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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
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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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part of t egG tract (stomach or duodenum). A further suggestion to prevent
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mucosal lining ig.to encapsul,ate the. d t I i apsul e . coating
and rel ealtht fma F’?fﬁ“g\ec?ﬂﬁ))“{l Hpﬁfgcih]esgﬁ({ go?IaTdI%S céWl&%/Seta%F%ggﬁlP% hgelgfn?fh% coat by
di f f usjson, Qe SbRPHEGI£k ARSHhAS or Bi6SRuENTgest i ons can be fulfilled by
usi ng an osnotic punp device 20 to deliver the drug or a perneable film

coat such as AFfuttheniggbiionrto Breerdgoutagibepreershe satitkpastigiet ¢fchp s i dea is
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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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of the present inventionis to provide a solid dosage formthat can
rel ease agsstrogntesize} Waotguring Bansitpf dhtedasngs fond threpghthe epopbpgse stamach aidice
contact of the solid drug with the lining of the gastrointestinal tract
during t r YHESHCHf ¢ he dosage formthrough the esophagus, stonmach and

intestine. AADQYRL s tddfling 2Rl jtaBgatiﬁE drdcedy 1k BeertinoaREGoRYIcR aaIdsigty ent ed
to produce a dosage formneeting the tringent requirenments on
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conpressi on - coarings, production of nultilayer tablets or engraving.
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tool set of this inventio i |.I becone 15 apparent.from consi.deration of the
det ai | ed GRABEFHRPGIFUGP of mi tHaxer t2by %‘?P;&HB%)%%%S}%# fga‘%’ﬁé THYEHEi on whi ch
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conpr e3s apmeditiffogh edisideraaion objhecletailepdesceiptiohef thbpesferredémbqsiimente of ar e
adapted for pierci an %n snotic drug di spensing
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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well as the inert portion. U S Patent 5,551, 856 .descr.i bes an_ apparat us
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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
solid dosage formfor oral 20 admnistration to a patient that reduces
cont act bwbDwees7iBhe mucosa |ining the gastrointestinal tractusansbosal solid
drug contained in the dosage form In satisfaction of this object there is
provi ded a preferred enbodi nent of the solid dosage formin which the core
tablet is recessed in the annular body to shield it fromcontact with the
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enbodi nent, the annul ar body has opposed annul ar faces that are aligned
subst ant i tielapnelanfaces oftheparivlardedysed opposing surfaces of the core tablet.
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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
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make the galinge/dRPBES th BeiBedio rhil d ddyPatie@bosagd fétnt WithagtccsRbicses a
general |y cofumar punch having a contact face for pressing against a
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with the an us of the. annul'ar punch and capable of novenent between a
r et r act edinpimsdxtended positianwheit tha dedsepsaintuson, t he core rod being biased in
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annul a5 pddtafed by aldi@bgreyttie coreaod gudiha comtactefaeerafahe ampoddrtpuoct wigh a powder
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.



columar punch into the die bore. The columar punch pushes the core tablet
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punch pushes the core tablet into the die bore. As the core tablet is
pushed into the die bore, the core rod retracts agai nst the bias force.
Meanwhi | e, the action of sa¥=Ts Qsges the powder or
granular material into a}?#ﬁnyﬁ*@r 00 ;Oﬁ%ﬁﬁ{ﬁ}e coig tablet. 25 The
process furt BRE. CEHEsiss@onwl pispeativengidatnd wpslowangevad oft e lidudosigesfofmom t he
bore and ejecting the finished dosage form such as w thdraw _ng the
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WO 03/ 057136 PCT/ USO2/ 3608 BRI.EF, DESCRI PTION OF THE FIGURES FIG 1 shows
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_ op down Vviews of a solid dosage form with
a recegsed cp[@ Xl Rispedtivachdw 6f  SiBEeia66h tdbletiig pesEp sReSR itnhetoalsebody of
powder or granular naterial in accordance with the invention. 5 FIG 2 is
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
and punch as Ei"rt?l‘ﬁ.a Sﬁ‘ft@.als sdé\qyfgwé’?ihescé’&%aﬁé’fm%qﬁ@%ngb\gssgg‘%?yai ng stages
(nacycle of@PanakiRietidial sidelics dipieinauglain Ryak Bispditidifani 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

form il RWRRFANEE Hfoofet Racerdaeh Vi He VB % ont ai ning 70 ny  nonosodi um

al endronat e | 585 R of MelavéRicBThtOBNASRIbATR &t BRInAA iR dPa@dEns WheN 15
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
suited foRoRveduanPRndoRals pigha aﬂor&fbﬁcﬁj T MAOFP 5@.5%@%%%(1‘?8&%% e

di scl osure, the term

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



"ul cerative" in reference to an active pharnmaceutical ingredient, drug or
exci pi ent neans 20 that when the drug or excipient is contacted as a solid
wi th the wo®e®sriBé ni ng at | east a portion of the gastroi rCedatSonadostract it
causes erosive damage. Al endronate, other bisphosphonates and NSAI DS t hat
non-sel ectively inhibit the COX-1 and COX-2 enzynme are ulcerative drugs.
The novel dosage form conprises a core tablet containing an active
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the core tablet. The annul ar body al so can contain or be coated with a
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essential el nt of the invention., The  .terns. "drug: nact] v

phar nal@euﬁ%cg’mp?ﬁéﬁr@ﬁi ASHLS; n(ﬂlg’élwsfiuliaﬁ@f’&lﬂgg AT 1§Piééarhq?§/@?g and®
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pharmaceutical ingredients that can be admnistered in the conpressed
dosage f ocentr netveuspsystaractive dees sedh dspsyaheaopigdiregsetnjipsyehotie grugs, agoni st s

ant i chol | ARSI RS AR RLP ST D AG R i oRIE ! o O e aRdsh B

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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inhibitors of Na"-CI' symport; vasdpressin 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,



antitussive agents; antihistamnic drugs; H, H2, and H3 receptor

ant agoni sts; bradykinin receptor antagonists; antipyretic agents;

antiinf| awpasosp3@gent s; NSAI Ds; diuretics; inhibitors ofPCRamIB60SsYynNpoOrt ;
vasopressin receptor agonists and antagonists; ACE inhibitors; angiotensin
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that dilu bi ndérs, sintegrants, glidants, |ubficants, flavorants,
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granul ati venti o cipients and the techniques for formng
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of those ski art of tableting.. 10 Preferred excipients for
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(e.g. KOJv!el'l g@&-ﬁ'\ﬁor ofa } &ampfgf’\@lce?ﬁgle(@ué‘s{ $eBRAS R Bidence 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,



In an especially preferred conpressed dosage formillustrated in FIG 1,
core tablet 1 15 containing the active pharmaceutical ingredient is
recessed wo oshs7iaqinul ar body 2, which is conposed of nonPalrasozsdose
pharmaceutical excipients. The "recessed" tablet is especially well suited
for oral delivery of ulcerative drugs. It reduces the incidence of pill
esophagitis and contact gastritis by localizing the ulcerative drug in a

itis and contact gast zing the ul cerative drug
gastroi ni Lt bRt Ry} % nbdAphadt by RIS O 09 Sl et 16

recessed. JResRasd, Pirokiteme e xicakl fhotieas, pihybutnortd admiyyhaabutazortehe
release profile of the core tablet because a sizable portion of the

surface of tHeuroimgegeagp FIGi k cprs tatileth bpsopnessdifzsitand secand sutrees dapd Aonment .
In contrast, in coated pr encapsul ated dosage forns [ or
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mucosa lining 2 e gastrointestina ract without interrupting fluid
communi catlh adokee\iern farheninisteatioalid bumaes thetthaximnm distamgsracrosEgiimsiodihe of

drugs that can be advantageous|y, delivered usin he preferred recessed
0555 T orRPOREGRIACS AR A FOHSISHB GO S R AP O a G A
nonosodi u al.endr t WV ' ' t ' | ate,
pani dr onatie S TR S gbos Pifi s sROIAIY B3 AR G
oxapr ozi Ncad bel Bl eOhdaRe of CulveR itbdare Preferabilad Bir®barh3SmBdEst hiSeIXodfHeEion

sul i ndac, etodol ac, nefenam c acid, neclof enamate sodium  tol netin,

ket or olCac forcel eerted by dlat prepsing wakasesirgg iforation @E&?i agplar B‘Pfg'rﬁbPBUthfBWe and
oxyphenbu(t&a%i%ne. Turning again to FIG 1, core tablet 1 has opposed first
and secon rfaces 3 and 4 and an outer circunferential surface 5

ext endi ng betMgaRrr thRoa) RAREH body L acmeferdbly eylindriakilyeshaped, bupit edrehiavelayy
cylindrical or disk shaped for ease of manufacture, but. need not be so. 1In

a dosage tmssséationasiehas evalaallipgisal or ohlengn sTherqwter diatneteris areferably of fiopbs s

ei ther of fhe_ opposed faces 3 0 | S.prefer 0 mgto
about 12 AmQut tﬁﬁg?'ét?gm’ mlpFeo?ﬁegelS%’d}’ oﬁg%nn at%gﬁ‘tg}bou {07498’?11? m)gj;’

pr ef ergpl ﬁre@&gb‘l& aBo i mEP PPRSHn& Wi escaa ridly dize @po Bisoult Ratm lessniaviie or
convex and are preferably flat for bearing nodest axial conpression 10
forces exenterdiametdr| @t nasrove Binergdigmetentessthdn 2immg har sew relpassiof thecdragHianar

body abougxéigi%ntc i%rt e m&rl%tl)alreb%dy 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



