EXTENDED RELEASE ORAL ACETAM NOPHEN TRAMADOL DOSAGE FORM TECHNI CAL FI ELD
[0001] This invention relates to extended rel ease of drugs. In particular,

t he i nvenwoDaniwmsk®tes to extended rel ease dosage forns eCTtascawiosrsat i on of
acet am nophen and tranmadol. BACKGROUND [0002] Chronic pain, such as |ower
back pain and osteoarthritis flare pain, is a major health issue that
causes severe personal suffering, great |oss in economc productivity, as
wel | as trenendous direct and indirect cost to society as a whol e.

Approxi mately 60%to 80% of adults in United States are estimated to suffer
the chronic | ower back pain sonmetine in their life. Presently, wth aging
popul ati on iWW?EPdﬁE.EEME ORAE avGET AMINOPHEN/ FRANAGOL PEEARE

Nonst er oi dal anti-inflamuatory drugsi;(fﬁﬁéd Ds) are commonly used for
treatments of chronic pain, but with limted efficacy. Mreover, NSAIDs are
often associated with substantial health risk, including gastrointestinal

| esion, ulceration, bleeding, e ¥& refore there is a nedical
need for i nproved treatnents fo LEC éABFIgﬂ? ai ns. [0003] Tramadol ,

(2- (di met hja0&ij nomet Ty 1)1ve11t1(>18Feﬂmetsh@wmibd\ydle)ase:yfairm&nammcmlaoIthe 016H25N02)
R R R T e T R R A
i n-vivo resu transadghest s dual mechanl sns: bi ndl ng of the parent nol ecul e and
its metabolite to nu-opioid receptors and weak inhibition of reuptake of
nor epi nephrine and ser ot oni n. Acet am nophen, (N (4-hydroxyphenyl)

acet am de, C8HONCO2) (or ' APAP) BAGCKGROb®DxomoNnl y known TYLENOL brand,

has been a _first-chajce anal c for t treatment of. chronic pain for
many year s.[JOﬂélt hougH-Frepee Bad"t‘l aﬁé‘&‘ﬁ?irl??g‘rﬁaﬁ’faiﬁﬂtﬁo Fﬁ%re@ﬁlee‘lstaal n, it

appear s t onfapr 8@ iGeNthaedalises RRdiedfeRdnal kilVing] 16at SRE BCdcbivgnit Nhi bi tion of
pr ost agl andi n synthesis in the CNS, inhibjtion of N-nethyl-D aspartate or

subst ance Produshyiy.8 awllar fremendgys dieecsapdinlsptcostie sqaifty # wlaﬂ%e of

prost agl andi,prokmnai@y 633 % 80% bhRIufiPinNGited Slaths alQQRALI A/R@e! thand APAP have
been conbined in delivery. US patent RE39221 describes that the conbination
enpl oys | eskyeric iy hck nsf seBetime Hetheir Bign dPscréy avithaging REPERP it han woul d be
necessary hﬁn}geaﬂﬁf@ &%@;ﬁﬁﬁs@wﬁ &J‘nc&ﬂah%%@ldai afti-hiShmYRR, used al one.
Ot ho-McNei | Phar maceuti cal devél oped a proprietary oral | mmedi‘ate-rel eased
dosage f or diugs NY/dadab comnpuly 3eddppstmayls of shiohigarinobut WWLTRACET) , whi ch
was approv t F t Thi s product
shows no s? lcp%/f flg‘é{esop‘gslgg%lﬁ%?d é%&gﬁrntag%gﬁggl%@ °0 Sftal@iq%gmp@%lgh as

gastroi nt estCIuldallg cajtoartsstior] 1bimedrergtion| bleadiinh, t:vemrdeathl Theratak, therea#las have
dermnstrat c effe n, which provides | onger
action dura |dl(%);r{11 I]t%ﬁcg%%kﬁp,&& edtrggtmeg {S %rgﬁesgggg?lc %mgctl on than tramadol . For
ULTRACET, doses have to be taken every 4 to 6 hours. [0005] Acet am nophen

(or APAP h ) and ol (can, be.referred to as TRD
hor ey (V98B 375 Tipabio iR A T pRhS DAY SFEEOSE anao. an,
respect :c Vell?()l (Ag}{&l @Ig@@ ﬁ@lcubtallyhgﬂn;gfanﬂg’e%l% rvﬁera:bsCNSAID@ afHJhéTi)erlpM'allﬁ tr amadol
HCl1 is free sol uble in After ara stration, APAP a

tramadol HETL Xl&roéesr aJB'?edF%‘in %‘?‘B%Ofaﬁtﬁ’&‘ 158?%“8?%&1)’ W&@V’@@@%‘n\’“ﬂ? cant
first-passrdigt apgbstsSdial pﬁé&laﬂbtﬁb batIS R P cParcdf mORARe hrd itsamdta@ligdei ni stration
of drug dosage.fornms occurs primarily in the smal|l intestine, iit also

appear s t o"WRPEIYESEPS pithveakd pubifipn P%rﬁuptqiw&f BYCRIHERNAINE BILSSERONIER) o al
dosage for mc@hmABARN(RY Qﬁwxg hdafR) al¥a nl}{aé\l@m@ sapAepkbherre) becane
commercially avai bi e In 199 b ?) | ay érgm?§| X tablzt tgl s conposed of
325 ng of APAPRORIK kpgyen Twp&c@andehaéag@ 4fér)?b?h%ﬁGnaé%RﬂlthP@h%re%@Smrrg of APAP
in the ext f achi eved by
cont ol 11 g arc o1 F REGenf¥els.  ALRpEHORRKRH RELERGR PP APAmAR

[ 0006] Regarueficrigint it appaaio ko betﬂlwmaﬁrdllabnddiaﬁ%d mrvolmmxgrselmtlvexrtllém@uofr el ease
dosage for TR t CENEBAM D(r)
OAD, ier|I Stg%la%@g %)1 %%sglrsbtl ont[ol}lnolf_t%hrg&ﬁ}(’)lv]\/ﬁg ﬂ%(le)ioﬁﬁ%stl ngﬁ tract.
These two products pr OVI de with effective pain control over a 24-hour
period in a convenient once-daily form The ULTRAMr) ER product has a
core coated with a mxture of a sem perneabl e pol yner and a water-sol ubl e
perneati on enhancer. A graduated release of tramadol HCL fromthe tablet is
achi eved by controlling the coating nenbranes. CONTRAMD (r) OAD is a
conpress-coated matrix tablet. The corle matrix is the cross-1inked high
anyl ase starch, which provides with slow rel ease, while the conpressed coat
inparts the relatively faster rel ease. [0007] However, there are technical
chal I enges in devel oping the extended rel ease dosage form for APAP/tranadol
HCl conbl nat| on, usi ng e| t her hydr oph| I | c poI ymer ITB.tI’I X appr oach as t hat

o N Z1 R 1N p—— . o " m O rr< AR N g——




material and APAP results in the sustained release for a period of 4 to 12
hours, and especially fromover 6 hours to 12 hours, over the whole period
of sustaiwecoudlepszery for which the dosage formis desi goeaSbamw/obsph
tramadol and APAP. It is to be noted that when a drug is approved by a
conpetent regulatory authority (e.g., USFDA) for treating patients, the
dosage formis approved for a dose to be taken periodically, at dose period
intervals. Thus, the application and approval for a dosage form specifies
such dose RBRARM%ifiObxiNiyathelithddasiBien bosrithGadasSEDRese h@RQPHhk] N one
aspect, the invention provides a nethod of naking a dose formof a
pharnaceutF@ﬂi conposition, in which the nethod includes the steps of
formng a conplex tranadol material and formi ng a conpacted form i ncluding
t he conpl ex tramadol material and APAP. The conpacted form exhibits

coor di nat et?084kst ai neldamedobarseARSd haverbaen eomnbineid gt ddiveign Whpeteigat i ent
resulting i rdi C ! cunul at ed
rel ease ofR% %%Qégggﬂ%ﬁ%%. gﬁ%%ﬁgﬁgPﬁ?%ﬁg§§H$%QL§%?§%Fquggmggrt (such as
a layer) ofmagriplenl &PARghircwoyd by ngesayus paidnedlhc sovrdionsited dnagasentied

rel ease (E f.tr ARAP... 4.1 p S fo can be a

bi -l ayer tggFgFm%ﬁggﬁgg% ?ﬁ@oPgég%gﬁg?%£§y?g%ﬁgﬁbvﬁggﬁﬂﬁgg%%g5gh t he ot her:
one ext endenmediteades¢ddadedyen ofttomiad A PP AP A3 23molg)@otmbaateol conpl ex and

ramdol 10 BRSCREE bbb ME0uERRE MR AL ARiaBel LRCER RS o

cont ai ni ngTARAR dattdhévd neidddiccts asyptiensd sith tleurRe etNSAILR| suchhdes or

sandw ched on both sides b 1 IR I ayer of . APAP and nonconpl exed

Cramdol - EOBPRGONB S A B Eneiphtek S o et ¢ he
invention pymemidiesfedt oBtik BGmBinSVAPWEXh bfodiiBdRhgdrat @i datatioh tHahePrenuf act ur e
of a nedicanenf for the treatnment of pain, and a nmethod of treating pain
With the nb CRNEnSCThac B dHEdER OlcoFrﬂrHIEMFcTo%%eéﬁa\teﬁ%%mﬁn mat eri al
and APAP, t{ey mefé gapEnt exhibits coordinated sustained rel ease of the
tramadol and APAP upon dissolution as in oral adm nistration of the

medi cament in a patient resulting in coordinated cumul ative rel ease of
tramadol apgosunul at &dhehRASEPIPABARAY eliwl 19T 63 LAAM3L\War@ye found that
certain anionic polynmers, especially carrageenans, decrease the drug

sol ubi | i t y(cande giffrfadge g5 TRD beredn) §‘§wyl2@t3i36ﬁg/%10é)aad¢ wepkiboses vaiharkaiviabigs  ext ended
rel ease of t& aBAQ) 41 K vdie i 1R8N p APAR W i I nlor fmeegl conpl exed
with carraaé%nan pfodd%@%ngégtéfﬁggsgg é&gé o#ﬁffgﬁﬁ%olnkéagahaéches

cl osel y wi trhimedvd HCd Isdeesly splubleiih gatsf. AMRAPYal minieistiagionf APAP eehtrangalobf

cumul ative I f.t d | ' | jver he two drugs
in an exteﬁggﬁ%gﬁgﬁgéb%gﬁ?i%@Q§?¥%rS§%§%§§§?§§%§92%5§%¥§6§b§%€$ previ ously
avai | abl e ddbsagb abanprentoi AP APdqllowieg hdreigiseniondd diugglosagd fdramw gecukd uct uat i on
of plasma concshty atiam of ARAR AOd ILATRAR TR Lol Gassof diugs from a
sust ai ned BY™M&XY Ehd&d™Fel"ea8E ' S miPIAT "o "dereRu s SN tHhePd8ht r'df ed rel ease
of two di f bateiet rdeasg&ER)ong dofagavioing bf AR ARSTHELENOLAHRE by MraRrilt he ot her i f

uncontrolled. It js unpredictable th a druyg.t i,s rel eased quickly can
o’ ol nyedCorer HEuRRY Rt e i ahe el fin 08 L G IS R el onci ng

drug. Thustabict isicEmpokePbf $1Ngg bhAPAR hetheHem&fiats &ll@ed lagerand anittonglonpl exi ng
pol yner, eg eci al | carrageeaﬁg#@enables us to achieve extended rel ease in

whi ch t he {@&géé%é?l PAPXE SR Gy EkeeE’e?@g@ael%% eHed e found that
the conpl exafidvedbe ashtdRRkL fayugt diBudi &l if aseykiopRilit pSlymbr @ikl cki an (n= about
0.45 in Korsneyer equation) to nore zero order release (n approaching to 1
i n Korsneyer equation) and sl ow down the release rate as well. Therefore,

conpl exi ngdopgadol Mol RinGAhRGAEEEail FRG OF &lrickt L@HRE Pkl RUSENAN Wi l |
reduce the release rate 9€§{for framadol and APAP, thereby synchronizing

t heir rel efgas phtrangadoiidel {BIRAMt EBrang tipmprlob HEY OINT RAIMID | QA ot her

exci pi ents; as: 1 i i | exi ng
agent . car FaEeamcen At MR i SR E KR EN R AR IR, b PRIFATE Compr ess
i nt o t abl epwvidgevithefietive painicontrad nu¢rar24dmpppatigd imncbnverieht boceadfily eve t he
proper hardness when conpressed. Al so, the conpressed ER tablet w thout PEO
showed | ess zero-order kinetics characteristics in dissolution than those
with PEO even if the drugs are synchroni zed with carrageenan conpl exati on
Therefore, PEO helps to provide release kinetics of APAP and tranmadol that
is near zero-order and also to provide better conpressibility and

manuf acturability. It has al so been found that HPMC K4M contributed to the
tabl et conpressibility and i nproved a sustained rel ease of both APAP and
tramadol . BRI EF DESCRI PTION OF THE DRAWNGS [00014]FIG IA illustrates a
sectional view in portion of a bi-layer tablet dosage form of APAP and
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form. The ULTRAM ® ER product has a core coated with a mixture of a semi-
permeable polymer and a water-soluble permeation enhancer. A graduated release of
tramadol HCl from the tablet is achieved by controlling the coating membranes.
CONTRAMID ® OAD is a compress-coated matrix tablet, The core matrix is the cross-
linked high amylase starch, which pravides with slow release, while the compressed

coat imparts the relatively faster release,

[0007] However, there are technical challenges in developing the extended
release dosage form for APAP/tramadol HC] combination, using either hydrophilic
polymer matrix approach as that for TYLENOL® ER or the coated tablet approach as
that for ULTRAM® ER and CONTRAMID ® OAD. An undesirable drug burst with
hydrophilic matrix system is often observed for highly water-soluble drugs like
tramadol HC], due to rapid diffusion of the dissolved drug through the hydrophilic gel
network. Also, the large difference in water solubility of the two drugs makes the use of
coating to provide extended release impractical to achieve a synchronized release of
both APAP and tramadol HCIL. Attempts have been made to provide extended release of
APAP and tramadol, ¢.g., W02004026308 and US patent publication US20040131671.
However, well-coordinated release is hard to achieve. What is needed is an extended
release dosage form of tramadol and APAP that can deliver synchronized (or
coordinated) release of the two diugs for an extended period of time in that the

cumulative weight percent release of the two drug are not very different.

SUMMARY
[0008] The present invention provides a method and a dosage form having

APAP and tramado] for extended delivery. In the dosage form of the present invention,
the drug/polymer ionic interaction between tramadol and an anionic polymer provides a

slow release of tramadol to result in a coordinated release of APAP and tramadol.

[0009] In one aspect, the present invention provides a phammaceutical

compasition containing APAP and a complex tramadol material that the composition



formul ation F-No. 11, and formulation F-No. 12 with the assunption of a

bi -1 ayer dosage formof IR and ER [00038] FIG 25 is graphical release
profile oVotzowmaek2h HCL from formul ati on F- No. 10, for raratsan/oFsShy. 11,
and formulation F-No. 12 with the assunption of a bilayer dosage formof IR
and ER. WD 2010/ 062524PCT/ US2009/ 061803 [ 00039] FIG 26 is graphical release
profile of APAP from formulation F-No. 10 in buffers of different pH and
distilled water. [00040]FIG 27 is graphical release profile of tranadol
HCL from f gximils@bbi@thatcd stNRainciQeledde Rpdd @&sS1u@bn &l hiogn edthinRFa@dndi stil | ed
water. [00041]FIG 28 is graphical release profile of APAP from fornul ation
F-No. 10 i Ratisof fespléingn qeprdinsted pecusmylaivg (efi-stmplative) vidleass offfantrdeh@dassunpt i on
of a bi-l a)(&ﬁmqﬁ&ﬁgﬁeafsQBﬁApAP bk?er%f& Efhe &o%%a&ﬂa@be%%ma ogaa@mﬁal rel ease
profile of tramadol HCL from formul ation F- fers of different
pH and d| s taplef, exhichawon lwhmga&tlt@élt%g@alrtmtusbwhoﬁlsmtelgralqsécy@&eawmolf ormof IR
and ER r from

formul ati ogl%éﬂ)ﬂ s &%rdé%t%eégg%e%gdpﬁé%%k%&g%’ me%fogik?srlfr?ﬁ;nnlgﬁﬁ%sdl ssol ution.

[ 00044] FI Georglex Eargadabmt@ml aqnd|pectsteblp ithefdompleg fiticnria dend ok in EiCATAZE @Y.

formul atio n d f $sol ution.

[ 00045] FI Gﬁlhgtianl}l%"l 158?%?“ %raﬁ‘eéa"sl gﬁ‘?%‘ f"(ﬁ’rgf%tb%Aﬁﬁ}ﬂh%ﬂmé’ﬁqg? {)}fbﬂﬂf “%tion F-No.

7 at dlfferent speed (rpn) of stirring in dlssolutlon mﬁth t he assunption
of a bi- osage for n 0046 hi cal rel ease
rofite of E0Mflocor Snefofbdineroy Rt armaimeonig e o fuflell s peed” r om
of sti rri nehaterialcing KPAP fe@ilts W thb sishéncd sdemptdramedd & dab-1D dy@s, addsage f or m of
IR and ER k0004)J |G 3 1lshows 2 ssolutlg rofll as for tBEIF No. 13 for
(a) APAP a %Pe‘(l?}; PRAEEISIIOREO 17 PR NG hepsholg pestsd o6 e delvesy Bt t er f or
the first Zhk@uicsdosad fimh i@d&lgmﬂff&rboﬂlrt&mﬂaaomﬁd WP APOUITSis t4%2 noted that
2010/062524PCT/ 82009/06 03 [ 00048 FIG. 35 shoms a fIOM/cQart for the
manuf act ur MHEP HFYE EPPYONE %?(?%E}’efel‘? regilatory Authoriped. LEHHWYI Hretigg  F- No.

