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BACKGROUND OF THE INVENTION

Gastrointestinal side effects are a common and serious problem with many drugs.
These side effects may manifest themselves in nausea or diarrhea or with injury to the
gastrointestinal mucosa. Many drugs have been shown to cause damage to the mucosal
20 lining of the esophagus (esophagitis) or the stomach (gastritis). Among the drugs known to
cause such damage are non-steroidal anti-inflammatory drugs (“NSAIDs”). See A.A. al-
Quorain et. al., “Non Steroidal Anti-inflammatory Drug Induced Gastropathy”, J. Int. Med.
Res. 1993, 21(2), 89 - 97; P. M. Goggins et. al., “Prevalence of Heliobacter Pylori
_ Infection and its Effect on Symptoms and non—Steroidal Anti-inflammatory Drug Induced
25 Gastro-intestinal Damage in Patients with Rheumatoid Arthritis” Gut, 1993, 34(12), 1677
— 80; M. Frezza et. al., “The Histopathology of Non- Steroidal Anti-inflammatory Drug
Induced Gastroduodenal Damage: Correlation with Heliobacter Pylori, Ulcers and
Haemorrhagic Events” J. Clin. Pathol. 2001, 54(7), 521-5 and references therein. Other
drugs known to cause such damage are bisphosphonates. See K. O. Larsen,
30 “Oesophagusskader Relatert till Bisphosphonater” Tidsskr. Nor. Laegeforen 2000,
120(20), 2397-9; D. Y. Graham, H. M. Malaty, “Alendronate and Naproxeﬁ Are Synergic
for Development of Gastric Ulcers” Arch. Inter. Med. 2001 , 161(1), 107-110; F. L. Lanza

et. al., “Endoscopic Comparison of Esophageal and Gastroduodenal Effects of Risedronate

1



30 "CQCesophagusskader Relatert till Bisphosphonater” Tidsskr. Nor.
Laegeforen 2000, 120(20), 2397-9; D. Y. Gaham H M WMl aty, "Al endronate
and Napr owersdsH3Synergi c for Devel opnent of Gastric U cecy/usée/sdest | nter.
Med. 2001 , 161(1), 107-110; F. L. Lanza et. al., "Endoscopic Conparison
of Esophageal and Gastroduodenal Effects of Ri sedronate 1 W) 03/057136
PCT/ US02/ 36081 and Al endronate i n Postnenopausal Wnen" Gastroenterol ogy,

2000, 119(3).,.,631-8, . I ngi t] ' t [ i t t hat
Sony 1 hed Al in S SenBh R ORB R CER APololy, B0, 11 BGRIGS. (12
C. Bauer giereAre somdRARNAtIGIRSH IR Mb&Girk fidk arhbRE the BadpRbyphofited, ialeddhate

Al endronate: the Fracture Intervention Trial" Arch. Intern. Med. 2000,
160(4), 5dbdsta@Sauseogsvation. SheDgfeBausust. ¢it” Upparkaasirpiégsindlrlsagt dafetnt es

t hat al endr onat har es thi feature w.th_ the other bisph . See
PRI AN T = DR R

Al endr an ag 7.95S @fchvilved e lirktt Yvedint bP e WRESRurdIRaIch RS HaBlehdidhate Thaed this
Aliment. armacol . Ther.” 2000, 14(11), 1451-7; D. Y. G aham H M Ml aty,
" Al endr on&aturGadthrthe oteckisghiosphomatest SedPh &t Marshall €Thads; “a Rgodomizdi 4), 515-9;
S. C 10 Abrahamet. al., "Al endronate-associ.ated Esqgphageal . .

| nj ury: paCiesireledTasldo Airss éé‘fﬂrééona‘?é%sts?ﬁ‘%tg‘y .og%s[ﬁ&??r@@%@flwf%ah) ,
1152-7; S » B ot ) t Rdpc Sast 1 ol and
ol aye. Ut QB bt Pitgc. Ther, MRPIUQR5195 LT F 5 Grifanl 1L Mgty

G aham " Extgdfong&sGistric UlceBl stliier:. Rhantadat. fthenil®B9 Al @Y rsdadt; 8. Ther apy” Am
J Gastroenterol., 1998, 93(8), 1395-6; R E. Colina ?t . al " A New

Pr obabi0e Abezhamsetng.» 1B lendrpnateorssecizphRepphpsaal Reyryinaflogie anbiEndosepic om 3
Gastroenterql . ,1997, _ SEh: t,es L

gastriti sﬁgﬁgge a{?@gdp%églf'%%%%? ?Qg)’al 1§g}rg/f g?ﬁ gfrht?g%?sal'ho‘?gﬂa \%\I/gﬂgn%f)%r ent.
Some dr uggagiR Huly A BaAYsYURESEAlR g i RbAEMEYLifeaSti. A998 L6 (L L 17291, Wf t er
they have dissol'veéd in the stomach. However, in the case of NSAIDs,

bi sphosphGiattags” Eaerss faastyic dilears Ade Agspciatedewich AdendianateeThegemcelm.d. i npl i cat e

"D ug | nabegoeiphaiis, S oisar T kRt ACah« ARk e el T onan

Managgreng, AQPCeratidd: Nlendrdrfe 248 J FGastoerdBidLN9®Y, 8d(4), 704-6.
"Pill agﬁd&é&%ﬁ?&ﬁﬁ% |et S %gused %?/ Ora<li Ri farrpaisn'(')eAnn. Phar rg'o)cot her .

1999, 33(1), Théréhsdn thit esdphdgitieorgmbiritis'aRi dausddsyphgepting ¢ cedai@idryg is not _
Egi:)[]ggm glgx?alyé a&pga?egrit. §r(ng)di-ugzs %?e- S?l’,lfgCSI’Cntﬁ" er%i{f]g B)%f’i t’he}[l) 'canSc':aug;cre gﬁgrgggr%ﬁerpl H

they have dissolved in the stomach. However, in the case of NSAIDs, bisphosphonates

and many other drugs, there is much evidence to implicate the solid form of the drug in

20 causing the ulceration. See D. Jasperson, “Drug Induced Esophageal
Disorders:pathnogenesis, Incidence, Prevention and Management” Drug Saf. 2000, 22(3),
237-249; S. J. Smith et al., “Pill-induced Esophagitis Caused by Oral Rifampin” 4nn.
Pharmocother. 1999, 33(1), 27-31; J. W. Kikendall, “Pill Esophagitis” J. Clin.
Gastroenterol. 1999, 28(4), 298-305; A. Minchoa, D. S. Greenbaum, “Pill Esophagitis

25 Caused by Non-steroidal Antiinflammatoy Drugs” Am. J. Gasterenterol., 1991, 86(8),
1086-9. Such esophagitis is called pill induced esophagitis or pill esophagitis and when
causing damage to the stomach lining can be called contact gastritis. These forms of
mucosal damage can be mitigated by preventing the physical contact of the drug containing
solid dose formulation with the surface of the mucosa.

30 Pill esophagitis and contact gastritis can be reduced by limiting physical contact

between the pill containing the drug and the mucosal lining. Solutions suggested in the
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and release the drug slowly through an orifice or through the film coat by diffusion or

through micropores. These suggestions can be fulfilled by using an osmotic pump device

20  to deliver the drug or a permeable film coat such as Eudragit NE or Eudragit RL or RS.
The osmotic pump idea is not a promising solution to the problem of contact esophagitis
and gastritis. While the drug leaves the osmotic pump in solution in most cases, the
osmotic agents themselves are ulcerative in high concentrations. The stream of drug plus
osmotic agent leaving the orifice causes ulceration, especially if the device has lodged

25 against the mucous membrane See V. Simko et. al., “Increased Risk in Esophageal
Obstruction with Slow Release Medications” J. Assoc. Acad. Minor. Phys., 1997, 8(2), 38-
42. A permeable film coat can serve as a solution to the problem but it limits the drug
release profile attainable since only relatively slower release profiles will be obtained and

immediate release, or very short slow release profiles are not compatible with the film

30 coat.
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the invention which follows.
U.S. Patent No. 5,071,607 describes a pair of dies (punches) with piercing means
biased into a sheathed position, which, when used to compress a coating about an object,
pierce the object. The punches are adapted for piercing an osmotic drug dispensing
20 vehicle. The piercing means are integral to the punches. They are moved from a sheathed
to an unsheathed position by compressive force from punch actuators. Being integral with
the punches, the piercing means are not capable of motion or stasis independent of the
motion of the punches.
U.S. Patent No. 3,146,169 describes a tablet comprising a medicated portion and a
25 non-medicated inert portion of sublimed sulfur, plastic, bone phosphate, barium sulfate,
wax, calcium silicate and or aluminum silicate which covers part but not all of the surface
of the medicated portion. The function of the inert portion is to expose to the gastric fluids
only a portion of the surface of the medicated portion (through a single hole in the inert
portion) so as to slow the rate of release relative to a conventional tablet and maintain the

30 rate of release constant. The tablet is made by feeding the space between the upper and

lower punch faces of a compression coating machine successive batches of material; first,
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n view o regoing, there is a need for a

versati | ethg@bidie denael éqipmémand apdmesssfor modudng suvhtadeeagd foemmucosa | i ni ng
the gastrointestinal tract and a solid drug contained in the dosage form
and equi prent and a process for producing such a dosage form SUMVARY OF

THE |1 NVENTI ON 15 One obj ect ﬁYI g S INVENTfOR' Ovi de a novel solid
dosage formfor oral adm erein the active
i ngredisent i ®ng BHfead dTeRE ineidhdE € prabideta nohéltsolis dosdae @bﬂﬁefbrlomla conpr essed
annul ar body of powder or granular material formed around t
administration to a patient wherein the active ingredient is contained in a core tablet that is
sheathed in a compressed annular body of powder or granular material formed around the
core tablet by compression.
Another object of the invention is to provide a solid dosage form for oral
20 administration to a patient that reduces contact between the mucosa lining the
gastrointestinal tract and a solid drug contained in the dosage form. In satisfaction of this
object there is provided a preferred embodiment of the solid dosage form in which the core
tablet is recessed in the annular body to shield it from contact with the mucosa lining the
gastrointestinal tract. The solid dosage form is well suited for oral delivery of ulcerative
25 active ingredients like bisphosphonates and NSAIDs. In an especially preferred dosage
form embodiment, the annular body has opposed annular faces that are aligned
substantially coaxially with recessed opposing surfaces of the core tablet. The opposed

surfaces of the core tablet are substantially exposed to the external environment and drug

release occurs from the exposed surfaces.



