13 Decenber 2006 SUSTAI NED- RELEASE TABLET FORMULATI ON
FI ELD OF THE | NVENTI ON [ 0001] The invention relates to

a sustai ned-rel ease tablet fornul ati on, includéﬁg a
sust ai ned-rel ease caffeine tablet. BACKGROUND !@@erpmber 2006

I NVENTI ON [ 0002] Caffeine is typically used for its
psychonot or stinmulant action. For exanple, caffeine

my be i nGESITAINED-REIEASE T4 BYL.ETEORMULATIGNNG
night shifts, for |late-night studying, or during

mlitary operations. The stimulating effect of this
HEh dTH%ﬂ@H@QqEBGN'the pl asma level in the user's
body. Caffeine is rapidly absorbed by the oral route,
where its stinulating effect is rapid but transitory.

[0601] nOThe GRenivh SRiKsCes aktafieliifideme tabler formulation, including a
caf fei ne-cont ai ni ng. beverages, such as coffee, tea,
Sﬁﬁ@nﬁéﬁﬂﬁﬁﬁcﬁﬁﬁﬁbﬁgkéd bever ages. However, one has to
repeatedly consune these beverages in order to

mai ntain systemc |evels of caffeine. An unpl easant
BAGCKIGROUNDs OFTHEANVIEENTIONI s t he constant need to
relieve oneself due to the ingestion of vast

quantities of fluid. Furthernore, the caffeine |evels

[0602] he ehaspr V{,{%{tg%lgélw hedd Yot Bs RYQRIfhorSduakC Action.  For

consunpt i on, can result in jitteriness from
esmppleccaiBimpmapbe ingesied & nwintaihealermess ol varking night shifts, for

nder - consunption.. [ 00 Tabl et s cont ai pni ng..caf f.ei ne. ..
PSR SRS ok ofhrimecrdithy S iofe LB SCaP@iGE cHRLl e wis
cORP6il défedild Lp@nthePhlagaRaleveIRVIEClser's RS, t @RfEAS is rapidly
contain other " pharmaceutically active agents other
apgpabedc by thei eral rasis vhese ip |S@mph§ng eHegtrie ramd but transitory. The

' rLir d d . f
SEPPLANSShAE! PELATANC Sl AP pb il Tl cotc
temRbid edriaid Hgbdnaprde@Baged. rHéWe/chlone dtad @y repedieily bonsame these

before the caffeine is nmetabolized thus requirin
bPUREES 1BGUHFGOOPE I SENFTBI Qs B GRLelag oy Ugplegsit result of

EchshiRptisH RUifé Bofdfir A6 foSlidRValesaf dfd &S 1BGSSestion of vast
SF%gdﬁ? A?éustgﬁae%ﬁre ease(ﬁgéropaf?fcuﬁ%te caﬁéﬁFﬂé° Vs
qhartities affi fhidi Budiesmbres dbe icaffeite HveRaivethte Mosma are difficult to
5,7QOV 84. Each nicro& rhicle iﬁ.in the farmof a .

pgeél'lci Jqv srugh\&o?%mg)tlon, 1ch can result n jitterimess Irom over-Consumption

or lack of alertness from under-consumption.

[0003] Tablets containing caffeine are available commercially and include
Cafergot, Anacin, Migril and Picapan. However, these tablets contain other
pharmaceutically active agents other than caffeine, such as chlorpheniramine and
ergotamine tartrate and contain only 15 to 30 mg of caffeine. Such low levels of
caffeine can only maintain their presence in the blood for a few hours before the
caffeine is metabolized thus requiring repeat dosing of the caffeine tablets every 3 to 4

hours to maintain the desired level of alertness.

[0004] A sustained release microparticulate caffeine formulation is disclosed in

U.S. Patent No. 5,700,484. Each microparticle is in the form of a solid core with a



1 13 Decenber 2006 |ayer of bi odegradable matrix
cont ai ni ng caffeine surrounding the core and

additional |ayers may be included. The net hqd of
preparing this fornulation is conplicated. 3ENgEpbey2006
THE | NVENTI ON [ 0005] I n one aspect, the present

i nvention provides a sustained-rel ease tabl et

legsrilibsidegradatilé eianéx addaiaing\effoipdistireurididgyie rcore and additional
Caffeine 1s released fromthe tablet at . a nea
layss g e inglysled-Hde mptadh of sgpaging Huiy v agign b‘it??é‘}Phcated

xant hi ne-derived stinmulants, instead of or in
addition to caffeine. In another aspect therefore, the

SUVEMARMNOP TN EASVENTFIGNai ned-r el ease t abl et
conprising at | east about 40% xant hi ne- deri ved
stimul ant by meight of the tablet and a hydrophilic

[g% ner i, LHQ%@% WPQ Ipfrééeﬁth%eﬁme@mbéﬁs KUNRRLd- feﬂbase tablet

i des I NCreasi n al ertness of a
®utprising cofeipe ned ﬂ@ydnoamhy pabrmem Sefeina s rgleased| feqm the tablet at

di tog t t hod of
CGERLY Stshh erlEe (eI BblePgnaf o bl PR s Epfigerived
bRk RBst&d BT ¥t 1Y a@@iﬁﬁﬁ't@ @affkine! NEY ammrhasp@a aBElelRE the
stinulant with a hydrophilic polyner to forma

invontign eravdes coTwstaasdirplgasetablel @@mnrémigrﬁt deagt abawt 49% xanthine-

R B R R o AR AR e L 1o @

contai ning various concentratlons of caffei ne,
formul ated using poly %ﬁahylene oxi de) (PEO of
A6 cul Br avkeriber aspest; mvmmspromd@a raemgthpé fgr dgnoagaing the

a?&%‘é’éé“ g tPEu égéte&ﬁgprﬁfr%f lTO aglz ; ?Je 15%93&?1% &L‘OPQQD to the

various concéntrations o I ne using
iPEDtiof. no emethed ofepgharig sa suBBned- 1@&@91 t@hlqu ise aBoi provided

s Bt st o xR ShOe stRne e reLLb N Qith o

hydrophilic polymer to form a mixture and compressing the mixture into a tablet.

BRIEF DESCRIPTION OF THE FIGURES

[0007] Figure 1 is a graph showing the release profiles of tablets containing
various concentrations of caffeine, formulated using poly(ethylene oxide) (PEO) of

molecular weight 4 x 108,

[0008] Figure 2 is a graph showing the release profiles of tablets containing

various concentrations of caffeine, formulated using PEO of molecular weight 8 x

10°.

[0009] Figure 3 is diagram of a donut shaped caffeine tablet according to one

embodiment of the invention.



[0010] Figure 4 is a graph show ng the rel ease

profiles of the donut shaped tablet containing 80%

caf fei ne fornul ated usi ng PEO of nol ecul ar ht 8

106. [0011] Figure 5 is a graph show ng the\MrBe%“embﬂ2006
profiles of the donut shaped tablet containing 33.3%
caffeine fornul ated usi ng PEO of nol ecul ar wei ght 8 x

[0660] [ OBikdle FiddER Fﬁ sh@wfﬁg greaRieas pifing dffike deheabded tablet

profiles in vivo o feine tablets fornulated .

capiaging $Qyocatleine &f@@éﬁﬁ?ﬁewngoﬁli@ R molagrlgr weHELt el 07

rel ease profiles of control tablets fornulated with

sucrose are al so shown. DETAI LED DESCRI PTI ON OF THE

[OOMENT | Elyufe09 s3] grhbR shewiep ttheoreldase pxltbﬁlﬁrﬂmhﬂ a&mnit shaped tablet
provyi des a sust ai ned-r el ase ca f? abl et 6

ceaﬁﬁvm%?’?n@ occaiipip darmyaie usn%?%é Cﬁiﬂfmh.t SPhiD"-

term sust ai ned-rel ease tabl et descrl bes a tabl et that

achi eves a slower or prolonged rel ease of drug over a

[peX2] od Bifgutei 6ris avpph chovgiag ¢tk tetease profiles nkivoradf ¢adfeinet tablets

#ﬂ%& %6 ;?Ff%qar mlgl tlog%t %&?%&egﬂg{)g}ﬁ H&tflatgéo; qﬁgllrrp]ll\!{‘[gs%t Igr%%les of
cgﬁ%ﬂg%l@t% féﬁ%h@eﬁéd Rfth 3B fe X1sd 9w, greater. PEO of

e range of nol ecular weights is avail abl e under
the trade nane Polyox. In one enbodi nent, the MW of