13. [00049p4&l eﬁss B6 dSheVS A i p?mb&f&rala@sl@rt@s@ﬂk@&pe@ledlbﬂlyp@trdog@ﬁbrfbhe mean

pl asma concentration-tine profiles of tramadol after nultiple oral

admi ni st r atit@ys. of hey hrApEFatigind repravd fer dosise dora pecifighesupl dent i nventi on
[00050]FIGbm§ﬁsﬁgqm§mqhg&gaghgﬁﬁwQ@ggﬁgentat|on in portion of the nean

pl asma concentration-tinme profiles of APAP after nultiple oral

adm ni strations of ULTRACET tablets and ER tablets of the present invention

DETAI LED \[/)Erﬁsﬁﬂé PTI O, oLQ%B?&,]tﬁé‘ﬁvQﬁl%ﬁ BRvideDY SEHLE B &AL €805k orfh GOSage form

that deli oordi nate
a pharmaceutical composition, in which the method includes the steps of forming a

complex tramadol material and forming a compacted form including the complex
tramadol material and APAP. The compacted form exhibits coordinated sustained
release upon oral administration in a patient resulting in coordinated accumulative
release of tramadol and accumulated release of APAP over time. The composition can
be a tablet or part (such as a layer) of a tablet, which provides sustained, coordinated
extended release (ER) of tramadol and APAP. In one aspect, a dosage form can be a
bi-layer tablet in which two layers are attached together one on the other: one extended
release (ER) layer containing APAP and a tramadol complex and an immediate release
(IR) layer containing APAP and a noncomplexed tramadol. In another aspect, a dosage
form can includes an ER material containing APAP and a tramadol complex surrounded
on all sides or sandwiched on both sides by an IR layer of APAP and a noncomplexed

tramadol.



delivery of APAP and tranmadol to a patient through oral adm nistration.
More specifically the present invention relates to a dosage formthat

del i ver s woanuvmsaized del i very of APAP and tranadol to aPpaitiseemw/ogisa3t he
gastrointestinal tract in extended delivery during which the dosage form
di sintegrates and the drugs are rel eased gradually over an extended period
of tinme. [00052]1n describing the present invention, the follow ng terns
will be enployed, and are intended to be defined as indicated bel ow. As

used in thigosneci f'Iﬁ@ﬁé@Bec%rlﬁieﬁlb&ltl@ﬂ@ﬁﬂdﬁﬁopdsﬁig%onﬁ)ﬁ%tr%fn@@d!' ar forns "a,"
"an" and "the" include %Sura references unl ess the text content clearly

di ct at es ofHsfin)i8 ghe ppOHSETLRf ayswirapmspiedpnthe freagmertofpaipraggdadesttvod ofin| ess

speci fied H%BE%%kﬁQmﬂﬂhéB&h&ﬂ&%@nﬁheﬁé&cﬂﬁﬁ@c&ﬁﬁﬂﬁﬂ&hqﬁ%ﬁ%nmh&ﬁ”ﬁd0| sal t
or a tramadol derivative that have cationic property to conplex with

car r ageenamayiaj %ﬂﬁlAé’APnﬂ@ﬁla?@tqa@ﬁm cxhibitpenothinatassustpiapdiglshserad el oned herein
refers to LLAMRIRly A A §bRAbn ol iAORPALNEGLARI Bl NeBhiia dgent ™ s to
be construe In Its broadest sense to nean any nateria is intended to
produce sop#ichi muigicsialcoorbianed Pumdhtivetrtlessapburmalol andrcupthied réleasentied

effect, su S ci ng perneatlon relief of pain and contraception. As
used herelﬁﬁA?ﬁggggﬁa1 "drug" refers to any material that is intended to
produce sone biol ogical, beneficial, therapeutlc or other i nt ended effect.

[ 00055] FI |.A1s a.schemati sectional art rendition of a
| 000511 Guhl >, 2 PE NI 00 T RISl ke, 2 2,
the two | ayatasechn dbg Sb]ﬁbﬂii}l’fﬁﬂtdlf&ﬁ;d/mymff tivmiheionOleddund to asuakinals where one

| ayer is on t of anot her | ayer enbod he tabl et 20 incl udes
on ext endefePuRe S Sroriagyey i HpHTRE oL ACAT il B oot ox
particles Z&hpls@anemtoadageegﬁtﬂa@rucw JubtaidBd temmmmaaaltm&etchéﬁ) | ayer 22.
The dosage formnh yers with active pharnmaceutic redi ents

(API's) ( APARSEhyit ?r@ﬁﬂae?ymlﬂ%%a‘}%% {CrEHIb B TARAAES Of Fn %twﬁé‘ﬁeﬁseo hown i n
FIG | A camecligugd PoviddodRiitkeddnd 61‘19@&&(%%5! i7n eftedicl pEfBdITeWR i n FIG 1B.
The formcan be a traditional pill_ shape, ongat ed tabl et shape, spherical
shape, cuc affee picaifisie adweptage OVeR PENiopYy 2wkl pseee BrRethal iiadiice referred to
as "tabl et freqdéﬁ! (f'o%ﬁ Taﬁ@la@rfﬂlctuﬁ@(m (ﬁ”tplasfn§ C&Q@ﬁkaftlbﬁgf ApaPGnPLARIN. Se with
spemﬂmtg In the formshown in B, the tablet 30 iIncludes an

ext ended r éhetelasq ERyugs dipera S’Mta(ﬂv\ﬁpwtqnd@d 1‘@19@@ fomupatign (depepapeetee par t i cl es

28) surroupdgdn 0 :Efqr;e s d 146 J{l‘.‘éﬁh e, R materi al
can be a cgre %%)f/ree esfela 9}1%%%}1 @ﬁ%ﬁg‘gﬂgr‘ﬁ%"ﬂb?éﬁ%ﬁaﬁﬁd sbretroogrn ed by an

| R | ayer. Fogontiglied. tlhe Lmalbﬂetabbahathém that isER chmy @ricklaeawbadedag cd ot ween t wo
IR | ayers, f.

addi ti onaI fea&f%]%%ggl tﬁ%r%{j}? \é@aég%‘r‘!e Sl%\grel%agglgtdﬂ% u? lh% I1§’1h%1 in the
FI Gs. 1A- 1ﬂi)at th¥he Qflatleﬁecb&]&tmq@mﬂﬂm@poﬂmm(tspdcaﬂyRal’t?@yemnzmalamhsany ER
material t ogunded. by I ne aspect, a
dosage forn01 P leV%eX?enFE&;reﬁ a IH\‘/“eh%.%enre.eﬁ% Bégggﬁ an(&)&alaadﬁ arﬁ'ﬁ %4 form t hat
rel eases ARARhah®Vd ﬂ‘oamrmlod thesmmdlgxaomecranmqalﬁ’y itted-cledisekinrecs, fro@tickiaed

rel ease. o ag) %S he solid,.conpacted dg% 9{ form can_ be one | ayer of
a bi-1ayer "R ih XOrsOpyer qafdion) © TReTF FYa FEEH Rpse{napRipaghtieda ddn (o

i nmredi at e Kel@r$&)eq@atos) anldYer dovﬁetﬁ@fo@dabeyratetabﬁleﬂ0|Tlﬁre€&%@@b&ﬁm§0r m

i ncludes a co Iexgd t ramadol na aé@{d t hat sl OV\A% rel ease tramadol active
moi ety i nt G2PHE] YHE CHGSRTREL SRR 1@/# 2 gepeeenal palb Faducs (N eisIRRFERtSf or mat i on

of carragegqafr Mrhihoﬁam&P Ak iy s§nABesEAinh DBEkr FlleadOM g THRforddulation | Nf | uence
of Corrpl ex solubility on Fornul ati ons based on Lanbda Carrageenan and Basic
Drugs", AAPS pefsfeRisconiatriwe other exgipayntsaPEY @and HBYIC Kl as release fetarding

2010/ 06252&5@&1&53&%&9&3@&% BQQ@éeﬁﬂ'heWﬁ%{Pbﬁé fhk omAel miRiesd al i ncludes
a tramadol material, which can be tramadol base or a salt or ester thereof
The tr amadbrderde epmeiessiiao sabetotie tokan(nlanon 2R/ greanpgng, and hard to achieve

2S) - (di net ,Q)Y%} madol ), its
N- oxi de dep?é\?g(ﬁeg e?%/\g%r%ﬁc fn% ‘g%é{meean ?Sgésﬁc%lg gfséﬁngt ;llﬁ)ggrl vative

(" 0- desnethvypleddesammooldey klo¢tlomcmr@m@§tl¢sherieoﬂutlom thdnghose mathdi€sevien e

i ndi vi dual stereoisoners, mxtures of stereoisoners, including the

racemat es, pharnaceutically acceptable salts of the am nes, such as the
hydrochl ori de salt, citrate, acetate, solvates and pol ynorphs of the
tramadol material. Tramadol is comercially available from G unenthal .

Met hods of meking tramadol are known in the art, e.g., as described in U.S.
Pat. No. 3,652,589 and RE39221, which are herein incorporated by reference.
0- Desnethyl tranmadol is prepared by treating tranadol as a free base under
0- desnethylating reaction conditions, e.g., reacting it with a strong base
such as NaCOH or KO-l, t hi ophenol and d| et hyI ene o] ycoI (DEG) W|th heat| i ng. to

~ o . 1 - -~ A A N A —



20.0 17.6 18.8 T8 0 (h) Tramadol 7.3 14.3 8.6 8.7 180 ratio 2.4 1.4 2.0
2.2 Acetam nophen 0.658 0.708 0.524 0.672 Tramadol 0.471 0.542 0.437

0. 439 Aswehownepszat he above Tabl e 1, | anbda carrageenamCinas2a0ao6isonest
value Tgo ratio (1.4). Tgo neans the time when the cumnul ative dissol ution
of APAP (and simlarly for tramadol if the drug is tramadol) reaches 80%
Tgo ratio nmeans (Tgo of APAP/ Tgo of tramadol). The | owest val ue of Tgo
ratio (1.4) in the | anbda carrageenan formul ati on nmeans that the

di ssol uti ofy tgaBuRelNBABhH N AN MerapRal B ES. ThEBfoRIPEOUSIDE AP S) . 1. e.,
drugs, was effectively reduced the nost in the this formulation. For
conpar i sonpProTils release kingics o ABAP @pd trpmmadod thatis aedr gerowirdss axhiatocar r ageenan,
2.2 for the Rk @Uﬂt@‘éblﬁﬁ'ﬁeﬁgﬁeﬂ{ﬁy%B@Mllanlﬁ%tﬁr%iﬁﬁfﬁt@1%@150 RBffAnd trhofpen- conpl ex

fornmul ation. Thus, ethy ul ose can al so act as a retardi ng agent, but
it is | essKéM epiribptedintia tabiat cemyeressibility Trdinirévied g isevtaiesdgelaesatol poth descri bed
bel ow) for Abamhdaqgardsaoeenan al so showed nore zero order characteristics.
[ 00060] Ot her anionic materials that can be used for conplexing with
tramadol include alginic acid, carboxymethyl cellul ose, etc. However, such
other anionic materials have conpl exing forces that are weaker than
carrageenan. O her sulfated or sulfonated pol ysacchari des or polyners,

i ncludi ng dextran sulfate or strong cationic exchange resin (AVBERLI TE

| RP69) can be an ani oni BRE@BEE@!{IJT%N%E&Q&V%&@ tramadol .

[00014] FIG. 1A illustrates a sectional view in portion of a bi-layer tablet dosage

form of APAP and tramadol according to the present invention.

[00015] FIG. 1B illustrates a cross-section view through another embodiment of a
tablet dosage form of APAP and tramadol in which an ER layer is surrounded by IR

layer according to the present invention.

[00016] FIG. 1C illustrates a cross-section view through another embodiment of a
tablet dosage form of APAP and tramadol according to the present invention, in which

an ER layer is sandwiched between layers of IR material.

[00017] FIG. 2 shows the release profile of APAP/tramadol combination from a

matrix in which the tramadol is complexed and one that is not complexed.

[00018] FIGs. 3, 4 and 5 show the release profiles for Formulations C, D and E,
respectively, having different amounts of hydroxypropylmethyl cellulose K4M (HPMC
K4M).

[00019] FIG. 6 shows the Tgo for APAP and the duration ratio for the tramadol to

illustrate the effect of HPMC.



[00061]In form ng the tramadol conplex, the weight ratio of tramado
material to the anionic polynmeric material (such as can-ageenan) generally
range frowoabouts224 0.1 to about 1: 100, preferably aboRCTLS209561803 about
1:10. [00062]1n the conmpacted solid dosage form the APAP and the tranmadol
material are generally present in a weight ratio of APAP to tranmadol
material fromabout 20:1 to 1: 1, preferably about 5: 1 to 10:1, even nore
preferably about 6:1 to 9:1. Further, in an immediate rel ease (IR) |ayer,
the APAP ayghotdle tr aneded aiertbahb@thcatBasd SRANAIJf Yralh &3 8 APAP forWei ght ratio
of APAP to tranmdol material is about 20:1 to 1:1, preferably about 5:1 to
18: 1, nor eSYpRPEiIonR K apd Shigpectively, iHystragnerthe ¢hgechelhaving apdinatharinge t h APAP t o
tramadol rashQsx OfraaHabl aRgEI M ere abl e to provide coordinated delivery
of the two drugs with very close w % cunmul ative release rates in a single
tablet, providing substantially nore than 30 wt % cunul ative rel ease within
the first of delkv t-ai.n : tended

dol i very. {00H3) the PrE sk el Re R heoSEat [k AR S e er

mat eri al c&miNad. Adkvde ik@ARichtas Bateso AERANL extpgyetintleconch. as di si nt egrants,
bi nders and fillers. Mterials such as magnesi um stearate, powdered

cel lul ose, corn starch, gelatinized starch, sodium starch can be used.

Easi |y sol (8022]bi ndeéil6. $isgimparalgeleatcipnafddoittaradbl, H@loboythe Afbyopntatiohs done,

gum etc., I t arily hold the differ kLnaredi ent.s. t oget her
o1t he PSR RS TG hagn e T s b SRS IRpoESsh€e 1

qui ckly sobxibt.lize and allow the IR layer to cone apart, releasing the
drugs. D si rant uch. as sodi um starch gl ate, powdered_cell ul ose,
PO 1112 ISl e R AR e LA S TR B e

readi |y antlormb &-N®isfFIG I8 1asing Mi@leRisteheds ldctoseli SadSednapslyethydekdy i cants such
as nagnesiun1steﬁrate, sodi u stearél fggara%e can al so be used.

[ 00064] Reg4¥idf tih theessrpfigy atra bigpxst depasions of He?dRR-ayer next to it, we
were able to achi eve rel ease that when the accurul ative rel ease of tranado
is 40 W% the accunul ative rel ease of APAP is | ess than 25wt % di f f er ent

fromthe at®0% ati JGr bl ie gephist! releaspatpdile ofpgmadeldiifaighadl e t o achi eve

rel ease thahmhibe-RYSLAFRGH 5 LEFRASGaShakiibd Guchl Mbe N Hts RGNl ati ve
w% the wt% accunul ati ve rel ease of APAP is

rel ease of tramadol is 40 9
never nor epelkiethylomvaxidediithfthe essempticnrmf e e laxerodosaee dorin ft/Rvwad FB| ease of
tramadol . We were al so able to achieve rel ease that when the accunul ative
release (in wt% of tramadol is 40 w% the accunul ative release (in W%
of APAP i s[M8%dr norlEGt Rain gtapicdlorelicdst eroditg off ARYYR addraaeddiifldtdinve rel ease
(inw% o | were further able to achieve that in the sustained
rel ease af@gkhﬁﬂggfﬁﬁg “hour for a sustained release of at |east 12 hours,
the wt % accunmul ative rel ease of APAP is never nore than | OMm % di ff erent
fromthe 9 cunul at.i ve. rel ease of tr |, .oThe .sust ai rel ease
accunulat?@%%?@leaségétgﬁwﬁgmggééﬁ%ﬁﬁgﬁg%%aﬁﬂ?yéa% agFgglgﬁgyﬁﬁcopeia

Appar at us Fdrm(ldbh FINo. Paditl ltie: ayminfpoidn af a Biflager dbsag®forpraf BOBmILER.N vitro in a
buffer solution for dissolution at pH 6.8 (standard USP si nul at ed
intestinal fluid, but wthout enzyne). WD 2010/ 062524PCT/ US2009/ 061803

[ 00065] The[@@or1]i on @iGal4 Rilphicflseiedic pRofitne AT hém fayrlsionF Ny bi - | ayer

tabl et) according to the present invention preferably is prepared by a
conpressioﬁmg@%ﬁﬁggmekﬁh'ticles, with the particles or granules containing
the active pharmaceutical ingredient and other excipients that nay be
present. The materials of the extended rel ease | ayer are conpressed into a
conpact ed M0E8lpef orfdGcbyis granbicylirelpesa arafitmefdramedol HEy dipgeformgylation Kych as

t hat shownni,m Bl orkflati§l ENnoTREese particles preferably have an average
particle dianeter of about 301J to 30001,t, nore preferably about 1001J to
10001,t, and nost preferably about 1501J to 4001J. The term "particle

i amet er * gingsial |y 1160 B8 ok kS AL GREENRIS Ak e ABRh Fhel g then the

particle is not spheric i'n"shape. 0066] It is preferred that the

t ramadol cemplfexuhten havo § edith thy gssimptioh opabitlaydr dosgafmemert [HandBdUt 301J to
30001,t, nore preferably about 1001J to 9001,t, and nost preferably about
1501J to 3001J. [00067] The extended rel ease | ayer or core can contain

vari ous water-insoluble materials as excipients. Exanples of such water

i nsol uble materials include polynmers which can be hydrophobi ¢ pol yners.
Exanpl es of useful water-insoluble materials include, but are not linited
to, one or nore of ethyl cellulose, butyl cellulose, cellul ose acetate,
cel l ul ose propionate, and the |like. [00068] The ER | ayer or core can be
produced by conbi ning the active pharmaceutical ingredient and at | east one
agent capable of restricting release of the active ingredient, and ot her

I LT o I " ——~ .



[ 00072] The process of producing the dosage formtablet of the present

i nvention enploys traditional techniques in formng a tablet. In one
aspect, awmoextoaweed rel ease |ayer is formed of the extemrdeaSe@hmarse3
material and then covered with an inmedi ate-rel ease | ayer, and optionally,
covered with one or nore outer coatings. The ER material can also be a core
of a tablet. The ER material can be fornmed by conpressing the ingredi ent
particles together into a conpacted form Preferably the conpacted form of
an enbodi rent of the invention has a hardness of about 4 to 20 KP/cn®.
Further, the particulate or granular forns of the ingredients can be forned
by gr anul at0830li n orfdGol” erehistldeleass pro st ofdiameddIHC Ifwwhisrauadon Kvni ch may

i ncl ude gr Uy &fd BfmdiAtiod RN AR Sie AsudBhidPdS vildydSdosiec! OMh SMREMd _
granul ator, fluidized bed granul ator, high shear "granul ator, and the i ke.
[00073]TabEBts of the present invention may be made by any neans known in
the art. Conventional nethods for tablet production include direct
conpression ("dry blending"), dry granul ation followed by conpression, and
wet granul H003H foIHﬁ@edibgﬂ@h&ﬂn@eandﬂﬁﬁnﬁﬂesﬁi&mnﬂWﬁGDMAWFﬂ@iérably t he
tabl et or f d by the direct conpression nethod,
whi ch invo 6%§MF§%g 9 nh%ghﬁan§F}&b?§nd of the active ingredient. For
exanpl e, after bIendlng, the pomder blend is filled into a die cavity of a

tablet pre uch ot ar r t he. materi into

tabl et |or AR beed ekbRuAnY el PRt et RGO I SRR ENAH | oned

el ongat e shapeg fwintulutioo GNded, aeldb@andatoalF-86.d9s sectlon a spherical shape, a
di sk-pill shape, and the like. The materials are conpressed into tabl et
shapes to a hardness of preferably between about 2 and 6 KP, with a
preferred ymwoss bei MIGakmowbraphich rwbes pidfige dfal gt fris fdrxmlaubmthj g, i nventi on,
IR or ER | ayers .or tablets were conpressed through wet nul t|on nmet hod,
and t he halHRBELON ENG. Resng forpgfagion RO ORI TRE R o P peridayes dpue

conpr essedforim@rhiRwhder pr oducti on of the particles or granules, the
materials can be dried under sufficient conditions to provide granul es
preferably having not nore than 0.5 %\ water. In this invention, LOD (|l oss
on drying) jgoasgie of i m@ gﬁt igrl'c}aeisegrorf@@wtfaﬁlaw R o BmbBNG! F-OF {7 Om
1.0%to 3.0%after dryin e materials can dried at a preferred

t enper at ur &oof, femudghion - 9Candd@rynwh%g10p§rhﬁerlﬁtvuﬂléhwﬁg@tm§ ohbbulay?0C t o 50C
preferably l.angth of tinme, e.g., 12 - 16 hours to renove

i quid, sugﬁﬁgs§§gﬁgghgugﬁg/or water. In lab scale, drying tinme is 12 - 16
hours. In industrial scale, drying tinme can be shorter, e.g., about 0.5 to
2 hours usi )l uid d r 7 I e hayer can
be deposi tL@go the F@?h%aérjls%ﬁyhlcglqggas%}ogl lﬁaoaf?%l)rﬁl%%&h—fér%!ag?? Sﬁ%cé?r be

deposi ted trmattiackéd. bh aad fdsRulayrelf-Nor 12/i ce versa. Simlarly, a dosage
formwith an ER | ayer sandw ched between two | ayers of IR material can be
formed wth the same nethod. Simlarly, a surrounding |ayer of IR materi al
can be depg@osgd on RAGCIH i@ gtaphicdrreican ploRld @htaatadMHAE figm folntilaty@r F-
surroundi ng the are at the tabl C provi de i nmedi ate rel ease as
wel | as su ﬂhéﬁmr P@b@iﬁriﬁatﬁﬁrabgﬂrr§5rb?£ef to the patient.