core tablet by conpression. Another object of the invention is to provide a
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suitable for use Wi th non-ulcerative drugs, the opposed surfaces of the
cor e t abl Fhe tobehaimprisce s genpraliysgolgnnarphnsch having 3 ¢pstackifach formessignul ar

faces of the annul gr body. . Anot her, ject of. the invention is to provide a
t ool set tﬁ%ﬁ‘f’sgéﬁog %%fegaaéwlacfﬁ“%e %nﬁg%‘ 8?‘5?%??0 \;1% ?Qb%éusfogﬁe%rtlltsncgefl%rr gf\s/ses to
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with the an us of the. annul'ar punch and capable of novenent between a
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tablet at grpgrgxuelartringcer?;l, Igcr)]s?tiocn?rigea cr:(?rg ta%?ecg a%%vtﬁg ?11‘) g? tI;[ehceore rod and advancing the
columnar punch into the die bore.
The columnar punch pushes the core tablet into the die bore against the bias force
exerted by the core rod. If the columnar punch is equipped with a protrusion, the
20 protrusion pushes the core tablet into the die. Otherwise, the contact surface of the
columnar punch pushes the core tablet into the die bore. As the core tablet is pushed into
the die bore, the core rod retracts against the bias force. Meanwhile, the action of the
columnar punch compresses the powder or granular material into an annular body around
the core tablet.
25 The process further comprises withdrawing at least one of the punches from the bore

and ejecting the finished dosage form, such as withdrawing the columnar punch and

advancing the annular punch to eject the dosage form.
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a per specinstaledii ew of a single station tableting press shown with the

tool set ins led. FIG 3.is .a sectional side.view of the | utmar punch
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(nacycle of@PanakiRietidiil sidelics dipiRinauelain Ryak Bispditicifani al to
ejection of a finished tablet at a tableting station 10 equipped with a
t ool set i deliveryoofrmmaler o grimutldranatemalnie eisationrof@ firgshed tablel ajta talfletingestafiosr age.
rate of al endrqQnate excretion in uriﬁﬁbof humans who had taken a dosage
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DESCRI PTI ON THE PREFERRED Eﬁ/BCDI MENTS The present invention provides a

novel solhad tdioshegdoshge formas avesrdanas with ohé prgseahthventiqr cooaging GO mpg oduci ng
t he novel dosage form Preferred enbodi nents of. the inhvention afe well
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di sclosure, the terin

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present 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
well suited for the administration of ulcerative drugs. As used in this disclosure, the term
“ulcerati;/e” in reference to an active pharmaceutical ingredient, drug or excipient means
20 that when the drug or excipient is contacted as a solid with the mucosa lining at least a
portion of the gastrointestinal tract it causes erosive damage. Alendronate, other
bisphosphonates and NSAIDS that non-selectively inhibit the COX-1 and COX-2 enzyme
are ulcerative drugs.
The novel dosage form comprises a core tablet containing an active pharmaceutical
25 ingredient sheathed in an annular body comprised of compressed powder or granular
material. The core tablet has first and second opposed surfaces and a circumferential
surface. “Sheathing” 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
30 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 immediate
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physi ol 09kGalia¥ing QEen®d) Sy BARAMh R dritgs2§drbibRint rB€phG B bnistiGh Wtagonists;
pharmaceutical ingredients that can be admnistered in the conpressed
dosage f ocentr netveuspsystaractive dees sedh dspsyaheaopigdiregsetnjipsyehotie grugs, agoni st s
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bl ocki NG ARhoickigbfidldldseld ARG Beins KRR ABLiRopte UAfys; EfiaLRNiduagept or
agoni sts and antagoni sts; central Rervous system active drugs such as
psychatsr opiugs dontemiment of ParkotsoniscAttheigeer’s and Huatingtenis digeagss analgesics;
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anti m graj ne ff dSeonists; antipyretic agents; antiinflammatory agents; NSAIDs; diuretics;
inhibitors of Na*-Cl" symport; vasopressin receptor agonists and antagonists; ACE
inhibitors; angiotensin II receptor antagonists; renin inhibitors; calcium channel blockers;
20 B-adrenergic receptor antagonists; antiplatelet agents; antithrombic agents;
antihypertensive agents; vasodialators; phosphodiesterase inhibitors; antiarrhythmic drugs;
HMG CoA reductase inhibitors; H*, K*-ATPase inhibitors; prostaglandins and
prostaglandin analogs; laxatives; antidiarrheal agents; antiemetic agents; prokinetic agents;
antiparasitic agents such as antimalarial agents, antibacterial agents, drugs for treatment of
25 protozoal infections and antihelmintic drugs; antimicrobial drugs such as sulfonamidés,
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

30 hormone antagonists such as antithyroid drugs, estrogens, progestins, androgens,



15 drugs for treatnent of Parkinson's, Alzheiner's and Huntington's
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gi ven characteristic terms of friability, hardness and freedom from
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tableting. 10 Preferred excipients for form ng the annul ar body incl
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(e.g. Met Qgﬁ gtlute)d folb & 8&{%%; ¢ dlée'?ﬁlv-gl\‘irugs. It reduces the incidence of pill esophagitis

and contact gastritis by localizing the ulcerative drug in a core tablet that is shielded from
contact with the mucosa lining the gastrointestinal tract. The drug is shielded because the
20 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 contrast, in coated or encapsulated dosage
forms, the coating or capsule must be breached by gastric fluid before the drug is released.
In the present invention, the outer contour of the dosage form protects the mucosa lining |
25 the gastrointestinal tract without interrupting 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, monosodium
alendronate trihydrate, sodium etidronate, sodium risedronate, pamidronate, aspirin,

30 ibuprofen, naproxen, fenoprofen, ketoprofen, oxaprozin, flubiprofen, indomethacin,



cellulose (e.g., Avicel'), starch, |lactose, sugars, polyvinylpyrrolidone
(e.g., Kollidon Plasdone Tm and cal ci um phosphate. In an especially

pr ef er r edwoaspsassed dosage formillustrated in FIG 1, ceca/usabbest 1 15
containing the active pharmaceutical ingredient is recessed in the annul ar
body 2, which is conposed of non-ul cerative pharnmaceutical excipients. The
"recessed"” tablet is especially well suited for oral delivery of
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gastritisSB Eera g in a tore et that is
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The drug is shielded because the 20 core tablet is recessed. Recessing the
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tri hydr at @an 56 fiat) Bbidaivel bpewivex arbate preferablgdtao fratbearimpmbdeso axtlesongsgssionn, 30

I bupr of en, naproxen, fenoprofen, ketoprofen, ,oxaErozi n, f{)gﬁb}) %r of %n,
i ndonetthadomes exgrigdby Slebprrssiee mcrresshying dommation of fhepapulapby ALY thEPEnani ¢

aci d, neckﬁﬁénanate sodium tolnetin, ketorolac, diclofenac, piroxicam
mel oxi cam hoxi cam phenyl but azone and oxyphenbutazone. Turning again to

FIG 1, core i} alHeetortoaanititR®sey2 fid preferabty cylrmioioallysshapadt; bat iBcanbhvé angnd an
outer circunferential surface 5 extending between _the opposed surfaces.

Core 5 t albtass sdction, uchaepval] sllintigal eretilens. The uteridiangipras prederakly of figm

manuf acture, hut need nat. be so. | do e 1, ' to
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4 mmto about 7°nim nost preferably about 5 mm Opposed surfaces 3 and 4
can be fl atter dmnetere Aonarmoninesr dismietar lssphen dmam|myayt ylew releaseioé fiei divg Hdest

axial CO”BQﬁSiSéhP n 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 is 3
mm or greater.

20 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.

As best seen in side view (FIG. 1B), inner circumferential surface 9 of annular body 2

25  consists of three longitudinal (axial) segments. First and second segments 10 and 11 are
terminal and do not contact the sides of the core tablet. They are separated by an internal
third segment 12 that contacts the outer circumferential surface 5 of core tablet 1.
Opposed surfaces 3 and 4 of the core tablet are therefore recessed from annular faces 6 and
7 of the annular body. Opposed surfaces 3 and 4 are preferably recessed from about 0.5

30 mm to about 4 mm, more preferably about 1.5 mm relative to the annular faces 6 and 7 of

the annular body (said recessed distance corresponding to the length of the corresponding

10



10 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
cyl i ndri cablog/oshiaped, but it can have any cross section, Psmaisozassosval ,
elliptical or oblong. The outer diameter is preferably of from about 5 mm
to about 15 mm nore preferably of fromabout 7 nmto about 12 nm nobst 15
Ipreferzﬁbly about 9 mm The inner dianeter can be any size up to about 2 mm
ess than uter | mm m
sl ow rel ea e({il?5 aﬂ’%rgceﬁs &' ﬁg%;i;sma{:&%eiﬁd%e&gﬁ%ﬁfla%aﬁ:%é%fﬁp%\?\le | s upony
contact w af:ffegaﬁtrl c fluid. However, in some enbodinents, a lower |imt
0.5 mMm nmay still be useful. Preferably the inner dianmeter is 3 mmor
greater. 20 AByubcessihgthe dzugrasnt@lppxgwn: tablet any pentass beeen Hmdossger fareand and

7, an outer C|rcum‘er nti al surfac ten n £ he nul ar faces
from t hei r HEa8iFoIBlgSLRA ? iggsa %?ﬁmisﬁﬂ éﬁ%ﬂf@?gﬂ?ﬁ%ﬂ ogiﬁ'lf?%eg%g §xt endi ng
bet ween st hgjcaRAw é[cqﬁﬁﬁtg %ﬁ%pﬁbﬁ’dﬂy@ﬁ@ 'oP moR8dn-uREESe cd-Betbved@dredicity an
annul us. As best seen in side view (FIG | B), inner circunferential

surface 9 oitheathenl \mth bodpli@ ulcefitive adivstisgredienth Hsavaven gne aubethlof pppdsed )

t Fir st d t 0 d 11
cont act i newrbicerd ot I GREbG G Vb puular i 6 41 ol he ErBA” BN thiHer na
third seg "g&tele d;té}?etc Gaat ﬁl%td%st{ %I‘Pr%ptﬁe 5&&&%&%@% iAlsed W {BSiRiskrabneor e

tablet 1. pose sur aces 4 of the core tablet are therefore
recessed f uloemadndiugs. f aces 6 and 7 of the annul ar body. Opposed surfaces
3 and 4 are preferably recessed fro

0 bo
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By recessing the dﬁ@g-cont ai ni ng core tablet, any contact between_ the
dosage f or spgmedt 1% rgaas&emdw% 4n¥pidnldsad 14 ddlivih grstrc fuidavheadhe of t he

|
Tore. non. uidapSiods Rhmae Jubsif Bl K EnBER; Sophlh, SRERRId 300° ©
ul cer atjisvetakigh\ke 16188 RFERRct the@vrMEblet &ﬂ&h@ﬂru@Qéd%@fhr@lghQﬁedolds after it is

dissolved. Voids 13 and 14 are preferably from about 0.5 mm to about 10 mm, more

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

20  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,
osmotic release of the drug product would produce a streaming flow that can cause locally
high concentrations of the drug and osmotic agents at considerable distance from the
tablet. Osmotic streams highly concentrated in an ulcerative drug are potentially irritating

25  to the mucosa, just like the solid drug, particularly if the tablet is lodged in a fold in the
gastrointestinal wall.