In outer contour, annular body 2 is preferably cylindrically shaped, but it
can have any cross section, such as oval, elliptical or oblong. The outer
di anet er we opnogfies ably of from about 5 mmto about 15 mmpcmarse2/pdoef er abl y
of fromabout 7 nmto about 12 mm nost 15 preferably about 9 nm The inner
di aneter can be any size up to about 2 mmless than the outer dianmeter. A
narrow i nner di aneter Iess than 2 nntnay slow rel ease of the drug if an

Fovover i 19 BURGsCRRRMbE T AFeesS e, SRR By ol O30 e WL Cr )

Pr ef er abl ydiffebgti nner di anmeter is 3 nntor greater. 20 Annul ar body 2 has
opposed first and second annular faces 6 and 7, an outer circunferenti al
surface 8 ext Brydﬁmsmgthﬁabng pmtalam@p@rtablab @By poniaat bplaveen @lﬁ@lﬁa&f‘d@ angnd

an inner circunferenti surface 9 .exte etme t r urfaces
from t heir e r%%%tfomtgﬁtb@z MUCRAOCHEF ué C%ﬁftttg'fa agnu baggga éﬁ’nloﬁ si de

vi ew (FlsG yitBhtivé %wﬁﬂsr&lﬁrﬂcpﬁbﬁdﬂy' oAk of Hok@féh-BlctatiPéELh@fveliRg¥diént, 25
consists of three ongltudl nal (axial) segnents. First and second se rrents

10 and 11 mtler thanrwitinthe sahd ulberative actiyatingrediente Hoverver, ohe phboth of eppas

They are separ at ed ird s 2 tha tacts the outer
ci rcunf er efiff a&FS%GIFCP%E Beﬁ'f‘g’c t%éa‘t"'.!(‘@}r Tceig%ggd’éblf Fﬁ@g@y %g% 4 of the
core tabl e aL8,1\GF ég %fh‘é% a}@%rflrf Ofthe fEééIﬁrm\fé\ﬁ@ﬁ iHuse8 % admidfstdrh8n-
annul ar body posed surfaces 4 are preferably recessed from about

0.5 30 nmtl@ezaﬁw&rugsrrm nor e preferably about 1.5 mrelative to the
annul ar faces 6 and of the annul ‘hg’ rec ed d| ance

cor r esg@ndi ng p@ettmappgehg%th@ﬂarq ﬁ‘ée 4pvention,
PCTIUS02/ 30080kl 8 B3iBlve SPUHFRES o oftt@carg&%&% 2fiE RSP ho%fg Jgahtﬁe%ﬂeﬁ @ 4 can

be the sang or By recessing t ug- cont ai ni ng core

tabl et, anyeffiong ziiﬁfst beidme Likdveisel asidge 4 afithe esrd tablé1ang aedondilongéadinakl
mucosa occurs wth a surface of the annul ar rmed of non 5 ul cerative

exci pi ent ssegmedt bhdéfirec gegonsheoidl4.mypisls Adrng |16éﬁlawh/ gastige Hudiwhenitheyr edi ent
e et kbt M BB R BB S SR R YR o
of the 13nnikghIRgYoik tdGtact Bhelceteatblotmdand ealg wﬂ%'e@t}irdilfghdﬁé agids berm Bf t he
present invention is used to adm ni ster non-
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



ul cerative drugs. 10 To better apprehend the preferred recessed dosage form
enbodi nent of the invention, it is useful to conceive of surface 3 of the
core tablwDoang71Bé r st | ongitudi nal segnent 10 as defi ni n@ca/dsoz/a¢osvoi d 13.
Li kew se, surface 4 of the core tablet and second | ongitudinal segnent 11
define a second void 14. Voids 13 and 14 fill with gastric fluid when the
dosage formis imersed in gastric fluid after reaching the stomach.

Gastric fluid pas o) . ' e nd
the. drug Pib PeBRERFSLAR SHRYE Rk it pelRet BB RG-ERk IS A",
are pref epafliy Hod9rasabititiecOmbd appardn® feh0etnsilibration offhealesqiptibe btHeytodlirgm
about 3 mmto about 6 mm and nost preferablﬁ about 4.5 nmin wdth

( measur ed aspeetaof the invention. sYuch diffesensaeimap prsuki dn Bmer segment 1heipe pHpct om

bl er ceq abese piens fER B niihen BB S B A i oA AR bRt | "
S5, 071, 607 sec'ﬁ%hﬂ %;f” hhte @iffefnO8iafleleld, af depideRVEIGON MmatiHEJthe GRIE 8&toaAt | ON

drops off roug I'sotropically and exponentially by diffusion. In
cont r ast , of thermmhulas defireddy inder cireunifermytipl sudface 9 waubeiug fathtbwugheutisan ng

flow that can cause |ocally I gh goncentratigns of the dr and osnotic
agents at leugiisiighonghe Wﬁ&%ﬁ@@g?ﬁegﬁﬁf‘fﬂ?s 3@3@)?@?’.‘%@1‘5?%@8‘159?}?&1@“ ghly
concentra h R, jyfRe B4W0 are potentially irritating 25 to the
mucosa, | hgﬁlﬂh?&lgﬂ?ﬁ}é&g%?{la’tg(? ugs, particularly if the tablet is lodged in a

fold in the Thasdlibdodags farmalwithed drug-Cpmtamén cue fahlse shedtheddn 4 camptehgedcor e
tabl et are preferably substantially exposed, .are no ntially

i.e. b
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about 50(%2:0(}}:5&&1%6%}]& &Eo%$%Pg&%?%qp§éﬁq%gces i's conceal ed or hidden from
y e ar bo

vi sual 307 Tnspection annu dy. A portion of opposed surfaces 3

and 4 can beTegfstst egh By/usell ecanurictian withdynbatiauslaalsitt wedstesuwhas sothst ween
t he di aneter and shape of the core tablet 11 WO 03/057136 PCT/ US02/ 36081
and the dpressss end saeipTeeRling PEFSESEr MathPrpssesthathpve been thesially dessgnedgsti ng used

to conpress the nyl_ar . ho ' j deration
of the dotaPt e dpefpu Rl boniRrtlily AP R RRRL S ore IR MERAY
di f f ergncesple®y29, asKiliah RUDBERTS &8fiEyind k3mpeiablp egifpmednt.f Exampleeofri nal

segnents 10 and 11, which, thenselves, can have different |ongjtudinal
cross 5 sewnineriallyavgilatletesipioqating pressediagmibe ManestyF3gagicerparabls F1 G 1.

Alternati gqeuliﬁ/meﬁtqgacferb(gfssstol?e%?khpag 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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of the annulus defined by inner circunferential surface 9 can be uniform

t hroughout its Ilength. Al though a portion of opposed surfaces 3 and 4 can
be conceawed3by7ishe annul ar body that is not necessarilyPChaSozs®si The
solid dosage forns with a drug-containing core tablet sheathed in a
conpressed 10 annul ar body of non-ul cerative excipients can be produced
using a novel toolset that constitutes a second aspect of the invention.

The tools et%) g)ﬁé%gm%?esyegcﬁghéﬂgg W&%ﬁﬁé}ﬁ@ [p%irahy GRENENT TRE AilnsiAthEBorb aRS S €S

such as ro resses and reciprocating presses or with presses that have
been speci@kloynailidptignefdrednd helpwnideald puretles iloethpbers. dihebomieerosaseacton

avai l abl e rotary presses are the Minest 5 Express 25, the Kilian RUD or
RTS seri esdetgrmingsithrsianind Sdpe %‘éﬁﬁm@%ﬁ%le&gl ‘EPSS SESHARer AICAUBTNRNPAi | abl e

reci procat | -pfr g(gqf e i made by
St okes, KiT'f gﬂ&aﬁg%%ﬁa{eﬁoétﬁ@?ﬁgggﬁq%eerﬁglrl?ﬂ%itgﬁe e éz%'ng ggg?feﬁﬁg%%ool set
are a cgl winadrieil it aRbdarbpamcsthashapdl y conprising an annul ar punch
havi ng an annulus (or bore), a core rod slidably engageable 28.Wit in the
annul us of t hla eperatioas the baters filled ath matereal apg theupger RUINER iippetedintedie nent

between a retracted posi.ti - RN cTaN &ei ng
bi ased in tioﬁ%ancgg(r[e%siqgélgalsggﬂﬁ ]i%g%n Iﬁéﬁé{:@%ﬁ?ﬁir %H%]e(% yfﬁybg%s%@%ﬁgiggvnbl y are
sized and ghapfthtéPmbiekial infs Ptabhebetiveeddieprabing, srabarayt, surfices bpthecat i ng
tabl et machine. The toolset is well adapted for use with conventional

si ngl e st gninohest abl et presses in 25 which opposing upper and | ower punches

cooper al.i vel y_conpress _a,;p r _or an R r i h!'[a i
R_eferrﬁhg to ’E‘P%rt?eﬁ’,tﬁg?vﬁalog%t 5y %‘r&%?ggggést Sare"’%?%@‘l!ed‘%gw lggg}ﬁ’bnrcpgsont al
di e tabl e dainbavhdld iR daRahinbS BelsRE ah@S@ifack REntaumiof thkbfim Praainsio CTiet ferch]
gripping neans for locking the die into position. Dies for such presses

cust onar i | prodey earoigyssies extenal centourhyssleghiemotapprapriate hoye shspapad cPrd 17
havi ng a hj %1@‘1% ol i shed wall surface 30 extending fromsurface to surface
and a cir ial |ocking groove 18 for engaging the gripping neans.

