asliyinoghut doygs andhmiiballucimngsntesdragro antiepidentig drugsAniimistaing Jrugy ugs,

ant i depressents,. antj nani r.ugs, sthetic ypnoti£s, se i.Ves,
hal | u@?nogeﬁr'th&?fﬂbeé@%g°f§Pﬁfqﬁﬁ%P|Su§ﬁ§8&§ﬁ?%“ %Qé,g%gr?tdﬁsee%slei e ‘L(':“\'/Sdr ugs;
anti m gr ai ne,@fkess agert® adfitStaminid driup &, 5 MMnd O, rE¥aptst A84pdnHts; Madykaiier ' s and

Huntington's disease; anal gesics; antitussive agents; antihistam nic drugs;
H , H2, and réi@ploeaspgonistsamitipyrstic sgests; antinflaninpatory agaatse DSHD S divagiisi st s;

antipyretic .agents;_antiinflanmatory agents: NSAlDs; diuretiGSsyy Inhibitors
of Nat+ O - s‘%&}{ﬂ’f Of g g p%m@gW#%éﬁwﬁﬁceaés BB el S 4 b AR s; ACE

i nhi bi tors; iﬁﬁgiitcﬁ‘&%ﬁ%fbféniiﬁ T 8ePRE MtaddRisRORAINShIEbitdrE RhRivniéHabihd] BloSker§ @l Ci UM
channel bl ockers; f 15 adrenergi c receptor antagonists; antiplatelet
agent §5 ant iadfenengisirecentye atagonisis ptiplasletagents; antithigapicsagenigapHyPFtensye

phosphodi es ta%(rer%s; %a\!;or&mltg}sg P ro%ﬁhoﬁl%gtielaagg 1%%ﬂgsfmgm%nu|émg%dG CoA

reductase inhibitors; H', K*-ATPase inhibitors; prostaglandins and prostaglandin analogs;

laxatives; antidiartheal agents; antiemetic agents; prokinetic agents; antiparasitic agents such
as antimalarial agents, antibacterial agents, drugs for treatment of protozoal infections and

20 antihelmintic drugs; antimicrobial drugs such as sulfonamides, quinolones, B-lactam
antibiotics, aminoglycosides, tetracyclines, chloramphenicol and erythromycin; drugs for
treatment of tuberculosis, drugs for treatment of leprosy; antifungal agents; antiviral agents;
antineoplastic agents; immunomodulators; hematopoietic agents; growth factors; vitamins;
minerals; anticoagulants, hormones and hormone antagonists such as antithyroid drugs,

25 estrogens, progestins, androgens, adrenocortical steroids and adrenocortical steroid
inhibitors; insulin; hypoglycemic agents; calcium resorption inhibitors; glucocorticoids;
retinoids and heavy-metal antagonists. ‘

The annular body can be formed of any powdered or granular pharmaceutically

acceptable excipients and can itself include a pharmaceutically active ingredient. In
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(3-lactam anti bi ot| cs, am nogl ycosi des, tetracyclines, chloranphenicol and
eryt hromycin; drugs for treatment of tubercul osi S, drugs for treatnent of

| eprosy; anti funga ant nt |ne pl.ast i ents;

i mmunonodul a"taBtfcé‘%I ¥ ?)%‘P’étﬁnﬁé é‘ﬁé‘ﬁi“gﬁgg)ﬂ d\sffs di % 1&%?%&?9{% s,

m neral s; anﬂdvefm%&m OB RRE SR Ch\RE AT, ﬁﬁiu%@ﬂd}stlﬁ)wﬂm A
antlthyr0|d drugs, 25 estrogens, progestins, androgens, adrenocortical

st eroi ds andgrami@ivocdthtdoowdntisnad exdipients arii thé tectmiques ﬁmﬂ)mnng toypoggbeddedies
agents; calciumresarption inhibitors; glucocqrticoj ds; etl noj ds and
heavy- et al BAEHHBITIE gverpharaggrsicsn tf}gg)?'}lg%(’%qﬁ% eé'iﬂ? ered or
granul ar ph i) g@ftgaggllgu%ﬁlsth@ﬁg iqggl sel f include a
phar ma?eutl g%pﬁggggc‘i@g‘ked@ﬂgre |g‘§,ntE I'n \7\0 03/ 075893 PCT/ US03/ 06591
particular, it mBreforedeeipiameir foraingdid anauia:sbodbnnvdieﬁeilydrdxmonyla@ﬂlamw,

glidants, I ubricants, flavorants, colorants and thﬁmi3 i ke can qu i ncl uded

in the annul & Bidasel Pé‘b(ﬂf@?‘YHﬁ@Pyéﬁ’GmyErF]&H?ﬁeéfg gHcthpdeh & SHErRT Y

exci pients L £C r rsCHSTNi romwth
gi ven char ag‘%gr%ogete S Mée?g?%ag%f 1a¥:t‘3§ fy, ﬁlgt}rg nehg&gnd fr egﬁgﬁmf rombs
capping is V\thdomT?"hmm&tmamkphnsbm:ge of those skl lled in the art of

tabl eting. Preferred excipients for for nog ul ar b f inclu q?;
hydr oxdpr opyl cellpah s¥scialbeprgferreqpqrprpssgd d §5§T’r 1@{3 ﬁ%é’(r)}l’ EUPf F‘“‘bse
(e.g. Met hOCf!:on}alm floQEH eg;hﬁlnlni Q@mmﬁ%ﬂmkﬂ%&e&e@ dn 4B bba ft@

| act ose, sugars, yV|ny rrol 1 done T d% : one

cal ci um phosmﬁqjoeed df&ohmlmtlesﬂmn@dehtycapmfpmmed"hedrapess@ct’mmlamgmaﬂlgr m
illustrated in FIlLG core tablet 1 containi na%trhe actl ve pharmaceuti cal

i ngr edi ent i ¥elf eited §cgd>rql Melivesy ofiisrative fyas, orediiges thy ipcidengg, e3pphasitis
non-ul cerati y@ &%St%ﬂé b REaSNGi i @rSive B in in n 5 @6R A that RRLRIded om

especially well sui oral "delivery of ulcerative drugs. It reduces
t he. i nNidi dencevntict with themp@agnmg the gastrointestinal tract. The drug is shielded because the

core tablet is recessed. Recessing the core tablet does not significantly alter the release
profile of the core tablet because a sizable portion of the surface of the core tablet is in fluid
communication with the environment. In éontrast, in coated or encapsulated dosage forms,
the coating or capsule must be breached by gastric fluid before the drug is released. In the
20 present invention, the outer contour of the dosage form protects the mucosa lining the
gastrointestinal tract without interfupting fluid communication between the core tablet and
the environment.
Exemplary of drugs that can be advantageously delivered using the preferred
recessed dosage form of this invention are monosodium alendronate monohydrate,
25 monosodium alendronate trihydrate, sodium etidronate, sodium risedronate, pamidronate,
aspirin, ibuprofen, naproxen, fenoprofen, ketoprofen, oxaprozin, flubiprofen, indomethacin,
sulindac, etodolac, mefenamic acid, meclofenamate sodium, tolmetin, ketorolac, diclofenac,

piroxicam, meloxicam, tenoxicam, phenylbutazone, oxyphenbutazone, oxybutynin,



and contact gastritis by localizing the ulcerative drug in a core tablet
that is shielded from 15 contact with the nmucosa lining the
gastrointestinal tract. The drug is shielded because the <core tablet is
recessed. Recessing the core tablet does not significantly alter the

rel ease p“é’f‘]”és’%? the core tablet because a sizable poF%/T/H?PWFS”E he
surface of the core tablet is in fluid comunication with the environnent.
In contrast, in coated or encapsul ated dosage fornms, the coating or

capsul o st B RLEIChS, R AB50T Cubbtl 4 RRHORS oI MGl ekt RocC, I

the 20 pres er contour o i protects the

nmucosa | i ni ngitd, h?drate@&bfn@tsn&s@e% m{aladﬂle'&d’tﬁé?rkoﬁﬂbﬂdhﬂmhnésﬂh@édﬂlptl ng fluid
communi cation between the core tablet and the environnment. Exe | ary of

drugs that can b@Oﬁﬂhamrag@b&anh@Iémulaéb@@ masi hegormed infpanesuitable shapeessed

dosage form hi.s |nve n_are nmnesodi a endr nat

nonosodi um §1%8ﬂﬁf SHgeSe CaP flgy UEo 'S%%%gfilydée&%? e&?ﬁﬁgﬁf%@%@%nm e,
pam dronat e,coreAghlkt i the'a.lﬂhkﬂﬁlocfoﬁﬂ aret9REREAN sHaBl) Oplﬁélfo?é‘bam'é%ﬂ@lﬁé)ixﬁﬁlar
oxaprozin, flubiprofen, indonmethacin, sulindac, etodolac, nmefenam c acid,

mecl of enanatbedy ey berhe sohevert differeitan shape.aEhe atpesed sefases of ﬂpﬁ miablamlay

03/ 075303 PCFARBSHEIDSIAHr cHEPEIN e SKHPRY HEHEc of LU SaG e AT o,
sumat ri pt an,qyphar maceuti cally acceptable salts, hydrates, isoners, esters

and ethers thereof, and m xtures thereof. Both the core tabl et and the
annul ar body nayTbeliligﬁgnEGOiFIﬁd mrytablﬂiatﬂce)pswéﬁestan@ﬁmmdfﬁuda@hépe@ can be

bl ol0and (A ARUERRB el et AR PBHE Tt S ARePP e S (GO ot _and

the annul ar hagy 199%fé?§:1} &Wn&%ﬁ?oﬂﬁskddhﬁﬁeﬂrf&@asé JF n$hafture] B rREPRR 86 so0.
surfaces of the core tablet nay be of ‘any suitable shape Preferably, the

exposed sur flnedssagé fquhéomylrmmsmioalto m;th@mhlamumrdlstmmlacroﬁﬁmltherm@ thggai n to
FIG 1, core tabl et ) st seco faces 3 and..10 4 and
an outer Cci r°(?8?ﬁ£gf‘érfﬁcf’52f°r§ﬁg ’Efgrag é&“?e ﬁ%; \Rg%ﬂq%ﬁgn(f’b?ffﬁ%e ¥ f aces.
Core tabl etfoln hfouPl &fnfiodBb¥t 7ol ﬁegﬂpeaéraﬁy atus K nphappgode@kurdrees ald 4

manuf acture, but need not. be so.
15 . can be flat, concave or convex and are preferably flat for bearing modest axial compression

forces exerted by flat pressing surfaces during formation of the annular body about the core
tablet.
In outer contour, annular body 2 is preferably cylindrically shaped, but it can have
any cross section, such as oval, elliptical or oblong. The outer diameter is preferably of
20 from about 5 mm to about 15 mm, more preferably of from about 7 mm to about 12 mm,
most preferably about 9 mm. The inner diameter can be any size up to about 2 mm less
than the outer diameter. A narrow inner diameter less than 2 mm may slow release of the
drug if an excipient in the annular body swells upon contact with gastric fluid. However, in
some embodiments, a lower limit 0.5 mm may still be useful. Preferably, the inner diameter
25 i$ 3 mm or greater.
Annular body 2 has opposed first and second annular faces 6 and 7, an outer
circumferential surface 8 extending between the annular faces from their outer edges, and an
inner circumferential surface 9 extending between the annular surfaces from their inner

edges, thus defining an annulus.



In a dosage formfor adm nistration to humans, the maxi num di stance across
either of the opposed surfaces 3 or 4 is preferably fromabout 2 mMmto
about 12 mm nore preferably fromabout 4 nmto about 7 mm nost
preferably about 5 mm Opposed surfaces 3 and 4 15 can be flat, concave or
convex andWV&'%'pPferably flat for bearing nodest axial BRoHPY@8Ebn forces
exerted by flat pressing surfaces during formation of the annul ar body
about the core tablet. In outer contour, annular body 2 is preferably

cylindrically shggﬁggts%ﬁgn%}h ¢an .??}é%ﬂ-}érﬁfc %ﬂ'gﬁ%}ﬂ'%]@e§§€ﬂ‘f’%&v |,

elliptical or ob uter diaretér 1s pre rom about 5

mMm t o about 213ndR ofaFes 1ddiREEHA MxyalPiegh e Filbomd séedidst@néipOlfandd1 899 nDSt
preferably about 9 nm The inner dianeter can be any size up to about 2 nm
| ess than tdérminalaetdogios pentest the Aidanefithaedre tablet. dTherateseparatedby wdptemahm nay

sl ow rel ease_.of the rug if excipl.ent -1 n.the annular syel | s .upon
contact w tﬁ“ﬁ%@?ﬂ‘?’g ]'glﬂﬂﬂqﬁ‘.mtﬁg‘c\r/}ﬂ?/%l?ct? ﬁlrﬁmge(r)erlrlgalesr‘%g%c :gJ rr%f%f’ rse?&géélloﬁp osIeldn‘i t
0.5 My may Stithdes Hend % 6f e corPtaBleCird MeYefore R eésBl BOmBnANEY fBes 62Bd 7 Bf e MM OF
greater. Annul ar body 2 has opposed first and second annular faces 6 and 7,

an outer cianmafteden®prdsedamrircasd a8d dxteepreferablylyedepssd iromrpdoutikumartof aces
fromtheir opter, edges, and an . inpner circunferential surface.9.extendi ng
bet ween t he 2 Wﬁdﬂ??”@@?ﬁﬁ%@?ﬁyF%ﬂ??ﬁé??rﬂﬁﬁgfoﬁﬁaﬁ@g?f%ﬁﬁgaﬂg?Pﬁﬁﬁg an
annul us. 9 G/ R4y %%1’\3! rgggey%%%%l;sp‘c\ﬁdih%&; th& RABthioR thicERespbithd FI G 1B),
inner circunferential surface 9 of annular body 2 consists of three

| ongi t udi nalterfranal s¢gmest gibatesess Hentls of surfdces o d carcpmtbeisamel® itpanbd 1 are
ternin&l an%ugo Qot contact the sides of the core tablet. They are

separé ed by"afi®t'nternal third segnent 12 that contacts the outer
circunferential g¥{R6EAMOlmEbRaihARIcEe tablet AAPREMECt Dotk 6 @Ssage ARA 4 Of
the core tablet are therefore recessed fromannular faces 6 and 7 of the
annul ar bodynd GeEesteuntestinélanessadcaurd witharserfipe of theabhularrbedefoometl éfmom about
0.5 nmmto about., 4 mm. nore preferably about 1.5 relative to the, annul ar
faces 6 and HCHIVEREPIEH, Gf‘%\_gptiﬁ’B% Psaf Eofeéi?gﬂ‘ifﬁarggf §?’3‘f‘a¥’c"8 ntherdl’eé‘g 5%‘“% ng to
the I'ength Qfiankeh GOESIRGNQRHIVEActive ingredient. However, one or both of opposed surfaces

15 3 and 4 can be flush with annular faces 6 and 7 of the annular body without deleterious

effect when the dosage form of the present invention is used to administer non-ulcerative
drugs.
To better apprehend the preferred recessed dosage form embodiment of the

invention, it is useful to conceive of surface 3 of the core tablet and first longitudinal segment

20 10 as defining a first void 13. Likewise, surface 4 of the core tablet and second longitudinal
segment 11 define a second void 14. Voids 13 and 14 fill with gastric fluid when the
dosage form is immersed in gastric fluid after reaching the stomach. Gastric fluid passes
through the voids to contact the core tablet and the drug leaves through the voids after it is
dissolved. Voids 13 and 14 are preferably from about 0.5 mm to about 10 mm, more

