1 Phenyl ephrine Pharnmaceutical Fornul ati ons and Conpositions for

Col oni ¢ Absorption 5Background of the Invention Phenylephrine and
phar maceutical |y acceptable salts thereof are recogni zed by those
skilled in the art as safe and effective nasal decongestants for
humans when admi ni stered at frequent intervals.
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ot her than the core conprise(s) phenylephrine or a pharmaceutically
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20enbodi nents, the concentration of unconjugated phenyl ephrine in the
pl asma of the subject is at least 0.1, 0.5, 1.0, or 2.5 ng/nL at 24
hours after adm nistration of the conposition. Certain other

enbodi ments of the invention are Methods of adm nistering

phenyl ephrine to a subject, conprising orally adm nistering a
conposition conprising phenyl ephrine or a pharmaceutically acceptable
salt thereof, said conposition delivering phenyl ephrine to the
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Figure 8 shows sinul ated plasm concentration profiles for a 10 ng

i mredi ate rel ease dose of phenyl ephrine as well as 60 ng
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ranges detailed in Table 16. 15Detail ed Description of the Invention
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10sol ution, appears to have sub-optiml efficacy as a nasal
decongestant. The present invention is based in part on the
observation that the absorption of phenyl ephrine fromthe | ower
intestinal tract, where sulfotransferases and UDP-

gl ucuronosyl transferases are found in a smaller nunber and
quantities, increases the bioavailability of phenylephrine by a
factor of three conpared to the bioavailability 15neasured for an
oral adninistration of phenylephrine i its inmediate release form
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adm ni stration of one or. nore additjona ﬁ&g&b{tlc ag r&&%%lnthat
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10sust ai ned rel ease of phenyl ephrine is achieved in the upper portion
of the G. of the subject. In all enbodinments, by a portion is neant
about 5-95% of the anobunt of phenyl ephrine or a pharmaceutically
acceptabl e salt thereof admi nistered. In specific enbodi nents, the
portion is about 5, 10, 20, 25, 30, 50, 67, 75, 90, or 95%of the
anount of phenyl ephrine or a pharmaceutically acceptable salt thereof
adm ni stered. In certai'n enbodi nents, the portion 15is about 1/4,
1/5, 3/4, or 9/10 of the anount of pheyl ephrine or a

phar TRceut iggklsknakC P bl ich Bhdrid Bl figlyePARlo Mo G 1hjay o et
enbodi-nent s, portion i s about 17 3 61% of the
amount of WEH?IP‘E}S'H foralagd far ﬁﬂﬁa‘ﬂ?ﬁh@@aﬁ @QPI‘%Ve’a‘éfd’@B?)ﬁ‘Eﬂhém% #diloizding of
adm ni sterﬂﬂnulm@@t@nﬂmMaww@saort| on i s about 5-20% of the anmount of
phenyl ephr ] r ar mac utical cce bl e t her eof .
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phenyl ephrinQ%ll&mﬂEd@w@%f':@%g@mﬁQb niﬂﬁl@ﬁ)ﬂéﬂhﬁﬂe fodRddd. parts of the
tract X ncI u t he denum je ununhel I eu?gand colon. Certain

errbodl ment S8YF 75 %“’ Hokte (13’ STf %"“ﬁ iod:Nin oI Rdftgrelease dose
f or muoat edofghesylaihrigé & wisade nigphemylephiat dase scephéisydaglediinTatde 173
phar maceut t t.hereof to a subject in need

t her eof , stoggljnjffytlh?gagg& c@é&gg i’?’?[lr?glcllﬁ that the subject exhibits peak
concent r at Figyfe GfShWHIB@Fi iPlew2 pseniraiphpotiles for 200 aurimmadiagyelgase dose
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ng/ nL at aff3EE EsTe fan m?‘FH‘f‘ta 54%nours after ingestion of the '
conpdsi t i oRetaife@rDes h ef the fnvesfdnai N enbodi nents, the subj ect
exhibits GQncentration of unnetabolized phenyl ephrine in plasm
at about bétween 0.1 to 14 hours, 0.1 to 12 hours, 0.1 to 10 hours,
0.1 to 8 h&uvsed herein a pharmagewicaiiy Acgeptablelsalt of phenyigphsine gnciudegybup is not
hour s) , - af figfied tBQﬁé{y!e‘ﬂﬂﬁlﬁkfhéfm‘b@hlﬁmﬁﬁénsfleﬁl&ﬁﬁﬂa&rﬁ@ SHRAPLARRL 28k,
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subj ect ex hrlne
in J|oI asma g*quggut E’?ﬁ‘%&lﬁgﬁ'@%@?‘l"ﬂ% %gur gmg&%m#én&%g}a?gﬁﬁ%?p
conposi t i offeBifdlly piéerethiince §B6TI e Be bedyerf PIsehient P¥rEPy f§r hereleess ?féf?eé’ﬁsea :
Ievel3 gr egieephdnb&pma]elmgésrﬂm ()&ngonju@at@ Bjrgllsmfotra}qsfﬂﬂié%r,a opP2.5 ng/m)
at about ter ingesti

conposi ti oﬂ“““i"?{“’éﬂga'ﬁg"'é‘i‘%rﬁg o %‘6 ?Pe“ﬂ’(’ep*\"ﬁ%e’&hd‘?‘}ﬁé'ée’?l"*&‘hc FHEB§Rs 12
hour Zust ainrleid spegifisatie thd et fimeonjb st phaeylephrie”fhesedirgeohangeblyywith
accept abl e« 5aletapbiflel §fnylebtliRP En DAL IR apehflanF MRS LI N s a

solid fornulati-on conprising a core for sustai ned rel ease conpri si-ng
pheny|.ephr Phsaylgghrige o} tsdPheIePRERR soatas inslide phanylegliine ghag was at
coating | ayerin@ifictivited BOERjugMEAbus Wadia@heityhiegdtdd 4 idiot erapeutically
phar maceut | cal | y acceptable salt thereof for imedi ate or sustained
rel ease. 18" one enbodi ment, the conposition is formul ated to

del i \B@r noTie teinatpre@pentic mh@ﬁtmaraqmemdre'phrdoneeccim with phenylephrine
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accept abl eptzayléptriae bk liver @ fwehmbhybleedsednnan 20% i medi ately or
within 1 hour after ingestion. Mre preferably nore than 40% of the




12 to expose and rel ease phenyl ephrine or a pharmaceutically
acceptabl e salt thereof for absorption in the colon. In certain
enbodi nents, the erodible |ayer(s) conprises coating(s), polyner
matric(es), and/or casing(s) encapsul ating such core. |In other
enbodi ments, the erodible layer(s) conprises a matrix in which the
core is enbedded. 5It is understood that additional conponents to
facilitate and inprove a pharnaceutical conposition, such as one or
nore viscosity-nodi fying agents, stabiVizing agents, -and suspendi ng
agent s, “ﬂaete%f ammmcm bk 8L ARPEARE BIvE ot QVkel Herb e S
pharnaceutlca accept e and conventionally used I n

phar naceutq“&‘a?ﬂnl?@h’ﬂﬁglpﬁe(ﬁ?loar@ hepigenasy @edi red. Additi onal

phar naceutmaémewm@e&:ﬁc c&mmﬂeklmsmmﬂaMnbm@dpradmmmuﬂd in,
for exanpl armaceut i Sci nnaro,  A., ed.),

P
oGk Py BB oS Sed Bl AgouRpedo Seaiod it o SEHORS O ose
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conposi tions. Methods of formng matrices and coatings W th or
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coat ij0gs arsI@ENe\Weed mreﬁmﬁeafslfor Argiex afqgl the “ifed mﬁsmef:oﬂceﬁmuaﬂnme
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to coI um l'ine ()6 i ncorporated herein By reference. |llustrative
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phar mac eUtfb:%' tbyth@ GERRER R ﬁaes%%lheh@ efi@@fevei Qhe &Qﬁ%&&%‘f%s%%gm}lt

the entire G tract. For exanple, .the inclusion of phenylephrine or a
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14 polyners useful for erodible pellet coating). A pellet is
spherical to elliptical, and has a dinension of 0.1 mmto 5 nmin the
di aneter or axis, preferably 0.2 to 2 mm and nore preferably 0.5 to
1.5 mm A schematic showi ng such pellet core is shown as Figure 113.
The overall structure of the pharmaceutical conposition is as shown
in Figure IA. Small 5pellets have been shown to have | onger retention
in the colon than unit'  dose tablets. In-one enbodi nent, the total
dosage form conprises 1-150 ng (e.g., f.ng, 2.5nm, 5nm, 7.5 ny, 10
my, 12.5 n@fphl@lé@mn@ﬂnaﬁi!}r takts plige dlﬁﬁlgﬂigsorﬁﬁml@m the) upipr inddtingl tra&r(y. &1y,

55 ng, 60 90 95 ng, 100
ny, rT!i()S ng{ﬁgiei dflfgm%‘et(lgﬁ%meffg%u n%ﬁﬁ 135 ny, r17?10 Ny,
145 ng, orgltaﬁomxgylhpiraéengdeeqbbtrarrmbum there i) plealenmurhet arciajubititge.dept abl e
sal t theregly, rﬁa}q’%rﬁ»bnmw&epﬁa& 57, A LoV LY B?)Elli}&z{&%l mg;loéiﬁ%% form 1In
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certain enbodi nents e matri x al so ris e or a
phar maceut Pfi®I%) mepcadditigns! éheéazRF‘f“ctaﬁ%‘?‘ébghgt R %5 é‘%ﬁ&’ﬁ%b ‘Br‘r%eo"c??‘f?ém ¥,
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mat ri x. conpri ses phenyl ephri e or ‘a pharnaceutically accepta sal t
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or a phar Na&RH bMWY IRGAREA M AmBal dre kitenfoholiificionust ai ned rel ease
form the Pﬁllet corg IS f.g. rnul ated to deliver 5phenyl ephrine or a
phar maceut  e4PAFEUNPLHTIRIWOBY| ¢ thereof in an inmediate rel ease
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henyl ephr
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appropri ate dose of phenyl ephrine. In one enbodi nent, the erodible.



1- 150 ng phenyl ephrine or a pharmaceutically acceptable salt thereof
per dosage form and a top coating wherein the top coating functions
to enhance the appearance of the formul ation which conprises 1-10%
w w | ow nol ecul ar wei ght hydr oxypropyl nethyl cell ul ose (HPM),

pol yvi nyl al cohol or Kollicoat IR including a plasticizer up to
3010% of its weight, and in case of an active coating, 1-30 ny
phenyl ephrine or a pharnaceutically acceptable salt thereof per
dosage form |In one enbodinent, in addftion to the core conpri si ng
phenyl ephrih pRsi ofaa fubjactanataut b aadrk yftaamgemoabf the sahpositivarghid sitiet. In
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ol ease. | qiRneie WM B Aloubibd o9 tkirkohOied By bKARN S BT irikAfing oral
phenyl ephrine or a pharmaceutica acceptabl e salt thereof he
conposi t i dthemyrbAgg andmppmingatedph @H%PB‘WWP ma Sphar maceut i cal |y

accept albl EEx@Ripfan lhan@ﬁffm]‘@faymm&dl ﬁ&x@ylépﬂihﬁiﬁﬁﬁ @s&;agamarpaeﬁy@mm aﬁke
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exanpPe, tMa%éPmmﬂPm@f raﬁps@armédIfracﬁama*tyaww*teyﬂawc‘fl fad their
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2. Table 2. Conponents” Exenplary Fornulations A G
of phenylephrine is achievgcrl)in thg upper portion of the GI tract Sf[mé gu _13622 In @et%th%r D

embodiments in addition to delivery of a portion of phenylephrine to the colon of the
subject, the composition is further formulated so that both an immediate release as well asa
10 sustained release of phenylephrine is achieved in the upper portion of the GI of the subject.
In all embodiments, by a portion is meant about 5-925% of the amount of phenylephrine or a
pharmaceutically acceptable salt thereof administered. In specific embodiments, the portion
is about 5, 10, 20, 25, 30, 50, 6’(, 75, 90, or 95% of the amount of phenylephrine or a
pharmaceutically acceptable salt thereof a‘.dministcred. In certain embodiments, the portion
15 is about 1/4, 1/5, 3/4, or 9/10 of the amount of phenylephrine or a pharmaceutically
acceptable salt thereof administered. In other embodiments, the portion is about 17, 42, 45,
50, 54, or 61% of the amount of phénylcphrine or a pharmaceutically acceptable salt thereof
administered. Preferably, the portion is about 5-20% of the amount of phenylephrine or a
pharmaceatically acceptable salt thereof administered. More preferably, the portion is about
20 . 10-15% of the amount of phenylephrine or a pharmaceutically acceptable sait thereof
administered.
In one aspect, the invention provides pharmacentical compositions suitable for oral
administration comprising phenylephrine or a pharmaceutically acceptable salt tﬁereof,
wherein phenylephrine is made available for absorption from all parts of the GI tract
25 including the duodenum, jejunum, ileum and.colon. Certain embodiments of the invention
are pharmaceutical compositions formulated as a single dosage form to deliver
phenylephrine or a pharmaceuticaily acceptable salt thereof to a subject in need ﬁncreof,
such delivery resulting in that the subject exhibits peak concentration of unmetabolized
phenylephrine in plasma at about between 0.1 to 16 hours after ingestion of the composition
30 and the unmetabolized phenylephrine is maintained at a level greater than 0.1 rfg/mL at
about 6, 8, 12, and/or 24 hours after ingestion of the composition. For example; in certain
embodiments, the subject exhibits peak concentration of unmetabolized phenylephrine in

plasma at about between 0.1 to 14 hours, 0.1 to 12 hours, 0.1 to 10 hours, 0.1 to 8 hours, 0.1
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- to-6-hours, 0.1 to.4 hours, 0.1 to 2 hours), after-ingestion-of the.composition and the
ﬁnmetabo]ized phenylephrine is maintained at a level greater than 0.1 ng/mL (e.g., 0.5
ng/ml, 1 ng/ml, or 2.5 ng/ml) at about 6, 8, 12, and/or 24 hours after ingestion of the

" composition. In one preferred embodiment, the subject exhibits peak concentration of
5 unmetabolized phenylephrine in plasma at about between 0.75 to 2 hours after ingcstioﬂ of

the composition and the ;znmetabolizcd phénylephrinc is maintained at a leve] greater than
0.1 ng/mL {e.g., 0.5 ng/ml, 1 pglml, or 2.5 ng/ml) at about 6, 8, 12, and/or 24 hours after
ingestion of the composition. ' '
In one preferred embodiment, the composition provides 12 hour sustained reléase of

10 phenylephrine or a pharmaceutically acceptable salt thereof. In one embodiment, the
co:ﬁposition is a solid formulation comprising a core for sustained release comprising
phenylephrine or a pharmaceutically acceptable salt thereof and a coating layer over the

