SUSTAI NED- RELEASE TABLET FORMULATI ON FI ELD OF THE

I NVENTI ON [ 0001] The invention relates to a
waamsab4set- r el ease tabl et formul ation, includi POT/8G2005/000102

sust ai ned-rel ease caffeine tablet. BACKGROUND OF THE

I NVENTI ON [ 0002] Caffeine is typically used for its

psychonot or stinulant action. For exanple, caffeine

my be i SYSTAINED-RELDASE TABEBET RGRMWLATOK ng

ni ght shifts, for late-night studying, or during

mlitary operations. The stinulating effect of this
FIER QK dDSHENTIONN the plasma | evel in the user's

body. Caffeine is rapidly absorbed by the oral route,

where its stinulating effect is rapid but transitory.
[0001¢ noOFhe moomivm Bhitssaes witamaifreease tablet formulation, including a

caf fei ne-cont ai ni ng beverages, such as coffee, tea,
sugHACEEIase FrifeanafaPist ed bever ages. However, one has to

repeatedly consune these beverages in order to

mai ntain systemc |evels of caffeine. An unpl easant
BAGKGHROUGNDsOFITHBADNYRNTHINI s t he constant need to

relieve oneself due to the ingestion of vast

quantities of fluid. Furthernore, the caffeine |evels

[0002] t heCatas s ayfcdllyf hicaubdr 10 PRy@BhiotordRuISHC Retion.  For

consunption, which can result in jitteriness from
exanpe.- @bistgrmpay be ingested ¢k naintzih eldrmesssfof mamking night shifts, for

under - consunpti pn. [0003] Tahl.ets cant ai ni caffeing ..
el PR SERPEETS: Biner oY, AR R T SeinRfigganest of nis
comip@fidndephhdl iporaihd thm@PaRel HOWRV@E:r's aape CARIR! & rapidly
contai n_other pharmaceutical|ly active agents ot her
absopre Ratheerpletoutsy ethetssite ity Fieatiin eapith fulergsttany nthe
o) - e
mo%ﬁ%ﬁﬁlﬁgl\?v s?lgg%ﬁc(gfq%a?feﬂle :ﬂla Béaﬂfginé—gorﬁglnﬂ% l?efvexca%]ég, Shlfas coffee,
tea, and certain carbonated beverages. However, one has to repeatedly consume these
beverages in order to maintain systemic levels of caffeine. An unpleasant result of
such consumption is the constant need to relieve oneself due to the ingestion of vast
quantities of fluid. Furthermore, the caffeine levels in the plasma are difficult to
predict with such consumption, which can result in jitteriness from 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 tb 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



caffeine can only maintain their presence in the bl ood
for a few hours before the caffeine is netabolized
wo bas/opegui ri ng repeat dosing of the caffei ne pabber®s/000102
every 3 to 4 hours to nmaintain the desired | evel of
al ertness. [0004] A sustained release mcroparticul ate
caffeine fornmulation is disclosed in U S. Patent No.
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addltlonal | ayers may be |ncluded. The net hod of

preparing this fornmulation is conplicated. SUMMARYOF
SUMBMARMEOF THEIOOIEYTIONone aspect, the present

I nvention provides a sustained-rel ease tabl et

conprising caffeine and a hydrophilic polyner.
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and conpressing t mxture into
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BRIEF DESCRIPTION OF THE FIGURES

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

molecular weight 4 x 10°.

[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.



nol ecul ar weight 4 x 106. [0008] Figure 2 is a graph
showi ng the rel ease profiles of tablets containing
wo asoisoas3ctoncentrati ons of caffeine, fornul at eBCDSGHYS/000102
PEO of nol ecul ar wei ght 8 x3[0009] Figure 3 is diagram
of a donut shaped caffeine tablet according to one
enbodi nent of the invention.[0010] Figure 4 is a graph
[0610wi nHiguteed ised gampk shovwihg tesraddase peofdenaft the depedhaped tablet

t abl. et nt gi.ni 80% caf f ej f.or nul at ed. ysi,n EO of
congini $EF o ot Ho oF G W4 82 K aph

showi ng the rel ease profiles of the donut shaped

tabl et containing 33.3% caffeine formul ated usi ng PEO
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invention. The release profiles of control tablets

formul ated with sucrose are al so shown. DETAILED
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that achieves a slower or prolonged rel ease of drag

over a period of tinme when conpared to a conventi onal
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having a nol ecul ar wei ght of about 4 x 106 or greater.
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period ofs time when compared to a conventional tablet.