25 preferably from about 3 mm to about 6 mm and most preferably about 4.5 mm in width
(measured parallel to first or second opposed surfaces). Drug release, therefore, does not
occur by an osmotic mechanism such as occurs with pierced dosage forms made using the
apparatus of U.S. Patent No. 5,071,607. Rather, in a large still fluid environment, drug
concentration drops off roughly isotropically and exponentially by diffusion. In contrast,
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term nal segnment). The recess depth of surfaces 3 and 4 can be the sanme or
it can be 10 different. By recessing the drug-containing core tablet, any
contact between the dosage form and the gastrointestinal nucosa occurs
with a surface of the annular body fornmed of non- ulcerative excipients,
and opti on¥AY'5EE or nore non-ul cerative co-active i ngr BGl/EO6¥4t her
than with the solid ulcerative active ingredient. However, one or both of
opposed surfaces 15 3 and 4 can be flush with annular faces 6 and 7 of the
annul ar  bodyddiid es1tase 6 BE BRIgPrSIuceh i€ prowiten strbanidg Siewahdt @iatie b
present invention is used to adm nister non-ulceratrve drugs. To better
appr ehend t hkighcefcentratidny efdhsdrug antbesaptic peenis aépdnsidiersbletdisidnce fremithptalbiet. on,
it is useful to conceive of surface,3 of the core tablet .and.first

| ongi t udi nal O%Wamﬁgg%@ °8%°eﬂté?(ifdn‘i“r"i‘§ ugeﬁa‘ﬁY%@'“%Sﬁed’O@%alB'i %%Wi? teurf ace
4 of the corg,tabligk 11RO e 366PMEe | RRGLIHI MR tableg MBRABEd thl fdRfih B8R a second
void 14. Voids 13°and 14 fill wth gastric fluid when the dosage formis

i merséd i n gmbbiniestitfal walll aft er reaching the stomach. Gastric fluid passes

t hrough the voids_ to contact the care tablet and the drug |eaves through
the voids after i¢rroged Sﬂfftg%eép\?ﬂ f‘oggie&gre?%b?%‘ﬁf?pf eLaply SB‘P%@QF@H"W*Bom about

0.5 mm to abput, L MiMktaARAS cdverdd §f BE &nar boRM 8RNy b RABRAEME b ™ and
nost preferably about 4.5 mmin wdth (nmeasured parallel "to first or
second opposkss tharr dbacve)s ofranly of tht epeesd suifecee isoroageattd@s hiddén frag gisnalby an

osnoti c nmechani smsuch as occurs wth pigerced dosage, fo de using the
appar at us of mﬁ}.’eSt.“”FiéXtQﬁE‘“Wga.‘ %S‘,%ﬁ%'@‘?‘? 0 ﬂstffl,surg‘?f%%:" F%f{ggaf‘gicﬂ‘ce?lf“ﬁi d

envi r oqyent, gt BEENdRsk 8P didfeRRSes BbiveEOHE lahetc? 8id Qﬁpi&i&T&}*dxé’c d
exponentially by diffusi'on. In contrast, 10 WO 03/075893 /' US03/ 06591
osnoti c rel emsblet afd thdrdiametagardrsbaheatf cevtaid mtegsimggotmnsotthe tmimgngsed tcow t hat can

cause locally hi concentrationg. of the drug and osnotic ents, at
consi der abl e®Unt é‘nf’}’léﬁr:t?otdﬁeast"%{ begome a@gq%r{ti%'@msqoglg RN (l:ﬁ%l}? CEIRERNt 1 at ed

in an ul cerat : i ki &l i infMG j - 1ike
the solid dr Eﬁmgﬁ’g?ﬁ?gfﬁr" ?@E%%?t?\dg ' %Sétlll::)tlI ael!tﬁE Ii%géﬁg%ggg%lsh?%l a fo?%ﬂeinﬁh%ﬁéem%

gast r oi nt est pffst frovaltérminal segments 10 and 11, which, themselves, can have different longitudinal

15 cross sections, e.g. have different diameters, as depicted in FIG 1. Alternatively, the cross
section of the annulus defined by inner circumferential surface 9 can be uniform throughout
its length. Although a portion of opposed surfaces 3 and 4 can be concealed by the annular
body that is not necessarily the case.

Further, the invention contemplates that the rate of release of the drug is determined

20 by the formulation and shape of the core tablet, not by diffusion of the drug through the
annular body which contributes to the versatility of the dosage form for different release
profiles.

In one embodiment, the pharmaceutical dosage form is an extended release dosage
form. Active drug material is delivered via the exposed axial surfaces of the core tablet.

25 The exposed axial surfaces retain a constant cross-section during delivery of the active
material, thus producing a zero-order release profile. For extended release applications, the
core tablet can be formulated to be of an eroding or diffusive nature.

An extended release core tablet preferably contains a hydrogel such as

hydroxypropyl methylcellulose, hydroxypropyl cellulose, ethylcellulose and the like.
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Opposed surfaces 3 and 4 of the core tablet are preferably substantially
exposed, i.e. are not substantially covered by the annul ar body.
"Substantially exposed" means that |ess than about 50% of each of the
opposed surfaces is conceal ed or hidden fromvisual inspection by the
annul ar bo®Y.03R7$8} ti on of opposed surfaces 3 and 4 can %”H%H@@QYed 10 by
t he annul ar body because of differences between the dianmeter and shape of
the core tablet and the dianeter and shape of certain pressing portions of

the tooling used to conpress the annul ar wi |l | eco apparent
from consi de 13’(‘1“6‘59’ G PrrdatigalsicprinR 2 giots WBI yo%fsPerEgaF B% €the

i nvention. SUehdiiblR1&8%88 o oEé%%'hIe h&&o%&?@d&nﬁﬁﬁ%&bﬂrﬁodﬁ%é‘ﬁe of f set
fromterm nal Segnents 10 and whi ch ensel ves, can have different

| ongi t udi nalhydﬁo@ebsgqsorsthcaatwamgreeh@t Iha\zeroobrddrextemIeddelaaseﬂesag¢ foarn depl cted
in FIG1l. Alternativel cr.oss sectiqn of t nnul by i nner
ci r cunf er ent Vhire1 theragl é ‘gﬁ“ B%C%Fﬁ“feé}v’?rﬁ‘f’ﬁ?rﬁd@’ﬁﬁuﬁ “!‘“P% ‘Eﬁ’eAl t hough a
portion of dihe body

t hat |2 not qﬁ@%ggg%%% ﬁpﬁe %ggsg&ivég%ﬁ e l?ﬂé\?gﬁatt:ﬁ%/)en cocr??aﬁe]arfpb: ates that

the rate of doed lablsewibifreimiie cdristagtl Mmltare%fmbmdl pﬁﬂhlglyntotneulbnwerglhtatl on and
shape of the core tablet, not di ffusion of the drug through the annular

body whi ch co¥ehvisae glyceldP E@i)aa”@ér% narfs|ethy] chiplos willstairytheir é‘?aﬁ? pshrigidifigr ent
rel ease prqfilag, mk 'ﬂm@i‘l%}t EMQWEtc hb&tlgﬁkﬁ ‘g%tr k\%ﬁh ?iﬁ’y\?lgc%g d&l M S an

ext ended rel ease dosage orm Active mat er i via the
exposed axi ab cempleryarsleade therirug. oA edpatiblyt prefeﬂEd ddmgpoeitipn 6 ille antiuddr bedy dfaces
retain_a constant cross-sectiqgn during delivery of the actjve material,

thus pPoducidgxindedgleasederase freda é“ﬁF‘B'P?q with ihb‘rm\é%l%&%’épqséﬁ Ul 5-25

I t
APt ustve. nak 28080 Spba 2030 Sl BARINY Bl SheB pRlyy o EEANLRE O]
hydr ogel sucTheaste ofyetsasxofatingthaterid frginahe tark tblet ofextkndedmeleageydosage fdrsos e,

ethylcellulose and the |ike. 11 WO 03/075893 PCT/ USQ3/06591 tionally,
the core tabF &ss e aboub by’ Prweightisr boyrg Brefergbly theawfe of Teipase ip &rmyebaut 3% e

conpr essi bl & SHGEQS BrduP1 2R BY wRRhESbr hBurt Aol SH RRRl dBBLE kimR R HRLELRY

modul ate th
15 the release of active material over a period of at least about 4 hours, more preferably at

least about 7 hours, and most preferably at least about 10 hours. The rate of release of
active ingredient is measured in a United States Pharmacopeia standard apparatus II
solution tester in an aqueous solution buffered at 6.8 at 37°C with a stirring rate of 50
revolutions per minute.

20 Dosage forms in accordance with this invention also are adaptable for immediate
release and have unique advantages when used for immediate release. The annular body or
sheathing layer provides protection for the immediate release core tablet while being
handled by the patient or caregiver. The core drug layer is recessed from the surface so
that any contact is with the walls of the annular body. While the core tablet may be fragile,

25 ones hands would contact only the non fragile annular body. The core tablet can be
formulated to be of a “fast dissolve” nature without the drawbacks of the current “fast
dissolve” systems. The drug can be released by dissolution into the saliva as the “fast
dissolve” form is held in the mouth for a few minutes. The outer annular body can be

formulated to dissolve too but at a slower rate so that it not be as sensitive to moisture or
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hydrogel's grip on the active ingredient. In a zero order extended rel ease
dosage form wherein the active ingredient is contained in the core tablet,
the annular body will be 5 fornulated to be yet slower dissolving than the
core tablet so that the surface area of the core tablet will remain
constant. WOXBHFEY of about 1 part high nolecul ar wei ght PCEBSGA¢RY | ene
glycol (PEG and 3-5 parts ethyl cellulose will retain their shape and
rigidity in water for the tine that it takes for npbst conventional eroding

1 0% e
or swelling '] ere%g d:) 1d] ers'wcaﬁﬁwe& &g;ﬁpnge%t ceé'm)é El?ovﬁ%ga%le fo?fbpreg raée@t ended

especially pre nposi ti on annul ar

rel ease dosagRrsdl@ion dfthereaed anGas wefekhblwamddwemtws@ PhaB QBRI 5 $uta) féke 15- 25
parts PEG 4000, about 70-80 parts ethyl cellul ose and about 5 parts

pol yvi nyl pyrwrgﬁerabmg Iess tian about @ nuhutese | Thg sate @fdlmtutmmﬁmtl&e ingtedientdm t he core

tabl et of extende e forms ess t 15% o |ght
bor hour . prBFBRERIE DRSSP 8S BT aRhat sepdd At ol dSsshopantnb i

about £2% byorvmgta-a SPREs mh&sacogesé SRLRd HEARAS R LSRG dift 87 /T @n@@lﬁ%gd for
15 the rel ease of active material over a period of at |east about 4 hours,

mor e pr ef er adls9 ra»tolutlloeamr niygetThe dosage Srmaanberfpsnulpted e petolby suitabledarst about
10 hours. The rate o ase of {i | ent asured ina United
States Phar nrﬁBlggléﬁs%lué? ?fa]a‘i%%ﬁ’t%ﬁg‘yfq aé}% %?t?%‘r?tjthg in an agueous

solution bufferedygf co@s&u@ﬂce%?@egﬁr&&h@n afrdriéd MAhE thﬁla?%o@pmaﬁ}ﬁ%ﬁlvyt ons per

m nute. 20 Dosage forns in accordance with thi's invention also are

adapt abl e f omgiediertd icat lee useirepgreaternpdopodion iy Hiegoe tdﬂatd’qmmgn tthetheyseddf or

i medi ate rel ease. ar_ body or heath a provi des protection
for tHE | ot B R e Bt G Brue i £ St VAL e Boresy R Chat | ont
or caregiver acnifé‘@rugﬂ{a%‘erflfHﬂhdlﬁﬂﬁfebyﬁroﬁﬁﬁﬁiég&aéé ﬁ%lﬂ&?miw deBERe e [hat any
contact is with the walls of the annul ar body. Wile the core tablet maybe
fragile, 25 ipmdkd. hAndmm@aﬂedelc@ncactabmpl;cdeMy cumtalﬂsraesgptrdlsmnegnm,r Oiedy. The
core tablet ca ornulated to e st di | ve, re wthout
e dr awbacKECBFSq RN knts s e ettt raRe > fim iy an o

rel eased by ,g;cg&g}sgmh{gr}emng& lbessAbineamds the "fast  di ssol ve" formis
held in the nouth for a few mnutes. The outer annul ar body can be

fornulldt ed to di sOo¢ mem@cb@ie talrasetoratablebipemulpationghal diag bren found trotonipeesas
sensitive to rﬂ)m

€ {oohng otjtge invention contains 5 parts active ingredient, 20 parts crospovidone,
74 parts MicrocelLac®, 1 part lubricant and 0.4 parts menthol.

When the core tablet is formulated for immediate release, the annular body can be
formulated differently than the annular body of an extended release formulation because it

20 does not need to remain rigid for as long a time. The annular body will generally be
formulated to dissolve more slowly than the core tablet, however. As further illustrated in
Example 3, an annular body can be made by modifying an immediate release core
formulation by reducing the proportion of superdisintegrant, and optionally substituting a
dissolving, but non-swelling excipient, like compressible sugar.

25 Immediate release dosage forms in accordance with the invention are useful for
administering active pharmaceutical ingredients that have an unpleasant taste, like
sumatriptan succinate.One method of achieving taste masking includes recessing the
surface of the core tablet within the annular body, thus avoiding contact between the tongue

and the core tablet. Immediate release dosage forms in accordance with the invention also
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tabl et spref enghti¥n Hywdlésa Righ
excipients for an imediate re
m crocryst al iablekfragdle] Ak presiously
core tablet for t.ign that .h

ReleB &

of the inventd®

REEpl

bt s

10 beBuasalagminisitationgdn alspeaiaimmydipte releaseqiosagedonms; Te aphieverreridn a

i ho gR%eproducing a

[ ial Wt [
tgn%%at{%téﬁg’]agagh RARPY r%%%?e rel ease core
Fﬂ@bﬂioﬁ‘bf 84t 8 ingfddienOWiIE in mpiyRSasds| Beke the

ease formul ation include sodi um saccharin,
diseseedn angrea chgpxt, the amywdar badntpigets fiegileease

as en found to.c res l, 4 n the tooling
Pt BHPY I 50 a0 o TpblRuH Gone,

74 parts M cifaombladedrhihistratiddadtidrlgblDPletriRl daugs fd sdblghdl SndBittd Qimint¥@Aod he

core tablet is fornulated for

i mredi ate rel ease, the annul ar body can be

fornul at ed dinfthedesagd formsod thetivesenrinyantion fre tigandding pitepglyserife isosasbide digitrate,

fornuH tion bec uge it .29 doe
time. Fhe anROiCEPILBERPIES V&
than the corgrdzafinfind JRRMENRfuil

annul ar

srmt&me%tggemﬂqri%ngora%Ionga
sy &T8CRE 98, AFEREE AP TRINE rore sl owl y
izB¥%, Vithdim 812 hid fdBé 4634, Q8d ixtueXeRbE B, an

body can be nmade by nodifying an i nmedi ate rel ease core

fornul ati on dsageldue phiizanidmeps igbenillestratof isExpomde i nt egrant, and optional |y

substituting a ,.Ssol vin b non- swel Li ng, exci pient,. like c ressible
cugar 95 | e ol e kb el B AAR ERY R BRRMS i STSIRESED Do
are useful f@blindANAdhE!BIhITE gralel NS tRAPILERCDYS InGB mihiigs. cEttRRbE théate dfave

an unpl easant taste, |ike

sumat ri pt an_ succi nat e.

One net hod of achieving

t ast e Idmski ntglaascis geeaisr thareboyt §ijo i minutes. The rate of release of active ingredient is

measured in a United States Pharmacopeia standard apparatus III dissolution unit at 37°C

or a United States Pharmacopeia standard apparatus II dissolution unit at 37°C with stirring

at 50 revolutions per minute.

