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Oral Suspension of Prednisol one Acetate Background of
the Invention The invention relates to a
w@baroeaeut i cal formul ati on for oral adm ni st recT/o82006/030140
conprising an effective anount of prednisol one acetate
in a pharnmaceutically acceptabl e, aqueous,
suspensi on-stabilizing vehicle. Corticosteroids are
used to treat patients with inflanmatory and i nmune
di seases. Prednisolone is a corticosteroid that has

been for muQrakSuspensirs of Prednisiotdne Mdetateui d

preparations for oral delivery. The base torm of

pr edni sol one and ‘é%% ,]QITJ 8f fhe 'F“’Eﬁﬁbﬁo' one sodi um
e

phosphate, are conne y aval in oral liquid

forjy 'nWe'nﬁS'r? relé’fg&’? haFngce%lnEél‘?{)m’i i 18F ofal! S?mlnllsr;cratlon

conmmercl a ns I'S descri extensive

co"ﬁﬁigﬁ?aiwifﬁéw‘% %'%R@'fﬂ DA LM PRI

74 descri bes aqueous

accgfgtpglg, gﬁgeoygn%ﬁpgpﬂgng%g’t" i 44%‘&%? ‘ected fromthe group
e T

descrlbdlnthe atent is sbel
disegses-drraBNiaclpRe |2 a%%%@mﬁh% %%n ﬁ?dﬁa@a%@éuﬁé

al coholic solvent is required and it |s not a
tab'@ﬁ?gﬁ‘@ﬂ@#tﬂw‘” epprafienssiop REal gelivsined hhe s ool Pregiisqlene and the

to be problemati¢c because they are not stable and over
saltforip PFW'%QHW%@ phosphate.care sgmmsgrcigheavaiakie inora diquid

and gives variabl e dosage anmounts. U.S. Patent No. )
fornpylatzgis4 Hpweyet the bitier tastaugidhe Commaseial ¢rmpasitiops i3 Hesasibed

wel | known taste nmasking agents to achi eve a pl easant
extenaivelyrig tie opedigal literature and contributes to poor patient compliance with

medical instructions for the use of the drug. U.S. Patent No. 4,448,774 describes
aqueous solutions comprising a steroid selected from the group of prednisolone,
prednisolone sodium phosphate, prednisone and methyl prednisolone. The solution
described in the patent is described as being preferable to previously known
formulations because no alcoholic solvent is required and it is not a suspension.
Suspensions of prednisolone are reported to be problematic because they are not
stable and over time the active agent settles out of the formulation and gives variable
dosage amounts. U.S. Patent No. 5,763,449 describes the use of a combination of
three well known taste masking agents to achieve a pleasant tasting liquid
pharmaceutical composition. Prednisolone and prednisolone sodium phosphate are

disclosed as bitter tasting drugs that may be used in the formulation.
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phar maceuti cal conposition. Prednisol one and
pr edni sol one sodi um phosphate are disclosed as bitter
wo amwiongsdr ugs that nmay be used in the PCT/US2006/030140
formul ati on. Anot her form of prednisol one, prednisol one
acetate, is conmonly used for medicinal purposes.
Howe bec use of its or ueous,sol ubilit
i R e T ﬂe@&si%&%ws c?famﬁfwsad for
and opt hamal ogi cal fornul-atjons, not or
mediCERMTRES e SHOWE\Er, Besalpe of S HE%&%R'—@OPWH%UQHJB‘I grednisolone
provide a taste advantage because it is insoluble in
acetatrds Hepebibiapiealy patniasaangroptiirmalegical formdlationrs, apberal
prevents the interaction of the bitter-tasting
formiigtions,| Ee use oftthemcetate Honmedldponideladtastesadyabtage beTause it is
present disclosure is to a novel, organol eptic, oral,
insolublgun thesarpeens iconirarimented ltﬁesmlouth‘e and thaaefora pmve'ns the
i mprovenent over previously disclosed and
interactiomeof ¢heabitterthsting mglecitsi of the preddisviome Withr thie, tasa imods.y
of the Invention The present inventionis to a
pehepreseritidistlostiednsas iat nave!, forgarmiepticderal, liquid suspension of
conprising a pharmaceutically effective anount of

predfic6IBAE 2RERRLIHAE R AT PhpréferheM Vst | pr louglyahsctdded e
vehi cl e and a thickening agent. The present

comrﬁ@fﬂi’eﬂ&é&b?&! pfeIHigtIbtfe BagBomaPout 0. 5nmg/ L to about
of prednisol one acetate. Mre preferably the

concentratl on of psgﬁ,m&gl&qgem@m I's between about
Ing/m _ to about 5ng/nL The nost preferred

omég;ﬁ'b&érﬁ Mvertioh Rt Gisfack i Ebrﬂ?oé’ﬂlér{ o gl'él \G%Pve

mL predni sol one acetate or predni sol one

comBHisidh Brahfifoel e@@éﬁé@rﬁ@é&pb@@;@ﬁ&?@&u&{@m t8] one

acet I spers In an ora ati on conpr|3|ng a

phar?@%}@é@kﬁll?ggce%téﬂfé CERBleHhdAP FilkenifgB Rt SR Hré&iHt Chfposition

contains between about 0.5mg/mL to about 7mg/mL of prednisolone acetate. More
preferably the concentration of prednisolone acetate is between about 1mg/mL to about
5mg/mL. The most preferred compositions of the present invention will deliver 5mg/5mL
prednisolone acetate or 15mg/5mL prednisolone acetate.