[0014] In an illustrative embodiment of the invention, the polymer is
poly(ethylene oxide)(PEO) having a molecular weight of about 4 x 10° or greater.
PEO of a wide range of molecular weights is available under the trade name Polyox.
In one embodiment, the MW of PEO is in the range of about 4 x 10° to 8 x 10°. PEO
of molecular weight greater than 8 x 10° may also be used. However, where
desirable, the molecular weight selected should not interfere with the nearly constant

rate of release of caffeine discussed below.

[0015] PEO 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® t0 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)



desirabl e, the nol ecul ar wei ght sel ected shoul d not
interfere with the nearly constant rate of rel ease of
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commerci ally avail abl e can 4 ncl ude PEO havi ng a range
of nol ecul ar wei ghts. For exanple, PEO of nol ecul ar
wei ght in the range of about 4 x 106 to 8 x 106 may
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Company, St LOU.IS 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/mL.:
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butyrate (e.g. CAB-381-2 nol ecul ar wei ght of about

40, 000 (Mwn), CAB-500-5- M 57,000 from East nman),
w@obopwb4sgl pyrrol i done (PVP) (e.g. from Sigma CheTvsGai05/000102

Conmpany, St. Louis, USA), ofF sodi um car boxynet hyl

cellulose (SCMC) (e.g. from Sigma Chem cal Conpany,

St. Louis, USA). In different enbodi nents, PVP has a
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Is approximately |linear, or approximtely zero-order
grea@rﬁﬁgwputﬁ-%he Figures and further described in the

Exanpl es for various enbodi nents of this invention.

The exponent for the release kinetics (n) reflects the

[0020) e arTHiyworild tpegmic dfef hineentdeadSconbtintS§HEmic concentration of
nmbodi ments, n is greater than about 0.60. In other
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of the caffeine concentration, tablets can be prepared with a wide range of caffeine

concentrations, while maintaining a nearly constant rate of release.

[0022] Since caffeine is a water-soluble 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



[0021] Since the rate of caffeine rel ease does not
significantly vary as a function of the caffeine
W@ emsemssat i on, tablets can be prepared w th arPei/d€2005/000102
range of caffeine concentragions, while maintaining a
nearly constant rate of release. [0022] Since caffeine
is a water-soluble drug, it mght be expected that a
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caf f ei nated foods or beverages consuned by the
subj ect, the weight and netabolic rate of thesubject,
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éageﬁiﬁfore may be suitable, it is expected that tablets
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may be desirable to include a relaxant to mnimze
side effects associated with caffeine, such as

[0028kt | £8one sabaditentthotsindbe fablel consistepberdicinerand REGy The
lack %lf %ﬁ?%ﬁdi%ﬁalbc%nﬁonents reduces the risks of side-effects associated with
these additional components. The lack of additional components also results in costs

savings, both in terms of costs of materials, as well as costs associated with

manufacture of the tablets.

[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 105 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.



kaval act one, or kava, which is described in U S
Patent No. 5,977,120 and which is known to induce
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vari ous enbodi ments, the tablets conprise about 2% to
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and the duration of caffeine release will vary depending on the need of the subject. In

various embodiments, the tablet consists of about § to 90% caffeine by weight and
poly(ethylene oxide) having an average molecular weight 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.



inprove the linearity of the caffeine rel ease. By
providing a hole, the surface area of the tabl et
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mai ntai ni ng nearly constant8rel ease rates of caffeine
as the tablet erodes. In one enbodi nent, the hole may
be provided in the mddle to forma donut-shaped
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i mproving cognitive functions by enhanC|ng al ert ness

and increasing cerebral blood flow. In one aspect, the
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pentoxi fylline, oxtriphylline, theobromne and

t heophyl I ine and other simlar xanthine or
woaouslb4s3t deri vative stinmulants (terned herei nPCT/SG2005/000102

xant hi ne-derived stinmulant)9 may be used instead of,

or in addition to caffeine as described above.