The core tablet also can be a bilayer tablet with each layer containing the same or

20

different drugs and each layer releasing the drug at the same or at different rates. One of the

layers could be an immediate release layer and the other a slow release layer, or both can

be slow release layers. The inner tablet can be formulated to be a three layer tablet with the

central layer being a drug to be delivered after a delay. The two outer layers can be delay

layers or drug delivery layers with the same or different drugs and with the same or different

25 release profiles. The middle

layer can contain again the same or different drugs compared

to the outer layers and can be of a controlled release or an immediate release nature. Thus,

one can have controlled release of two drugs each at its desired release rate and a delayed

release or delayed pulse of a

third drug. The currently described invention thus gives a very
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surface of the core tablet within the annul ar body, thus avoiding contact
between the tongue and the core tablet. Imedi ate rel ease dosage forns in
accordance with the invention also 13 WO 03/075893 PCT/ US03/ 06591 are
useful for subli ngual and buccal adm nistration of drugs. It is often
desirabl e WRMBOFI5ypl i ngual |y admini stered drug be rel eBSEHSBOGY t he
dosage formas rapidly as possible. Buccal adm nistration can also be via
i mredi at e rel ease dosage fornms. To achieve rapid release, such dosage
forms can beyfuak/gh 8f iR d¥fively Apitigites RbORAFbdeA By Qbnvelifondfdds ¥R Brnlsgd edi ent .
However, a high proportron of aIc)tlve I ngredi ent W|III, In many cases, make
the tabl et iupagickeponithe perforinencslof otibdowwsddliveny synetlaer cont ext, the

annul ar body protects fragile core tablets in the dosage forns of this

i nvention, maki nd®TAFHPTRS I 25epafPeT™ith hedRiisPiiongis Cméﬁ@%@ﬁ@ﬁglto deliver
adm ni Strati Qo @hesHyiokhing i et litled R asitiahd BRYHer Al BiGEAboay.
| he dosa Ion are

adm ni stration ge forns” of the present 1 nven

tizani di ne, $ichrAghygetent enblslestbs felede: dienif tachtactiveligredios @ b sdatromydoni trat e,
vacci nes, ergotam ne and other anti-m grai ne conpounds, |orazepam and

ot her t r anquitfispeadestly by formiletion sdigstmentsiojthe pastion ofdbrydasegetfommp é etdeea taliet. A
dosage form Qf .E%I dj IS t i]. | I le 3..The.rate of
rel ease of a%taIlIl/IIel nma éIrIqu onfagx{)s%ﬁ%%g thIrléﬂglg%Fez%%g%(I&Ithﬁggg‘?g °F oK %jiym

subl i ngual d@sddgieoh,ahd@hapsofneaf BE pbitists dahdb crdnged wilktitt hdjustilg tHenut es.
Preferably the rate of 15 release is greater than about 85%in 15 m nutes.
The rate of fPEMdaiin. dior Hstapges thepgweerios sranplar meteral meay be pressedatoundthercerce s

Phar mygopei ataﬁl%ﬁﬂfiaar@tdgﬁg&aﬁrl%&yéval érhs{s%%&foﬁ'r%&‘%ﬂ LI{‘JiltcuﬁI cr {s—%gcftl%rg_}a Uni t ed

St at es Phar nacopel a appar a ssol ution uni T with

stirring atachldvé &esletitdtOsfelpe (Bullifgefron] iRkreadSulifallafh). ah S@IiGa) tHRQoR
bil ayer tablet with each |ayer containing the same or 20 different drugs
and each | ay@bletmamelayp agolestending fram ope axialfpge to thepthegingrdgr énincieasedke One of

th I J: ' I t h I
ol ease | ay ot s gyt HOTRRL B etk RS e Bl RRC o B P g™ o e

formul at ed ttardagh ahdnpésae tHeatighetdralftt@thols istuttieg ilhemntd al ExamyRr4. bei ng a drug
to be delivered after a delay. The two outer |ayers can be delay |ayers or

drug delivery | aydpEms dme corabinatiops for ush withothe fvertiongacludedevpfens/cerhidopane or

different acetaminophen/caffeine, acetaminophen/codeine, acetaminophen/antihistamines, vitamin and

mineral combinations and combinations of antibiotics. The combination of
levodopa/carbidopa is especially preferred. In Example 5, especially preferred
levodopa/carbidopa dosage forms are illustrated wherein the levodopa is dispersed in a

20 hydrogel matrix in the annular body and carbidopa is direct compressed with a direct
compression excipient mix and a superdistintegrant in the core tablet.

The rate of release of levodopa material from the core tablet of a combination
levodopa/carbidopa drug dosage forms is less than about 35% by weight per hour.
Preferably the rate of release is from about 3% per hour to about 30% by weight per hour,

25 more preferably from about 6% per hour to about 30% per hour. Levodopa/carbidopa
combination dosage forms are adapted for the release of active material over a peﬁod of at
least about 2 hours, more preferably at least about 3 hours. The rate of release of active
ingredient is measured in a United States Pharmacopeia standard apparatus II solution

tester in 0.1N HCI at 37°C with a stirring rate of 50 revolutions per minute.
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25 rel ease profiles. The m ddle | ayer can contain again the sane or
different drugs conpared to the outer layers and can be of a controlled
rel ease or an immedi ate rel ease nature. Thus, one can have controlled

rel ease of _two drugs each at its desired release rate and a del ayed

rel ease or YPAVEY pul se of a third drug. The currently BEEEFPHER!I nventi on
thus gives a very 14 WO 03/075893 PCT/ US03/ 06591 w de range of drug
delivery capabilities not addressed by conventional dosage forns and

i mproves upon th ernf n f_.other k J S forns
i gpaccor daP\ce Wi teT HQF cf%ledo({og%g%?rim%ﬁ’v l% %%u%'gﬁn?%%ng géﬂﬁﬁ%g%g%@tggg& ?O\%rr %get%v\o
drugs by | ocahilethoaef sn-i1bGatiiledSipiehits tiitbeqRbdhctdiNig a ®ve] thbleet@iaber in the
annul ar body. 5 Such an arrangenent enables the rel ease rate of each
active i ngr ewhsitutes asependogpact of thetivemigapendent | y by fornul ati on adj ustments
to the portion of the dosage form i..e. core tablet .o nnul ar .ri ng, that
cont ai ng the drud2f RLse ?“%’Si“ﬁeé P SprricHgn gftﬁﬁ%nrve’?tbodlalstfl%kﬁﬁyes(g?s SP‘E}})asqgi ckly.
I'n additi on,ofaRersianad Yciftb&iff plefiRs Hiovitl HBskes Bt Hate s&a@g&mwg@a

adjusting the formulation. For Instance, the gowder or granular materi al
may be pressmd nenofactdretlhExaoples dfpomaistaillyiamaitable rotadyprenaes angythe Maesy

Cross-secti rat her, than ir I .Cross-sectj,on t.o chi eve a _faster

ate of rel dXeEt o R R T u Sl S FAL Caplns B on.  he
core tabl eteopRYerfiaNAvaiIN Reifrobaidipndsds hRThONRNeN B aliaemphablt he ot her in
order to increase the surface and therebd\;ﬁl ncrease the reFease rate. The

rel ease r at esquinmehtandderbySéokes,datiamdnddicby Industoigyh changes to the di aneter of
rred . dru

the -hqgl e, f her. i.l | ustrat i le 4. 15 Pr.ef
e 1Bt ona or THE BRIt IR Cens (R ot T & Fol PR AR Ay

acet anm noph eerFpﬁE:L% b ShnuBF BhRAIhARRE fNAMARS (d#%ore), a core rod slidably engageable
acet am nophen/ anti I

istamnes, vitamn and mneral conbinations and
conbi nat i onswidtin thetanipilest dfdke arfihler puohiwhsteirothe ofre rod oafmple/of mobérdeanpa i s
especially preferred. In Exanple 5, especial.l referred .. .
" evodopal &a SPHAGPA Gl E BT A4 S ERE CoR UYL AR RERR PR Eatdiblpa | s
di spersed i Nex@endll fa¥RibRIThe EBMHha* pluithlaR@ p @A dbsBbRQEY siPHAGing HaBLFRAR irktS

direct conpressed with a direct conpression excipient mx and a
super dfst i nttbgdighoreiof aretaryoo rasipregalieg tablgtieachimee of rel ease of | evodopa

material fromt he['hg ?c{o‘lase% 8 Q\lre‘leltadggtedafog l?sréi%\lli 6}:to}l\gerr]rtional single station tablet presses in

which opposing upper and lower punches cooperatively compress a powder or granular

material within a die. Referring to FIG. 2, single station presses are provided with a
horizontal die table 15 having an aperture for receiving a die 16 and associated gripping

20 means for locking the die into position. Dies for such presses customarily have opposed flat
surfaces with a centrally located bore 17 having a highly polished wall surface extending
from surface to surface and a circumferential locking groove 18 for engaging the gripping
means. The bore serves as a receptacle for receiving powder or granular material to be
compressed when the lower punch is partially inserted. The rims of the bore are

25 customarily chamfered to help guide the punches into the bore. The bore’s cross section
determines the size and shape of the finished tablet in cross section. The quantity of material
and pressure of compression determine the tablet’s height. The bore can be cylindrical, but

also can be any other shape.
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| evodopa/ car bi dopa drug dosage forns is | ess than about 35% by wei ght per
hour. Preferably the rate of release is from about 3% per hour to about
30% by wei ght per hour, 25 nore preferably from about 6% per hour to about
30% per hour. Levodopal/ carbi dopa conbination dosage forns are adapted for
the rel eas®O0PY58%5 ve material over a period of at | eastCEBYH! hours,
nore preferably at |east about 3 hours. The rate of rel ease of active
ingredient is neasured in a United States Pharnmacopei a standard appar at us

Il solution tester in 0. | Ql};is'jg ' 3

revol utions per ?'nlépﬁfagpg’l%%%ﬁ%‘}%@%%ﬁu 0 %g@fgﬁﬁgﬁg% iecgglaootggge
forms W th @ofdand peesydalgiihdl theandteridl ahdep high pestuiretheieby eomymesping siwgdwdannul ar
body of non-ul cerative excipients can be produced using a novel tool set
that const iof eraaelated matesigbinipatablet hetwaen &ici EGFEIRE, 95 FONtaThe Uity e can be used
in conjunctigon.wth conventional tablet presses such as 5 rotary presses
and reci pro@g?(fhﬁﬁ presses or with presses that have been specially designed
and nmesuf acturedfrogét@éipda@ﬁramﬁfm@mraﬁdmlelcyntaaaﬁﬂfa%bslﬁﬂﬁ@a@eyannn@saes are the

Manesty Express 25, the Kilian RUD or RTS series and conparabl e equi pment.
Exanpl es of puschesrdeftiearheld thabddtamines thesizs apd aurfapecoptusseidhefinal predugianest y

F3 d | t d Stokes, Ki |.i Ki tries. 10
The' pr i nol pi e dPRrRETIE B TPty Goiout cufelf By alrlinf By FRlonfY s SR T

assenbly cQpRaiShdeGoRdu@nnul ar punch having an annulus (or bore), a core
rod slidably engageable w thin the annulus of the annular punch, wherein
the core rod is édisatimepredsionpthe nrnet pursh s ey andthelower pweh isigdvangedd an
exte%gd posi ti otﬁjaetgl% core rod being biased in the extended position. The
col umhdr pur@FeEtde BBSkh assenbly are sized and shaped to fit into 15 the
di e bore of a rotREVipsH ahEOWEY fdlids Ak ddadticed afdBsiftidiavn bhtigddpadlet®t s wel |
adapted for use with conventional single station tablet presses in which
opposi ng uppetuatgd dppeyard loperiekipmcatigsanal sl 29. copmasidy, singlspaech or

3
granular material within.a die Referring.o b B0 t
presses are pﬁ?SB‘?f‘iaﬁ%%v PP R Wil ft%RE)Or?tma'I hgite ‘% 8@]@ llb%loh“zi\}/lf: g%?%]l’?g %{%gél{ra ure for
recei ving a wikethd Bpeiaek. associ at ed gri ppi ng C

15 A toolset of this invention adapted for use in a single station press comprises a

columnar punch and a punch assembly comprising a collar, core rod and annular punch.

Referring now to FIG. 3, columnar punch 22 can be of a conventional columnar
shape and is provided with locking means, such as locking flat 23 to secure it to the upper
reciprocating ram 19 of the tablet press.

20 Columnar punch 22 includes a contact face 24. Contact face 24 can have any
desired contour, e.g. standard concave, deep concave, extra deep concave, modified ball
or flat. Preferably, the contour of contact face 24 is flat with a beveled edge.

A columnar punch for use in producing a dosage form of the present invention
having a recessed core also has a protrusion 25 centrally located on the contact face 24, as

25 illustrated. Preferably, the height of protrusion 25 is from about 0.5 mm to about 4 mm,
more preferably about 1.5 mm. The shape of the protrusion is preferably cylindrical or
tapered cylindrical but can also be oval, ellipsoid, oblong or any other shape desired. The
protrusion is preferably cylindrical and has a flat raised surface 26. Protrusion 25 preferably

has a diameter of from about 3 mm to about 7 mm, more preferably about 4.5 mm. In
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20 neans for locking the die into position. D es for such presses
customarily have opposed flat surfaces with a centrally |ocated bore 17
having a highly polished wall surface extending fromsurface to surface
and a circunferential |ocking groove 18 for engaging the g means.
The bore s¥APIE78L a receptacl e for receiving powder or 5‘9‘5‘%«%?’8?5 hateri al
to be conpressed when the |lower punch is partially inserted. The rins of
the bore are 25 custonmarily chanfered to hel p guide the punches into the
bore. The bo e .
finished tab!IS'g(tﬁSe]n{r%Jr Ogﬁlgeggs g%é@%ﬁﬁﬁ%ﬁ%%ﬁn?géﬁ?g??tgggﬂﬁwgéeﬁ)ﬂrugagsur e of
conpr essi on shetedienisnee tb the adainlistdrtd; plogugbn 25 ifhabséhor e can be cylindrical, but
al so can be any at her shape. 16 WD 03/ 075893 PCT/ US03/ 06591 |n operatlon
the bore is fill dogR Eﬁelﬁléﬂ’b’@? camprsss cllae2d; sprerop dhelifably epgrged wikkicollst o t he

bore and_ pref[ffﬁgﬁpo H}iﬁmﬁ?@sl@fa eh%age&ﬁ%‘ihéﬂrgﬁb ggessur e t her eby

conpr essi ng or granul at mat er Into a tablet between the
pressi g, or cont@ﬂtarzsurperMmihmdilmtmpmemeﬁwh5saiagﬁilhm’éadsBmﬁrdﬁﬁdilts of the
bore and the contact surfaces of the upper and | ower punches define a nold

that det er m fEdmferanceiforamepyiing tay staioeary sRpBinEPod 21 frsatel helpw gheodietsble. Aphe
pinal_produch, Geded) mb sl ind33 6 Dtk RN 0 Bt AELEE iR iRl aP gr opriate
8 our HJ[ tn

bore shape an con ace cont conpressi-on, punch is

Wi t hdr awn anghigpig; Sectivar(shosmokit Sptiathal hexagonal dfdsd @c@dn? €dr ghbﬁiné BYh @kench fokhe
upper and | ower punches are advanced and w t hdrawn by independently

act uat ed uppBPUTHRE t¢ BARMAIBP Y IBE BRINTTY- i the PIQX@HHEI’E@?’ ofthstcotr2Birglativei ngl e
punch ypress r. S lat 21 bel ow
Pho di 't ani © aLe e K8 e iR kA SRY by R O B oo

adapted for 26e in a single station press conprises a columar punch and a
punch assenbly conprising a collar, core rod and annul ar punch. Referring

now to FIG 3, cohyishipm oximal ead of the colfar.dhe diametst ofhaunnglys isrmbgtantially

greater than that of the core rod to provide a housing 34 for a biasing means such as spring