The bore ser VRﬁeIac%nﬂ)rEfsﬁﬁngﬁﬁ Berf finch RGRithrAgn BRI NoWEr Kineh i Avanedes i al
12 WD 03/ 057136 PCT/'US02/ 3608 to be conpressed when the | ower punch is

parti allby djetséretteblet. The rinms of the bore are custonmarily chanfered to hel p

guide the pu nﬁrl]eelfpplep :Eu(l)d ltor\}veer gﬁ)ﬁc es ;;rrg %d\l?a%rcgd andWithdra®h ty'ir?(i]ependently actuated

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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determ nes the size and shape of the finished tablet in cross section. The
quantity of material and pressure of conpression determne the tablet's
hei ght. TWe obosa3€an be 5 cylindrical, but also can be anycatuserz@Bape. |n
operation, the bore is filled with material and the upper punch is inserted
into the bore and pressed against the material under high pressure thereby
conpressing the powder or granulated material into a tablet between the

i ng, £3 . . T : Il of
Phe bore. dAeine: onr Ry bRl gl ahf s S RIER sufleq BOTOREIOR BE Gt e o

nol d that gdefepibl) AfS dilRet sEfren dbsunimmao abaithm, aforé prfdraiviphbartdduct .
The final ° product can have any external contour by selection of

appr opr i atrembdnetheh apdodimentsopartiedlarly suited donseovhen pamrdeeralbyAncli¥si on, t he
upper punch is wthdrawn.and the | ower .punch is advanced t 15 eject the
tabl et. THQ“HB%?PU angfs%ﬁs 6{?28 P%ggkﬁ’rné&%fﬁé’é)ﬁ?:wl gé]\ﬁn Bdawn by

| ndepengent | ypaeh Uadhtbly 4PR6Hh A6 cHIPHNBR. ERE ta BF@idaby enpiBed Wltadsta2 08
Customarily, single punt pregses are also provided’w th a stationary

mount i ng p@idrhnalir paich\80tshdatly engagbdbde withxomlrod29h t he aperture. A ‘tool set
of this invention adapted for use in a single statioirﬁé&[e s,conprises a 20

col umar puncBoliasd84s prpvided yatumppning anssps.shelyasextgnplifreadydloarogpd 4 g
| h. ' - t 0. .
convent | ortcmrERe bt riSndtolsfubhify nbunGfi BORPAT RIAEH beRur@l dRAall &

| ocki ng f A4 ilR3trited IREEHERI bid 3DoftdddatIRRIative esihgiddcablenghendmtdifedohas hie
tabl et press. Colummar punch 22 includes a contact face 24, Contact face 24

can hav@ agrippitsieriden (shown srithowptional hgxagonalrrgess getinne HFErPaREPYROWEAR

extra deep. concave, ified bal.l or. t Pr ef er abl of
contact fdeEMoynyng ?%‘Wﬁn%gggwggkgd‘agheﬁr% %?ren%‘rs%gﬁgﬁg&ga?%ﬁse in
produci ng 11,408 afe R HbRwHeAEndAIRCME ahiN @ s idaferttdtied do reReive GRS §6ide GRS €

al so has a protrusion 25 centrally | ocated on the contact face 24, as
i 'l ustr at edre fadeer abl y, the height of protrusion 25 is fromabout 0.5 mm

I W N e T
el 1 pseid, o 0L afgh Bt Gfthe 8563864 RI1BGAE S Bblishs 34 RSt a biabing means such as spring
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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WO 03/ 057136 PCT/ US02/ 36081 protrusion is preferably cylindrical and has a
flat raised surface 26. Protrusion 25 preferably has a dianeter of from
about 3 mwotosostaemt 7 mm nore preferably about 4.5 mm IPaTASKBEB6081

enbodi ments, particularly suited to use when non-ul cerative active

phar maceutical ingredients are to be adm nistered, protrusion 25 is absent.
5 Punch assenbly 27 conprises collar 28, core rod 29 slidably engaged with

8
SOl 2 28 BRI AYs RUACD\POa AR FRGRER 3. £ M BiRE Y A

r u ng “neans, erna reads 31
around i t syhe ihGhehdudengsxchidnt Witk fiid sigidnarysh@intiagpointmount i ng point 21
| ocated below the die table. As illustrated, the distal end 32 of coll ar

28 rel ative t@onetred 39 san wasy én djamater alona its dangthh o5 prefertedgliampplienef 96 pi4dn

hown wi t.h.opti,on he onal, ,cro ection),for ' in ench for
Count g, 116 FORL AR B30 PR 1 s G Prb by Boubl o RRR Hobe 8 WM ED
col I ar 28 ridi@kathe/@ré Rd MeuMitR thidkérepafeibly feiedboatd minhieo bt 2!k S

di mensi oned tc receive and guide the core rod 29. Away fromthe proxinal
end of thehwogheut mashef it lengthemorsfprefiarbhraban® mng Theiyed aan tapen graduplygr eat er

than that of the corg rod t rovi de a housi.n 4 for a biasi ans such
as spring §°§§.a ngHaw W%teroaft?%‘%ﬁ? e Bgeélf}ang gf%’e?%é)réto cP‘%’bg.e aﬁﬂl‘ﬁ@&@ﬁ a
coil spring.fmeidp. @ preferred biasing means, biasing can be acconplished
by ot her neans, such as a sta.ck of Belleville washers or an elastic

i nsert. Spri rMthe3@rorodathde obivaspivge camtracting Xge xstaptaithe caye radgp 86coEded t o
core rod 29. 20 Retaining ring can.he mated to the core rod by clanping
engagehntbegiapiedto %IW‘E:EHT&‘_EF@‘PWP?BYQFQY g external thepads gijts }?Wér 4 aidd ng ring
can be a OOy QLihoRRInalEtddl at fff@hﬁ@ereeag_%g doRErol! RANE védta. | A 158DidRE @
clanp or any other structure agai hst ich the Dbiasing neans can exert a
bi asi ng f abagrrricn widwdthie soreasd tipitobel rdplarad ifovisemhgededraf b eeretrod tipofe rod
29 in a direction parallel to the lgng axis of the core rod. 25 As

i |1 ust r at skifferapf shapgus desirede Kihg Gorard tpgam Aysyey desited HANCIEhPeRaRe-39 at t he
di I d I ' I i
i nensi oned dgrResBbR a7 APt . Bl Sl il dundPs0 % |

proxi mpd RVl with mehgs P hitathing!te 16we&trecipidcatiig ram 20, sudodsdodkink A% 430 axi al
novenent. Locking bolt 38 also retains and can conpress the biasing neans.

Core rod Zheiboraddthranghannyiar plinchdPiipdimensiphed tgjreceivening sprennd ere s 2r i s

install ed

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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30 stationary nounting point 21 and is retained in slidable engagenment with
collar 28 by retaining ring 36 and | ocking bolt 38. The height of rod tip
41 i s adjwetos@stiye advanci ng or 14 WO 03/ 057136 PCT/ US02/ 26@8K02/8@8T act i ng
collar 28 relative to stationary nounting point 21, e.g. by rotating the
collar when in threaded engagenent with the stationary nmounting point.
Core rod 29 can vary in dianmeter along its length. A preferred di aneter of