[ 00077] Equi prrent and net hods of forning of tablets with layers or tablets
wth a surroundlng | ayer on a solid cor t abl et nuf acturing are well
known in t HO03H: ée%lﬁgra@hwtlﬁeersrrﬁe@%tfe‘\Pr@ §%}§ga P ERNG RE cor e of
ext ended rﬁhﬁﬁﬁﬁm@@%@ @ﬁ@n@ﬁn@ﬁhﬁ&yﬁﬂkbyz@uNﬁkh@hﬂlﬁén@mﬁﬂu&@ﬁl0“
processes. Further a br-Iayer tabl et can be nade gy using a bi-Ilayer

formi ng préegge 0h5§aﬁ Rorma bi-layer tablet is to conpress granul es or
particles for one layer (e.g., the ER naterial) into a Iayer and t hen

conpress granul es or particles for the other |ayer ., the IR material)
t her eon to[Q06$$h a biFl{a3fei gtaablpeltrelpasker@tlerQfétamaéol froorf@rl‘aulﬁtrlqnﬁ ayer

tabl et, Rl n the
selected s| eh%ggthM&hFﬁﬁh sﬂﬁ@?“ﬁﬁi ﬂyﬁg?-Fggggﬁ?g' -??ggﬂgtructure.

WO 2010/ 06 kyeudecipt BSRO0JRG8A 8B3 [ 00078] General |y, of the active ingredient
in the whole tablet of the present invention, about 30 wt%to 90 wt %
preferably about 40 wt%to 80 W% nore preferably about 50 % to 70 wt %
of the APAP is in the ER core of the tablet. On the other hand, generally,
about 30 wt%to 100 wt% preferably about 50 wt%to 90 % nore preferably
about 60 wi%to 80 wt % of the tramadol®is in the ER core of the tablet. The
bal ance of the active ingredients of APAP and tranmadol can be in the IR

| ayer next to the ER |l ayer, to provide a quick rise of serumlevel of the
drugs for therapeutic effect. Procedures and Equi prent [00079] The
follomnng set forth typrcal exenplary equrpnent and procedures that can be

. S " o T



Pol yet hyl ene oxi de (POLYOXO0O WSR N12K) were provided by COLORCON. [00082]In
vitro drug rel ease studies fromthe prepared matri x tablets were conducted
for a perwoadowio6i24hours using a VK7000 Di ssol uti on SystPemusecaorfdisng t o USP
Il (Paddl e) nethod under condition of 50-100 rpm 900nl at 370.5 C with

di ssolution nedia (pH 1.2, pH 4.0, pH 6.8 buffer solution and distilled

wat er, prepared according to USP). The pH 6.8 buffer was the sane
conposition as USP sinulated intestinal fluid (SIF) w thout enzyme; and the
pH 1.2 buffer was the same conposition as USP sinulated gastric fluid (SGF)

w t hout en&\g, . the pH 4.0 buffer was nade with 0.05n01/1 acetic acid and
0. 05no1/ 1 Qi”ﬂm acdtlgt ¥ ingrhigpluglewa prodlged AP AT, fram dorgiulegien HtNwAO nedi a

sanpl e (pHnﬁmg&mdeﬁﬁgmlﬁHagi&mgﬁhngﬁmsolutlon and distilled water) was
taken at regular intervals to be filtered by 0.451.tm nmenbrane and the
concentrations of both tramadol HCL and APAP in the rel ease nedlun1mere
nmeasured b HPLC,giEh gf.ra RP8 (
4.6 X 5.0n¥{m%% tnllbgt%7ggﬂgk%§qa§%g r%@é%ﬁm@% e E%%% anaIyS|s and
0. 5% NaCl dguEbadufer of diffarent preatiahsilled 881e1.5) solutlon was used as nobile
phase. Flow rate of the nobile phase was Im/mn and injection volune was
101.1,1. SH MADZU SPD- 10A UV detector was used as detector and detection
mavelengthﬂwaiuset HIG275in graphi0Q0884sE pe finafunits> Bbm doruglapoesent 10n t he
sanpl es wer & C riat. al i br tlo gurves constructed
rom ret o urERbr R A gy AR B F p iR T e PG TEE " e
pl otted asf@parcdéRtund BRease versus tine curve. The dlssolutlon data were
fitted according to the foll owi ng well-known exponential equation
(Korsmeyer equation in mathematical nodeling), which is used in the art to
Slﬁscri ll\)/te/ be nmnlz]ughr eileawelslg&blalvigoéleafsegfafmfmﬁraﬂ@ Mﬂcﬁﬂﬁarmﬁlﬁﬁd\ﬂ?— = ktn
ere is t tional drug release at time t s .a release rate
const ant .Neolrﬂplarbaffwﬁ@ FdereRERt Bl %elawﬁtebmt@%raﬁ%mwg%%ﬁfs Tt he dr ug,
and the maggadihemof I il Hrel ease exponent "n" is the diffusional exponent
i ndi cative of the drug rel ease nmechanism The value of n for a tablet, n=

0.45 indicates a classical Fickian (Case I, diffusion-controlled drug
rel ease), (o2 <n <(1‘51§93dc Rly rag&@al':él&{‘sh ggbfﬁmpﬂém fSHsadh Fheszap and
pol yner erosion rel ease se Il (Zero order, erosion -

cont r ol | eddiisreahgeyd @pr Wﬁﬂﬁﬂggnﬂ@ﬁmﬁwper case |l type of release. The
anonmal ous transport (Non-Fickian) refers to a conbination of both diffusion
and erosion control |l ed-drug rel ease. [00084] Mbdel i ndependent approaches
(i.e., distWodli on dflGi Tl iegrphicOEylcandrofiaef tdimgdd|HElifom formelatidT) wer e
also used s r fase extent and rate among the
pr epar ed f%@Hﬁ%ﬂ@@&%ngb%%E@gﬁgfgu%ﬂ%ﬁ6@%?$ﬁe difference into a single
value: DE (%9 = 100 xArea Under the di ssol ution Curve (dlssolutlon 0-12h)
(100% x 12 ich i di s n.curve up to
a certain m"#%ﬂ , PSI reslggcilphlga%1 relﬁagFBreon eaogLy;A%g P{r?lm form B% %rI\ECt aﬁgl e
descri bed by&&ﬁﬂ&mdiﬁmﬁ}mmnﬁngumdmhﬁn&awammhmnmnmﬁmnmﬁa51mﬁamumgeof t he

di ssolutio ra%%% mrﬁ hi gher the MDT, the slower the release rate. i = n

t m dxDM ND % DM where i is the dissolution sanpl e nunber
variable, nis the nunber of dissolution sanple tines, t md is the tine at
the m dpoint between _sa time i he amount of drug

di ssol ved H0%en i HHS “%”mﬁﬁﬂﬁﬁﬁﬁgpngﬁbﬁﬁﬁPPaqIﬁgf?%ﬂﬁ%MPﬁB“@§anples

tramadol Hb, 7 bt cﬁffereﬂt@ﬁ&ﬁ"@%n@oﬁsmrlﬁ m dissolution with the assumption of a bi-layer
(di nmet hyl am nonet hyl ?-1 (3- net hoxyphenyl) - cycl ohexan- 1-ol , C16H25NO2) HC1

was used t 8o%&t formiebReili®x. I n testing of optical rotation on the
tramadol HCl, there was no rotation in |linear polarised Iight However ,
since conplexing is an interaction of the cationic property of t r amadol

with the cHO®4eenadIGwit drwh dissodufiongradilesrfoithe F-Na. 1 §ﬁé% Rendi(aht ot her
enant i omer §,.0f 4o FRTRGAIF-KCL 3680 AR K 8 blilabi de Wt Hn&i Lagaepan. Exanpl e
1 Preparat?%n 6? ranﬁg conpl ex I%%oo@%?%|rste gne gram tramadol HCl
was d|ssolb@ﬂﬂﬁWHEZWUldmudelonlzed wat er. The resulted drug solution had an
acidic pH Next, 0.8 g of2-can-ageenan (VISCARIN GP-1 09 from FMC) was
added into the drug solution and triturated for



about 5 mnutes, using a set of nortar/pestle to formtramadol conplex
paste. The paste was dried at 40C in an oven overnight. The dried conpl ex
was t hen wol2b®d62iz8i ng a set of nortar/pestle and passe@Crhusoagiocesosl0- nesh
screen. The tramadol content of the conplex was neasured, using HPLC. The
target weight ratio of tramadol to the carrageenan was 1.0/0.8. Exanple 2
Preparation of a tramadol conplex [00087] The conpl ex preparation procedure
of Exanple 1 was repeated in this exanple, except the ratio of tramadol to
t he carrageenan was 1.01/1.0 Exanple 3 Preparation of a tramadol conplex

[ 00088] The conpl ex preparation procedure of Exanple 1 was repeated in this
exanpl e, ei&?@% t he FGt $oshews ¢ flarmslyt for gherpraufegiuFing popeh fxarekingdhy 1. 25.
Exanpl e 4 Bel.eas81QtmbbanRAQYFid izand wi t hout conpl exi ng [00089] First, the
excipients listed in Table 2 were passed through a 40-nesh screen. Then,
the tramadol conplex prepared in Exanple 1 or free tramadol was dry-bl ended
with t hoselM84¥ened F%cipihent & graphicd cersesdatatten wippition He resnplisingi ons shown
in Table 2 1 g : ial was conpressed
to a tabl etCO ugllltﬁag&gpé]f%lionc%%f%ﬁ ioéﬁﬁ%&@ﬁ%ggﬁf%%ﬁ%@fo% %%n of conpression
pressure. ThaRp(ETswblets afid AR tablaty of thaprescorinesponds to 57 Mpa. Table 2
Conpositions A and B (w9% Conponent A B Tramadol HCI 112.5 APAP 54.2 54.2
HPMC K4M 15.0 15.0 MCC 17.3 7.3 My Stearate 1.0 1.0 Conplex in Exanple 1

[00050] FIG. 37 shows a graphical representation in portion of the mean plasma
concentration-time profiles of APAP after multiple oral administrations of ULTRACET

tablets and ER tablets of the present invention

DETAILED DESCRIPTION

[00051] The present invention relates to a dosage form that delivers coordinated
delivery of APAP and tramadol to a patient through oral administration. More
specifically the present invention relates to a dosage form that delivers coordinated
delivery of APAP and tramadol to a patient via the gastrointestinal tract in extended
delivery during which the dosage form disintegrates and the drugs are released

gradually over an extended period of time.

[00052] In describing the present invention, the following terms will be
employed, and are intended to be defined as indicated below. As used in this
specification and the appended claims, the singular forms "a," "an" and "the" include

plural references unless the text content clearly dictates otherwise.

[00053] As used herein, the term “tramadol”, unless specified otherwise in the
content, can mean tramadol base, tramadol salt or a tramadol derivative that have
cationic property to complex with carrageenan by ionic interaction. The amount of

tramadol mentioned herein refers to tramadol HCI equivalent.

[00054] “Biologically active agent” is to be construed in its broadest sense to

mean any material that is intended to produce some biological, beneficial, therapeutic,

10



22.5 [00090] The rel ease profiles of both tramadol and APAP were neasured
in a sinulated intestinal fluid (standard pH 6.8 USP, w thout enzyne) at 50
rpm usi rgoUBR/d623m@t hod. The concentrations of tranmadol PamaiSARAMB6isN3 t he

rel ease nmedium were neasured using an HPLC nmet hod (Waters XTen-a RP8,
51.tm 4.6x50m wth nobile phase of 85:15, v/v, 0.5%aCl in water: MOH).
FIG 2 shows the release profile of APAP/tramadol conbination froma matrix
in which the tramadol is and is not conpl exed. The curve with the bl ack

di sks dat aopQhéHiseic® cfffte SGaf HWnRdncPB pAfRAGh, ddfePof Jalian@REMrLEfihes are the
Formul ation A tramadol data, the black triangles are the Fornul ati on B APAP

data, and PRasedpeirin fhederg) dsugreferheapopsenathabh iBerded frariofucd s8¢ The dat a

show that g ol &l BaRGEchAtRBEut! &R ntiRlcateh faster than that of APAP,
with T80, defined as the time for 80% of a drug rel eased, being 7.3 and

17.7 hrs, respectively. There was a rel ease duration gap between these two

drugs, wi tmopﬁﬂt T80 gt L@isbaesjcﬂegnat%ﬁflcroslggéctf)ﬂc{lgtﬂs?g [BitiBn PWGLIGyd,F @medol  was

conpl exed he carrageenan, e rel ease ration gap was significantly
reduced. THEITEQ., p tableohavarss tveduserd oradmlgyentablet, thedwo Jgyets cpe bainue of <

0.0001. Th n].exi Lth carragee | ays. t I e t ramadol .
See Tabl e ?ﬁ%t%g@l"ﬁég%%&guﬁ %e“é% o?ngﬁ&e%% 0%‘&?009%‘11&% I?%EI é?gnpr eparation
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a portion of whole cross section of a form shown in FIG. 1B. The form can be a

traditional pill shape, elongated tablet shape, spherical shape, cucumber shape, etc.,

which for convenience herein are referred to as “tablet”, unless the word “tablet” is

specified to be otherwise with specificity. In the form shown in FIG. 1B, the tablet 30

includes an extended release (ER) layer 24 (which includes tramadol complex particles

28) surrounded by an immediate release (IR) layer 22. Thus, the ER material can be a

core (preferably layer-shaped or tablet-shaped) surrounded by an IR layer. Further, the

tablet can have an ER layer sandwiched between two IR layers, as tablet 40 shown in

FIG. 1C. The tablet of any form may additionally include an outer coating (or coat,

although not shown in the FIGs. 1A-1C). The outer coating can surround the IR layer

22 and any ER material that is not surrounded by the IR layer.

[00056] In one aspect, a dosage form of the present invention includes a solid,
compacted form that releases APAP and tramadol slowly over a period of time in
extended release. For example, the solid, compacted dosage form can be one layer of a
bi-layer tablet or as core that is surrounded by a fast release (or immediate release) outer
layer. Generally, the solid compacted form includes a complexed tramadol material
that slowly releases tramadol active moiety into the gastrointestinal tract and is
absorbed. Complex formation of carrageenan with a basic drug is described in Aguzzi
et al., “Influence of Complex solubility on Formulations based on Lambda Carrageenan

and Basic Drugs”, AAPS PharmSciTech 2002; 3(3) Article 27.
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22.3 My Stearate 1.0 1.0 1.0 FIG. 3, 4 and 5 show the rel ease profiles
for Formulations C, D and E, respectively, having different anount of

hydr oxyprwpybrogteb3zk cel | ul ose KAM (HPMC K4M . The bl ack pdirgaisgooanelsohe APAP
data, and the open circles are the tranadol data. The T80 for APAP and the
duration ratio for the tramadol were plotted in FIG 6. The black disks are
t he APAP data, and the open circles are the tranadol data. FIG 6 shows
that with the fornul ati ons containing tranadol conplex, the HPMC content
greatly influenced the APAP rel ease duration (increasing the anount of HPMC

I ncreased T80) but has no si gnificant effect on the duration ratio. Exanple
6 Effect of0088hpl exiThg complsnfamadehpraterial inghades @ diatp e gnagerielaivthicd gen
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12.5 APAP 54.2 . K4M 10.0 Lactose 3 M
Stearate 12B 01_1@ 2S) (dlmethylamlnomethyl) 1 (3 methoxyphenyl)- cyclohexanol (tramadol)

its N-oxide derivative ("tramadol N-oxide"), and its O-desmethyl derivative ("O-
desmethyl tramadol") or mixtures thereof. It also includes the individual
stereoisomers, mixtures of stereoisomers, including the racemates, pharmaceutically
acceptable salts of the amines, such as the hydrochloride salt, citrate, acetate, solvates
and polymorphs of the tramadol material. Tramadol is commercially available from
Grunenthal. Methods of making tramadol are known in the art, e.g., as described in
U.S. Pat. No. 3,652,589 and RE39221, which are herein incorporated by reference. O-
Desmethyl tramadol is prepared by treating tramadol as a free base under O-
desmethylating reaction conditions, e.g., reacting it with a strong base such as NaOH or
KOH, thiophenol and diethylene glycol (DEG) with heating to reflux. See, Wildes et al.,
J. Org. Chem., 36, 721 (1971). Tramadol HCl is preferred as the tramadol material for
complexing with the anionic polymer. It is contemplated that the use of tramadol base
or different salts in association with tramadol, such as different halogen salts, etc., of
tramadol will not affect much the complex formation of the tramadol with carrageenan
and therefore will not result in a significant difference in the release rate of the resulting
ER tablet. One skilled in the art will be able to adjust the formulation accordingly

based on the present description without undue experimentation.

[00058] Complexing polymers are water soluble, gel forming and anionic; they
contain pendant groups such as sulfate, carboxylate, phosphate or other negatively
charged groups to interact with the cationic drug.  Preferably, the complexing polymer
is a polysaccharide-based material with pendant anionic groups (in other words, anionic
polysaccharide, especially sulfated polysaccharide). Especially preferred is
carrageenan. Carrageenans are sulfated polysaccharides obtained from seaweeds.
Generally the types of carrageenans include kappa, iota, and lambda, all of which form
gels with water at room temperature. Different types of carrageenans might form gels

of different softness or toughness characteristics. The complexing of A-carrageenan
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with basic drugs has been described by Aguzzi et al. (AAPS PharmSciTech 2002; 3(3)
Article 27).

[00059] The complexing polymers are biocompatible and non-toxic. They are of
sufficiently high molecular weight that a gel can be prepared with the active agent.
While not wishing to be bound to a particular theory, it is believed that the cationic
drug interacts with the anionic pendant groups of the anionic polymer and causing the
electrostatic interactions between polymer strands, causing the polymer strands to be
positioned in such a way to slow the penetration of polar solvent (e.g., water) to the
framadol, Generally, the MW of lambda carrageenan is between 100,000~ 500,000
Daltons. Lambda carrageenan is commercially available as two kinds by viscosity. One
is VISCARTN® GP 109 from FMC (low viscosity, having a viscosity of about 760 cPs
measured at 37° C with a shear rate of 20 s™) and another is VISCARTN® GP 209
(high density, having a viscosity of about 1600 cPs measured at 37° C with a shear rate
of 20 ). In this study, it has been found that VISCARTN® GP 109 was more useful.
The preferred grade of carrageenan is low molecular weight of lambda carrageenan.
Other carrageenans, such as kappa-carrageen can also be used. Lambda carageenan is
characterized by the highest amount of sulfate groups in comparison with the analogous
kappa and iota types. It has been demonstrated that lambda carrageenan can interact
strongly with very soluble drugs and we have shown that it interacts very well with
tramadol. The following table shows that catrageenan is effective as a complexing

agent with tramadol in retarding tramadol release.