35. The coils of spring 35 encircle the core rod. Although a coil spring 35 is a preferred
15 biasing means, biasing can be accomplished by other means, such as a stack of Belleville
washers or an elastic insert.
Spring 35 or other biasing means engages retaining ring 36 mated to core rod 29.
Retaining ring 36 can be mated to the core rod by clamping engagement with a
circumferential groove 37 in the rod. The retaining ring can be a conventional C-clip which
20 engages the groove, or it can be a clamp or any other structure against which the biasing
means can exert a biasing force and which is restrained from movement relative to core rod
29 in a direction parallel to the long axis of the core rod.
As illustrated, an annular locking bolt 38 engages internal threads 39 at the distal
end of collar 32. The bore 40 through locking bolt 38 is dimensioned to receive and, in
25 conjunction with the annulus at the proximal portion of the collar, to restrain motion of core
rod 29 to axial movement. Locking bolt 38 also retains and can compress the biasing
means. Core rod 29 is biased in the direction of the die table when the collar is installed on
stationary mounting point 21 and is retained in slidable engagement with collar 28 by

retaining ring 36 and locking bolt 38. The height of rod tip 41 is adjusted by advancing or
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shape and is provided with | ocking nmeans, such as locking flat 23 to secure
it to the upper reciprocating ram19 of the tablet press. 20 Col umar
punch 22 includes a contact face 24. Contact face 24 can have any desired
contour, e.g. standard concave, deep concave, extra deep concave, nodified
bal | or fVR%B8E erably, the contour of contact face 2BCHUSHBPOEP1 with a
bevel ed edge. A columar punch for use in producing a dosage formof the
present invention having a recessed core also has a protrusion 25
centrally | t toof - : [ ly,
the. hoi gnt oftsity el BeBR0 BSlabEF petpont a1, o $THOMG e UG FAAP
preferably abeitaddd ngigemehhwitls i@petiohary iultingtpolssi on is preferably
cylindrical or tapered cylindrical but can also be oval, ellipsoid, oblong

or any other shafgerefedp? ean vannia digspeieralpsie iy langthp Acpreferpi Jiamgter ofged 6B and

has a flat rgi.sged surface 2 i i ter of
from about Sirivs a0 Tof i ehE 1 ol A EneRBLELAN 45 it by e85 0

03/ 075893 PGRidisORE 065 8dd dbiildibe aikleH ippdferably fidar dboatd @ ty abatit 12ehnk 0 USe when
non-ul cerative active pharnmaceutical ingredients are to be adm ni stered,

protrusi on ABohghogbmediof itPigngth mers prebirgbly baubPrpm. Jhs redytan fapepgaduallye rod 29
slidably en ed with.collar 8 .and_annul ar.. 0.sl eabl e
with core r gnareovedigmgter af fh elztlsp b rag%/rﬁ?fesgm&\;\n %I%HCBT%{} h icﬁéc%egg%s%@&%ggas

external thrgadger3d2. around its circunference for nmounting to stationary

mounting point 21 |ocated below the die table. As illustrated, the distal
end 32 of col | ar Tagcerekastdan be phivioHueagicenstmblica. \Hleemsianes; Bieicerg rohtip4h

gri ppipg secti h i.th.optional ,hex nal_cr cli. far,gripping
By & W anch P bedeti gl {L PR PR R B HBRARE S A i 8, P PP
end 33 of thgdaQebdidf widBintehadttirdtds 4Qhd gppehenddifehei Rl rod Wheiteivasi.ahwsl, the
annulus is dinensioned to receive and guide the core rod 29. Anmay fromthe

proxi mal endiesk cotsgrugsion|alows th gorgiredhién wrbegepladsd ifdhis damaged or Hagisereapd Himl | y
greater than_ of .the.cor.e.r to provide,a housing.34 for a.biasing
means such &% agﬁﬁr% shagg is d‘%ﬁéedc gﬂF gorg?o LR FRbe 5?\18?11%8 I:‘aéaqe ¥ OLARS 1 0d)
Al t hough a coil $RhdbNEseddly 37 RArthér@b@pried annular punch 30. Annular punch 30 is

15 provided with means for attaching to lower reciprocating ram 20, such as locking flat 43.
The bore 44 through annular punch 30 is dimensioned to receive and surround core rod 29
while permitting axial movement of annular punch 30 independent of the core rod. The bore
through annular punch 30 can vary in diameter along the length of the punch providing an
annular flange 45 for engagement with shoulder 42 on the core rod. Engagement of flange

20 45 with shoulder 42 prevents annular punch 30 and collar 28 from abutting each other
during handling and installation. Annular punch contact surface 46 presses against the
powder or granular material during compression. Contact face 46 can have any desired
contour, e.g. standard concave, deep concave, extra deep concave, modified ball or flat.
Preferably contact face 46 is flat with a beveled edge for ease of ejection of the finished

25 tablet.

The columnar punch, annular punch, core rod and collar are preferably made of
metal, more preferably steel, most preferably stainless steel.

In the final dosage form with recessed core tablet, the depth of first void 13 (FIG.
1) is determined by the height of protrusion 25 . The depth of second void 14 is determined
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15 bi asi ng neans, biasing can be acconplished by other neans, such as a
stack of Belleville washers or an elastic insert. Spring 35 or other

bi asi ng nmeans engages retaining ring 36 nated to core rod 29. Retaining
ring 36 cap_ be mated to the core rod by clanping engagenent with a
circunfer eWﬂ034075§?300ve 37 in the rod. The retaining ri ng"&’é{ﬂsoﬁ/ 6331
conventional C-clip which 20 engages the groove, or it can be a clanp or
any ot her structure against which the biasing neans can exert a biasing
force and ich ks .restrained.from no Ve 1.0..core I .29 in a
di rection \;,)\?ﬁy Elilel %l? d?pgﬁ’tsﬁgnqq%%fgtﬂ%t@fsémo%g?ﬁgE%%@g%kglgfesst@hﬁll qu"setrggf%% fmdan
annul ar | ockhdy@idkAésk oBhe@bBALRE. Thise bitaelehicantls adstalbytrb@idi stal  end of
collar 32. The bore 40 through | ocking bolt 38 is dinmensioned to receive
and, in 25 capjrimentition taenrol the denilnof sgeorgdivoidhd, prhishiinsuitallp eerpensgrate he
collar, to reﬁgﬁain nn%ﬁpg o% ore rod 29 to axial novenent. Locking bolt
38 al so ret aHsPRAPRINIELYHI IS the biasing means. Core rod 29 is biased

in thesdirectioniph sécBid Absted Bhh embbiBRetN@hePbledr bb of BSfoléd RERER3
stationary nmounting point 2%'[ and is retained in slidable engagenent with

col l ar 28 byanddef tervoregabletrage B@havith thoaiuulag fdsed ¢ aglg/ of Theeanhelaghady@f Thisd ti p
41 is adjusted by advancing or, 18 WO 03/ 075893, PCT/ USO3/ 06591 retracti ng
collar 28 ré’ﬁtﬁlf“f‘ @WOBPE‘WQBW r?ﬂ?ﬁ?ﬁ%yﬁﬁlnﬁ@i%{%p@.c SHPFPGati ng the
col lar when geiibtb@asi&sh OGRS, Wttt NRideArhB G HusH AR hAdarPRe ! -
Core rod 29 can vary in dianeter along its length. 'A preferred dianmeter of
rod tip 41 if hetolumnatputch Bas: flahrvantachizaoeit Whethenthe opposedsndicerdab lyshabiut 4. 5

nm ver, faor .5 rigidit t he re, rod shayl. t hi cker, preferably
rom Shiout. e oe byl Sepaton & A darby ErmBabyy i nesigtor e
preferably ahgtial IndMMickhdlS of B c6r@ RablRRAHictHfatidksaah Ye adjisdd vy rO@[eow di amet er
at the tip to a larger shank dianeter or it can change abruptly at a

shoul der 42.expérenatatentogickizadobage dérm with pirface4 toessed the tiésoed diftanceirelgtience,
the core rod tip 4]f 170 coul d be adapted to attach to the core rod by
provi di ng exXP &M #9eads at its lower end and a socket with internal

threads at the UPRESLERIREak BR i8RhBod 2 thObpeVdtiof o¥ B &dlset a bYW of

15 operation will now be described. The cycle of operation is embodied in a process that

constitutes a third aspect of the invention.

The cycle of operation is first illustrated on a single station press. The cycle begins
with the first action that occurs after ejection of the tablet formed in a previous cycle.
Referring now to FIG. 4a, feed shoe 47 moves laterally over the die bore while the annular

20 punch 30 is in an advanced position such that contact surface 46 is substantially flush with
the top surface of the die. In so doing, the feed shoe sweeps a finished tablet from atop the
annular punch toward a chute leading to a receptacle where the tablets are collected.
Annular punch 30 is retracted while the tip 41 of core rod 29 remains flush with the die
surface (FIG. 4b). Retraction of the annular punch causes an annular cavity to form into

25 which particles of the powder or granular material are fed from the feed shoe by gravity
and/or pressure differential. Once the cavity is filled, the feed shoe is shifted away from the
die bore.

Pre-compressed core tablet 1 is positioned atop the core rod using any

conventional apparatus for producing tablets with a compressed coating such as that of a

20



pi ece construction allows the core rod tip to be replaced if it is damaged
or if acorerodtip of a different shape is desired. The core rod tip can
have any desired di aneter or shape. Punch assenbly 27 further conprises
annul ar punch 30. Annul ar punch 30 is 15 provided with nmeans for attachlng
to |ower r¥APPEELing ram 20, such as locking flat 43. PEHESBEFR! 44

t hrough annul ar punch 30 is dinensioned to receive and surround core rod 29
whi |l e pernitting axi al movenent of annul ar punch 30 i ndependent of the core
rod. The bor unch...30 can wal ¥ |n dla ter alon

| engt h of thg11 %@ﬁyg?ﬁaﬁggng a eR&ﬁHuW%%“??hr ggﬁﬂg@%: ﬁ@d&f%h
shoul der 42 pé@ntoﬁﬁtéaq&eclmg Engagenent of flange 20 45 w th shoul der 42

prevents annul ar punch 30 and collar 28 fromabutting each other during
handl i ng and i nst(énlillanar@nnchMrlaB@anwdrbdhpmmcamcamfaacls!? F8Gdpsses agai nst

th wd t Cont act 46
have ny. des TR BUMPGTEEP BeSs LE it e SN Ry I aLRORBREAUGs 1o docp

concave, nmodifdnedretaiét 10TAS doftfmnar Fir2h 25 8k bERNTACre {28661 fhiimkh%dflﬂt@ihew th a
bevel ed edge for ease of ejection of the finished 25 tablet. The col umar

punch, annul bere pytheprotwision aga;nist andnasuiglfape ewegeporiame gloll 29. odéned  net al |

nor e preferabl st ee nost rabl stainless steel. Ip the flnal dosage
For m i - cBeLSsERS SsobiTERs P 22 GO die i CERTEPenjBY BT PRI | &

det ermi ned by{he if8iad Bhnuddr bBA Cj?&Bﬁiﬁtﬁ@cc@étabeheStﬂﬁEEQm essPRABMES 4Rbe 14 1S
determned 19 WO 03/075893 PCT/ US03/ 06591 by the fill depth, strength of

t he bi as on ¢iegedor the posdertoh grapdapmatssal wiithputypreaking liee aved tablettiecamelthet he

t hi ck f th bl t t
L oor o> o rem PP els iR e pot el U PR P gt AL AL Pl E bl
comensurate W tfho%é‘ﬁul%gﬁ 'Ehe% Iﬁdyr atdo a}Sﬁ’ﬂeQat@: :ﬁmt Protrilsién @?E&Wbqu% g form

enbodi nent, either one or of "opposed surfaces 3 and 4 of e core
tabl et are fiitkhcovetrdd intiee @ﬂmnnaapmca(tm isthisgeditowaof antelxeendfmpmbmpn boitigt tRe Thi s

alternative enb n be produce S|n a coju unch  as
previously H’éggtﬁ? g’@ PIESS ARFAY cﬁreﬁ‘ﬁ’&‘?ﬁ °Z’§’r35§t9f‘f 32”06& Tof %ﬁener ally
be flush w t{hedR0ha puh@E®ofd not necessarily be attached to a stationary mounting point on the

15 press. It would be biased with greater force than core rod 29 so that pressure exerted by
the columnar punch would push the core tablet into the bore against the resistence of the
core rod.

After the powder or granular material is compressed, the columnar punch is
withdrawn. Either concurrently or subsequently, annular punch 30 is advanced by lower

20 reciprocating ram 20 to a position such that contact face 46 is substantially flush with the
upper surface of the die to elevate the finished tablet above the die where it can be swept
from the die table in a subsequent cycle of operation (FIG. 4e). Meanwhile, the core rod is
biased back to its original position flush with the die surface.

The toolset is well adapted for use in a rotary tablet press. The cross-sectional

25 “dimension and shape of the columnar punch, and the dimensions and shape of the protrusion
(if present) are the same as in a punch adapted for use in a reciprocating tablet press. The
other dimensions of the toolset are generally dictated by the dimensions and layout of a
particular tableting press. These dimensions can be readily determined by those skilled in

the art. The cross-sectional dimensions and shape of the annular punch and of the core rod
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i f the columar punch has a flat contact face. \Whether the opposed surface
4 is flush with 10 annular face 7 wll depend on the fill depth,
conpressibility of the powder or granular material and thickness of the
core tablet, which factors can be adjusted by routine experinentation to
yield a do¥@dd# 8t with surface 4 recessed the desired 6&39%’8@59} el ative
to annular face 7. To further illustrate the invention and the operation of
the toolset, a cycle of 15 operation will now be described. The cycle of
operation is | ' : 95@5' | | £ f the
I nventi on. fﬁiﬁ%&%PgQ%@QgggggﬁﬁgﬁéFgﬂs%P§§ i |ﬁ%¥%§?E@P%%*é si ng Qigfation
press. The cdimkssiiiBdieing dionitédbyttheditrichsionsant laynuitofiaparticulr tabletidgaitesej ect i on
of the tablet formed in a previous cycle. Referring nowto FIG 4a, feed
shoe 47 nmovethesadigeasipys C@Jag? readily detesmpsd &Y fiose &illedda teath dnaddgioputheh 30 i s
I n an advan L &l . f . IS L al l.y flush
wth the tonnenaTasdtominol Rl iBcl, & o' F b BBt Al

fini shed tabdngagifig hecatiomdirbiters thandohasl thelnmbtisro@igdheaGiortie die 86kie/\@ich & a
receptacle where the tablets are collected. Annular punch 30 is retracted
whi | e the titBosesheyyn ivthepstents thef areingeraerated by Feforencs belw. die  surface (FIG
4b). Retraction I ar.cavity to forminto
25 whi ch parti cl @éa%%ﬁk egg%)cﬂ %rﬁﬁgﬁpag&g#iﬁ%?h%ﬁ% g?lgljglrg%ﬁ%sl?% *Fom the feed
shoe by gr aviréfgrabBrigheusePpiarsannalatpinck aadinciaties (2heas fohedjaamis e degrebbf | €d,
the feed shoe is shifted away fromthe die bore. Pre-conpressed core

tabl et 1 is {épiopohthg careapd adEr therbiasy igh ase prY saewy or EBHeelsviconal appar at us

for praducing ta ' r | h_gscthat .of a 20 WO
03/ 073803 PC/ us%%%%"ﬁ%glqﬂu ﬁ%%ﬁ%&%%ﬁi&%%%ﬁﬁ%f afty QUL Iolry PSRy means
fornms no pardnd@piovemeny Ritddaherétd drehtiascribb@ BIU SMPdidn@NSs05 463,807, t y.  Col ummar
punch 22 is advanced by upper reciprocating ram19 (FIG 4d). As col umar
punch 22 app?%%ﬁi‘ési?féo‘wfﬂ“é ,5,6€’$»82féﬂh§élcﬁrwmra@ete%erem by referenesiin theirs
presses 5 Upe%ﬂrﬁ?%:jﬁ?t%r?g&e?%% %ave%ng%él&ﬁgﬂblaﬂﬁ%&aég argl%de a{ éertl?c%f a?xis].J’ core

tablet 1 is pus
Mounted above and below the die table are upper and lower punch carriers that rotate