Am nophyl | i ne, theobrom ne and theophylline can be

_pur chaRexdoXifydlime f or exanpl e, Sigma Chenical Conpany,

St. Louis, USA. Oxtriphylline can be purchased from

for [exanple, Maple Leaf Meds. s, Canada.[0Q031] In one
enbadi nmen t he tabl et corrprl s at a<t about 40%
xantthi nedfri ved sti mul ant by ht o 3t he tabl et
(whi qug ant erlved

sti rcqla S) @?quh g:'Igllf’? cuI ar \NEI hydr ophi lic
pol ynme as descri bed abo errbodi ment, the
t abl et rray consi st of tK8 sti ﬁ’ﬂjl ant' *and | PEO and t he
tabllet may conprise about 50%.dt sabout 80 to 90% of

t he Llsti-mant—by—wet-ght—of—the tab!et. [0032] The
structure of ot her xant hi ne- derl ved stinmulants are
shown bel ow. Theophyl | i ne Theobr om ne

Am nooRifiphymeRent oxi fyl 1 ine Oxtriphylline [0033]

Al t hough vari ous enbodi nents of the invention are

di scl osed herein, many adaptations and nodifications
may besograde within the scope of the invention in

accordahce Wi th th%ﬁﬁﬂx n general know edge of those

skill ed is arf” Su€h nodifications include the
substltutl onnwef_known e¢qui val ents for any aspect of
the inventfoniin o o achieve the sane result in
substanti al | y 't+hensane 0 [ 0034] The word
“conprising” is u%%d ag an open-ended term

bstanti al |
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[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 result 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.



equi valent to the phrase "including, but not limted
to". The follow ng exanples are illustrative of
wo arsoas3nspects of the invention, and do not PCTEG2005000102
broad aspects of the inventitbon as di scl osed herein.
[ 0035] AU docunents referred to herein are fully
i ncor porated by reference. EXAMPLES EXAMPLE 1 [ 0036]
'PEO of nol ecul ar weight of 4 x 106 and 8 x 106 was

obtained from Al drich GeaviESonmpany Inc.,
M | waukee, USA (Cat. No. 37 283-8). Caffeine U S P.

was obtained from Si gngy }?‘Q@ﬂa Conpany, St. Louis,
USA (Cat. No. C 8960). 0031“] ppropri ate quantiti es

caf ne a Wer. dar ghI b g
]ot ]gﬁbeo%cllnﬁggwﬂ“(ﬁ&hg g]dzg 16 lrée§u‘?/6 %’?Sqﬁ#){%f lﬁfmm
Aldeéh Chenicelo0pnpssLThe., Mllf?vﬁulaael aﬁs@r atAar Xohgdnaglg)c Caffeme
ess (G aseb Specac) under a pressure of 38 a fo
§1Pn Wee obtined frewp Sigmmbhemasnd teampaat) 8t Louise REA \(«ﬁiathNo C-

89@@nvex surfaces The total mass of each 10 mm di aneter
I“‘tconvex tablet was 360 ng. [0038] Sinulated
intestinal fluid, hereafter abbreviated to SIF [0.68 %

[003% V) AgiibHater qitl@nt%e@ VéiVdaffie MdNPBD wRE faiRed %O}nghly by
by

wi t hout 'pancreatin was prepared as descri bed
gringipg o gt SSIPRHET pé Thx psultarhmidns vea then oppeprassed .

oL 881 o, SHOBBEGA R B, e
mifte udingoishiou h tmgaﬂkhmncda &lbtbt Z}ﬁﬁch'ds with Wahesk. subhicers tTHeh@tal

resultin solution with N sodi um hydroxi de to a pH
mag ofzagh 1§ mm- dameattrélww Vaa%eéwvaﬁ 8690B0 ni.

[0038] Simulated intestinal fluid, hereafter abbreviated to SIF [0.68 % (w/v)
K>HPO, +19 % (v/v) 0.2 N NaOH, pH 7.5 & 0.1] without pancreatin was prepared as
described by the United States Pharmacopeia XXIII. The procedure 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



[0039] The in vitro release profile of each tablet was
determ ned using a VK 7000 dissolution testing station

w@ YaskeissiTechnol ogy G oup, Weston Par kway, USAPCT/SGL0M05/000102
1000 nL sanple vessels. Eadh vessel was filled with
900 nmL of SIF as the receptor nedium Aliquots of 1 nL
were renoved from each vessel at predetermned tine
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ploﬂrithe e dffveFpeycangege lofandfele schlaaseﬁ hagainstf tiree,n@easetedan ehours.

|Ie of tablets onta| ni.n EO of Iecul ar wei ght
Boll fpeb @t dntlets Jerpomads S6gE T S e eiate CoHopYaoRg W/

83%q.l7% gbqt%tgj@% RehRidee percentage of caf fei ne
rél easéd agai nst’ tine, neasured in hours. Both types

of tabl ets wer e made u5| ng siX different caffeine

centrations W W 6, /% 33. 3% % B80% an 6
1005305 b RAE Pt B G Bt o oipe Lot By S0 10
and?@lﬁ)[(li% lhﬁ@lnEE@ﬂBfne %cerﬂraﬁoﬂspﬁmgﬂl@ Box 4.9%, tJ‘W%nﬁlsplayed

caf fei ne concentrations ranging froma8.3%to 90%

neaaluys@rw@er kingtiesy rosltingoingeistajoed aeleess, ofr eadliging; figmithe tablets
43 8,205 3h5998, AaGalieing, OLp (o0l e15 over
bel ow.