The inventive formulation has prednisolone acetate dispersed in an oral
formulation comprising a vehicle and a thickening agent. The aqueous vehicle may be
comprised of glycerin, and the preferred thickening agent is carbomer.

The prednisolone acetate of the present invention is within a fine range of
particle size. The median particle size of the prednisolone acetate is between about 1

pum to 30 um, particularly between about 5 pm to 10 ym, and more particularly between



10

15

20

conprised of glycerin, and the preferred thickening
agent is carboner. The prednisol one acetate of the
w@e@somiss nvention is within a fine range of peeT/U81086/030140
size. The nedian particle size of the prednisol one
acetate is between about 1 nmto 30 nm particularly
cu
6 urrgt?o: QA‘Aﬁ@E é\%ﬁ%&p@?@% M@%nsﬂaag g%&%lﬁ%#nvenﬂve gomposmon
predni sol one acetate in the |nvent|ve conposi tion has
has am%ﬁrwarg@letsmﬁ of afeater bRngr len@BA 19354Ran Smaind | ess
than 30 nm The inventive conposition further
coths inverdiveeampesitignifedhancomprisps amr@a@ﬁeﬂ%llu igceeptable
exci pients include wetting agents, spreadin ents,
excigienisi The exsipienikiacide wetingiagens; @praegilrmm s lizers,
i nventive conposition is organol eptically pleasing.
swedthremn andflafoningiagantan Thainvantive cdmpesitionsa osgenalepticaliyt o
about 5.9, nore preferably of ‘between about 4.6 to
pleagihgut 5.4, nost preferably 4.8 to 5.2. The inventive
conposition is conprised of fromabout 29 to about 64%
Wellhey ndvel fermulaioh @agRPH obBStwek @boiitd.( td “hout o, triore
about 20% sorbitol (ww, up to about 10% propyl ene
prefetabhPof Hetwiddn abbutias edabdut 374, Thdst pedfaribly(( 48\ 5a0d up
to about 1% of a thickening agent (wWww. The

PhEHd TRYSHVE ©OMmpositiBA$ EbrAPristld dfidm avauttdoas a%@[IPGM% ater
the follow ng ingredients a) 0.1% pol oxanmer 188; b)

o S S e L  tg0Li GPB g 0%
mnp?@ﬁé@b@&?gmﬁy ﬁté%???ﬁ%%?@ﬁEMBE?g?wgﬁdéB tyh @&ﬁ@@%&a
thickbRingAght WAd).

The pharmaceutical composition of the invention comprises the following
ingredients a) 0.1% poloxamer 188; b) 50% glycerin; ¢) 5% sorbitol crystalline; d) 5%
propylene glycol; e) 0.065% disodium edetate; f) 0.2% sucralose; g) 0.44% carbomer;
h) 0.04% butylparaben; and i) sodium hydroxide to a pH of between about 4.8 to about
5.2. |

The inventive formulation may be used to treat a patient in need of an effective
amount of the active pharmaceutical vehicle, prednisolone.

Among the medical conditions that may be treated by the formulation of the
present invention are endocrine disordei's, rheumatic disorders, collagen diseases,
dermatologic diseases, allergic states, respiratory diseases, hemaologic disorders,

neoplastic diseases, edema, gastrointestinal diseases or nervous diseases using an

effective amount of the orally delivered prednisolone acetate composition.



10

15

20

The inventive fornmul ation may be used to treat a
patient in need of an effective anount of the active
w@ba@rireaeut i cal vehicle, prednisol one. Anong tPET/US2006/030140
medi cal conditions that may be treated by the
formul ati on of the present invention are endocrine
di sorders, rheumntic disorders, .collagen di seases,
der mat ol ogi ¢ dpgt?éi&ﬁ@,es&F'lpE'PQiq,ﬂé?Hi tiotospi ratory
di seases, henmol ogi ¢ di sorders, neoplastic_diseases, .
edBidlesciiking pabadinanisal thaipsesesbnventions sperifc termineledy is
using an effective anount of the orally delivered
employed ?ﬂl‘stbﬂ? sake elcalarily c Howspess ihe ipventionds netinaded itpbe dmited to
of the Invention In describing enbodi ments of the
the gpeeifie termimiegy smselectpd.citfis to heeunderstiood yhateashspegificielement
for the sake of clarity. However, the invention is not
includes alh teothnical guivdlents eghiti opératsipex sifviilar mannemtol asgymptish a
selected. It is to be understood that each specific
similal pupbée.i THe alsbee-dektrieticdrmbaodimeatsloftiad mwestionvhiag lhe modified
operate in a simlar manner to acconplish a simlar

or vaiedpase elefemitoiquse stamtitted adtroubashareng fromfthé revention, as

i nvention may be nodified or varied, and el enents

appradided 1y these skiksh inwhé BAU liglRRAHE alsbverteastimgs. Each reference
i nventi'on, as appreciated by those skilled 1n the art