15 synchronously with the die table. The punch carriers can be generally drum shaped bodies
of about the same diameter as the die table or they can have arms that extend outward from
a lesser diameter ring. The punch carriers are provided with a plurality of vertical holes or
slots at regular intervals around their circumference or through the ends of the arms. When
the press is in operation, punches are inserted into each slot with their contact faces pointing

20 toward the die table. Each punch has a bearing means at the end opposite the contact face.
The bearing means engage stationary cams and rollers which control the vertical motion of
each punch during a cycle of operation. The cams and rollers are arranged such that in a
cycle of operation, a powder or granular material is fed info a die while the lower punch is
inserted into the die. Pressure is applied to the powder or granular material to produce a

25 compressed body. After compression, one or more of the punches is removed from the die
and the dosage form is released. Rotary presses are especially suited for high volume
production because they typically contain numerous punch and die sets operating

simultaneously.
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bore by the protrusion against the biasing force exerted on core rod 29.
Conti nued novenent of columar punch 22 into the die bore conpresses the
powder or granular material into an annular body around the core tablet.
Strong couﬁ,ressive forces can be exerted on the powder or granul ar

mat eri al W'PH3UTBYY eaki ng the core tabl et because the 10"‘61819%’3’9%581 et
travels into the bore before the powder or granular material is fully
conpressed. Those skilled in the art nay al so appreciate that protrusion

25 could be repl %@ﬂlewoﬁ)&aﬁmp& tﬁ%%fg&otfﬁﬁs iﬁ%&t‘iﬁ(ﬂ%&agﬁé&%ﬁhs&ﬂ?&ro&a?y bi ased

toward an extended positfon so that t tip of ther woul d press” agai nst

core tabl et pgredurillmgwdedpscabal. otk th&die lnbée rotates, anedf fherdidsipessesalndensefill punch
woul d not necessarily be attached to a statjonary nounting pgint on the 15

press. |t woliPeonlresiferdery Whilethe disas Rassingpndsmepih theshpeon fgeen gheagnylpn, ¢
. bv. . i h
pressure exeﬁlﬁlgxgls%md}a% @ﬁ@ﬁg&%&%&%ﬁs%mﬁgﬁg&g@ fg;xm Rlnd Nto the

bore against't resi sten core ro ter or granul ar
materi al i s gpepdie &wedThd daulandpacaiaft bpwithdrawsl of thet dneilavguncts tilled with
concurrently or subsequently, annular punch 30 is advanced by |ower 20

&

p e oy
reci procat i nepVdsReTRIatHRte ks RexhHatiQe b cqrs blet isripssried ende thedig of the core
substanti al | i 7] di . ta..1 he
FUoTened fapiba b iaieidal hihs ARL 3t bkt b%e%s\%g?)tt nfiphfeENRTRIAL |
a subsequent RUPC IThe 0bre @bt adn tarpokikibiad afp)the ddraroditiylafly nieth@d.cCOh Gurthefl i S
bi ased back to its original position flush wth the die surface. The
t ool set is viefationdhpdie gomesrto thecompregsiomtation whets the cqlyranay punchavith, or
cross-gecti o 5. di i Shap 0 [ s
di msnsli%ons aﬂ@osllﬁa%%rgﬁﬁ?%gﬂ%‘%gg Tus) oﬁm@q#ﬁ%rﬁeséeog glgtr]g%?%ejbeg g’ggo‘;ége?i n a
punch adapt est dralad Sfiterial. ahe ErcPofthaddluigna pimdhiretpicBthe coldr®dd agdifist the bias
di nensi ons of the toolset are generally dictated by the di mensi ons and
| ayout of a anddhe paifiener Sramilas matrgialis erapresspb g 4 appRiaT dee aamdike Gosndi | v

determ ned b i j ] i [ Lons and
Chape of 1 noaibb i SheShdet Btul foadsh Bpdebess KRR GRAGH B0B: pAIROR LT
PCT/ US03/ 06584 otieretdReisiafiiedds a comdinptiticdt tRciaptbedudtnds thiSfrehgth af the bias,

reci procating tablet press, again with other djnensions being dictated by
t he dilfensi otie il dgrthahetrmprsetabilibrgftheqomder ot ghnular mgtepalagd the thickness of the

core tablet. After the powder is compressed, the die rotates further to where the columnar
punch is withdrawn from the die. Either concurrently or subsequently, the annular punch is
raised until it reaches the die face. The core rod rises concurrently to the die face due to the
bias. The tablet is swept out of the die by an ejection element and is collected.

20 While reference has been made to “upper’” and “lower” elements'in the description
of the toolset and process for m_aking solid dosage form according to the invention, the
spacial relationships of the elements are determined by the design and construction of the
press in which they are used. Use of the terms “upper’ and “lower” is not intended to limit
the invention to a vertical arrangement of the elements.

25 Having thus described the present invention with reference to certain preferred

embodiments, the invention will now be further illustrated by the following example.
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These di nensions can be readily determ ned by those skilled in the art. In
addition, the punches include conventional bearing surfaces at the end
distal to their contact surfaces for 5 engaging the cans and rollers that
control their notion along the axis of the die bore, such as those shown
in the pat ¥#%°H¥%t are incorporated by reference bel ow. PFHUSROSRhul ar
punch for use in a rotary machine, the core rod biasing neans preferably
is housed in the annular punch and includes a nmeans for adjusting the
degree of extension of the core rogeaNfQs t he bias, such as a set screw
or simlar device. 10 Conventional Totary tablet presses are well known in
the art. Sone rotary presses and ig@rov?npnts related thereto are
described in U S. Patents Nos. 5,46242%P°" 5 234,646, 5,256,046 and

5, 635, 223, which are incor ted herein b referenﬁg
Rotary presses have a #RAHC §LEACMINOSQAIU ACOOIONAL 1208WNnd a vertical axis.
Mount ed above and below the die table are upper and | ower punch carriers
that rotate 15 syhisfxemplaswypmafizos ashdy desisned s determing tha aterind g¥tentdfs can be
generally drum sha bodi es f ut_th me_di.amet.er. the .die table
orthey Lan NRRCARERREPEE syl BRRMml S on SRR BN ORRLE BT T g, The
punch carri gfhfmaceutRalioksbedort éfhth@prddert bértign Plprotédtdd tasik"iol es or  slots at
regular intervals around their circunference or through the ends of the
arnms. Wien the press is in operation, punches are inserted into each sl ot
with their contact faces pointing 20 toward the die table. Each punch has a

beari ng neaqaa@%mggﬁuﬁgﬂogpposite the contact face. The bearing neans

engage stationa rollers which control the vertical notion of

each punch d“ri”%n%(S&ﬁhﬁag&mﬁﬂﬁ&%%gﬁﬂm“lhe cans and rollers are arranged
such that in a cycFe of operatiton, a powder or granular material is fed

appli 3810 the paMBEFCEF 51 RAG Ardanad FeEE (HVA AL EmaaER 8 coa boay.

After conpregsid a6 SREetBRELO P whit @raMREASHANH 29 JWARMAE TisRFhok ﬁi/@) and
the dosage formis released. Rotary presses are especially suited for” high

vol ume  pr ocuatulater fyetmins elhelgenulaiepiasalried it &irennbore i Suidized bedatigerdi e
sets operati g il Mk APk scin PPhOFAASEIR: BTV ORA 29 hpovicone

NF (BASF Pharma ) for five minutes. One gram magnesium stearate NF/EP (Mallinkrodt

in their entirety.

(A B 1Eh

15 Inc.) was added and the granulate was further blended for an additional 0.5 minutes. The
blend was compressed using a Manesty F3 single punch tablet machine fitted with a 5 mm
flat beveled punch. The tablet weight was 94.9 mg + 1.0% RSD. The hardness of the
core tablets was 3 — 6 kP.

Protected Tablets: A mixture of 94 grams compressible sucrose (Nu-Tab™, DMV
20 International ) and 5 grams microcrystalline cellulose (Avicel™ pH102, FMC International)
were blended for five minutes. One gram magnesium stearate (NF/EP, Mallinkrodt Inc.)

was added and the mixture was blended for another half a minute.

A Manesty f3 single punch tableting machine was fitted with a spring-biased
columnar punch and punch assembly constructed in accordance with the present invention.
25 The core rod was designed for a 5 mm round core tablet and the die and punches for the

outer tablet were designed to produce a round, 9 mm diameter, flat beveled solid
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A cycle of operation using the toolset of this invention adapted for use in
arotary press wll now be described. As the die table rotates, one of the
di es passes under a fill shoe or force feeder. While the die is passing
underneath the shoe or feeder, the annular punch is w thdrawn by the cam
The core r¥8 %P8r8ths in an extended position, up to the BCUPYWEPsl e face.
The annul ar space left by withdrawal of the annular punch is filled with
powder or granulate. At the next station, a core tablet is inserted onto

the tip of the foLe: i ch .those (used in
"press coat "&mcﬁ%eﬁécgf?%ﬁ%yﬁoﬁ% fju E |I£§J}%Il56g& iﬁem%gsr?%“ﬁ?b e?erggr‘lmﬂémd

posi tioned al.Bbmni heglttoMae tablit Pritssavis oferhie@dnd 8 pfotéciddasblets Fbiprddiced he di e
conmes to the conpression station where the col unmmar punch with, or 10

wi t hout, it sThsrieRlptyeqight viep ¢ ébma onprio R SEhandgbe hasdneshef thoprotettabiablets nt o t he

bed of powd r ar rial. . The force of the col unnar. punch
retracts thg&%sol(r%e— %@?;fghgi a}fesr;;?It OS %tee?r&ygrsape cé)lr%%n§ ﬁ’g’rﬁsﬁed;aéta?%‘ﬂm&céﬁ’lﬁll"éﬁs mat eri al
i S conpressess.s M0: ABSARBI 92450 Hen @6 @iy dite BOME eqilidiiRto 70 gt he dosage
form product, one recess is defined by the height of the protruSion and

t he ot her red®uronicacyBfined by a combi nation of the factors such as the
strength of the bias, 15 the fill depth, the conpactability of the.powder
or granul ar mat erlihaldrgrntafreng inner itabdst svasfectdsed framtie sushdeatf theAihelar Bdde
powder is \(,:\ﬁ)rgpaﬁ)essed, the die rotates further to where the columar punch
i s withdrawt? PPYhPHe die. Either concurrently or subsequently, the

annul ar punch is raised until it reaches the die face. The core rod rises
concurrentl)&éwﬁbmm&ﬂ@te due to the bias. The tablet is swept out of
the die by an ejection elenment and is collected. 20 Wile reference has
been ffide to " uppeslnieghtrial inyolsing teelueEd) burhan wolwmteteowasicpnduoted tof t he

t ool set and proces or, makin olid do e formaccording to. the

i nvention, t 7018 paaec! % pharay %({kglgﬁ%sholf&?gl&s&g%e tﬁ%ﬁgﬁ’? Breé"r“ég‘d@{bé’PﬁPWé‘&mHy t he
desi gn and cronsj sldrowite. Afs phienacslifstss whs S¥Mpafbdld Bt SFaColBRibial BGaP! T he
terms "upper” and "lower"” is not intended to limt the inventionto a

vertical ar rEosgjant tablefof theeriet ash@darek, SEEpe&Pabgnedhus descri bed the present
invention with reference to certain preferred enbodinents, the invention
will now be furtBethad | ustrated by the follow ng exanple. 23 WD 03/075893
PCT/ US03/ 06591

15 The study was a randomized, open-label, 2-treatment, 2 period, 2 sequence

crossover design under fasting conditions. Twelve (12) healthy adult male volunteers, 18-

55 years of age were the subjects in the study.

The study was divided into first and second study periods, each of 36 hours
duration, with a 14 day “wash-out” period between the study periods. All subjects who
20 completed both study periods were included in the analysis. Subjects were randomly
assigned to two groups. One group was administered alendronate via the protected tablet
in the first period and administered control Fosalan in the second period. The order of

administration to the second group was reversed.

In both periods, alendronate was administered in the fasted state. A standardized
25 meal was provided 4 hours after administration. Snacks were provided on a standardized

schedule that was the same for all subjects in both study periods. Water was provided ad
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EXAMPLES Exanple 1 | nmmedi ate Rel ease Monosodi um Al endronate Tabl ets This
exanpl e sunmari zes a study designed to determne the rate and extent of 5
absorption of alendronate sodiumin hunman subjects upon adm nistration of a
solid pharnmaceutical dosage form of the present invention ("protected
tablet"). WR%PT4¥% and Methods Protected tablets were nBd&U${8/%¢81| ows. 10
Tabl et Core: 85.4 g of alendronate trihydrate (TEVA Assia Ltd.) and 2.6 ¢
of xylitol (Danisco Sweeteners OY) were granulated with 20 g water in a
Di osna (modefpifl) §) adddtid) Mo wdrEncdudbdl to AR SNERI AR Hred b rﬁ%lﬁl .. 40C
for one hour in a fluidized bed dryer and mlled through a 0.8 screen.
The gr anul atistemvals dotiegichet simdy peridll. g cr ospovi done NF (BASF Pharnma) for five
m nut es. One gram magnesi um stearate NF/ EP (Ml linkrodt 15 Inc.) was added
and the granul at ghédatailabiliey oftlleidettate WaE deternatkdi By redagiring the dinfuliios. The
bl end was conpressed using a Manesty F3 si ngl e punch tablet nmachine fitted
with a 5 nmlevalsaf alsadronatg epaiptedin tre Brinegyeie 34kqug Reriofell®ying onayingestioneRRSD.
The hardness,of th or, bl et s, was 3 .z kKP. .Protected Tgblets: A
m xt uré of of° IgeFtaarr%g c%rg);crrﬁl)?agisessl Frga%eﬁczri@s‘é (%tﬁmft é%?rl\ﬁ 6)[%96 Saé]ﬁpa}? WERPESt i onal )
and 5 grans ifinddRedy Htor himhestaedd. Wkahis Gole R bt 10 guiNGchéduE paintonal )
were bl ended for five mnutes. One gram nmagnesi um stearate (NF/ EP,
Mal | i nkr odt ipfgige)oventhe 3abels destiprtiodh &llirine saneplesaerp kuatited for elendmnathresinghal f a
m nute. A Manest v Jﬁyﬁb%ﬁ{easgaunch tabl eting machine was fitted with a
spring- bi ased of urmar punc Yand punch assenbly constructed in accordance
with the present invention. 25 The core rod was designed for a 5 nun round
core tablet and the die and punches for the outer tablet were designed to
produce a round, 9 mmdi aneter, flat beveled solid 24 WO 03/075893
PCTI U303/ 06591 pR&esceuti cal dosage form The upper punch had a protrusion
of dianeter 4.5 nmm and

The main pharmacokinetic parameters obtained from the analyses of urine samples

are collected in Table 1.

Table 1: Pharmacokinetic Parameters

Administration via Protected Tablet Administration via Fosalan (control)

15 Parameter Mean +SD CV (%) Mean +8D CV (%)
Aegy (18) 113.6 77.2 67.9 102.6 36.8 36.8
Ryax (ng/h) 37.9 19.9 51.5 31.7 11.8 383
Tax (0 1.4 0.9 1.4 0.9 —
20 A comparison of the pharmacokinetic parameters of the dosage form in accordance

with this invention with the pharmacokinetic parameters of the prior art dosage form is

provided in Table 2.