[0043] Figures 1 and 2 show that tablets comprising the higher molecular weight
PEO (8 x 10°) released their caffeine at a lower rate than the tablets with PEO of MW
=4 x 10°. This is expected since the erosion, and hence release of caffeine, of PEO 8
x 10%) would be slower than that of PEO (4 x 10°). 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 10° yielded sustained release of caffeine over a more extended period of

22 and 24 hours at 90% and 8.3-80% caffeine 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%.



[0043] Figures 1 and 2 show that tablets conprising
t he hi gher nol ecul ar weight PEO (8 x 106) rel eased

wo b@snogsalf f ei ne at a | ower rate than the tabl epeT/®G20M05/000102
PEO of MW= 4 x 106. This i1 expected since the
erosi on, and hence rel ease of caffeine, of PEO (8 x
106) woul d be slower than that of PEO (4 x 106) .
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la | ar ease ofiles over w de range of

s 0G0 ﬁ&ﬁ éﬁ% ShemnETangs Rbete dbrpist efese in propordion of
pogﬂ%‘f y, for caffeine concentrations of 8.3%to

O%[0045] As shown in Figures 1 and 2, caffeine

concentrati ons of up to 90% did not affect the rel ease

fil abl et.s havi ng PEO of | ecul.ar, wei ght X.

[0(%88_ eﬁ G He Q%?f oTHe BB dat Pon t Sf@]g%’mg
héendnglograe e@fatibR! LR Wak -+ A8t efndorm] 2 Eksanﬁag th
P Wtthé)% of eﬁfaxl 106 [{(})18146] The abi | l|rty Eop%se are the
amounis @rﬁtcaf&tlm)msbeasefd gdmhei rtbe |t<vtalt dtmomb rofehEféine in \bhd tablet, the

aff the r rofi t he f.or,mul,ati on, .
cof e bAd" B il RArCRR Crehiebe iy Iebier i A B regression
anﬂ?diyf)va@péif(ﬁnﬁ& abd @ CErrélstich ERFEERATE WRCIRARKL. | The value of n

proportion of polynmer necessary. [0047] The rel ease
dlSRlaM%i incthe) Aguremeatilscty é‘!@ehliﬁaﬁédoﬁ%e eHé&inpicdlegsd prgfile. The closer

to 1 the value of n is, the more linear the release profile. The n and R? values for

Figures 1 and 2 are shown below.

Table 1
PEO (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 0.6803 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 0.9991 0.6617 0.9981
90% 0.7539 0.9999 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



phenonenol ogi cal equation: where M , JVL, k and n are
the anobunts of caffeine released at tine t, the total
wa@prmsnb4sef caffeine in the tablet, the constanp¢T/aazhos/000102
exponent for the rel ease kildetics, respectively. A
i near regression analysis was perfornmed and a
correlation coefficient R2 was obtai ned. The val ue of
fofnlhis@hayvedribed ihExdrgeriesur @hd eahseidad usingeard m-afameter
the caffeine rel ease profile. ¥he closer to 1 the
tablef) punchfhaingsa cemeal piseb cyiingen of (4 Re (demagiorp pg shewn below.

The n [ r
T A Ao Wi b i, BBl e B AR, o1
an exanpl e _of which is shown in Figure 3, was prepared
to inprove:liinearity of the caffeine release profiles.
Each tabteat wasfernul ated as des bedi n Exanple 1,
but Wa pressed using a 10 mgdianmefier tabl et punch
entral dteel cylinder pf: Lef
: le—eenptrat—eyl i hdé
iddle of the tE

ifferent diameters“with caffeine
% and 33.3% respectively. The n
ed according to the equation

provi I n paragraph 46, above. [0050] As shown in
Figures 4 and 5, the linearity of caffeine rel ease was

I nproved by usi g _donut-shaped tablets. This is due to
[0049% f aligurch 4tandedisplen bhe cafTomepiclaaed proifilas| of tellpist eontaining

rface area durin h Qe f, erasi . As..th .
Prghbs Ao eithy NeiehO8 RIBE it 2nof 87 iRt i witn
caficihe @hcdm@lionkeof @86 santi BB.30)ergppativelysi Orhedf values were

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

ntrations of .