" core comprising phenylephrine or a pharmaceutically acceptable salt t‘hcrm‘)f for immediate
or sustained release. - -

15 Ir one embodiment, the composition is formulated to deliver more than 40% of the total
phenylephrine or a pharmaceutically acceptable salt thereof before entering the colon. In -
another embodiment, the composition is formulated to deliver at.lcast a portion of the total
phenylephrine or a pharmaceutically acceptable salt thereof, preferably more than 20%,
immediately or within 1 hour after ingestion. More preferably, more than 40% of the total

20 phenyiephrine is delivered by sustained release to the upper portion of the GI tract of the
subjéct before entering the colon. See, for example, Tables 16 and 17 dose scenario where
about 33% is delivered to the colon, specifically Table 17 (dose scenario 10 mgIR + 10 mg -
SR + 10 mg colonic) and Table 18 (dose scenario 20 mg IR +20 mg SR + 20 mg coi-onic).
See also, preferred embodiment for 30 mg phenylephrine dose where about 17% is

25 delivered to the colon, specifically 5 mé of 30 mg dose is delivered to the colon. '

In another embodiment, the composition is formulated to deliver 25% of the tota_.!

phenylephrine or a pharmaceutically acceptable salt thereof in an immediate release form

and 75% of the total phenylephrine or a pharmacentically acceptable salt thereof over 6-8
- hours. See, for example, Tables 8 and 9 In one preferred embodiment, about 10-15% of

30 the amount of phenylephrine or a pharmaceutically acceptable salt thereof admi'niste.rec_l is
delivered to the colon. - ‘

- In one embodiment, the compqsition comprises a core comprising phenylephrine or a

pharmaceutically acceptable salt thereof, and one or more ercdible layer(s) which degrade
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to expose and release phenylephrine or a pharmaceutically acceptable salt thereof for
absorption in the colon. In certain embodiments, the erodible layer(s) comprises coating(s),
polymer matric(es), and/or casing(s) encapsulating such core. In other embodiments, the
erodible layer(s} comprises a ﬁanix in which the core is embedded.
It is understood that additional components to facilitate and improve a pharmaceutical
composition, such as one or more viscosity-modifying agents, stabilizing agents, and
suspending agents, and buffers to maintain appropriate pH known in the art as
pharmaceutically acceptable and conventionally used in a pharmaceutical composition are
added as desired. Additional pharmaceutical excipients commonly accepted and used are
found in, for example, Remington's Pharmaceutical Sciences (Gennaro, A., ed.}, Mack Pub.,
1990. Likewise, one or more sweeteners such as sucrose, saccharin, Sucralose efc. to
improve palatability, one or more preservatives such as sodium benzoate, and/or food
coloring are optionally added as desired. The pharmaceutical compositions of the invention
may also comprise any one or more other additives conventionally used in the formulation
of pharmaceutical compositions.
Methods of forming matrices and coatings with or without pharmaceutically active agents
within such matrices and coatings are known in the art. For example, methods of forming
controlled-release oral pharmaceutical formulations are described in Gupta and Robinson,
“Qral controlled release delivery,” Chapter 6 in Treatise on Conirolled Drug Delivery,
Edi'tor A. Kydonieus, Dekker, N.Y., 1992; and in U.S. Patent 7,163,696 (e.g., see column 3,
line 22 to column 4 line 53), incorporated herein by reference.
Illustrative exemplary formulations or comgosilibns of the present invention
1) Time dependent or duration-controlled erosion formulation
In a fasted healthy adult, the stomach empties every 45 to 80 minutes, and the transit time
from mouth to the ileocecal junction is approximately 5 hours. Therefore a pharmaceutical
composition comprising an erodible layer which erodes completely after about 5 to about 12
hours, preferably in about 6 to about 8 hours after ingestion will protect a core comprising
phenylephrine until the target absorption site of the colon for phenylephrine’s release is
reached.
In one embodiment, the composition is a solid formulation comprising: a core comprising
phenyiéphrinc or a pharmaceutically accei:table salt thereof, and an erodible layer
encapsulating the core and optionally comprising phenylephrine or a pharmaceutically

acceptable salt thereof, wherein the composition and the thickness of the erodible layer is
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the composition reaches the colonic junction.

In certain embodiments, wherein the erodible layer comprises phenylephrine or a
pharmaceutically acceptable salt thereof, the erodible layer releases phenylephﬁne ora
5 - pharmaceutically acceptable salt thereof for absorption throughout the entire G tract. For

example, the inclusion of phenylephrine or a pharmaceutically acceptable salt thereof in one.
or more erodible layer(s) and/or an outer coating provides an immediate release and/or a
sustained of phenylephrine or a phafmaceutical]y acceptable salt thereof in the upper GI
tract upon ingestion in addition to release of phenylephrine ;From the exposed core when the

10 compaosition reaches the colon. _A
In certain embodiments, the composition further comprises an outer layer optionally
containing phenylephrine or a pharmnaceutically acceptable salt thereof in immediate release
form in addition to phenylephrine or a pharmaceutically acceptable salt thereof in
immediate release form in addition to phenylephrine or a pharmaceutically acceptable salt

15 thereof for absorption in the colon. The outer coating may be an enteric coating. A scheme
depicting the cross-section of such formulation is represented in Figure 1A. The
formulation may further comprise a second outer coating or top coating to enhance the
palatability of the formulation (not shown). The inclusion of phenylephrine in the erodible
layer and/or an outer coating provide a sustained or an immediate release of phenylephrine

20 in ti:e upper gastrointestinal tract upon ingestion. -
In one embodiment, the core is surrounded by the.erodible layer(s) formulated as a
conventional immediate release solid dosage form. In another embodiment, the core is an
encapsulated lfquid. In another embodiment, the core is a liquid-gel or a semi-solid. Upon
exposure of the core to the environment in the colon, phenylephrine or a pharmaceutically

25 acceptable salt thereof is released and delivered. o
In another embodiment, the core is a pellet core (multiparticulate core). By “pellet core™ it
is mearit that the core portion of the composition js not a uniform composition, but
comprises smaller pellets comprising phenylephrine or a pharmaceutically acceptable salt
thereof which pellets are embedded in a matrix material to form the core. Each pellet is

30 optionally encased in an erodible layer to confer additional control over the release of
phenylephrine (“erodible pellet coating")'. In one embodiment, such erodible pellet coating
comprises a pH-sensitive polymer. In another embodiment, the erodible pellet coating

comprises a colon-specific polymer (see Section 3 below for suitable colon-specific
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pol yners are used instead of those detailed in Table 4. For exanple,
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hydr oxypr opyl cel l ul ose (11 PC) having different viscosity,

hydr oxypropyl nethyl cellulose 5 (HPMC) having different viscosity,
car boxymet hyl cel | ul ose (CMC) sodi um or cal cium salt having different
vi scosity, and xanthan gum Table 5 reﬁgtes preferred ranges of
exenpl ary alternative hydrophilic poly Tabl e 5. ° Conponents
Ranges % wyolynidyslosefiy porcapydiblmnbmoem)l\lﬁ péBetis $heiap® elltptibah anddas a

Kl ucel LXFy ;‘@P 00
cps at 5% ISEDS?%LHNP'] lgl%ttiﬁ Zim %gﬁ%lg‘?lg%{&% Qgg%rc%%? W %%?o‘%uj‘l’ ?rél ose
NF 4000 - ©&eEblyss wtl 52%114% schepetici shopdng sychapglietipatedhthown ag figure 1B.

Hydr oxypr omel ovEralilsth @€ ofNhe %ﬁrgﬂaaug&@@mﬁﬂ&m@ﬁ islaoshoveh inMikked 1 ACE AN
equi val ent -90 Carb | ul ose Sodi um NF. 25 - 3100 cps at 4%

0X
or eqér val @Ht"‘s hﬁ}‘%r‘%ﬁﬁ&ﬁ’r?éf’ﬁ?/]‘ glgergelenteip the clen feggamit desedgpldys at 2%
or equi val Brke &nb&ﬂnﬁartb@tbydm&dagé fa;ahlcbthﬂms Sado Ak, 1680302.5 2800 mpps

3000, cps- o mboAGTRe il 2 D0 B ot Ragt St HP GO PPevD

100 cps at mz%ﬂlmaz cMegh ek, 150n4,30 nig, 88@8%90@5@999111 mgetQfyhg, 110 mg,

cel l ul ose I 0} % M 0L om K4 4 ‘ '
Pol y( et hyl PG %%%ﬁ’f R 10w an(':'\gs g0 mE 840 ) Bheniepnrine or a

Wat erl9So] ublrenaRewicady acceptaile seltthercol "GH‘FH ?ﬂlﬂldlbeo%BO%WWWﬁ?lfl dosage
Pyrrolidinem0 - 90 K nol ecul ar wei ght or equivalent | - 80 Acacia NF

In one embodiment, the pellet core comprises: 0.2-10% w/w of the core phenylephrine or a
phannaceuticall).! acceptable salt thereof; 0-90% w/w microcrystalline cellulose such as
Avicel® PH 101 (FMC BioPolyi'ner, Philedclphia, PA); 0-80% agents for controlling the
15 drug release rate, including but not limited to one or more of the following: a hydrophobic
base such as glyceryl monostearate or glyceryl behenate available as Compitrol® 888 ATO
(Gattefosse SA), a hydrophilic base such as hydroxypropyl methylcellulose (HPMC),
polyvinyl alcohol, polyvinyl alcohol-polyethylene glycol graft copolymer (e.g., Kollicoat
IR), hydroxyethyl cellulose (HEC), carboxymethylcellulose (CMC) or a salt of CMC (e.g.,
20 . CMC sodium salt, CMC calcium salt); and 1-10% one or more disintegrants, such as
crosspovidone or L-HPC.
Pellets are prepared by methads known in the art. In an exemplary method, pellets are
prepared according to above formula, using distilled water as moistening liquid (hp to 80%
of formula dry weight). All components are mixcd,'moistcned, and extruded through an
25 extruder (such as an extruder available from Caleva Process Solutions Ltd., United
Kingdom), and subsequently spheronized on a spheronizer (Caleva spheronizer). The wet
pellets r)btained are dried at appropriate temperature (tray dry or fluid-bed dry). The
resulting peliets are elliptical to spherical and have a dimension of with 0.5t0 1.3 mm in
diameter. '
30 In certain embodiments, a pellet core comprises a matrix and pellets con_'rprising
phenylephrine or a pharmaceutically acceptable salt thereof. In certain embodiments, the
matrix also comprises phenylephrine or a pharmaceutically acceptable salt thereof. In

separate embodiments, only the pellets comprise phenylephrine or a pharmaceutically



1-80 CGuar Gum NF 1 - 50 10Li kewi se, suitable alternative

hydr ophobi ¢ pol yners include ethyl cellul ose (Ethocen having various
nol ecul ar wei ght, acrylic acid copol yners, pharmaceutical wax, and
met hyl 20 cellul ose having different viscosity. Table 6 recites
preferred ranges of exenplary alternative hydrophobic polyners. Table
6. Conponents Ranges To w w Hydroxypropyl Cellulose NF 75 - 150 cps
at 5% Le. Mucci LXF or. equival ent Hydr oxypropyl Cellul ose NF 150 -
400 cps at 5%i.e. }Cucel JXF or ‘equiValent 5 - 90 Ethyl cellul ose,
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cellulose hoc e 1 - lic Acid Copo ymer, Eudraglt 1 50
Paraffin |\thannaceut1calfy acceptable sal thereof.

In one embodiment, in addition to delivering phenylephnnc or a pharmaceutically
acceptable salt thereof in a sustained release form, the pellet core is formulated to deliver

5 phenylephrine or a pharmaceutically acceptable salt thereof in an immediate release form.
Similarly, in certain embodiments, in addition to delivering phenylephrine or a
pharmaceutically acceptable salt thereof in a sustained release form, the pellet core is
formislated to deliver one or more additional therapeutic agent(s) in an iﬁmediatc release
form and/or a sustained release form. ‘

10 In one embodiment the core comprises individual pellets to which an erodible layer is
applied. In one embodiment, multiple pellets are filled into capsules (e.g., gelatin capsules)
or compressed into tablets to deliver the appropriate dose of phenylephrine.

In one embodiment, the erodible Jayer comprises a polymer such as Eudragit® L-30D,
which resists erosion at pH below 5.6, Eudragit® L100-55, which resists erosion at pH

15 below 5.5. Other suitable materials are hydroxypropyl methylcellulose phthatate (HPMCP),
which is available in forms with threshold erosion pH of, for example, 4.5-4.8, 5.2, or 5.4.
Cellulose acetate phthalate (CAP) may also be used.

In one embodiment, the lot_al dosage form comprises 1 to 150 mg phenylephrine or a
pharmaceutically acceptable salt thereof per dosage form, 0-50% (w/w relative to the

20 dosﬁge form) microcrystalline cellulose or other pharmaceutically acceptable diluent, and O-
5% wiw magnesium stearate or other pharmacentically acceptable lubricant; the erodible
layer comprises 20-40% w/w hydroxypropyl cellulose (HPC), 0-50% w/w '
carboxymethylcellulose (CMC) or a salt of CMC (e.g., CMC sodium salt, CMC calcium
salt), 0-5% silicon dioxide, and 0-5% w/w magnesium stearate or other pharmaceutically

25 acceptable lubricant. Such formulation may further comprise an erodible layer, comprising
1-150 mg phenylephrine or a pharmaceutically acceptable salt thereof per dosage fonﬁ; and
4 top co"ating wherein the top coating functions to enhance the appearance of the -
formulation which comprises 1-10% w/w low molecular weight hydroxypropyl
methylcellulose (HPMC), polyvinyl alcohoi or Kollicoz;t IR, including a plasticizer up to

30 10% of its weight, and in case of an active coating, 1-30 mg phenylephrine or a
pharmaceutically acceptable salt thereof per dosage form.