- Honev PR ETLTERhch e BBb e EAOM vl 1Ty ' ey R AR - ©

f rom aboutwih fHe\depthalfdisét vbzZd 18Nt hr oughout nost of its length, nore
preferably about 9 nm The rod can taper gradual I% froma narrow di aneter

at the tip tdna seeengedosageaform ¢imbasimant,sitherrone o bethn{pppaied spripges dtang 4

houl der 42.. Th be of - Dj ion. FQr i :
the core rdhe sipe P gt iR B Bl B Bo Rihe HR ot &' ThE by
provi di 9 xhfikatmbodifRHScaAbefrSducedBY ugisla 8timaar Slfch @b vawhsiynt er nal

threads at the upper end of the core rod, or vice versa. t wo- pi ece
const r uct idescrivletl buslathieg e prarusiva 25. Surfachd wile gerrdty bef flish with gamwleg dabedr | f

a corerod.tip of a differe shape i s sired. The core_rod.t]p,can have
any desi r dfithgicaiyemar pehdizs gdlat gop f%gsgﬁﬁﬂ})“%? ‘?HPP?W@S‘ﬁgH VdHhul ar

punch 30. _Ann i rQ\h.d i H@,adﬂf i to | owner
reci procati ngld}r%?ne 23‘@?&@%‘1&’3‘ tﬁ%gEid%ﬂhf fbgrtl%%m he%%%giwﬁ%?%ﬁgﬁ annul ar
punch 30 imsatelidrand tiicledss of thecat vablanethishl factors darcles &ijusted BProutihe | e
permtting axial novenent of annular punch 30 independent of the core rod.
The bH} e experbugationialyiald pdasage Somewih surfaceidreersasathe desired distanse 1'engt h of
t he punch .ovi di n nul ar flange 45 for engagenent w th shoul der 42
on the cof%l%‘beal.o %&éﬁéggzrrent of flange 45 with shoul der 42 prevents

annul ar punchre3frtaadilastdiéthed8ventiotn@idd bbbraBo af the @b d18et, Lyfcigwr oparebh Ng
and installation. Annular _Funch contact surface 46 presses against the

powder or vgHanw berdeseritsdi alheyelerd operapiercissmbodieddnrasecepsithat ap@stetzites ahave
any desired contqur., e.g. standard concave, deep concave, extra deep
concave, ?WB%?SPF‘gc?beﬁl g?ﬂ'nofll at. Preferably contact face 46 is flat with a

bevel etk edge TRlcy818 o€ of¥raticiPisFir&G ilasPatedlontd\@ndlt BlaBibePreba bTIRS cyclER gl UMMar
punch, annul ar punch, core rod and collar are preferably nmade of netal,
with the first action that occurs after ejection of the tablet formed in a previous cycle.
Referring now to FIG. 4a, feed shoe 47 moves laterally over the die bore while the annular
punch 30 is in an advanced position such that contact surface 46 ié 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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nore preferably steel, nost preferably stainless steel. In the final dosage
formw th recessed core tablet, the depth of first void 13 (FIG 1) is

det er m newolmg/oshas hei ght of protrusion 25 . The depth of exarsd2s@sd 14 is
determined by 30 the fill depth, strength of the bias on the core rod, the
conpressibility of the material and the thickness of the core tablet.
These paraneters can be adjusted by routine 15 WO 03/057136 PCT/ US02/ 36081

experi nment ' gikhtabl y
commensar dpeh e IECT' ALt kB RLR 22 enGRABAIY R0kt el M SniEmRANL T
embodi Wentbor@b}f!f['ﬁrpr&tﬂﬁl@ragb@xtshh@fna&mgd&ed esufeﬂm%re&odde Lontfiuddhe core
tablet are flush with the annular faces 6 and 7 of the annular body 2. This

5 al t er natthweenenbotitatenparpanchh22 pite theckiebery corpissses e QA LT FRBHAT as

revi ousl cr.i bed Ki Lt I |
DL e R P b S5 P} RS SR, B e !
face. Vhetheted &?th@@ﬁ%@ldot%'ﬁlﬂ&ﬁ%ﬁeﬁaﬂ Witheatbreakifg th@rwta tamef @sz:eus% thé | |
depend on the fil conpressibility of the powd gl Qﬂranu ar
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mat eri al aock ﬂahlletkmmtﬁ the heredwsfage thetpostder m@wlmanatgn lypompapssed-ed by

routi ne 10 experi nent to | d a dosage, fo ace,4 recgssed
the desired diRos ﬁ]ggec? F‘ f’ﬁ*%?‘é%'tagsoﬂ?ﬂ{ﬁc?? t%ﬁtc%'o%“SI%£$ﬁ?‘#ﬂbF replacgd Mty & ¢ he
i nvention adgﬁie o'aq %cﬁdﬁst i 8plsselowadd &Y &lténdell poRabALS Bt theitl] now
be descri be cycle of peratlon is enbodied in a process that

const it ut eftke rotl hwmd:ld prepreagainsf cdré @biat\teluring nompressione  Syahl aecané rQﬁp@r &mi on is

first illustrated on a S|ngle statjon press. The.cycle begins .
first H):t |°6W%Pu'éf@c‘ﬁ?‘§ BetRscessprily be &ﬁ‘g?eatt‘h%s'iaﬂ aéi’n*oblflﬁ%% ‘?lﬁt%fl eV| ous

cycl e. ?e IS it'l%d? We ﬁséiil \ﬁﬁh g%ate; fRde &Qf?@%\%zom §5thaf {n%Eﬁllré ¥xePped 'Byt he die

bore mhll e annu I n an advanced position such that
contact suykd eslemAs p@cEwbﬁqumsh&ielopré fablehinté the botenagaimspths redisiereeof tiche di e.
In so doing, the feed shoe sweeps a finished tablet fromatop the 20
annul ar peaetodoward a chute Ieadl ng to a receptacle where the tablets are

col l ect et QQ tﬁr cﬁH&?Br acee%?ﬁséﬁm%%ske% {Héecoidnﬁ’na‘l"iaggé ore rod 29

remai ns fl us di e Retracti on e annul ar

punch paRUSAhdPdwWR Pidhe E:oﬂ‘o%Miehﬂy bosubséqiientiy, annuldni Imlﬁc]n) ao tls a(dva&eedfbytlh@exp owder
or granular material are fed fromthe feed shoe by g ){
reciprocating ram 20 to a position such that contact face 46 1s substantla ly 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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and/or pressure differential. Once the cavity is filled, the feed shoe is
shifted away from 25 the die bore. Pre-conpressed core tablet 1 is

posi ti onedwoaBop7iBhie core rod using any conventional apparParusot/ast
producing tablets with a conpressed coating such as that of a Kilian RUD
press (FIG 4c). The positioning neans forns no part of the invention and
has been omtted for clarity. 30 Col umar punch 22 is advanced by upper

recipr Ocayf@@e (;i@%bllﬁ sl Sth 8 shoviSin tﬁQb&lEﬁté‘Ehani@q%bo%/%)rﬁﬂéH rbgaeﬂefeacé he bore,

the raised surface 26 of protrusion 25 presses 1 03/ 057136
PCT/ USO2/ 3. upon core tablet 1. As columar punch 22 enters bore 17,

core tablet 1 is pushed into the bore by the protrusion against th
bi asi ng f or cNSREPRWAT BHICh Spraise g2 sfary apshing by C°‘i‘?69‘i ggxf\ea%p{;&ﬁ{gt?ly punch

22 1 nt 0t hendlied RO JAATRY A3RA Snd BRIREVEIRea oPEG DR the JBLEL dflxidnifol AN

annul ar body aroun t rong conpressive rorces can
exert eds onftiwecaerstiemdar tigy bias)lsach aved set scadw or Silndlat ddwieaki ng t he core tabl et
because the core tablet travels into the bore before the powder or

granul ar nat €ronyentienal rtary tabishpresseseate welfkpawn ¥k thejagly Someqtarypresssagnd so
i ate_t hat t ' . . ' | h
o ummar - EREH cpRAR PRt ofOILEIRG ih B EAINES sPasaRi0 520 bRk, €

an ex ositioh sb’thdt the tip

of the rod 48 4pHSHE35223] Which @fy iBcérpblatdd hbreihiby referendinalat aniretfuch a
core rod for the 10 colunnar(gunch woul d not necessarily be attached to a
st at i onar YRotyprasses hase amaying die tablethat rofates\gsenngd apeertisahadlg. Maumtedrabayer

woul o {sharo RECRURE o laRR sl hbsP HREOHE T H ekl Yat b SRRV

woul d adgal ns € resrstence

core rod. 1 digtatld)CTRONIRH carrieflf ARl Bk @end¥allyedrual shaped tutissfabout thdieaneo! urmar
punch is 15 withdrawn. Either concurrently or subsequently, annul ar punch

30 i s advairmedenns thodie table ecthpy eandhave grmsiptbextend autyserdiframp g lesseriiameter
contact {aeg. e pindtORH A Sl YRR RN R Rl e Bl O
the die tallb&aishréurdUhRSLeumifefeyi6d 6 BfougR &leddnd9Bf thelatms. 4W)hen Maagtekiik & t he
core rod is biased back to its original position flush with the die
surfackh 2perdhien,poothesare igsemsdlintgdagh dot wish thgieontackiagesinintingdpwand the ess.
The cross h?eet%lie.o %%lch punch has a bearing means at the end opposite the contact face. The
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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di rensi on and shape of the columar punch, and the di nensi ons and shape of
the protrusion (if present) are the sane as in a punch adapted for use in
a reci prowatosg/is@bl et press. The ot her di nmensions of thecrashyaosare
generally dictated by the dinmensions and |ayout of a particular tableting
press. These di mensions can be readily determ ned by 25 those skilled in
the art. The cross-sectional dinensions and shape of the annul ar punch and

of the COrI@JbQ(Th@rc@rettQﬁe@@a%egésiﬁGnc%l 29('#1&1@ BRABY 8 ahPheth®f. I0h Rrther

reci procating tablet press, gain wth other dinensions being dictated by

t he di nengotatien,aheldicapoes tothe aoyppressicubtation whirk e codumpmar psnchiveb cor
di mensi ons can be readily determ ned by those skilled in the