A e DESCREPLAN e R induidBR 105 206, PO

used. However, where desirable, the nolecular weight
[ﬁ@elb'éct efihs roghtiomat oneteartodineenpipréviddsea vasiningd-tdease gafteine

te of relea of caffeine 1sc ssed | ow.

oo DB TR P Bl B RRE o e el
t&tﬂw MGeridbds ang®1e@fthat fH@hi%%H akloer @ fp’ioloﬁgﬁd RIABPbE drdgE&er a
of nol ecular weight in the range of about 4 x 106 to

pgrigd Qf)@nﬁiﬁhe%G%PW%'EQD‘E@IB‘PDWE@DF& wei ght's rangi ng
fromabout 600 to 8 x 106. Additionally, a small

amount of PEO of a | ower nol ecul ar wei ght may be

[6iidgd tIm PHO iluitheive afmbeditieng t¢thethe elirastion, the polymer is

terist f caff d |
PR RO G0N ERG) HFODE Pegleate AEs TRy it ] Gul Gyor ereater
PR} 64 Ale WRESBE nlolitit Wef‘gh'tssxs aR@labldiRRARR thfe name Polyox.

precl ude the presence or small addition of PIBEO
Ih oneembolimeu] the M%éo@BEO is m the range eheboatraaiOTem8sc 10°WEO

ogomglg(l:'lulafarr w\é\%hi.g greater L¥1et Ihyl i g‘la¥ca(ﬂ (b Gged. However, where

desirable, the molecular weight selected should not interfere with the nearly constant

rate of release of caffeine discussed below.

[0015] PEQ that are commercially available can include PEO having a range of
molecular weights. For example, PEO of molecular weight in the range of about 4 x
10° to 8 x 10° may comprise PEO of molecular weights ranging from about 600 to 8
x 105, Additionally, a small amount of PEO of a lower molecular weight may be
added to PEO without affecting the release characteristics of caffeine and as will be
well understood in the art, reference to any particular molecular weight therefore is
not intended to preclude the presence or small addition of PEO of lower molecular

weight. In different embodiments, low molecular weight polyethylene glycol (PEG)



3 13 Decenber 2006 for exanple, |ess than about

10,000 (M) nmay al so be included provided it is

present in an anount that does not affect the rel ease
characteristics of caffeine. The ternms nol eddlacember 2006
wei ght and MW are used interchangeably herein and

unl ess otherwi se specified, refer to wei ght average

opkasla rle%&hﬂ’ﬂ&boui 00,560 (mbﬁfay e RAhELiddCpBPldYA RIS present
of varying nol ecul ar \/\Elg ht and viscosity ma
g

be

insadameunt deat dorpaat Attent the Frlease Icharaeteriglips 9é caffeine. The terms
| |

G BB R SRS R g iy e

@petifieefeLto WeghtRagige ﬁd)ldcﬁlaﬁu%ﬁghaqueous sol utl on at
20C). In other enbodiments, the viscosity is about 40
to 100, 000 centi poi se. Such HPMC may be obtai ned from

[P%ﬁi exapplef, d%pﬂggo ?&ﬁéﬂe@?lof %gﬁfg%)fnolé;ular L\%’igﬁt aﬁés'%iscosity

I'n ot her
roat beuﬂlsade [mcet atlsodimeny, thEpoBaRy nb NE, hyldnh@fptdp&hne/thj’lgdfﬁulose

Bt qre rindiperbetPOIG ot toak al ghicwgroaiati contpoise

ﬂ@m@g&rﬁ(dl\‘fﬂ)a’ 2%3@(9@ ?Iu%sl a@i@@?ogﬁ bE: &ﬁﬁé&%ﬁm the v150031ty

ol yvinyl pyrrolidone rom Si gma
lmbmmﬁgl to $00 00® géngipolssA)Such HPM@lmam beaolht@myafr@tohylfor example

el | uJ ose CMVO)  ( . fr Si gnma Chemi cal Conpany,
i £l Gapanst §t oriseE e “enbodi ment o PVP has a
nol ecul ar wei ght of about 1 x 106 (In) or greater and

SCMC has a nol ecul ar wei ght of about 3,000 (M)
[89%4t er In ¢lherrgpbodinerds. fle palyrgerymay b%@lhwseﬁaﬁ@ﬂm(ﬁ é) CA-398-

gﬁl” u (p@éulclilh g%g%& l{)(f‘lt%r p%%‘ (@fﬁ:} Wom i?strgaﬁﬁar&%mlg?e acetate

batyeste rﬂelg\s/(e:Ag;ﬁ fle2 me)ledmavs vaeighn loff abblardfomo&?mi)pcmgom 5—Mn
S%nO%O aﬁg\ll%t %Elstglglll)u bﬁ()lljlrx}lgylg;rro 1%0116 (ﬂv P) (e g. from g[\éma Chemlcal
Company, St. Louis, USA), or sodium carboxymethyl cellulose (SCMC) (e.g. from
Sigma Chemical Company, St. Louis, USA). In different embodiments, PVP has a
molecular weight of about 1 x 10° (Mn) or greater and SCMC has a molecular weight

of about 3,000 (Mn) or greater.

[0018] Caffeine (1,3,7 trimethyl xanthine) which has the structure shown below,
is a xanthine derivative and a stimulant, widely used to increase alertness. Caffeine

has a molecular weight of 194.2 and a water solubility of 20 mg/mlL:

) CH3

H30N

CH3




CH3 4 13 Decenber 2006 [0019] In various

enbodi nents, the caffeine concentration in the tablet,
by weight, is about 8 to 90% and the PEO

concentration, by weight, is about 92 to 1096 DettmbesciVoe
concentrations, caffeine can be delivered at a nearly
constant rate over a period of about 8 to 24 hours

[bigr orRlvafdi RhibHRMdne). thd N@ffeRleNto Iﬁ@ﬁﬂfétwncan&ﬁ@rtablet by
rate” is intended to describe a rate of rel ease which

W@ghtpﬁrab@u%tcza?@%lamémPE@rcon%@aﬁama ME tvedightzis rabowr Belo 10%.
@%\H}Ell %osnc rﬂrattlons cagt%lrn%s anﬁle fdglr\;eli]ec# t?ﬁ%l%gﬂg%gn thttJ&?e over a

or various € Odl men ven

pefied &fROoeNS té 01 Hoes sftdreasleadnkhiedtions Thy tdref 1‘1&:@ﬂ§ constant
t he I|near|t¥ of the caffel ne release. In so
rateh Jaliinended 1a, dpsgribg e gte of rplgAsCapBIfl . amarmrlﬁﬂa&lhérnear or

BERRELTEN: o0, B SEHAL S L TR ol o e

Fainienian veriofs anloaistEnof shis ewntore oAbe rixpateno fiorothe release
caf fei after oral admnistratiogon for a period of

IihRIAGE () 3 rﬁ%@%%&&}ﬂ@ﬂ%%@ elp%e‘fﬁ?w ngh SomE r?P@PF‘E‘Efi“B% n is
@éa‘[&‘n n BGut QGBhrﬁle??lglsgﬁlbb(ﬂ n&4 "R reﬁ@xr 3¢ abb@0Z3d and

Ince the rate of & ne release does not
oeayeri thatehowt 9G0ary as a function of the caffeine
concentration, tablets can be prepared with a w de
range of caffeine concentrations, while maintaining a

[06z0]! Y TRRSIAINM Bérﬁhteth@fmaﬁlﬁbmseof& 08R2It Sisketic cafideirigon of
is a water-soluble drug, it mght be expected that

cfismei g ol colsunisovian 41 oot of Wt o hejkrs, thorcby
t f
PR PG AOELY Y ohiodhgaghed ip £ 2Rl Bulldr & o

surprising that at PEO concentration as |ow as about
10 to 20% by wei ght, a.sustained dellvery of caffein .
[e% be- SiokF deedte Pinéapleinegglsa 8inRefesificpy WY 3 fainction

g@ EGAL LORehSatRROWhLIROMDYe pMBLBRtwiR alli8e kARLEIF caffeine
and about 80 to 90% by wei ght of the tablet. In one

centxotttianst while heindahibgianeadp powhint wid oirelegseabout 90%
by wei ght of the tablet. Mreover, the use of a
hi gher MN pol yner avoi ds the necessity of using a

[boper PmePaikeR RBf a PRAWARIuble drug, it might be expected that a
sustained-release formulation would require a high proportion of polymer in order to
effect sufficient retardation of caffeine release. It was therefore surprising that at PEO
concentration as low as about 10 to 20% by weight, a sustained delivery of caffeine
can be achieved. In various embodiments, the caffeine concentration is about 50% by
weight of the tablet and about 80 to 90% by weight of the tablet. In one embodiment,
the caffeine concentration is about 90% by weight of the tablet. Moreover, the use of
a higher MW polymer avoids the necessity of using a higher proportion of polymer

per tablets, providing a considerable saving in the cost of the final product.