citedhﬁéréﬂngg‘fncefpdrﬁﬁd B ¥RrdrRAEI iNékch \Ea@hnaiﬁfaaamﬁso@bﬁa@é’d by

erein Is incorpofated by reference as if each were
refer%ﬂgé.Vi dual |y incorporated by reference. The
ornmul ati on of the present invention is a pal atabl e,

e folth{lidtih bPRe Pred¥r HVLARIPRS: S4i5GBIS ord G s RhYre
e H]g se% 'ﬁal nl?&c an 1%

o
acet at S been In op parentera

predﬁﬁgg)rﬁg l'?:\%la’fag%iogfég%%olomgtacg?aie ﬂg% bgélﬂﬂé il op l'ﬁ{é‘aﬁﬁj

Feparati ons. edni sol one ‘acetate 1S

pareRIcPG h&RsihI drBS R B nhd n¥BrElioudi) BebR Vs 8@ I &al fiduld

preparations. Prednisolone acetate is practically insoluble in water. The low solubility
presents a formulary challenge during product development of an aqueous liquid oral
preparation. However, the use of the acetate form provides a taste advantage because
the active does not dissolve in the aqueous environment of the mouth, and therefore
prevents the interaction of the bitter-tasting molecules of the prednisolone with the taste
buds.

The present invention is an aqueous suspension having a thickening component
and a vehicle, or carrier, component and may include other pharmaceutically
acceptable excipients. The vehicle is pharmaceutically acceptable, aqueous and
suspension-stabilizing. Prednisolone acetate is evenly dispersed in the semi-solid

aqueous vehicle. The suspension has a homogeneity so that the active ingredient is
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presents a fornulary chall enge during product
devel opnent of an aqueous liquid oral preparation.
whiaewerig4 t he use of the acetate form provi desPET/USENE030140
advant age because the active does not dissolve in the
aqueous environnment of the nouth, and therefore
revents the interaction of the bltter tastin

unifarpdigparsed put wdissaviad 18 rovrhiclp: h effermulation Gngists qfautually

present invention is an aqueous suspension having a
compmtd& epmRgNeBABbInem temneratuienl ke suspensioarhaisa crystalline
onponent and may include other pharmaceutically
stabdityde phhattihe pesdniseianet particdesestay mithirea tasgetparticle sizeiranged gver
accept abl e, agueous and suspensi on-stabilizing.
timePr edni sol one acetate is evenly dispersed in the
sem -solid aqueous vehicle. The suspension has a
hoThegesticle gompohématiseines ascthe \extdrngliphadise of thessuspéngionsy, The
di spersed but undi ssovled in the vehicle. The

vehitlemmay & canpdsatisofaiaten iglyebting qirbpyléﬂwﬁmd)lwnd rAiiupestietesof.
at room tenperature. The suspensio as a crystalline

The Séﬁbleboh“)bdn@ni may cbh@ﬁ’él%&?iﬁiﬁﬂ RboRebbYC B \fé}ﬂ'ﬁ(e > may also

within a target particle size range over tine.

compi®dd &bﬁyléﬁé‘@%smp RRADERE 26%, dr%n@éb&.tw, tcPQ@&ﬁ 1@5/0 t P@rified

suspensions.” "The 'vehi cl e may be conprised wat er,

wate® lcm%ﬁséb thRIHRIRY bERE v%ﬁé%cﬂon%&i'\e &SH ﬁ‘s‘?nép out I@% to about

vehi cl e conponent may contain g ycer

4% We 7 Mebhcl e may al so conprise propyl ene gI ycol up
° A)E& eb-(g)%uZO% or from about 3% to about 10% Purified

i e A B R o
abod\‘; 2?%’40?48’8 /wELbrf kihd RANBLES. M?@Cﬁ%eﬁpﬁl&l%éﬁ 6 150 fhan

ent,” conpri sing
about 50% (w/w) or even less than about 43% (w/w).

Thickening agents are pharmaceutically acceptable excipients that add a desired
viscosity and flow to a formulation. Carbomers are synthetic high molecular weight
polymers of acrylic acid. In one embodiment, carbomer 943P (Carbopol 974P) has
been found to be a suitable thickening, or gelling agent, providing good sensory appeal
and texture. The rheology of the carbomer p'rovides for a high yield value, low shear
thinning qualify, in non-thixotropic liquid formuletions.

The viscosity of the carbomer gel is pH dependent. Carbomer gels exhibit
maximum viscosity at about pH 7.0. More acidic or basic pH's will cause the carbomer
to lose viscosity. However, prednisolone acetate is most stable at slightly acidic pH's,
and will degrade to undesirable breakdown prdducts at the higher pH. At neutral pH's,

prednisolone acetate will undergo oxidation and hydrolysis and form undesirable and
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about 29%to 64%wWw of the fornmulation. Water
concentration can be | ess than about 50% (ww) or even
wo e®3/othisn about 43% (W w). Thi ckeni ng agents BECEUS2006/030140

pharmaceutically acceptabl e excipients that add a
desired viscosity and flow to a formul ation. Carboners
are synthetic high nol ecul ar wei ght pol yners of

less activd degradation praducie Atteceli ebA6, to S, isajargracetate is stable
(Car bopol 974P) has been found to be a suitable

in the fioroksationgandathe gatbomeg neayenetain jis viscasityg Teochrbemsnegmprises
appeal and texture. The rheol ogy of the carboner

up tpaboutdes (i/en) ofitHa ighentive fohmuddtion, |h partichlearwe havenfougd that the
quality, in non-thixotropic liquid formulations. The

carbiref 8sihe)in@intivé forgrildionshogidl be isetwelenl apeutd®40% to about 0.50%,
Car boner gels exhibit nmaxi mum viscosity at about pH

more partichiBfp BuHD @09 toksoucoidys Wi |1 cause the carboner
to |l ose Vviscosity. However, prednisolone acetate is