I
addi ti on, WiHoub HTPRTUSIAR meyes doyend padayshss theicat tabletintosthe 935 E)ﬁ%o‘gﬁird

cont rol e A SFhe RS GRRScdn ARG Bab SRR LEIBAIBL BT oS! e
di e bor®, anddclie pevdenos grantlarmatetialin €opptessetiSnto hatanaular shapoapandthecoby

reference below. In an annul ar punch for use in a rotary machine, the core
rod bi asi i#pletedhdesiaseas BN produst, ARG Eseessihdelingd & itha heishh oA e PAPEUSIPR| udes a
means for 3giisihd%elddSisdRANE DS fcﬁﬁﬁiggt?dn%théfagforé h%QFI’Fe s"n%ﬂgtﬁ%‘?/t the
bi as, such as a set screw or si'mlar device. Conventional rotary tablet

presses amgasyhk!filkdupi) theconipactability Sohe powliaroy ghmaks @fateiiat and thpthhivemsat s
related thereto are described in U S. Patents Nos. 5,462,427, 5,234, 646,
5, 256, 046 oAtht ®ro@blep2Afterihe pavderds Ferapriessd dhe dieretatgsfunier te Fagrsbe i n

their tirety. Ro .PrLess Ve, i I t es around
a vert calcogil?ﬁsa.r p%ctljlﬁ% é’é‘g %%O\I}gﬁsofgﬂlgnddgbgﬁ%vrvgg ?lcce!lr%fﬁelgp Jé%\btgpqglre %ﬁﬁtﬁ%éer and

| ower punehmdar puneh $s raltadl untiltibdeaciey IO MRYS Tie Vorehod 1k cdheurtealll €o thehe
punch carriers can be generally drum shaped bodi es of about the sanme

di anet er die fapredusi to thebiee Bhe t@gﬂéylswmmxt@f therdie bhen ejestiosrederaentwad é from a
| esser di angt 4 ring. The punch carriers are provided with a plurality of
vertical fO1Es%r slots at regular intervals around their circunference or

through the eaygige Rffertdt® hak BEen nffiRMo tigpap? A8E“1bWwer klchen@iaItA d&Briptsehes
are inserted into each slot with their contact faces pointing toward the

di e t afl etheRaelsetpnd prodsssfonnmskiagisalyd desage farm acherdmngdodbgpivsention; the cont act
face. The bearin ans._.en e stati.onar. drollers L ch nt r ol
he ver t 1 SERCALGROMIoE e 25 00 CeptemEt At P RGeS B B deen apt el e/ df o
and rol | epges@rPwhich #geFe $3¢8NUE BT the RertasC¥BP&” 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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of operation, a powder or granular material is fed into a die while the

| ower punch is 20 inserted into the die. Pressure is applied to the powder
or granulwoosmsdEBé al to produce a conpressed body. After PCaMmMBEI®8DN, oOne
or nore of the punches is renmoved fromthe die and the dosage formis

rel eased. Rotary presses are especially suited for high volune production
because they typically contain numerous punch and die sets operating

si mul taneg‘fsl é!l ZSIQ &éal e of operation using the toolset of this invention
adapted f at ry press will now be described. As the die table
rotates, one_of thetjgl es passes uri](ger a fill shoe or force feeder. Wile
the die is pRexpeied tablety wersmadeRe 19SS or feeder, the annular punch is

wi t hdrawn by the cam The core rod renains in an extended 03|t|on up to
the upper dilablehEore: Biet anhalprdrongsaiiyiete (THY Assia Lt ant 2.6 go falitol ar
punch is fi IIed th 30 er or aul At t.h acore
tabl et isP#y e(SWFE? @ﬁﬁgﬂe&r‘%ﬂ‘ t@?@gwat%r 18;%1 ﬁt}ggr%‘e@@tging 6

such a Q%@gl 3 thin PTRS aﬁhﬁ% eﬁ%@&a@zﬁ) CithEorteRukid 4 ARidiZtE Hé@dryer
03/ 057?36 /atﬁggr/ 36(1)%1 D Thg core tablet can be positioned atd(r)yp t he
core rod bhyd milfedvhtdugha @R nfrustrhen. Theogramulata was hiendedwib id ¢ arospoione

conpr essi on station where the colu unch with, or i S

prot rusi ofNF Hm/dlfﬂél Wi Ehe np Plagnssis sipas thi%%&‘ﬁgi\@yérﬂg?dtpOV\Uer
or granul c.) seefdg@& anéiTmE gfafﬁ[lfél Wis ﬁlﬂﬁexqgéﬂlﬁﬂ%r aﬁ’l%ﬁﬁldhﬁf(ﬁ 3GiiAutdierngor e rod
agai nst the”bias and t er or granular material is conpressed into
an annul ableat e camptﬁssbdtdamg(‘adﬂmest)eﬂﬂ sngle pnncﬂftebldtma@ané Hited witbdbonm one
recess is defined by the height of the protru3|on d¥ ther ecess is
def i né@ bﬂaTdDQYGWﬂlpHth o’FhedﬂbIF%‘éelg]a‘c‘t’%fr%“ Lmgnt 497 PﬁéDst @H&f egs of 8 bi as,

the fill %ngqﬂ the tability of the powder or granular material and
t he thi ckf g taﬁ € tablet. After the powder is conpressed, the die

i i ﬁé?sci‘n‘f;b;zmﬁs,ayﬂ_@her e PieS: Bistinof 94 Bt PG LTe H6HER (R ar S unt 1 1
o the bi deiyforef i ?ﬁg’ﬁSﬁmﬁﬁﬁ‘éhﬂ{‘“’%%‘m%?‘éﬁﬁ?‘“‘aﬁnﬂ2%‘51“?%nd'efeﬁé‘ﬁ? and
is coll etit@datiotal) veere bleadahioe fina siiingen Gmeigramonignepiont' stearete (NBAE,
O T b oc P RS ks GRS PRI RS RS S 10 5011
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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spaci al relationships of the elenents are determ ned by the design and
construction of the press in which they are used. Use of the terns "upper"”
and "l owewO 3®5TI6¢ i ntended to limt the invention to a PETUSOAB6081
arrangenment of the elenments. Having thus described the present invention
with reference to certain preferred 20 enbodinents, the invention wll now
be further illustrated by the foll ow ng exanple. EXAMPLE This exanpl e
sumari zepraraiddihedeshgned to determne the rate and extent of 25
absorption of alendronat& sodi umin human subjects upon adm nistration of a

tabl et} 1o bobsrust 0 Nbe elh i uheR ERERer LRy oREe SRIMSHES, o
tablets Vﬁh@fﬁ@ﬁhﬁccﬂﬁnd‘tﬁb bPavolidTERAR! fofel € the§restnCinOéntRInesdefaGiad 20 ig hydr at e
(TEVA Assia Ltd.) and 2.6 g of xylitol (Danisco Sweeteners OY) were

gr anul at ectlendranaizo It phareacokineticsvassemperedde thabof & pormmeraisl J0ae@ Fosadm™ i n.
The grapul at.e dried 0G.for e, hour in a fluidized bed dryer and
milled ?hrt%d&thaﬁﬁf‘ol?%“rﬁ%@;&?é%g.ha‘l’ﬁég?g?%‘gfate was blended with 11 g
crospovi done  NF (BASF Pharma) for five mnutes. One gram magnesi um :

st ear at e NF/ EpE I l'inkrodt Inc.) was added and the granul ate was further

bl ended for an additional 0.5 minutes. The blend was conpressed using a
Manesty F3 siThglistudyoraste rendareizedrapen-tabek Ritreatmegiti hpexiogl, isequendd erpssoEetel ed

punch. The t.abl e I.ght 94. % RSD, . The hardness ,qf .t he re
Pabl ot s vdgbign nier fBiaffion, Telie.) Ry gpoll B ASMESS 48 s onBredar b
sucrose ( lNg¢ alrbhe Rdiectd ﬁt@ég}@ng,'onal ) and 5 grams mcrocrystalline

cel lul ose (Avicel TM pH 102, F International) were blended for five

m nut e One e AL dcﬁ%?d | J I added
and thi(;0 m xt t}?{g%\%gg E| gﬁﬂgﬁa I?%r?ﬁ%not s%rul%a y;‘%rﬁgﬁ%’tégg%%gl\}édr@s?%/m ’singl e
punch t abiwath snd dmcCiwash-ontiSperiot bettveen the studyperiods. biAdsatjectsodhoneanplptedch and
punch assembly constructed in_accordance with the present invention. The

core rod kA% sdyiRgrieds wate ipcladedin teranalyssr eSybigntewerstandarly asuengddo fifiches
for the %ﬁf‘u@g bﬁg lg?&lp%z{seadgl?rﬁlstg&ﬂ%&far&ﬁféwg ﬁleebr&%&@&i tabfet mhg'fﬁgﬁ}e?i%d flat

bevel ed s
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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20 pharnmaceutical dosage form The upper punch had a protrusion of dianeter
4.5 mMmand 1.2 mm height. The tabl et press was operated and the protected
tabl ets vwwoa3psudaced. The tablet weight was 474 ng 0. 62WrRSD2/36ed1 t he
har dness of the protected tablets was 12 - 15 U. The al endronate
trihydrate content, expressed as alendronic acid was 66.8 ny 1. 38% RSD
(82.4 ng al endronate trihydrate being equivalent to 70 ng al endronic acid).