Table 2. Comparison of Pharmacokinetics of the Protected Tablet to Prior Art

Aey.ys (Mg) R (mg/h)
25 Geometric Mean of Ratio 0.99 1.12
90% Geometric C. I. 75.31% to 128.79% 93.98% to 135.01%
Intra-subject C.V. 37.48% 24.85%
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1.2 mm height. The tablet press was operated and the protected tablets were
produced. The tablet weight was 474 ng 0.62% RSD and t he hardness of the
protected tablets was 12 - 15 kP. The al endronate trihydrate content,
expressed as alendronic acid was 5 66.8 ng 1.38% RSD (82.4 al endr onat e
tri hydr at eWOHPNEFEui val ent to 70 mg al endronic acid). ‘fﬂmggﬂﬁs?bont ai ni ng
i nner tablet was recessed fromthe surface of the annular body by about 1
nm Phar macoki netic Study 10 A clinical trial involving twelve (12) human
vol unteers was COBQ&B%&@&ett&Talﬂ&niﬂaﬂﬁtzf lEr1Ghs, RBesRe et Aetdito!f a solid
dosage formof the  present invention containing 70 ng alendronate. Its
phar macoki netdromistasi de thearkediddseget fhat ofthe presemprimpentioalgived essentialp @lsamd™ t

tablet of the prior . art (Merck, Sharpe & Dohpe).. Method 15 The study was
a randoni zedP? ‘_fP-kF%?BéFe,(SPlE’_-aLSF fion ‘éaggﬁa%d,l"hz t%’féﬂweebof thq Do
design under fasth it &‘i’lﬂﬁvéﬂ ﬁ%msﬁ‘@ésé{ﬁiaﬁ%%)e s&?@go} Bé(th%g%fenﬁ%ﬁ ! unteers,

18- 55 years of age were the subjects In e study. The study was divi ded
into fixst andxBanoruessif extyetipapaak] tos@ghinafphatnacckineic sthdy af plasina levdldofa 14
day "wash-out" period between the study periods. Al subjects who 20

conpl et ed botiﬂlggf-lﬁ‘bliﬂoi?eri ods were included in the analysis. Subjects were
randomy assigned to two groups. One group was adm ni stered al endronate via

the protected tableqprofilg of pecretiopdnto yeng wep ipdardenlisubieets aefl inbathrizsetnatsal an
in the secon er i.od. r.der. of. .admd.nistration t. e cond group was
oversed. 1 n BeHgLy cERE R hef lnei HRAR L b OB (X BERE ordlally

state. A st anganélirg exbr fid® ofBakubj@ss, the Ry, declrrkd Raiesthal 1 Bsuraged ni stration.
Snacks were provided on a standardi zed schedule that was the sane for all

subj ect® in bémpisiatienwhartheydeok Kesalap. Feus opthe saliects egeriensed aR Q3indes tos

ngla-!s :J Sg 86 0 %5 %Peé{g‘fq{gﬁ Wé%’ tc%,o(% é%dlg:otteci:tgg' tablseH bd-)x?eccgﬁhe\’\sl,%gj%ctg ﬂg alljnr 12,93,‘6191 tltueothlq'crl ink at

hour when he took Fosalan while two of the subjects had a R, in the third hour when they

took the protected tablet.

The total amount of excreted alendronate ranged frdm 36.9 pg to 158.6 pg when
15 Fosalan was administered and from 30.1pg to 284.4 pg when the solid oral dosage form of
the present invention was administered. In only two subjects was there a greater than two
fold difference between the total amount of excreted alendronate between the two
treatments. Another subject excreted a very low amount of alendronate regardless of how

the alendronate was administered.

20 The bioavailability of alendronate administered via the novel solid dosage form of
the present invention is equivalent to that of alendronate administered by dosage forms of
the prior art. However, the dosage form of the prior art does not provide any protection
against contact of the alendronate with the mucous membranes of the esophageous and
stomach while the bioequivalent novel dosage form of the present invention affords such

25 protection.
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intervals during each study period. The bioavailability of al endronate was
determ ned by neasuring the cunulative |evels of alendronate excreted in
the urine over a 36 hour period followi ng oral ingestion of 5 the test and
control tablets (hereafter "Ae0-36"). An initial (t = 0) urine sanple was
taken i melP4dP8TY%%fter administration. Urine sanpl es wePeVV3RAHILt 11
regul arly schedul ed points in tine over the 36 hour test period. Al urine
sanpl es were anal yzed for al endronate using a validated HPLC-FLR assay. 10

Resul ts The Isrr%i ;egegg%rﬁr @oki netic paraneters obtained fromthe anal yses of
uri ne sanpl ted in Table 1. Table 1: Pharmacoki netic

Par amet ers Adm nistration via Protec Tabl et m pistration via Fosal an
(control) 15 Parifeuden Wéﬁweﬁ%lwbgg/oapﬁ?éﬁﬁs lﬁﬁg?ﬁo Of gt &*ﬁg%?&@'éb@)lt 113. 6
77.2 67.9 10Q: : : : 38.3 T.
(b) 1.4 0. 9%9%%%&§%d&56§5\°1§8%gn oer?%egta%%’ lghgga#gc%hgnlg#‘gépar anmeters
of the dosagitemined by HRE.Camdanamn caliumh using sefiantiverihdexnietectidn. Theeresults of the
phanmacoki net.i ¢ P_ar aneters_of the prior art dosage formis provided in
Tabl e 2. Tapfisobtiongggenorted i Tdleshar macoki netics of the Protected Tablet to
Prior Art Aea36 (nmg) R,,,,, (nmg/h) 25 Geonetric Mean of Ratio 0.99 1.12
90% Geonetric C. |I. 75.31 %to 128.79% 93.98% to 135.01 % Intra-subject

C. V. 37.48% 24.85% 26 WD 03/ 075893 PCTI USO3/ 06591 By reference to Tables 1
and 2, and FIG 5, one can see that dlatedronate adm nistered via the solid
dosage form of the present invention gives essentially the sane

Time (m) Cumulative Percent

Release
5 48
10 10 70
15 85
30 98

The outer mantle took more than one hour to dissolve.

15 The tablets were tested in a human pharmacokinetic study and shown to be

bioequivalent to commercially available alendronate (70 mg).

Example 2

Extended Release (Zero Order Release) Ogbugg_u’g Tablets

20 The annular coated tablet is uniquely fit for extended controlled release, particularly
when one needs to approximate zero order release over an extended period of time. The
drug is delivered through the exposed axial faces of the delivery system. These faces retain a
constant cross-section during drug delivery, thereby aiding in the achieving of a constant rate

of drug release.

25
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phar macoki netic results as admni stration via Fosalan. The total anount of
the al endronate excreted into urine over 36 hours is essentially the sane
for both treatments with the 5 maxi mumrates of excretion (parallel to Cmax
in a pharmacokinetic study of plasma |evels of drug) also close. The
profile of W&&¥tn into urine was simlar for all subjBeEVESWENE T n both
treatnents. The nmajority of the subjects had their maxi numrate of
excretion (Rm) betmeen one and two hours. For five of the subjects, the
RmeX occurreq eardier than 1 hour after 10 adm nistration when they took
Fosal an. Four " of jects experienced a RmaX in |l ess than an hour when
they took the pro e ,of, x in the

t d.t | et
third hour when 5 g@%ﬁﬁ&ﬁn\}ﬁﬁ“’éﬂ’ta\'fbﬁw@éﬁst@ SE&’B}@&‘B%ZW& 2 Rhax | n
the third hORBtoWBﬁnoﬂe%Y ahARKr (TR bg?;{ngfaﬁSﬁ ?cﬁluttoﬁbé%tw/wv-[ﬁgrﬁk%r ﬁ'osg?lan

excreted al endronate ranged frém 3 g to 158.6
adni ni st er ed(®netITIdin 23 Gol),gvas@dd@avith sgm\mtm St)(mpnsmitll thoosugh ndxiaggas f or m of

t he present inven n was. admnjstered. In only two subjects was there a
great e than? @WS& S S N de B‘?\pc{tﬁ@ng{lﬁ?él“4<§rr6éjﬁ:tW‘8¥gaé>?EﬁpE’tnéd

al endronate RehVWaRDr bl ﬁd\ﬁmuftése%éfg‘ahﬁate%}a@{nﬁlgéd it F@rﬁ&&% R LERng Very
| ow anount of al endronate regardl esS of how e al endronate was

adm ni st er edmadineiismghiscaernsizadfilll#3 ymof al endronate adm ni stered via the
novel solid dosage formof the present invention is equivalent to that of

al endr onat e adm ritwtorytadyniy grdasiatg 7 OF)Eaohixed Mith BydoxypRégyimdtepealose, t he
dosage formof the prior art does not provide any protection against

contact of t@&EMEMethersht'diaM.H 9@%@%@@%88%%@@%&&%5%% hageous and

st omagh whi | Qs the pre ention
af f or ? suchﬁag%glﬁ)@osgec?él \c{)? %géi %Xg)gh;’g ggr%%ﬁ Hg{%/cu'"uﬁise Ib% | ease
Profile D ssal uMaﬁmwwasln@mqmmﬂeﬁbllenn&hlﬂSBsmgﬁmﬂuﬂaelvélbd ﬁ&rﬁﬁ&'tb'btoﬁﬁceum t

(Hanson B-3) unit _at 37C. The al endronate content of sanples taken at 5,
10, 15 and 3@bisisiirigbingaheut 110 mg and having a hardness of 4 Kp.

B. Non Dissolving Outer Mantle on Cylindrical Surfaces

15 Polyethylene glycol (PEG 4000) was milled and passed through a 500 um screen.
The milled PEG 4000 (24 g), was mixed with polyvinylpyrrolidone (Povidone™, PVP K-
30, 5 g), and ethylcellulose (Ethocel™ 7 cps, 71 g), for 3 minutes. Magnesium stearate (1
£), was added and the blend mixed for another 0.5 minutes. The inner cores, produced
above, were pressed within the outer mantle using this blend and a 9 mm outer cylinder

20 spring loaded core rod tooling previously described. The core rod diameter was 4.5 mm.
The upper punch had a protrusion of 5 mm diameter tapering to 4.5 mm at its upper surface
with a height of 1.2 mm. The final product, an annular ring coated tablet with recessed
exposed axial faces, had an outer diameter of 9 mm, a total weight of 350 mg and contained

15 mg oxybutynin (Formulation A).

25
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determ ned by HPLC on an anion columm using refractive index detection. The
results of the 5 dissolution are reported in Table 3. Table 3 Tine (n)
Cunul ative Percent Release 5 48 10 10 70 15 85 30 98 The outer mantle
took nore than one hour to dissolve. 15 The tablets were tested in a human
phar macoki Wo€™ udy and shown to be bioequival ent to RoHH¥PEFA! |y

avai l abl e al endronate (70 ng). Exanple 2 Extended Rel ease (Zero Order

Rel ease) Oxvbutynin Tablets 20 The annul ar coated tablet is uniquely fit

for extendedc.contﬁrg% Refl.ds@se, particularly when one needs to
0 0

appr oxi mate zer ver an extended period of tinme. The drug is

del i vered t hrough.t he exposed .axi al ce he .del i ver ste These
faces retain a Erdﬁgwﬁésreé’é%tﬁ%%@%y%% urﬁ?;ﬁ‘g&?ﬁi}ge%ﬁ?)ﬁ@ﬁxw@ Eﬁ’f}s ai di ng
in the achi egitedinGh FSICARELABY d'is@&lﬁtioxptfest_ékdéﬁlér%b 8898 phodPhatchuffe: ?13/425?@893
PCT/ US03/ 06591 A. Inner tablet Oxybutynin (50 g), was m xed with anhydrous

| act ose (50 @B77 6, 3 Pem dhetoxgbutyRat eingenTof thersampdas vepradaidrained by TinHPLC

granul ation solutio % wi.w hydr oxypr opyl ce luba??e Klucel TM LF, 21 m),
Sneadded wibARE 1R et ot e RRROREH LR R SR SeREh oveq
The granul at g Wasnghd £id.ig) the one pot granulator at 45-50C with gas
stripping for a tinme of about 20 m nutes. The granulate was mlled in a

Quadro Com 1TM m | ling Table 4
Time (h) Cumulative Percent
Release
1 1.7
10 2 4.9
4 20.0
6 41.8
8 58.3
10 75.1
15 14 _ 79.0
16 79.1
18 79.5

D. Control of the Release by Changes in the Inner Tablet Formulation

20 The above procedure for the preparation of the inner tablet was repeated, using 30
g of Methocel™ K 15M and 41.4 g of Nu-Tab™, thus raising the content of the gel forming
HPMC and lowering the content of the dissolving sucrose (Formulation B). The results of

the dissolution experiment are reported in Table 5, below, and depicted in FIG. 7.
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machi ne using a screen size of 1143 m The oxybutynin granulate (27.6 Qg),
was m xed with hydroxypropyl net hyl cel | ul ose, (HPMC, Methocel TM K15M 19
g), and conpressible sucrose (Nu-TabTM 52.4 g). 10 Magnesium stearate, 1
g, was added with m xing. The bl end was conpressed into tablets on a
Manesty f 3“8 HY¥unch tabl et machine using 6 mmflat bBGEP¥F'BThches to
produce tablets weighing about 110 ng and havi ng a hardness of 4 Kp. B.
Non Dissolving Quter Mantle on Cylindrical Surfaces 15 Pol yet hyl ene gl ycol
(PEG 4000) was milled and passed throygh.3 500 mscreen. The nilled PEG
4000 (24 g), was m xed with pol yvinyl pyrrolidone (Povidonet, PVP K- 30, 5
g), and ethylcellul ose (Ethocerfvr7——eps—Ft—g)—Fe+—3 m nutes. Magnesi um
stearate (1 g), was added andimhéh)bl erfbtinmiatize Péroentanot her 0.5 minutes. The
i nner cores, produced above, were pressedReieidasi N the outer mantl e using
this blend and a 9 nm out er “cytinder 20 spring roaded core rod tooling
previously described. The core rbd dianeter Os 4.5 nm The upper punch
had a protrusion of 5 nmdianeter tapering to 4.5 mmat its upper surface
with a height of 1.2 mm The final product, 3%h annul ar ri ng coated tabl et
with recessed exposed axial facgs, had an ?ij%er di ameter of 9 mm a total
wei ght of 350 ng and cont ai ned 5 ng oxybutynin (Fornulation A). 25 29 WD
03/ 075893 PCT/ US03/06591 C. Drug Rel ease Ppofile The drug rel ease profile
of oxybutynin fromthe delivery systemof Exanple 1 was tested in an USP
apparatus Il dissolution tester &sing 900 n#7.6f phosphate buffer pH = 6.8
at 37 C, 50 rpm The oxybutynin content of the sanples were determ ned by
an HPLC 5 nethod with UV detectil8n. The resdf#s are reported in Table 4,
bel ow, and presented graphi call¥ in FIG 6 g’abl e 4 Time (h) Curul ative
Per cent ! 8.

10 14 76.2
16 79.8
18 82.0

A significant slowing of drug release in the first ten hours was observed.

15
E. Control of Release by Changes in the Formulation of the Quter Mantle
The procedure for the preparation of Formulation B was repeated, with the outer
mantle containing 14 g of PEG 4000 and 81 g of Ethocel™ (Formulation C). The results of
the dissolution experiment are shown in Table 6, below, and depicted graphically in FIG. 8.
20
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Release 1 1.7 10 2 4.9 4 20.0 6 41.8 8 58.3 10 75.1 15 14 79.0 16
79.1 18 79.5 D. Control of the Rel ease by Changes in the Inner Tabl et
Forrmul ati on 20 The above procedure for the preparation of the inner tablet
was repeated, using 30 g of Methocel TM K15M and 41.4 g of Nu-TabTM thus
rai si ng th}é’od’a’r‘lfsé?f’t of the gel forming HPMC and | oweri nBCVH¥3CEH ent of

t he di ssol ving sucrose (Forrmulation B). The results of the dissolution
experinment are reported in Table 5, below, and depicted in FIG 7. 30 WO
03/ 075893 PCT/ US03/ 06591 Table 5 Tine %h% Cunul ative Percent Release 1
0.8 23.45411.8 6 29.1 8 47.5 I %8 12 68.8 10 14 76.2

Time (h) Cumulative Percent
Release
1 0.6
2 1.2
5 4 7.6
6 20.5
8 30.5
10 ' 39.6
12 46.1
10 14 51.5
16 55.5
18 : 58.0

Again, significant changes in the rate of drug release were observed, demonstrating
15 that changes in the formulation of the inner core tablet or the outer annular body can

determine the rate of release of active drug material.