Opposed surfaces 3 and 4 of the core tablet are preferably substantially exposed, i.e.
are not substantially covered by the annular body. “Substantially exposed” means that less
than about 50% of each of the opposed surfaces is concealed or hidden from visual

30 inspection by the annular body. A portion of opposed surfaces 3 and 4 can be concealed by

the annular body because of differences between the diameter and shape of the core tablet

11



surfaces 3 and 4 can be flush with annular faces 6 and 7 of the annul ar
body without deleterious effect when the dosage form of the present

i nvent i orwio305Hd6 t 0 admi ni ster non- ul cerative drugs. 10 PTCa/user/s@s1
apprehend the preferred recessed dosage form enbodi nent of the invention,
it is useful to conceive of surface 3 of the core tablet and first

| ongi tudi nal segnent 10 as defining a first void 13. Likew se, surface 4

oL e, oAyl SR AR AERlrgSE ARl lE B yetags voi o

i mrer sed  bfind@Sfody CashWilll Bicaht eppar@@ Gohi\gnbiderasivn GRthe desaiption of fHeutbdlipasses
15 through the voids to contact the core tablet and the drug | eaves through
t he voi ds asecteof the inventiett. SSishdéfferenges may 1esuli ieinngr segmept Y bing pifset figm about

0.5 mmto, about 10 r referably, fromabout ..3 t 0. aho mm and
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second ppg&%%ﬂs,%;% hateSiHerdhX SidmerlL s GopidtEEMIFIC B AlEORRiIvER! the RdHd kedtvnan
osnoti c nechani'sm such as occurs with pierced dosage forns made using the

20 appar abfnﬂlegmeuSdeﬂ?aadéiytinT@.cira:jrﬂ)fénqnﬁielﬁurm hﬁalm b¢ unifodret_hgnllg}aolitlitsdf | ui d
environment, drug concentratjon drops. o royghl y i so rogbc%{an%mg%
exponent i ¥mngth. b@/lg%ﬂughﬁﬁoﬁiﬂnq (PPReRH ngif%%es 38§$rgt PR bp gonegaled By g

pr oduct : . ] flow that can cause locally high

concent r\gp?é?ﬁ[gg%lgg?ﬁgecg?%%f}gﬁgb%gmt i c agents at considerabl e distance from
the tablet. TBseolid dosape fans whihghdryg-comemirty @irethblen skmathel cea avmpesshdug ar e
potentially irritating 25 to the nucosa, just |ike the solid drug,

parti i@ apanplaribodyef pomplcerative pxsipients £#n b prafered ysing@ noyskieplse tinal
wal I . Opp rf core tablet are preferably

substanti §‘?ﬁ%§‘m§‘§<§p“o%e§‘?d %Pg&%fgtfegr“r'\%ntlﬁgg'ubst antially covered by the annul ar

body. " Subst TRt icVldey caxiOsRd In cRAERtibA atithl ceasentiohalrtalsibioprtssbO8hchfas eataty of
t he opposed surfaces is conceal ed or hidden fromvisual 30 inspection by
t he annul pressss @yd resinseeating pragsesep potarresses thaldaye beghipegially designedgideal ed by

the core RapyEyrels HRARAR R TmiEl AR IRLRaAY Pfs®s AERCAARY, T08C e
of cergtsai Ex,lwlé@ﬁzssi, g Riiah RUB 0P R TEReriéscumldi comptmblt dquipamsnpr Esampleeof annul ar

body, as w becone apparent from consideration of the descrjption of the
tooling ewpwerciadly avaidahleesipreesting Biesses are the Mansety Fawpd ceggpsadien | nner

segment 1gqut1)§rin<re]1% n(ljgcfesb%ftStBlEe%pkilian and Key Industries.
The principle elements of the toolset are a columnar punch and a punch assembly
comprising an annular punch having an annulus (or bore), a core rod slidably engageable
20 within the annulus of the annular punch, wherein the core rod is capable of movement
between a retracted position and an extended position, the core rod being biased in the
extended position. The columnar punch and punch assembly are sized and shaped to fit
into the die bore of a rotary or reciprocating tablet machine.
The toolset is well adapted for use with conventional single station tablet presses in
25 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
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
30 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
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term nal segnents 10 and 11, which, thenselves, can have different

| ongi tudinal cross 5 sections, e.g. have different dianeters, as depicted
in FIG 1L.walosesnad i vel y, the cross section of the annul ugctafSonsmsby i nner
circunferential surface 9 can be uniformthroughout its Ilength. Al though a
portion of opposed surfaces 3 and 4 can be conceal ed by the annul ar body
that is not necessarily the case. The solid dosage forns with a
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I ndustri es. Timeonsratieai ibe bors i filled withmaterial apd thedipperrungh inseried inig iRt h” and

h bl i S| : i ,
o Pore r ocbeet Racmyes el gt ReBhTUHGRE niBH s BEMlenth ABnitpflimiging fondeT S |
wher ei n t hg LAfRatEPFhatctiaPRRADIB1DbetiyE LR Diesbibgy@anact, elifaes ofitheosi ti on

and an extended position, the core rod being biased in the extended
posi tion. pHnehgsol utmmar punch and punch assenbly are sized and shaped to fit

into t die hore of ,a rqtary ,or reckpr i i set
is wel Iqsadapt %sﬂffm, thig“a@f?ﬂ{%"é’ﬁ% r%ft?lgﬁgrﬁ%stisﬁg?éeeggk g{ei@ﬁs{ﬂa:@]qgﬁgﬁ esgéegs in
25 whi ch qRBQs hMo1d BRE deRARNLOING fsizp URE Biaface CoMBIRIIf VIe) finat pradues sTHe fraihder
or granular material within a die. Referring to FIG 2, single_station
presses arpogucvardeayewny lexternaheortous by selegtien efappeoptisterhore shpps AnGpEHEGr e f or
recei vi ng die 16 and associated gripping neans for locking the die into
posi tion. NI such presses customarily have opposed flat surfaces
with a centrahhy JRGRLEHDMHeQiphér fravh Rovithdth@hbid hellowhesinerld acvundedae 30
extending fromsurface to surfpace and a circunferential |ocking groove 18
f or endagigjest thegablgt.i ppi ng nmeans. The bore serves as a receptacle for

receiving po I?er up%rer %ﬂgwe?{)un%%tese ;;rle %livan%gd avl\% v?zﬁﬂq%@%%? 15(%}76:19(%?1%9 %@tggt%d

upper and lower reciprocating rams 19 and 20. Customarily, single punch presses are also

provided with a stationary mounting point 21 below the die table coaxial with the aperture.
A toolset of this invention adapted for use in a single station press comprises a
20 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.
Colummnar punch 22 includes a contact face 24. Contact face 24 can have any desired
25 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
illustrated. Preferably, the height of protrusion 25 is from about 0.5 mm to about 4 mm,
30 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
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to be conpressed when the | ower punch is partially inserted. The rins of
the bore are customarily chanfered to hel p guide the punches into the
bore. Thewbms®5a3€ross section determ nes the size and siraparsot/3dobe
finished tablet in cross section. The quantity of material and pressure of
conpression determne the tablet's height. The bore can be 5 cylindrical,
but al so can be any other shape. In operation, the bore is filled with

mat erial and the uppe L 1S t ed, . 0t:0. anek sed agai nst
the mat er i PUUHARLP ﬁ?%ﬁa%ycég@glﬁ%al ?[fi(gfriaesbay% dé g%%?degggffﬁ%; %é DOV esﬁ or

gr anul at ed, 8RBy Rds d dib@eRr bARdALbARBWRRNO LBt @SS hivge pRferatlnubait 4.5
surfaces of the " punches. 10 Together, the wall of the bore and the contact

surfaces ahm He otlgpembadicnentswpartipiladhested denserehen naphlcerptace as8ver m nes t he
size and syrface contours of the,final .product. The final _product can have
any exterri§1"‘“F,‘ﬁ)“r?f‘ﬂEl"iI “E%fe‘i‘g’i‘tée‘ie%ﬁe &‘n’a\“b%?rS rqr%tlr'é“_ %gelsfﬁﬁeﬁlé and cont act

face cogtour. pghid %Eseﬁﬁillgﬁzjéi%?ﬁsesE&%Q@P&freR}H@'slicﬁbw&g%eﬁmﬂﬁﬂmalﬂ bg | owver

punch i s advanced to the tablet. The upper "an ower punches are
advanced amd anhtlatpawh 30\slidaldy pegageatid withconeabe@9. upper and | ower

reci procating ranms 19 and 20. Customarily, single punch presses are al so
provi ded wi t HCellasi28tis BWé(F‘%?dﬁ‘BHHPP‘Hﬁmﬁé?WPS’?Tc}b% W&PRI&EE??@S ]ai‘fPBn‘iB%lxi al
with the apertur this | ' -' single
st ati on progumtBiss CLiRhGH by KERE o 2HRRMEH obh MEm @R 15 0

a collar, £onNRstkaed anddiganends2 ool 28 fBeitiee ki thg dittableovtenGnstdleds bhsamar
punch 22 can be of a conventional columar shape and is provided with

| ocki nd0 mesxippingswectioraishpwe withgpptipaal hegagogalssesssection) fo5 grippinghye wrench

reci procating ram 19 of.the tabl.et pr ) | unmar. | S a
cont act f;Bé%fl‘lml%‘}‘?ts%&‘ton?r%’émﬁlﬁmég mﬁgfleAgﬁV PHEEST g%&fg’sgfgﬂc}%g (gl:lja'rlu,i%e. g.
standard GEREH & thd ARNMaBIRRARY Enstl) e dRRMLRAGAMBIondB Y fdceide BAd kuide tHd at .
Preferably, the contour of contact face 24 is flat with a bevel ed edge. A

col umar ponctodf29 use in produci ng a dosage form of the present invention
having a recessed co

L R R A e e ST
. 33 e 00Oy 40 ARt s et
35. The coils of spring 35 encircle the core rod. Although a coil spring 35 is a preferred
biasing means, biasing can be accomplished by other means, such as a sta.ck of Belleville
washers or an elastic insert.
Spring 35 or other biasing means engages retaining ring-36 mated to core rod 29.
20 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 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.
25 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
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

30 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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tapered cylindrical but can also be oval, ellipsoid, oblong or any other
shape desired. The 13 WD 03/057136 PCT/US02/ 36081 protrusion is

pr ef er ablwoamglsmas i cal and has a flat raised surface 26. Pcotusam3dsl 25
preferably has a dianmeter of fromabout 3 nmto about 7 nm nore preferably
about 4.5 mm In other enbodinents, particularly suited to use when

non-ul cerative active pharnmaceutical ingredients are to be adm nistered,

R e T A e A e e

engageabl eyNérih tBeidedrepgdagithenCaith alie A@ionanhenitidggoititt h nounti ng means,
such as external threads 31 around its  circunference for nounti ng_ to
stationary noGereirad2Peimyary in digmgtes alopg itslengtie A prefaregd) dametagof tod iptdlat ed,

the distal. end 32 col l.ar, 2 el ative t i I n.installed,
has a 10 dFSBB}%ﬁmgééPWBﬁofgﬁg ”%PEH°EBF%%%§E”%@ﬁ%%gﬁgﬁ-?@%@?e%é%iion) f or
gripping t}ygiéi?’wtl@é'&ﬁe rddholiRWetthidRer! Preferably GBAT dboiD4Ainh RPatAL M md . At the
proxi mal end 33 of the collar 28 relative to the die table when install ed,
t he annul ubroughalitmmssohiteldngth, mersgireferabhabgui Ymm.Héie redean taper 2adualiay from
the proximal end of the collar,. the dianeter. of the.annulus

Substant | Arary & ngow ettt in fot afgier Ak Bigmetsrdt CER S ERRGB PN A) ng 3
for a bi assk?&d@ie 1s such as spring 35. The coils of spring 35 encircle the
core rod. though a coil spring 35 is a preferred biasing neans, biasing
can be acconpThesdvegirddycanbhef twepitse canstrhctam. &os irmtkcg fthdBedrk ead tip 41 cowddher s
or an elastic insert. Spri n%gr?éSrog ot her, biasin et ai ni ng

g, means_.engages
ring, 36 rhsrdeptedioasiaeh iolhe QY RERVA1iRR Fgephigres ?éta}f‘ﬁnlgé’%ﬁ%}% F%% the
core 100 Ry YRR GRAGRYR e bl did of e TR BUCHIVIEd yHELON Bohidel [ Ne
rod. The retai ni ng ring can be a conventional Cclip V\XNCh engages the
gr oove, Orcohdtrucéitn bitoves the aofz rod tipny betdpdaced ifritis idamegabar ifig icoretrod khipofie

bi asi ng nmeans can exert .a biasing force and which is, restrai n@% from
movenent rdifferentabaneds desired. rIdig cors rpd tig can have any dlesirgdgdipmeter of haRe.| ong axi s

of the core rgnd. ' éﬂgfi . Eﬂ? | QEki ﬁ]% gages

I nt ernal threlﬁ'glghége@?b{#e |é¢é§ en 0 ﬁghﬁq@rﬁé lg%bugﬁlg%l t hr ough
| ocki ngs baldvidél with Hebiy ol anffirgto @& recip@oating ram 200 Bhdhstlbekinglatu3t he
annulus at the proximal portion of the collar, to restrain notion of

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.