[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% caffeine was released within 18 and 24 hours from the tablets with

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

EXAMPLE 3



erosion, the caffeine rel ease rate decreases over
time. [0051] Increasing the surface area of the
wo adsev43i ncreased the rate of caffeine rel easPCT/FGL005/000102
exanpl e, as shown in Figura45, at a caffeine
concentration of 33.3% about 94% caffei ne was
rel eased within 8, 16 and 24 hours fromthe tablets
[0W62]h aFbeihe Rfvitn edpetif@nBiie webhed PECehyd cAffeisOore irfixed
Figure 4, at a caffeine concentration of 80% about .
thargugll oy anpraialin Srpding 43 8 Fiefic HPTHATL SSRAHIIY HEPS VRp gasd in

.abl e ' I f .3 ' t
d B S O By RS e LA A povaer
mIRKRE WAEIES  colrpeesv®i ghitada REOraog hpdrhelionprewe Grageb¥ eShecac)
t horoughly hy manually grinding in a stone nortar.
undging PEFBEg of g&cMB% e*%iémag@duﬁn?g FFR Srvy-sligmeter, tahlefqamches
wifll cdfeCk slifacRE TN 16813l aflRY BB 2 b dror HRRATARH R Nept at
powder m xture was then conpressed wth a | aboratory
35hyglr aul i ¢ press praseby Specac) under a pressure of 38
MPa for 1 mnute using two 5 mmdi aneter tabl et
unches with convex surfaces. The total nmss of each 5

[0033 di alklt erpepimepsdera Bridermpdoncaegus Dasleygats vglang 280 —

h ' r r -
SO PURSEL RS o SOOTRYEY SRADNS, TR RS o
anfsthetvuwngith Si yap@méjormiduen rmaixsireveddenifiistesdd intra-peritoneal, at
:§3ﬁf thetised with a hypnorm’dorm cum mi xt ure
0. O8idfed intra-peritoneal, at 0.33 nl/1 00 g rat.
[0054] The left fenoral vein was then | ocated and
159!l at ' I 1:QGLS] :
(00639 7 B8, R0 TRl SIS then, Rl B3l 3R BchRS soal,
shaltosgiinasipn | atnthef imersdchion hofp ah oinhdpgndoy seideferored Ligd lwith an

unggr}gary 1%% rgrcyrrll [t]tge 1218 tto ?[{;:dba%g r(1) Cet tlai\f.eThe underlying fat and connective

tissue was teased away from the blood vessels using a pair of blunt Mayo, straight

scissors. The vein was cleared of adhering fat and connective tissue, and supported

using a small rectangular piece of cardboard.

[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 hepariniséd syringe. The entire length of the cannula was flushed with



ti ssue was teased away fromthe bl ood vessels using a

pai r of blunt Mayo, straight scissors. The vein was
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supported using a small reasangul ar piece of

cardboard. [0055] Two short strands of suture were

t hen passed beneath the vein, and noved to the

hepsraxédiedalin® dokdtish. alhe athetof wabah@x prgee weihna skl stretch of
distal strand was stitched into a dead knot to

mgtdstri ct venous flow, while the proxi mal end was tied
into a | oose knot to allow entry of the catheter
| ater. [0056] A small incision was nade near the
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toctigipl etely in the vein. [0057] Proper vascular access
was then determ ned by checking for venous back flow
usi ng a heparinised syringe. The entire |length of the
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to occlude the catheter with a knot that was too
tight. [0059] A suture was then passed through the f at
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left in_place. The rectangul ar_ pi ece
tissue. A steel rod was then introduced tinder the skin and pushed toward the area of

the cannulated femoral vein. It was made to emerge close to the site of cannulation.

[0061] A polymeric 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



cardboard was renoved. [0060] The rat was then turned

over to expose the dorsal surface. A small incision
woresoassel on t he skin between the ears w t hout POBREYI0HF0102

t he underlying connective tibssue. A steel rod was then

i ntroduced under the skin and pushed toward the area

of the cannul ated fenoral vein. It was nmade to energe
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was finally secured in place using sutures. Again,

care was taken not to occlude the catheter. Finally,
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tablet. Caffeine dissolved in deionised water at
vol une concentrations corresponding to the nmass

ti f blcet di d [ .
0080 G A5, 0 ouT bl O e g SRERRRC 4 ofihfinisca

midrOéablfugdmibel AidekitrifgiedradadIion frrsahinites@b obfAh the plasma.
tabl ets and solutions, a 500 nL sanple of blood was

tPAISER saples wage Rioged(ghrd0 d65im) fresh Hrepammisechmi eagmosEuge tubes
untfi atfl@ ehline could be extracted from it prior to analysis by high performance
liquid chromatography (HPLC).