[0023] The level of caffeine required to maintain the stimulating effect of caffeine
in a subject may vary depending on various factors such as the amount of caffeinated

foods or beverages consumed by the subject, the weight and metabolic rate of the



per tablets, providing a considerable saving in the

cost of the final product. [0023] The |evel of

caffeine required to maintain the stinulating effect

of caffeine in a subject may vary dependi nglioRecember 2006
various factors such as the anount of caffeinated

foods or beverages consuned by the subject, the weight

sab@ctyefcabWhilca Kﬁ.&deeraﬁge bheffeheld3nbetaiberthe@fe may be suitable,
Subject, etc. Wile a wde range of caffeine

it $newretrh thas ibleth @%hé%ho%luﬁwb lé)Qi tpaleng cpifeipg can maintain
sﬁf‘fﬂ:? )??)fgsﬁlla%vetlsagfl 1ﬁ@ht'ocrﬂal | & gﬁ?e@? F}gs sgrl%P 159 1%19%% about

el ne can mnmal aln eve
Iﬂalfg‘ Bir neperiod riliabb @i mtoaIthdmesi;n bme amsodnmeﬁﬂ; one k@ thirgeg360 mg

%ﬁout 70. kg zH{qpr gerlod f ab H f4 hours. I.n
&fs SRpaminE 6&%‘ t g Wﬁ‘(gg‘bmgé er?ﬂlta]% & blepQne cases, it may be
ROMA B ReLE0 %’rglﬁﬁng k) ﬁl&hlﬁnﬁf@%?\gg:ffm a3 cﬁt‘éﬂ Lt T% feldd, such

sonme cases, It esira to |nc de a rel axant
alsorersﬂqrasmszeamh aherveﬁﬁees slmaswo cembetimant hthc afclaxiante may be a

G AL K haTRE] Bkt Ty Mo Sa A RA AP BhA20 ghd which is
léﬁ@%ﬁ V\tﬁ:l%ﬁﬁ(%b gélegfﬁsr‘éfakg’tﬁﬂl b hivnshs R@i&ﬁ rHralNO ingestdd. 7, Ih2Barious

known to 1 nduce general rel’axation in
elmmén@emm e tablels comprispeaont2 %01t S0%rhyowsighidiyalditapest s |
the tablets conprise about 2% to 50% by wei ght
kaval act ones. [0024] The tablets consisting only of

[0@‘41] ei nEhangblés hiopkistiiy ealyl af cafbight andnydhighhibliecular weight
yner (such as PEQ havi ng an average nol ecul ar
hocém@hx ici el (sughges PP bapigganpvgrage ealepudar pveigle yin thg,range

E{J&ﬁl f {oeg e ?Oaitcafi‘ d16RE %ffé:lﬁé’] AR ark aéo‘ﬁstaﬁm T {éo Wlthout the
nee

for diftives such as I norga Ric sa
netdéor aglditivrtsd i;ucheas Snaapachid seitsiand mtler wblubﬂlzetsaarﬂ lmbrntdmts which
past been added t achieve zerq-order release
PRY$ Bt tpg gast ? I SN B ABOT B e iRt T o, ¢ he
tabl et consists of caffeine and PEO. The [|ack of any
addi tional conponents reduces the risks of

[8025¢- ef Inemesmbodivesna thedeioiet the talhetconsistelof tadfeane and PEO. The

l%cgr%o entdﬁlthoggltegon?éogegt% grggu%lsg #lﬂenr?sh(sfog?? en_g et:cifso e so%ia Fed with
tieat addifbsal campwinks. aBhclask sf adhinaiahtedpaventy also results in costs
manuf act ur e o? the tablets. [0026] In another

seyneseli basintin ters tofbrests whymetshals.s ps euddbgs | esisy awpeiated with

rr?a?ltlfa%{.u&eoﬂ'ﬂg tefblets.

[0026] In another embodiment, the tablet may consist essentially of caffeine and a
high molecular weight hydrophilic polymer, for example PEO having an average
molecular weight of 4 x 10° or greater.  Such tablets, while excluding other active
ingredients and polymers, do not exclude additives, excipients or diluents that may be
added without affecting the caffeine release characteristics (ie. without affecting a
nearly constant rate of release), for example a lubricant to facilitate high speed
manufacture of tablets. Lubricants are generally used at concentrations less than

about 1% of the total weight of the tablet.



hi gh nol ecul ar wei ght hydrophilic polymer, for exanple
PEO havi ng an average nolecular weight of 4 x 106 or
greater. Such tablets, while excluding other active

i ngredients and pol yners, do not exclude addizthy&@Suber 2006
excipients or diluents that may be added w thout
affecting the caffeine rel ease characteristics (ie.

02 Hout Iafaf @ethen@nibodineat, | the cablstsamby rkat groofded evigiasehole to

for exanple a luyhricant to facilitate, high speed

IH%%‘F@a‘ggEP%arBE‘ 0? ﬁm fé?fgl.ne I'elgasee At groa&d@ggaeﬂ%lﬁaﬁp yuiiagdprea of
t.i t 0 . .

L RCEAI AP Sy i b i Gy

tlentchmates erfirafiicine nis, the ebldt sdpbdet.s Inmaye enbpdlnentletbie lotdhmay be

hole to i ve the linearity of the caffeine
%Y@%‘@Ié{th%g%%ﬁ%%ﬂ %’F’ﬁ@ éPnHBFl@?gq ngegurface area of the
tabl et remains nearly constant as the tabl et erodes,

mai ntai ning nearly constant release rates of caffeine
[8828he Tholtabiete irpaeordanpe vith theriposentanvgntivhendyobe prepgred by

REebitio S iy e £ Sorie R AL PO e resuting

RRAEE Thtol AYREL b NtoiPontdBalPhRRR! eThBYtablBi X e CRidoRidt is a
and the polyner to forma m xture and conpressing the

homngprqusgnixiret 4 safieusembagineends, pjhes oddidines dasaiibadezheye may
: .ot | ' ' . _honpbgenous m xture.

HEHSI\)/%(?%@SC a@%ﬁ%%&n@%@%ﬁ% QEéeorIlll Pze 1°l'i ves descri bed

above may be m xed with caffeine and PEO prior to

conpressjon. [0029] The tablets may be .used f.or .
mwﬁ ovi hEe EOERS My e Wise PO HRPIBYing SRENEYS Jinclprs by, galancing

el NGAE %%&%Qm%:%&%&ﬂ biba gﬁjoa;glol;ﬂy ond! aSPeEt, AR Z&?ﬂ% trﬁ% be

tablets may be m ni stere r to i'ncrfeas
sdhanistaedsomefly do sinbijeewt thanaleitmespoé aspgedt, ardha one aspect, the

dnvention relate o.a nethod of increasi he ..
inyenfipn, gg%te%‘rfo aamgﬁm;l QE {neEssige ?lgq q]@rtr&ssapf su%?ectt comprising orally
AR SAL R itdctaictSHlngt to 3BE RfvEhtG:. t Phd HRirkd ¥&iih® Bencditeation
desired caffeine concentration and the duration of

apd ftheeduretioneofecafeingirelpase ayill vaepdapandiag o thehwed ebthegtbject. In

the subjegt. |n, vanious . dj, men e | e .
ol hbea e B BT BATTL o pOE B Shy weieht and
pebl(stheehy beide) basiigke hn hasth g nvtecalae fadieht MdItRe tinge of about 4 x

wei ght in the range of about 4 x .
10° to 8 x 10°, and caffeine is released at a nearly constant rate over a period of about

8 to 24 hours after oral administration.

[0030] While reference is made to caffeine herein, caffeine is just one example of
a xanthine derivative which is a stimulant.  Others include aminophylline,
pentoxifylline, oxtriphylline, theobromine and theophylline and other similar xanthine
or xanthine-derivative stimulants (termed herein xanthine-derived stimulant), may be
used instead of, or in addition to caffeine as described above. Aminophylline,
theobromine and theophylline can be purchased from, for example, Sigma Chemical

Company, St. Louis, USA. Oxtriphylline can be purchased from, for example, Maple
Leaf Meds., Canada.