NMOfle StaffrPupkion b pRidhsofmedicetditlissa sgillesiéthht féﬁﬁﬂaﬁ%. Spill

to undesirabl e breakdown products at the higher pH

resistaiit rﬁ!fcﬁ%l%&prﬁ;agg ﬂi\&@!e%sﬂﬁﬁtdﬂsﬁri&éd in, 197 4RE8PBIe, U.S. Patent

oxi dation an rolysis and form undesirabl e andl ess

Nos?@,bﬂl,%ﬁieﬁ{daé!%i,%&me‘?QH‘?ﬁc;gﬁ)&%te% R tefrefled (0 5. 4,

predri sol one'acét at'e I's st e in the for mul ati on and

g PSRN sl R G P45 oo
ccet b one A Bl R AP Bl g
soee BB B e A G EBA A PO B e
abo 55 e U BE% Pl PR BB o BBy e
s g e AR A e B e e
applicable regulatory requirements as would be understood by a person of ordinary
skill. The viscosity may be about 5,000 to about 15,000 cps, about 5,000 to about
14,800 cps, about 9,000 to about 11,000 cps, or about 9,500 to about 10,500 cps. In
inventive pharmaceutical suspensions there is 'no crystalline growth during a heat-cool
study for three days at a temperature range of about 8°C to about 45°C.
The active ingredient particles may be crystals that neither dissolve or grow
substantially when the sample is heated e.g. to 45° C and cooled to room temperature
repeatedly.

The formulation is dosed by volume, and specific gravity values were used to

estimate the prednisolone acetate concentration in the composition. The 5mg/mL dose

was calculated, based on specific gravity to be 0.097% (w/w), which is equivalent to
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The pharmaceutical suspension conprising of the
i nvention has predni sol one acetate uniformy dispersed
WO pooani1egueous vehicle, the active ingredi ent PEHEI0061030140

i n suspension w thout agitation during the product
shelf-life. The shelf life may be up to about siXx,
twel ve, eighteen, twenty-four_nonths, thirty nonth

0.084% (wiw} oﬁ/thgupkednmlw baﬁ¢ef0§ns 58ﬁ§ﬁm9/rﬁb§0§ﬁwa$n C@M&!ﬁtaqi to be
activity, is pharmaceutically effective and neets

aboui H293%a biv/ev)r wguah &g equivalenfue O@2t of predmisalonethase form.
under st ood by a person of ordinary skill. The
vi Bueopartiplesine dfd¢habetive fhadbaceuticabiogtedieht 0GY haye,
about 5,000 to about 14,800 cps, about 9,000 to about

impakthnOefectpon tee biabwailkabBitySdiG foomalation. $thalieOparticle sizes have
i nventive pharmaceutical suspensions there is no

increackd satfhdenarearandtwill dissolvg fastéretiin Corgér sdrticlys.f Howdvege
days at a tenperature range of about 80C to about

decréadlfg thEsarfglk isize rhageRHeastmaragdiomeetionsy thepartivies adrii the
t hat neither dissolve or grow-substantially when the

increx@BRkArfade HRAlEA r@sd]t inFastéPddgradatignastites! cérﬁpé@ﬁ&ﬂiue to
tenperature repeatedly. The fornmulation is dosed by

oxid ¥R hﬁﬁﬂﬁ@e?ﬁ (h'e‘in MRV Frm(RtidRSa WRE PaHRRIsitOwas f%und to

estimate t pred nISO one acetate concentration in

ach:&%‘ﬁ’\%%eglr&ﬁ‘ b|o-£0§1|at%ﬂgj 'ﬁhgd;gg%}?ﬁné QE&\%@&Q% iRRAREL on

Ific gravity chi1s

formﬁ%'rﬁrbnx ﬂ%ﬁ Qtrﬂécﬂgl;\ ﬁ%&l el Msds £ {’ﬁﬁﬁagé{'ﬁﬂaft“o 919 ? ﬁ)eabout 30

ose was

S AR
oot TR T B 4, o
i b OSSO e
For example, the prednisolone acetate particles of the disclosed formulation were
micronized using a stainless steel, air-jet mill with a grinding chamber diameter of four
inches (Sturtevant, Hanover, Masséchusetts, U.S.A., model no. SDM-4.)

The size of the particles may be measured using a light scattering device,
sedimentation methods, centrifugal forcé measurements, or any method known to one
skilled in the art. By means of an example, the Matersizer 2000 manufactured by
Malvern Instruments, Ltd., Malvern U.K., may be used to measure the particle size.