Example 3

Fast Dissolving Tizanidine Tablets for Sublinggél delivery

20 Sublingual tablets were formed into an inner core of a fast disintegrating formulation

containing tizanidine (2 mg) and an outer annular ring of protective excipients.
A. Inner Tablet

The inner cores were made by mixing tizanidine hydrochloride (4.5 parts) and
crospovidone (20 parts), for 2 minutes. Sodium saccharin (0.5 parts), Microcellac100™
25 (73.6 parts), and menthol (0.4 parts) were added and the mixing continued for 3 more
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16 79.8 18 82.0 A significant slowing of drug release in the first ten
hours was observed. 15 E. Control of Release by Changes in the Formnul ation
of the Quter Mantle The procedure for the preparation of Fornulation B was
repeated, with the outer mantle containing 14 g of PEG 4000 and 81 g of

Et hocel TM YRIPHB%t i on Q The results of the dissol uti oRCEXE Nt are
shown in Table 6, below, and depicted graphically in FIG 8. 20 31 WO

03/ 075893 PCT/ US03/ 06591 Table 6 Tinme (h) Cumul ative Percent Release 1
0.6 21.25 6 : : 55.5
T3 58.0 Agai B ST oM Brenrsichatls By Wy glicl and S yhe tthebfiadtr 2paty
observed, dentxusd. rEieinnigturél®wad dvatprasidrogadManesty i tablet piebsfitied fvithfa fividenrh fMlaer
core tablet or the outer annular body can determ ne the rate of rel ease of
active drug beyeled pynch. El}hgmeés formed were of 5 mm diameter, weighed 45 mg each, were

about 2 mm thick and had a hardness of 1 —3.5 Kp.

B. Dissolving Outer Mantle

The outer annular ring was made by mixing Nu-Tab™ (48.5 parts),
MicrocelLac100T (a 25:75 mixture of microcrystalline cellulose and lactose commercially
available for direct compression, 45 parts), sodium saccharin (0.5 parts) and of

10 crospovidone (5 parts) for 5 minutes. Magnesium stearate (1 part) was added and the
mixing continued for a half a minute. The mixture was compressed on a Manesty f3 tablet
press fitted with the spring loaded core rod tooling as previously described. The entire

tablet weight was 290 mg, the outer diameter was 9 mm, the tablet height about 4.5 mm and
the hardness 5 — 9 Kp.

15

C. Drug Release Profile

The tablets were tested for total disintegration of the inner tablet in 3 ml water within
4 minutes and at least 85% dissolution of the tizanidine in 450 m! water at 37°C and 50 rpm
in a USP apparatus II dissolution system in 15 minutes. The outer mantle dissolves after

20 about 15 minutes.

Example 4

Release of Two Drugs at Different Rates

The annular body and core tablet can be formulated to contain different drugs and
25 to release the drugs with totally different release profiles. The rates of release can be

controlled by the formulation of the core tablet and annular ring and by their geometries. In
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Fast Dissol vingLTi zani di ne Tabl ets for Sublingual delivery 20 Subli ngual
tablets were formed into an inner core of a fast disintegrating formulation
containing tizanidine (2 ng) and an outer annular ring of protective
excipients. A Inner Tablet The inner cores were nade by m xing tizanidine
hydr ochl or MO8 parts) and crospovidone (20 parts), PEFUSRRLt es.

Sodi um saccharin (0.5 parts), Mcrocel Lac100TM 25 (73.6 parts), and

ment hol (0.4 parts) were added and the m xing continued for 3 nore 32 WO
03/ 075893 P ' . [ 1 part s .added
and t ho i xi 5 BonT Taeq R £ MRl ShERE Bloe i AR B C e
on a Manest ycdnBollahlelehsepf &s8ddpatffodtithehidula bbdyehitasidgain oviiemattasgunch. The
tablets formed were of 5 mmdianeter, weighed 45 each, were about 2 mMm
thick and hath¥lepEpgipawrd gthera cylindriqahtabist g3 an mmes eYa) tabipt-Olitednnauigeres, dothh e

Vi cr ocel Lac 100 MR P B85 rc ool o Aoty k8PY Kikidfeat s8R b 6L 1 act ose

cormergi ally available for direct conpression, 45 parts), sodium saccharin
(0.5 parts) and of 10 crospovidone (5 parts) for 5 m nutes. Magnesium
stearate (1 part) was added and the mxing continued for a half a mnute.
The m xture S ¥ d on a Manesty f3 tablet press fitted wth the
spring | oaded core rod tooling as previously described. The entire tablet
wei ght was 290 ngarkiferadle®s) wasarsedwitivars sgverh(S0Q hm screbh)ewliteb (49t irebout 4. 5
nm and the I - edBC.yDru | ease Profile The tablets were
tested for t%@gﬁf@?@ %‘E‘ué%trgraﬁg B @fs NG %rqg‘reast pFapulptpn solyion the migiurg, i
m nutes and whs gr@agdedo)s it 1 50®pnoindtiienet inasell & 590 M 16r90s Minuat er at
37C and 50 rpm in_a USP apparatus Il dissolution systemin 15 m nutes. The
out er 1fant | eThg Fawilajewasgir ¢fed at room temperature overnight and then milled, while still wet,

4

through a 1.6 mm screen. The milled granulate was dried in a fluidized bed for 30 minutes
at 40°C and then milled through a 0.8 mm screen. This granulate, 56.3 g, was mixed with
crospovidone (10 g) and MicrocelLac100™ (32.7 g) for three minutes. Magnesium
stearate (1 g) was added to the blend which was further mixed for 0.5 minutes. The blend
15 was compressed in a Manesty f3 single punch tableting machine using three different core

rod punches to make hollow cylinders of the following dimensions:
Formulation D: cylindrical outer diameter 7.5 mm inner diameter 2.5 mm
Formulation E: cylindrical outer diameter 7.0 mm inner diameter 4.6 mm
Formulation F: oval outer diameters 12 x 6 mm, inner diameter 3 mm.

20 Each tablet contained 54 mg carbidopa.

B. Drug Containing, Non Dissolving, Oval Quter Mantle

Levodopa (150 g) was mixed with xylitol (75 g) and hydroxypropylcellulose
(Klucel™ LF, 25 g) at 500 rpm for 5 minutes. Ethanol (50 ml) was added slowly and the
25 granulate was formed at 500 rpm over 1.5 minutes. The granulate was air dried overnight at

room temperature and milled through a 0.8 mm screen.
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20 about 15 m nutes. Exanple 4 Rel ease of Two Drugs at Different Rates The
annul ar body and core tablet can be fornulated to contain different drugs
and 25 to release the drugs with totally different rel ease profiles. The
rates of release can be controlled by the formulation of the core tabl et
and annul aVOPAP3%hd by their geometries. In 33 WO 03/ 0758YYSBE4PUs03/ 06591
this case,we have formul ated a carbi dopa i medi ate rel ease profile in the
core tablet with controlled rel ease of |evodopa fromthe annul ar body

whil e using an ovgle 1&@%}?‘4 ﬁﬁu&é@u wlsaﬁxeamql@m&ngm@e@ﬁeewwﬂ;g ggir i cal
tabl et or an inner oval 5% | et he Tnner cores, both i ndrical” and
oval , were tMﬂ@eﬂmﬁosh@DTWWﬁtrmmarec;fmpwdhrc(taﬂllulmsé @ctqseﬁmdhecmf them 5 A

I nner Tabl ets Car bj do a 160 was m xed mnth i eved creen)
ol ol (40 R, T4 GO Bk et g senim pate (5 et BRI ES ™ ne
granul ati on §6leltdQothd\®s5 Hintkddr € was granul ated for 5 minutes at 500 rpm
and further nasseJ at 800 rpmfor 1.5 mnutes. 10 The granulate was air

dried gt room tenge é)r@é\%u%ly%&ﬁe@',ﬁ& gﬁ{é{% %}Fﬁ%ﬂoﬂ 5% add ¥ byGre Tt Hesse i bed

through a 1.6 nun 'screen e was’dried In a

for 30 m nut @sovabéhapéliGnaiilé cbReA tieid ﬂa@ldl subfaces @kingalovdl §Hab&CspERSIoadddl ore
granul ate, 56.3 g, was mxed with crospovidone (10 g) and M crocel Lacl OOTM

(32.7 g) forrodipred asiprryiasly dmgh@is withdémengions &7-6 1 8)mmersitheadaigrmeleortwedbl end

whi ch was fur t e in a
Manesty f3 S|H] @%"?ﬁr?‘aﬁ?e? F\E; H“ﬁ%aé)rgt}ls—'fsnnoqgr eeélémfe%e gr}?“g? gd rod
punches to nmheath@hblgm mlsxﬂﬂermmﬁalmeghf@ﬂdaawaagt\dasmosnma eadhQdoltalmatlii on
D: cylindrical outer dianeter 7.5 mminner dianeter 2.5 mm Fornmnul ation E:
cyli nd®i cal Pmgoblewefper 7.0 nminner diameter 4.6 nm Fornul ati on F:
oval outer dianeters 12 x 6 mm inner dianeter 3 nun. 20 Each tabl et

contai ned 54 ng car bi dopa.

C. Drug Release Profile

Dissolution was carried out in 0.1N HCI (900 ml) at.37°C in a USP Apparatus I
dissolution tester at 50 rpm and the levodopa and carbidopa concentrations of each sample

15 were determined by HPLC. The results of the dissolution experiments are provided in

Tables 7, 8 and 9 and depicted in FIGs. 9, 10, and 11.
Table 7

Dissolution Results for Formulation D

Cumulative Percent Release

20 Time (h) Levodopa (%) Carbidopa(%)
0.5 21 71
1 33 87
2 50 105
3 62
25 4 70
6 81
8 94
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B. Drug Containing, Non Dissolving, Oval Quter Mantle Levodopa (150 g) was
mxed wth xylitol (75 g) and hydroxypropyl cel lul ose (KlucelTM LF, 25 g)
at 500 rpmfor 5 mnutes. Ethanol (50 m) was added slowy and the 25
granul ate was formed at 500 rpmover 1.5 mnutes. The granul ate was air
dried over WO room tenperature and nilled through aP®UVBSH¥¥treen. 34
WO 03/ 075893 PCT/ US03/ 06591 The | evodopa granul ate (44.4 g) was mxed with
et hyl cel | ul ose (Ethocel TM 7 cps, 30 g) and Cell actose 8OTM (25:75 mi xture
of powdered cellul ose: |actose for difmrggég conpression, 24.6 g) for three
m nut es. Magnesium stearate (1 g) was added and the blend m xed for

another 0.5 mnutes. 5 The %i?s\éhfﬁUﬁkX%itg’fog‘Pgnﬁ Ft%né abl ets, Fornul ations D,
shaped nan

E and F were conpressed in an ova e core on their radial
surfaces using an oval slmped-smﬁ—ng—iwfeﬂ%—cmﬁe—hed—pﬁnch as previously
described, with dinensions. 17,6 x 8- 8 MAMYG i HGhRAMEr nal core rod of 5 mm
di ameter and an upper pu_niE!ﬂl_G\ﬁl}h aL?)\fO@lPI?_aL(%)nn garbrlopaiai anet er tapering to
4.5 mhat its height of 1.8 mm The t¥Htal weight 162 each tablet was 750 ng
and each contained 10 200 ng of |evodgpa. C. Drug Rel ease Profile

Di ssolution was carried outyin O0.IN H@3 (900 m) at 37C in a USP Apparatus
Il dissolution tester at 5Q rpm and t.}%e | evodopa and car bi dopa
concentrations of each sanple 15 were determ ned by HPLC. The results of

t he di ssol ution experinments™are provi f2d in Tables 7, 8 and 9 and depi ct ed
in FIA) 9, 10, and 11. Table 7 DissdMution Results for Formulation D
Cunul ative Percent Rel ease 80 Tine (hjolevodopa (% Carbidopa(%9 0.5 21 71
1 33 87

Table 9

Dissolution Results for Formulation F

15 Cumulative Percent Release
Time (h) Levodopa (%) Carbidopa(%)
0.5 26 72

1 40 95

2 61 103
20 3 72

4 88

6 93

8 99
25 Thus, two drugs with totally different release profiles can be delivered with

independent control of the rate of release of each drug. It should be noted that this control
can be achieved by shaping and sizing the core tablet, e.g. by providing it with hole of

predetermined size or shape, without necessitating a change in formulation.
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2 50 105 362 25470 6 81 8 94 35 WD 03/075893 PCTI US03/ 06591 Table 8
Di ssolution Results for Fornmulation E Cunul ative Percent Release Tine (h)
Levodopa (% Carbidopa(% 5 0.5 27 102 1 43 263 3 76 485106 94 8
101 Table 9 Dissolution Results for Fornmulation F 15 Cunul ati ve Percent
Rel ease TMM3FP**Levodopa (% Carbidopa(% 0.5 26 72 1PGHUYS06531 61 103
20 3 72 4 88 6 93

Example 5

Annular Coated Tablet for Taste Masking

A, Inner Tablets

5 Sumatriptan succinate (70 parts), is granulated in water (20 parts) with
microcrystalline cellulose (Avicel™ PH 101, 80 parts). The granulate is dried in a fluidized
bed drier for 30 minutes at 40 —50°C and subsequently milled through a 0.8 mm screen.

The granulate (75 parts) is mixed with anhydrous lactose (9 parts), microcrystalline cellulose
(Avicel™ PH101, 10 parts) and croscarmellose sodium (AC-DI-SOL™, 5 parts) for 3

10 minutes. Magnesium stearate (1 g) is added and the blend mixed for another 0.5 minutes.
Tablets are pressed on a Manesty f3 single punch tableting machine using a 6 mm flat
beveled punch. The tablet weight is 100 mg and contains the equivalent of 25 mg

sumatriptan.

15 B. Dissolving Outer Mantle

A mixture of compressible sucrose (Nu-Tab™, 94 g), microcrystalline cellulose
(Avicel™PH102, 5 g), and of menthol (1 g) are blended for five minutes. Magnesium
gn

stearate (1 g) is added and the mixture is blended for another half minute.

Tablets are formed using the inner cores described in Example 4, above, and a 9
20 mm outer cylinder spring loaded core rod tool previously described. The tablets obtained
are cylindrical tablets of 9 mm outer diameter with the axial faces uncoated and recessed

from the surface. The tablet weigh a total of 475 mg.