106 to 8 x 106, and caffeine is released at a nearly
constant rate over a period of about 8 to 24 hours

after oral admi nistration. [0030] Wile reference is

made to caffeine herein, caffeine is just oneazax&eRiver 2006
of a xanthine derivative which is a stinmulant. Qhers

i ncl ude am nophylline, pentoxifylline, oxtriphylline,
[obsgbr o RAe amchotiieahite! tablet antpgdchen lsasmabant 40% xanthine-

xant hi ne _ or, xant ine-derlv tive stinmulants
o i

draved ARBARDhegRY ¢l/Rg ighay brgymisgire éﬁg{ﬁﬁﬁe-deriwa
ERUER  05, SIE MO 08 4, gt a1

@@reniteditigt s esbléirom cdmist eX twptimulasi gnd PEQemmidaat tablet may
Conmpany, St. Louis, USA triphylline can. be
OmREISe abept SP YT abgit @A&ﬁﬁ%ﬁ)fr tkﬁﬁ@ulaﬂ%@f Wﬁ/bgg% of the tablet.
Canada. 7 13 Decenber 2006 100311 In one enbodi nent,
the tabl et conprises at |east about 40% xant hi ne-
[0832]v ed Ts¢ strusdtura of bipendnghine-dérived stimabsingstar¢ shvivanbaleyy.
be a m xture of xanthine-derived stinulants) and a

hi gh nol ecul ar, wei ght hydrophilic polyner, as

descri bEleepbyllime |1 one enbodi ment, the tablet may
CoNnsj ' ant and PEO and the tablet nmay
conpyise ab about 80 to 90% of the

stinul ant, wepght| of the tablet. [0032] The
strucHyeNof o tf

xiant hi ne-derived stimul ants are
showp bel pw.  fthedbhlyline 0 H3CN, | N C=AN N CH3 H
Theopr
CH, H

Theobromine

O

iy
HI
O%Ni N)

CHs

Aminophylline

2 HoU




N CH3 Am nophylline C 2H20 H3IINN~-CN H3 H2 8
13 Decenber 2006 Pentoxifylline CH3
CH3CCH2CH2CH2CH2ZN N N N CH3 Oxtriphylline HO N*\N- N
-N O N [0033] Although various enbodi nents of3 Péeember 2006
i nvention are disclosed herein, many adaptations and
nodi fi cati ons may be nade within the scope of the

i nvent i pandoRifyliaeor dance with the conmon gener al

know edge of those skilled in this art. Such

nodi f FcattTons—Tnctude—the—substitouttonmofy known

equi val ent sfor any aspect of e i ntii on i n order
to achieveI he sane result in bst ant 'al|l y the sane

MaY. | (SHaCOHCHoCHoGH,N IN>
y
A r

O
CHs

Oxtriphylline

D

)

=

ot

/Z

[0033] Although various embodiments of the invention are disclosed herein, many
adaptations and modifications may be made within the scope of the invention in
accordance with the common general knowledge of those skilled in this art. Such
modifications include the substitution of known equivalents for any aspect of the

invention in order to achieve the same resuit in substantially the same way.

[0034] The word "comprising”" is used as an open-ended term, substantially
equivalent to the phrase "including, but not limited to". The following examples are
illustrative of various aspects of the invention, and do not limit the broad aspects of

the invention as disclosed herein.

[0035] All documents referred to herein are fully incorporated by reference.



[0034] The word "conprising” is used as an open-ended
term substantially equivalent to the phrase
"including, but not limted to". The follow ng

exanples are illustrative of various aspect f thﬁa
i nvention, and do not limit the broad aspecti?ﬁ cerphex 2006

i nvention as disclosed herein. [0035] Al docunents

referred to herein are fully incorporated by
reference. 9 13 Decenbepx20fa rEXAVPLES EXAVPLEL
[0036] PEO of nol ecul ar weight of 4 x 106 and 8 x 106

was obtained from Aldri } ¢cal Conpany Inc.,
M | waukee, USA (Cat. l\b.%@@g). Caffeine U S P.
obt aj.pned. from Si gma enm cal 4o ot Louis,

V81 e PBRE: et uBe diettote AR ki WP citiahobeiisd from
MbrieRthemnal anehpREOIVE! RN, UMK oghNe. BY 283-8).  Caffeine
[?rl ndi ng. No ot her excipients were added. The
SdliIwagribtanod frpe Hiamat iea) riparepasgd St. iiouks, &JSA (Cat. No. C-
ggﬁ@gratory hydraul i c press (G aseby Specac) under a

sure of 38 MPa for 1 mnute using two 10
mm di anmet er tabl et punches with convex surfaces. The

i i _ _ i
. D] Sl e i EL LT e iRk by

gaivBingvNaodyr exciigems peregided( TiaesullarHpdure g e ggny)ressed

Q,,2 Na H 7.5 0. it hout pancreatin wa

BEs SRR HOBtalic picks ok SP¥ac BRFER Tk Bt 38 MPa for 1
niRase NP ev@ 1804¢hhl-diathbRr patdea eslineckeswaih asnied b@kes. The total
di ssolve 6.8 g _of nobnobasic rI)ot assi um phosphate in 250

mpgsp of egch@mam-digmeter bipenvay dpblet g@s #P0 &2 0. 2 N sodi um
hydr oxi de and 400 nL of water. Adjust the resulting
solution with 0.2 N sodium hydroxide to a pH of 7.5
[003B] Di Sintvéated tiktesttle fluidy Hed@dker mbbref@@89o BHE [0.68 % (w/v)

et SRR 5508 Rnkeuf e 35 % LI v bl aesrEi Vi pigpared os
dEQSIDBILY Ie ChRePStald8 HRMMRRPYKWaYX TS e pidtddire was as follows:
dissolve 6.8 g of monobasic potassium phosphate in 250 ml. of water, mix, and add
190 mL of 0.2 N sodium hydroxide and 400 mL of water. Adjust the resulting
solution with 0.2 N sodium hydroxide to a pH of 7.5 £ 0.1. Dilute with water to 1000

mL.

[0039] The in vitro release profile of each tablet was determined using a VK 7000
dissolution testing station (VanKel Technology Group, Weston Parkway, USA), with
1000 mL sample vessels. Each vessel was filled with 900 ml. of SIF as the receptor
medium. Aliquots of 1 mL were removed from each vessel at predetermined time

intervals. Each tablet was studied in triplicate.

[0040] Each aliquot was filtered through a 0.22 pm filter and analysed using a
Waters HPLC system consisting of a 2690 separations module (Waters, USA) and
996 photodiode array detector (Waters, USA). The UV detector wavelength was set at
270 nm. Separation was achieved using a SymmetryShieldTM RP8 analytical column

10



1000 nL sanple vessels. Each vessel was filled with

900 m, of SIF as the receptor nedium Aliquots of 1

nm. were renoved from each vessel at predeternined tine
intervals. Each tablet was studied in triplig¢ah@cember 2006
[ 0040] Each aliquot was filtered through a 0.22 moer
filter and anal ysed using a Wters HPLC system

a@Nsi 5 mAd 59imParkB Qe ABPTNEL AR HIDHUIdEM B Qiusid ddhhn (3.9
(a d 99%’th3{13d| ode gr?gy dejt(ector (Waters, %V%AF) Then

»UZ0 diatrg Gtpom) (iers igbA) whsrosmt tempera27e. mnmtﬁelpaplmsemf 70%

%Mh'%e%@u%%ﬁ%%@g? %?gll %thﬁ/IégP anaJl%/};vl gﬁ%edaThe

el dTM RP8 ard I 3.9 20
1%&&%%01_\%41@%2{3 Qll guard col um ( X

roomtenperature. A nobile
phase of 70% dei oni sed wat er and 30% net hanol, at a

[[]é‘gﬁ/ \C\,Z‘g"%f%fs a%g?ﬂﬂgwpﬁgaqagéﬁ% rg}-%gezp@mea tggle}/s contalmng
uy] Bﬁhﬁfecﬁﬁf QRfht ﬂrx0f06| £ ok 109913@&&1\%gm ShdriMally REE graphs

of nol ecul ar wei ght 4 x 106 and respectively.
pabe chmalatiye p@mentyfapﬁ]gaffqmeoneleﬂm ftgamat atnﬁy@easured in” hours.