In one embodiment, in addition to the core comprising phenylephnne or a pharmaceutically

acceptable salt thereof, the composition further comprises phenylephrine or a
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addi zoonal Intohesmpithént, thgwal d@hgd form carhgmised 1160 nigmhegilahsnaody or

sustained pel ea%éu%cally acgega?abﬂ:r %E%ere%g "ﬁ‘né%'o"%ﬁ%gpgrmaﬁ” gﬂ-ﬁﬁ 91&31 %Ee |

addi ti onal hf' erapeu an ant erab
| or at adi nefoun; m Uh’am«pqu W%@H'éipﬁ?gfl?h asﬁwr&ﬁ%i’gﬁ%mrﬁw?qlwr

Conposi t i Ophiig@IpHid, PRF of 13 pmHaea%&glysau&rpﬁbm%zé@gemaedamem B&xBriveadn
i medi ate release lgort i on detéﬁj[xgd bel Q,de n @gbl (§h . k d%V ’
Sust ai ned PeHanibaokf FRaBsAptRe R*EIPRRT hnedHgp Loy, Sheshe yind Walter,

25 Pharmaceutical Press); 0-80% agents for controlling the drug release rate, including but not

limited to one or more of the following: hydroxypropylcellulose (HPC), hydroxypropyl
methyl cel]uiose (HPMC) (e.g., Methocel® K15M, Methocel® K100M, Methocel® KaM
(Dow Corning)), carboxymethylcellulose (CMC) or a sglt of CMC (e.g., CMC sodium salt,
CMC calcium salt), and pharmaceutically acceptable hydrophilic polymers; and 0-15 %

30 magnesium stearate or other equiivalent lubricating agent.
Due to the high water-solubility of phenyl'ephrine, nse of a hydrophilic polymer by itself
results in rapid diffusion and release of active agent. To reduce the burst effect of the early

release profile, the aforementioned pharmaceutically acceptable hydrophilic polymer can be



Ranges (w w) of dosage form Phenyl ephrine Hydrochloride 1- 50

M crocrystalline Cellulose NF O - 60 Carboxynet hyl cel |l ul ose Sodi um or
Calciumsalt 10 - 60 Hydroxypropylcellulose 20 - 40 Silicon D oxide
Colloidal O - 2 Magnesium Stearate 0.2-2 Seal coating (Optional)
Conmponents Exenpl ary Formul ation (ng/tablet) Wight Percentages in
solution (ww Polyethylene dycol 3350 1.67 ' 2.28% Hydr oxypr opyl

nmet hyl cellul ose (HPMC) 5 cps at 2% (e.g., Methocel E-5 Prem um LV)
or a polyvinyl alcohol based polynmer (¥.g., Opadrym Il 85 series,

pref er abl YoohBhed with@hy ¥ MMk hdropitdlc: pogﬂ'ley(e)t (Imehﬂneg tak &t Bmited to ethyl
ar aft COpOlc%]rlrlﬁose (leith cel )')<8l :lml a%xc')yal'ztc al:ld cgpolyrr?er .
In one embodiment, the preferred combination of polymers for sustained release forms a
matrix with the active agent(s) (i.e., phenylephrine or a pharmaceutically acceptable salt
5  thereof and optionally one or more additional therapeutic agent(s)} disu‘ibute(i within the
matrix that provides a zero or near zero order release of active agent(s).
In one preferred embodiment, the combination of anionic carboxymethy! cellulose sodium
salt and nonionic hydroxypropyiceliulose provides a matrix with stronger crosslinking
resulting in higher viscosity and a lower diffusion rate through the matrix for -

10 phenylephrine’s particular solubility profile. The combination of hydmxypxjopjlce]lulose
and carboxymethyl cellulose sodium salt allows for the design of a release profile that is
specific and particular for phenylephrine so that it is completely eroded about 4 to 12 hours
after ingestion. More preferably, the core is cqmplete]y eroded about 4 to 8 hours after
ingestion. ' -

15 In one embodiment, the core comprises: phenylephrine or a pharmaceuticaily acceptable
salt thereof, optionally microcrystalline cellulose, carboxymethylceullose (CMC) or a salt '
thereof (e.g.; sodium or calcium salt of CMC), hydroxypropylcellulose, optionally silicon
dioxide colioidal, and magnesium stearate: For example, the core comprises the
components and weight percent ranges detailed below in Table 1.

20 . Tablel.

Components Weight Percent
: Ranges
Phenylephrine Hydrochloride 1- 50
Microcrystalline Cellulose NF 0-60
Carboxymethylcellulose Sodium or Calcium salt 10 - 60
Hydroxypropylcellulose . 20 -
Silicon Dioxide Coiloidal - 0-2
Magnesium Stearate 0.2-2

Exemplary Formulations A-G for extended release phenylephrine core are detailed below in

Table 2.
Table 2.
Exemplary Formuiations A-G -
Components . {mg/dose) .
A B C D E F G
Phenylephrine Hydrochloride 20 20 20 20 20 20 20
Hydrox ypropyt Cellulose NF 200 200 200 100 100 100 150




22 Imedi ate rel ease - erodi bl e Conponents Exenpl ary Fornul ati on
(nmg/tablet) Weight Percentages in solution (ww Polyethylene dycol
3350 3.65 1.35% Hydr oxypropyl nethyl cellulose (HPMC) 5 cps at 2%
(e.g., Methocel E-5 Premium LV) or a polyvinyl alcohol based pol yner
(e.g., OpadryTm Il 85 series, preferably 18422; polyvinyl

al cohol - pol yet hyl ene gl ycol graft copolynmer (e.g., Kollicoat IR))
14.6 5.38 Loratadine (optional) 5 1.84 Opaspray Blue K-1-4108
(optional dye) . 8.2 3.02 Phenyl e‘phri-nE8 HCl 150 mesh 8-12 3.1-4.22

| mredi at e Caabaateyehadst WY [ otsal 33565 28045 Bae 2B- 156. 787100 Thpiwsodt i ng
(optional Mma%amemeau]ﬁxerrpl av y |Faearul atmoor| (irg/ | abdeet]) Wi ghtds

NF :

Colloidal Silicon Dioxide NF 5 5 5 5 5 5 5
Magnesium Stearate NF 5. 5 5 5 5 5 5
Tablet Weight (mg) 500 500 500 500 500 500 509

In one preferred embodiment, the total dosage form comiprises the components and ranges
{% wiw) detailed.below in Table 3.

Table 3.
Ranges
Components % Wwiw
Phenylephrine Hydrochloride USP 0.2-90
Hydroxypropyl Cellulose NF 300 —~ 5_090
600cPsat 10%
Hydroxypropyl Cellulose NF 150 - 5_90
300¢cPs at 2%
Carboxymethyleellulose Sodium NF 5-90
Microcrystalline Céllulose NF 1-80
Magnesium Stearate NF 0.1 -2
Polyvinyl Alcohol - 2-40
5 | |
One particularly preferred embodiment of the extended release phenylephrine core is provided in
Table 4.
Table 4.
Components % wiw
Phenylephrine Hydrochloride USP 4.5
Hydroxypropyl Cellulose NF 300 - 600 5
cPs at 10%
Hydroxypropyl Cellulose NF 150 — 300 5
cPs at 2% )
Carboxymethylcellulose Sodium NF 18
Microcrystalliné Cellulose NF ' 66.5
Magnesium Stearate NF I




Percentages in solution (ww Polyethylene @ycol 400 0.75 2.27

Hydr oxypropyl nethyl cellulose (HPMC) 5 cps at 2% (e.g., Methocel E-5
Prem um LV) or a polyvinyl- al cohol based polyner (e.g., OpadryTm |
85 series, preferably 18422; polyvinyl alcohol- polyethyl ene glycol
graft copolyner (e.g., Kollicoat IR)) 3.75 11.37 5In another
preferred enbodi nent, the conposition conprises the follow ng

sustai ned rel ease portion and i medi ate rel ease portion detailed
below in Table 8. Table 8. Extended rel%ase core Conponents Wi ght
Percent Ranges (ww) of dosage form Exenpl ary Formul ati on (ng/tablet)

Phenyl ephrjne Hydrochloride USE 4-5 22.5 dr xg ropyl 4-5 %NS*—‘ 2 ¢
Cel | ul ose YEepRPreicygd cppadiments, §85 o Iprg % Bﬁ&‘? g@éli?ﬁlaﬁs‘éﬁe SR
300 cps atth@odetailed in Table 4. For example, suitable alternative hydrophilic polymers include
hydroxypfopy]cellulose HPC) -havjng different viscosity, hydroxypropy! methyl cellulose
5 - (HPMC) having different viscosity, carboxymethylcellulose (CMC) sodium or calcium salt
having different viscosity, and xanthan gum. Table 5 recites preferred ranges of exemplary

alternative hydrophilic polymers.

Table 5.

Ranges
Components %o wiw
Hydroxypropyl Cellulose NF 75 — 150 ¢ps ot 5% 5-90
i.e. Klucel LXF or equivalent
Hydroxypropyl Cellulose NF 150 — 400 cps at 5%
i.e. Klucel IXF or equivalent 5-90
Hydroxypropyl Cellulose NF 4000 — 6500 cps at 5.90
29 i.e. Klucel MXF or eguivalent
Hydroxypropyl Cellulose NF 1500 — 3000 ¢ps at 5.90

- 1% i.e. Klucel HXF or equivalent
Carboxymethylcellulose Sodinm NF 25 — 3100 5.9p
cps at 4% or equivalent
Carboxymethylcellulose Sodium NF 1500 — 3100 cps 5.99
at 2% or equivajent .
Carboxymethylcellulose Sodium NF 1000 — 2800 5.90
cps at 1% or equivalent
Carboxymethylcellulose Sodium NF 1500 — 3000 . 5.90
¢ps at 1% or equivalent
Hydroxypropyl methyl celinlose (HPMC) 100 cps 1-80
at 2% i.e. Methocel K 100 .
Hydroxypropyl methyl cellulose (HPMC) 4000 1 -80
cps a1 2% i.e. Methocel K4M
Poly(ethylene oxide) NF 30 — 1700 cps atl 5% f.e. 1-80
POLYOX¥ Water-Soluble Resins
Xanthan Gum NF I-80
Polyvinyl Pyrrolidine 30 — 90 K motecular weight 1-80
or equivalent
Acacia NF ' 1-80
Guar Gum NF 1-50
10 Likewise, suitable alternative hydrophobic polymers include ethyl.cellulose (Ethocel‘”)

having various. molecular weight, acrylic acid copolymers, pharmaceutical wax, and methyl



4-5 25 Carboxynet hyl cel | ul ose Sodi um NF 16-17 90 M crocrystalline
Cel l ul ose NF 60-62 332.5 Magnesium Stearate NF 0.9-1 5 [Imedi ate
rel ease erodi bl e | ayer coating Conponents Wi ght Percent Ranges (w w)
of . dosage form Exenplary Formul ati on (ng/tablet) Loratadine,
m croni zed (optional) 0.9-1 5 Phenyl ephrine Hydrochloride 1-2 7.5
Pol yvi nyl al cohol based polynmer (e.g., Opadrym || 85F series
(e.g., 18422 (Wite)) or polyvinyl alcohol-polyethylene glycol graft
copolyner (e.g., Kollicoat 1R) 6-10 362%4 :
cellulose having different viscosity. Table 6 recites preferred ranges of exemplary

" alternative hydrophobic polymers.

Table 6.

Componenis l;::vg;;s
Hydroxypropyt Cellulose NF 75 - 150 cps at 5. 90'
5% i.e. Klucel LXF or equivalent :
Hydroxypropyl Cellulose NF 150 - 400 cps at
5% i.e. Klucel JXF or equivalent 5-90
Ethyl ceilulose, Ethocel ® NF 1-50
Glycerol monostearate NF . 1-50
Methyl cellutose, Methocel® i-50
Acrylic Acid Copolymer, Eudragit 1-50
Paraffin NF - 1. 50
Hydrogenated vegetable Oif NF 1-50
Hydrogenated Castar Oil NF 1-50
Carnavba Wax NF 1-50
White Wax NP _ . 1-50

5 In one embodiment, the composition further comprises 1 to 25 mg phenylephrine or a

pharmaceutically acceptable salt thereof in an immediate release form, 0-90% (w/w relative
to the dosage form) of one or more pharmaceutical diluent(s) or other phannaceu'tica}ly
acceptable tableting agent(s). Examples of such tableting agents are microcrystalline
cellulose, starch, pre-gelatinized starch, lactose or other tableting sugars, calcium phosphate
10 or any other pharmaceutically suitable wtableting excipients. .
" In one embodiment, the composition further comprises an erodible coating comprising 1 to
25 mg phenylephrine or a pharmaceutically acceptable salt in an immediéte release form, 2-
20% (w/w relative to the dosage form) polyvinyl alcohol or other pharmaceutically
acceptable coating agent. In another embodiment, the composition further com'prises an
15 ercdible coating comprising 1 to 25 mg phenylephrine or a pharmaceutically acceptable salt
in an immmediate release form, 4-8% (w/w relative to the dosage form) polyvinyl alcohal or

other pharmaceutically acceptable coating agent. Examples of pharmaceutically acceptable
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Along the G tract, the pHwthin a fasted stomach ranges from1l.5 to
3, and a fed stomach pH 2-5. In the small intestine, the pHwthin a
fasted duodenumis approxinmately 6.1, while after ingestion of food,
it drops to about 5.4. The ileumhas a pH of about 7 to 8. In the 20
colon, the pHw thin the cecumand colon ranges fromb5.5 to 7. This
neutral pH condition is sustained into the rectum See Patel et al.,
Drug Delivery Technol, 6(7):62-71 (Ju%/ August 2006). In one
enbodi ment, the conposition of the invention conprises: a core
conpri sing phenylephrine or a pharmaceutically acceptable salt
t her eof , rand—an erodi bl € COl ON-SPECiExem ayier eNeigmsul ati ng the
core and |deupedipte releage - expdiley onj ¢ E&nﬁflﬁg&cﬁmtp&cﬁmggz;m e, an
opt i onal |IS¥PECE™}pri si ng phenyl ephringaalien) i[mewidiiat @v/wel lease in the
upper tr dFolyethyleheGhyabiesbe nes, ang an i i ongl setdid coating (e.g.,
an ent er i|Hydeiiypropgyl. mdtiyd tetubsé y, §he col on specific layer|is
degr adabl|eHEMQ) Bepsal2gnieq.. Metadcebbout 53 to gbout 6.8. Thie
f or mul at ij@ls FeynidroliVhera pdyqimiise & top coatirjg to enhance the
pal at abi ||iatephdifbasede@olymenielgat i on whi ch top 30qoating optionally may
al so be. g¥mdwyi™Nl Bééamqsrigefe@hbrl sing phenyl edhrine for innediate
rel ease. |98¢%2: aplyeRp@dioheint delivers fromond to three pul sed
rel eases d’PlYﬁ%W F\B{‘Fﬂ‘ﬁ‘i‘é‘“&f”ﬂf‘?’f «=rentmr£g| o.ns' i er G fract. A

r -

schene derii;’i"\*rK cgzp‘qqgarcss sect-of—ot—Sgeh— teon—is| r epr esent ed
in Figur ra s _form-at-¢e—as u““““ ofrat i
rel eagg g Haﬂpm&%luaghﬁgogf(%qﬂ“a o o el ey o f

ch akl,ows g bol u3302del i very of

phenyl eph3e-tHpen—E£xpas H-e u. —the—corg3o te usllt_ww envi ronnent .
The col o Eﬁ"gémergfei%g%n = o tiensyenERESY T3 gRYr s onal enteric
coati ng flef—protecttomn: ntte—tow pH of the stomacit. I such