20 Engagement of flange 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

25 ejection of the finished 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 by

30 the fill depth, strength of the bias on the core rod, the compressibility of the material and

the thickness of the core tablet. These parameters can be adjusted by routine
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core rod 29 to axial novenent. Locking bolt 38 also retains and can
conpress the biasing neans. Core rod 29 is biased in the direction of the
di e tabl ewatvenstibe collar is installed on 30 stationary mpomtisay3¢eei nt 21
and is retained in slidable engagenent with collar 28 by retaining ring 36
and | ocking bolt 38. The height of rod tip 41 is adjusted by advanci ng or
14 WD 03/057136 PCT/ US02/ 36081 retracting collar 28 relative to stationary
nount i ng pQIL.AL . . i 1131, i genent
win the Sopimaledth 8 coftel BEBLNROTilEE YTy R, Wbl e e O T

i ts | engt hyjtftherdep@rofdistdioane3.er of rod tip 41 is fromabout 0. 5 nmto
about 10 nmm nore preferably about 4.5 mm However, for 5 rigidity, the
core rod shoulnd sseondrdasiger form eatbediatany, eftherrangios bothofpppessdsudaces Banth

t hr oughout t its |ength bl t 9 he rod
taper “or aciantopre i ity GF afBiriags o I sRelE IRGn"
di amet es  Ofitefrlati ¢ABMBEBRGR GRVARPbMicA bRusiSg!P Bl BmaltPunchhi§ pfRidusiyod can be

of two-piece construction. For instance, the core rod tip 41 could 10 be
adapt ed t alesdribed but lackihg a posteisiondSo\Supface/3 diilh gerexalbyr eafllushhwigtagimubar fadesd

| ower end .and a, socket with jnternal threads at the upper end of the core
rod, or vilg@e\‘iémﬂ R“Iic\kmaﬁiaét‘éco@%ﬁcleu&@egﬁr 9 QRROsGdriass 4 15 Wi t o be
replaced if i _j rod i B, i eis
desi red. ehltéro{;age ?gﬁﬁ? |g nge?rlll t %\f}lelq%%@’ée |r%§es l%a%%%g%grgﬂgﬁ. unch
assenbl y 2datéridl ah@ thicloesy of3RS card fabllay whioh €dvta3d canfbnadjastedpbyiutiz® i s 15
provided with neans for attachi ng to | ower reciprocating .ram 20, such as

| ocki ntf f lexperifgentatiggdoyinld a gasagp iguyWith sdacs 4 recaseed the dpsiredidganceoned to
recei ve an ur.roun re-rod 29 while permtting axial novenent of

annul ar pﬁ%&ﬁveﬁB aﬁ“ﬁ‘%&%@ﬁggm of the core rod. The bore through annul ar

punch 30 can Tafurtherildétethein@nos ahd@e lopardtion 6f the heolsiNCyclasfRperitiog an
annul ar flange 45 for engagenent with shoul der 42 on the core rod. 20

Engagenentwillmofv keridgecritgdni The eynlsunfgperation isrembodied inamuecsss BhaheonstBotesad
collar 28 from biﬁi.ng «%ach ot her during handling and installation.

Annul ar  ptHERASREH©CLNE BYFH90. 46 presses against the powder or granul ar
materipd durimg cGOEREEFEhEh is ERAlRESraldTR AbngaBtatibapRsANThIRRIdREiIngONt our
e.g. standard concave, deep concave, extra deep concave, nodified ball or
flat. Prefvathahbe first ecticacthatf cecurs4fier gedtiontof Wit thblst foomed gula preywus gyclease of

Referring now to FIG. 4a, feed shoe 47 moves laterally over the die bore while the annular

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
20 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

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
25 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 Kilian RUD
press (FIG. 4c). The positioning means forms no part of the invention and has been
omitted for clarity.

30 Columnar punch 22 is advanced by upper reciprocating ram 19 (FIG. 4d). As

columnar punch 22 approaches the bore, the raised surface 26 of protrusion 25 presses
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25 ejection of the finished tablet. The col umar punch, annul ar punch, core
rod and collar are preferably nade of netal, nore preferably steel, npst
pr ef er ablwosBasTiBess steel. In the final dosage form w t h PCaFassya@scor e
tablet, the depth of first void 13 (FIG 1) is determ ned by the height of
protrusion 25 . The depth of second void 14 is determned by 30 the fil
depth, strength of the bias on the core rod, the conpressibility of the

i ust oa Bpop bt E SEP e Ief RSt ST RIS RRAFAEnr e ©
control thpréepihk pebtnstmaipdingothe bikding\fhice bxdred Dnicordxoyl 260 Gumtiawedat e wi th

the depth of first void 13. In a second dosage form enbodj ment, either one
or both ofmeyspsbal enlumparesnch 2hintoitheghe bore comprestes rearovles of g@BRanj t h t he

| f .§.and 7 of th | bod . ' : ' di t
TATEAL - RO e
| acki ngs a REAL siSinRPoser SAUrARER ndat¥idl |wiﬂm%ﬁﬂ5r€!1k{iﬂ% e cbidrablevbdchustnnell ar

face 6 if the columar punch has a flat contact face. \Wether the opposed
surface 4 doge tablettmavels into the hatedefdrathe powdet br grepdaranaarialie fylly dompsgssed.

conpressi bili of .t he, powder or _granul ar .materi al d thickness, of. .the

core tablet, %S‘Eﬁhhﬁ‘&n?}gg a‘ggﬁly aﬁ?ﬂ?ﬂaéedthﬁgprf’%'t‘ﬁ?lh?iﬁhg;l?f)éefp?af?g 4% on to
yi el d a dosagerdioh Metdilins#hhagehd: & SERSE RV atd1sh 8aside8 Positish 36 Bt tHealpat i ve
to annular face 7. To further illustrate the invention and the operation of

t he t ool seif thearod ywdudd pfessoggaimat ¢cave tabit [1|duniogicomprtesion. | k. a herasydot theof
operation is enbodied in_a process, that %Bstitut.es a_ third asg&ﬁ eof t he

i nvent |&n colvmnpg gupghay euld potgsspssarily bejaliagher g a siapogry mougtipg,pyn e
e | . . . . £
o} oct on” GTeSEL SHF B bEsROMA Brealth kol Hn birk by 264 8l ESOGKHEA b31 LY,

4a, feed shoeldminafpu@sh WatiRrpaish theoes tableeinis thelborecagatvist thetrbsistamewif dre  punch
30 is in an advanced position such that contact surface 46 is substantially
flush witgoremed. t op surface of the die. In so doing, the feed shoe sweeps a

L1, L) B AR AR A oL Gt g o 10 Lo
whi | e t9e ithrdwn. OFitled téndud@ntiPor iBéquently, dsduliv guck Be ighidvanced by lower
' 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. 4¢). Meanwhile, the core rod is
biased back to its original position flush with the die surface.

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

25 those skilled in the art. The cross-sectional dimensions and shape of the annular punch and
of the core rod are the same as in a punch adapted for use in a reciprocating tablet press,
again with other dimensions being dictated by the dimensions and layout of a particular
tableting press. These dimensions can be readily determined by those skilled in the art. In
addition, the punches include conventional bearing surfaces at the end distal to their

30 contact surfaces for engaging the cams and rollers that control their motion along the axis
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surface (FIG 4b). Retraction of the annular punch causes an annul ar cavity
to forminto which particles of the powder or granular nmaterial are fed
fromthe Woeadoshee by gravity and/or pressure differenti @cr/iSzasoshe
cavity is filled, the feed shoe is shifted away from 25 the die bore.
Pre-conpressed core tablet 1 is positioned atop the core rod using any
conventional apparatus for producing tablets with a conpressed coating

such as t h)%ttlhé)éic Botd bichns %e ﬁgcgv?xﬁﬁl thé b&enté Hat ar-ghﬁcogfcghtreﬂ ®YirbgrepBans forms

no part of the i1nvention een "omtted for rity” 30 Col umar
punch 22 iteledvanced by upper reciprocating ram19 (FIG 4d). As columar

punch 22 approaches the bore, the raised surface 26 . protrusion_.2
presses 16 \ipapanpwanpmchdanussin suyy Inacglﬁﬁnt%E 5P% r9§B1ag‘tr‘gf9°aﬂ§ PE?S?T%H% ar
punch 22 A b oBHSBPELR thBeerbos fohe
protrusioﬁggglgslﬁ%gf{ht%ﬁé&gl m% oirn?eudéi%rﬁqtee oﬁgdég%{g%r od %. Ciger)l(?(?ﬁﬁued
movenens of tigndoieral andloralie Bids, isndhoastaset sbrev bosimilandevi@sses t he powder or
granular material .into an annul ar body around the core tablet. Stron

conpr essi ve fEAMyERtienehrairy tablstaresses e Wel knpwnibthe rt. SORMFUOHTY Pigssss AN
i t hout br.eaki | . i h
bor o_bet orEPiaehefflind B aft JBERRAIE U Dardif Ros 3UeR 42t 484844 1100 1€

ranu nat eri a tonpressed. hose

skill ed i 5 1366048"Hnd 063 5323 owhieh hfCinadrfotatedtheimby tf¢rencedh thatidilir&te. r epl aced
with a core rod in the columar punch that is biased _ toward_an extended

8osi ti on Rotayigresseschave p maying die tabdthalgatatesprand agaticad axis o Mounted|abpve
i i on, .S t
nocesouf | 4 BERYR aifPl A Bp REQk Bl ol cotlr Rt ORR R RE RO wfin D

woul d be khageehhie. t Thegperh eirrieftf 2 bk Rafersldy @rumthapdll sadlidshuftabputahs stinte
exerted by the columar punch woul d push the core tablet into the bore

agai nst t idéameteri astthdie taifle emthey easyhave gams that extendrputysarddeam g desseraiameter

material is c ressed, .the colu r.ounch i.s 15 w =

concur r entf% or"° S4B ety Fv,prgﬂﬁwg}tﬁﬁéﬁgﬁh%(?}ivg lg%l\r}g)ﬁle%\é% SE’EA %tg\%lrlar

reci procathiBa alsardd thélr SirR@setchOdlostfouch it end® B MetarrhQCWHEA theSpress is in
substantially flush with the wupper surtace of the die to elevate the

fi ni shed bpklaton, puodhes atpsingkiredwhtercach slotowith thsiropaiact fagesmeinting tawardithel e in
a subs equ%glet tabte” lE%cl?{)un%B%%? 5. Satin Flilgans %F t)h'e erl\l/c? g&\)’\@sitg the é[orﬁ?ac? BcE ”i“f?ed s
bearing means engage stationar){ 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 into a die while the lower punch is

20 inserted into the die. Pressure is applied to the powder or granular material to produce a
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 seté operating
simultaneously.