Ph.armaceutical excipients are pharmaceutically acceptable ingredients that are
essential constituents of virtually all phafmaceutical products. Excipients serve many
purposes in the formulation process. The inventive pharmaceutical suspensions may

comprise at least one additional component selected from the group consisting of



decreasing the particle size nmay cause sone
aggl oneration of the particles, and the increased
waee7acasarea can result in faster degradati onP@Ff/US1986/030140
conpound due to oxidation and hydrolysis. In the
inventive fornmulation, a fine particle size was found
to achieve the desired bioavailabilty. The .
excipieaignsurtacernstive agemts, ¢sparpingdiagepts: syeetepingageniso flavaiing
a nmedian particle size of approximately from about 1
agentsy qolorimigaagenss preservatives, mily vehiglssy seluesnis, Sispandiog agents,
20 mm nost preferably fromabout 6 mMmmto about 8 mm
dispdiisingpagents; wettigzagents, comulsityinigagamts; siemyilcants) buffetsosalts,
air-jet mlling, ball mlling, nortar mlling or any
spreatiing agentsh antidxidants, iantibiotics antifupgaldgentsaandhstapilizing apents.
si ze. For exanple, the prednisol one acetate particles
of Spreadig2gentaday be mdted tothewehizlecanpsrient.Palgalsguah as
stainless steel, air-jet mll with a grinding chanber

malifd, A& ritol, @bl er ah$euititoMmaay be lHaded & the vehicle
l\/assachusgt tyt:,my‘u Se.r%{.ﬂ,ﬁﬁrmdel no. SDM 4.) The size of

comg&eerﬁ@fd adiLSInEBYrAGaBREIH (HROspovn bV ubbl Pb]gﬁﬁgﬁlt TR bregent

evice, sedinmentation nmethods, centrifugal force
embBERTA RIS Hohtai® 5oy, P4 Bestenirantn bRle8d thankgck! ed in

the art. "By neans of an exanple, the Matersizer 2000

T SSpehEnb Yt Bl KBLdh URREATRYy ed dhtin WHEYAE Disodium

be used t'o neasure the particle size.
(EDFAEIER L ASALEBIF AR 1 2UBLIGRL 68 compler it
sl Yt 4% bl e BRI K bl A MO TGO
s T Al AR B RSB
ey ST e B BB o SRR AT T2 Bigonatin wi
othegﬁfe@tgﬁ/lag\?é’s's Ry gpk gpgéirﬁfar&%ﬁﬁéa\f BkibRs £ Y yvehi cles,

The suspension formulations may require a crystal conditioning surfactant, i.e. a
wetting agent. The hydrophobic propert'ies of prednisolone acetate may benefit from a
wetting agent to disperse the steroid in the formulation. A concentration of from about
0.05% to about 0.5% poloxamer 188 was found to be effective at wetting the
prednisolone acetate without excessive foaming and dispersion of the suspension.

The present formulation is an improvement over previously described |
prednisolone suspensions because the ingredient remains suspended indefinitely,
without agitation; that is without stirring or shaking. The dispensed dose is always

uniform over the shelf life of the product. The formulation of the invention can not be

shaken easily, so the particles remain suspended without shaking.
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di spersing agents, wetting agents, enulsifying agents,
denmul cents, buffers, salts, spreadi ng agents,
wa@ndoroxigant s, anti biotics, antifungal agents BEMUS2006/030140
stabilizing agents. Spreading agents may be added to
t he vehicl e conmponent. Polyols, such as malitol,
manni tol , pol yet hyl ene gl ycol and sorbitol may be
addé¢ suspemsiorvbas shtimictabial metinity. tRropydparaben g to about 0.04%)
spreadability in the spoon bow upon pouring. The
andisudyglpartabenif.0i 8%rib aayt @.08%aare sutable Qther antinicrobial excipients
concentration of |less than 5% The suspensions of the
may alss diatusedy dhes® Buspshsiing @re alcbholFrdedet at e Di sodi um
(EDTA). EDTA is a chelating agent that forns a stable
VatTpe-cgantimicingietiRntsiripiovd thalthste afadapPeardfcd @AY Yo not
nmetal ions. It is useful as an antioxi dant synerqgi st,

negRfvslfP atfestithe sidjekidntabifth afheddrghholepiteaYE i€ ifRE 3beng
aut oxi dation reactions. EDTA may al so have synergistic

exaftfpi&Cihsluae c@%riﬁ@bh@ﬂﬁﬁ&mgaé%éfﬁh‘? @Wéé?e‘i‘rei’é‘aﬁd)mékﬂﬁ? iaQFnts.
Wth ( eutrtc

ot her preservatives ndbook of Pharmac

EXQLRaPESApaticityHf the cgﬁﬁoﬁéﬁ@‘?ﬂéér%r}héﬁﬁ@ébﬁfﬂoggﬁtgmy

require a crystal con oni ng surfactant, I.
do NSRBI ey A ORABIGE WSSO G o e ot room
emp 3B 5§ 8 oy RASEPABI By esting i 40
conE R 155, B0 RUAT D, Sukd SEbUY b B b o
oS35l B TUREERA SPina o B abAL™ b
oo B A BES e RERR S ESA S pesse
visctag@eoé rﬁopg:tf‘,\g@560%(&urrlrnigr%ﬁato;{erigg.aki ng. The dispensed

The following examples further iliustrate the invention, but should not be

construed as limiting the invention in any manner.