ﬁoﬁﬂ o gfe ta%Lettsﬁ %e%eelérga 8][uesin%gi§c’1§?%1 ren ?c’:t f%n%bnéggﬁgtyorngdw/w

e usi
%%fﬁ?mtw@%f S0°RE3 MO AEENIY.AL | ONns vv/ W
8. 3% 16. 7% 33. 3% 50% 80% and 90% [0042] As shown in
Figures 1 and 2, the tablets conprising PEO of MN= 4

6 : i
g Pt D SR, SO BRI O i x 10
ah'd r8ek 1168, havasy bdffog: bmncsmlsatmnmexmgl@ &ase 8684 c@PD¥i, niisplayed

m the tablets ov r. 11, 18, nd 24 urs
SRS T fe5uliieg st lje Togicyr F ealfihe pgiome twbles

t nmol ecul ar
0\?@0% lgﬁgE%ﬁ?g%&i%%@%%ﬁ%‘g%ggﬁg HQ{ ?ag‘gf feine at a

lower rate than the tablets with PEO of MW =4x 106.

[@?433 a_lf ? ]é]fgﬁ%e Clt e%%@ov@tﬁaﬂ?@%&ogm Sl d‘lgot%e %%9 juio ?ﬁlﬁ%ﬁ‘t‘? %velght
PHGZ&(S ﬂﬂﬂéﬁ’ﬁﬂlez(séd therQ@Jfeind aus lovﬁ@rratexlﬁimhetabm ﬁrhh)\EEO of MW

ure 1, tablets with PEO havi n%a nol ecul ar wei ght
—04 xAO Thise's suprciagesineg the erosiphend hence release of caffeine, of PEO (8

x 10%) would be slower than that of PEO (4 x 10 6y, Thus, for example, as shown in
Figure 1, tablets with PEO having a molecular weight of 4 x 10° achieved a sustained
release of caffeine over 11 and 18 hours at concentration levels of 90% and 8.3-80%,
respectively. However, as shown in Figure 2, tablets with PEO having a molecular
weight of 8 x 108 yielded sustained release of caffeine over a more extended period of

22 and 24 hours at 90% and 8.3-80% caffcine concentrations, respectively.

[0044] The release profiles shown in Figures 1 and 2 also illustrate that the tablets
having PEO of MW =4 x 10° or 8 x 10° display similar release profiles over a wide
range of caffeine concentrations for each MW of PEO, specifically, for caffeine

concentrations of 8.3% to 80%.
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rel ease of caffeine over 11 and 18 hours at

concentration | evels of 90% and 8. 3-80%

respectively. However, as shown in Figure 2, tablets

wi th PEO having a nol ecul ar weight of 8 x 11(},6])%;634@@%06

sust ai ned rel ease of caffeine over a nbre extende

period of 22 and 24 hours at 90% and 8. 3-80% caf f ei ne

[omsqent A8tsh®ms in FigaRee dtand e, yaffdit0dhkentheionebgs® 90% did not
iles shown in Figures 1 and_ 2 alfso |Illustrate t hat

a@ﬁel ff&breé%e mallengt Briisishayig —PEO yof; gwlesplag weighyg 8 x 10°.
‘?ﬁf"sm&%%%%ﬁﬁ% SESGRHB Wt Doy e Bl caltBRO a8 aster
fsmblefslmzﬁlelvyxthPE@ ofdff Bi°ne concentrations of 8.3%to
80% 11 13 Decenber 2006 [0045] As shown in Figures 1
and 2, caffeine concentrations of up to 90% di d not
@6{62“ The bl qge s%r Qi%hl SorRénttRBhELE B@vinYinP R ?n_f)rmulatlon
cular wei g However, when the caffeine
mmmmbnffcamgoﬁnevmbampﬁofﬂmef tled Eamailationg st fre dogrsased costs

f ast t.abl ts d th .PEO of 4 x 106 [0046
SRGIeE) Pyt TSLTHRTGh 7 GRUEHE PalehUHE SPTEer B Habpion of
P@né}%ggﬁl‘gﬁl on wthout affecting the release profile
t

he fornulation, results in decreased costs
assom ated with the|r manuf acture as there is a

degreas r rtion o .
BB s ol “ROBRT hDT AR e P nela PR e, dhe folloving
p@l@ﬁcﬁﬁdﬂon%@hawqﬁéﬁ@nf QhMOWL.Edhk-+PARNOWE&e | i BBl k and » are the
equation:” InM/M =l nk+ nlnt, where M, N, k and n

amoemtswé caligiel rﬁlgasgql alctine &i e tota] amewy oftcaffeing in the teblet, the
%%ék %g‘g %%O ﬁfé%r g %e{asg eﬁl{gﬁqﬁé’?lpécs géc’twg 2 pec ? ng%f ?é&?&smn

ah&l?ﬁ@ﬁ;vaﬁ p&f@ﬁﬁd@lﬁd aa0BEMELS cwﬁﬁc1aﬁrﬁzamﬁe@i)taﬁ&1 aThe Value of n
correlation coefficient |e was_ obtajined. The val ue of

displageds 1 thy digures refigstsrthe lineasity of the caldeingeslapgmipfils. | Tl closer
td riethg qfa¥u%' dt&n ﬁs‘:ﬂt ﬁﬁ)ré) 'Ilﬁ%a’rltﬁe relde %&(ﬁﬁ@rThet R ahd tftgevalues for
val ue of n is, nore 1 near the rel ease profil
Figueesnl arabQﬁEshaivmbdoWor Figures 1 and 2 are shovvn
bel ow. Table 1

Table 1
PEQ (MW=4,000,000) (Figure 1) PEO (MW=8,000,000) (Figure 2)
Exponent Correlation Exponent Correlation
Drug conc n coefficient N coefficient
R’ R’
8.3% 0.6358 0.9999 0.6303 0.9995
16.7% 0.6783 0.9995 0.6910 0.9967
33.3% (0.7635 0.9923 0.7437 0.9924
50% 0.7127 0.9957 0.6624 0.9994
80% 1.0275 0.5991 0.6617 0.9981
90% 0.7539 0.5999 0.6697 0.9962
EXAMPLE 2

[0048] A donut-shaped tablet, an example of which is shown in Figure 3, was

prepared to improve linearity of the caffeine release profiles. Each tablet was
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PEO ( MAE4, 000, 000 (Figure 1) PEO ( MAE8, 000, 000 (Figure

2) Exponent Correl ation Exponent Correlation Drug

cone n coefficient N coefficient RZ Rz 8.3%0.6358

0.9999 0.6803 0.9995 16.7%0.6783 0.9995 0. EONEcember 2006

0.9967 33.3%0.7635 0.9923 0.7437 0.9924 50% 0. 7127

0. 9957 0.6624 0.9994 80% 1.0275 0.9991 0.6617 0.9981

18R 0I8ed 28 AefriBEDh BxHHNE 10 bﬂl.gﬁgs conivEeE2isinQ AR miy-diameter

donut - shaped tabl et, an exanple of which is shown in

tahl euplenc haygg a seatp rsiss! cplindep o varymg digmealsy, 85 shewn below.
[ I

LS GE RS JOh i BoucFORY i AL BRaNAT pdR s |

ssed using a 10 mmdi anet er tablet

central steel cylinder of varying

di aneter— mbel ow. = '

to the equation proV|ded in

[ 0050] As shown in Figures 4 and
af f ei ne rel ease was

[0049] Figures 4 and 5 display the caffeine release profiles of tablets containing
PEO of average molecular weight 8 x 10° with a hole of different diameters with
caffeine concentrations of 80% and 33.3%, respectively. The n values were

calculated according to the equation provided in paragraph 46, above.

[0050] As shown in Figures 4 and 5, the linearity of caffeine release was
improved by using donut-shaped tablets. This is due to the fact that these tablets kept
relatively constant surface area during the process of erosion. As the surface area of
the conventional tablets (ie. with no hole or D=0) decreases with the progression of

erosion, the caffeine release rate decreases over time.

[0051] Increasing the surface area of the tablets increased the rate of caffeine
release. For example, as shown in Figure 5, at a caffeine concentration of 33.3%,
about 94% caffeine was released within 8, 16 and 24 hours from the tablets with a
hole of 5, 1 and Omm, respectively. As shown in Figure 4, at a caffeine concentration
of 80%, about 94% caffcine was released within 18 and 24 hours from the tablets with

a hole of 3mm and without a hole, respectively.