enbodi nent, the core and any optional additional layer(s) is
t

encapsul gted—by amenteric coati ng 15y0] @ DWRIPAPST | on t hat
resists d atngeptieRAly t he pr evalFL,hagI:aﬂhhoif Fentkeswmch. A
comonl y WEREri c coating resi St gngiagleidal |semnbﬁ(\9ﬂ%‘ 5t omach

wher e t he Mekt@l&@G@)ﬂo?AOﬂAﬂ exanplle of ogach ent eriz2toati hg conpri ses
hydr oxy priaproxyeiopyl fiéthyl btlse pht hjal at e, pol yyinyl acetatg phthal ate
or met hadrgaPMC)3pslaccsp@lgy,MestsoceCojmrer ci al | y avai | abl e prgparati ons

i ncl ude Hugis Regpintigm L) oll®fglywidylch -dj ssol ves at| pH 6.0, and} 5-100,

whi ch 10diadsbbMes:dablypidr .8, used fas a m xturge. (Rohm Phatma GrbH,
Ger many) .| Gyradtyfe 1 &eamns| rrefgfablyol ynlers suitablp for use as|an enteric
coati ng |518h%%§n39wilnvkﬁé@ha'cet ate succinate (HPMCAS). See, for exanpl e,
Tanno et [dolyethplengsiyes) srafioppaPeR [30(1).:9-17 (Jan 3094) . HPMCAS i's
CONMEr Ci a%&%@i—&a%&gﬁ MF '
(threshold pH 6.0), or HPMCAS "I F (threshold pH 6.8) (Shin-Etsu _
Cheni sal Q@ andthet prefekadyeobodapamihe t&mpositiongympuases Yedollpyving weipthat i on
of both thege. %béﬁ%élmJJag‘a}:]c%ﬁkée%gnioﬁ dEQiici et Mblelz. ONe or nore
approprlate pl-astici zers ods of preparing the coating as
desired arBal$®wn in the art and described nore fuIIy in the product
literature from the manTf aChI Glesse Qrel ARG I 4eRpiary I[N an exenpl ary
formul ation, the total rsrj)g {Or M COMPpirest | Fok@ul ng -
phenyl ephri ne or 20a phar eut1 cal | Yy PRGfRL mn?@,@gg)t t her eof per
dosage form 0-90% (W w relative to thengasade form nicrocrystalline’
cel l ul ose or other pharjmaceutically actept ablie diluent|, and 0- 5% w w
magnesi um st earate or ot her pharnmaceut | dasagey |accept ablje | ubri cant;
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15non- seasonal allergy, hay fever, or sinus problens. In a preferred
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10and pharmaceutically acceptable salts thereof; and other

anal gesi cs, such as acetam nophen. The dosage of anal gesic and/ or
anti pyretic such as aspirin, acetam nophen, etc wll be known to
those skilled in the art and can be in the range of 80 ng to 250 ny.
The dosage of NSAI']) will be known to those skilled in the art and
can be in the range of 80 ng to 500 P18. 15Exenpl ary formnul ati ons of
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preferred enbodinent is a formulationasonprising sustained rel ease of

P ot PaRudtef RIBS AL bia KPS ARk il

i mredi at e ne or ar ndceut 1'ca acce
sal t t her enf salndf CMCae.gdCIVE: soBimm i oG ICaalcivne safty hadioaynreny! cdadnspr i ses

0 phenyl CURCT S e obd b QLB ABLEI o R JORRRE, TnC PR Hoal e ©
coating eribapsupdeihneys fam ingspionvmercersieably oreipe&rie 8 heynfipmdneestion. ny
B o e R B il or  de. | he t abi of
component 4P éﬁ?fb‘?‘ier ag@ﬁ’é?‘e“g%e E@F&Sgﬁ"f Sr“?‘g ??'&Haﬁg'? wh'ffgit’%’gﬁ)ﬁfé(%ﬁﬁ?"rc’er a
cel | ul ose,phamddoenticamy dugtpald wit @pesol Bsaldisadnnder £ coditos tlak Exisie
R T e i
pol ymer matot hilsinttiansitthecualithn apren dispiien repralyding the stomeshrad/eutbp empl y
acceﬁbab: Qntﬁﬂtﬁl:@%'.l E%&fﬂﬁd@?ﬁfymeﬁaﬁpﬂ@d Qt?ﬂtabﬂgpﬁmé/ thﬁdltﬂflishﬁl_k‘ay B@us’&iﬂﬁﬂ | ed
RIS IR ST e R )
rel ease Ccoessif@ioREGts: ik ghiymPledidmegraitanigse of Wlow a oéraingdinpdles or
oL BB By e OOyt EPR SR B
at 10% 4- Jayzs caiyhhve sy prhepsptl thivkinsg ftoecatrithe dgratongygrasiog apd/oringludeghe 5
15 presence of one or more enzymes specific to or prevalent in the colon to further continue
erosion.
Along the GI tract, the pH within a fasted stomach ranges from 1.5 to 3, and a fed stomach
pH 2-5. In the small intestine, the pH within a fasted duodenum is approximately 6.1, while
after ingestion of food, it drops to about 5.4. The ileum has a pH of about 7 to 8. In the
20 colon, the pH within the cecum and colon ranges from 5.5 to 7. This neutral pH condition is
sustained into the rectum. See Patel ef al., Drug Delivery Technol, 6(7):62-71 (July/August
2006). '
In one embodiment, the composition of the invention comprises: a core comprising
phenylephrine or a pharmaceutically acceptable salt thereof, and an erodible colon-specific
25 layer encapsulating the core and degradable at the colonic pH of about 5.5 or above, an
optional layer comprising phenylephrine for immediate release in the upf:cr tract of the
ntestines, and an optioﬁal second coating (e.g., an enteric coating). Preferably, the colon
specific layer is degradable at the colonic pH of about 5.7 to about 6.8. The formulation
may further comprise a tdp coating to enhance the palatability of the formulation which top
30 coating optionally may also be an active coating comprising phenylephrine for immediate
release. Such an embodiment delivers from one to three pulsed releases of phenylephrine at
different regions of the GI tract. A scheme depicting the cross section of such formulation

is represented in Figure 2. The core is formulated as a conventional immediate release solid



Car boxynet hyl cel | ul ose Sodi um NF 16-17 90 Mcrocrystalline Cellul ose
NF 59-61 332.5 Magnesium Stearate NF 0.9-1 5 |Inmedi ate rel ease
erodi bl e |l ayer coating Conponents Wi ght Percent Ranges (w w) of
dosage form Exenplary Fornulation (ng/tablet) Loratadine, mcronized
0.9-1 5 Phenyl ephrine Hydrochloride 1-2 7.5 Pol yvi nyl al cohol based
polymer (e.g., OpadrylmIll 85F series (e.g.,18422 . (Wite)) or
pol yvi nyl al cohol - pol yet hyl ene gl ycol graft copolyner (e.g.,
Kol l'i coat ER) 6-10 36-54 Top coat i-ng2 optional) Conponents

dosage form, which allows a bolus delivery of phenylephrine upon exposure of the core to

'. the colonic environment. The colon-specific layer may further comprise an additional
enteric coating for protection.from the low pH of the stomach. In such embodiment, the
core and any optional additional layer(s) is encapsulated by an enteric coating comprising a
5 composition that resists degradation under the prevailing pH of the stomach. A commonly
used enteric coating resists degradation in the stomach where the pH is below 2. An -
example of such enteric coating comprises hydroxypropyl methylcellulose phthalate,
polyvinyl acetate phthalate or methacrylic acid copolymers. Commercially.available
preparations include ]S.udral,g,it’D 1.-100, which dissolves at pH 6.0, and $-100, which
10 dissolves at pH 7.0, used as a mixture. (Rohm Pharma GmbH, Germany). Another
exé.mp]e of polymers suitable for use as an enteric coating is hyprormellose acetate succinate
(HPMCAS). See, for example, Tanno et al., Drug Dev Ind Pharm, 30(1):9-17 (Jan 2004).
HPMCAS is commercially available in different grades such as HPMCAS MF (threshold
pH 6.0), or HPMCAS HF (thrcsﬁold pH 6.8) {Shin-Etsu Chemical Co. Ltd., Tokyo, Japan)
15 and may be used as a combination of both these polymers. The ceating is formulated with
one or more appropriate plasticizers. The methods of preparing the coating as desired are .
known in the art and described more fully in the product literature from the manufacturers
of these polymers.
In an exemplary formulation, the total dosage forrn comprises 1 to 150 mg phenylephrine or
20 . a pharmaceutically acceptable sait thereof per dosage form, 0-90% (w/w relative to the
dosage form) microcrystalline cellulose or other pharmaceutically acceptable diluent, and O
5% w/w magnesium stearate or other pharmaceutically acceptable lubricant; the colon-
specific layer comprises Eudragit L.-100, and if an additional enteric coating is '
advantageous, such enteric coating up to 10% w/w of the total dosage form (5-35% of
25 weight gain by the addition of matrices and coatings), and comprises hydroxypropyl
methylcellulose phthalate dissolvable in the media above pH 6.8. Further, the composition
optionally comprises a top coating comprising 1-10% w/w low molecular weight-
hydroxypropyl methylcellulose, polyvinyl alcohol, or Kollicoat IR, incluﬂing a plasticizer
up to 10% of its weight, and in case of an active coating, 1-30 mg phenylephrine or a
30 pharmaceutically acceptable salt thereof per dosage form. '
In another embodiment, the core of a pharmacentical composition of the invention is a .peliet
core and comprises pellets comprising phenylephrine or a pharmaceuti;a]ly acceptable salt

thereof. Pellet cores are described above and exemplified in Figure 1B. In another
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15 33 (e.g., Kollicoat IR) I mprinting (optional) Conponents Wi ght
Percent Ranges (ww) of dosage form ng/tablet OpacodeD WE NS-78-
10526 (Blue) > 0.1 Trace anount The preferred manufacturing process
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such as chitosan, a natural polymer obtained by the hydrolysis of chitin, shellac, and certain .

forms of starch such as pea starch. Combinations of pectin, chitosan, and hydroxypropyl
methylcellulose, polyvinyl alcohol, or Kollicoat IR, are also useful to practice this
25 embodiment of the invention. Amylose-ethylceliulose film can also be used. See Siew et
al., AAPS PharmSciTech, 1{3): article 22 (2000); Tuleu ef al., Alimentarj; Pharmacol
ﬂerap‘eut, 16(10):1771 (October 2002); Chaubal, Drug Delivery Technol, Article 131.
Guar gum, methacrylated inulin, and dextran acetate are a few other examples. The core
comprising phenylephrine is protected from the stomach acid by an enteric coating when
30 necessary, such as when a polysaccharide based coating is used.
In another embodiment, a core of a pharmaceutical composition of the invention is a pellet
core and comprises peliets comprising phenylephrine or a pharmaceutically acceptable salt

thereof. Pellet cares are described above and exemplified in Figure 1B, In another
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- comprises one or more additional therapeutic agent(s) for release in the upper GI tract -
and/or the colon concurrently with phenylephrine. In a particular embodimem, one or more
additional therapeutic agent(s) are formulated within pellets of a pellet core. In another
30 embodiment, one or more additional therapeutic agent(s) are formuolated in the matrix _

surrounding the pellets in a pellet core. In one embodiment, one or more additional
therapeutic agent(s) are formulated within pellets of a pellet core as we_.l! as within the

matrix surrounding the pellets in a pellet core. In another embodiment, an erodible layer
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comprises-one.or more additional therapeutic agent(s) for immediate release in the small
intestines. In another embodiment, one 61* more additional therapeutic agent(s) are
formulated into the erodible layer for sustained release. In another embodiment, an active
top coating comprises one or more additional therapeutic agent(s) for immediate release

5 .after ingestion. In certain embodiments, the pharmaceutical compositions of the invention
comprise one or more additional therapeutic agent(s) in one or more of the core or any of .
the layers or coatings as described above. )
In another embodiment, one or more additional therapeutic agent(s) are added to a pH-
dependent or colon-specific erosion formulation having a structure dépicted in Figure 2.

10 Similarly to thé above description, any core or layer of the formulation may comprise one or
more additional therapeutic agent(s) for a desired timing of release. '
The additional therapeutic agent may be a decongestant including anti-histamine, an anti-
pyretic, a non-sterdidal anti-inflammatory, or any other therapeutic agent or combination of
two or more of such agents to assist alleviation of the symptoms of a cold, a seasonal or

15 non-seasonal allergy, hay fever, or sinus problems. In a preferred embodiment, the
pharmaceutical compositions include an antihistamine.

Antihistamines can be of H1 or H2 antagonists or other types of histamine release
inhibitors. The H1 antagonists can be sedating or non-sedating, such as diphenhydramine,
chlorpheniramine, tripelennamine, promethazine, clemastine, doxylamine, astemizole,

20 terfenadine, and loratadine, among others. Examples of H2 antagonists include, but are not.
limited to, cimetidine, famotidine, nizatidine, and ranitidine. Examples of histamine-release
inhibitors include cromolyn. Long-acting antihistamines selected from one or more of the
group consisting of loratadine, desloratadine, azatidine, fexofenadine, terfenadine,
cetirizine, astemizole, and levocabastine, or their pharmaceutically acceptable salts are

25 suitable for the pharmaceutical compositions of the invention. )
Preferred antihistamines include loratadine and desloratadine. Loratadine is disclosecf in
U.S. Pat. No. 4,282,233 as a non-sedating antihistamine useful, for éxample, in alieviation
of seasonal allergic rhinitis symptoms such as sneezing and itching. The active metabolite
of loratadine is desloratadine, which has a half-life (1) of approximately 15 to 19 hours.

30 11.8. Pat. No. 5,595,997 discloses methods and compositions for treating seasonal allergic
rhinitis symptoms using desloratadine. Loratadine and desloratadine are available in the
form of convcptional' tablets that release the active agentin a conv;::ntional manner. An

exemplary formulation releases loratadine by the processes of disintegration and dissolution -
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. ——such thatloratadine begins-to.elicit.its.antihistaminic.effect within-1 to.3 hours and the .

o l;.‘,ffcct lasts in excess of 24 hours. Due to the Jong half life of loratadine compare& to
phenylephrine, the loratadine-in the formulation according to the present invention is
preferably available for immediate release. For example, loratadine or desloratadine may‘be

5 present in solution in the carrier liquid of a liquid core or incorporated into the; top coating
of the product.
Other antihistamines are also useful for the practice of the instant invention. Azatadine is
disclased in Belgian Patent No, 647;043 and in corresponding U.S. Pat. No. 3,326,924 and

~ 3,419,565. The elimination half-life is reported to be 9.12 hours. Terfenadine and

10 fexofenadine are disclosed in U.S. Pat. No. 3,878,217 and have a duration of action of 12 to
24 honrs, and greater than 24 hours, respectively. Cetirizine is disclosed in U.S. Pat. No.
4,525,358 and is reported to have a duration of action of 12 to 24 hours. Astemizole is
disclosed in U.S. Pat. No. 4,219,559 and is reported to have a duration of a{qtion greater tﬁan
24 hours. Levocabastine is disclosed in US Pat. No. 4,369,184 and is reported to have a

15 duration of action of 16 to 24 hours. ' _

The dosage of antihistamine such as loratadine or desloratadine may be present in differené
concentrations such as 1 —20 mg; pfeferab!y 2.5 mg, Smeg, 01; 10 mg.