[0067] To extract the caffeine from the plasma samples, 150 pL of plasma from
each sample, 150 pL of an internal 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 photodiéde 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



Subsequent sanples were drawn fromthe catheter at 1,
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Solvent A: 0.05 % acetic acid
Solvent B: 50 mM ammonium acetate

Solvent C: methanol

[0069] Sustained delivery of caffeine was expected to result in two phenomena: a
reduction in the nitial 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 cofnprising 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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of GAREE, s’ Skl | e AHALL £Bbispf 1SS (Y sfiof or o
caffeihé-eomainihignbe(erhgy) ikl ovdent e (artatri n) spSoifice RYsténl-Acaffeine

Solvent B (% Solvent C (% O 1.00 100 0 0 5 1.00 . 95
copeegraing 00 95 0 5 24 1.00 0 95 5 35 1.00 0 95 5 45

1.00 0 60 40 50 1.00 0 60 40 51 1.00 100 O O 56 1.00

100 0 O Solvent A: 0.05 %acetic acid Solvent B: 50 mM
[00¥3Honi Kiguraceslatves Bot, ierthe Casenaft thar’@bo cABERY-cGitsihmignmdrose

tabﬂaﬁlﬂ3 kﬁ%ﬁgfs’faaﬁ?fei 1el{itri]a i\ﬁ\gcseaseexlg esg}u%g cettf?ehrleeggrlctentlrar%iotnvgm to the
almost immediate release of caffeine from the tablets, and the subsequent absorption
of the caffeine by the gastro-intestinal tract. In contrast, caffeine concentrations in the
serum of the rat fed with 32% PEO tablets did not increase as quickly as the sucrose
tablets, despite the rats having similar absorption rates, suggesting that the PEO

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,



reduction in the initial high rate of caffeine rel ease
(burst release), as well as a reduction in the change
w0 poosab48ei ne concentration in the system c ci reol/aG2008000102
[0070] In vitro studies shawed that the rel ease
profile of the caffeine-|loaded PEO tablets was not
affected by the quantity of caffeine used, at |east up
a &@repleObdveRRR0 M WRIlghindichbe tet or 82%3RPE0 {ablét)can achieve the
caffeine, wth matrices of PEO (MN= 8 x 106) were
equialent of @bqui+ dpsed aftsyclephpYerageng sucrose as the matrix
and either 8% or 32 % (ww caffeine served as the
negative control. In a rat, the 8% caffeine loading is
[0078F apRr exhplat eyv@dotnyaleant sygfena firngl susaineenéleapaleatfeine
dose of caffeine (e.g. in beverages).Thus, the 32 %
forgaation teerelgrschas heemeehmyerdt abl ets in the rat provi des
t he equi val ent anmount of caffeine that would result
fromfour conventional doses, or one high dose, of
caffeine. This sinulates the scenari o where a person
consunes four cups of a caffeine-containing beverage
in order to attain a specific system c caffeine
concentration. [0072] Figure 6 shows that, in the case
of the 32% caffeine-containing sucrose tablets, there
was a faster initial increase in serumcaffeine
concentration due to the al nost i medi ate rel ease of
caffeine fromthe tablets, and the subsequent
absorption of the caffeine by the gastro-intestinal
tract. In contrast, caffeine concentrations in the
serumof the rat fed with 32% PEO tabl ets did not
i ncrease as quickly as the sucrose tablets, despite
the rats having simlar absorption rates, suggesting
that the PEO retarded the rel ease of caffeine fromthe
tabl ets. [0073] The sucrose control tablets containing
32% caf fei ne appeared to have a