EXAMPLE 3
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I mproved by using donut-shaped tablets. This is due to

the fact that these tablets kept relatively constant
surface area during the process of erosion.

surface area of the conventional tablets (|E§IWW?H“W3ONS
hol e or D=0) decreases with the progression of

erosion, the caffeine rel ease rate decreases over

[00524. [ BOSGthE ik nereagierigehbetieuntighel BE@aamﬂf cdffegne were mixed
abl et s |ncrea ed the rate of caffei | ease.

t g(rgH%;t}l,g Y Juargig rIPQL}ngInQ arséong magfar, Bfll‘rl YpSucrose wasr used in
0 n

SEPRRSL AARR f BB, WaerRlpH, L AAIE AP OSgL e s

mixtire avashibke cofnpbessedd st zOﬂ:{horatmgphmiraulm‘I mes%@rg&mby\nﬁpecac)

[ ure 4 caffei ne concen Ion 809

it DT bf b VRS Tt PGB PG oD i prgches
FilPPBr/Be st BRb e TheWothima® JT@h& PhndATnRRG cvivieh %{ﬂetarvas kept at
hol e, respectively. EXAMPLE 3 13 13 Decenber 2006

fﬁG@SZl For the in vivo experinents, the wei ghed PEO

and caffeine mere m xed thoroughly by manual ly

1.ndin stope nortar. t el
B et PRt R B B APPSR e 20
IBIAL L MoreBR! rAQlllmalg_r@en'h%S kB ar20 VIS apofd) X tIKE EraaSrere first
t hen conpressed wth a Iaboratory hydraul i c press

ap@stiebbyl Spbcadypnemmdéarmicyst esistire aginiggtenda it peritoneal, at
(ﬂ%ﬁ L&O§SIH two 5 nmdianeter tablet punches wth
WA #'faces. The total mass of each 5 mm di aneter
curved tablet was kept at 35 ng. [0053] The
[ﬁmrl MRS $eVBInGorRIEVdiR MR Ahe 103Ra g - RSNk by! @hlSing a small,
I ghing 280 - 300 g (Laboratory Animals Centre,
sﬁétm’awawglonsatn@@pmt@ﬁectmhe@ ansimgeinary j migkfemoral ' line with an

anaest Ll I 0,
R e
tisQ@5¢hs Tdased @\irzty fremothal blel vesvas usihga padcaf BlanaNthyo, straight

i sol ated by making a small, shallowincjsion at the
seiseass-SEhst Yéam Ve charrgchalgndhsripe ﬁ?tcPllﬂe?P&P%qtlvF|tﬁ%‘JevmaPis1 sypported

'#ﬁ% unéﬁmﬁ&hﬂ%ﬂ%égakkﬁgmgbgngo the base of the tail.

erlyi t and connective

[0055] Two short strands of suture were then passed beneath the vein, and moved
to the proximal and distal ends of the exposed vein. The distal strand was stitched into
a dead knot to restrict venous flow, while the proximal end was tied into a loose knot

to allow entry of the catheter later.

[0056] A small incision was made near the distal end of the vein, using a pair of
Vannas micro-scissors. A heparinised catheter was then inserted elastin-end first into
the vein toward the heart, with the help of a pair of curved forceps. Insertion was

complete once the PE10 section was completely in the vein.

[0057] Proper vascular access was then determined by checking for venous back

flow using a heparinised syringe. The entire length of the cannula was flushed with
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ti ssue was teased away fromthe bl ood vessels using a
pai r of blunt Mayo, straight scissors. The vein was

cl eared of adhering fat and connective tissue, and
supported wusing a small rectangul ar piece 0f13 December 2006
cardboard. [0055] Two short strands of suture were

t hen passed beneath the vein, and noved to the
hRepaxiifealsanid selufédl Tieneah@ér e tienpplagetdvRith.a MGl stretch of
distal strand was stitched into a dead knot to

m@t rict venous flow, while the proximal end was tied
into a |l oose knot to allow entry of the catheter

| ater. [0056] A small incision was nade near the

[0058] al Eh@ce@ﬁetérh&ls\/tﬁémsectmﬂ rmgmg tipeduture kit th¥aliwted $nd of the vein,
m cro-sci ssors. A he arl cat het er

t hen . )
byrisaking.a depd&potabend 'nEls PIOREIR) 6nsh of (i yein pes in tum
F&ﬂé& withatddad Eﬁotmﬁlalla fsu@ rB'?{or cgfudE WV thet@WARPSknot that was

nsertion was conple once t e PEI 0 section was
toonigiitetely in the ve|n. [ 0057] Proper vascul ar access
was then determ ned by checking for venous back fl ow
using a heparinised syringe. The entire length of the

|
[ﬁ@%’lu aA VNG g,u V*ﬁ%ne Solsﬁ‘?} %&g%ﬁh@?&te&@ﬁé 1y3806n one side of the

rinise he catheter was then
cpthoigyqusseidtunder beakin, snd encstagsin, threueh the [rm@sel]ar tigpee lying on

at het er t hen cured usin e
o T SidnPTome oia o o, Skt §F BBkl Rtdfgy piece of
chRiBosatviietrahoveline prOX|naI end of the ve|n mas in turn

secured with a dead knot, nmaking sure not to occlude
the catheter with a knot that was too tight. [0059] A

l]lr & ‘f*&s Q%E] t}%ﬁs@ﬁg{% B%rq})' QQ%&SE Gt‘hé( (g:;rszﬂ S J&yénﬁlgl gasmn

one si de o f he e ve n,
v aeadeO@i the ski’mr hnmgheﬁ the elan;swmlhmnt dminsgng t]heywt@rl@mg ctoheectwe
ot her side vein

T
(FHS: ARt AR ppdaiodetd R i AaL pp et sl (RS Siea of

tl[lé)%gﬂllat-ga Gerh@hl V&S 1 REDmhEY ﬁ%&g@ébi@m@?@ﬂﬁﬁ»f&:ﬁﬁmmwn
dorsal surface. A snall incision was nmade on the skin

bet ween the ears w thout damagi ng the underlying
[&%I]Tect A polymer;c tube was then inserted using the steel rod as a trocar, and the
rod was removed, leaving the plastic access-way in place. The distal end of the

catheter was then passed through the tubing and made to emerge from between the

ears of the rat.

[0062] The catheter was finally secured in place using sutures. Again, care was

taken not to occlude the catheter. Finally, an epoxy mix was prepared and poured onto

the catheter to cement it to the skin.

[0063] The rats were then allowed to recuperate for at least 24 hours before the

experiments were commenced.

[0064] Tablets (PEO/caffeine and sucrose/caffeine) and caffeine were force-fed
into the rats by clasping each tablet with the tips of a forceps and pushing the tablet
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tissue. A steel rod was then introduced under the skin
and pushed toward the area of the cannul ated fenoral
vein. It was made to energe close to the site of

cannul ation. [0061] A polyneric tube was th&iecember 2006
inserted using the steel rod as a trocar, and the rod
was renoved, leaving the plastic access-way in place.

iltoethé |p%§t@1llore@ﬁth@frai BEaryﬁ?)ﬂtTI@t tﬁblet&ﬂﬁer& hen papgmed for a while to
t hrough the tubin energe. from bet ween t he

iadyrcs ﬂéﬁ‘ raf feswaltow ﬁ@ﬁdﬁﬁﬂ ?ﬁ@“ﬂ@%ﬂlﬁé@é@d Radeipniseg) wyter at volume
c%g%lﬁhggoﬁs&oﬁjagj%ﬁg e§ ég ?’h sljff!lslé rc&iﬂené?t?dn@ 'of ‘ﬁ%rtgbl\égswerg Y gnsed

0 oC

wingRaigd desitt poupe deqild directl énté &Iel‘@irﬁicht 0 cemant i t to
the skin. [0063] The rats were then allowed to
recuperate for at |east 24 hours before the

|86g5¢r i nbmmediaelyebaormingeidiratj@0@4te Tatétensd solutions, a 500 pL

A eSS eS8 2 SR P L A e

SuB&qlibRSafbled Wk aeRm RAd RUSHRAG diheot abl ef 6, 238,13, 12, 24,
Decerrber 2006 into the posterior of the raf pharynx.

3ﬂh é6t aisl 48 ShQNESr @ftﬁre deng; Ipmasér@tlmbrAﬁem\mqhewfbdrm“ﬁ udle equal
?f %g% or a a%ﬁ'me f’ﬁ?éc%d ba ﬁt%'tﬂg bﬂ)oa ?IJGXI‘Ed(OII‘HImmIZG

gentr
I@@ rolf bs@ﬂdlanate@ ahth ﬁ)dﬁl&Sﬁe amibbfetdddtbzmnﬁmdhe toe@bolic cages.
tabl ets were dispensed wusing a rigid dosing gavage
needl e directly into the stomach. [0065] |nmmediately

AT 20 ) Sy, BB L e

nfiptoecrdaa g} tulleh hadi gdhtiifageduRis 20D ¢ b hiiiutes (SLibsa terjlasma.
sanples were drawn fromthe catheter at 1, 2, 3, 4, 5,

gl pl’,asmg samygles were spared age/0 36 iy freshs hemsginised gﬂ@f@@&x}@ﬁiﬁp@e tubes
unfj r(]al csa&ﬁfeﬂvﬁl Q oldnﬁ‘% rm{:rac“alfé’aqc Iﬁﬁ)}gf \Ngaq{o?\%@lan?lg%ls %gulakh erformance

lihhﬁl direrastogpl@afHRICCYY ni m ze | 0Ss of body fl ui d.
Water and food were available ad libitumin the

nmet abol i ¢ cages. [ 0066] Each 500 L vol une of bl ood
19121 FFGEL L AP DU 1 SHAREL 15038, s o
ehdlﬁ sphpleel.50 uL of an mternal standard (LS., 500 pg mL™' N-acetyl-p-
aminophenol in water), and an additional 3 mL of dichloromethane-isopropanol
(88:12, v/v) were placed in a 120 mm glass tube, vortex-mixed and placed on a shaker
for 45 min. After centrifugation for 10 min at 11 g, the organic phase was transferred
into a clean glass tube and evaporated to dryness under a gentle stream of nitrogen.