25 The drug-containing inn tabl . Sl%?rﬂl] mt he surface of the
annul ar body by about 1 mﬁab&%?@ﬁ@%@%@ PCT JltJESIgZI 36081

Phar macoki } e t $ f
vol unt eers was conduct esdniostdgmypPraaeéTabiche piiavmgretisriviadpsaes (cefrol sol i d
dosage for mpgfambike Presewdan i NVendnp on congEai Ni NYedD ng_ e8lendr ofaf%). Its
phar macoki negi c S CO ed t hat a co ial 7§ gy Fosglgan TM 5
tabl et of trfée“pf”lg roart (N rck,%szaar peobfé'gDohrrem)i@r'&NEt ho%SThe study was a
randonbzed, mpgpghabel , ¥-%reat ifeht, 2 Périod, 327sequendd crossBver design
under fasti condi tions, , Twel vg,(12) healthy aduylt mal govol unteers, 18-55
years of age= ‘e the subjects I'n the study 10 The studywas—di-vi-ded into
first and second study periods, each of 36 hours duration, wth a 14 day
"wash-out" period between the study periods. Al subjects who conpleted
both study pRrdoafHariveH 6f thephatfiacbKineticparanredry sf the dSsdgedons invexcerdaneeiond y
assigned to two groups. One group was adm nistered al endronatF vi.a the

pr ot ect edwitlBiisinventiethwith thesthageacokigetia paramatersRIdhe PRST ELHRSAET 198848 an in

t he sggond Ei%ri od,%%hﬁ order of admnistration to the 15 second group was
r ever 38d. PIPRAg Ffods, al endronate was adninistered in the fasted
state. A standardized nmeal was provided 4 hours after adm nistration.
Snacks were provided on a standardi zed schedule that was the sane for all

subj ects in both study periods. Water was provided ad_ libitum In
addi tion, subjTebled. Weomapasisonaf BipsaacakinptichRf the Pretgeted Fafjetip Fgor it er  at
regul ar 20 i nt-etveats—dorrrg—eactTStTdy peni1 o TnE pLoayal yan ity of
al endronat e was_det ernined hy neasuri ng*tni" i P
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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of al endronate excreted in the urine over a 36 hour period follow ng oral
ingestion of the test and control tablets (hereafter "Ae0O_36"). An initial
(t = 0) uwomg/osanpl e was taken 1immediately after adm ni stPCatiSOn3608k i ne
sanpl es were taken at 11 regularly scheduled 25 points in tine over the 36
hour test period. Al urine sanples were analyzed for alendronate using a
val i dated HPLC- FLR assay. Results The main pharmacoki netic paraneters
obtained fro [ I I [ e 1. 21
V0 03057136 Rt e ARGE £ X e DR AR e o S0P VIR FRS SR

Adni ni st r gosslan Wadadiniiigeke dnd 8INE30. Kb B4 dngtwinm tie solfdosral dusage fominradl )
Parameter Mean SD CV (% Mean  SD CV (¢ Ae0 36 (g) 113.6 77.2 67.9 102.6
36. 8 36. 8 the Resquyinventigywes admigisereds 19 pnly twp, sybiggtsavasthere g)eraater thangwo. . 1 4
0.9 Aco ri.son of. the ar nacoki net e formin
accor dancggﬁ\dlﬁﬂe{“‘rﬁ ‘%et“ﬁﬁvgtﬁ? |E° i avlﬁ%uﬁF?fIheé(cg%%%i@ﬁ%ﬁt@gg%&‘?@ger s of the
prior ast (f9sages. T AhdthérSubtt dxcRYEIErkr) Tow abent 3f alballoRatd. refRaBES dfIRR Of
Phar macoki netics of the Protected Tablet to Prior Art Aeo-36 (ng) R (nom
Geonet ri ¢ théeadendrbnaRaniap a@migmstered.2 15 90% Geonetric C. 1. 75.31%to 128.79%
93.98%to 135.01% Intra-subject C V. 37.48%- . 24.85% By reference to
Tabl es 1 and The bidubaffatHlityf atendronate adménistoeet] vad the dovelabhd ddshgaifeteofttie vi a

the solid dosage form of the present invention gives sentially the sane
20 phar ma@sRFHRYRLER 4R pQuvalent 4o hahpkalendrongte %flﬂgin}ﬁ&rsf E%SOSPB%f%{S therount

of the alen n c i ! . 4 tal oy the
Qe for BEDHDy Bl Btk T B 0BG & do ndPHFyidr5raeRe ol sk’
Cm inj@a pbRECTREMG dleidrondié withl tiof mpdcas membranes lof thef esdphagiowd ad sedmsh.

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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The profile of excretion into urine was simlar for all subjects and in
both treatnents. 25 The mgjority of the subjects had their maxi numrate of
excr et i onwpORap5t1e¢ ween one and two hours. For five of thec3usozsds] the Rm
occurred earlier than 1 hour after adm nistration when they took Fosal an.
Four of the subjects experienced a Rena,, in less than an hour when they
took the protected tablet. One of the subjects had an Rrax in the third
hour V\henv#mk Fosal an while two of the subjects had a R, in the third
hour 30 ey took the protected tablet. 22 WD 03/057136

PCT/ US02/ 36081 The .t.otal anount of excreted al endronate ranged from36.9 g
to 158.6 Sf18B€ISn was administered and from 30.1g to 284.4 g when the
solid oral dosage formof the present invention was adm nistered. In only
two subjects was there a greater than two fold difference between the
total anmount of excreted al endronate between the two 5 treatnments. Anot her
subj ect eXcr ét sdidphasmacehioal dowge fornf fonprahaiministiation ted PatienECERPIHDNE 2 t he

al endronat e was m ni The bi oavail a dr onat 1

B i ot or edegR AR TReOGIERE Sb e abe sy bingredenl B0 L BN Belaroogs 1
equi val ent tge Ect]ﬁéregged%b%glr&rﬁ&ﬁdﬁ%’fﬂt&iaﬂ@ﬂﬁﬁ DPoRPEaRsidn afsund ted cdrbe
prior art. weve the dosage formof the prior art does not provide any
protection amﬂmst 10 contact of the al endronate with the nmucous nenbranes
of the esophageous and stomach while the bioequival ent novel dosage form
of the present invention affords such protection. Having thus described
the invention with reference to certain preferred enbodi nents, other
enbodi mens s L Lo REnIBRRAERREa] (doiBe Fin® ﬁ&&ﬁf!%’e&ﬁhﬁl@cﬁf&%ﬂeﬁﬂﬁ%de@ﬂd' n the
art to WhI&Ch t%gogﬁ’/ent?%n paertg‘{gﬁs I? Is Intended that the specification
is considered exenplary 15 only, with the scope and spirit of the

i nvention being indicated by the clains which follow. 23 WD 03/057136
PCT/ US02/ 3608 i.s, cl ai . 1. A'S ceut | dosage
formfor dr aFﬁ%E‘%‘ﬁ?@WéﬁqUBHaltdBS%e o] Bﬁ(ﬁal%?‘rﬁ’rhle%eﬂr B‘eﬁg r%npg% uglf al

cont ai ni ng ap Ackin G RIALIBRRMEE GatuliEnRdkeflar®BERt hed in an 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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of conpressed powder or granular material forned by conpression around the
core tablet. 2. The solid pharnmaceutical dosage formof claim1 wherein
t he core waB®s7186 recessed. 3. The solid pharmaceuti cal pdogamge3dosr m of

claim2 wherein the active pharmaceutical ingredient is released into the
annul us of the annul ar body. 4. The solid pharmaceuti cal dosage form of
claim3 wherein the active phar rraceuti cal ingredient is ulcerative. 5. The

solid pharja § ﬁa%hg@gﬁgﬁf%})& ﬁxln aﬁnme‘?&ﬂl&e{]%t@gbh aceut1cal

pharnaceutlca Ingre nate or

phar maceut i cahgrdgdizage xﬁ@foﬁ@d}ﬁrn&ll@dfﬁn%nte\mﬁfoﬁydratdne active pharnaceuti cal
ingredient is selected fromthe group consisting of nonosodi um al endronat e
nonohydr at e, nonosodi um al endronate trihydrate, sodiumetidronate, sodium
ri sedronate, pam dronate, aspirin, ibuprofen, naproxen, fenoprofen,

ket opr of ey KARHAEhfmELURPA S Elorh P OEL BAGDLin T AT Ghat0dnl e,

mef enam ¢ aci nanat e SO etorol ac enac,

pi r oxi cam mhg&dlemm&@wmﬁamndﬁiﬁmthmone and oxyphenbut azone. 24 WO
03/ 057136 PCT/ US02/36081 7. The solid pharmaceutical dosage formof claim
6 wherein the active pharmaceutical ingredient is nonosodi um al endronate

nmonohydrate. 8. The solid pharmaceutical dosage formof claim®6 wherein the

act | ve phas Geublie BharmlalRH EMhed fumPORRLURALER aekeid K udliat 5

The sol i d pharmaceutl age erel e core

recessed at 1éagaﬁbmfgb@m@bguﬁt&a&umkﬁm about 4 mm 10. The solid
phar maceuti cal dosage formof claim1l wherein the annular body contains a

co-active ingredient. 11. The solid pharmaceutical dosage formof claiml
wherein the powder or granular nmaterial includes a pharnmaceuti cal

exci pi ent &gs :ﬁﬁégﬁgpéwau?u%cglr&%g% rfgﬂﬁ Io? %laﬁg 1 Qx];hercg%f lgl‘lg OX%RIa? BX Y. (%:ogllkla!,illig 2S¢

hydr oxypr OCrys inece 0Se,
| act ose, sugabactiPingrddisal.pyrrol i done and cal ci um phosphate.