25
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8 99 25 Thus, two drugs with totally different release profiles can be
delivered with 1independent control of the rate of rel ease of each drug. It
shoul d be noted that this control can be achieved by shapi ng and si zing
the core tablet, e.g. by providing it with hole of predeterm ned size or
shape, wi t WO f8%essitating a change in formul ation. 36PSHPYIPFIE893

PCT/ US03/ 06591 Exanple 5 Annul ar Coated Tablet for Taste Masking A. Inner
Tablets 5 Sumatri ptan succinate (70 parts), is granulated in water (20
parts) with cm crogeWelaabd proflecel | ul ose (Avicel TM PH 101, 80 parts). The
granulate is dried in a fluidized bed drier for 30 mnutes at 40 -50C and
subsequently m | S) is

i xod wi th anhydr ae o Aeagie e Rl 112 L3P SR iRl

(Avi cel TM PHe6rr, in POO pd mtatey at37d Cand SOapme Thembletsath expedtéoBrovi{daldig 5 part s)
for 3 10 m nutes. Magnesium stearate (1 g) is added and the blend m xed for
anot her 0.5 FRthdSreater fppdPs% in @ mipwessed on a Manesty 3 single punch

tabl eti ng nmachine using a 6 nmflat beveled punch. The tablet weight is
100 ngdand contains the equivalent of 25 ng sumatriptan. 15 B. Dissol ving
Quter Mantle A m xture of conpressible sucrose (Nu-TabTM 94 g),

m crocrystal | i ne Bslingthuosdescribyd iheehveibil §2h rdfergrce tacudtanf prefemédiol (1 g) are
bl ended for five.m nutes. Magnesium stearate (1 g) is added and the
mxture is b?%‘??d‘é‘ﬂe%u”ﬁ’ﬁh?}? ¥4 YilkResppaent-fio bisdesgriptionstofaese skillerying he
nner cor es @esiks PR ik {RATBH erthins AR Rren@itind e ol Gheifihd ndler
spring | oaded core rod tool previously descri bed. Qﬁln)e tabl ets obtarned are
cylindrical ¢abpbirsody, viththe snopeanddipaitef the inviehtiort beingandiedted Bcas claingoat ed
and rel%essedwhizﬁgorﬂogvhe surface. The tablet weigh a total of 475 ng. 25
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37 WD 03/075893 PCT/ US03/06591 C. Drug Rel ease Profile The rel ease profile
of the tablets is neasured in a USP Apparatus Il D ssolution tester in 900
m water at 37 C and 50 rpm The tablets are expected to provide a drug

rel ease of greater than 80%in 30 mnutes. 5 Having thus described the

i nventi on WPtH'F&%%rence to certain preferred enbodi nent&T/UYPAESPH1

enbodi nents will be apparent fromthis description to those skilled in the
art to which the invention pertains. It is intended that the specification
i s considerqgamwpuenpl ary only, with the scope and spirit of the invention
bei ng indicated by the clainms 10 which follow. 38 WO 03/075893

PCT/ USO3/ 06581l ;< Mpihat is clained is: 1. A pharmaceutical dosage form
for oral admnistration to a patient conprising a core tablet containing
an active ingredient sheathed in a annul ar body of conpressed powder or
granular material, that releases the active ingredient fromthe core tablet
at arate in the range of from 3% per hour. to.12% per hqur over, a period of
seven hour - or ﬁdﬁ@g“?e“q‘ﬁg&ﬁﬁ%f’r fo opal admigisEalion 1 gpatich CMBSHE R SRFfer ei n
the active phar Mageltsfghing RIGEA; dien§sh%%@&ﬁleada&lam&d2%fwn%&s,&pn_s' sting
of oxybutynin, alendronate, carbidopa, |evodopa, tizani dine, 'sumatri ptan
and phar maceut i cabWwierac geptlabinatesd) that releases the hotove esgrédiant frof. the3coreliablet

phar maceutical dosage form of clai m erein_the active pharmaceuti cal
i ngredient is oxghRtdinthe rﬁ‘.‘geﬂ%goﬁ"r%(fg H’\é\f’g’é’ﬂ’f todg °QF6§%‘§€VProarR?F8‘i 0f§e%5m 1
wherein the coreptgbbplofeurt her contains

2. The pharmaceutical dosage form of claim 1 wherein the active pharmaceutical
ingredient is selected from the group consisting of oxybutynin, alendronate,
carbidopa, levodopa, tizanidine, sumatriptan and pharmaceutically acceptable salts

and solvates thereof.

3. The pharmaceutical dosage form of claim 2 wherein the active pharmaceutical
ingredient is oxybutynin.
4, The pharmaceutical dosage form of claim 1 wherein the core tablet further contains

hydroxypropylmethylcellulose and compressible sugar.

5. The pharmaceutical dosage form of claim 1 wherein the annular body contains a

solid polyethylene glycol, polyvinylpyrrolidone and ethyl cellulose.

6. The pharmaceutical dosage form of claim 5 wherein the polyethylene glycol is

polyethylene glycol 4000.

7. The pharmaceutical dosage form of claim 1 wherein the rate of release of
oxybutynin from the core tablet is measured in a United States Pharmacopeia
standard apparatus II solution tester in an aqueous solution buffered at 6.8 at 37°C

with a stirring rate of 50 revolutions per minute.
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hydr oxypr opyl net hyl cel | ul ose and conpressi bl e sugar. 5. The pharnaceuti cal
dosage formof claim1 wherein the annular body contains a solid

pol yet hyl ene gl ycol, polyvinylpyrrolidone and ethyl cellul ose. 6. The
pharnaceutlcal dosage formof claim5 wherein the polyethyl ene glycol is
pol yet hyl eW€ %§98% “4000. 7. The pharnmaceutical dosage foyHIYRO %? im1
wherein the rate of release of oxybutynin fromthe core tablet is neasured
in a United States Pharmacopeia standard apparatus Il solution tester in

AL S0 S SO A 0

pharmaceuti cal ddsagie tae mbtet aicd raterin thewlaeze of frorh 1386 pet howeto il 2P peeheAt 1S

rel eased fromthe core tablet at a rate in the range of from 3% per hour
to 12% per hour GV&r perigdef igyheJis PIgROBour s or nore. 9. A pharmaceuti cal
dosage formfor oral admnistration to a patient conprising a core tablet
contai ni ng & actA pharhzegutend] dasegesthom farerh! rdmigistratiomtb apatentigongfrisigrmoes sed
powder or granul ar material, t ases abput 90%.or re of the active
P oor edi ant “f r om SSTBbREN D ap etk Aee R BBaO0E snrenm St of com i age
formof claim9 wgagior gltahﬂmrlﬁat@ngftﬁﬁt%@ﬁ&eabba JBASURGE of he@cti¥i t€d  States
Phar macopei a standard -apparatus |11 dissolution unit at 37C. 11. The dosage
form of claim9 wemediinh fromdheaesrs tablet wighie dbah B0 mgnuwtesnosodi um  al endr onat e.
12. The dosage formof claim1ll wherein about 85% of the nonosodi um

al endronat e 1i0s Tt dasagaifonh bfitlaina® ehtreihThaatelf esleasd 3. mebh@edimpOg@ai um

al endr onat e dosa%e fornlof claim1l wherein the core tablet further

contains xylitol Phprgesersarbdard paparatielll fissoWEem w 2l13drer onat e dosage

formof claiml1l mhereln t he annul ar bod contai ns conpressible sucrose
and m crocr yidt al [Thpdosags fogn @€ elaim 9 wherein the active ingredient is monosodium

alendronate.

12. The dosage form of claim 11 wherein about 85% of the monosodium alendronate is

released within about 15 minutes.

13.  The monosodium alendronate dosage form of claim 11 wherein the core tablet

further contains xylitol and crospovidone.

14.  The monosodium alendronate dosage form of claim 11 wherein the annular body

contains compressible sucrose and microcrystalline cellulose.

15. A pharmaceutical dosage form for oral administration to a patient comprising a core
tablet containing an active ingredient sheathed in an annular body of compressed

powder or granular material, that is suitable for sublingual delivery.

16.  The pharmaceutical dosage form of claim 15 wherein about 90% or more of the

active ingredient is released from the core tablet within about 15 minutes.

17.  The dosage form of claim 16 wherein the active ingredient is tizanidine and wherein
about 85% or more of the tizanidine from the core tablet is released within about 15

minutes.
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15. A pharmaceutical dosage formfor oral adm nistration to a patient
conprising a core tablet containing an active ingredient sheathed in an
annul ar body of conpressed powder or granular naterial, that is suitable
for sublingual delivery. 16. The pharnmaceutical dosage form of claim 15
wher ei n abg'lﬁ’t“@(ﬁ%’or nmore of the active ingredient is rBfEEEEEFPt om t he
core tablet within about 15 mnutes. 17. The dosage formof claim 16
wherein the active ingredient is tizanidine and wherein about 85% or nore

of the tizanjdi nenf.rom.k 8hind j b iatrhlﬁ]?eg% :

m nutes. 40 0 /hﬁ'}%%glgggf%? %2%5?%5911 ﬁl@ﬂ@ﬁ?ﬁ?%&n@ I ne osrg%’gsfor m of
cl ai m 17 wher ei n didspovidsie, odiuhedacdharind) aicroaystallins cetlipsemd maite]. sodi um
saccharine, mcrocrystalline cellulose and nenthol. 19. The tizanidi ne

dosage form gf cl@ieMizdnidinb 8ss8kd Yok 6f R PRhd6id YheCRRNIA Bidy cHtginOCr ySt al | i ne
cel l ul ose, sodium saccharin and crospovi done. 20. The dosage formof claim

16 wherein the r anigroofysialiine egdluldse, sndismyspenhiatimangd depspoddoneSt at es Phar macopei a
standard apparatus Il dissolution systemat 37C with stirring at 50

revol uti ons Jer rihaubeage Zkm oAclalial 6wbernein thatataksfselgre isandasired inar Ghited

adm nistration to a patient conprising a core tablet containi n}(i; an active

i ngredi ent sheat héyes Phagpacapgy standapiappagus Eissplutientystemahd &rC with shiging| ar

material, that is,syidafkibus Rf milgsol ution of the active ingredient wthin
. t miHuRe:
the oral cavity w tgﬁli‘ ngg%outpfs mnutes or |less. 22. The dosage form of

claim?21l wherein the rate,.of .rel ease .i.s red..in a United States
Phar mcoper 2ot aBietilci o B RRE ArTaARES Ao od b Somp Rl S0e |
at 50 revol uti ongafercontaititigln adre idgrbdéd ehkated indeRaMEEEYdy T ERireREd | Ng the

rate of release of coactive ingredients in a single dosage form conprising
fornul ati ng one a@ewderorigrgplagmalerial; fat ip suitabledon digsplation¢f theacliys ingeedient

conprising a core_tabl.et she the‘ﬂ%ﬂi" 0 essed annul ar body of
phar maceut i cal ext ﬁtoéﬁgﬁlgty%tr E}%é)?tl ér:f&{@%ss,&%ﬁsd active ingredient in the
22.  The dosage form of claim 21 wherein the rate of release is measured in a United

States Pharmacopeia standard apparatus II dissolution system at 37°C with stirring

at 50 revolutions per minute.

23. A method of independently controlling the rate of release of coactive ingredients in a
single dosage form comprising formulating one active ingredient in the core tablet of
a dosage comprising a core tablet sheathed in a compressed annular body of
pharmaceutical excipients and formulating a second active ingredient in the

compressed annular body.

24. A pharmaceutical dosage form for co-administration of two active pharmaceutical
ingredients to a patient comprising a core tablet containing a first active
pharmaceutical ingredient sheathed in a annular body of compressed powder or

granular material and containing a second active pharmaceutical ingredient.

25.  The pharmaceutical dosage form of claim 24 wherein the first active pharmaceutical

ingredient is carbidopa and the second active pharmaceutical ingredient is levodopa.
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conpressed annul ar body. 24. A pharmaceutical dosage formfor
co-admnistration of two active pharmaceutical ingredients to a patient
conprising a core tablet containing a first active pharnaceutica

i ngredi ent _sheathed in a annul ar body of conpressed powder or ranul ar
material alt® COM& ning a second active pharmaceutical i RGFEMPERY! 25. The
phar maceuti cal dosage formof claim24 wherein the first active
pharmaceutical ingredient is carbidopa and the second active

phar maceut i c2. i rijregdiaemiceitival doead @ of ofkdm\08 13 rAdR&A3vJAbT AHR 06591  26.

The pharnmaceutical dosage formof claim?25 that rel eases |'evodopa fromthe
annul ar body at A"PReEbqdy af pEate igfhparange of figm WémprdrouhtoBO% wer BOMogera hour

over a period of k46 r re. 27. The pharmaceutical dosage form
of claim 26 that I}eepeagtg%%?lggrggélﬁgpéfromthe annul ar body at a rate in the

range of fr 6%.per ., hour to 30% per hqur .oyer a _period of three hours or
nore. 28. Tﬁ?'phalﬁ‘r?é’é‘%‘?}ﬁc%‘ﬁﬁca‘adg%g@fﬁ’o&ﬁia&? 26 thet releages\ipvedenarfranhtheper i od of
three hours or nRAGDRAYAEa falQAHRELVER FORG2 rs after contacting
the dosage formwith thg wat er , th%ﬂ%eri o@%bépﬁél%g?tgggg"enﬁr VAN ti al

more rapid rel eapsriof ofthrephdaparm@®. The pharmaceutical dosage form of
claim25 wherein carbidopa is conpletely released wthin about three hours

after the ddage Thepharmanéwicalsiovgt &m o3 Qlaind D6 wRBRITEAS faHol 6RnrEla5aEE, f OF M Of
claim29 wherein the carbidopa is conpletely release wthin about one hour
after the dosage ™MVF RPBfLR PGz e andtwo hues afleneantasting the dbsagofomgevithor m of

claim 26 where t oL i ured . in 0.1 HCO at 37Cin a
United States Phgl?e n%%%lgteh? eligdpar %6%0%9{%3?%5%19&1F?fﬁ rapt’%%lleé‘?e ficHHI9EP2- 1 1 i ng
at 50 revol ujyi on L nut.e. 32, The r eutical dosage formof claim
24 wherein the cgﬂrh gs%%ﬁa%#&lip 419p%Es EE’EBr?? E %”%Wy?r@fl&ﬁ{blct??wﬁempmﬁhe,

m crocrystal | i ne réledsbdivinmia 8o thaiRstneshe d3hHge RIAIBRGEYILER! dosage form

of claim 24 wherein the annul ar body further
30.  The pharmaceutical dosage form of claim 29 wherein the carbidopa is completely

release within about one hour after the dosage form contacts water.

31. The pharmaceutical dosage form of claim 26 where the rate of release is measured
in 0.1 N HCI at 37°C in a United States Pharmacopeia Apparatus I dissolution

tester with stirring at 50 revolutions per minute.

32.  The pharmaceutical dosage form of claim 24 wherein the core tablet further contains

xylitol, crospovidone, microcrystalline cellulose and lactose.

33. The pharmaceutical dosage form of claim 24 wherein the annular body further

contains ethylcellulose, powdered cellulose and lactose.

34. A pharmaceutical dosage form for oral administration to a patient comprising a core
tablet containing an active ingredient sheathed in an annular body of compressed

powder or granular material, that is suitable for taste masking the active ingredient.
35.  The dosage form of claim 34, wherein the active ingredient is sumatriptan succinate.

36.  The dosage form of claim 35 wherein the core tablet that releases about 80%

sumatriptan succinate from the core tablet in about thirty minutes or less.
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contains ethylcellul ose, powdered cellul ose and | actose. 34. A

phar maceuti cal dosage formfor oral admnistration to a patient conprising
a core tablet containing an active ingredient sheathed in an annul ar body
of conpressed owder or granular material, that is suitable for taste
maski ng t hYCL7E i ngredient. 35. The dosage form of cl 8BS HPHARherein the
active ingredient is sumatriptan succinate. 36. The dosage form of claim
35 wherein the core tablet that rel eases about 80% sunatriptan succinate
fromthe core tablet | ohfdishii Y adH oDblaihEFSwhetain WO R/ 1EIES93

PCT/ US03/ 06591 ?3?g%ﬂ%£gﬁﬁ§¥%¥%?§ﬁﬁ§ﬁ§%?ﬂ§$§ solid dosage formof claim35
wherein the cor guilabt&itaind mickdveystatlimetcallulssenfizctoseoany stastdrinpllose sadium.os e,

| act ose and croscarnel |l ose sodium 38. The sumatriptan succinate solid
dosage formgf chaisihApih SiRinatelsbBd assagd fofm belyim BHwhatin shesmmulaswdy

m crocrystalline cellul ose and nmenthol. 39. The sumatriptan succinate solid
dosage form of aonfeims 8%reseamicrassystallingselirese andmentBglpyt i pt an succi nate when

t he dosage formis held in the nouth. 43 ] :
39.  The sumatriptan succinate solid dosage form of claim 35 that masks the taste of

sumatriptan succinate when the dosage form is held in the mouth.
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