Suitable anti-inflammatory and/or antipyretic agents useful for the present compositions
may be: a non-steroidal anti-inflammatory (NSAIDs), aminoarylcarboxylic acid derivatives

20 - such as enfenamic acid, etofenamate, flufenamic acid, isonixin, meclofenamic acid,
mefanamic acid, niflumic acid, talniflumate, terofenamate and tolfenamic acid; arylacetic
acid derivatives such as acemetacin, alclofenac, amfenac, bufexamac, cinmétacin, clopirac,
diclofenac sodium, etodolac, felbinac, fenclofenac, fenclorac, fenclozic acid, fenﬁazac.
glucametacin, ibufenac, indomethacin, isofezolac, isoxepac, lonazolac, metiazinic acid,

25 oxametacine, proglumetacin, sulindac, iiéramide, tolmetin and zomepirac; ary'lbu'tyﬁc acid
derivatives such as bumadizon, butibufen, fenbufen and xenbucin; arylcarboxylic acids such
as clidanac, ketorolac and tinoridine; arylpropionic acid derivatives such as ?Imi'r-mprofen,
benoxaprofen, bucloxic acid; carprofen, fenoprofen, flunoxaprofen, ﬂurﬁipmfen, ibuprofen,
ibui:roxam, indoprofen, ketoprofen, loiOprofen, miroprofen, naproxen, oxaprozin,

30 piketoprofen, pirprofen, pranoprofen, protizinic acid, suprofen and tiaprofenic acid; _
pyrazoles such as difenamizole and epirizole; pyrazolones such as apazone, benzpiperylon,
feprazone, mofebutazone, morazone, oxyphenbutazone, phenybutazong,' pipebuzone,

propyphenazone, Tamifenazone, suxibuzone and thiazolinobutazone; salicylic acid
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t he for nul liBRsnaceuntically acceptable salt thereof and immediate release of phenylephrine or a

pharmaceutically acceptable salt thereof and loratadine. For example, the formulation
20 corﬁprises an extended release tablet core wherein the components comprise 22.5 mg

phenylephrine hydrochloride and an immediate release active coating encapsulating the core
wherein the components comprise 7.5 mg phenylephrine hydrochloride and 5 mg loratadine.
(Table ‘;’)). In addition to 22.5 mg phenylephrine hydroch’loridc, the tablet core:_‘components.
comprise one or more of the following: hydroxypropyl cellulose, carboxymethylcellulose

- 25 sodium, microcrystalline cellulose and magnesium stearate. The immediate release coating
components further comprise polyvinyl alcohol as a film forming polymer matrix wiih
loratach;ne and phenylephrine or pharmaceutically acceptable phenylephrine salt. A top

coating may further be applied as a seal coating wherein the components comprise

polyvinyl alcohol and may also comprise colorant for appearances. ~
30 Table 9. _
Extended release core Weight | Exempiary
Components Percent | Formulation

Ranges | (mg/tablet)
(w/w) of
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anount of phenyl ephrine was in inmediate rel ease form adm ni stered
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and unconjugated fornms. The anount of conjugated phenyl ephri ne was
cal cul ated by subtracting the anmount of unconjugated phenyl ephrine
assayed fromthe anount of total phenyl ephrine assayed. 10The nean
pl asma concentration of total as well as unconjugated phenyl ephrine
detailed in Table 11 below are illustrated in Figure 6. In
particular, Figure 6A shows a sem -logarithmc plot, and Figure 6B
shows a linear plot. Although present in both Figure 6A and 6B, the
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measurements. Similar equipment determination, processing parameters and processing

controls need to be established for the application of this coating dispersion as outlined
above. The tablets are branded with Blue Opacode WB NS-78-10526 as per standard
imprinting techniques so that a trace amount remains on the tablet surface.

20 - In yet another embodiment, the composition comprises a bi-layer tablet with an immediate
release layer and an extended release layer. In one preferred embodiment, the bi-layer
tablet formulation is compressed together with,aﬁ extended release layer colmpri§1'ng.22.5
mg phenylephrine hydrochloride and an immediate release la;}er comprising 7.5 mg
phenylephrine hydrochloride and 5 mg loratadine (Table 10). In addition to 22.5 mg

25 phenylephrine hydrochloride, the extended release layer comprises hydroxypropyl celiulose,
carboxymethylcellulose sodium, microcrystalline cellulose and magnesium stearate. The
immediate release layer comprises microcrystalline cellulose, colloidal silicon dioxide,
crospovidone and magnesium stearate forming an irnmediate release lay;:r with loratadine

‘and Phenylephrine and or pharmaceutically acceptable phenylephrine salt. A colorant may -

30 add for improving the appearance or distinguish two layers. '

Table 10.

Exeraplary - Exemplary
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0.08 (0.08-0.25)a 0.75 (0.00-1.50). AUCO 24(ng.h/m) . 46.7 * 28.5
.198 65.4 122 * 52.0 AUCO-ao (ng.h/lrtL) 81.7 51.5 (n=5) 201* 69.7
(n=8) 179 (n=2) PA (hours) 9.40 4.94 (n=5) 1.99 *0.732 (n=8) 7.57
(n=2) Fret last %22.3t 8.46 20.2 5.47 a Median (range) Table 13.
Mean -J.- SD val ues of pharmacoki netic parameters for unconjugated
Phenyl ephrine Paranmeter 10 ng PE-colon (Reginmen A) n=8 10 ngy
Sudafed PO' (Reginmen B) n=9 30 ng PE-colon (Reginen C) n=6 Cnaa
(ng/ m.) a400 0.454 0.704 0.369 0.46836 0.174 Tian (hours)

1.50(0. 2501'11%119 ngcuiariy preferred embodiment, the components and amounts.of the bl 1ayer

. composmon are those detailed in Table 10 as Exemplary Formulation II.
The preferred manufactoring process is a direct compression tableting proccsé using a bi-
layer rotary tablet press. The prefcﬁed composition is a bi-layer tablet with two district -

5 tablets layer; the extended release layer and an immediate release layer. For the extended .

release tablet layer, pheﬁyiephrine hydrochloride is first milled through a lab scale Cone
vmiil using a 20 mesh screen. The Hydroxypropyl Cellulose Kluce] EXF, Hydroxjpropyl
Cellulose Kluce] GXF, carboxme&ylcellulosc sodium and one third portion of
microcrystalline cellulose are passed throtgh the same Cone mill. The milled materials are

10 than mixed in an appropriate size of PK blender for 5 minutes. The rest of microcrystalline
ccflulose is added to the blend and mixed for additional 5 minutes. The magnesium stearate
is hand screened through a 30-mesh screen, added to the blend and mixed for additioﬁal 3
minutes and discharged into a container labeled with an appropriate label. '

For the immediate release tablet layer, phénylcphrine hydrochloride and loratadine are first

15 milled through a lab scale Cone mill using a 20 mesh screen. The Blue No.1 Lake, colloidal
silicon dioxide, Crospovidone and one third portion of microcrystalline celiulose are passe-d
through the same Cone mill. The mi}]ed materials are than mixed in an appropriate size of
PK blender for 3 minutes. .Thc rest _of microcrystalline cellulose is added to the blend and
mixed for additional 5 minutes. The magnesium stearate is hand screened through a 30-

20 - mesh screen, added to the blend and mixed for additional 3 minutes.. The both powder
blen&, extended release and immediate release blends, are then compressed into bi-layer
tablets with a bi-layer rotary tablet press using déep cup 7/16” round tooliné.

General process for manufacturing the formulations
Another aspect of the invention are the processes of manufacturing the formulations

25 described above. The solid formulations are prepared using methods generally known in
the art to prepare multiple-layered dosage forms. The formulations are in the form of
tablets, capsules, gel-caps, or liqui-caps, among others. Stability and dcgradatic;n analyses
can be performed according to the International Conference on Harmonization (ICH)
standards as described in “Impurities in New Drug Products” guidelines to simulate two or

30 more years of shelf life. For example, stability testing can be performed at 40 d.cgrccs _
Celsius / 75% relative humidity for a' 3-month period. Standard pharmaceutical storage
conditions are known in the art. Compositions according to the invention can be assayed to

meet all ICH guidelines for active pharmacentical assay with degradant levels which are



0.500 (0.250-0.750) 2, 2.25 (0.750-6.03). Tin (hours) 0.0800
(041750) 0.0800 (0.0800-0.250) O (0-0.750) a AUCo-24 (ng.h/m) 1.58
0.915 0.561* 0.165 5.17 1.56 AUCo.n, (ng.h/rnL) 2.87 (n=2) 0.640*
0.268 (n=5) 8.94 5.16 (n=3) Ph (hours) 8.19 (n=2) 1.11* 1.36 (n=5)
10.8 799 (n=3) Frel last %332 232 333 t 140 a Medi an (range)
Tabl e 14. Mean SD val ues of pharmacokinetic paraneters for

conj ugat ed Phenyl ephrine Paraneter 10 ng PE-col on (Regi nen A) n=8 10
ng Sudafed PErm (Regi nen B) n=9 30 ny BE- colon (Regi-nen C) n=6

_below.reporung limits, preferably. below.identification. ilmlts -and most. preferably. below
qualification limits. )
Methods of treatments and administration
* Other aspects of the invention are methods of treating symptoms of cold, influenza, or
5 allergies in subject in need thereof, comprising administering the pharmaceutical
compositions described herein. In certain embodiments, the methods comprise
administering the pharmaceutical composition every 8, 12, 16, or 24 hours.
Another aspect of the invention is a-method of delivgrin g at least a portion of phenylephrine
or a pharmaceutically acceptable salt thereof to the colon of a subject comprising |
10 administering a formulation or composition of the invention to said subject. . Compositions
useful for the methods are the oral formulations or pharmaceutical compositions of the
invention as described above. In certain embodiments, such method is a method wherein
unconjugated phenylephrine is present in the plasma of the subject at Jeast at about 5 hours )
after administration, and more p;eferably; between about 6 and about 12 hours after
15 administration. In certain embodiments, such method is a method wherein the maximal
concentration of unconjugated phenylephrine in the plasma of the subject is reached
between about 5 and about 24 houré after administration, and more preferably, between
about 6 and about 12 hours after administration. The method may be carried out for any
subject currently considered suitable for adminjstration of phenylephrine and any additional
20 - pharmaceutical agent. '
In another aspect of the invention, the methods of the invention are methods for maintaining
' sustained bioavailability of phenylephrine in an uncohju‘gated, thcrapeuticaﬁy active form,
comprising administering by oral administration a pharmaceuﬁcal composition déscﬁbed
herein, wherein at least a portion of phenylephrine is absorbed via the colon. In certain
25 embodiments, unconjugated phenjriephn'he is bioavaiiabie in the plasma for more than 4, 6,
8, 12, 16, or 24 hours after the administration. By bioavailable, it is meaht that ﬂ;e: active
form of phenylephrine is quantifiable in the plasma of the subject, and preferably at more
than 0.1 ng/mL, and even a1t 0.2, 0.3, 0.4, 0.5, 1.0, or 2.5 ng/mL. Itis als'o an aspect of this
invention that the plasma conéentratioﬁ of the unconjugated phenylephrine increases after
30 more than about half an hour from the time of administration of the compositioﬁ of ihq
invention, and the maximum plasma concentration of the unconjugated phenylephrine is

reached 1, 2, 4, 6, 8 or 12 hours after administration of the pharmaceutical composition.



Caw. (ng/nmL) 3.47 *1.58 63.3 27.4 7.43 * 2.62 Trmax (hours) 6.00
(3.00-16.0) a 1.50(0.750-2.00) a 8.00 (2.50-12.00). Ilas (hours)
0.875 (0.0800-230) 0.0800 (0.0800-0.250) a 0.750 (0-1.50). AL/Co-24
(ng.h/m.) 45.2* 283 198 653 114 55.4 AUCo.03(og.h/nL) 80.9 t 51.9
(n=5) 200* 69.7 (n=8) 174 (n=2) tti (hours) 9.68 4.99 (n=5) 2.02 *
0.747 (n=8) ' 7.57 (n=2) Frel last %21.6* 8.38 18.5 * 5.98 a

Medi an (range) Administration of the imredi ate rel ease tablet,
Sudafed PE', resulted in rapid absorpt?dn of unconjugated

pﬂe nyl eph rol::xﬂﬂler. Th&spda of RAPRAL & i0 AR thdB of AirfinikRrib®penyRPiine BpsR1 and
t he nean

az. value was 0.704 -1 - 0.369 ng/.nL. The . 24 val ue,
showi ng t KA EEET1O8 BB @ laregaPrgrortion f “P"’e‘gﬁcg‘?f%a“’fdrf%{‘]ﬁ W&‘éﬂﬁ‘“& &r
ti me bet wepnseirizd coopireadytotai coaveatichal ddvhioistraicp@d in thoseliatofelaasrowwl] ugat ed
phenyl ephr}on ul , %mﬁgr} i Q: %ggroo&lﬂéamm%ﬂﬂék in&%{lsmi Qﬁ%eaﬁ%lfgfel ife
ranged from .§%§ 0 352 Hou S. ese da or unconjuggte
phenyI5ephr ddminigiered phenylephenea dn exrpiambgidingentsy e imetheds rommsispedripistegng
t he pharr nagipkhfielddpcpoRBERYt BEHNENH®A with no immediate release component of
phenylephrine, wherein the maximal plasma concentration of the unconjugated
phenylephrine represents at least about 1% of the maximal plasma concentration of the total
phenylephrine. In certain embodiments, the percentage is at least 2, 3,4.5,6,0r 7 %. In
10 comparison, the maximal plasma concentration of the uﬁconjugatcd phenylephrine
represents less than 0.7% of the maxirnal plasma concentration of the total phenylephrine
when administered as an immediate release formulation by oral administration. It is
understood that even when administering a pharmaceutical composition of the invention
further comprising an immediate release portion of phenylephrine, the percentage of the
15 active phenylephrine in the plasma is additive, and therefore always larger than if the total
amount of phenylephrine was in immediate release form administered orally.
In another aspect, the methods of the invention result in a higher relative AUCg, and AUC,.
= Of unconjugated phenylephrine compared o the total phenylephrine in the plasma of a
subject administered phenylephrine. AUCq.24 is a parameter showing the cumnulative
20 plasma concentration for 24 hours after dosing, defined as the area under the concentration-
time curve from dosing or activation to 24 hours after dosing; AUCy » is parameter
showing the total cumulative plasma concentration over time, defined as the calculated area .
under the concentration-time curve from dosing or activation to infinity. In certain
embodiments, the methods of the invention comprise administering a pharmaceutical
25 compositon of the invention to a subject, wherein the AUCq.24 value for the unconjugated
phenylephrine in the plasma of the subject is at Jeast 1% of the AUCp4 value for the total
phenylephrine in the plasma of the subject. In a preferred embodiment, the relative AUCg24
value for the unconjugated phenylephrine is at least 2, 3, 4, 5, 6, or 7% of the AUCq 4 value
for the total phenylephrine. ’
30 Another aspect of the invention is a method of administering phenylephrine to a subject,
comprising orally administering a pharmaceutical composition for delivery to the colon
comprising phenylephrine to the subject, wherein phenylephrine is released in the colon,

thereby achieving a minimal pre-systemic modification of phenylephrine. By minimal it is