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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12. The solid pharmaceutical dosage formof claim1l wherein: a) the core
tabl et has a contour including opposed first and second surfaces and an
outer cirwomBesaBsi al surface extendi ng therebetween, b) trlaa/zoezsdoar body
has a contour and orientation with respect to the core tablet wherein
first and second opposed annul ar faces align substantially coaxially wth
t he opposed surfaces of the core tablet, an outer circunferential surface
ext ends f n@MtHaeioR4ors 98 eRind T 12tvARrain Tkt d§tahRCRFosA BELHAT thd\ifosed surfaces
circunferential surface extends fromthe inner edges of the annular faces.
25 WO 03/ 057 x86heROT¢ tabi2 f3B08 Bba8 2 nMitctodbetd@ rumr m of cl ai m 12 wherein the
di stance across each of the opposed surfaces of the core tablet is from
about 2 mmto about 12 nm 14. The dosage form of claim 13 wherein the

di stance across each of the opposed surfaces of the core tablet is from
about 4 myt orRRRWAgefofof daim THVheRIH the RRAMNIBEEYES &t oflBRaPBodcdrsiRbesC! ai m
12 wherein the core tablet is recessed in the annular body such that the
out er ci r cunfoftlentaratabiaisf faere abfutdremdorboutdohmt  engages a segnent of the
inner circunferential surface of the annular body, and the opposed
surfaces of the core tablet are substantially exposed and are recessed from
the annular faces of the annular body. 16. The solid pharmaceutical dosage
form of chai Mpl3oilBhahfichiRaCRRARErS B ERGR 32 WhetdhP the CBFLtabRPIsGbccRdeR
recessed about 0.5 to about 4 Tmfromthe annular faces of the annular
body. 17. Thén thesmgelaf body suth taatheobfer whrameferentiabsurfaneof the comgrthldeent i al

surface of the annular bo consists of a first apd secqnd term nal
segment and GREAECHESPHRN §gé‘r‘?éﬁlfe,r CFEHer’?éeintla{/\?r\’ééé? ﬂptgﬁém?‘ﬁ?rg?"d@'emt al
segment and Bicds b fptcorttbbIaCsc YlbstdBaltP Epos@PAri are ARb4s28 fdnd ihESt
void and thebgg%%gg terﬁingﬁ gegnent gndstheag%p géd seég%d sfrface of the
core tabl et defnlmefasessfelonahnubiartdodynd furt her wherein the di stance across
each of the voids is fromabout 0.5 to about 10 nm 18. The dosage form of

claim 17 wherein the di stance across each void is fromabout 3 mnto about
6 nun.

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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19. The dosage formof claim1l wherein the core tablet is in the shape of a
disk or cylinder. 26 WO 03/057136 PCT/ US02/ 36081 20. A toolset for

pr oduci ngwe mbilde phar maceut i cal dosage form conpri sing aPCarEsot/adset
sheathed in a conpressed annul ar body of powder or granular material, the
tool set conprising: a) a columar punch, and b) a punch assenbly
conprising an annul ar punch and a core rod slidably engageable with the
annul us of the annul ar punch, wherein the core rod is capable of novenent
between a retracted position and an extended position and wherein the core

rod is biagedy kc{b}%ﬁfo‘?@&c‘?&h@ %a”s%ﬁhé}x%}ac&i‘ﬁc%&% uéetoﬁ'nﬁectom iphISi ra%‘SHeCEaB t 2

sol i d pharmaceu osage “form arm Si ng e with

a bore ther etshéétli@ﬁnmqué‘ssé@mﬁr‘bﬁﬁy &f powiee bEgantiet MBRHal, tﬁwodsleétr act ed
and extended positions is approximtely equal to or |ess than the

t hi ckness of cohwrding: 22. The tool set of claim20 wherein the col umar
punch has a contact face with a centered protrusion. 23. The tool set of
cl aim 20 adapfed facdolumearipaneh, pnéss having a die table for nmounting a die
with a bore therethrough such that the axis of the bore is normal to the

die table, athirstapunch iab@Bly @eippiRgahiaffulappanth\wadh ot roaglidddey axi s of
the bore and a second actuated reciprocati n(F:; ram on the opposite side of
)

the die table frorﬁlgmablﬁl“sth th@@matl@cpfthfe@mp @amhagfhpm theearsiredas ong t he

axis of the die bore.independe ISt

col ummar punch is°3 %ﬁﬁ W&){’%ttwleﬁrbafe aS{ﬁgpS?lthﬂghq %‘b?’bt dc]egtpo%‘féloparrs of
the press, and ha%n@ﬁbh%%ﬁie%@ﬂ:rb@_lsbﬁaieﬁ(i@hﬂéﬂehdbdtﬂb@iti@he bore, b) the
annul ar punch is adapted for nmounting to the other of the reciprocating

ranms of the press and has an end sized to be received in the die bore, and
27 WD 03/ 057136 PCT/ US02/ 36081

21. The toolset 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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c) the punch assenbly further conprises a collar adapted for nounting to a
fixed point on the press coaxially with the die bore and wherein the core
rod is swiodabby3engaged within the annul us of the col | ar pamdiSoz/a@ed by

bi asi ng nmeans housed in the collar. 24. The tool set of claim 20 adapted
for use in a press having: a generally planar and circular die table
capabl e of rotation about an axis nornmal to the plane and having a

plurality of hor e%héﬂﬁ-[ Etaﬁgeﬁ%%hﬁﬁ‘ﬂh eﬂrfs%s a Bb1 Wik é@fb?%lcﬁ&tlﬁ@%‘é fiked

i nterval s, afirst carri‘er nount on one Ssi the die table and a
second punch car rpoétt ofrohepress conxitliy with e disibdee amfd whaeeldnhe taabltal iseach
punch carrier rotating about the axis nc {1 ]Lé?l E)elrﬁ e die table and
provided with a ﬁiléﬂlﬁ}’F‘?&?gﬁqw\‘}Eﬁt & apn dhggo %blla BYasiNg My

punches, each hol ng inregistry with a bore through the die
tabl e, neans for glgn edsil-‘%encbolﬂt e notion of punches in the direction of the
axis, wherein: a) the columar punch is adapted for slidable engagenent

wi th the hol es or slots in the first punch carrier and has an end sized to
be received in t he annul ar punch i s adapted for slidable
engagemeni4 met?QiéetﬁéP@ﬁn@? adapiiest for pse NRPrEWIGREEhunch carrier and has an
end sized to be received in a bore, and c) the core rod is capabl e of

i ndependent noti omgmt&ikylpl@ar mdhmumldual table cppablhof @@thAab*Plﬁ@@s%le or

producing a solid phar ti e form i SI m nnul ar
body of powder or gl“ﬁﬂﬁ? aé‘aiﬁ Eﬁé’llga@grgg% tﬁV gg%‘bruggs{i%on

28 WO 03/ 057136 PCT/ {50318 4t regflar thi@vdls,0cess for produm ng a solid
pharmaceutical dosage form of claim 25 wherein formng the annul ar body

comprises: a) fill} f 130 p AR Houfifd dhYonWisid? drife AOYRES arkl a Feittb@ch
material, the annular
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.
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cavity being defined by: i) the bore of a die, ii) an annul ar punch
partially inserted into the bore fromone side, iii) a core rod in an

ext ended woBwsTBe wherein it extends through the bore andécrhesozasdal ar
punch with its tip substantially flush with the surface of the die on the
si de opposite the annul ar punch, wherein the core rod is novable between
the extended position and a retracted position wherein the tip is inside

the bore, RNArfefrbbis fM?6@icthel 411 Phimizoeutical d&hg&ﬂﬁmid%ldﬁﬁ 28xiienead

position, b) placing the core tablet at the tip of the core rod, and c)
advanci ng a cfotmimgdhe gumddr bodywearapridess bore fromthe side of the die
opposite the annul ar punch, thereby pushing the core tablet into the bore

agai nst the hi)as filihgan efmiliteatioy with de povdiec atigiangat ineterial, theramdulap
retract, and conpressing the powder or granular material around the core
tabl et, forning tHavinheinadetradpy: 27. The process of claim26 wherein the
col umar punch contact face has a centered protrusion. 28. The process for
produci ng a solid iphar nthe boeiofaldigiosage form of claim 26 further

conprising withdrawing at | east one of the punches fromthe die bore after
advanci ng the colimaranaaciar poishpdrtialie inserted mosithejbeed frovg onbeidspl i d

phar maceuti cal dosage formfromthe bore. 29. The process for producing a

sol i d pharmaceuti Gy doS@REerddah h ektehdcdl posiidon WiRkéih itk@shds thrb@dl tBE bBfeess
equi pped with the followng parts and tooling: 29 WO 03/05713