Example 1: The prednisolone acetate oral suspension was formulated to

contain the following ingredients:
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uni formover the shelf life of the product. The
formul ati on of the invention can not be shaken easily,
waeowhelgarticl es remai n suspended w t hout shakRCTYSZNE030140
suspensi on has antim crobial activity. Propyl paraben
(up to about 0.04% and butyl paraben (0.018% to about
A 0. 182 are suitable. O her antim crobial excipients

INGREDIENTS| ept i ¢ i ngr ediSang/Snilopr ove t helSmgimland
appearance and do not mely af fect|the suspension
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EdetaigDisqdivm by three pont R.06% ervals of a ﬂépgir ated

Sucrejosgi | ity testing at 400fentigrade and p®-275% rel ative

ArtifigighChetry Flavet or age st abhOli&% v _nmeans that | @A8 material s

Bell avaoMasking Ageet 1 desi ( 818 e properties HORi ng st orage

Carliomnertd3d sane period. Piéfddrred conposit]@dd do not

Butytpdnalent a drop in viscogid4y of nore than0.B8% or an

Purifigtcwatese in viscosity oOton@e% than 100% w@urooeg t hat
period. The foll owi ng eéxanples further Illustrate the

NaQHventi on, but shoul d neH 48-5¢bnst rued pgHKIGHHI ng t he

invention in any manner. Exanple 1: The predni sol one

Exaifpia 2, CofreksPR GNPt RAEIS IO AGHE fo/csF BRnEFaton: A

smaPéQﬂﬁieW'v@lMté&@b@h@a@d&ﬁ@Hﬁfe?éhtlfémﬁmétﬁ)n&ofg%ﬂwdlmor
of different Prednisol pne Actives for Sensory

tastegngd {avoro Resalts a8 9iveR il @18 L- vol unt eers conpared t he
di fferent formul ati ons of predni sol one for

Table 2. Sensory Perception following different samples of Prednisolone Formulations

Product Description Initial Taste After Taste
Commercially Available Slightly sweet, Persistent, very bitter
Prednisolone intense wild cherry
5 mg/5 ml
Commercially Available Moderately sweet, Delayed moderately bitter
Prednisolone sodium mild raspberry unpleasant taste persists for long
phosphate time
5mg./5mi
Taro Prednisolone Phosphate | Pleasantly sweet, Delayed slightly bitter,
Experimental Syrup 5 mg/5mL cherry flavored Intensity increases with time
Prednisolone Acetate Pleasantly sweet, No bitterness perceived
Suspension 5 mg/mL cherry flavored

Example 3: pH Screen Stability

Stability testing was performed on 1.0 kg portions of a 5.0 kg experimental batch of
5mg/5mLl. prednisolone acetate. NaOH was added to the portions to give various pH
values (Batch A-E) and packaged in 4 ounce amber PETG bottles. The samples were

left at the environmentally stressed conditions of 40° centigrade or 50° centigrade for
10
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taste and flavor. Results are given in Table 2. Table

2: Sensor Perce tion follown different samles of
woe@diorasd one Fornul ati ons Exanpl e 3: pH Scr eePCT/US2006/030140

Stability Stability testing was perfornmed on 1.0 kg

portions of a 5.0 kg experinental batch of 5ny/5nL

predni sol one acetate. NaOH was add d to the portions
ong mogth/ eHRLEinaeiBogsvors ysed 1o BaRaskTenlne)Pesernt 9f presygisglong

4 ounce anmber PETG bottles. The sanples were |eft at
acatale retainaddnies beltiey Toecestelsammie H?%W@S af5rm!5mL prednisolone

centigrade or 50 centigrade forone nonth. HPLC net hods
acetetesugpension expasedrat roone teraperature and samgladsastes 4anonths. The

acetate retained in the bottle. The control sanple
datasesumemariaedingT4abte 3pr edni sol one acet at e suspensi on

exposed at roomtenperature and sanpled after 4

nmoks desmonsteatdad by thesresultsrainovoreh Tabld apihdha& pHAange of 5.0 to 6.2,

denonstrated by the results shown in Table 3, in the
thefrhicronigel sredhisflohe abetate is moraistableaizthd (pwerditl sallene

acetate is nore stable at the | ower pH values. Table

Tabl@:3: Stalbiiity iof Predniddientnisvetate OrAiShisptasioh dlanfng pepsi on

(BatdhWNo'd D)  pranpl e(%)Prehhi&mﬁElSI O (%)Pr&iBiSuldit | PN (%)Prednisolone
Di ssol ution tests areAatagli@mt af i vetad'qhocthal et (SBC)
i nf ormation _about the biological availabilitV of a

drug formul at p-6h, Experi%¥ntally, susi¥dnsi on 95.2
| forBulations &% conside¥dd to disi nt%dr at e 9f15-0
! 81.7

Yot &l IRV ;7\1 t alhl at 'F9r$t‘4m|| at i-ens QS}J::r af oo

Yy i < MWJI A L TATTEAT Ul_l\.’, ﬁ AR A~ v A>3
+ . .