The extract was reconstituted with 200 pL of 0.05% (v/v) acetic acid-methanol
solution (92:8).

[0068] Each reconstituted sample of caffeine was analysed for caffeine quantity
using a chromatographic HPLC system (Waters 2690 Separation Module) consisting
of a 600E multi-solvent delivery system pump, Ultra WISP 715 auto-injector and a
UV-Vis 996 photodiode array detector, all obtained from Waters Asia Ltd. An
injection volume of 50 ul. was used. The detector was operated at a wavelength of

254 nm. The caffeine metabolites were separated on a SymmetryShield™ Cartridge
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Al'l plasma sanmples were stored at -70 Cin fresh

hepari ni sed m crocentrifuge tubes wuntil the caffei ne
could be extracted fromit prior to analysis by hig
performance |iquid chromatography (HPLC). [@)@B?}elﬁbﬂﬂﬂﬂﬁ
extract the caffeine fromthe plasm sanples, 150 L of
plasma from each sanple, 150 L of an internal

Chlanaam 8((R5%5x.4.60kh DDHlpﬁﬁch‘d-saiéﬁb’ Yibr) Fron@ W@ AeRALtd 1ah 22 °C
wat er), and_an additional

A GY srieehhAb- n@bpr%ﬁlah%q pha(se 8@@@181% 095 e peetis| agide 40 mM
Uit AR LRERC IR, wIPLEE T BRI RL 5GP 7 gos

abﬂ:tug acﬂi he) ol aninconilva secta@sartlr methired rved proglhmna:dcdceaﬂmg to
| ass tube anpd evapaorated to dryness under a gentle

tﬁﬁ?@&wa&g telnbﬁféﬁ‘ﬁ)ucie?he extract was reconstituted

with 200 L of 0.05% (v/v) aceti c aci d- net hanol

@lg 5' EPa&% 181)0§F1L[9 qgf *—_‘li pé&glg 33 ﬂe&"ﬁsﬁ?‘ut@& r(‘Cﬂzlﬁ‘;éin%f

U’H

I\/B’dné (mna:onstiwratq (mdifmra GOOEDImnttA(“/s)oI ve%ctlve@éBl(?/cs)r y Solvent C (%)

syst gm pump, U trgggV SP 715 aut gpgnj ector andya 0

UV-Vis 996 phot od1| de array detector, all othu ned
fromMaters Asia 4. An |nject9fon volums of* 50 L was 5
used22The det ect orOGvas operated @t a wavel engt h of 5
254 The caffejge nmetabolitesgwere separafggd on a 5
m%ryShl el dTM (?Ortri dge 16 1§ Decenber 2§g6

RP18 (250 %°%. 6 nm1.D.; Particle sizé? 5 5
fromtfMters Asia @ at 22 C anfl a flow rat €0of 1 nL 40
mrigd. A nobile 1p(§base conprising 0.05 % aceipc acid, 40
50 % ammoni um g, ate and rretq ol was use The 0
nobi phase COI’]SI ing of 0.05 acetic acid, 50 nM

anmobb um acet at e 1e0d _net hanol wa80 pr ogr ammred &ccor di ng 0

to the follow ng gradient schedule: Table 2. G adi ent
rogr.am f PLC Anal ysis of Reconstituted Caffeine
gP'Hgnt?{g%%ﬂW%?‘ag(m/mn) Solvent A (% Solvent B
Eotyergdd: \vemM@ngmgniurg agetdte 100 0 O

Solvent C: methanol

[0069] Sustained delivery of caffeine was expected to result in two phenomena: a
reduction in the initial high rate of caffeine release (burst release), as well as a

reduction in the change in caffeine concentration in the systemic circulation.

[0070] In vitro studies showed that the release profile of the caffeine-loaded PEO
tablets was not affected by the quantity of caffeine used, at least up to about 80% by
weight. Therefore, 32 % (w/w) caffeine, with matrices of PEO (MW =8 x 10%) were

used.

[0071] Tablets comprising sucrose as the matrix and either 8% or 32 % (w/w)
caffeine served as the negative control. In a rat, the 8% caffeine loading is the

approximate equivalent of a single conventional dose of caffeine (e.g. in beverages).
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[ 0069] Sustained delivery of caffeine was expected to
result in two phenonena: a reduction in the initial

THhghtheadevptaftadd Riatdn rikd @ESetablety it the b poe)des alse eqlitalent
as a reduction in the change in caffeine ]
ek at saltamsnthatweyld r%%)'ittf fous qoem%@rl%\rﬂosmel? Bpe jigh dose,
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G TS e e, el Lo ETRRoR Qe hs of =
ogffainticoytamfinge dicveiape insedderato | et  aipspeoifaboysteB3% dajfeine
wei ght.. Therefore, 32 % (ww caffeine, with matrices

COPCPES MY = 8 x 106) were used. [0071] Tablets
conprising sucrose as the matrix and either 8% or 32 %
(ww) caffeine served as the negative control. In a

[0872] t hEigBm Gahdws et walie egsd of thee32% ppffoint-wantaining sucrose

O Ok R PSR TR S36 ST o e
BRoCifAldipid Rold0adf barrdile iBEQhE aY1&S, Sanldnthé B§bseient absorption
provi des the equivalent anmount of caffeine that woul

of dlaq gaffefnedm the gestioontestinal §aell Lo eetwnst. rifeipeconcghrafiesein the
of ¢ ine 1S4l [

S 08 A S0 5 DT B BEFRALOATER B e s
thigster dgpite rthoraerhavingasiglan absapiai fates, syggesting that the PEO

caf f el ne .
retarded the release of caffeine from the tablets.

[0073] The sucrose control tablets containing 32% caffeine appeared to have a
somewhat similar release profile as the PEO tablets. This is likely because the
caffeine could not be metabolized as quickly as it was being absorbed into the serum
due to enzyme saturation. Thus, with respect to the sucrose tablets, what appears in
Figure 6 to be sustained release of caffeine is probably a sustained presence of
caffeine. However, in the case of the PEO tablets, as shown in Figure 6, the
persistence of high caffeine concentration in the serum is due to a constant supply of
caffeine (as it is slowly released from the sustained-release tablet) and subsequent
absorption into the serum. In the case of the 32% PEO tablet, the plateau does not
indicate an accumulation of caffeine in the plasma, since the plasma caffeine level is
lower than that seen in the 32% sucrose tablet. Instead, this plateau should be
interpreted as the constant replenishment of plasma caffeine levels upon their removal

by metabolic enzymes.