25 A cycle of operation using the toolset of this invention adapted for use in a rotary
press will now be described. As the die table rotates, one of the dies passes under a fill
shoe or force feeder. While the die is passing underneath the shoe or feeder, the annular
punch is withdrawn by the cam. The core rod remains in an extended position, up to the
upper die face. The annular space left by withdrawl of the annular punch is filled with

30 powder or granulate. At the next station, a core tablet is inserted onto the tip of the core

rod by conventional means, such as those used in “press coat”” machines like the Kilian
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bi ased back to its original position flush with the die surface. 20 The
toolset is well adapted for use in a rotary tablet press. The

Ccr oss- secwp@n@b713@i nensi on and shape of the col umar punclrCTarsd2/sdoel

di rensi ons and shape of the protrusion (if present) are the sane as in a
punch adapted for use in a reciprocating tablet press. The other

di nensi ons of the toolset are generally dictated by the di nensions and
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det er mi ned 25 those skill g in the art. The cross-sectional dinensions
and shape rofatlbin,ethadmwloares puthe komprbssiad staﬂnm whcre thambhanmrmluaclsmth cas | n a

punch adapted for use in a reciprocatin t press, . agai her
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tabl eting p di
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of the core rod and/or the bias, such as a set screw or simlar device.
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table that rotates around a vertical axis. Munted above 10 and bel ow t he

di e tabl edigfecaugisee thmbias olls tablghic §wepk qut of therdimby abejationssjeraentandis|y with
the die tabf d The punch carriers can be generally drum shaped bodi es of
about the gé?% di aneter as the die table or they can have arns that extend

outward fromghiless@enddiREBéRmade tb JuppbitCaritiifleWerC @ldmkSinAh&dEAptisHesE W t h
a plurality of vertical holes or slots at regular intervals around their

ci r cunfer dhrecteolset andpoengks fonmakingsohd desage farmsaccying tolike ipvertton;, thej n 15
operation, es a e nto.each slot with their c tact ces
poi Nt ng. SEARA Gelpehize of 5 sieBenis e FEASH BL 0 dsgp ARG Corb ARG of e e
opposi t e bRgs fPRERR thdyaP@usedNEse of the terms “upper” and “lower” is not intended to limit

the invention to a vertical arrangement of the elements.

Having thus described the present invention with reference to certain preferred

20 embodiments, the invention will now be further illustrated by the following example.

EXAMPLE

This example summarizes a study designed to determine the rate and extent of
25 absorption of alendronate sodium in human subjects upon administration of a solid

pharmaceutical dosage form of the present invention (“protected tablet”).
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beari ng neans engage stationary cans and rollers which control the vertical
noti on of each punch during a cycle of operation. The cans and rollers are
arranged woak/oshae in a cycle of operation, a powder or @CarisozaB608At eri a
is fed into a die while the Iower punch is 20 inserted into the die.
Pressure is applied to the powder or granular material to produce a
conpressed body. After conpression, one or nore of the punches is renoved
fromthe djie .and td sage formis released. Rotary presses are

especi al | h volume production because they typically
contai n nunmerous punch and die sets operating simultaneously. 25 A cycle
of operati onPEf?}F‘ﬁ@dEa%@t%Wﬁfleé@deéF fQllaws- i nventi on adapted for use in a
rotary press will now be described. As the die table rotates, one of the

di es passes (nbket Caret 8514 g ehalendspnateirdwdratedEV A Wsip btd handi? b giof xyhied ng

d th.th f t he | I.S~:WM th
The cor o MRt ier Q8 Urieruily i pg e VlE p Tl e ) | 12 Cam
The annul @fanﬁﬂﬁﬁ'%ll $£hdin PYnO bR AR Was Aticd RE4RLTHE Siie ROMBGa Aaididekibed dvek h 30

powder or °granul ate. At the next station, a core tablet is inserted onto
the tip ofind Mllebhmughad).Bynm ecreemt Tlonghnuigtamas bimdéd with t1i gswospoawlone

"press coat" machines like . the Kilian 18 W 03/057136. P /3608 RUD.
Tﬁe core NAHBSTRRBE )&fsﬁ‘fei W@S'agﬁﬁ gf%még?eél%&eﬂﬁtem%ﬁ“@
further 03] Ofied i1 b SrAERSwhORKE: HaTHRA IR Gk 05 nihgee Trae

puich™w th, or t hout , d

col umar I'ts protrusion noves downward and pushes

the core brbi etasicompressed using ad¥lapstydey single pgnchrtablar maciting fitikd withe Sframce of

t he col ummar punch retracts the core rod agai nst the bjas 5. and Nﬁe powder
a

or gr dful St beyeledipanch. sThegablelonaight was - LmEand H7aRS6h hardnsstiot e core

tablet. In th osage f product, one recess is defined by the height of
the protrf¥FS legﬁ'&g?ﬁe&%]tmher recess is defined by a combination of the

conpact abi | | Byotested RS igire gf Ihras e ile e ekl cRMYs  of ¢ e
core tabl ﬁ%néécflﬁ%mﬁs Eﬂl’iﬁ%icf&rﬁ%‘i‘iﬁ{eec%ﬁ@l@se tAcdMepr piREReC f ur ther to
col umar punc

where the I's wthdrawn fromthe die. Either concurrently
or subseqlgérhhtyonal)heere dlendédafor five atinutes. rGnesgdmumagnesium stesaath €8FHR di e

Labi et15 SMoNETrod e bivet Heaasd By T St Plmde] Brefia it ARY | ectou.
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.
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

20 pharmaceutical dosage form. The upper punch had a protrusion of diameter 4.5 mm and
1.2 mm height. The tablet press was operated and the protected tablets were produced.
The tablet weight was 474 mg + 0.62% RSD and the hardness of the protected tablets was
12 — 15 kP. The alendronate trihydrate content, expressed as alendronic acid was 66.8 mg
+ 1.38% RSD (82.4 mg alendronate trihydrate being equivalent to 70 mg alendronic acid).

25 The drug—cdntaining inner tablet was recessed from the surface of the annular body by

about 1 mm.
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Wil e reference has been made to "upper” and "lower"” elenents in the
description of 15 the tool set and process for nmaking solid dosage forin
accor di ngwoostba3é nventi on, the spacial rel ationships of pCraiSet/asment s are
determ ned by the design and construction of the press in which they are
used. Use of the terns "upper” and "lower"” is not intended to limt the
invention to a vertical arrangenent of the elenents. Having thus descri bed
the preseniphRyeRij-qosWidyh reference to certain preferred 20 enbodinents,
the invention W now be further illustrated by the foll ow ng exanple.
EXAMPLE Thi s gxalr . (] I to deteaerm I and
extent of | ><XARUBHRPRLVEHE e SRR S OB FerithSLTh B s Ehe
adm ni st r ahé pirMhcckisdich 8f a BIIRY dBRERUoHA F thdqeest ihoénfiodfcohtiny 26 aipt
invention ("protected tablet"”). 19 WO 03/057136 PCT/USOZ[BGOB%g Materials
and Met hoddendranatse tltsoharmacekineties easagawated te that efis comasraial 78ang Fogdanl” g of
al endropate ,triydrate ( sia Jtd nd 2.6 g of xylitol (Danisco
Sweetengréﬁ%oﬁ?%ngr%@é%%F#@Bh%e ter in a Diosna (nodel P1/6) 5
granul ator far mn. The granulate was dried at 40'C for one hour in a
fluidized be r and mlled through a 0.8 mm screen. The granul ate was
bl ended with 11 g crospovidone NF (BASF Pharma ) for five mnutes. One

gr am magnesi Urhestustyrvaase rurdgamzedviapén-tabel dttreatmpent,)2 peripdad deatengrocrpssever
granul ate was furt er.bIQ@p d f n jtional 0.5 mnutes. ,Th bl end was
Qonpr eescdeien e Mg spiens, el ARk A BuPril iR 1305 vl &
mn 10 fl age Renaheuniedieth thd dy.abl et wei ght was 94.9 ng 1.0% RSD. The
hardness of the coré tablets was 3 - 6 kP. Protected Tablets: A m xture of
o4 O A COMPRSAIdI\ asttiiOPGud Aldf AR scolbtud td d 5RMS

m cr ocgf/st alrrIpL|F (r?i‘e cgl‘ﬁfl ose&f%v(l{ cef%psﬁcl Zs,tu ﬁ{%?foﬁﬁ,tégc?}ggﬁ o}ﬁ(g’? dl\%gge ’

bl ended f evithfd 14eday ‘wishout’ QPeeiod batwesn threestudynpesiodar atlbesubldetsiiho ddmpleted

Mal i nkrodt I nc,) was added and the m xture_ was bl ended for another half a
mnute. RoWeRedtReriods weks iclpdedin themabisisn gSwiedts weredaadamby pesiengditp tyo

Spring- bi gﬁo‘% (sa.nf)ﬂlkz#{\pgl [\Y%;Lf&ﬁl?rﬁé‘t@%d%%ﬁtbnﬁésﬁml%r&%&%& b Sl e TrBiGeplodance

with the pre
and administered control Fosalan in the second period. The order of administration to the

15 second group was reversed.

In both periods, alendronate was administered in the fasted state. A standardized 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
libitum. In addition, subjects were encouraged to drink at least 200 ml of water at regular

20 intervals during each study period.

The bioavailability of alendronate was determined by measuring the cumulative levels
of alendronate excreted in the urine over a 36 hour period following oral ingestion of the
test and control tablets (hereafter “Ae,,"). An initial (¢ = 0) urine sample was taken
immediately after administration. Urine samples were taken at 11 regularly scheduled

25 points in time over the 36 hour test period. All urine samples were analyzed for

alendronate using a validated HPLC-FLR assay.
Results

The main pharmacokinetic parameters obtained from the analyses of urine samples are

collected in Table 1.
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The core rod was designed for a 5.nimround core tablet and the die and
punches for the outer tablet were designed to produce a round, 9 nun

di anet er ,whloatshewvel ed solid 20 pharnaceuti cal dosage for mCTM®e2/8PEr punch
had a protrusion of dianmeter 4.5 nun and 1.2 nm height. The tablet press
was operated and the protected tablets were produced. The tablet weight
was 474 mg 0.62% RSD and the hardness of the protected tablets was 12 -
15 U The al endronate tri hy. - as al endroni c acid was
66.8 ng 1.38% RSD (82.4 ngy ’g{bg‘%lgrg%%@ggqlﬁﬁ%g’;aﬁ& gi ng equivalent to 70 ny
al endr oni ¢ Seitrm——b—The—cH-tg—eeRt-a-a-g—rrrrer—tabtet—was—Tecessed—f rom
the surface of the annuhdéminibatn vibyProtatodTblet nurimimyatinmvy Bp@BY cgwrol)

PCT/ US02/ 36Q3Lmetthar macakdamet i c: § ud ACC{oh)ni caMebd i al _i#8Dol vi n@v (el ve (12)
human vol untger S CO ted deno rate phar{gacoki neiggcs of a
solid dosag&ef'ﬁf”ﬁy\ﬁf thgq%gesengﬂl nven[hl%'tgn conggﬁi ng 7%898Cng al endr onat e.
|ts phar macakj neghcs was37donpar 8P to t s of a3ddmmrerci HI® 70 nmp’®Fosal an T™
5 tablet of the prior arg4(MercI6,9 Sharpe_& Dohng). Methgd The study was a
random Zed, Gﬁe(H'l ahel "t reat oent 2 ppl“i nri’ D Qﬂﬂlllnnhn crassavar desi gn
under fasting conditions. Twelve (12) healthy adult male volunteers, 18-55
years of age were the subjects in the study. 10 The study was divided into
first and Seﬁ%ﬂgﬁig&yoﬂlﬁé bR hacekagdticglaradtetéro uf thediosageifom in adcotdancel 4 day
"wash-out" period between the study periods. All_subjects who conpleted

bot h st udyitip#is imrgnmmnthﬂmmgaamigmﬁh@pﬁﬁlawgﬁ of thesprerart dosges 1mmAR dom y
assi gggd to .t\/\@. ,?I’Ciu%S. One group was adm ni stered al endronate via the
prote edPTP¥gFL{n ?‘Pf’ e first period and adm nistered control Fosalan in
the second period. The order of adm nistration to the 15 second group was
reversed. In both periods, alendronate was adm nistered in the fasted
state. A standardi zed neal was provided 4 hours aftergﬁgtn?p i stration.