somewhat simlar release profile as the PEO tabl ets.
This is |ikely because the caffeine could not be
woredoabeisszed as quickly as it was bei ng absor bedr/sG2005/000102
the serum due to enzyne satarati on. Thus, with respect
to the sucrose tablets, what appears in Figure 6 to be
sustai ned rel ease of caffeine is probably a sustained
WRAES @NGRe@fs:caf f ei ne. However, in the case of the PEO
‘tablets, as shown in Figure 6, the persistence of high
caf feine concentration in the serumis due to a
const ant, . | f ffelne. k. LS. Sl l.ease
L 2ook Sl BP0 8 LHASAE Sk SR e B 8 e
abs gtptdiPenffeitieds kd)enss@ o the Mbldiat £ aselydonéthe rad% PEO
tabl et, the plateau does not indicate an accumnul ati on
of caffeine in the plasma, since the plasm caffeine
| ev i's r 0 th S ingth % s 0S .
2. t abﬁlg? . ‘ah%rga%cfcg%gs :#)at glggnshclaul g’hgél{? nt{ fé‘% prg(fl%%leras 18
t he hpdrosymopylmethlykellslose (HPMC)plcalnlase atdiatieneclhdvsl scetate
upon their yepoyal by netabaglic epzynes. [0074] These
r es OMYEtE RALYBRY YR igpes dfodunpeapotymathyl caiwogey w)
caffeine PEO tablet was able to maintain a systemc
caf fei ne concentration that was only possible using 2
3. t 0 Zhefabidhec®¥difgrtorlaion? frdiiches 8 hbomogencbabmettureThat i s
to say, since the 8% sucrose tablets are neant to
represent a conventional dose of caffeine in, for
4. exanpt eaetCAlhRINE td eMahat Q:om?ﬁ@ing el 8% RADOG! Batfdhd by
a 32% PEO t abl et can achi eve the equival ent of about 4
dos®&sighf olsiallet. a beverage. [0075] A sinple
t wo- conponent system for a sustai ned-rel ease caffeine
formul ati on therefore has been achi eved. What is
5. cl airA® ehbles ‘acdordifg 36 Sla e rheRirets @ olyakdral poBABIhlyRhe @xide)
caffeine and a hydrophilic polyper wherein caffeine is
r el Baigega ﬂwlﬁwkah@etgagp%ftboat & 1qeqr gipatelonst ant rate.

6. The tablet according to claim 5 which is a homogeneous mixture.

7. The tablet according to claim 6 comprising about 8% to 90% caffeine by
weight of tablet.

8. The tablet according to claim 7 wherein poly(ethylene oxide) has a molecular

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

9. The tablet according to claim 8 comprising about 10 to 92% poly(ethylene
oxide) by weight of tablet.

10.  The tablet according to claim 9 wherein caffeine is released over a period of

about 8 to 24 hours after oral administration.

11.  The tablet according to claim 10 comprising a kavalactone.



2. The tablet according to claim 1l wherein the pol yner
i s hydroxypropyl net hyl cel | ul ose (HPMC), cell ul ose
wacesabs3l cel | ul ose acetate butyrate, PCT/SG2005/000102
pol yvi nyl pyrrol i done or sodium car boxynet hyl
cellul ose. 3. The tablet according to claim2 which is
a hormpgeneous m xture. 4. The tablet according to
claim 3 conprising about 8% to 90% caf fei ne by wei ght
of tablet. 5. The t%blet according to claim1l wherein
12¢ he Ths t3higtacsasdips 3 ¢lawn |9 @fhéreaﬂheg&blﬁa@/ fomit-shapslecul ar
wei ght of about 4 x 106 or greater. 6. The tabl et
according to claim5 which is a honbgeneous m xture.

137. The fablkt ekcadingr @i oRit 07 clonkiNife Qifnpd’lyﬁthﬂ'ﬂm@b@}dﬂeﬁ%ad
to 90%.caffei ne by weight of tablet e tabl et
acc6H&Ry to claim 7 wherein pol y(ethyl ene oxide) has
a nol ecul ar weight in the range of about 4 x 106 to 8
x 106. 9. The tablet according to claim8 conprising

14.abolihe tdbldt @ac@28inp od yiash Hydoasistigedetially ofgiofitthglene oxide)
tabl e 0 The tablet according to claim9 wherein
caf f eﬂ@ rel eased over a period of about 8 to 24
hours after oral adm nistration. 11. The tabl et
according to claim10 conprising a kaval actone. 12. The

15.t abllbe tabiet agodiding tocclaimal nwh@einmlypthylehe okidb) ks d molecular

donut d. 13. | e ccopding to claim?7
¢on¥F @?‘FW&E‘%*&%‘BPW é’l"h{l/ixgr(?etkbg?‘g@)' and caffeine. 14.
The tabl et according to claim?7 consisting essentially
of ;13 ol yi)et hyl ene oxi de)
he tablet according to claim 15 comprising about 50% caffeine by weight of

the tablet.

17.  The tablet according to claim 15 comprising about 80 to 90% caffeine by
weight of the tablet.

18.  The tablet according to claim 15 wherein caffeine is released over a period of

about 8 to 24 hours after oral administration.
19.  The tablet according to claim 18 wherein the tablet is donut-shaped.

20. A sustained-release tablet comprising at least about 40% xanthine-derived

stimulant by weight of the tablet and a hydrophilic polymer.