Table 1 Complexation with lambda carrageenan to reduce the release duration gap (Tgo

ratio)
Matrix A (non-complex) B (Lambda) € (Kappa) D (EC)
Acclaminophen 17.7 20.0 17.6 18.8
Too(®) | Tramadol 7.3 14.3 8.6 8.7
Teg ratio 24 14 2.0 2.2
Acclaminophen 0.658 0.708 0.524 0.672
n Tramadol 0471 0.542 0.437 0.439
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As shown in the above Table 1, lambda carrageenan had the lowest value Tg ratio (1.4).
Tgo means the time when the cumulative dissolution of APAP (and similarly for
tramadol if the drug is tramadol) reaches 80%. Tgo ratio means {Tgy of APAP/ Tgo of
tramadol). The lowest value of Tgg ratio (1.4) in the lambda carrageenan formulation
means that the dissolution gap between two active pharmaceutical ingredients (APIs),
i.e., drugs, was effectively reduced the most in the this formulation. For comparison,
Tgo ratio was 2.0 for the formulation with Kappa carrageenan, 2.2 for the formulation
with ethyl cellulose (EC), and 2.4 for non-complex formulation. Thus, ethyl cellulose
can also act as a retarding agent, but it is less effective than carrageenan. The diffusion
exponent # (described below) for lambda carrageenan also showed more zero order

characteristics.

[00060] Other anionic materials that can be used for complexing with tramadol
include alginic acid, carboxymethyl cellulose, etc. However, such other anionic
materials have complexing forces that are weaker than carrageenan.  Other sulfated or
sulfonated polysaccharides or polymers, including dextran sulfate or strong cationic
exchange resin (AMBERLITE IRP69) can be an anionic material for complexing with

tramadol.

[00061] In forming the tramadol complex, the weight ratio of tramadol material
to the anionic polymeric material (such as carrageenan) generally range from about 1:

0.1 to about 1: 100, preferably about 1: 0.5 to about 1:10.

[00062] In the compacted solid dosage form, the APAP and the tramadol material
are generally present in a weight ratio of APAP to tramadol material from about 20:1 to
1: 1, preferably about 5: 1 to 10:1, even more preferably about 6:1 to 9:1.  Further, in
an immediate release (IR) layer, the APAP and the tramadol material are generally
present in a weight ratio of APAP to tramadol material is about 20:1 to 1:1, preferably
about 5:1 to 18:1, more preferably about 10:1 to 16:1. We have found that with APAP
to tramadol ratios of such ranges we were able to provide coordinated delivery of the

two drugs with very close wt% cumulative release rates in a single tablet, providing
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tablets [00095] Matrix tablets were prepared by wet granul ation nmethod. The
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6C. Tramadol HCl1 was dissolved in 60% ethanolic solution (1:1.5, wv), and
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| ngr edi ent 5 AP 39‘?1 390 390 390

F-No.. 1 -.NO%% F-No. 3 F-No. 4 F- AAE
360 Tr ammdbte-pea b il afed b Budols Bt st iergi, 074 074770, 4
quickly solubilize and allow the IR layer to come apart, releasing the drugs.
Disintegrants such as sodium starch glycolate, powdered cellulose, fibrous cellulose,
and powdered silica helps the layer to fall apart readily and more uniformly as the

binder is dissolved away. Lubricants such as magnesium stearate, sodium stearyl

fumarate can also be used.

[00064] Regarding the ER layer, disregarding the IR layer next to it, we were
able to achieve release that when the accumulative release of tramadol is 40 wt%, the
accumulative release of APAP is less than 25wt% different from the accumulative
release of tramadol. We were also able to achieve release that in the sustained release
starting from when the accumulative release of tramadol is 40 wt%, the wt%
accumulative release of APAP is never more than 20wt% different from the wt%
accumulative release of tramadol. We were also able to achieve release that when the
accumulative release (in wt%) of tramadol is 40 wt%, the accumulative release (in wt%)
of APAP is never more than 10wt% different from the accumulative release (in wt%) of
tramadol. We were further able to achieve that in the sustained release after the first
hour for a sustained release of at least 12 hours, the wt% accumulative release of APAP
is never more than 10wt% different from the wt% accumulative release of tramadol.
The sustained release accumulative releases can be determined by United States
Pharmacopeia Apparatus II (USP II) Paddle method at 37 C at 50 rpm/900ml in vitro in
a buffer solution for dissolution at pH 6.8 (standard USP simulated intestinal fluid, but

without enzyme).
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[00065] The portion of a tablet (such as one of the layers of a bi-layer tablet)
according to the present invention preferably is prepared by a compression process of
particles, with the particles or granules containing the active pharmaceutical ingredient
and other excipients that may be present. The materials of the extended release layer
are compressed into a compacted unit before covering with an immediate release layer,
such as that shown in FIG. 1A, etc. These particles preferably have an average particle
diameter of about 30 to 3000, more preferably about 100u to 1000y, and most
preferably about 150u to 400u. The term “particle diameter” generally refers to the

larger dimension of a particle when the particle is not spherical in shape.

[00066] It is preferred that the tramadol complex has particle size with particle
diameter of about 30 to 3000, more preferably about 100u to 900y, and most
preferably about 150u to 300p.

[00067] The extended release layer or core can contain various water-insoluble
materials as excipients. Examples of such water insoluble materials include polymers
which can be hydrophobic polymers. Examples of useful water-insoluble materials
include, but are not limited to, one or more of ethyl cellulose, butyl cellulose, cellulose

acetate, cellulose propionate, and the like.

[00068] The ER layer or core can be produced by combining the active
pharmaceutical ingredient and at least one agent capable of restricting release of the
active ingredient, and other ingredients. For example, the ER layer or core may contain
a wide variety of excipients, including diluents, glidants, binders, granulating solvent,
granulating agents, anti-aggregating agents, buffers, lubricants.  For example, optional
diluents can include, one or more of sugars such as sucrose, lactose, mannitol, glucose;
starch; microcrystalline cellulose; sorbitol, maltodextrin, calcium salts and sodium salt,
such as calcium phosphate; calcium sulfate; sodium sulfate or similar anhydrous sulfate;
calcium lactate; other lactose material such as anhydrous lactose; and lactose

monohydrate.  One preferred diluent is lactose.
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[00069] Binder(s) can be used to bind the materials (such as those in the ER
material) together. Suitable binders can include one or more of the following
exemplary materials, polyvinyl alcohol, polyacrylic acid, polymethacryic acid,
polyvinyl pyrrolidone, sucrose, sorbitol, hydroxyethyl cellulose, hydroxypropylmethyl
cellulose (HPMC), hydroxypropyl cellulose, polyethylene glycols, gum arabic, gelatin,
agar, polyethylene oxide (PEO), etc. HPMC is preferably used in the formulation as it
tends to aid in extending the release time. HPMC ES has much lower MW than HPMC
K4M and serves as a binder. The viscosity is about 5 cps in 2% solution for HPMC ES5
and about 4000 cps for HPMC K4M. Due to the difference in viscosity, HPMC ES is
preferred as a binder for immediate release (IR) granulation and HPMC K4M is
preferred for extended release formulation. Another preferred material is polyethylene
oxide. In the drug release in a formulation, first, water penetrates into the polymer; then
polymer chain relaxation takes place on response to water penetration. As a result,
drug molecules diffuse through the polymer as the material swells. Binders like HPMC
and PEO also have the property of forming a gel that hinders the penetration of liquid to
the drug such that the release of drug from the formulation is retarded. Due to their

high MW and viscosity, HPMC and PEO are useful to the extended release formulations.

[00070] Lubricants and anti-aggregating agents include, but are not limited to,
one or more of talc, magnesium stearate, calcium stearate, colloidal silica, stearic acid,
waxes, hydrogenated vegetable oil, polyethylene glycols, sodium benzoate, sodium
laurylsulfate, magnesium laurylsulfate and dl-leucine. A useful lubricant is a silica
material, e.g., AEROSIL, which is a commercially available colloidal silicon dioxide

that is submicroscopic fumed silica with particle size of about 15 nm.

[00071] Optionally, one or more outer coatings may be applied over the tablet to
provide protection during packaging, handling and aid in the swallowing process. Such
outer coatings preferably disintegrate quickly to enable the immediate release layer to
quickly release the active ingredients therein. The coating can include one or more
tablet coating materials. Suitable coating materials include gelatin, saccharides (e.g.,
monosaccharides, disaccharides, polysaccharides such as starch, cellulose derivatives).

Other useful coating materials include polyhedric alcohols such as xylitol, mannitol,
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sorbitol, polyalkylene glycols, and the like.  Such coating materials and methods of
their use are known to those skilled in the art. Examples of useful coating material are
SURELEASE and OPADRY (both available from Colorcon, West Point, Pa., USA).
The equipment and method of coating a tablet is well known in the art of tablet making.
Further, optionally, waxy material such as Carnauba wax can be used as a surface finish

to provide a shinier surface.

[00072] The process of producing the dosage form tablet of the present invention
employs traditional techniques in forming a tablet. In one aspect, an extended release
layer is formed of the extended release material and then covered with an immediate-
release layer, and optionally, covered with one or more outer coatings. The ER
material can also be a core of a tablet. The ER material can be formed by compressing
the ingredient particles together into a compacted form. Preferably the compacted form
of an embodiment of the invention has a hardness of about 4 to 20 KP/cm®. Further,
the particulate or granular forms of the ingredients can be formed by granulation in one
or more processes of suitable techniques, which may include granulating in granulators
of various kinds: a low shear granulator, fluidized bed granulator, high shear granulator,

and the like.

[00073] Tablets of the present invention may be made by any means known in
the art. Conventional methods for tablet production include direct compression (“dry
blending”), dry granulation followed by compression, and wet granulation followed by

drying and compression.

[00074] Preferably the tablet or a layer of the tablet is formed by the direct
compression method, which involves directly compacting a blend of the active
ingredient. For example, after blending, the powder blend is filled into a die cavity of a
tablet press (such as a rotary press), which presses the material into tablet form. As
used herein, the tablet can have shape of a traditional elongate shape with rounded
rectangular cross section, a spherical shape, a disk-pill shape, and the like. The
materials are compressed into tablet shapes to a hardness of preferably between about 2

and 6 KP, with a preferred value being about 4 KP when the tablet is dry. In this
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invention, IR or ER layers or tablets were compressed through wet granulation method,

and the hardness is 6 KP or more.

[00075] For the particles to be compressed, following production of the particles
or granules, the materials can be dried under sufficient conditions to provide granules
preferably having not more than 0.5 %wt water. In this invention, LOD (loss on
drying) range of IR and ER granules results in moisture level of from 1.0% to 3.0%
after drying. The materials can be dried at a preferred temperature of at about 50° C.
Drying temperature range is about 40°C to 50°C preferably for suitable length of time,
e.g., 12 - 16 hours to remove liquid, such as solvent and/or water. In lab scale, drying
time is 12 - 16 hours. In industrial scale, drying time can be shorter, e.g., about 0.5 to

2 hours using fluid bed dryer.

[00076] In a bi-layer tablet, one layer can be deposited on the other layer, e.g., a
layer of IR material can be deposited or attached on an ER layer or vice versa.
Similarly, a dosage form with an ER layer sandwiched between two layers of IR
material can be formed with the same method. Similarly, a surrounding layer of IR
material can be deposited on a core to form an ER tablet with an IR layer surrounding
the ER core so that the tablet can provide immediate release as well as sustained release

for therapeutic relief to the patient.

[00077] Equipment and methods of forming of tablets with layers or tablets with
a surrounding layer on a solid core in tablet manufacturing are well known in the art.
For example, the immediate release layer on the core of extended release core can be
achieved by a variety of granulation processes. Further, a bi-layer tablet can be made
by using a bi-layer forming press. One way to form a bi-layer tablet is to compress
granules or particles for one layer (e.g., the ER material) into a layer and then compress
granules or particles for the other layer (e.g., the IR material) thereon to form a bi-layer
tablet-like structure. To form a tri-layer tablet, the third layer (e.g., an IR layer) can be
compressed on the selected side (e.g., the ER side) of the bi-layer tablet-like structure.
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[00078] Generally, of the active ingredient in the whole tablet of the present
invention, about 30 wt% to 90 wt%, preferably about 40 wt% to 80 wt%, more
preferably about 50 wt% to 70 wt% of the APAP is in the ER core of the tablet. On the
other hand, generally, about 30 wt% to 100 wt%, preferably about 50 wt% to 90 wt%,
more preferably about 60 wt% to 80 wt% of the tramadol is in the ER core of the tablet.
The balance of the active ingredients of APAP and tramadol can be in the IR layer next

to the ER layer, to provide a quick rise of serum level of the drugs for therapeutic effect.

Procedures and Equipment

[00079] The following set forth typical, exemplary equipment and procedures
that can be used to make, evaluate and use the dosage forms of the present invention.
Lambda () carrageenan is mentioned as illustrative example. Matrix tablets were
prepared by wet granulation method. The detailed composition of various formulations
is given in tables that will be presented below. In general, in the process of making the
dosage form, tramadol HC1 was dissolved in 60% ethanolic solution (1:1.5, w/v), and
the complex was prepared by adding A-carrageenan slowly to the resultant tramadol
HCI solution with mixing in a wide-mouth vessel using a stirrer. Then, pre-blended
APAP/HPMC powders were mixed with the complex to get a consistent wet paste.

The paste was passed through a 1.0 mm-mesh screen, followed by drying at 45°C
overnight. The dried granules were sieved through a 1.0 mm-mesh screen, and then
blended with matrix forming polymers and other excipients including Mg stearate.
Tablets of approximately 600 mg weight each were compressed from these granules
using a rotary tablet press equipped with 19.5mm X 8.5mm oval punch and die set. The
compression force was approximately 20KN and the hardness and thickness of tablets
were approximately 7-10 KP and 3.9mm, respectively. All the preparations were stored

in airtight containers at room temperature for further study.

[00080] KS5SS mixer (Kitchen Aid, USA) was used for mixing and kneading the
active ingredients and excipients. AR400 type FGS (Erweka, Germany) granulator
was used for the granulating and sieving compounds. ZP198 rotary tablet press
(Shanghai Tianhe Pharmaceutical Machinery Co., Ltd., China) was used for
compressing the tablets, respectively.  VK7000 (VANKEL, Germany) Dissolution
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() Francis, Boca Raton , Florida; and (3) Uppoor, V. R. S., Abstract of “Regulatory

perspectives on in vitro (dissolution)/in vivo (bioavailability) correlations”, Office of
Clinical Pharmacology and Biopharmaceutics, FDA, CDER, Rockville, MD,

USA, Journal of Controlled Release (2001), 72(1-3), 127-132, Elsevier Science Ireland
Ltd.

[00081] A typical carrageenan is A-carrageenan. A-carrageenans (VISCARIN®
GP109, VISCARIN® GP209) were obtained from FMC BioPolymers. HPMC 2910
(METHOCEL® K4M,), HPMC 2208(METHOCEL™ E5, METHOCEL™ E15) and

Polyethylene oxide (POLYOX® WSR N12K) were provided by COLORCON.

[00082] In vitro drug release studies from the prepared matrix tablets were
conducted for a period of 12 hours using a VK7000 Dissolution System according to
USP II (Paddle) method under condition of 50-100 rpm/900ml at 37+0.5 °C with
dissolution media (pH 1.2, pH 4.0, pH 6.8 buffer solution and distilled water, prepared
according to USP). The pH 6.8 buffer was the same composition as USP simulated

intestinal fluid (SIF) without enzyme; and the pH 1.2 buffer was the same composition
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Rel ease rate constant (k) Correlation coefficient (R2) MDT (h) DE% F-No. 2
0.4301 0.2738 0.9744 4.57 57.57 F-No.3 0.6156 0.1336 0.9912 5.05 39.41
F-No. 4 0.w02810061290 0. 9946 5.25 51.85 F-No.5 0. 8655 0. @848/S200998305. 84
39.34 F-No.6 0.7739

as USP simulated gastric fluid (SGF) without enzyme; the pH 4.0 buffer was made with
0.05mol/1 acetic acid and 0.05mol/l sodium acetate and adjusted to pH 4.0. The
dissolution media sample (pH 1.2, pH 4.0, pH 6.8 buffer solution and distilled water)
was taken at regular intervals to be filtered by 0.45um membrane and the concentrations
of both tramadol HCI and APAP in the release medium were measured by an HPLC, the
conditions of which are as follows. Xterra RP8 ( 4.6 X 5.0mm, Sum, Waters, USA) was
used as column for HPLC analysis, and 0.5% NaCl aqueous solution / methanol (85/15)
solution was used as mobile phase. Flow rate of the mobile phase was Iml/min and
injection volume was 10 ul. SHIMADZU SPD-10A UV detector was used as detector

and detection wavelength was set at 275nm.

[00083] The amounts of drug present in the samples were calculated using
appropriate calibration curves constructed from reference standards. Drug dissolved at
specific time period was plotted as percent release versus time curve. The dissolution
data were fitted according to the following well-known exponential equation
(Korsmeyer equation in mathematical modeling), which is used in the art to describe the
drug release behavior from polymeric systems.

Mt/ Moo = ktn

where MyM,, is the fractional drug release at time #; & is a release rate constant
incorporating the macromolecular polymeric systems and the drug, and the magnitude
of the release exponent “n” is the diffusional exponent indicative of the drug release
mechanism. The value of # for a tablet, »= 0.45 indicates a classical Fickian (Case I,
diffusion-controlled drug release), 0.45 < n <0.89 for non-Fickian (Anomalous, drug
diffusion and polymer erosion release), n=0.89 for Case II (Zero order, erosion -
controlled release) and » >0.89 for super case II type of release. The anomalous
transport (Non-Fickian) refers to a combination of both diffusion and erosion

controlled-drug release.

[00084] Model independent approaches (i.e., dissolution efficiency (DE) and

mean dissolution time (MDT) were also used to compare differences in drug release
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0.1170 0.9967 5.19 46.29 F-No. 7 0.7549 0.1255 0.9962 5.40 47.92 F-No. 7
(75rpm 0.6146 0.1994 0.9874 4.82 59.28 F-No. 7 (100rpm 0.6349 0.2080
0.9861 4.\8026/061526- No. 8 0. 7501 0. 1342 0. 9966 5. 28 49. P6TRShWI/081803 8840
0. 0972

extent and rate among the prepared formulas, and translate the profile difference into a

single value:

Area Under the dissolution Curve (gissolution, 0-12h)

DE (%) = 100 x
(100% x 12h)

which is defined as the area under the dissolution curve up to a certain time, ¢,
expressed as a percentage of the area of rectangle described by 100% dissolution in
the same time. MDT is a measure of the dissolution rate: the higher the MDT, the

slower the release rate.

I
=3

t mqg X DM
DM

MDT =

g
[l

=]

where i is the dissolution sample number variable, n is the number of dissolution sample
times, # miq i the time at the midpoint between sampling time 7 and /-1, and AM is the

amount of drug dissolved between 7 and i-1.

EXAMPLES

[00085] In the following examples, tramadol HCI, i.e., racemic Cis - (2-
(dimethylaminomethyl)-1-(3-methoxyphenyl)-cyclohexan-1-o0l, C16H2sNO,) HCl was
used to form the complex. In testing of optical rotation on the tramadol HCI, there was
no rotation in linear polarised light. However, since complexing is an interaction of the
cationic property of tramadol with the carrageenan, which has sulfate groups, it is
expected that other enantiomers of tramadol HCI can complex similarly with

carragecnan.

Example 1 Preparation of a tramadol complex

[00086] First, one gram of tramadol HCI was dissolved in 2 ml of deionized
water. The resulted drug solution had an acidic pH. Next, 0.8 g of A-carrageenan

(VISCARIN GP-109 from FMC) was added into the drug solution and triturated for
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0.9972 5.31 46.21 F-No. 10 0.7075 0.1513 0.9968 5.14 52.57 F-No.10 (pH 1.2)
0.7847 0.1877 0.9907 3.29 69.04 F-No. 10 (pH 4.0) 0.6884 0.1860 0.9890 4. 43
63. 62 F- N0 200/062%8% 0. 7856 0. 1755 0.9919 3. 97 68. 46 F- NeCTAB2@966M43 0. 1994
0. 9880

about 5 minutes, using a set of mortar/pestle to form tramadol complex paste. The paste
was dried at 40°C in an oven overnight. The dried complex was then milled, using a set
of mortar/pestle and passed through a 40-mesh screen. The tramadol content of the
complex was measured, using HPLC. The target weight ratio of tramadol to the

carrageenan was 1.0/0.8.