5Delivery of 10 ng phenyl ephrine hydrochloride to the colon resulted
in a reduction in C and a prolonged T. for unconjugated

phenyl ephrine conpared with the i medi ate rel ease fornul ati on.
However, the AUCO. 24 val ues for unconjugated phenyl ephrine were

hi gher than those values for the Sudafed PE'. T. was variable and
ranged fromO0.25 to 3 hours. The nmean C. val ue was 0.400: L-0. 454
ng/ mL and the nmean AUC4. 24 value Was 1.58 * 100.915 ng. h/nL. The
ternminal half-life ranged from 2.91 t013.5 hours which is | onger
than the \r/{aédﬂ.eg: tre&gamcaﬂk_lyﬁegs thdnguthmedfiakion teheameril abhfistatldieof@at a
suggest t hat sorption in mtin
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for ufconj mameﬁllﬁn@my upeTH YaFT*éW of facross gagh chtﬂﬁ pelnde the ags, balyighs, and
the nean Cgenyﬁi MRINAS:, Qich R BmbHAtaD hfid the MIGmERAN 1A eRimphyaLi aiB S
5.17 1.56 h/mL and the nean relative b|o a|Ia|J|t was 333 140%
(range >130¢ S veu ﬂ&svaewﬁafroaam%b?%ﬁfﬁ% aF Py optogA ETApe s ey
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phenylephrlne and that a higher proportion of phenyl ephrine renai ns

in the uncﬂﬁf‘ﬁ?jéﬁ‘ed active form The col onic absorption, however,
| acks t he T‘I’[Hdoh&htsbﬂmﬁ{patdﬂatpa%t felicatives ipatest puelmﬂs:s mrsaiennfic articles

admi ni st r a *' grj zI w?nél’e 1%%2&?%]?{:8%011 dﬁ? ﬁé@éﬂ%% thﬁa&.ll, e f% tl%ny\e re

made and th6 @l ssoPuULT oN pr erm ne sso ution profiles
of EXénpl agnjirdtr nul ati ons A-G (detailed in Table 2) were exam ned

over a 14 ﬁ%néwlagemhh@ﬁh%&hxﬂﬂe@m@ﬁl?enke&to%%qhwuhm o?%&ﬂs%tdd&i set at
75 rpm The 30 disSsolution study.was conducted at 37 C *0,5 Cwth

900 nl wat8rensgpf Ehetrampies2rg “8“‘??191"5150@’6‘%% wWillgdartispn yil ’6?—?37‘28, thap@thefach
time int erafﬁﬂqdlraemhahmfmetsb@pmkmtdlsmsmsvmah yzed by HPLC at 215
nmto det e]zglm' ne th]eE,g1 gent phenyl ephri ne di ssol ved. The di ssol ution
results, i ar e ran average of 3 runs, are shown in Table 15.-
Li kewOse, E)h@ﬂlh bsléﬂoeuaplemhtproéplpelnglepmrpr esented in Figure 3. Table 15.

Time ( hr) n@fehswg @dﬁbf {wskecoﬁlmlty EfhnfiRd thEPRIRPleBhinhe BOSTPHA bR for fis &1
AB CD Etralf:t GHSalthy male and non—pregnant non-breast-feeding healthy female subjects were
. dosed with 10 mg phenylephrine hydrochloride delivered to the colon via the Enterion™
capsules (regimen A - nine subjects), with 10 mg Sudafed PE™ (regimen B — eight
25 subjects), or 30 mg phenylephrine hydrochloride delivered to the colon via the Enterion™
capsules (regimen C — eight subjects), all administered orally, after overnight fasting.
l’;'ntl:rio-n'fM capsules (Pharmaceuticai Profiles Ltd, UK) allow for deployment of drug
delivery at a desired location within the GI tract. To determine the capsules had reached a
, desired location, preparations of regimené A and C were administered orally with 210 mL
30 water followed by a radiolabeled drink containing 4 MBgq 99m-Tc-
- diethylenetriaminepetaacetic acid (DTPA) in 30 mL water so that the location of the
ingested materials could be visualized by scintigraphic imaging. Enterion™ capsules were

successfully activated and phenylephrine was released in 8 of 9 subjects in regimen A and 6
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of 8 subjects in regimen C. Plasma concentrations.of phenylephrine, both in an

" unconjugated active form, or a conjugated inactivated form, were determined by -

withdrawing venous blood samples at 0, 5, 15, 30, 45 minutes, and 1, 1.5, 2, 2.5, 3, 4, 6, 8,
12, 14, 16 and 24 hours post capsule activation or dose. The blood samples were collected
into a tube containing lithium heparin, centrifuged within 30 minutes at 1500 g for 15
minutes at 4 degrees Celsius. The plasma was analyzed for phenylephrine in its conjugated
and unconjugated forms. The amount of conjugated phenylephrine was calculated by
subtracting the amount of unconjugétcd phenylephrine assayed from the amount of total

phenylephrine assayed.

" The mean plasma concentration of total as well as unconjugated phenylephrine detailed in

Table 11 below are illustrated in Figure 6. In particular, Figure 6A shows a semi-
logarithmic plot, and Figure 6B shows a linear plot. Although present in both Figure 6A
and 6B, the plots for unconjugated phenylephrine generally overlay those for total
phenylephrine and are thus difﬂéult to disﬁnguish. The similarity between total and
conjugated phenylephrine is evident in Figure 6C which charts the mean Cmax of total,
unconjugated and conjugated phenylephrine adjusted to a dose level of 1 mg, following
delivery of 10 mg and 30 mg phenyléphrine to the colon. As illustrated in Figure 6A, the
plot for unconjugated phenylephrine from the Sudafed PE™ peaks rapidly and then declines
rapidly to a level below 0.1 ng/ml within the first 4 hours post-dose. In contrast, the plots
for both 10 mg and 30 mg doses of unconjugated phenylephrine delivered to the colon peak
and decline more gradually and are fairly constant for an extended period of time.

Table 11.

Mean plasma Time (hours post-dose}

concentration 0 0.083 0.25 0.5 0.75 ‘1 1.5 2 2.5
10 mg Colon
(Total) 0205 © 0260 0333 0746 1.36 1.96 2.13
Sudafed PE™ .
(Total) 543 32.7 554 568 553 47.8 38.3
30 mg Colon : .
(Total) 0.335 0945 1.28 244 347  AlS
10 mg Colon .
(Unconjugated) 0.0586 0,304 0.145 0125 04135 0.160 0.187 0.182
Sudafed PE™
{Unconjugated) 0.278 0.641 0431 0271 0.156 0.0945 0.0779
30 mg Colon ’
{Unconjugated) 0.0458 0.0784 0229 0.242 0253 0348 0354 0352
10 mg Colon .
(Conjugated) 0.0213 0186 0301 0673 1.22 1.80 1.97
Sudafed PE™
(Conjugated) 5.17 32.1 550 565 552 47.7 38.3
30 mg Colon

(Conjugated) _ 0239 0726 107 211 3.12 3.79



2 27.4 19.5 18.5 44.2 41.1 28.4 28.8 3 44.0 27.8 24.7 67.2 60.6 44.0
46.9 4 60.8 36.5 31.4 89.1 77.6 58.5 63.8 5 77.6 45.1 38.3 101.7 92.9
73.5 80.8 6 89.3

41
: Time (hours post-dase)
Mean plasma .
coneentration 3 4 6 8 12 4 16 24
10 mg Colon (Total) 253 3.06 3.07 2.86 2.68 242 2.34 1.94
Sudafed PE™ (Total) 28.8 18.5 9.61 436 177 139
30 mg Colon (Total) 488 5.53 6.93 7.33 6.50 6.01 51 4.5%
10 mg Colon
{Unconjugated) n.16s 0.150 0111 0068 0058 0059 0064 0.059
Sudafed PE™
{Unconjugaled) 0.0811
30 mg Colon
(Unconjugated) 0324 0.309 0311 02689 0195 0204 0196 0.157
10 mg Colen .
(Conjugated) 236 29 296 2279 262 238 230 1.91
Sudafed PE™
{Conjugated) 28.8 19.5 2.6 426 177 1.39
30 mg Colon
{Conjugated) 4.56 522 6.61 706 630 5.81 5.51 443

The data were analyzed using a standard pharmacokinetic analysis method for the following
parameters: Cmax, the maximal plasma concentration observed; Tmax, the time to reach Crax;
Tiag» the time when the drug was first quantifiable in the plasma; AUCo 24, the area under the
concentration-time curve from dosing or activation to 24 hours after; AUC{,.Q, the area under
5 the concentration-time curve from dosing or activation to infinity; ty, terminal elimination

half life. The relative biocavailability, shown as Fy last in the table, indicates the’
bioavailability of phenylephrine administered to the colon relative to that administered as an
immediate release oral formulation. The results are shown in Tables 1 1,12, and 13. In
addition, the plasma concentration profiles of total as well as unconjugated phenylephrine

10 are presented graphically in Figure 6.
The plasma concentration of immediate release phenylephrine formulation peaked quickly
after oral administration in about 1.5 hours, and rapidly dropped to half maxirmal
concentration by 2.5 hours (see Tables 11, 12, and 13). In comparison, phenylephrine
delivered and absorbed through the colon reached its maximum concentration in .abot.n 6

15 hours (10mg) or 8 hours (30 mg), slowly decreasing in concentration to reach half maximal
concentration by about 12 hours (10 mg). ‘
Further, the active unconjugated form accounted only for a very small portion of the plasma
concentration of phenylephrine, which rapidly reached its maximal plasma concentration
and was eliminated when administration was as an immediate release form. The proportion

20 of the active, unconjugated phenylephrine compared to the total phenylepbrine that was
available in the plasma over time can be determined by dividing the AUCg., of the
unconjugated phenylephrine by the AUCq. of the total phenylephrine. When 10 mg
phenylephrine was administered in immediate release form, the active unconjugated form of

phenylephrine accounted at most only for approximately 0.5% of the total phenylephrine



54.7 45.3 107.7 102.3 87.3 94.8 8 102.9 74.8 60.0 109.2 104.7 98.2
106.0 10 105.7 92.0 75.8 110.0 106.9 100.6 107.7 12 106.4 100.3 90.3
110.5 108.2 102.4 108.6 14 106.8 101.7 101.1

42
concentration over time detected in the plasma. In comparison, when 10 mg phenylephrine
was administered by a release in the colon, the active unconjugated form of phenylephrine
accounted for approximately 2.2% of the total phenylephrine concentration over time

detected in the plasma. Approximately 5% of the total phenylephrine was available in the

5 active form when 30 mg phenylephrine was administered by a release in the colon.
Table 12. Mean = SD values of pharmacokinetic parameters for total
Phenylephrine

Parameter 10 mg PE-colon 10 mg Sudafed PE™ 30 mg PE-colon
{Regimen A) n=8 (Regimen B) n=0 {Regimen C) n=6
Cma (ng/mL) 3.61 1.60 63.6x21.5 7.75 £ 2.60
Tmaa {(hours) 6.00 (3.00-16.0) 1.50 (0.750-2.00) 8.00 (2.50-12.0%
Tiag Chours) 0.875 (0.0800-2.50) 0.08 (0.08-0.25) 0.75 {0.00-1.50)
AUCo22{nghv/mL) . 46.7 = 28.5 198+ 65.4 - 122 + 52.0
AUCow (ng.h/mL) 81.7 £.51.5 (n=5) 201 = 69.7 (n=8) 179 (n=2)
%4 (hours) G40 + 4.94 (n=5) 1.99 = 0.732 (n=8) " 7.57 (n=2)
Fretl last % 223+ 8.46 202547
a Median (range)
10 .
Table 13. Mean + SD values of pharmacokinetic parameters for unconjugated
Phenylephrine
Parameter 10 mg PE-colon 10 mg Sudafed PE™ 30 mg PE-colon
(Regimen A) n=8 (Regimen B) n=9 {Regimen C) n=6
Crmas (ng/mL) 0.400 x 0.454 0.704 + 0.369 0.468 + 0.174
Tmas (hours) 1.50 (0.250-3.00} « 0.500 (0.250-0.750)x . 2.25{0.750-6.03) »
Tug (hours) 0.0800 (0-0.750) a 0.0800 (0.0800-0.250)a | 0(0-0.750) »
AUCos.24 (ng.h/mL) 1.58 £ 0.915 0.561 = 0,165 5.17 x 1.56
AUCs (ng./mL) 2.87 (n=2) 0.640 & 0.268 {n=5) 8.94 £ 5.16 (n=3)
1%z (hours) 8.19 (n=2) 1.11 = 1.36 (n=5) 10.8 = 7.99 (n=3)
Frel last % 332+ 232 333+ 140
& Median (range) -
15
Table 14. Mean = SD values of pharmacokinetic parameters for conjugated
Phenylephrine
Parameter 10 mg PE-colon 10 mg Sudafed PE™ 30 mg PE-colon
{Regimen A) n=8 (Regimen B) n=9% {Regimen C) n=6
| Cres (np/ml) 347+ 1.58 63.3+27.4 7.43 = 2.62
Tmax (hours) 6.00 (3.00-16.0) » 1.50 (0.750-2.00) a £.00 (2.50-12.00) a
Thag (hours) 0.875 (0.0800-2.50) » 0.0800 (0.0800-0.250)« | 0.750 {0-1.50) a
AUCo-24 (ng.h/ml) 45.2+ 28.3 198 653 . 114 £ 55.4
AUC0- (ng.h/mL) 80.9 £ 51.5 (n=5) 200 £ 69.7 (n=8) 174 (n=2)
%4 (hours) 9.68 & 4.99 (n=5) 2.02 + 0.747 (n=8) 7.57 (n=2)
Frellast % 21.6+ 8.38 18.5 + 5.98
s Median (range)
20