HoB-ar-kn-G—a-a-on

a > ad o LS A 8
Ot T OIT € 11 S UgLIACT U UITI Ja[ | IT QU MPJTITTPT UTTS

o5 S—eigtie— g7 SHSP
O . AT St alriual Ul DDUI Ul. I"UTI |. Cbl [Ud? HIJ al d.l. UD L
e

)) was followed to conpare the prednisol one
ta S ion t rcially available 5 ny
agﬁ@éfls-@fi Sgﬁﬁﬁ?@bqn ﬁ'ggd}@gpgﬁom in Figure 1, the

Dissolution tests are a qualitative tool that provides information about the biological

[aYall
egu
s
tau
(pa
a

t

availability of a drug formulation. Experimentally, suspension formulations are
considered to disintegrate equivalently to tablet formulations, therefore dissolution
testing is done comparing suspensions to tablets. A standard dissolution test (USP
Apparatus 2 (paddle)) was followed to compare the prednisolone acetate suspension to
a commercially available 5 mg tablet of prednisolone. As shown in Figure 1, the
dissolution curves of the suspensions wére very similar to the dissolution curve for the

tablet following a 15 minute period.

Table 4: Dissolution of Prednisolone Acetate Suspensions v. Prednisolone Tablets

TIME Prednisolone Acetate Suspension Prednisolone Tablets
15 mg/ S ml Smg/5ml 5mg
5 48 45 69
15 85 82 93
30 95 93 = 96
45 97 95 98
60 97 96 ) 98

11
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di ssol ution curves of the suspensions were very
simlar to the dissolution curve for the tablet
wo olozovieyg a 15 m nute period. Table 4 : D ssoPQI/Us006630140
Predni sol one Acetate Suspensions v. Prednisol one
Tabl et sExanple 5: Twenty three volunteers (nale and
ferml e non- or ex- snokers) were orally admnistered a
q dose of rednlsolone in the norning after
Exaa'n gﬁ hBM?nquPﬁ N@Wﬁ qess (malegaddemalp ness o axveiBokers) were
random zed, 6-sequence, 3-period, crossover design
orallyjadmiristered a spglegd mg@mof;pr@q{ﬂﬁ@@]@néhamamg after a ten hour
suspension, or one 5 ng tablet of a comercially
oversighit fag| HWeps'tudwdeSIgwgs adandomized citse@iancd, 3-periddcrossover
were taken at determ ned intervals. Pharmacokinetic
desigar &ithercd mlusfedd my/ml predrisolentedacatate suspersion, @ ahe Bang tablet
bi oavai l ability, and therefore bioequival ence, of the
of acamniescially avdilable prodystedas admimisteretll Bload samglks werataken at
dose adm ni stration under fasting conditions were
detefimined intekvals. ARKarmalSekinetiparadielss usédriievaldts lafid ®ompare the
Concentration. AUCT - Area under the

relat@tsieaiailabilignand fReréforesiodluivaledee of heRReFoemlatdHshad
to the Last Measurabl e Concentration; AUC - Area under

predni¥®IdreNFRR bIsdl® Brdl e SaHRstR%bA @Heénaﬁaﬁfﬁ"n% @odd}fdn@lv&éfe Crnax,

Kei - Elimnation Rate Constant; Ti/2ei rm nal

AUGHaAUC. K§anBmogdui val ence was det er mi ned usi ng the 90%
confidence interval for the exponential of the

di &f r_emg)gnﬁ,ﬁ{ BBREeABoh abl et and the suspension. The
teAUcﬁTEIAk finder (i Conl:%ﬁ% Nith ?%;ffe ggg}aﬁg*rrédg%fdél Method

with a té S
Bi ggaut %ﬂ?é% 8 ThtrapISRETS b
Vekesu%hﬁmy tio oHQta fr a&H ity

T112e1— Terminal Half-Life.
Bioequivalence was determined using the 90% confidence interval for the exponential
of the difference between the tablet and the suspension. The test met the 80.00 —

125% confidence interval limits with a statistical power of at least 80%.

12
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presented.

In describing embodiments of the present invention, specific terminology is

employed for the sake of clarity. However, the invention is not intended to be limited to

the specific terminology so selected. It is to be understood that each specific element

includes all technical equivalents, which operate in a similar manner to accomplish a

similar purpose. The above-described embodiments of the invention may be modified

or varied, and elements added or omitted, without departing from the invention, as

appreciated by those skilled in the art in light of the above teachings. Each reference

cited herein is incorporated by reference as if each were individually incorporated by

reference.
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5. The pharmaceutical conposition of claiml1l wherein
t he predni sol one acetate has a nedian particle size of
wapproxilsat ely fromabout 1 nmto about 30 nmm PGI/UTI966/030140
pharmaceuti cal conposition of claim1 wherein the
predni sol one acetate has a nedi an particle size of
approximately fromabout 5 mMmto about 20 mMm 7. The
Clatmsr naceuti cal conposition of claim1 wherein the
predni sol one acetate has a nedi an particle size of
1. épphavmiacedtitay cérmpositidrofor ol defiviesy edraprisify Bphafinadsiically
phar maceuti cal conposition of claim3 wherein the
effectiverimeuri @ piednfsoneaicert@r . 9. The phar maceuti cal
conposition of claim3 wherein the vehicle is a
gl ycerin. 10. The pharmaceutical conposition of claim
3 further conprising pharnmaceutically acceptable
iR iad- I [ - | it f ;
2 R o B AR By apetate i
Bliydmaegut i cal conposition of claim10 further
conprising a spreadi ng agent. 13. The pharnmaceuti cal
conmposition of claim10 further conprising a
stabilizer. 14. The pharmaceuti cal conposition of

> TR o P 2B o ar ooy
i.Si . I o . 16. Th h ti
AgRpATe Ve i BnGRERhT 1 (e organol eptic
agents are selected fromthe group consisting of
flavoring agents, sweeteners, masking agents and

4, ?R%hgl%%alc%%catﬂrc‘:%%%%fsftion of claim 1-containing between about 0.5mg/mL to

about 5 mg/mL of prednisolone acetate.