Example 2 Preparation of a tramadol complex

[00087] The complex preparation procedure of Example 1 was repeated in this

example, except the ratio of tramadol to the carrageenan was 1.01/1.0

Example 3 Preparation of a tramadol complex

[00088] The complex preparation procedure of Example 1 was repeated in this

example, except the ratio of tramadol to the carrageenan was 1.01/1.25.

Example 4 Release of tramadol with and without complexing

[00089] First, the excipients listed in Table 2 were passed through a 40-mesh screen.
Then, the tramadol complex prepared in Example 1 or free tramadol was dry-blended with those
screened excipients, in accordance with the compositions shown in Table 2. An amount of 600
mg of each dry blended material was compressed to a tablet using 9/32 inch tooling under about

1 metric ton of compression pressure. The pressure of 1 metric ton corresponds to 57 Mpa.

Table 2 Compositions A and B (wt%)

Component Al B

[Tramadol HCI 112.5

APAP 54.2| 54.2

HPMC K4M 15.00 15.0

MCC 173 7.3

Mg Stearate 1.0 1.0

Complex in Example | 22.5

[00090] The release profiles of both tramadol and APAP were measured in a

simulated intestinal fluid (standard pH 6.8 USP, without enzyme) at 50 rpm, using USP

I method. The concentrations of tramadol and APAP in the release medium were
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4.92 56.94 F-No. 12 0.6418 0.1534 0.9932 5.12 46.87 Table 7B In vitro drug
rel ease and di ssolution paraneters of tramadol HC1 Diffusion exponent (n)
Rel ease rabeonawsizant (k) Correl ation coefficient (R2) WOT/USR)09DENF- No. 2
0.4662 0.2869 0.9993 3.59 61.86 F-No.3 0.5823 0.2247 0.9983 4. 33 60.04
F-No. 4 0.5986

measured using an HPLC method (Waters XTerra RP8, 5um, 4.6x50mm; with mobile
phase of 85:15, v/v, 0.5%NaCl in water:MeOH). FIG. 2 shows the release profile of
APAP/tramadol combination from a matrix in which the tramadol is and is not
complexed. The curve with the black disks data points are the Formulation A APAP
data, the open circles are the Formulation A tramadol data, the black triangles are the
Formulation B APAP data, and the open triangles are the Formulation B tramadol data.
The data show that the release rate of tramadol is much faster than that of APAP, with
Tso, defined as the time for 80% of a drug released, being 7.3 and 17.7 hrs, respectively.
There was a release duration gap between these two drugs, with the Tsg ratio being 2.4.
For Formulation B, where tramadol was complexed with the carrageenan, the release
duration gap was significantly reduced. The Ty ratio was reduced from 2.4 to 1.4, with
p-value of <0.0001. Thus, complexing with carrageenan delays the release of

tramadol. See Table 1 above.

Example 5 Effect of HPMC

[00091] The tablet preparation procedure and release methodology shown in
Example 4 were repeated in this Example, except the tablet compositions were changed
in order to provide a wide range of release durations. Table 3 shows the tablet

compositions used.
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0.2133 0.9966 4.18 59.65 F-No.5 0.6325 0.1822 0.9909 4.90 54.59 F-No.6
0.5694 0.2075 0.9977 4.33 54.91 F-No. 7 0.6076 0.2171 0.9995 4.28 60. 87
F-No. 7 (WBrpmyos2s25070 0.2757 0.9974 3.43 64.18 F-No. 7PCIOG2@mN6BGH5123
0. 2909

Table 3 Compositions C, D, and E: varying HPMC K4M amount (wt%)

Component C D E
Complex in Example 1 225 | 225 | 22.5
APAP 542 | 542 | 54.2
HPMC K4M 10.0 5.0 0.0
Lactose 123 | 17.3 | 223
Mg Stearate 1.0 1.0 1.0

FIGs. 3, 4 and 5 show the release profiles for Formulations C, D and E, respectively,
having different amount of hydroxypropylmethyl cellulose K4M (HPMC K4M). The
black disks are the APAP data, and the open circles are the tramadol data. The Tgo for
APAP and the duration ratio for the tramadol were plotted in FIG. 6. The black disks
are the APAP data, and the open circles are the tramadol data. FIG. 6 shows that with
the formulations containing tramadol complex, the HPMC content greatly influenced
the APAP release duration (increasing the amount of HPMC increased Tgo) but has no

significant effect on the duration ratio.

Example 6 Effect of complexing tramadol

Table 4. Compositions F (without complexing) and G (with complexing) showing wt%

Component F Gl
Tramadol HCI 12.5
APAP 54.2| 542
HPMC ES5 5.0
HPMC K4M 10.0
22.
Lactose 11.7 3
Mg Stearate 1.0 1.0
Complex in
Example 3 238.1
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0.9952 3.21 68.24 F-No. 8 0.5814 0.2217 0.9965 4.16 59.63 F-No. 9 0.6601
0.1964 0.9957 4.22 60.47 F-No. 10 0.5677 0.2415 0.9984 3.99 63.09 F-No. 10
(pH 1.2) WOBBBMGE522919 0. 9949 2.50 77.70 F-No. 10 (pH 4POY/B288RR1803 2793
0. 9944

[00092] The preparation procedure was identical to that described in Example 4
above with the formulations F and G according to Table 4. FIGs. 7a and 7b show the
release profiles of tramadol and APAP for composition F and G, respectively. The
black disks are the APAP data, and the open circles are the tramadol data. These two
formulations had similar Tgo profiles for APAP, but a big difference in tramadol release
profiles. With complexation (Formulation F), the synchronized release of tramadol and
APAP was achieved, with the release duration ratio being 1.1. In addition, the
diffusional release exponent (#) for complexed tramadol was 0.731, compared to 0.502
for that without complexation. The increase in the value of # indicated that the tramadol

release became closer to zero-order (constant rate) delivery.

Example 7 Immediate release material

[00093] The same tablet preparation procedure of Example 4 was repeated in this
example, except that formulation was that of an immediate release (IR) material,
according to Table 5. The ingredients were passed through a 40 mesh screen before
dry blending to ensure homogenous mixing. We prepared an immediate released tablet
in which 365.2 mg of the composition was compressed into an IR tablet, using
0.75x0.32 inch caplet tooling under about 1 metric ton of pressure (corresponding to 57
Mpa) by a CAVER compressor. Each IR tablet contained 325 mg of APAP. The tablet
was shown to disintegrate rapidly, with more than 95% of APAP dissolved in a
simulated gastric fluid (SGF) (i.e., standard pH1.5 USP without enzyme, dissolution
done in the standard procedure with USP II method) in less than 15 minutes. Thus, it
was shown that an IR material was formed that would quickly release the APAP. This
material can be used as an IR layer that is attached to an extended release composition
that includes APAP and a complexed tramadol, as shown in FIG. 1A, FIG 1B, and FIG.
IC. As an outer layer in a tablet, it should disintegrate and release the drugs similarly
quickly. In this present experiment, the IR layer 22 included no tramadol, but APAP
was the only active analgesic ingredient. However, since the IR material dissolved so
quickly, there is no reason to think that including tramadol will extend the drug release
time to any significant degree. An IR layer with APAP and tramadol should dissolve
in minutes, as compared to the ER material, which released APAP and tramadol over

many hours.
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3.39 74.35 F-No. 10 (DW 0.6548 0.2474 0.9816 3.31 74.38 F-No. 11 0.4969
0.2817 0.9986 3.58 64.51 F-No. 12 0.5283 0.2321 0.9994 4.03 56. 30
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Ingredient (mg) F-No. 01A F-No. 02A F-No. 03A
Tramadol HCI 56.25 56.25 56.25
APAP 390 390 390
L-C (GP-109) 70.4 70.4 70.4
HPMC E5 0 5 10
Mg stearate 5.2 5.3 53
Total 521.85 526.95 531.95
Hardness (KP) 2-5 6-9 7-11
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F-No. 13
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Table 6C Compositions of formulations F. No. 6 to F. No. 12

HC1 17 Powder ed cell ul ose

20. 30

5.05 Corn starch
329. 35 ER | ay@CTARAMI/061803

Ingredien F- F- F- F- F- F- F-
ts (mg) No.6 No 7 No. 8 No 9 No 10 No. 11  [No. 12
APAP 390 390 390 390 390 390 390

Tramadol 56.2 56.2
HC 56.25 5 5 56.25 56.25 56.25 56.25
1-C (GP-
109) 70.4 71 71 71 71 71
1-C (GP-
200) 0 0 71 0 0 0 0
HPMC
Es 10 0 0 0 0 0 0
HPMC
Els 0 10 10 10 10 10 10
POLYOX
WSR 30 30 30 30 30 20 50
NI2K
HPMC
KAM 30 30 30 25 20 20 20
Lactose 7.5 6.75 6.75 6.75 6.75 6.75 6.75
AEROSI
L 200 0 0 0 0 0 0 0
Mg
Stearate 6 6 6 6 6 6 6
Total 600 600 600 595 590 580 610
weight
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390 Tramadol HC1 58 2,-C (GP-109) 72.5 HPMC EIS 10 POPYOX WSR N12K 30
HPMC K4M 30 My Stearate 5.96 Sum of ER | ayer 596.46 Coated | ayer OPADRY
25 Car nawwe 208006222404 Sum of Coated | ayer PCT/US2009/061803

Example 10 Retarding excipients

[00096] Hydrophilic polymers such as polyethylene oxide (PEO) and
hydroxypropyl methylcellulose (HPMC) can be used as excipients for modifying release
tablet formulations. The tablets can be made with the method of the above Example 9,
which will be understood by one skilled in the art. Once in contact with a liquid, these
polymers would hydrate and swell, forming a hydrogel layer that regulates further
penetration of the liquid into tablet matrix and dissolution of the drug from within. Drug
release from such a polymeric matrix is therefore achieved by diffusion, erosion, or a
combination of both. Matrix tablets of ER layer were formulated at various contents of
HPMC and PEO with the A-carrageenan/tramadol HCI complex to achieve the release
duration of approximately 10-12 hrs for BID dosing, see Table 7 (which includes Table
7A for APAP and Table 7B for tramadol HCI). The PEO used was POLYOX WSR
N12K obtained from DOW chemical company. Its molecular weight (MW) is
approximately 1,000,000 and viscosity range is 400-800 cps at 2% solution at 25°C for
POLYOX WSR N-12K-NF. Table 7 lists dissolution parameters of each matrix tablet
formulation obtained from various empirical equations. As observed from the table, the
value of correlation coefficient (R?) for all the formulations were high enough (>0.97) to
evaluate the drug dissolution behavior by Korsmeyer model, and the values of “»” and
k were found to vary with type and concentration of polymer. The value of release
exponent “n” determined from the various matrices ranged from 0.43 to 0.88 for APAP
and from 0.46 to 0.66 for tramadol HCI, indicating combined effect of diffusion and
erosion mechanisms. When HPMC K4M alone was employed as a retarding agent in F-
No.1, tablet hardness was relatively low (less than 3 KP), which made compression

difficult. However, the incorporation of lactose or AEROSIL 200 into a preparation as
tablet fillers enabled the supplement of appropriate tabletting properties (F-No. 2 & 3).
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25.04 Total Tab. weight 950.85 Table 9 shows the actual manufacturing
data for making three pilot plant [ots of bi-layer tablets of fornula F-No.
13. The fwormiozetim t hree pil ot plant manufactured bat cire3/ysec@docsad3 t abl et s
that met the acceptance criteria and exenplified a rugged and robust
product. Water and/or ethanol were added as the other ingredients were
being m xed for the corresponding |ayers as indicated in the table. The

m xed materials were then conpressed to formthe corresponding | ayers. The
wat er and ethiangl MBS dhTBINAE ahddiBsolllidoh ParaRERRQFAPAPr drying the tablets.
These tablets al so matched the performance of tablets that were eval uated
at the lab scale and in the fornul ati on devel opnent stage. Table 9. Actual

amount for three manufacturi ng bat chgs JAgredi ent unit Formura (g7 [rab. )
Lot Quantity |[Actual Lot Qudbiffptign Lot No. O®Ielkign Ngp002 Lot No.| 003
| medi ate Rellease |ayer APAPPZED. 0 31,k@ni200 §eBIekg 200 g 31PRg 20p g 31
kg 200 g Tranadol HCl 17.0|® kg 040 gg2 kg 04821 g 2 ﬁ<g 040.1 g

F-No.2 0.4301 0.2738 0.9744 4.57 57.57

F-No.3 0.6156 0.1336 0.9912 5.05 39.41

F-No.4 0.7933 0.1290 0.9946 5.25 51.85

F-No.5 0.8655 0.0848 0.9990 5.84 39.34

F-No.6 0.7739 0.1170 0.9967 5.19 46.29

F-No. 7 0.7549 0.1255 0.9962 5.40 47.92

F-No. 7 (751pm) 0.6146 0.1994 0.9874 4.82 59.28

F-No. 7 (100rpm) 0.6349 0.2080 0.9861 4.33 64.41

F-No. 8 0.7501 0.1342 0.9966 5.28 49.96

F-No. 9 0.8840 0.0972 0.9972 531 46.21

F-No. 10 0.7075 0.1513 0.9968 5.14 52.57

F-No.10 (pH 1.2) 0.7847 0.1877 0.9907 3.29 69.04

F-No. 10 (pH 4.0) 0.6884 0.1860 0.9890 4.43 63.62

F-No. 10 (DW) 0.7856 0.1755 0.9919 3.97 68.46

F-No. 11 0.6014 0.1994 0.9880 4.92 56.94

F-No. 12 0.6418 0.1534 0.9932 5.12 46.87
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2 kg 040.4 g Powdered cellulose 20.3 2 kg 436 g 2 kg 436 g 2 kg 436 g 2 kg
436 g Sodium Starch dycolate 5.05 606 g 606.03 g 606.02 g 606.02 g

Pr egel at iwDzet/i6o32a St arch 5. 05 606 g 606. 04 g 606. 05 gPEEAISQITOGI80Bt ar ch
20.3 2 kg 436 g 2 kg 436 g 2 kg 436.1 g 2 kg 436.1 g My Stearate 1.65 198 g
198.04 g 198.03 g 198.01 ¢

Table 7B In vitro drug release and dissolution parameters of tramadol HCI

Diffusion Release Correlation
exponent rate coefficient MDT (h) DE%
constant

(n) ) (R2)
F-No.2 0.4662 0.2869 0.9993 3.59 61.86
F-No.3 0.5823 0.2247 0.9983 4.33 60.04
F-No.4 0.5986 0.2133 0.9966 4.18 59.65
F-No.5 0.6325 0.1822 0.9909 4.90 54.59
F-No.6 0.5694 0.2075 0.9977 4.33 54.91
F-No. 7 0.6076 0.2171 0.9995 4.28 60.87
F-No. 7 (75rpm) 0.5070 0.2757 0.9974 3.43 64.18
F-No. 7 (100rpm) 0.5123 0.2909 0.9952 3.21 68.24
F-No. 8 0.5814 0.2217 0.9965 4.16 59.63
F-No.9 0.6601 0.1964 0.9957 4.22 60.47
F-No. 10 0.5677 0.2415 0.9984 3.99 63.09
F-No.10 (pH 1.2) 0.6394 0.2919 0.9949 2.50 77.70
F-No. 10 (pH 4.0) 0.5822 0.2793 0.9944 3.39 74.35
F-No. 10 (DW) 0.6548 0.2474 0.9816 3.31 74.38
F-No. 11 0.4969 0.2817 0.9986 3.58 64.51
F-No. 12 0.5283 0.2321 0.9994 4.03 56.30

[00097] When HPMC K4M alone was employed as a retarding agent in F-No.1,

tablet hardness was relatively low, which made compression difficult. However, the
incorporation of lactose or AEROSIL 200 into a preparation as tablet fillers enabled the
supplement of appropriate tabletting properties (F-No. 2 & 3). The use of PEO alone
and the combined use of HPMC K4M and PEO as a retarding agent were also tested (F-
No.4 & 5). The dissolution was done at 50 rpm in a pH 6.8 buffer solution (simulated
intestinal fluid, without enzyme). Dissolution percentage as a function of time for F-

No. 2 - 5 are shown in FIG. 8 and FIG. 9.

[00098] Simulated release profiles assuming IR layer content for (a) APAP and
(b) tramadol HCI from different formulations of matrix tablet (F-No. 2 - 5) at 50 rpm in
pH 6.8 buffer solution are shown in FIG. 10 and FIG. 11 (compared with FIG. 8 and
FIG. 9 which are data without the assumption of having an IR layer). Data are
represented as mean + SD (n=3). The diamond data points represent the F-No.2 data.
The circular data points represent the F-No.3 data. The triangular data points represent

the F-No. 4 data. The square data points represent the F-No. 5 data.  As shown in
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Purified Water* 30 kg 754 g 30 kg 754 g 30 kg 754 g 30 kg 754 g Wight IR
329.4 ng/ Tab. 39.5 kg/lot * Water is renoved during the drying process,
and does wotosppers in the final product. WD 2010/ 0625P¢PTBLMMSA0393 061803
I ngredient Unit Fornula (ng/Tab.) Lot Quantity Actual Lot Quantity Lot
No. 001 Lot No. 002 Lot No. 003 Extended Rel ease | ayer APAP 390.0 46 kg 800
g 46 kg 800 g 46 kg 800 g 46 kg 800 ¢

Example 4 above, an IR material can be formed that would release APAP quickly to

bring up the amount of active ingredient released quickly. Similarly, we have also

form IR materials that release APAP and tramadol quickly. We have demonstrated

that if a layer of an IR material is used to form a bi-layer with a layer of ER material,

the APAP and tramadol release can be approximated by assuming that the time it takes

for APAP and the tramadol to be released is negligible. ~ Structures of FIG. 1B and 1C

should similarly release the drugs from the IR layer quickly. FIG. 10 and FIG. 11

show the simulated release profiles assuming that the tablet has an ER layer of

compositions of those of FIG. 8 and FIG. 9 and an IR layer associated with the ER

material, either as an outer layer or as one layer of a bi-layer structure. The cumulative

% release is the release calculated as a percentage of the total amount of APAP (and

tramadol) in the whole (e.g., bi-layer) tablet. FIG. 10 and FIG. 11 show that the

cumulative % release of APAP was very close to that of tramadol from the IR/ER (e.g.,

bi-layer) tablet for a formulation. Thus, coordinated extended release of APAP and

tramadol HCI could be obtained by the complexation.

[00099] The results also showed the combined use (F-No. 5) of PEO and HPMC
K4M as a retarding agent showed the least DE% and greatest MDT among the above

described matrices, indicating a higher drug retarding ability.