Snacks were pilebiede Camnpaiisen afBharapsakinetiss pbihg Peoterted T &OLAE for all
subj ects i n bot-a—st-trey—perrods—VateT F roviaed ad TTgmum In
addi tion, subjects were encouraged to d¥PRETEA 'eas-t—EED—nﬁEei—water at

regul ar Geometric Mean of Ratio 0.99 1.12
15 90% Geometric C. L. 75.31% to 128.79% 93.98% to 135.01%
Intra-subject C.V. 37.48% . . 24.85%

By reference to Tables 1 and 2, and FIG. 5, one can see that alendronate administered
via the solid dosage form of the present invention gives essentially the same
20 pharmacokinetic results as administration via Fosalan. The total amount of the
alendronate excreted into urine over 36 hours is essentially the same for both treatments

with the maximum rates of excretion (parallel to C_,, in a pharmacokinetic study of plasma

levels of drug) also close.

The profile of excretion into urine was similar for all subjects and in both treatments.
25 The majority of the subjects had their maximum rate of excretion (R, between one and
two hours. For five of the subjects, the R, occurred earlier than 1 hour after
administration when they took Fosalan. Four of the subjects experienced a R, in less
than an hour when they took the protected tablet. One of the subjects had an R, in the
third hour when he took Fosalan while two of the subjects had a R_,, in the third hour

30 when they took the protected tablet.
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20 intervals during each study period. The bioavailability of al endronate
was determ ned by neasuring the cunul ative |levels of alendronate excreted
in the urwoaseyaBe a 36 hour period follow ng oral ingesti emaTafSor/b®s1test
and control tablets (hereafter "AeO-36"). An initial (t = 0) urine sanple
was taken imediately after adm nistration. Uine sanples were taken at 11
regul arly schedul ed 25 points in time over the 36 hour test period. All
urine sanpl espyehi aRBliiEdxlitled AnERALRNAIRA HohI% 8 8ab I 98kqM FRLC FLR
assay. Results e mal n pharmacoki neti ¢ paraneters obtained fromthe

anal yses Gosalah #as séfilifercabrd fro@l J0eiGigad 28M.4 Tabvienlthe 2dlidRaDddsage o3 of
PCT/ US02/ 36081 Tabl e 1: Pharnacoki netic Paraneters Adm nistration via

Pr ot ect ed thapresant yienton wasadministared. Ho oalyaosebiseisoras thesg o greate thapelye  SD

oo/ 1y 37 1810 aeice hyqdtit 1ty loubd Shkefls i erbiedtPylgl - ©,° 5

conpar i $0Rre@fmdnfe RRGheBGRfetNcitedavaiRiveiBogtt of BRndRpAGeefRdl8RS oT how
accordance wth this invention with the pharnacokinetic paranmeters of the

prior art thosdagofate was gdmindstgredyvi ded in Table 2. Table 2. Conparison of
Phar macoki netics of the Protected Tablet to Prior Art Ae0O 36 (M) R

(rmg/ h) GeonetThebiddvailakifityRetalendfdnd® aimidstifed Y0thEmowetsplid dGsagt forrbof3the % t o
128. 79% 93.98% to 135.01%. Intra-subject, CN. 37.48% - 4.85% By reference
to Tabl es Pesgrdnyentigndn equiyalent te et ekalendsenaiqadministared B, Fisea oS s eq
via the sqli (o] BemP - IR oS il do¥ikshe
sane 20 p g?ﬂ%ﬁﬁ?ﬁg %rt{hr@‘élgéa[ée S aéﬁ@ﬁ?ﬁ?ﬁﬁg‘ﬁsgﬁ gxnggYFos Iaﬁe&Thedgt 1ot al
amount 1f cbitact oRkiedlemiradate @th tied mocdus heembrames of ey esdphdgooussandstasadnt i al |y

the same for both treatnments : : .
while the bioequivalent novel dosage form of the present invention affords such protection.

Having thus described the invention with reference to certain preferred embodiments,
other embodiments will be apparent from this description to those skilled in the art to
which the invention pertains. It is intended that the specification is considered exemplary

15 only, with the scope and spirit of the invention being indicated by the claims which follow.
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with the maximumrates of excretion (parallel to Cm in a pharmacokinetic
study of plasma |evels of drug) also close. The profile of excretion into
uri ne wasweiogiosase f or all subjects and in both treatnmentsPCTABTB@®SMaj ority
of the subjects had their maxi numrate of excretion (Rma,,) between one and
two hours. For five of the subjects, the Rm,, occurred earlier than 1 hour
after adm nistration when they took Fosal an. Four of the subjects
experienc§ﬁégﬂg.. a,, inless than an hour when they took the protected
tabl et. he subjects had an Rna, in the third hour when he took
Fosal an 'Ie_t%n of .the subjects had a R. in the third hour 30 when they
t ook themﬁh@w ablet. 22 WD 03/057136 PCT/ US02/ 36081 The total anpunt
of excreted al endronate ranged from 36.9 ~Lg to 158.6 ~tg when Fosal an was
adm nistered and from30. 1 [tg to 284.4 ~tg when the solid oral dosage
forrn of the present invention was admnistered. In only two subjects was
t here a gi.eatesolidydiarmavsuti¢ad dosage foray foneral sdministrationmto 2 patignt egrapmIng?
excreted al endronate between the t 5 treafnments.  Another. subj ect reted
S very low afgiegreoarunae anae plfaasrital Ser SRRt in ARG
adm i St er edop diipidla B hidir drinkii R mA RN WA Bfiprativhardiid thécdbe novel
solid dosage formof the present invention in equivalent to that of

al endr onat e @hétni stered by dosage forms of the prior art. However, the
dosage formof the prior art does not provide any protection against 10
contact of the alendronate with the nucous nenbranes of the esophageous and
stomach while the bioequival ent novel dosage formof the present invention
af fords syichrhr Qb eEHRRaceutBM idBhob Toitn SEQSH P RheteithieRURIhbIRTis Wedebsed.
reference to certalin preferred enmbodi ments, other enbodinments will be
apparent fromthis description to those skilled in the art to which the
invention pertains. It is intended that the specification is considered

| 15 only, with th d spirit of the i i on_bei.
i Cat et by ThREPH pAFRAAE Potee s oD oBrtsey Bse e Bt St

CLAIMS What |5 &di @it 781dased into the annulus of the annular body.

4. The solid pharmaceutical dosage form of claim 3 wherein the active pharmaceutical

ingredient is ulcerative.

5. The solid pharmaceutical dosage form of claim 4 wherein the active pharmaceutical

ingredient is a bisphosphonate or NSAID.

6. The solid pharmaceutical dosage form of claim 5 wherein the active pharmaceutical
ingredient is selected from the group consisting of monosodium alendronate
monohydrate, 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 and oxyphenbutazone.
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1. A solid pharmaceutical dosage formfor oral admnistration to a patient
conprising a core tablet containing an active pharmaceutical ingredient
sheat hed wop oansasnul ar body of conpressed powder or gran®gcarusors®si al
formed by conpression around the core tablet. 2. The solid pharnmaceuti cal
dosage formof claim1l wherein the core tablet is recessed. 3. The solid
pharmaceutical dosage formof claim2 wherein the active pharnmaceuti cal

i ngredi ent, I olid
phar maceut T oot gona PRl Rica o dpL s Blaih SR o a0 S arthacd Bl

i ngredi ent | Singrledehiisinvos&diumhendfinatd mdrhpdatut i cal dosage form of claim

4 wherein the active pharmaceutical ingredient is a bisphosphonate or
NSAID. 6. The solid pharnaceutical dosage formof claimb5 wherein the
active pharmaceutical ingredient is selected fromthe group consisting of

monosodi urg afh%’lﬂhé??ﬂ%&qac@&}ﬁ%i‘ cggigén e 'GP RR%R ivbﬁ@r h?l?éjzgc?&@ﬁ)ﬁaﬁl{agmgﬁ te,

sodi um eti dronate rnse pam rona aspir upr or en,

naproxen, feriggediksiis nkelosgdiohalendrodd@ptibydrate. f | ubi prof en, i ndonet haci n,
sul i ndac, etodol ac, nefenam c acid, meclofenamate sodiun1 tol netin,

ket orol ac, dicl of enac, piroxicam neloxicam tenoxicam phenyl butazone and
oxyphenbut azone. 24 WO 03/057136 PCT/US02/36081 7. The solid

phat meceuts ot A3RagRahALL Rl SR AnUREEE B FilFeRGhd 5. M 11RGRUA £

i ngredi ent”” i s MONOS te nDno

pharnaceutlca&mdﬁﬁﬁgﬂmﬁpmﬂhﬁﬁt&ﬁﬁmﬂuﬁnmhere|n the active pharnmaceutica
i ngredi ent is nonosodi um al endronate trihydrate. 9. The solid

pharmaceuti cal dosage formof claim2 wherein the core tablet is recessed
at least fromabout 0.5 nmto about 4 nm 10. The solid pharnaceuti cal

dosage for 10" OIfhefﬂlach g%err}n&cegﬁlgal dotsgee B304 %k m? ?%e?&ﬂh'?ef e{?l%fx%r (Yy %&mﬁfs a

i ngr edi ent rmaceut cal osage ormo erein the
powder or gr aplichve ingPddemt.al i ncludes a pharnaceutical excipient sel ect ed
fromthe group consisting of

11. The solid pharmaceutical dosage form of claim 1 wherein the powder or granular
material includes a pharmaceutical excipient selected from the group consisting of
hydroxypropyl cellulose, hydroxypropyl methylcellulose, microcrystalline cellulose,

starch, lactose, sugars, polyvinylpyrrolidone and calcium phosphate.