PCT/ US02/ 36081 a di e taablitiee anpulat pumphavith s tp substanbellye flasht withi thegurface of

t her et hrough, a col umm unch moynt ed on.one side of the dige table..
coaxially with the bo%ée g‘ﬁ(?nﬁlb‘?/% ‘F%ppé’ﬁlg%@etaﬁ’élﬁﬁ&?lgw £ W ‘Hgmﬁﬁ? EOTGFOh ISt he

end proximal to the dif,[8RRiwicaatk éﬂerr&dgeﬁﬁbﬂﬁgdmﬁfacteh«f,ogﬁbﬁ and bei ng

termnated wth a contact face for pressing against the powder or granular

mat eri al , 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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an annul ar punch nmounted on the other side of the die table coaxially with
the bore and novabl e al ong the axis of the die bore independently of the
col umar worshs7iaserein the end of the annul ar punch proxipcalusvz3eoshe di e
table is sized to be received into the die bore and is termnated with a
contact face for pressing against the powder or granular nmaterial, and a
core rod slidably engaged within the annulus of the annular punch and

al igned coaxially w tagﬁé tasle%&mgm &.did PRhGPofe é)&&ldmg«ﬁalehﬁo ween a

retracted position and an extended position wherein e core rod extends

t hrough the die boreavvioih th%}ll%c- q,%&{nt&p n5r%dsa§%’§f§§§§feiet%%ﬁa%iaﬁﬁg‘gigﬂﬂeh t he

surface of the die, 18 EYe el ng bl ase Ion by

bi asi ng means, wherein $aE Ghdiholdite AR kR axROSHthe Beve wifiethe edd ploxithaing an
annul ar cavity with the powder or granular material, the annular cavity

bei ng defined by the ditbedintablesized tobareceived intq the bese anddhsingdesninptéd and

the contact face of the nul ar tq.ungtfﬁ Fart.i al%%r&i serted into tlhe bore, b)
pl aci ng the core tabl etV atcﬂléa‘fiﬁce T PATESs ¢ L P C’F%rd?a%‘} #3dvanci ng
the col umar punch, whepgfaMat he core tablet is pushed into the die bore

agai nst the bias force exerted by the core rod biasing neans, whereby the

core rod at | east parf hﬂlglel% V%uglr:]ﬁ ﬁc}hﬁt’ed %H‘ilhé’ﬂﬁéres@d’e étﬁﬁe ﬁ@%% cOxi Al anﬁlll ar

material s conpresse e contact taces of the colummar

annul ar punches, for m thgbbieand muvhble abomgythe 26s YWOhe didwed Ralepénbehidpal 36081
30. The process for producing a soljd pharmaceutical dosage form of claim
29 further conprising whepeirERARINgh, Whssen thgendpf the,annylas pyach progmalie die

bore after advancing ttH@dfe%t;lmas‘i eEi%'%F éc@%&%tbgfe cﬂgh&eaa[}'ﬂ i€leffildaNg the
solid pharmaceuti cal dosage Orm T rom the bore. . e process of claim
29 wherein the col umarwigigebnted ficedbr prasstngd it the poedetor gramilarusi on.

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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32. The process for producing a solid pharmaceutical dosage form of claim
29 wherein the die table is horizontal, the columar punch is above the die
tabl e, awo osls71a6nul ar punch is bel ow the die table, whererrusotiasosnbl et
press is further equipped with a feed shoe for delivering the powder or
granular material to the die bore fromabove and a collar fixedly nounted
below the die table coaxially with the die bore, the core rod being

sli dably epngapRtrbtdshifst prb®ucaipidond phimidieutival devbg@fimiifases J9VuRh@s nmeans

housed in the collar, and wherein, the annular cavity is filled fromthe
feed shoe, t hempoisingwithdyawing at kastwing Rl theumnelies érom the dsgibers efterpdyrepngind

the solid pharnaceuti cal sa formis .ejected fr t he bore ,by advancing
t he annul ar 3{]?18@%1’%5?%‘6% thebpre ejﬁétglgéﬁgs%doéﬂagpmeggcﬁﬁggﬁen t he

annul ar cavi tgh $roht tHe@rdy pl acing the feed shoe over the die bore while
t he annul ar punch is positioned with its contact face approximately flush

with the die surface and then |lowering the |lower punch to form the cavity
and drawi ng the powder or granular material into the cavity by gravity or

pressure differential._.34. e,process for producin sol i d pharnaceuti cal
dosage for%r]n CATATSHY Qg‘ﬁm &WB&?E‘ tgﬁc?lﬁﬁlln@fpwggmgﬁﬁﬁb%@d a\/ﬁ%{“t‘?retréﬁe
r,?sq%_t ooling: 31 WO 03/057136 PCT/ US02/ 36081 a general ly

ul ar

fol |l ow ng parptrét
pl anar and circ di e tabl e capable of rotation about an axis nornmal to

t he plane and having a plurality of bores therethrough around its
circunference at regular intervals, a first punch carrier nounted on one
side the die table and a second punc carrier nounted qn. the other side of
the die tabl ,heé’é‘&‘f?si)gﬂﬁ@ﬁo V’IgiaegPHﬁjB %{maﬁﬂltlcﬁlb%f‘geté‘?gné‘gf’?l@?ﬁchronousl y
with the die table and provided with a plurality of vertical holes_ or

sl ots, each hol e whersinthe dig tablejiinhqrizgntal, the columngr mpelais abryvethgilis iblegi e

table, a plurality %ﬂg{%nﬂnﬁfmé%ﬁ}sg%gﬁﬁgg?m%qqg slidably engaged within

one of the vertical es of I'rst ’punch carrier, each of the
first punches . . . . .
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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having an end proximal to the die table sized to be received into a bore
and being termnated with an annul ar contact face for pressing against the
powder orwgreansiias material, each of the first punches fumrcCharsohasosng a
core rod slidably engaged within the annulus and aligned coaxially with a
die bore, the core rod noveabl e between a retracted position and an
extended position wherein the core rod extends through the die bore with

the tip of the rod.suhstaMdrahd Yirfdiitde Wblctabdifte Stk ARR 2Bbut dhexil fortnab! e,

the core rod being  biased to the extended position by biasing neans, a
plurality of second tptirecHeas, anddehingaipdeablity of hgreg ditbrethtongh amuad atf t he
vertical holes or slots_of the second LinCh carrier, each of the second
punches having an é?&mﬁf%%}cﬁﬁﬁe%la{ﬂ%e"g?é table sized to be received into
a bore and termnated with a contact face for pressing against the powder

or granul ar rmat et fisst pungegaeridrgrousind: anomeisitly thediertehle ard apecond ppgiches i n
the direction of the ax| %W{gﬁ%%ﬁ%en%%grr%ren rthgﬁie"%a gl ary bx?rgl ac]%%r%[r]'oetﬁgr?' a)

filling an annul ar EVINe _ granul’arnater e armul ar
cavity being definedbbi te 84i€ sRh®nodslE Mith thodieitdblé hifd Frsvided gthrosiufalign and
the contact face of a first punch partially inserted into the bore, b)

pl aci ng the core talfeertigal holgs or islots fachthwlest detdsthgdn registodwith 3boxgD

03/ 057136 PCT/ US02/ 3608 c),.advanci ng a second punch into the die bore,
wher eby the core tag]i"@i’é?g‘eﬁlﬂl%ﬁléﬁ’ into the die bore against the bias force

exerted by the core rod biasing _neans, whereby the core rod at |east
partial |y retractaplugiy ahamely ﬁf%e%\ﬁﬂeqaclbﬁhdyaalryaﬁﬁlaﬂ%ﬁd Wighig ong pf &ls

compr essed bet ween (0@t JRCEA0Grd BindH ahferDiln oPARATS AHRRE

form ng the annul ar e process pro ng a s

phar maceuti cal dosagevihgaiend pokihahtd thefdie tdbr sizedaope r&leivgd intb hdoasnaml at
| east one of the punches fromthe die bore after advancing the second
punch toward the bobengigrminated Wi ap ganu#) Gogtashiaeerfar drgssingageiBaidbe f orm

fromthe bore. powder or granular material, each of the first punches further having a core

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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36. The process of claim 34 wherein the second punch contact face has a
centered protrusion. 37. The process of claim 34 wherein the annul ar
cavity iswbioBloetd3by rotating the die table wunder a feed ®arasenddoelt he
first punch is positioned with its contact face substantially flush with
the die table surface and then retracting the first punch to formthe
cavity and drawi ng the powder or granular material into the cavity by

gravity or prgssurgyglifd £Lephd 7 ebbR, PR BRaR okEab1 gedt O m
produced by tC e praogess1 go? cPacli %lnfg oél% d ’ by otédb eﬁfg%ﬁ
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 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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