Use of PEO

[000100] Formulations F-No. 5 and F-No. 6 showed the advantage of using HPMC
K4M and PEO in obtaining small DE% and larger MDT. (F-No. 6) containing HPMC
K4M and PEO at the ratio of 1:1.  FIG. 12 shows the comparison of the cumulative
release profiles of APAP and tramadol HClL.  FIG. 13 shows the simulated release
profiles of a bi-layer tablet with an IR outer layer and an ER core of F-No. 6 calculated
from the data of FIG. 12. In FIG. 12 and FIG. 13, the diamond data points represent
the APAP data. The square data points represent the tramadol data. The release of
APAP and tramadol HCI in FIG. 12 apparently follows Korsmeyer model (correlation
R*=0.9967 and 0.9977, respectively). From the release exponent (z = 0.7739 and
0.5694 for APAP and tramadol HCI, respectively), the release mechanism seems to be

an anomalous transport (Non-Fickian). The data show a substantially constant release
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Tramadol HCl, 58.0 6 kg 960 g 6 kg 960 g 6 kg 960g 6 kg 960 g Hypronel | ose
2910, 15 nPas (HPMC E15) 10.0 1 kg 200 g 1 kg 200. 149 1 kg 200.1 g 1
kg 200. 10wQ 2bewdseli24 carrageenan (VI SCARIN 109) 72.5 8 k@CTAG2@9861803 700 g 8
kg 700.1 g 8 kg 700.2 g Hypronel | ose 2208, 2903 nPas (HPMC K4M 30.0 3 kg
600 g 3 kg 600 g 3 kg 600 g 3 kg 600 g Pol yet hyl ene Oxi de (POLYOX WSR N12K)
30.0 3 kg 600 g

rate adequate for an extended release. The extended release dosage form, enabling the
constant release rate, likely reflects the summation of both drug diffusion and polymer
erosion. Since both swelling and erosion occurred simultaneously in the matrix after
placement in the dissolution media, substantially constant release resulted. Constant
release in such situations occurs because the increase in diffusion path length due to

swelling is compensated by continuous erosion of the matrix.

Different grades of A-carrageenan

[000101] FIG. 14 shows a plot of cumulative amount of APAP released and FIG.
15 shows a plot of cumulative amount of tramadol HCI against time for the extended

release formulations F-No. 7 and F-No. 8, which had different grades of A-carrageenan.

The diamond data points represent the F-No. 7 data. The square data points represent
the F-No. 8 data. No significant difference was observed in drug release rate between
matrices containing different grade of A-carrageenan (VISCARIN® GP-109 and

VISCARIN® GP-209), indicating that there is little difference in their complexation
ability with tramadol HCl. FIG. 16 and FIG. 17 show the cumulative drug release of a
simulated bi-layer tablet calculated based on the data of FIG. 15 and FIG. 15
respectively.  Again, the release profile for the tramadol HCI was very close to that of
the APAP, showing that the bi-layer dosage form with an extended release core of
formulations F-No. 7 and F-No. 8 can produce coordinated extended release of the two

drugs.

Effect of HPMC K4M
[000102] F-No. 7, F-no. 9 and F-No. 10 were formulated as an ER material by
varying HPMC K4M proportions at the fixed amount of PEO (30 mg), to study the

effect of retarding agent on drug release profile. All formulations showed a release
over 10-12 h. FIG. 18 shows a plot of cumulative amount of APAP released and FIG.
19 shows a plot of cumulative amount of tramadol HCI against time for the extended
release formulations F-No. 7, F-no. 9 and F-No. 10. FIG. 20 and FIG. 21 show the
cumulative drug release of a simulated bi-layer tablet calculated based on the data of
FIG. 18 and FIG. 19 respectively. The diamond data points represent the F-No. 7 data.

The square data points represent the F-No. 9 data. The triangular data points represent
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3 kg 600.1 ¢ 3 kg 600.1 ¢ 3 kg 600.1 g My Stearate 5.96 715.2 g 715.2
g 715.2 g 715.2 g Purified Water* 2 kg 880 g 2 kg 880 g 2 kg 8380 g 2
kg 880 g Wehyuvme®d Et hanol ** 4 kg 320 g 4 kg 320 g PETH282061303 4 kg
320.3 g Wight ER 596.5 ng/ Tab. 71.6 kg/lot; ER+tIR=111.1 kg/lot * Water is
renoved during the granul ation process, and does not appear in the final
product. ** Ethanol is renoved during the granul ation process, and does not
appear in the final product.

the F-No. 10 data. The results show that increase amount of HPMC K4M retards the
release of the drugs a little.  Again, the release profile for the tramadol HC1 was very
close to that of the APAP, showing that the bi-layer dosage form with an extended
release core of formulations F-No. 7, F-No. 9, and F-No. 10 can produce coordinated

extended release of the two drugs.

Effect of PEO

[000103] F-No. 10, F-no. 11 and F-No. 12 were formulated as an ER material by
varying PEO proportions at the fixed amount of HPMC K4M (20 mg), to study the
effect of retarding agent on drug release profile. All formulations showed a release
over 10-12 h. FIG. 22 shows a plot of cumulative amount of APAP released and FIG.
23 shows a plot of cumulative amount of tramadol HCI against time for the extended
release formulations F-No. 10, F-no. 11 and F-No. 12.  FIG. 24 and FIG. 25 show the
cumulative drug release of a simulated bi-layer tablet calculated based on the data of
FIG. 22 and FIG. 23 respectively. The diamond data points represent the F-No. 11
data. The square data points represent the F-No. 10 data. The triangular data points
represent the F-No. 12 data.  The results show that increasing the amount of PEO
retards the release of the drugs a little.  Again, the cumulative release profile for the
tramadol HCI was very close to that of the APAP, showing that the bi-layer dosage form
with an extended release core of formulations 10, F-no. 11 and F-No. 12 can produce

coordinated extended release of the two drugs.

Effect of pH
[000104] To study the effect of pH in the dissolution fluid on that the release rate

of drugs from hydrophilic matrices, the dissolution rate was investigated with buffers at
pH 1.2, pH 4.0, pH 6.8 and with distilled water for Formulation F-No.10 at 50 rpm.

The data are shown in FIG. 26 and 27 for APAP and tramadol HCI respectively. The
diamond data points represent the pH 1.2 data. The square data points represent the
4.0 data. The triangular data points represent the pH 6.8 data. The circular data
points represent the distilled water (DW) data. For the formulation F-No.10, the
release rates of both APAP and tramadol HCI were faster at acidic pH, in agreement that

its value of MDT is lower and that of DE% higher in acidic condition. The results may
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WO 2010/ 062524PCT/ US2009/ 061803 I ngredi ent Unit Formula (ng/ Tab.) Lot
Quantity Actual Lot Quantity Lot No. 001 Lot No. 002 Lot No. 003 Coating
| ayer OPADBYOwalekzzw YS-1-6370-G *** 25.0 3 kg 600 g 3 k@Ce0B2¢98618¢3 600 g 3
kg 600 g Carnauba wax 0.041 4. 92 g 4. 92 g 4. 92 g 4. 92 g Purified
Water**** 25 kg 168 g 25 kg 168 g 25 kg 168 g

be attributed to surface erosion or disaggregation of matrix tablet prior to gel layer
formation around a tablet core in acidic media, resulting in faster release of drug. The
pH 6.8 profiles were slower than the other ones. The release during the first hour was
low for all the ER samples, indicating that such formulations would release only a small
portion of the drugs when the tablets pass through the stomach. FIG. 28 and FIG. 29
show the cumulative drug release of a simulated bi-layer tablet in buffers of different
pH and distilled water calculated based on the data of FIG. 26 and FIG. 27 respectively.
Again, the results show that dosage form of coordinated release of APAP and tramadol

can be formulated.

Effect of speed (rpm) of stirring

[000105] An exemplary ER material made of the Formulation F-No.7 was studied
in dissolution runs at 50 rpm, 75 rpm and 100 rpm stirring speed. The data are shown
in FIG. 30 and 31 for APAP and tramadol HCI respectively. The diamond data points
represent the 50 rpm data. The square data points represent the 75 rpm data. The
triangular data points represent the 100 rpm data. The overall rate of drug release from
matrices is significantly higher at higher rpm, which is confirmed by smaller MDT
(4.33 h for APAP and 3.21 h for tramadol HCI) and higher DE% (64.41% for APAP
and 68.24% for tramadol HCI) at 100 rpm for F-No. 7 than those at 50 rpm, which had
MDT of 5.40 h for APAP and 4.28 h for tramadol HCI and DE% of 47.92% for APAP
and 60.87% for tramadol HCIL. Generally, hydrophilic polymer produces a hydrogel
layer upon in contact with liquid; drug dissolution observes a combination of diffusion
and erosion, with predominant in drug diffusion. However, higher rpm would result in
more matrix erosion than polymer hydration, subsequently facilitating more drug
diffusion and dissolution. FIG. 32 and FIG. 33 show the cumulative drug release of a
simulated bi-layer tablet calculated based on the data of FIG. 30 and FIG. 31
respectively.  Again, the results show that dosage form of coordinated release of APAP

and tramadol can be formulated.

In vitro extended release of bi-layer tablet

[000106] Based on the results above, a bi-layer tablet having an IR layer with a

layer of compacted tramadol HCI complex and APAP was made according to the
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Set - Up Act ual Lot 001 Lot 002 Lot 003 Hi gh Shear granulate Pre- blend

Super- mxer Inpeller Speed Tinme 472 rpm5 mn 472 rpm5 mn 472 rpm5 mn
472 rpm Sw@izn10/0Geau- |ate Inpeller Speed M xing Tine BQd/USHE061803
Addi tional Amount of Ethanolic solution. 472 rpm 35 sec 13.7A NA m 472

rpm 35sec 13.7A N A

Table 9 shows the actual manufacturing data for making three pilot plant lots of bi-layer

tablets of formula F-No. 13. The formula for three pilot plant manufactured batches

produced tablets that met the acceptance criteria and exemplified a rugged and robust

product.

Water and/or ethanol were added as the other ingredients were being mixed

for the corresponding layers as indicated in the table. The mixed materials were then

compressed to form the corresponding layers. The water and ethanol were removed in a

drying process for drying the tablets. These tablets also matched the performance of

tablets that were evaluated at the lab scale and in the formulation development stage.

Table 9. Actual amount for three manufacturing batches

Ingredient Unit Lot Actual Lot Quantity

Formula Quantity Lot No. 001 Lot No. 002 | Lot No. 003

(mg/Tab.)
Immediate Release layer
APAP 260.0 31kg200 g 31kg200g| 31kg200g| 31kg200¢g
Tramadol HCI 17.0 2kg040g| 2kg040.1g| 2kg040.1 g| 2kg040.4 g
Powdered 20.3 2kg436g 2kg436g| 2kgd436g| 2kgd36g
cellulose
Sodium Starch 5.05 606 g
Glycolate 606.03 g 606.02 g 606.02 g
Pregelatinized 5.05 606 g 606 g
Corn Starch 606.04 ¢ 606.05 ¢
Corn Starch 20.3 2kgd36g 2kg436g| 2kg436.1 g| 2kg436.1 g
Mg Stearate 1.65 198 g

198.04 g 198.03 g 198.01 g

Purified - 30kg754 ¢ 30kg754¢g| 30kg754¢g| 30kg754 ¢
Water*

Weight IR 329.4 mg/Tab. 39.5 kg/lot

* Water is removed during the drying process, and does not appear in the final product.
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m 472 rpm 35sec 13.8A NA mM 472 rpm 35sec 13.8A NA mM Dy Gatt WG 30
Inlet air flow (CFM Inlet Tenp. Qutlet Tenp. 1500-2000 55-65C (60 O

40- 50C 60W0490/622447C 60C 47C WD 2010/ 062524 PCT/ US2002C0a68@3/06188haki ng
i nterval Shaking Duration End of Drying Tine 1 min 10 sec MafDr

Ingredient Unit Lot Actual Lot Quantity
Formula Quantity Lot No. 001 Lot No. 002 | Lot No. 003
(mg/Tab.)
Extended Release layer
APAP 390.0 46 kg 800 g 46kg800 g | 46kg800g | 46 ke 800 g
Tramadol HCI, 58.0 6 kg 960 g 6kg 960 g 6 kg 960¢g 6 kg 960 g
Hypromellose 10.0 1 kg 200 g 1 kg 1 kg 1 kg
2910, 15 mPas 200.14 g 200.1 g 200.10 g
(HPMC E15)
Lambda- 72.5 8kg700 g 8kg700¢g | 8kg700.1 g| 8§ kg700.2 g
carragecnan
(VISCARIN
109)
Hypromellose 30.0 3kgo600 g 3kg600g| 3kg600g| 3kg600g
2208, 2903
mPas
(HPMC K4M)
Polyethylene 30.0 3kg 3 kg 3 kg 3kg
Oxide 600 g 600.1 g 600.1 g 600.1 g
(POLYOX
WSR N12K)
Mg Stearate 5.96
7152 ¢ 7152 ¢ 7152 ¢ 7152 ¢
Purified - 2 kg 2 kg 2 kg 2 kg
Water* 880 g 880 g 880 g 880 g
Dehydrated - 4 kg 4 kg 4 kg 4 kg
Ethanol** 320 g 320 ¢ 320 ¢ 3203 ¢
Weight ER 596.5 mg/Tab. 71.6 kg/lot;
ER+IR=111.1
kg/lot

* Water is removed during the granulation process, and does not appear in the final

product.

** Ethanol is removed during the granulation process, and does not appear in the final

product.
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1.0-3.0% 1.90%50 mn 1.95%51 mn 1.99%50 mn MII Fitz- mll Speed
Screen Size Medium1l 5 mMm Medium 1l 5 nm Medium 1 5 mm Medium 1 5 mm

Bl end Fi maib 2Blogrsels2ai xer M xing tinme M xing Speed Tine 1Bairrus2ehopmsis ne
15min 14rpm Tinme 15mn 14rpm Tinme 15m n 14rpm Conpress TM conpr ess No. 1l
or 2

Ingredient Unit Lot Actual Lot Quantity

Formula Quantity

(mg/Tab.) Lot No. 001 Lot No. 002 | Lot No. 003
Coating layer
OPADRY 25.0 3kg600g 3kg600g | 3kg600¢g 3kg600g
yellow
YS-1-6370-G
skksk
Carnauba wax 0.041 4.92¢ 4.92¢ 4.92¢ 4.92¢
Purified - 25kg 168 ¢ 25kg 168 g [ 25kg 168g | 25kg 168 ¢
Water****

*** Value was adjusted in consideration of loss during coating process. Actual amount
needed for this lot include 20% excess allowance (3 kg----=> 3.6 kg).

Rk Water is removed during the coating process, and does not appear in the final
product.

[000107] A fluid bed granulation manufacturing process was used for the IR layer,
and a high-shear mixer granulation process was used for making the ER layer, drying,
sieving and blending steps with subsequent compression. The compressed tablets were
finally film-coated. ~The major equipment used during the manufacture is outlined as
follows: granulation: high shear mixer granulator, fluid bed granulator; drying: fluid bed
granulator; milling: oscillating sieve; blending: V-blender; tabletting machine: TMI
double layer compress; coating: Hi-coater. The flow chart of the manufacturing

process for the tablets is shown in FIG. 35.

[000108] In the preparation of IR granules, first a binder solution was prepared.
The IR materials (APAP, tramadol HCI, powdered cellulose, pregelatinzed starch,
sodium starch glycolate) were transferred into the fluid bed granulator and preblended.
Granules of the materials were formed using the fluid bed granulator by spraying the

required amount of binder solution into the material. The granules were dried and then
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Machi ne Speed No. of Stations Punch size Tablet weight 32 rpm 49 st
19.05/7.62 mm 925.81 ng 5% 32 rpm 49 st sane sane 32 rpm 49 st sane sane
32 rpm 49wvetopAwes2sane WO 2010/ 062524PCT/ US2009/ 061803 PEIrIuse00C06ts0Pr e-
heati ng Pan- coater Inlet Tenp. Qutlet Tenp. Tinme 70-80C (75 C) 40-50C (45
© 20 - 30 mn 80C 50C 20 m n 80C 50C

passed along with magnesium stearate through a sieving mill machine to achieve
desirable particle size. The resultant IR granules were blended using a V blender. In
the preparation of ER granules, tramadol HC1 was dissolved in 60% ethanol solution
and lambda carrageenan was added to form the complex. APAP and HPMC E15 were
preblended in a SuperMixer Granulator. The tramadol complex paste and the
APAP/HPMC E15 were granulated together using a high-shear mixer. The wet
granules were passed through a sieving machine to achieve desirable particle size. The
granules were dried in a fluid-bed drier.  The dried granules, along with the other
agents (HPMC K4M, POLYOX) and magnesium stearate were passed through a sieving
machine and then blended to form the ER blend. The IR blend and the ER blends were
compressed into tablets at a weight of about 925.8 mg using an appropriate double-layer
tablet press (e.g. TMI double layer press or equivalent) with embossed tablet tooling (49
sets upper, lower and die). Three batches (lots) of tablets were made. The dimension
characteristics of the punches used in the tooling for making the tablets were: length:
19.05 mm; width: 7.62 mm; curve radius: 5.5 mm. The coating fluid (liquid) was made
by mixing the appropriate amount of OPADRY Yellow YS-1-6370-G into purified
water. Tablets to be coated (core tablets) were loaded in a coating pan. The core
tablets were heated in the coating pan and coated with the coating fluid using an
appropriate coater (e.g. Hi-coater or equivalent). After spraying was completed the
pan was kept rotating to ensure drying of the tablets. Carnauba wax was sprinkled
across the rotating tablet bed. The coating fluid can be a solution in which all
ingredients are well solubilized in the solvent, or it can contain some particulate
ingredients dispersed in the fluid. Coating fluids are well known in the art and those
skilled in the art will know what alternatives can be used based on the disclosed

examples disclosed herein.

[000109] The major equipment used during the manufacture of the tablets is
outlined as follows:

1. Granulation: High Shear Mixer Granulator (Supermixer : 30 kg)
Fluid Bed Granulator (Glatt WSG 30 : 30kg)

2. Drying: Fluid Bed Granulator (Glatt WSG 30: 30 kg)
3. Milling: Oscillating sieve
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20 m n 80C 50C 20 mn

No.

Coating Rotational
of Spray gun Nozzle D aneter

speed Inlet Tenp. Qutlet Tenp.

Di stance Spraying rate Spraying pressure

Time 4 - worpmosds280C (75 C) 40-50C (45 C) 2 ea 1 0 nm PETAG2ai08603 200
g/mn 4 bar 80 -

180g/ nin

4bar

130 nin 5rpm 80 C 50C 180g/ nin

146m n 5rpm 80C

4. Blending: V-blender (100L)
5. Tabletting Machine: TMI compress
6. Coating : Pan-coater (30 kg)

[000110]

4bar 141m n 5rpm 80C 50C

Table 10 shows the parameters of the above equipment used in the

manufacturing of the tablets in Lots 001, 002, and 003. In the drying process, the

tablets were dried to a target weight percent moisture after drying (MafD) of 1 wt% to 3

wt%. A person skilled in the art will know how to use the above equipment in the

manufacturing of the tablets under conditions of the parameters of Table 10. In Table

10, the values of the set-up parameters were applied to each lot and might vary slightly

(as shown in the table).