12. The solid pharmaceutical dosage form of claim 1 wherein:

a) the core tablet has a contour including opposed first and second surfaces and

an outer circumferential surface extending therebetween,

b) the annular body has a contour and orientation with respect to the core tablet
wherein first and second opposed annular faces align substantially coaxially
with the opposed surfaces of the core tablet, an outer circumferential surface
extends from the outer edges of the annular faces and an inner circumferential

surface extends from the inner edges of the annular faces.
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hydr oxypr opyl cellul ose, hydroxypropyl mnethylcellul ose, mcrocrystalline
cel lul ose, starch, |actose, sugars, polyvinylpyrrolidone and cal ci um
phosphat ew0X2/057ibe€ sol i d pharnaceutical dosage form of cl @&cmuSowk@sei n: a)
the core tablet has a contour including opposed first and second surfaces
and an outer circunferential surface extending therebetween, b) the

annul ar body has a contour and orientation with respect to the core tablet
wher ei n fiIRSITIRSsSRCEORH 0PBIRARS O vAMMsth Mie ditagce ARtdsd BachWTThddpoaéd dirfaces
coaxially wth the opposed surfaces of the core tablet, an outer

ci r cunf er ent iodlithesenré tabéet ifikore atisut 2rrom tolRbowtRenmedges of the annul ar faces
and an inner circunferential surface extends fromthe inner edges of the
arrmul ar faces. 25 WD 03/057136 PCT/ US02/ 36081 13. The dosage form of claim
12 wherein the distance across each of the opposed surfaces of the core
tabl et is 1ir omealdoide BriBY ERINR RS Wherksn e \distthce I&%sﬁé&%ﬁgﬁtﬂe%ﬁb&ﬁ stHadan 13
wherein the distance across each of the opposed surfaces of the core

tabl et is fr oftlabae tablans from abouwitd @mrtmabaB.7 milve sol i d phar naceut i cal
dosage formof claim 12 wherein the core tablet is recessed in the annular
body such that the outer circunferential surface of the core tablet
engages a segnent of the inner circunferential surface of the annul ar body,
and the ‘?QP@I?x%Qoﬁ&'Rﬂﬁﬁﬁ%e&faalﬂhﬁa@%ﬁnb@@lﬁﬁﬁ 18 WherP et @bleyisg¥Resad and
are recessed fromthe annular faces of the annular body. 16. The solid
phar maceut i canh thedemaglkar badynuoh thek tieroutks ciwhenferantinheirfappobihd cererthldlees of t he

core tablet are recessed ahqut. 0.5 mm _to .apout 4 fromthe annul ar faces
of the annu!eagags&aﬁ?g@epﬁ 0?' 1B ﬁﬁ%‘@f‘ff%ugfsué#a&? ﬂ{% avﬂg]?ré?o_ﬁlyt PRner
circunferenti, os%Hrsgﬁ?@es Qfﬂfer&%r&@lb‘ﬂ 4E suﬁ%?ﬂl}'la B@ﬁé@arﬂfar@réc%sﬁa fRpfmsecond
term nal seg t and one internal segnent, turther wherein the first

term nal segaemilacfadestdfehopmoaketody.r st surface of the core tablet define a
first void and the second term nal segnment and the opposed second surface

of the core tablet define a second void and further wherein the distance
across each of the voids is fromabout 0.5 to about 10 mm

16. The solid pharmaceutical dosage form of claim 15 wherein the opposed surfaces of the
core tablet are recessed about 0.5 mm to about 4 mm from the annular faces of the

annular body.

17. The dosage form of claim 15 wherein the inner circumferential surface of the annular
body consists of a first and second terminal segment and one internal segment, further
wherein the first terminal segment and the opposed first surface of the core tablet
define a first void and the second terminal segment and the opposed second surface of
the core tablet define a second void and further wherein the distance across each of the

voids is from about 0.5 to about 10 mm.

18. The dosage form of claim 17 wherein the distance across each void is from about 3

mm to about 6 mm.

19. The dosage form of claim 1 wherein the core tablet is in the shape of a disk or

cylinder.
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18. The dosage formof claim 17 wherein the di stance across each void is
fromabout 3 mn to about 6 nun. 19. The dosage formof claim 1 wherein
the core walBes7186 i n the shape of a disk or cylinder. 2@CNDODBL@857136
PCT/ US02/ 36081 20. A toolset for producing a solid pharmaceutical dosage
formconprising a core tablet sheathed in a conpressed annul ar body of
powder or granular material, the toolset conprising: a) a columar punch,
and b) a punch assenbly conprising an annul ar punch and a core rod slidably
engageabl e with the annulus of the annul ar punch, wherein the core rod is

copabl o ChA SRR hSLIRED LSARFRSL-RES LASD AR ARy SEhRISH B0 L1

and wherein Iased T n an ex pos ool set

for produci nghaatb& inth dYRreREeRtinutR bodpsBieyded biahulat aferidl) tHeltbsler
conprising a die with a bore therethrough wherein the extent of novenent

bet ween t he ooaprdamiged and extended positions is approximtely equal to or
| ess than the thickness of the die. 22. The tool set of claim20 wherein

t he col ummar apuncha dohismmarpantlgand f ace with a centered protrusion. 23. The
tool set of claim?20 adapted for use in a press having a die table for

nounting a diy Walgunsh R@e@blytRafirdingue infiehpiddhtand BRorba shdabljne bore is

normal to the die table, a first actuated reciprocating ram novabl e al ong
the axis of the bengagsadle avididhe Aenudes afdheannules pipets vderenythegareondihe

opposite side of the.die.table m the first act.uate reci pr.ocat.i ng ram
movabl e along ¢ he cARAHe GiPRatept bATSHLS rotabBl RAEHER R PRGN HIRGRNORY, 1
wherein: a) the cQhdRMRfeiPth3ehrd rod afFRdcadn bR ExteRdbAljoRBioh0 one of the
reci procating rams of the press, and has an end sized to be received in

the die bore, b) the annular punch is adapted for nounting to the other of
the reciprocating rans of the press and has an end sized to be received in

the die b%‘i € Thg%jolset for producing a solid pharmaceutical dosage form of claim 20 further

comprising a die with a bore therethrough wherein the extent of movement between
the retracted and extended positions is approximately equal to or less than the

thickness of the die.

22. The toolset of claim 20 wherein the columnar punch has a contact face with a centered

protrusion.

23. The toolset of claim 20 adapted for use in a press having a die table for mounting a die
with a bore therethrough such that the axis of the bore is normal to the die table, a first
actuated reciprocating ram movable along the axis of the bore and a second actuated
reciprocating ram on the'opposite side of the die table from the first actuated
reciprocating ram movable along the axis of the die bore independently of the first

ram, wherein:

a) the columnar punch is adapted for mounting to one of the reciprocating rams

of the press, and has an end sized to be received in the die bore,

b) the annular punch is adapted for mounting to the other of the reciprocating

rams of the press and has an end sized to be received in the die bore, and
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27 WO 03/057136 PCT/ US02/ 36081 c) the punch assenbly further conprises a
col lar adapted for nmounting to a fixed point on the press coaxially with

t he di e beoe3asdssherein the core rod is slidably engagedcaiudoz/seoshe
annul us of the collar and biased by biasing neans housed in the collar.

24. The tool set of claim?20 adapted for use in a press having: a generally
pl anar and circular die table capable of rotation about an axis normal to
the plane ang haV| I WoTHTa}

circunfer ence at tﬁ.(g @Cﬂalkg%?lgrbz/a s,ra ‘?%S%l‘]gﬂﬁ%ﬁ&%ﬂ]f"zr nngrr%%%csiag}rie%ne
side of the die tq:b[moamhbmesamxidllpwnthhhe marbloreemdrvdmnmedlmrenaii@t her side

of the die table, each punch_ carri t at out nchr onousl y
with the die tabl &lidsly WW?%WHhthﬁa‘&‘“?‘EI ‘lfrtg‘f ?(ﬁ gird ‘é?etdl lpasﬁﬁg

slots for receivi ch hole or slot being in registry W|th a
bore through the g‘gupédqgwcorlreggns for controlling the notion of punches in
the direction of the axis, wherein: a) the columar punch is adapted for
sl i dabl e engagenent with the holes or slots in the first punch carrier and
has an end sized to be received in_ a bore, t he annul ar punch i s adapted
for slidaBfe Téngqggqﬁ@ﬁglawlgﬂaglqpéemFggelaraprgqs(;{aglngn t he second punch
carrier and has an end sized to be received in a bore, and C) the core rod
i s capabl e of i ndegeeddlytplamet awshciraslaatdioteblesapabde efvotation abgitiatexis2s. A

process for produci a sol.id armaceut i c osage form.co i.sin ormng
an annul ar body of “gﬂﬂﬂé‘? thg,p 1%%&5'?‘2}“%& Z‘Ffi ngWﬁgheéetﬁﬁoglgﬁtaﬁoo“’ln itsy,
conpression. 28 WOf} MQ]&@@aP@élﬁwﬁg)Sl 26. The process for produm ng
a solid pharnaceuti caI dosage form of claim25 wherein

a first punch carrier mounted on one side of the die table and a second punch

carrier mounted on the other side of the die table, each punch carrier
" rotating about the axis synchronously with the die table and provided with a
plurality of vertical holes or slots for receiving punches, each hole or slot

being in registry with a bore through the die table,
means for controlling the motion of punches in the direction of the axis,

wherein:

a) the columnar punch is adapted for slidable engagement with the holes
or slots in the first punch carrier and has an end sized to be received in

abore,

b) the annular punch is adapted for slidable engagement with the holes or
slots in the second punch carrier and has an end sized to be received in

a bore, and

c) the core rod is capable of independent motion relative to the annular

punch.

25. A process for producing a solid pharmaceutical dosage form comprising forming an

annular body of powder or granular material around a core tablet by compression.

28



form ng the annul ar body conprises: a) filling an annular cavity with the
powder or granular material, the annular cavity being defined by: i) the
bore of aw@ios/05113§ an annul ar punch partially inserted intaTiUse2/b@se from
one side, iii) a core rod in an extended position wherein it extends

t hrough the bore and the annular punch with its tip substantially flush
with the surface of the die on the side opposite the annul ar punch,

wher ei n t hg CRHeSrb@ds st prodi¢aty FsoligphaeihcbiiRaPadsapeiRmRTLIdih @3 videin _
retracted position wherein the tipis inside the bore, and further wherein

the core rod fosningithsathular boecanprsssted position, b) placing the core
tablet at the tip of the core rod, and C) advancing a col umar punch toward
the bore from)the filidg aptnihia odiiey withdss gosvdet begranulut abtefial) die, anhblar eby
pushing the core tablet into the bore against -the bias force on the core
rod and causi ng t lfaviipbeingdefined yet ract, and conpressing the powder or
granul ar material around the core tablet, form ng the annul ar body. 27. The
process of claimdp wheheboretdfie doxl utmar punch contact face has a centered
protrusion. 28. The process for producing a solid pharmaceutical dosage
formof claim 26 fiyrt hein angolppuhpartisly hteavd intp thie oeadmaene sidk, t he
punches fromthe die bore after advancing the columar punch toward the

bore and ejecting jfiie soldrélrdaNAaARERHIddGRkItIASAE ein tQhBNLE b IO 8bR. 29.
The process for producing a solid pharmaceutical dosage form of claim 25,

whi ch uses a tabl et prandsheamijapgunohiwith ithep swlistanivaky flpshr wigh thedsutfaed ¢ing:
29 WO 03/057136 PCT/ USO%/ 3.6081]%a di e tﬁbﬁ% rmlglnti]ﬁg a gi e.wWth a b(i)re

ext endi ng t her et hr ough, % ieopdhmsife prRosKe thsgRnwa B B’ng_ CFG"OF TR i e
tabl e coaxially with thg,, BRinas tHPééégﬂd%d%EﬁﬂgnBﬁkfa?éﬂa_%teﬁfpoﬁi’ﬂ@nbore wi th

the end proximal to the élie table sized to"be received into the bore and

bei ng term nated wherein the tip is inside the bore, and further wherein the core rod is

biased in the extended position,
b) placing the core tablet at the tip of the core rod, and

) advancing a columnar punch toward the bore from the side of the die opposite
the annular punch, thereby pushing the core tablet into the bore against the bias
force on the core rod and causing the core rod to retract, and compressing the

powder or granular material around the core tablet, forming the annular body.

27. The process of claim 26 wherein the columnar punch contact face has a centered

protrusion.

28. The process for producing a solid pharmaceutical dosage form of claim 26 further
comprising withdrawing at least one of the punches from the die bore after advancing
the columnar punch toward the bore and ejecting the solid pharmaceutical dosage

form from the bore.