[0074] These results can be interpreted to mean that a 32% (w/w) caffeine PEO
tablet was able to maintain a systemic caffeine concentration that was only possible
using 2 to 4 of the 8% (w/w) caffeine sucrose tablet. That is to say, since the 8%

sucrose tablets are meant to represent a conventional dose of caffeine in, for example,
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concentration. [0072] Figure 6 shows that, in the case
of the 32% caffei ne-containing sucrose tablets, there
was a faster initial increase in serumcaffei N)ecember 2006
concentration due to the alnost inmediate rélease 0
caffeine fromthe tablets, and the subsequent
absorption of the caffeine by the gastro-intestina
4 calidine lbaveragy, ristresuttafihdicate thang 204 PH®DNsblétncanngehieve the
serumof the rat fed with 32% PEO tabl ets did not
saybipieatef doutdifeses pf schameveass ose tabl ets, despite
the rats having sim |l ar absorption rates, suggesting
that the PEO retarded the release of caffeine from
[00F5]t ablAet SmpleOG#Blcompenaitc sggencdod rol susaltedtrslease caffeine
;éonHaLniﬁgiggw caffei ne appeared to have a sonewhat
mlptign hEfelie bapheniaPewd. ( ne PEO tabl ets. This is
i kely because the caffeine could not be netabolized
as quickly as it was being absorbed into the serum
due to enzyne saturation. Thus, with respect to the
sucrose tablets, what appears in Figure 6 to be
sust ai ned rel ease of caffeine is probably a sustained
presence of caffeine. However, in the case of the PEO
tablets, as shown in Figure 6, the persistence of
hi gh caffeine concentration in the serumis due to a
constant supply of <caffeine (as it is slowy rel eased
fromthe sustained-rel ease tablet) and subsequent
absorption into the serum In the case of the 32% PEO
tabl et, the plateau does not indicate an accumnul ation
of caffeine in the plasm, since the plasm caffeine
level is |ower than that seen in the 32% sucrose
tablet. Instead, this plateau should be interpreted
as the constant repl enishnent of plasnma caffeine
| evel s upon their renoval by metabolic enzynes.
[0074] These results can be interpreted to nmean that a
32% (ww) caffeine PEO tablet was able to maintain a
system c caffeine concentration that was only possible
using 2 to 4 of the 8% (ww) caffeine sucrose tablet.
That is to say, since the 8% sucrose tablets are
meant to represent a conventional dose of caffeine in,
for exanple, 18 13 Decenber 2006
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a caffeine beverage, the results indicate that a 32%
PEO t abl et can achi eve the equival ent of about 4
doses of such a beverage. [00751 A sinple
t wo- conponent system for a sustai ned-rel ease caffelne
fornul ati on therefore has been achi eved. 19 1313 December2006
Decenber 2006 What is clainmed is: 1. A
sust ai ned-rel ease tabl et conprising caffeine and
Vﬁ)ly(ethylene oxi de) wherein caffeine is released
Hris elAnedidl et at a nearly constant rate and
pol y(ethyl ene oxide) has a nol ecul ar wei ght of about
4 x 106 or greater. 2. The tablet according to claim!]l
Iwhi cA s‘ustame&m’mnge tedbdal SompR#ing eafﬂime aidepol dpihlene oxide) wherein

accor 0 ut 8% 0

car 1 birath.ts T rom g Tpled el d R0, ok By JHA polygpiene
to Cbﬁus)l}&s%ml@sum_r mig\hfsﬁdwhtemw%r@eeatdﬂas a

nol ecul ar weight in the range of about 4 x 106 to 8 x

106. 5. The tablet according to claim4 conprising

about 10 to 92% pol y(et hyl ene oxide) by wei ght of

tablet. 6. The tablet according to claim5 wherein

2caf f Fhaables agcetddzgstedlaimdrwhiclpisraihothogenegbpmixtu®. t o 24

hours after oral adm nistration. 7. The tabl et

according to claim®6 conprising a kaval actone. 8. The

3t abl ehe @bt betioRtng @ Elhiai Mcbmphigngatout B% ook taffedne by weight
donut - shaped. 9. The tablet according to claim3

consPk @Pﬁg of pol y(ethyl ene oxide) and caffeine. 10.

The tabl et according to claim 3 consisting essentially

of poly(ethylene oxide) and caffeine. 20 13 Decenbe

42006 Thd tableTtrecardiveer cdaiwol dibstrin poly(ahivs F#Hidydizs 2 molecular

pol y(ﬂ gm/mqﬂe ra% (gtengontaﬁf'x ?0@8'8%%6'5“

5. The tablet according to claim 4 comprising about 10 to 92% poly(ethylene oxide)
by weight of tablet.

6. The tablet according to claim 5 wherein caffeine is released over a period of about

8 10 24 hours after oral administration.

7. The tablet according to claim 6 comprising a kavalactone.
8. The tablet according to claim 6 wherein the tablet is donut-shaped.
9. The tablet according to claim 3 consisting of poly(ethylene oxide) and caffeine.

10.  The tablet according to claim 3 consisting essentially of poly(ethylene oxide) and

caffeine.
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wei ght in the range of about 4 x 106 to 8 x 106. 12.

The tabl et according to claim 11l conprising about 50%
caffeine by weight of the tablet. 13. The tablet - :
according to claim 11 conprising about 80 to

caffeine by weight of the tablet. 14. The tg%q%ke"ﬂmr2006
according to claim 11l wherein caffeine is rel eased

over a period of about 8 to 24 hours after ora

adni ni stration. 15. The tabl et ;according

Lhher &he tabie acepifiag tpse wn%twl?f%@aly oty ehg ! Sxidle) B molecular
SUStﬂkgﬁg qﬁéﬁﬁggofﬂgh RiSiig at | east about 40%
xant hi fre- deri ve

stinu ant y wel ght of the tabl et
and poly(ethylene OX|de) wherein the stinulant s

lg.? f I ﬁgg%ﬁiﬁ?%ﬁggﬁﬁ ) clalﬂgi Wﬁn@r{gﬁélaéé&eﬂoﬁ]ga%e?ﬁew \leght of the

pol y(stdayl ene oxi de) has a nol ecul ar wei ght of about 4
X 106 or greater. 17. The tablet according to claim
16 wherein poly(ethylene oxide) has a nol ecul ar

19ei g g %I@Q%?dlﬁl%nﬁ A6 | Pcnprish@BabokBs0 )% @H‘f&ﬁe by weight

according to clalm 16 which consists of the stinmulant

and ofibkyabdithyl ene oxide). 19. The tablet according to

cl ai m 18 conprisi ng about 50% of the stinmulant by

wei ght of the tablet. 20. The tablet according to

14! ai lThé- Babled REr8ing Go alimit 118@héreindQFeiife it helesed mubamtperiod of
by ht of the 21 13 Decenber 2006 21. A
nethé@’ 5t%?%b%F?ﬂ%“Q“ﬁ&%?ﬁP%@ﬂo?eIease caf f ei ne

tabl et conprising, mxing caffeine and poly(ethylene
oxide) to forma mxture; and_ conpressing the mxture

15Nt o The tahlst atcordigtoaiaimgdiwheeain fledshietdx denay-shaped.a
nol ecul ar wei ght of about 4 x 106 or greater.

16. A sustained-release tablet comprising at least about 40% xanthine-derived
stimulant by weight of the tablet and poly(ethylene oxide), wherein the stimulant
is caffeine, aminophylline, oxtriphylline, theobrominé, or theophylline or a
mixture thereof, and poly(cthylene oxide) has a molecular weight of about 4 x

10 or greater.

17.  The tablet according to claim 16 wherein poly(ethylene oxide) has a molecular

weight of about 4 x 10 to 8 x 10°.

18. The tablet according to claim 16 which consists of the stimulant and

poly(ethylene oxide).

19.  The tablet according to claim 18 comprising about 50% of the stimulant by
weight of the tablet.

20.  The tablet according to claim 18 cbmprising about 80 to 90% of the stimulant by
weight of the tablet. '

21



22. A nmethod for increasing the alertness of a subject
conprising orally admnistering a tablet conprising

caf fei ne and pol y(ethyl ene oxi de) wherein

pol y(et hyl ene oxide) has a nol ecul ar wei ght of about

4 x 106 or greater. 23. The method accordin EP cl i@
22 wherein pol y(ethyl ene oxide) has a nnlecg? Fcember 2006
wei ght in the range of about 4 x 106 to 8 x 106. 24.

The met hod according to claim23 wherein the tabl et
conpri ses about 8%to 90% of caffeine by weight of

21.he Aahlikld of3Repartile o BREDAN-RIEGL AFBEe 141 kahpidds,

wherein the tabl et consists of caffeine and
pol y(et hyl ene oxide). 26. The nethod according to

| ai m 25 [ ffei i S. ) |
Constiie IR e PO ke EBRRY st 3REC Y
af t egongpradsingdhe iidire &itb @mablé?

wherein poly(ethylene oxide) has a molecular weight of about 4 x 10° or greater.

22. A method for increasing the alertness of a subject comprising orally administering
a tablet comprising caffeine and poly(ethylene oxide) wherein poly(ethylene

oxide) has a molecular weight of about 4 x 10°% or greater.

23.  The method according to claim 22 wherein poly(ethylene oxide) has a molecular

weight in the range of about 4 x 10° to 8 x 105

24,  The method according to claim 23 wherein the tablet comprises about 8% to 90%
of caffeine by weight of the tablet.

25.  The method according to claim 24 wherein the tablet consists of caffeine and

poly(ethylene oxide).

26.  The method according to claim 25 wherein caffeine is released at a nearly

constant rate over a period of about 8 to 24 hours after oral administration.
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