Table 10  Process parameters of equipment

Process Parameters
Majpr Actual
Process Equip It Set.U
ems ct-
ment P | Lot001 | Lot002 | Lot003
Pre- Ismggclller 472 rpm | 472 rpm | 472 rpm | 472 pm
blend TIi)me S min S min S min S min
‘ Impeller 472 rpm 472 rpm | 472 rpm | 472 rpm
High Super- | Speed
Shear mixer | Mixing 35sec 35sec 35sec
. 35sec
granulate | Granu- Time
late End Ampere 13.7A 13.7A 13.8A 13.8A
Additional )
Amount of
Ethagohc N/A  ml N/A N/A N/A
solution. ml ml ml
Inlet air 1500-2000
flow
5 S\}gté (CEM) 60°C|  60°C|  60°C
y 30 Inlet Temp. | 55-65°C
Outlet (60 °C) 47°C 47°C 47°C
Temp. 40-50°C
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50C 180g/ mn 4bar 148min [000111] Table 11 shows the particle size
distribution in nmesh of the imediate release (I R) granules used in Lots
001, 002,werndioge3s2ior t he extended rel ease tabl ets. TablPeTAB2082/06i803 e Si ze
distribution (in wt% of IR particles MeshLot 00l1Lot 002Lot 003 Particle
Size Distribution (wt% #18 2.21 0.42 0.18 #20 0.97 0.41 0.60 #35 12.57
4.57 6.36 #60 47.07 45.85 30.43

Shaking 1 min
interval
Shaking 10 sec
Duration
End of MafD: 1.90% 1.95% 1.99%
Drying 1.0~3.0% SO0min | Sl min| 50 min
Time
Mill Fitz- Speed Medium | Medium | Medium | Medium
mill Screen Size 1.5 mm I1.5mm| 1.5mm| 1.5mm
Mixing fime Time Time Time Time
15min 15min 15min 15min
Final Blend V-
mixer
Mixing
Speed
l4rpm | 14rpm 14rpm 14rpm
Machine
TMI Speed 32 rpm 32 rpm 32rpm | 32rpm
p— No. of 49 st 49 st 49 st 49 st
Compress ess Stations‘
No.1 Punch size 19.05/7.62 same same same
) mm
or Tablet 925.81 mg same | same same
weight +5%
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#100 15.97 23.57 24.38 #140 7.43 2.54 12.83 #200 9.91 12.25 9.85 pan
3.86 10.41 15.38 WD 2010/ 062524PCT/ US2009/ 061803 [ 000112] The wei ght of the
final tabwveteinmss2about 951 ng per tablet. The wei ght ofPCraish@9®61803

manuf act ured was about 114 Kg per lot. [000113]In the above F-No. 13
tablet, the IR layer is about 3.14 mmthick, and the ER | ayer was about
3.82 mmthick, with a total thickness of 6.96 mm Under the above
condition, the nean value of hardness for uncoated tablet was 8.51 KP and
the friabiJ1tTy Was Tess fhan 1P (0.23% | FIG 34 shows [di ssol ution prlofil es
for the F-No. 13 (the copted tablets). Theggicangnd data pointsg represent
the APAP data. Thg.squarp datal gk LS, T epfseeent |t heddFamad8) Cat as0*fhe
val ue for relatimg,gfandard devy ;elton (C¥)swes lless than 7% fagr all points
neasured (h=6). [Begi nhing from{he fir st B t Hr oudhCtlhe H0El|vet ROKqur,
the wt % cupul atiyve rel ease of ARAR was éﬁy3glose (l'esg than 10%
difference) to that of the tranadol. St ‘“EIH ng frlomGmia $8cwnd |ROuint hr ough
t he ei ght h| hour , the—differenc Ro)[’qt?o alUbo t 59— The resutt—showstHhat a
mul tiple |jpyered dosage form w r@ 1at gégml g prﬁvi de C§)OI‘I di nat el ed
rel ease of | APAP jand trampdol . |®%his enbodi nent|, thB8 rlel e3d8e |r at 2870
tramadol and APAP were Vepy cI The r? ig of T60, T70 , T80 , T90 |of

APAP ver susFitm-an@dol is Py é than (1.5 dis,.o
substanti alCyatcljose to 1 ceolsilrorr eE;,I%,f?resul Y 3 tI‘ r% @a §029{rfe EX%OEICI ment s
it is clear that|in a bi|ayer t he ayer uld disintlegrate, |and
rel ease the drugs quickly (in ?ni? n( n1c$1ute uEh ?S()l% m nﬂ}gs). The
drug rel ease tiﬁdaﬂnghe | R | ay&® |s ext F&hrel y dhor t cgnpared wth the ER

| ayer rel egse, i ch takps 8 hpUf%or more. Thusg, it is reasorable td
assune the| release rate pf dr ug%gnﬁtef he EiQnPlayer in the bi-layer tabllet
woul d be sjnmilar|to that|of an anegyer |iler2P @Myvilt r o di gsol utidn tests| in
which only| the BR | ayer fas testBingi ngdoQ-BW Er 18ger |i A0/ Ng. 180/
al nost ideptical|to that|of F-N8 7, the g@@nease e%}é‘bnentﬁﬁnv\oul Mibe labout
0.75 for APAP and 0.6 fof tranp¥b®yilg t hébER | ayer. 4POQ0114Pt| hastbiigen
found that| conpl exi ng tramadol | RFskean af?onBe pollghem, | dremer|abijmin
can- ageenan_to florm an ekt endedliml ease |Myer in a tabllet prowides
nonFi cki an and/or Case || erosion controlled rel ease, thus enabli ng the
coordi nated rel ease wi th APAP. For conparison of the perfor mance of

di fference natl qn of MJT el ease exponent n
" the. Kor WHBPLT' 5o BRaa ShEv e PutRas bR guR Pk PO rERREHT nant < ust ng
the USP 11 re(l@@éjﬂkpgraﬁp@afsai o (o, GdzeardeﬂOBMtﬁ@exﬁ@ﬂb@ﬁleaé@l%lﬁadm e
position is 25 mmfromthe inside bottom of the vessel. The dissol ution
nmedia is pH 6.8 phosphate buffer solution prepared according to USP net hod
(USP SI F wrhheut panay e defBulidie it 8sQ)fuk pficles done at 50 rpn 900nl at
370.5 C. The dissolution nedia sanple is to be taken at regular intervals
to be filtered by 0.4511, nenbksine fi Lbed0land t hd.ocodxent r atlion0@ of bot h
tramadol HCl mpdiMBHAP ih the rel eape nedi umi|s neasured|by an HPLQ using an
aqueous buf f emisg®utidd on| / netiRanol soI obion gs nokid e phasey.ighe bile
phase (pH 2.7 er . th [ = ERERD firTlere hroujgh a
0.45-um M| |i pgg’y I |t ef—(HAAF 047“’“ u.5 etttvad edr)‘.%1 antadegassed—Hy hel i um
spargi ng. |A dissolution| Stafdard ( 0%2 5737 5/325hY/ is fmdef@¢ accurately
wei ghing 36. 11/ purity ng (19@500f aget apigvophgn i nk@sa 50 m3yp unetric

flask, transferring 10. Trajmdo drqchli qrige Sfock utifon,
di ssol vi ng| and di | uti ngi+e #i O et hfs +—6—¢ phgg*s..ate bu*zggé THe
t ramadol hydrochl ori de [St ockl40 7.43 2.54 12.83

#200 9.91 12.25 9.85

pan 3.86 10.41 15.38
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Solution is made by weighing 41.66/purity ng (1% of tramadol hydrochl oride
into a 100 mM volunetric flask, dissolve it and diluting to volune with pH
6. 8 phosphatelonstf2er. The HPLC col umm is SUPELCO LC- 8- DBCTAB200946B0311]

511m Injection volume is 1011,1 and flowrate is 2.5ml/mn with run tine
of 16 mnutes; retention time for APAP. approximately 1.2 mn; and
retention tine for tramadol hydrochloride: approximately 4.0 mn. The
detector is Waters 490 UV progranmabl e detector or equival ent (APAP 280 nm

- 1.0 AUFS OOMPE'THdO'Th@ME%@gftﬁé Fiflg tabldes WD abofd-981 M} tableR| TARwhighper at ure
0

is about 35 C. USP Il net is a standardi zed method. One skilled in the

art can rePerblels mapafaghice ve st 414168 P¢Het USP 11 net hod. [ 000115] The
cal cul ation of the percentage of the |abel (La, specified) anpunt of the

drug in the sanple can be calculated as Asam X Cstd % La Di ssolved - x 100
Astd X Ct 1000W¥dr e Anthe abpyafaliol [ Hyplletodia IR ddydisis ebousddt am Hegkhand theak ar ea

for the saggl Tt 3 S ARARIC K WHT POR Bhdid&s OF ﬁﬁﬁ”"mwiﬁj hgp peak area
for the stan eﬁﬁ%%&n gz St an((i‘a’:W co{rzl)centlér atgslsgnﬁlgﬁ mg/ ,QCt ?oo =
Theor et i cahbal®08sditamc thateat vdne ofhandplssifor unaoated talied waarsdih tK Fodndtticamadol

hydrochl ori.de..or APAP. . [0 LW t resent . i.nvent.i o ding the ER
I gyer, we :%aﬁg%é}ﬁ’flseéﬁsc}h%’bﬁgﬁﬂ)g eggg&gfg%‘?ﬁse(ﬁ SO]rliltllo?‘nprtog‘r;l £9 %rt@%g’%r eguati on
for tramado} (tad catduibladovehddidhondedaerpoahoneprelont theayPhPedael ghove 0. 85.
Preferably, the rel ease exponent n far APAP i bout .0.46 to 1, nore

b of or abl  SUBEEIGRES GGG Mgt ey abh B U Cb Y88 s, pr of or abl y,
the rel easgewatpaNen) wis k@rthdn BoBSAQll pbmtsaRk@uiredndB). t BeQinfing MhEhPr ef er abl y
about 0.5 to 0.7, nore preferably 0.5 to 0.65. [00011/]\We were also able to
achi eve r aflfsbRowsfhrawed ths twapapb Reat dhrsvis chvmdaiive gileayap kmaseyo 1 in the

bi | ayer tapl'oﬁ‘et(%esg) theh €63 Rk YoredcBBO TBPof B irfind 1. AUHiIn LR AWM cchti @b abl y
about below 1.5 and nore preferably about between 1.5 and 1. It is nore

preferred fhheughtlrecighyphouitthediffsrepea wigsdeps thag Sgnd The 1esult showg thtao preferred

that Tgo i §,fpeuth efrécp(msggetf&n;%amweghat'3‘91![13p%ﬁlfe%BQfMilyatéﬂt}Qﬂé&sefo?Om 10 to 12
hours. Table 12 s¥1ows the the Tgo data for F-No. 13. Table 12 Tgo data for

F- No. 13 t ABARtasd Tpmeado]. Anzhigemb@limerg, the etpase rates of tramadol and APAP
were very close. The ratios of Teg, T70,Tso, Top of APAP versus tramadol is less than

2, in fact less than 1.5 and is substantially close to 1. From the results of the release rate
experiments it is clear that in a bilayer tablet the IR layer would disintegrate and release
the drugs quickly (in a matter of minutes, such as15 minutes). The drug release time in
the IR layer is extremely short compared with the ER layer release, which takes 8 hours
or more. Thus, it is reasonable to assume the release rate of drugs in the ER layer in the
bi-layer tablet would be similar to that of an ER layer in in vitro dissolution tests in
which only the ER layer was tested. Since the ER layer in F-No. 13 is almost identical
to that of F-No. 7, the release exponent » would be about 0.75 for APAP and 0.6 for
tramadol in the ER layer.

[000114] It has been found that complexing tramadol with an anionic polymer,
preferably carrageenan to form an extended release layer in a tablet provides non-
Fickian and/or Case IT erosion controlled release, thus enabling the coordinated release
with APAP. For comparison of the performance of difference tablets, the
determination of MDT, Ty, and release exponent # in the Korsmeyer equation is

preferrably done by in vitro experiments using the USP II (paddle) apparatus with the
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11 12 T80 1.096 1.009 1.007 0.997 0.995 0.998 1.002 1.010 1.021 1.032 1.042
1.047 In vivo extended rel ease of bi-layer tablet [000118] Extended rel ease
tabl et s (wadeiwm2iécor dance with the pilot plant fornul &Ciras2eeserstbed i n
Tabl e 9) were conpared with an established branded fornul ation

t ramadol / APAP conbi nation (ULTRACET) in healthy mal e volunteers in Korea on
the relative bioavailability and ot her pharmacokinetic properties. An
ULTRACET tabl et contains 37.5 ng tramadol hydrochl oride and 325 ng APAP.

Such ULTRAGHDwhRIh&hS. amBe pyRild RBiSn ROBEN Glod] thy insldB86kdnY 6f thog&sedi ents in
the tablet are owdered cel l ul'ose, pregelatinized corn starch, sodium

starch gl y¢by gisselution mediy is pflpidinhewphiig bercr spagpropicprirdiceeriiedo USPADRYO Li ght
Yel | ow, an?heﬁl%ﬁp@S’ﬂﬂélIEY\?i)&loufré}ﬁyﬁlé‘)bﬁhkﬁégiiQQﬁﬁ&d RubR30hHS60 Rl at UL TRACET
tablets can be found in the labeling describing this patch and its use in,
e.g., USFDA7HEN (No Thegissd@iofintedial satvele injohe daken aiongyigrinterval to X004, COWP
2003), whi ISl r re erein bt | jrety. [000119] A
random zed fﬁnﬁrﬁ? W gﬁg“ glglrélg%agg &géétagl(zglt 78 n%%,gtr{l%s?%%rolkhot(ri%lﬁat%\?\gﬁéie%ge nce,
crossover afPudyn virseclpar hedueds nratuesl lyhy HPlCeuskraaanuaons buffeeeslstiannder

fasting conditions with a shout .of 4 days b he udy, periods as

Shown "¢ hEepaRl Sty o SRS RERE. 0 oS s R E £ O ARRURIETL) R o

period(4 days) toIeqdretdpaovigho d4tamMilipoeurnegHAWPB)700) dllediRALET aod)
degassed by helium sparging. A dissolution Standard (100%), 37.5/325mg is made by

accurately weighing 36.11/purity mg (£1%) of acetaminophen into a 50 ml volumetric

flask, transferring 10.0 ml of tramadol hydrochloride Stock Solution, dissolving and
diluting to volume with pH 6.8 phosphate buffer. The tramadol hydrochloride Stock

Solution is made by weighing 41.66/purity mg (+£1%) of tramadol hydrochloride into a

100 ml volumetric flask, dissolve it and diluting to volume with pH 6.8 phosphate
buffer. The HPLC column is SUPELCO LC-8-DB 150 x 4.6 mm; Sum. Injection
volume is 10 pl and flow rate is 2.5ml/min with run time of 16 minutes; retention time
for APAP: approximately 1.2 min; and retention time for tramadol hydrochloride:
approximately 4.0 min. The detector is Waters 490 UV programmable detector or
equivalent (APAP 280 nm - 1.0 AUFS; tramadol hydrochloride 215 nm - 0.5 AUFS).

Column temperature is about 35 °C.  USP II method is a standardized method. One

skilled in the art can refer to the pharmacopeia for the USP II method.

[000115] The calculation of the percentage of the label (La, specified) amount of
the drug in the sample can be calculated as
Agm X Cgq
% La Dissolved = x 100

Asa X Croo
Where Aqm = Tramadol hydrochloride or acetaminophen peak area for the

sample,

Agq = Tramadol hydrochloride or acetaminophen peak area for the
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ER tablet (B) Sequence 2 (BA) 6 ER tablet (B) ULTRACET (A) [000120] After
screening, at the start of the sequence of drug adm nistration, each

i ndi vi duavowary/melzieni st ered the sel ected drug accor di ngPCoO/Usk@9Bs1ses peri od
for 4 days, followed by 4 days of washout w thout drug adm nistration, and
then foll owed by 4 days of drug adm nistration according to the second
period. The individuals were followed up for 4 days

post -drug-adm nistration to record the data for the bl ood sanples of the

i ndi viduals. Jaghdag the drug admi nistration sequences, commercial ULTRACET
tabl ets (designated as A in Table 13 and the ER tablets (designated as B in
Tabl e 13) were or &bty SHafrActcertegonm mgMds at 6 hr intervals, and 7 tines
at 12 hr interval scﬂoggqg&%ﬂcgpj@o% QREQEiBGin th/habl e 13. Bl ood sanpl es were
col l ected accordin re-determned tine intervals after the dose.

[ 000121] The data o Téab @ amguiief tamadehydsodierde af ABAR. he bi oavail ability of
the drugs in the tablets. As used herein, the term"bioavailability",

refers to the rate and extent to which the active i ngredi ent or active

moi ety is H98btGhed fWishitha peisery iprentdue tegarding theeldld psr, ao atickeatbletoat t he site
of action. xt.ent ar |

phar macoki ne?ilﬁéélggasfga%g%nﬁg,ﬁgﬁc rsg%e?%{%teawbozlggld%& éf"?abo gtéor%oéghcentratl on
(Cmax) of tvm atowed.3ndd ttee aboed). 85nd@refetrhtﬂy,bhm&amexp(brasmfod ARGP is

concentration n har k| net he term " AUC'
means the A1 5B4§|rgoer n%%%pr%@% %Pto&%ééd%& egrﬁ tabB dp{’:gtq 'ng serum
concent r at Pafierafly,ttherclrewrekpaicat » agemhadonistaban@mbjteov mg[alpnﬁ‘éramlyrre, as
measur ed frt())mége Bgma of&&t rlt %f ﬁggl ng, toatine "t" after the start of
dosi ng. Fof°®¥t&adyV 1P ‘3(@338 i'AP¥ration, the AUC' is the area under
the curve for a dosing period vvith doses adm nistered periodically to tine
infinite. The AUC can be o tal %ﬁassayl g% serum sanpl es from a patient.
[ 000123] As W8t Ther etV Rivere OtaB Tatiop phlg of SPARECHERMISIAY or pl asma
concent r at L Res@iost L1 ﬁlrtyegbﬂa}aqametrreprekmy, thief G Fafio iabolieldwT® t 0 reach peak
bl ood or plasma concentration of the drug. The term 1112" is half life and
refers to PréErhlpboutbalakbs aﬂ%@Ot@r{éefmaﬁbf@ﬁW@ﬁ@@ﬁ@iétan%h off st drug to
decay by hﬁei‘enk@%@%éhﬁh@@@ﬁﬁ%@ﬂ@@%ﬁ@@@' 1 RNESPEIAtdIAR: TEE St er m ned

using a validated M5 net hod asma concentration-time curve was
gener at ed from StadR hows.unere erefdratdyralomt g@mtlﬂéo b havey: y Tplle ddrehoss ghqtltrax, 7.,
AUCo- uhr) qt dfg.fikgtiday after the dose and the secondary paraneters
(Cmax(ss), ? AUCO 12h,ss, and ti/2) at steady state were determ ned
usi ng noncorrpartrrent al anal ysis wlth W NNONLN(r) 5.2.1 (Pharsight Co, CA,
USA) . Bi oeg e fOor. exa was defined using regul atory

requi rementhgZ% ?godaﬁfgl;F %r{e%aglﬁé US Food and Drug Adm nistration

(bi oequi val ence acceptance range, 0.80- 1 25). To be bi oeqU| valent to the
commer ci al=bUETRACETtab et; the 90% confidencerinterval;(CLrroftheratio
of the st =£'\I§ st;T= rrea% Hx of |a née EBltabl et 10 tha?t\tﬂg UL+ ACE

tabl et of |tHO |88 | 489%| 50¥dPfOR | AGRRISO 9% [HP0Ri| 91| BBRb[t'cP3225963 | 1847 | 0. 8
to 1.25) at a=0.05; and the 90% confidence interval (CI) of the ratio of
mean AUCss of a new ER tablet to that of the commercial ULTRACET needs to
be within 80%to 125% [O000125]A total of 12 vol unteer i ndividuals

conpl et ed ?Mv&éx@&Mede%sé”@%ﬂla%&%a@& volunteers was 24.4 5.2 years, and

t he nean body wei ght was 65. .0 kg. The nean (with SD) val ues of the
phar macoki neti c paraneters on trarradol after WO

2010/ 06252ﬂﬁﬁ{#520%&%3ﬁé§1%a&%‘31&k fnﬁa[d%tu& doRifindeRGHGR glaﬂ’J ULTRACET

tablets and the ER tablets of the present invention were shown in the Table
14 and TabfemiBtipedaewibetabl bl %), wirhegrpreclkhyithetn estaplighadrbieaded f or Tr anadol

Paramet ers fo%nlﬁﬁ‘&ﬁ{an(l%gfgi’AP combination (ULTRACET) in healthy male volunteers in

Korea on the relative bioavailability and other pharmacokinetic properties. An

ULTRACET tablet contains 37.5 mg tramadol hydrochloride and 325 mg APAP. Such

ULTRACET tablets are available commercially. Inactive ingredients in the tablet are
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powdered cellulose, pregelatinized corn starch, sodium starch glycolate, starch, purified
water, magnesium stearate, OPADRY® Light Yellow, and carnauba wax. The labeling
description and use of ULTRACET tablets can be found in the labeling describing this
patch and ifs use in, e.g., USFDA NDA No. 021123 (the label approved on April 16,

2004, ©OMP 2003).