29. The process for producing a solid pharmaceutical dosage form of claim 25, which uses

a tablet press equipped with the following parts and tooling:
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with a contact face for pressing against the powder or granular material,

an annul ar punch nounted on the other side of the die table coaxially with
t he bor e wod3memabl e al ong the axis of the die bore i ndepecdarsvt/yeosf the
col umar punch, wherein the end of the annular punch proximal to the die
table is sized to be received into the die bore and is termnated wth a
contact face for pressing against the powder or granular material, and a

core rod slidably engqg@ﬁb}@c}{.‘g\h@ EQ%é‘ﬁrﬁﬁ|al15%ré)éxtdﬂ?ng9t'ﬁ&lé}t%u£imch and

aligned coaxially with t e core rod noveabl e befween a

Lir ough the i e bor o TR ERESRIRRTE 4 Ak UGS Eale i SofubBba IS e

surface of the die, theb&@a@dm@damemaggme@&@bﬁtﬁeb&evﬁmtﬁeéﬁ@pro&qamttbon by
bi asi ng means, wherein form ng the annul ar body conprises: a) filling an

annul ar cavity wi th thethpdiateble sized tnbriteasivedhime thabore and beinsiieaninaedyi t y

b defined by the di ded d
the Contact face of theviRRGPAPHTEHdR Baptrareyrt ReBbBr Bt bore. b

placing the core tabl etmgferihine tip of the extended core rod, C) advancing
t he col utmar punch, whereby the core tablet is pushed into the die bore

agai nst the bi as for%{?a&?ﬂﬁ&tp@ﬂc@%oﬁﬂ@d%ﬂéﬁeﬁere AR AR écoM‘ﬁlﬁﬁxﬁ the

core rod at | east pa y ‘retracts the po

material is conpressedhbbbrwand nidvebleaidn@ahe imceﬁthefdletﬂswe Q(depemhntlﬁﬂﬂ
annul ar punches, form ng the annul ar body. 30 WO 03/057136 PCT/ US02/ 36081
30. The process for prddeepiHENY BHC d”lﬁﬂﬁ%lpﬁ%@{ﬁq fehg anpydas panehyprexBRalde aj m

29 further conprising e die
bore after advancing Yvhéeafc%o n%%lfetdt}!r)é%?‘%W%E E’ eh(g?)rmeﬁ%an sefeé‘@[ﬂa%‘ t he
solid pharnaceutical dogi@ge cortast lfacferfﬁmfeibﬁlé)dg’aﬁlst the powder or granular

material, and

a core rod slidably engaged within the annulus of the annular punch and
aligned coaxially with the die bore, the core rod moveable between a
retracted position and an extended position wherein the core rod
extends through the die bore with the tip of the rod substantially flush
with the surface of the die, the core rod being biased to the extended

position by biasing means,
wherein forming the annular body comprises:
a) filling an annular cavity with the powder or granular material, the annular

cavity being defined by the die bore, the core rod in its extended position and

the contact face of the annular punch partially inserted into the bore,
b) placing the core tablet at the tip of the extended core rod,

) advancing the columnar punch, whereby the core tablet is pushed into the die
bore against the bias force exerted by the core rod biasing means, whereby the
core rod at least partially retracts, and whereby the powder or granular material
is compressed between the contact faces of the columnar and annular punches,

forming the annular body.
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3 1. The process of claim?29 wherein the columar punch contact face has a
centered protrusion. 32. The process for producing a solid pharnaceuti cal
dosage f owmosfsmBai m 29 wherein the die table is horizont &CT/ushw3mel unmar
punch is above the die table, and the annular punch is below the die

tabl e, wherein the tablet press is further equipped with a feed shoe for
delivering the powder or granular material to the die bore from above and

a col | ar f3pxeteyprosary MorgodRinvy dog pHirgndcalical €nayd forml dflaknt29 fuftRerdi €
bore, the core rod being slidably engaged wi thin the annulus of the collar

and bi ased bycobipaisingewmtixdrawingsie teastrone héthepiunehes fromuthatses eora afterrasivanging ar
cavity is fil]led fromthe feed.shaoe, the .columar .punch is .w.thdrawn after
t he advanci ng}Lg EUBMBALPYTICh ‘%‘6‘1‘@3‘“&??&? %‘g@ﬁ%}n@gﬁe ?1‘8@1 5 doseE et ed
from the borg,Ry sadyaRHoRg the annul ar punch into the bore. 33. The process
of claim 32 wherein the annular cavity is filled by placing the feed shoe
over the die bore while the annular punch is positioned with its contact

face approximately flush with the die surface and then | owering the | ower
punch to fqr t he cavjty. a r awi the powder or granul ar material into
Phe cavit v Toytsraveesy obfiting 78 wBeRN G i Bufi pineh o3haltfee hylia 88ie e
producing a sphd-gkighar meceutical dosage formof claim25 which uses a

tabl et press equi pped with the follow ng parts and tooling: 31 WO 03/057136
PCT/ US02/ 36081 a generally planar and circul ar die table capabl e of
rotation about an axis normal to the plane and having a plurality of bores

t heret hroygh.. around [ts ircunference at regular intervals, a first punch
carrier m§gn Thg pEoresh r?F‘Hﬁ‘CWﬁésﬂﬁ%p apageutivat dpsags: ﬁrﬂ%ﬁ%&‘ﬂ”carri er
nounted on the other side of the die table, each punch carrier rotating
about the axis sywbpiesnbagigtabledinharizentsl,dhe colpmnariumeh inabguethgidigtagle,

plurality of verti %%brqgeo%wsglafg%rfciﬂgﬁelo@%@di@%bqe,or slot being in registry

with a bore through
wherein the tablet press is further equipped with a feed shoe for delivering the
powder or granular material to the die bore from above and a collar fixedly
mounted below the die table coaxially with the die bore, the core rod being
slidably engaged within the annulus of the collar and biased by bias means

housed in the collar, and

wherein, the annular cavity is filled from the feed shoe, the columnar punch is
withdrawn after the advancing step and the solid pharmaceutical dosage

form is ejected from the bore by advancing the annular punch into the bore.

33. The process of claim 32 wherein the annular cavity is filled by placing the feed shoe
over the die bore while the annular punch is positioned with its contact face
approximately flush with the die surface and then lowering the lower punch to form
the cavity and drawing the powder or granular material into the cavity by gravity or

pressure differential.

34. The process for producing a solid pharmaceutical dosage form of claim 25 which uses

a tablet press equipped with the following parts and tooling:
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a plurality of annular first punches, each slidably engaged wi thin one of
the wvertical holes or slots of the first punch carrier, each of the first
punches Wawsg/1iaen end proximal to the die table sized toPoa/usewaiosed i nto
a bore and being termnated with an annul ar contact face for pressing

agai nst the powder or granular material, each of the first punches further
having a core rod slidably engaged within the annulus and aligned
coaxially with a QF&erQ%’;ﬁanatr!aﬁd EiRbufar B aBRBARIE 0 PREMRBA bt Bl AR Fhal
position and an extende position wherein the core rod extends through the
die bore with the titp thefpledesandihaving alpdurahtyi cdbbses thensthromgh brauhd itsur f ace of
the die table, the core rod bein bi ased to the extended position by

bi asi ng nmeans, a pl FiEPRfSrense k@Bl fes, each slidably engaged within
one of the vertical holes or slots of the second punch carrier, each of

t he second punches firgpingh cagmer aprinpado angisideghe fis tahle andyppecosd puerh o be

received into a bore_and term nated,wt ontact, facge for pressin

agai nst the powder (ffmbe_rr 39 %@onﬁéﬁ% Fraﬁl,égrfetgﬁgleﬁ %b%l_e’cegﬁ P%Iﬁhicﬁaﬁ%trﬁoetagn ion
of the punches in thgogtith€stis SYhcBfonbhdy WxthThe dihlehmd providied Svithheplanmy} ar
body conprises: a) filling an annular cavity with the powder or granul ar

mat eri al, the annul &f vertigeli hojesioaisiots, dech hedelonslotdettigan egisry withebere od in

its extended positign and.t ntact face of a first punch partially
inserted into the bgli"'@?&bsheg{f%t@ﬁﬁg the core tablet at the tip of the

extended core rod, 32 WD 03/057136 PCT/US02/ 36081 C) advancing.a second
punch into the di%Pl%arl’é),’Of/ml@b\f}rsctRén@%?’éaﬁ%ﬂidé@ﬂ%lgb&?éﬁ’@gupﬁ%of te die

oore against the bl agnicaf et Sid:ie tﬂ¥ﬁ§s}?$gﬁcg{%rﬁé}9%§$h?ﬁm&%ﬁ§?&%hes wher eby

the core rod at |east par y retracts, ere e powder or

granul ar material i $aciaganesspodxheilwedr dibebioitedad bk aaededfintbhdokd et and
second punch, form ng the annul ar body. 35. The process for producing a
sol i d phar maceut i cabcmgdergunatest yithan apnylas contact face, fr pressing againsighe

Wi thdrawi ng at | east,, Qg HerddifrRHRGRE ool 8t HisthiclR Aol hfing I¥BRE1 N0

rod slidably engaged within the annulus and aligned coaxially with a die
bore, the core rod moveable between a retracted position and an extended
position wherein the core rod extends through the die bore with the tip of the
rod substantially flush with the surface of the die table, the core rod being

biased to the extended position by biasing means,

a plurality of second punches, each slidably engaged within one of the vertical
holes or slots of the second punch carrier, each of the second punches having
an end proximal to the die table sized to be received into a bore and
terminated with a contact face for pressing against the powder or granular

material,
means for controlling the motion of the punches in the direction of the axis,
wherein forming the annular body comprises:

a) filling an annular cavity with the powder or granular material, the annular
cavity being defined by a die bore, a core rod in its extended position and the

contact face of a first punch partially inserted into the bore,

b) placing the core tablet at the tip of the extended core rod,
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t he second punch toward the bore and ejecting the solid pharnmaceuti cal
dosage form fromthe bore. 36. The process of claim 34 wherein the second
punch corweaB/ofasée has a centered protrusion. 37. The pr®@cedasondeosi ai m 34
wherein the annular cavity is filled by rotating the die table wunder a
feed shoe while the first punch is positioned with its contact face
substantially flush with the die table surface and then retracting the

first punch t9 forgpthe, cavibyq pdiRfl b bRewh h 2 @t erial
into the cavic?y by gr awé;y gr esgtljﬁrié dclﬂg})er evnvt ?ﬁé’Pﬂ e%rorb%ﬁi Fisghs
phar maceut i cal dogaehé dierbops z(gdmeﬂ:le bias tftree prarted by thd ccnb mdﬂmﬁﬁng mig3ans,
whereby the core rod at least partially retracts, and whereby the powder or
granular material is compressed between the contact faces of the first and

second punch, forming the annular body.

35. The process for producing a solid pharmaceutical dosage form of claim 34 further
comprising withdrawing at least one of the punches from the die bore after advancing
the second punch toward the bore and ejecting the solid pharmaceutical dosage form

from the bore.

36. The process of claim 34 wherein the second punch contact face has a centered

protrusion.

37. The process of claim 34 wherein the annular cavity is filled by rotating the die table
under a feed shoe while the first punch is positioned with its contact face substantially
flush with the die table surface and then retracting the first punch to form the cavity
and drawing the powder or granular material into the cavity by gravity or pressure

differential.

38. A solid pharmaceutical dosage form produced by the process of claim 25.
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