21.  The tablet according to claim 20 wherein the stimulant is caffeine,
aminophylline, oxtriphylline, theobromine, or theophylline or a mixture

thereof.



and caffeine. 15. . The tablet according to claim13
wher ei n pol yet hyl ene oxi de) has a nol ecul ar wei ght in

wo b@snassge of about 4 x 106 to 8 x 106. 16. TheCT/a6re5/000102

according to claim15 conmpresi ng about 50% caf fei ne by
wei ght of the tablet. 17. The tablet according to
claim 15 conprising about 80 to 90% caffei ne by wei ght

220f tfhe ttbleet .act&dinphe t¢ ablletm acdor dilgeih 0 hkai polimer s

t o b e dret GBS AFMG) el s iterrelitam acetate
accsﬁtgfa&g ngvﬁézgjﬂﬂoﬁﬁoﬂ@ 8f S&diudh %%bhﬁﬁhahg Rllulose.

donut - sha A 'susfai ned-release ta
conpr|5|ng at | east about 40@6xanth|ne deri ved

stl ht of e .t abl et a hydr ophi |

23301 i Pbles Rcoiad o cffion 205t B S et obgSUpismaionide)
t hengitingms hl%[gcu]a?vv%%% &1 bBut AX1100ML Jﬁcle]]n

oxtriphylline, thedbrom ne, or theop line or a

m xture thereof.22. The tabl et accordlng toclaim2 1

24. Pl ot LR v NN B PR R ol i Pt

25.

26.

27.

28.

29.

30.

pol wgmydfmbwm 1 dgns 8 x0106sodi um car boxynet hyl
cellul ose. 23. The tablet according to claim2 1

wherein the potymer is poly(ethyl ene oxide) having a

nol-geul f, a x 106 or .grea 4. The
tab tt%{%ect\g?é P&m d° Flgu més V%xl]%g} SORSiS' ﬁgﬁ%ﬁ%@t and
omﬂné;)(eﬂngkm&onﬂb)ecul ar wei ght of about 4 x 106 to 8 x
106.

The tablet according to claim 25 comprising about 50% of the stimulant by

weight of the tablet.

The tablet according to claim 25 comprising about 80 to 90% of the stimulant
by weight of the tablet.

A method of preparing a sustained-release caffeine tablet comprising,

mixing caffeine and a hydrophillic polymer to form a mixture; and

compressing the mixture into a tablet.

The method according to claim 28 wherein the polymer is poly(ethylene

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

A method for increasing the alertness of a subject comprising orally
admunistering a tablet comprising caffeine and poy(ethylene oxide) wherein

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



25. The tablet aceording to claim23 which consists of
the stinmulant and pol y(ethyl ene oxide). 26. The tabl et
wa@cesndisag to cl aim 25 conprising about 50% of P¢T¥8G2005/000102
stimul ant by weight of the2Bablet. 27. The tabl et
according to claim25 conprising about 80 to 90% of
the stinmulant by weight of the tablet. 28. A nethod of
31.Pr ePRE i pghed SUssrdingetr chiigase whktai pelylclbliele oxide) has a
“conprising, nmxing caffeine and a hydrophillic polymner
t o footesular weightinehe mnae ebthonbd &0yt #g I8 xture into a
tablet. 29. The nethod according to claim 28 wherein
the polyner is poly(ethylene oxide) of a nolecular
3o Wei ghd nRthodbRbérdthgXo 18mO31 gheiethe t3blet donifRisBodbduE% to
i ncreasi ng the alertness of a subject conprising
or aP9% ofeniginesbrveight of hafbiat: conpri sing caff ei ne and
poy( et hyl ene oxi de) wherein poly(ethyl ene oxide) has a
nol ecul ar wei ght of about 4 x 106 or greater.31. The
33.net e ntodradestding Go elainri230hahiar the b lcpiadth pl enfifeine and
oxi de) has a np] ecul ar weight in the range of about 4
x 1P@YieHyieng o). 32. The net hod according to claim 3
1 wherein the tablet conprises about 8% to 90% of
caf feine by weight of the tablet. 33. The nethod
34.ac cPhal imethddoacchaling 82 clalver38i wherhm ¢akfimet iscoleaseslt st ofnearly

caf f ei ne and pol y(et ne oxi .34, Th t had ..
ac c%qnaﬁaﬁbra%eoo‘@r %Pigﬁ‘%‘gg 8?%§W %’39“@? 3o ?F‘ dEon
a nearly constant rate over a period of about 8 to 24
hours after oral adm nistration.