[000119] A randomized, multiple-dose, two-treatment, two-period, two-sequence,
crossover study was performed in healthy male Korean volunteers under fasting
conditions with a washout of 4 days between the study periods as shown in the

following Table 13.

Table 13
Sequence N First peciod(4 days) | Second periodid daysd
{indivitualy)
Sequence 1 (AB) a ULTRACET (A) ER tzhlet (B)
Sequence 2 (BA) G ER whlet (BY ULTRACET (&)

{000120] After screening, at the start of the sequence of drug administration, each
individual was administered the selected drug according to the First period for 4 days,
followed by 4 days of washout without drug administration, and then followed by 4
days of drug administration according to the second period. The individuals were
followed up for 4 days post-drug-administration to record the data for the blood
samples of the individuals. During the drug administration sequences, commercial
ULTRACET tablets (designated as A in Table 13 and the ER tablets (designated as B in
Table 13) were orally administered 14 times at 6 hr intervals, and 7 times at 12 hr
intervals, respectively, according to Table 13. Blood samples were collected according

to pre-determined time intervals after the dose.
[000121] The data of Table 13 were used to determine the bioavailability of the

drugs in the tablets. As used herein, the term "bioavailability", refers to the rate and

extent to which the active ingredient or active moiety is absorbed from a drug product
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20.5 Tmax,ss(h) 1.0 [0.5 -2.0] 1) 3.0[1.0 - 4.0]1) Cmax,ss (pg/L) 351.81
55.86 15.9 305.64 53.21 17.4 AUCo-in,ss (fteh/L) 2789.0 507.7 18.2
2638. 7 468020101062R4t 112 (h) 7.08 1.94 27.4 7.01 PCT/US2009/061803

and becomes available at the site of action. The rate and extent are established by the
pharmacokinetic-parameters, such as, the peak blood or plasma concentration (Cpax) of

the drug and the area under the blood or plasma drug concentration-time curve (AUC).

[000122] In pharmacokinetics, the term "AUC" means the area under the curve
obtained in a subject by plotting serum concentration of the beneficial agent in the
subject against time, as measured from the time of start of dosing, to a time "t" after the
start of dosing. For steady state drug administration, the AUCy is the area under the
curve for a dosing period with doses administered periodically to time infinite. The

AUC can be obtained by assaying serum samples from a patient.

[000123] As used herein, the term “Cpy” refers to the peak blood or plasma
concentration of the drug. The time “ty. "~ refers to the time to reach peak blood or
plasma concentration of the drug. The term “t4,2 is half life and refers to the time it

takes for the plasma concentration of the drug to decay by half.

[000124] Plasma APAP/Tramadol concentrations were determined using a
validated LC/MS/MS method. A plasma concentration-time curve was generated for
each volunteer from which the primary parameters (Cmax, Tmax, AUCo.12nr) at the first
day after the dose and the secondary parameters (Cmax(ss), Tmaxss)» AUCo-12nss, and tis2) at
steady state were determined using noncompartmental analysis with WINNONLIN®
5.2.1 (Pharsight Co, CA, USA). Bioequivalence, for example, was defined using
regulatory requirements set forth by Korea and US Food and Drug Administration
(bioequivalence acceptance range, 0.80-1.25). To be bioequivalent to the commercial
ULTRACET tablet, the 90% confidence interval (CI) of the ratio of the steady state
mean Cpax 0f @ new ER tablet to that the ULTRACET tablet of the same dose strength
needs to be within 80% to 125% (i.e., 0.8 to 1.25) at a=0.05; and the 90% confidence
interval (CI) of the ratio of mean AUC, of a new ER tablet to that of the commercial
ULTRACET needs to be within 80% to 125%.

[000125] A total of 12 volunteer individuals completed the study. The mean age of

volunteers was 24.4 + 5.2 years, and the mean body weight was 65.1 £ 6.0 kg. The

mean (with SD) values of the pharmacokinetic parameters on tramadol after

50



0.96 13.7 1) nmedian [m ninmum - maxi nunm Tabl e 15. Conpari son of Cmax, ss,
AUCO- 12h, ss for Tranmadol Paranmeters ULTRACET (N=12) ER (N=12) Difference
of GeonmetwpDeomames2490% Cl) Geonetric Mean Ratio 3) (90%PCrjus@measetsss3 (pg/ L)
351.81 55.861) 305.64 53.21 1) -0.144 (-0.227 - -0.061) 0.87 (0.80 -
0.94) 5.85 0.15 2) 5.71 0.182) AUCO- 12h, SS

administration of the commercial ULTRACET tablets and the ER tablets of the present

invention were shown in the Table 14 and Table 15 below.

Table 14. Pharmacokinetic parameters for Tramadol

ULTRACET ER
Parameters (N=12) (N=12)
Mean SD CV (%) | Mean SD CV (%)
Tmax (h) 1.0[1.0-3.5]" 40[2.0-6.0]"
Cmax (ng/L) 206.13 29.06 14.1 179.30 28.88 16.1
AUCq.12n (ng*h/L) 1380.1 207.6 15.0 1501.0 307.9 20.5
Traxss (1) 1.0[0.5-2.01" 3.0[1.0-4.01"
Chax,ss (ng/L) 351.81 55.86 15.9 305.64 53.21 17.4
AUC12nss (ng*h/L) 2789.0 507.7 18.2 2638.7 469.1 17.8
ti2 (h) 7.08 1.94 274 7.01 0.96 13.7
Y median [minimum — maximum]
Table 15. Comparison of Cpax ss, AUCq.121 ss for Tramadol
Difference of Geometric
ULTRACET ER 3
Parameters Geometric mean Mean Ratio ¥
(N=12) (N=12)
(90% CI) (90% CI)
351.81 £55.86 Y 305.64 £53.21 7
Crnax,ss 0.144 0.87
(ng/L) 585+0.152 57140182 (-0.227 - -0.061) (0.80 -0.94)
2789.0 +507.7 Y 2638.7+469.1 Y
AUCoznss 0.054 0.95
(Mg*h/L) (-0.094 —-0.014) (0.91 —0.99)
792 + 0182 7.86 + 0172
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(pg*h/L) 2789.0 507.7 1) 2638.7 469.1 1) -0.054 (-0.094---0.014) 0.95
(0.91 -0.99) 7.92 + 0.18 2) 7.86 + 0.17 2) 1) Arithmetic nmean standard
devi at i orw@)0i00gas2ut hm ¢ transformed geonetric nean st aodarsdoodeyisat i on 3)
Geometric mean ratio of ER to ULTRACET. Arithmetic val ues were obtai ned
from actual individual data. However, bioequival ence is decided by the
difference of geonetric nean at 90% confidence interval, so geonetric neans
were converted fromarithnmetic neans. [000126] FIG 36 shows in portion the

mean plasma cgncentration-tij rofiles of tramadol after nultiple oral
adninistrationé“@?mﬂﬁ?ﬁﬁtﬁﬁagiﬁfﬁ?ﬁnﬁﬂd ER tabl ets of the present
i nvention. TheLbmarigniatridsérgedpionresir esent statladdaridticevi at i ons. The curve

with the sol i d ki dala ROIER ( BRHRSRIT, WIR R 43 a  S0OWLAG, Peaks about

every 12 hours. e curve wt |'e data points represen
ULTRACET dat a, fremagiuplgngeidka datsoldewaige bipeguirdencs is qeoded 7T Hiferaneh (wi t h

SD) val ues of bh&oRRRIIRGR K 918} bén iRl MRECEISsARoMBAE nithABkcr@dm ni stration
of the commercia ULERACET taplets and the ERtablets of the present

i nventi on wer eS¥NEH oM BHEMGUHPEA6 and Tabl e 17 bel ow. Tabl e 16.
Phar macoki netic paraneters for APAP Paraneters ULTRACET (N=12) ER (N=12)
Mean SD CV[({0%]26] FIG. 36 shows in portion the mean plasma concentration-time profiles of

tramadol after multiple oral administrations of ULTRACET tablets and ER tablets of
the present invention. The bars in the graph represent standard deviations. The curve
with the solid disks data points represent the ER data, showing peaks about every 12
hours. The curve with the circle data points represent the ULTRACET data, showing

peaks about every 6 hours.
[000127] The mean (with SD) values of the pharmacokinetic parameters on APAP

after administration of the commercial ULTRACET tablets and the ER tablets of the

present invention were shown in the Table 16 and Table 17 below.

Table 16. Pharmacokinetic parameters for APAP

ULTRACET ER
Parameters (N=12) (N=12)
Mean SD CV (%) | Mean SD CV (%)
Tmax (h) 0.5[0.5-1.5]" 0.5[0.5-2.0]"
Couax (ng/L) 7388.1 | 20227 | 274 | 6574.8 | 1100.4 16.7
AUCq.2n (ng*h/L) | 33780.6 | 6262.5 | 18.5 | 352943 | 72229 20.5
Tmaxss (1) 0.5[0.5-1.5]" 0.5[0.5-2.0]"
Conaxss (ng/L) 8180.8 | 2025.1 | 248 | 6853.9 | 1290.0 18.8

AUCq.12ngss (ng*h/L) | 42635.0 | 8711.2 20.4 40394.3 | 10127.7 25.1

ti2 (h) 5.21 1.01 19.4 6.67 2.37 35.5
Y median [minimum — maximum]
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Mean SD CV (%9 Trmax(1l) 0.5 [0.5 - 1.5] 1) 0.5 [0.5-2.0] 1) Cmax (ftg/lL)
7388.1 2022.7 27.4 6574.8 1100.4 16.7 AUCo_12h (,.teh/L) 33780.6 6262.5
18.5 352M020102%2529 20.5 Trax, ss(10 0.5 [0.5 - 1.5] 1) POTASp@9H61802. 0] 1)
Cmax,ss (ftg/L) 8180.8 2025.1 24.8

Table 17. Comparison of Cpax ss, AUCo.12n, ss for APAP

Difference of G
eometric
ULTRACET ER Geometric
Parameters Mean Ratio ¥
(N=12) (N=12) mean
(90% CI)
(90% CI)
) )
Comaxss 8180.8 +2025.1 6853.9+1290.0 20.164 0.85
2 2
(ng/L) 8.98 + 0.26” 8.82 +0.19% (10270 --0059) | (0.76—0.94)
. 40394.3 = -0.065
42635.0 = 8711.2Y ) (-0.119 — 0.011)
AUC-12nss 10127.7 0.94
* —
(ng™hL) 10.64 + 0232 | 10.57 + 0.28? (089 -0.99)

D Arithmetic mean = standard deviation

?) Logarithmic transformed geometric mean + standard deviation
% Geometric mean ratio of ER to ULTRACET

[000128]

FIG. 37 shows in portion the mean plasma concentration-time profiles of

APAP after multiple oral administrations of ULTRACET tablets and ER tablets of the

present invention. The bars in the graph represent standard deviations. The curve

with the solid disks data points represent the ER data, showing peaks about every 12

hours. The curve with the circle data points represent the ULTRACET data, showing

peaks about every 6 hours.

[000129]

The analysis of variance data of the above in vivo study, including the

data of FIG. 36 and Fig. 37 showed no significant effect of formulation, period, or

sequence on the studied pharmacokinetic parameters. The 90% Cls of the treatment

ratios for the values of Cpaxss and AUCo.12ns) were 0.87 and 0.95 for tramadol and 0.85

and 0.94 for APAP, respectively. All were within the standard bioequivalence

acceptance range of 0.80 to 1.25. In this in vivo study in a selected population of healthy

volunteers, the Cpaxss and AUCq 12nss Were not statistically significantly different

53



6853.9 1290.0 18.8 AUCo-12h,ss (ftg*h/L) 42635.0 8711.2 20.4 40394.3
10127.7 25.1 t112 (h) 5.21 1.01 19.4 6.67 2.37 35.5 1) nedian [m nimum -
maxi mun] wo@oR0bheF2062524PCT/ US2009/ 061803 Tabl e 17. Compamitseenoobis@rax, ss,
AUCO- 12h, ss for APAP Di fference of

between commercial ULTRACET tablets and new extended release formulation and
these were found to be bioequivalent. Further, both formulations were well tolerated.
No adverse events were reported in this study. Therefore, the new ER formulation of the
present invention is shown to be bioequivalent in vivo to commercial ULTRACET
tablets and therefore should be render effective and efficacious therapeutic effect for
pain treatment on humans, in the same bioequivalent way as commercial ULTRACET

tablets.

[000130] The practice of the present invention will employ, unless otherwise
indicated, conventional methods used by those in pharmaceutical product development
within those of skill of the art. Embodiments of the present invention have been
described with specificity. The embodiments are intended to be illustrative in all
respects, rather than restrictive, of the present invention. It is to be understood that
various combinations and permutations of various parts and components of the schemes
disclosed herein can be implemented by one skilled in the art without departing from the
scope of the present invention. It is also contemplated that other biologically active
agents and other excipients can be included in the formulations. Further, where a
substance is described to comprise certain ingredients, it is contemplated that a

substance also be made consisting essentially of the ingredients.
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What is claimed is :

1. A pharmaceutical composition, comprising an acetaminophen and a complex
tramadol material, that exhibits coordinated sustained release upon dissolution
resulting in coordinated accumulative release of tramadol and accumulative release
of acetaminophen over time,wherein the complex tramadol material is complexed

using carrageenan.

2. The composition according to Claim 1, wherein the complex tramadol material is

complexed using carrageenan and tramadol salt,

3. The composition according to Claim 1, wherein the sustained release is for a

period of 4 to 12 hours over the whole period for both tramadol and acetaminophen.

4, The composition according to Claim 1, wherein the sustained release is over a

period of 10 hours or more for both tramadol material and acetaminophen.

5. The composition according to Claim 1, wherein in the sustained release when the
wt% accumulative release of tramadol is 40 wt%, the wt% accumulative release of
acetaminophen is less than 25 wt% different from the wt% accumulative release of

tramadol.

6. The composition according to Claim 1, wherein in the sustained release starting
from when the wt% accumulative release of tramadol is 40 wt%, the wt%
accumulative release of acetaminophen is never more than 20 wt% different from

the wt% accumulative release of tramadoal.

7. The composition according to Claim 1, wherein in the sustained release starting
from when the wt% accumulative release of tramadol is 40 wt%, the wt%
accumulative release of acetaminophen is never more than 10wt% different from the

wit% accumulative release of tramadol.
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8. The composition according to Claim 1, wherein in the sustained release after the
first hour in a sustained release of at least 12 hours, the wt% accumulative release of
acetaminophen is never more than 10 wt% different from the wi% accumulative

release of tramadol.

9. The composition according to Claim 1, the composition comprising a layer of an
extended release composition attached to an immediate release layer, the extended
release composition including acetaminophen and the complex tramadol material,

the immediate release layer including acetaminophen and tramadol material that is

uncomplexed.

10. The composition according to Claim [, the composition comprising a layer of an
extended release composition attached to an immediate release layer, the extended
release composition including a disintegrant, acetaminophen and the complex
tramadol material, the complex tramadol material is a complex of lambda
carrageenan and tramadol HCI, the immediate release layer including hydrophilic
polymeric retarding agent, acetaminophen and tramadol material that is

uncomplexed.

11. The composition according to Claim 10, wherein the hydrophilic polymeric
retarding agent is selected from the group comprising polysaccharide, agar, agarose,
gum; and the extended release composition includes hydroxypropyl methyl cellulose
and filler, the filler being selected from the group consisting of lactose, AEROSIL
and polyethylene oxide.

12. The composition according to Claim 1, the composition comprising a layer of an
extended release composition adjacent to an immediate release layer, the extended
release composition including a disintegrating carrier, acetaminophen and the
complex tramadol material, the complex tramadol material being a complex of

lambda carrageenan and tramadol HCI, the immediate release layer including a
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hydrophilic polymeric retarding agent, acetaminophen and tramadol material that is

uncompiexed.

13. The composition according to Claim 12, wherein in the extended release
composition the weight ratio of acetaminophen to tramadol material in complex

tramadol material is from 1: 1 to 20: 1.

14. The composition according to Claim 12, wherein in the extended release
composition the weight ratio of acetaminophen to tramadol material in complex

framadol material is from 5: 1 10 10: 1.

15. The composition according to Claim 1, wherein the pharmaceutical composition
comprising & an acetaminophen and a complex tramadol material is a layer and both

acetaminophen and tramadol in the layer are released at a non-Fickian manner,

16. The composition according to Claim 1, wherein the pharmaceutical composition
comprising & an acetaminophen and a complex tramadol material is a layer and both
acetaminophen and tramadol in the layer are released at a manner with a release

exponent » of about 0.5 to 0.7 for tramadol and a release exponent n of 0.6 to 0.9 for

acetaminophen in the Korsmeyer equation.

17. The compeosition according to Claim 1, wherein the pharmaceutical composition
comprising a an acetaminophen and a complex tramadol material is a layer aid bofgh
acetaminophen and tramadol in the layer are released at a manner that the ratio of
Tgo of acetaminophen to Tgg of tramadol is between 0.9 to 1.1 with a Ty of 8 fhouré-'

Oor more.

18. A method of making a dose form of a pharmaceutical composition, comprising.
forming a complex tramadol material;
forming a compacted form including the complex tramadol material and

acetaminophen, the compacted form exhibiting coordinated sustained release upon
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dissolution in use resulting in coordinated accumulative release of tramadol and

accumulative release of acetaminophen over time.

19. The method according to Claim 18, comprising using a tramadol salt and

carrageenan to form the complex tramadol material.

20. The method according to Claim 18, comprising using a tramadol salt and
carrageenan to form the complex tramadol material as a paste, drying the paste and

forming granules therefrom.

21, The method according to Claim 18, comprising using a tramado] salt and
carrageenan fo form the complex tramadol material as a paste, drying the paste,
forming granules therefrom and compacting the granules to form the compacted

form.

22. The method according to Claim 18, comprising using a tramadol salt and lambda
carrageenan to form the complex tramadol material, forming granules therefrom,
compacting the granules to form the compacted form, and forming an additional
layer over said compacted form, the additional layer including a hydrophilic
polymeric retarding agent, acetaminophen and a tramadol material that is

uncomplexed.

23. The method according to Claim 22, comprising using a weight ratio from 1: 1 to

20: 1 for acetaminophen to the tramadol material to form the compacted form.

24, The method according to Claim 22, comprising using a weight ratio from 5: 1 to

10: 1 for acetaminophen to the tramadol material to form the compacted form.

25. The method according to Claim 22, such that in the sustained release when the

wt% accumulative release of tramadol is 40 wt%, the wt% accumulative release of
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acetaminophen is less than 25 wt% different from the wt% accumulative release of

tramadol.

26. The method according to Claim 22, wherein in the sustained release starting
from when the wi% accumulative release of tramadol is 40 wt%, the wt%
accumulative release of acetaminophen is never more than 20 wt% different from

the wit% accumulative release of tramadol.

27. The method according to Claim 18, comprising using at least two different kinds

of hydroxypropylmethyl cellulose in making the compacting form.

28. The use of a complex tramadol material in the manufacture of a medicament for
the treatment of pain, wherein the medicament contains a complex tramadol material
and acetaminophen, and wherein the medicament exhibits coordinated sustained
release of the tramadol and acetaminophen upon oral administration of the
medicament in a patient resulting in coordinated accumulative release of tramadol

and accumulative release of acetaminophen over time.
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