5. The pharmaceutical composition of claim 1 wherein the prednisolone acetate has a

median particle size of approximately from about 1 um to about 30 ym.

6. The pharmaceutical composition of claim 1 wherein the prednisolone acetate has a

median particle size of approximately from about 5 um to about 20 ym.

7. The pharmaceutical composition of claim 1 wherein the prednisolone acetate has a

median particle size of approximately from about 6 um to about 8 um.

8. The pharmaceutical composition of claim 3 wherein the thickening agent is a

carbomer.

14
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17. The pharmaceuti cal conposition of claim3 having a

pH of between about 4.0 to about 5.9. 18. The
w@barmeaeut i cal conposition of claim3 havi ng BCPHSD6/030140

bet ween about 4.6 to about 5.4. 19. A pharnaceuti cal

conposition for oral delivery conprising from about

fromO.5ng/nL to about 5 ng/nL of prednisol one

9. Heepidrmacabiad caMpbsitiabofldlaifvdmwhatein tHewemicle ipat o
about 50% gl ycerin (ww), up to about 20% sorbitol

dglyéedn, up to about 10% propyl ene glycol (ww), up to
about 3% surfactant (ww and up to about 1% of a

10. tTHECHARIMAGe RN EorPbiilior&F clAmPN Al MRE BnbFgihg pharmaceutically
conposition for oral delivery conprising: a. from

é’&@giabféMdiﬁieﬁtQ. about 15 ng/ L predni sol one acet at e;
b. 0.1% pol oxanmer 188, c. 50% gl ycerin; d. 5% sorbitol

1. CTH@@?ArHaES&tic%i cér?%@élg&}z’{;fecﬂ‘ﬁnm (?’ fitther ﬁomgﬁsﬁ@) a%Petting agent.

di sodi um edet at €; . 2% sucr al ose;

12. ﬁ@{ 'g‘;g_"é"éti‘% %@%Qﬁﬁ&‘l SRAReld Ttﬁtﬂgr Eomplﬁ‘éﬁo' Hgbr%a]d(jir}gmagent.

r'oxi arnmaceuti cal conpos

13. 2lq1e M‘?ﬁw%icguﬁé}?c&lﬁ'pbﬁﬁ&e&'ﬁa% 10 further comprising a stabilizer.

14. The pharmaceutical composition of claim 10 further comprising a preservative.

15. The pharmaceutical composition of claim 10 further comprising organoleptic
agents.

16. The pharmaceutical composition of claim 15 wherein the organoleptic agents are
selected from the group consisting of flavoring agents, sweeteners, masking agents
and combinations thereof.

17. The pharmaceutical composition of claim 3 having a pH of between about 4.0 fo
about 5.9.

18. The pharmaceutical composition of claim 3 having a pH of between about 4.6 to

about 5.4.

19. A pharmaceutical composition for oral delivery comprising from about from
0.5mg/mL to about 5 mg/mL of prednisolone acetate, about 29 to about 64% water
(w/w), up to about 50% glycerin (w/\ni), up to about 20% sorbitol (w/w), up to about
10% propylene glycol (w/w), up to about 3% surfactant (w/w) and up to about 1% of

a thickening agent (w/w).
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about 4.8 to about 5.2. 22. A nethod of treating a

pati ent

in need of prednisolone conprising the step of

wa@cdiwoiaseri ng a therapeutically effective anopert/usfo06/030140
t he pharnmaceutical conposition of claiml1. 23. The
met hod of claim 22 wherein the patient is suffering
froma nedical condition selected fromthe group
20. cAmphiashaceytichl eorojpesitiondoridrabdelivery, carhgrising:i ¢
di sorders, coll agen di seases, dermnatol ogi c di seases,
al laer gi €rost attces Smyéshito abautyl Sdingéak esedrisniend acstate;
di sorders, neoplastic diseases, edemm,
ga$t r oi rg. ¢%t podetambirsk88ses or nervous di seases.

C.

d.

j-

50% glycerin;

5% sorbitol crystalline;
5% propylene glycol;
0.065% disodium edetate;
0.2% sucralose;

0.44% carbomer,;

0.04% butylparaben; and

sodium hydroxide.

21.  The pharmaceutical composition of claim 20, wherein the pH is between

about 4.8 to about 5.2.

22. A method of treating a patient in need of prednisolone comprising the step of

administering a therapeutically effective amount of the pharmaceutical composition of

claim 1.

23. The method of claim 22 wherein the patient is suffering from a medical condition

selected from the group consisting of endocrine disorders, rheumatic disorders,

collagen diseases, dermatologic diseases, allergic states, respiratory diseases,

hemaologic disorders, neoplastic diseases, edema, gastrointestinal diseases or

nervous diseases.
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