Administration of the immediate release tablet, Sudafed PE™, resulted in rapid absorption
of unconjugated phenylephrine. The Tmax ranged from 0.25 to 0.75 hours post-dose and the
mean Cyna value was 0.704 = 0.369 ng/ml.. The AUCp;4 value, showing the total amount
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Example 2. Exemplary Formulations A-G were made and the dissolution profiles
determined
The dissolution profiles of Exemplary Formulations A-G (detailed in TaBIc 2) were
examined over a 14 hour time period us‘;ing a USP 1 dissolution apparatus set at 75 rpm. The
30 dissolution study was conducted at 37 °C 20.5 °C with 900 ml water buffered with 0.5 mM
phosphate buffer at pH 7.4. At each time interval, a sample of the solution was analyzed by

HPLC at 215 nm to determine the percent phenylephring dissolved. The dissolution results,



0-30 0-60 The results of simulations for a 10 ng i medi ate rel ease
dose of phenyl ephrine as well as 30 ng phenyl ephrine dose scenari os
covering the ranges detailed in Table 16 are presented in Table 17 as
wel |l as graphically in Figure 7. Based on the results of these
simul ati ons, the 25preferred enbodi ment for a 30 ng phenylephrine
dose provides the followi ng delivery profile: about 7.5 ng of
phenyl ephrine delivered in an i nmedi ate rel ease forn1to the upper 46
G -tract and the remnai nder of phenyledﬁrlne delivered in a sustained
rel ease f Qhidhiafe dnOerdfPET3 rGhs, bredBdwiRindraBle 160 ILiKRwW(se, tBe dissphtich pdofildis Ny
of phenyle hrlg geliv red in a sustained release formto the upper
tract, gouts's of phenyl ephrine delivered to the colon).
Table 17. T3bleltq. Phenylephrlne Dose Scenarlos Cmax ng/nL Vi m ng/nL

s .
7y Tabl o0 | ATPES por s DBV Rieel r Eu i oA BT (5,0
0.9976 15/mghDR |+ 18 nd SB 1. 316M. 0BS B. 3208 B. 44 5Ky |RG 25 ny
SR 0. 752 0[68% o 5 5 51T o 5 5
03 35 53 70 54 70 71 52
05 7.6 83 | 97 103 12.1 106 | 95
0.75 10.7 102 114 | 152 203 132 | 12.7
i 13.4 12.2 129 | 206 | 205 | 158 | 152
2 274 | 195 18.5 442 | 411 284 | 238
3 440 | 278 | 247 | 672 | 606 | 4a0 | 469
4 608 | 365 314 89.1 776 | 585 | 638
5 76 | 451 383 | 101.7 | 929 |. 735 | 808
3 89.3 547 | 453 | 1077 | 1023 | 873 | 948
8 1009 | 748 | 600 | 1092 | 1047 | 982 | 1060
10 1057 | 920 | 758 | 1100 | 1069 | 1006 | 107.7
12 1064 | 1003 | 903 | 1105 | 1082 | 1024 | 108.6
14 1068 | 1017 | 101.1 | 1109 | 1095 | 103.6 | 1093
5 Example 3. Tﬁe exemplary formulation detailed in Table 9 was made and the dissolution

profiles determined
The release pfoﬁlc of phenylephrine from a tablet according to the example detailed in
Table 9 was studied over a 12 hours time period using USP I dissolution apparatus starting
at 50 rpm. The dissolution study was conducted with 750 m! of simulated gastric fluid TS
10 USP (no enzymes) for first one hour. After an hour the pH of the medium was raised to pH
6.8 by adding 250 mL 2.0M Sodium Tri Phosphate solution and the dissolution study was
continued for additional 11 hours. At each time interval, a sample of the s-o]ution was
analyzed to determine the percent phenylephrine dissoived. Figure 4 presents the data
graphically.
15 Example 4. The exemplary formulation detailed in Table 10 was made and the dissolution

profiles determined
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- -The release profile of phenylephrine from a bi-layer tablet according to Exemplary

~ Formulation I detailed in Table 10 was studied over a 12 hours time period. The release

profile of phenylephrine from a tablet according to example was studied over a 12 hours
time period using USP II dissolution apparatus starting at 50 rpm. The dissolution study |
was conducted with 750mL of simulated gastric fluid TS USP (no enzymes) for first one
hour. After an hour the pH of the medium was raised to pH 6.8 by adding 250 mL 2.0M
Sodium Tri Phosphate solution and the dissolution study was continued for additional 11
hours. At each time interval, a sample of the solution was analyzed to determine the percent
phenylephrine dissolved. Figure 5 illustrates the dissolution profile based on an average of
6 runs. V

Ex.ample 5. Pharmacokinetic model of phenylephrine absorption in the GI tract _
To aid understanding of how the dose, the release rate and the absorptive region of the Gl
tract affect the plasma concentration levels, a pharmacokinetic model was developed by
incorporating the differential absorption along the GI tract and the drug release kinetics as
an input function, for the purpose of predicting the unconjugated phenylephrine plasma
concentrations. Preferred ranges for delivery of a portion of pheny]ephriné as immediate
release (IR) to the upper GI tract, su—stained release (SR) to the upper GI tract, and/or
colonic delivery for both 30 mg and 60 mg phenylephrine (PE) dose scenarios are

summarized in Table 16.

- Table 16.
Ranges for 30 mg PE | Ranges for 60 mg PE
_ dose scenario dose scenario
Portion of dose delivered as 0-15 0-30
immediate release to upper GI -
(mg) - IR
Portion of dose delivered as 0-25 - 0-50
sustained release to upper GI
(mg) - SR
Portion of dose delivered to colon | 0-30 0-60

(mg) - C‘pl onic

The results of simulations for a 10 mg immediate release dose of phenylephrine as well as
30 mg phenylephrine dose scenarios covering the ranges detailed in Table 16 are presented
in Table 17 as well as graphically in Figure 7. Based on the results of these simulations, the
preferred embodiment for a 30 mg phenylephrine dose provides the following delivery

profile: about 7.5 mg of phenylephrine delivered in an immediate release form to the upper



2.38 11.5 ng SR + 18.5 ng Col onic 0274 0.186 7.9095 2.64 30 ny

Col onic 0.280 0.237 9.3762 3.13 a: Phenyl ephrine plasnma concentration
12 hours after dose admnistration b: Reference is Sudafed PE 10 ng
tabl et given every 4 hours for 12 hours 5 The results of simulations
for a 10 ng i medi ate rel ease dose of phenyl ephrine as well as 60 ng
phenyl ephri ne dose scenarios covering the ranges detailed in Table 16
are presented in Table 18 as well as graphically in Figure 8. Based
on the results of these sinulations, the preferred enbodi nent for a
60 ng phemylhaphing ie S0siadd cOplied@sprine déipletad\in A gustiteidveleage kbproftiel e:

about 10 of_.phenyl ephrine deli d i n_j | at. form
fo the upPRrTGURRFARHREReT e Aol e Setpn R Ribert Sl
a sust ai nedeasefeage teopprrt( tiatteangmbert Somg of phenylephuing deliveted o the cglon).

about 20 gg,ofi-phenyl ephrine delivered in a sustained 47
release.formto the. upper A tract and aboiut 30 ng of

phei tyl ephrine. delivered to thelcolon).| Tabl e 18| RreldG@: Bi@vailability
Phenyl ephii ne Rgsg, Scenarigs C, 1s¢,,09/ Nl @A r‘@#ﬂ?&remi’c
: : 1 B g2 4 dafed PE 10 mg
ng/ mL*hr Rel@lehyiepiiaay i | abrlity %%rrpar ed to bPEr:j, e me
Dose Scenarios ng/mL | ng/mL ng/mL*hr | (AUC,. of Scenario/
AUCyRell)
10 mg IR only 0.751 0.006 09976 | -
I5SmglIR + ;
15 mg SR 1.316 0.038 4.3208 1.44
Smg IR +
25 mg SR 0.752 0.082 6.3788 2.13
10mg IR +
10 mg SR + 0.781 0.128 6.0051 2.01
10 mg Colonic o
10mg IR +
7.5mg SR + 0.774 0.129 6.2558 2.09
12.5 mg Colonic
4mg IR +
13 mg SR + 0.420 0.148 6.5986 2.20
13 mg Colonic
4mgIR +
9.75 mg SR 0.330 0.171 7.4090 2.48
+ 16.25 mg Colonic
15mg SR + 048 | 0164 | 7.1112 2.38
15 mg Colonic
11.5mg SR +
18.5 mg Colonic 0.274 0.186 7.9095 2.64
30 mg Colonic 0.280 0.237 9.3762 3.13
a: Phenylephrine plasma concentration 12 hours after dose administration
b: Reference is Sudafed PE 10 mg tablet given every 4 hours for 12 hours

5
The results of simulations for a 10 mg immediate release dose of phenylephrine as well as
60 mg phenylephrine dose scenarios covering the ranges detailed in Table 16 are presented
in Table 18 as well as graphically in Figure 8. Based on the results of these simulaticns, the
preferred embodiment for a 60 mg phenylephrine dose provides the following delivery
10 profile: about 10 mg of phenylephrine delivered in an immediate release form to the upper

GI tract and the remainder of phenylephrine delivered in a sustained release form to the

upper Gl tract and/or colon (e.g., about 20 mg of phenylephrine delivered in a sustained



ng Tablet (AUCo.,,, of Test/ AUCG ." Ref.) 10 ng IR only 0.751 0.006
0.9976 ---- 30 ng IR+ 30 ng SR 2.476 0.012 8.7445 1.46 10 ngl R+ 50
ng SR 1.390 0.076 11.1016 1.85 20 ng IR + 20 ng SR + 20 ng Col onic
1.562 0.150 11.9906 2.00 20 ng IR + 15 ng SR + 25 ny Col onic 1.5472
0.168 12.2457 2.05 8 ng IR + 26 ng SR + 26 ny Col onic
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release.form to the upper GI tract, and about 30 mg of phenylephrine. delivered to the
- colon).
Table 18.
Relative
Bioavailability '
60 mg Crox *Caanr AUC,.. | Compared to
Phenylephrine *6X Sudafed PE 10
Dose Scenarios ng/mL | ng/mL | ng/mL*hr | mg Tablet
. . (AUCy, of Test/
AUC) Ref.)
10 mg IR only 0.751 0.006 0.9976 ——-
30mg IR +
30 mg SR 2476 0.012 8.7445 146
10mg IR + '
50 mg SR 1.390 0.076 11.1016 1.85
20 mg IR + .
20mg SR + 1.562 0.150 11.9906 2.00
20 mg Colonic ’
20 mg IR + .
15 mg SR + 1.5472 0.168 12.2457 . 2.05
25 mg Colonic
8mgIR + . - :
26 mg SR + 0.689 0.211 14.0798 2.35
26 mg Colonic .
EmgIR + .
19.5 mg SR + 0.660 0.252 14.6707 2.45
32.5 mg Colonic :
30mg SR+ 0892 | 0186 | 14.3403 2.40
30 mg Colonic
23 mg SR + - 0683 | 0276 | 157538 2.63
37 mg Colonic :
60 mg Colonic 0.559 0.463 18.7524 . 313
a: Phenylephrine plasma concentration 24 hours after dose administration
b: Reference is Sudafed PE 10 mg tablet given every 4 hours for 24 hours

5 For embodiments described hergin, the compositions comprising phenylephrine or a
pharmaceutically acceptable salt thereof in the described core, layer(s) and coating are
expected to exhibit plasma concentration profiles such as shown in Figure 7 and Figure 8.
Therefore, given the specific teaching of this specification one skilled i-n the art can practice

the invention, without undue experimentation, to achieve a desired dosage profile.
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23 ng SR + 37 ng Colonic 0.683 0.276 15.7538 2.63 60 ng Col oni ¢ 0.559
0.463 18. 7524 3.13 a: Phenyl ephrine pld8snma concentration b: Reference
i's Sudafed PE 10 ny 24 hours after dose administration tablet
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12 hours after ingestion; and

b) an erodible layer, optionally comprising phenylephrine or a
pharmaceutically acceptable salt thereof;
wherein upon ingestion of the composition by a subject at least a

portion of phenylephrine is absorbed in the colon of the subject.

2. The pharmaceutical composition of Claim 1, wherein at least 5% by weight of
phenylephrine or a pharmaceutically acceptable salt thereof is absorbed in the colon of
the subject.

3. The pharmaceutical composition according to Claim 1, wherein the core is in solid,
liquid, gel or semi-solid form.

4. The pharmaceutical composition according to Claim 1, wherein the core comprises one
or more pellets comprising phenylephrine or a pharmaceutically acceptable salt thereof,

3. The pharmaceutical composition according to Claim 4, wherein one or more pellets
have an erodible pellet coating on the surface of said pellet(s).

6. The pharmaceutical composition according to Claim 5, wherein the erodible pellet
coating comprises a pH-sensitive polymer or a colon-specific polymer. 7. The
pharmaceutical composition according to Claim 1, wherein the core further comprises a
penetration enhancer.

8. The pharmaceutical composition according to Claim 1, wherein the core is exposed .
by erosion of the erodible layer at least 5 hours after ingestion by the subject.

9. The pharmaceutical composition according to Claim 8, wherein the core is exposed by
erosion of the erodible layer at least 8 hours after ingestion by the subject.

10. The pharmaceutical composition according to Claim 1, wherein the erodible layer
comprises a mixture of hydroxypropyl methylcellulose, polyvinyl alcohol, or polyvinyl
alcohol-polyethylene glycol graft copolymer and carboxymethyl cellulose or
carboxymethyl cellulose sodium salt. I1. The pharmaceutical composition according to
Claim 10, wherein the erodile layer further comprises microcrystalline cellulose.

12. The pharmaceutical composition according to Claim 1, wherein the erodible layer
partially or completely encapsulates the core.



48 Cdains: 1. A pharmaceutical conposition suitable for oral

adm ni strati on, wherein the conpositi@Gn conpri ses: a
core conprising a polynmer matri x and phenyl ephrine or a
pharmaceutically acceptable salt thereof, wherein the matrix
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Mrerein ope or_nore pellets have an erodible pellet coating on the

suf face of" sai g° éﬂﬂgi’?‘%‘)’?} CogPosea epAREIRIe &P, wReTRGke- Rt Aoating
accor di ngotrpri@tsghmmylphvihesre phaﬁﬁ@exﬁihﬂ?'i dal:@w dg&&hﬁma;hm]wri ses a
pH-sensi t ) r n-specific paolymer. 7. The

phar rraceudtk%ﬁg'g 19H(:;o é%nlgtgf%ﬁpﬁ%:%%orp%ﬁ’ﬁnﬁnt o Caiml, wherein the core
further ci8nprildeshampesvéeal senemition Aeprrding to Clgm IBhwhphianiresen tomial

CONPOSi t | BMpRESALE B/ Ph&hyRipRite orpBESPeukiBRyGRES b S GB?EE 6- 1%%
, erosion of ,\%ye enoglplﬁcﬁgg%gr at least 5 hours after ingestion by the
subj ect . (V' Bofyvinylgicp PERFeR SRRy - He ey Meraieine ai m 8,
wher ei n tRe cdhecomgpmitivosetrdiyg ©MSman finthes denishgiohd @-rﬁﬁfngqg@gnai east

8 hours gfdgfenkh lyon by the subject. 10. The pharmaceuti cal
conpositi on%egco?%?{r(lg)' to Claim1, wherein the erodible |ayer

conpri ses®fa mIRE GPBPBIOR percaIEie SR A tipt ereifirising Seg opuéry wddidnal
al cohol , tRdrageatiyydentrd). al cohol - pol yet hyl ene gl ycol graft copol yner and
car boxyr]Pzt]hyI ,I%el | ul ose or ccgr bogﬁmet Eyé" cellul osé sodiumsalt. 11. -
The phar faceut ¢ Al EoMSBEFTTBIE QBRI NG hY cemarising one apperesdditiond
erodi | e |tkpreneufieizgentés). conpri ses mnicrocrystalline cellulose. 12. The
phar maceigb] Calme aRRsioh QBcARROBEA 1 0ufdah M dor MNE AL HLLNGoSHOML P! ©
Aayer parti aé”;ﬂior conpl et el y 'encapsul ates the core. Roaters

~1- 31- - THETH WETAEHP thefiorro Ue eradiblelavesy as oy soating o Anyl confbinatitve r
conpri si njtvemonmbrethecsa®t i Ng. 14. The pharmaceutical conposition
according to Claim 13, wherein the outer coating contains

phenyl qgﬁ_r! NEeTHY copBias ReSQ I efdrybnaeeeptddl orshl t. . fAdtherThe

phar maceut i cal, conposi tlﬂgﬂ ,ac?%dlp%ﬂ_ to C%s im 13, wherein the outer

coating FERIFMRATELT BEREAFHYOn2! PETPFHE 38 fraceut i cal conposi tion

according to "CheadampbStiondresrding td Gleing 38 evheodmbriery more aiditional slggapeutic

phenyl ephr.l X j | ' nd

Dol yui nyPERDJRE R IBRIBE W b fkeule GEGFRANR 3 b M o8 g (o

Cl ai m 13 anajgesiceamantitpyretc 6t 2 eopanerpidel eptipinilaweaton éfff-ephri ne or a

phar mace i cakhe/corgpansiadtdmatd Clafif 18 GiheaditloRir wiokd Wdlitional therapentic

al cohol - pol Y§t,hgl ene gl. col’ %rtﬁaf%ac EOl yner. 18. The pharnaceuti cal
Y i oV e gl

conposi t F&H 'ein the outer coating
conpri seg, 1- 2Vbe( sinpsiftrervydréipg t Gleine 13 avikean oreecg ok caditipnal dreqment e
salt t herage%g@ S1cifol dhadtbail MthodleEfiglaRased pol yrrer; and
Opti onal | .9-1% (ww) loratadine.. 19. T o]
4 ai m 1, 9% ur t e SEBRBRFAhyIBRL GRIIATeViead PIGR 10 3HE1gpR dherrpoutic
t.agent (S) agenitb) is ThrMuRRIPOSE bicodl=da@or ding to Claim4, further .
compri si '1;% 0 cof.lz’omr%%gigonagzgér fng rt‘c?&la;[nq EB,avph%%iz'z gneaoq%tre(asdhitibnéjther;gg&ic

H

apent(s) is formulated in the erodible layer, - T

he conposition according to



agent(s) is fornmulated in the core, the erodible |ayer, an outer
coating, or any conbination of two or nore thereof. 23. The
conposition according to anyone of in, I O 4;further conprising
one or nore additional therapeutic agent(s). 21-1-The conposition
according to Caim 23 wherein one or nore additional therapeutic

agent (s) jﬁ S effh%%ﬁgosﬁdoﬁ e REnLo AREE210(hLBR o8k B+iRoe Q8 iGal mgragéuuan
anti hi stam ne, .an anaﬁc? Lf“}[(ﬁ%dzi@‘é_)a‘nt| -pyretic and a non-steroidal

antl-lnfl%ﬁﬁ‘i‘f@b"‘r formppl #¥8sition according to C aim 23

wher ei n oRg ornmr:mpaaﬁmmtabmdibg to@HiapE vheremgen bl ®dre addifiarzinkkeapadici n
imedi ate, r | (1 osition according to O aim al
-Wherein c?ng'c ggéﬁonrﬁ’g&g%la tﬁ%ﬁ% gaﬁ{g{rgpeutl c agent(s) is loratadine or
desloratadine in imedi ate rel ease form (21The conposition accordi ng
to Cains 19, wherein one or nore additional -therapeutic agent(s) is
formul ated in _the er.odible | gyer. ag The copposition accaqrdi ng;

d ai m 20, DhherBEfoBRESIER Ay ‘H“%H&I?‘Fb%wh?%@r%%WE“%’é AT '?dsa”

f or mul at egpiule bhetablendi bl e | ayer. kso t261 The conposition according
to Caim2l, wherein one or nore additional therapeutic agent(s) is

formulated in the erodible |ayer. The conposition according to
Ct ai M 2&2 wherBiefomgesitom avorréing doClkinoAd whtisiraip @dtnot: aidisntal Sprapsitic
for mul at egehis)idg sBs ..The conposition according to
Craim /2 %3 t@sl ) sREAM b RadoRYST. -

8.0l A
tablet. 32%Re cowmhﬁme‘&@@@@%%“@df@%ﬂﬁi whezeimrcerﬁm eoraptispITe
addi tional t hemepedttedoiuei ((cﬁ')pohﬁltd Hy&bb@bwpgﬁféllﬁlséee@%x E ]céﬁi'n?ose
phar maceut i CQA 1&9%&%&% ot IC1 a sm tge core
conpri ses oné or -nor e ﬁ '?13'3?% by %"5 gi"‘l"f‘ hydr oxypr opyl
cel | ul ose, Z8ar boxihrabpgraceiticyl\compositival of Kﬁlaimr%Bmmzy&batoldibﬂndaycr forther
cel | ul ose, aaanmmloumo&t;%fvﬁ{y?am@hwﬁn %é?‘!rpl cal conposition of

r co

Cl ai m 33, \;g%relr&,lﬁ rodl l'e Tayer. furt % Ori ses one or nore
- pol yvi nyl ohol 5% PTESSIH%E#%% by iRSECER Y erprlibledmyse Sirtheon
of Claim 34. g:om)hfaeaa‘!bﬁtaﬂhﬂeﬂiﬁdirhicﬁnd ayer further conprises |oratadine
or desloratadi ne.q, utic 05|t| n.of daim1l, wherein
the core CO%%I’I ses ?ﬁ &gg{‘ﬁ%g%/i\n%ﬂ%}p%%r?ﬁo ?P %5?}? 4-5% (W w)
phenyl ephrine or fhe ?ﬁqum@mth@;&llbyma@gap@mm‘smbsams% khetwo phignybitite or a
4-5% (W w) hﬁaem:da hocERhtib A5 e .
(w'w) hydr OQMQ E L(e {:ﬁg}ié | SO -rmhéﬁggﬂgg@vﬁh&gﬁ Oap?g&hf%?%ﬁb
(ww car box@éﬁg %ﬁ’é’ P2 é/%%?"@umdé%ﬁwmpéﬁﬁu‘ﬁo’ié%tﬁwWﬁﬁfz%- about 16-
ni_cr ocr yst al 17% év/ed birtbb:ysethyetinladeandiubl. sk, %ok 58-6) % TRONESidBystalline
s arate; ang l%&eaﬁ%@%éiﬂ%%a(%%&&%k ] §t§§ ghe follow ng

0

conponent s: about of o5 phar maceutical ly
acceptabl e salt tirresredible Iwnwmmst@mmmwpmwwmn-m ol

based ' pol y@HenylephiRe mrmﬁﬁ&uﬁﬁc@ﬁ} 2 OPTRAS Lalt! e anfh Bk 1605 wAPET €10
t he pol yvi nyl atcgt\gl‘@? éi rrer i's a polyvinyl
al cohol - pol lﬂ“ﬂy fr&° 3 Pé ¥&4F% copol ymer. 3igThe pharnaceuti cal
conposi ti ompf. CThe phidfiacetion ebmpdshidnef Cﬂirb?)(&; %am{ thé BERAY aRORN LERES
about 0. 9- 194} 1 QhAkRT LRASHA! pof}gt?xyl%raeaélﬁcoll P& f copolymer.
%g The pharmaceutical composition of Claim 3(’?. Wherein the erodible layer further
comprises about 0.9-1% (w/w) Joratadine or desloratadine.

-
m

‘u

24 The pharmaceutical composition of Claim 1, wherein the core comprises the
following components: about22.5 mg phenylephrine or a pharmaceutically acceptable sa'lt
thereof, about 25 mg hydroxypropyl cellulose 300-600 cPs at 10%, about 25 mg

hydroxypropyl cellulose 150 — 300 ¢Ps at 29, about 90 mg carboxymethyleellutose sodium
salt, about 332.5 mg microcrystalline cellulose, and about 5 mg magnesium stearate.



3' 1The pharmaceutical conposition of Caim1l, wherein the core
conprises the follow ng conmponent si; hbout ,22.5 ng phenyl ephrine or a
phar maceutically acceptable salt thereof, about 25 ng hydroxypropyl
cel l ul ose 300-600 cPs at_ 10% about 25 ng hydroxypropyl cellul ose

150- 300 ks at TA¥phanesthtiddcdifhoemion oxmERsY Wagkin OSSRty Posdkles
crocrystalline | | u] ose,, and about nesi um

about 332.5 1 | , 5 ng, g
st ear at e. %g%]ﬂé]wﬁﬁgfm QST APgKe fcg??ﬁB soyieahrng T ephTRaAceticaliy asceptable he
er odi bl e | aspithecofipnd sost 3684 g bblyvinylglcobslpasdpblmeabout 7.5 ngy

henyl ephrij;ne or i.cald: tiabl ali thereof _.a
bout 36 DA g TeRpRRALERGG o Bt SESERY O BrR e RS el Pt
conposi t i orPbfrerisH pelyvinyhwiephei-nolyethylens|siwepheriit edpobirer. based pol yner
is a pol ywj‘,gyl ahe pltehaRehuket o@iﬁ&x&*m%{mhﬁg@ﬁééin(if?@é%dfﬁ@i r%@ﬂe@ ,
trcal |agfe ayer

phar maceu .conposi.tiqn of.C ai.m 40 rein the erod

further co PP§%°§2§%%EP3§°W§dP8Pﬁ?%WPé‘“Br desl orat adi ne. 4.3, Use of
'-fg_a onposi Lipn atiseeth wgpbiti@ akconding tf Claich hefonhe tbAdhdnire off madicament for
medi canment d ' Lnfl.uenza,. al l.er 0
non-al | er gl%gé%%%fﬁﬂ%é@gﬁgﬁéﬁﬁﬁ% é??L?' ?1”‘é£rl1{e33§1 gﬁfﬂ% m'?’ﬁ‘éb'*%cg}éqneeé
accordi ng tBe®€¥ai m | e, wherein the conposition is suitable for

adm ni strgfll.on Fuetsy abohDrl ©.Cldity 'ﬁ?ﬂﬁ&ein@t{e 0bthpD@ESis snitab¥eh ,
phar maceut | %%Iini&!%g)nogvgt igQn suﬁ bl e f ‘{ oral adm nistration, wherein
the conpositTron Conpr | aes At D“éso%f MO8y a pol ymer matrix

conpri si n3 hydroxypropyl cellul ose and carboxynet hyl cel | ul ose sodi um

and pheny Mphr AnagiacautRians SRGRIHoh GakdbYe BE 6APAARLALSAT WhBREERE -
wherein the matrix conpletely erodes within about 4-12 hours after

S R G R b i
44- . Th ' i i in.a total
amount of “AheorEprE e aronir g slivia elpball e e

is 30 ng., T tical ition of clai wher ei
oot al aGERE =BG HReT Rb o S g e Py e St g ¢

thereof is. 60 . tfqThe conposition according to claim4.ct further
conpri si nY SR N ore additional therapeutic agent(sl. Ig.A

pharmaceutical conposition conprising phenyfeohrine or
pharmaceutical ly acceptable salt thereof in an extended rel ease core

further qg;rpri i ng hydro ropyl .cel | ul osg.and car boxynet hyl cel | ul ose
sodi um an ’vvhefléq lﬁ‘aﬁx?)chﬁéaﬁtcmgg"%ﬁ‘ﬁf’cﬂfjcE@Egggwgﬂ%‘ﬁﬁ‘j%‘ﬁ%ﬁm&@mpﬁmiv
AUC. O4cr el aéi ye to total_ phen ylethrine AUCO.24 in the plasnma of a
subj ect aff ?S‘?"Hﬁ'éélf‘?"éfﬁ%lrﬁ)m:tfﬁ OHEP¥ I i on is at | east about 1 to
about 14% Thephar maceuti cal conposition of claim.5-0, which
conprises 30 ng of phenyl ephrine or pharmaceutically acceptable salt
t her eof g_a, ngh pthar maceytical copposition_of claimb50) which

conpri se€ 160 nffeotrapmssyiical RempRSItAN oS KIRAAL eukerels e tytabdeeit 8Bl e sal t
Thereof. 3. The conposition according to claim50)wherein the

pheny| eprifieRulepirieqr phammpeptiselly accoptablp saltbaobisttlome.conpri ses a
zero-order rel ease phase.

L[—‘g The pharmaceutical composition of claim 4%, wherein a total amount of

phenylephrine or pharmaceutically acceptable salt thereof is 60 mg.

L}G] The composition according to claim 45, further comprising one or more additional

therapeutic agent(s).
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50 A pharmaceutical composition comprising pheny|ephrine or pharmaceutically
acceptable salt thereof in an extended release core further comprising hydroxypropyl
cellulose and carboxymethylcellulose sodium. and wherein a percent of qn_czonjLngt_ed
phenylephring AUCh.pq4 relative to total phenylenhrine ATJCp.p4 in the plasma of a subject

after ingestion of the composition is at least about 1 to about 14%.

B'i . The pharmaceutical comp_o_sition of elaim 50) which comprises 30 mg of

Phenyiephrinemor pharmaceutica]ty acceptable salt thereof.

51 The Pharmaceutical cnmppsition of claim B0, which comprises 60 mg of

phen_ylephrine or pharmaceutically acceptable salt thereof.

'63 The composition according to claim 50) wherein the phenylephrine dissolution

profile of the pomposition comprises a zero-ordey release p_hase.



