Oral Suspension of Prednisol one Acetate Background of the Invention
The invention relates to a pharmaceutical formulation for oral

adm ni st r at maneobrmergpri sing art effective anount of predpiBod00@30140
acetate in a pharmaceutically acceptabl e, aqueous,

suspensi on-stabilizing vehicle. Corticosteroids are used to treat
patients with inflamuatory and i mmune di seases. Prednisolone is a
corticosteroid that has been fornulated into capsul es, tablets and

| iquid preparations for oral delivery. The base form of prednisol one
and the iosalt form pQu@iSuspenrsioniof Prednisdlene Aeetateormercial |y
available in oral liquid formnul ati ons. However, the bitter taste of
the comerci al conpositions | Bagkgrunklest thxtieratigel y i n the nedical
literature and contributes to poor patient conpliance with nedical

i nstructions fofhdihesniise ralétes ea ghargnackliial foarheiatiorNor ordl 448inkTrétion
descri bes aqueous solutions conprising a steroid selected fromthe
group of predpiisiod ameffectip nrdontsd iprdniseitc wrephos phakemaguEddaiysone
and met hyl predni sol one. The solution described in the patent is
descri bed ascdpéabiyg aguedust slEpension-ptailiziag vkyiclkknown f or nul ati ons
because no al coholic solvent is required and it is not a suspension.
Suspensi ons of @eréchsiarolisnce ueed to &potr tatidnisavithénfanobdteryedridimbaceuse
they are not stable and over tinme the active agent settles out of the
f or mul at i odlisgagesgPiedsisviane &n eor@trstiosiddeatdwm batrs foriulStedRatosrabsiNes,
5,763, 449 descri bes the use of a conbination of three well known

t ast e nmaskiabptagehicid prepematiensdononal delvarnt Thedasea fpriniof pratinisolone and the
pharmaceutical conposition. Prednisol one and predni sol one sodi um
phosphdfe aalblognsprpdysrionsssasiun phosphste, ate ehmmercieliaavaitalyie e o bylid n
the formul ation. Anot her form of prednisol one, prednisolone
acet at e, i Progiiem Hewaver g bilediastewd theramroeseie! carpesitions isdrsatisasl of
its poor aqueous solubility, prednisolone acetate is used in topical,
par ent er al 4RGN WihaMmegicakiterabirerand eordriatesiotoor patienbeomplianice méth
The use of the acetate formcould provide a taste advantage because
it is 5 i n¥6AEEIBstystionsdontigaisa of Bisvirud nHehPatsmt Naet AdRi7 iE degwiibes
therefore prevents the interaction of the bitter-tasting nol ecul es of
the predni 5%‘68% SQMEPNS IR RFIgiEe @ Sieraist selected fropp fheradeph PradiedioRgire i s

to a novel

8r. a}nol eptic, oral, liquid suspension of prednisolone
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W thin a fiidl8,dangdsit [ ' ' il e size of the
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bet ween about 5 pmto 10 pm and nore particularly between 6 pmto 8
pm N nety percent of the prednisolone acetate in the inventive
conposition has a nmedian particle size of greater than 1 pmand | ess

than 30 pm




The inventive conposition further conprises pharnmaceutically
accept abl e exci pients. The excipients include wetting agents,
spreadi ng ag@ndisyoisisabi | i zers, sweeteners and flavori ng @agendseco568n
i nventive conposition is organol eptically pleasing. The novel
formul ati on has a pH of between about 4.0 to about 5.9, nore

DTl o RS bl AR e Bl o
AT L TR AR L AR L T
02 o Wb, b e SRRl
L5100 1 g 5455 B B b B TP e Gt
ccei el < R AEP RS s LR Pl e 5o
e ) PTG DDt PR B oGS S ©
pren solene; AT IR KL oSO PR URShe RS iRl
AT L A A A RO S el
Reopl 2ot GoaRanERy ST S BB RRS] 1 ooaer, o T VoS

dni sol t at iti i i pti f th
Prvent Ton e €l n Gecer b ng SupmaRreRineSBy RS °C 00 % venti on,

nt! _ : f est 1
specific term;i*gé ﬁ.@éemngr@bmgqg abo;hra[rhgc%ugggit%g pﬂaﬁcﬂw&xw HEINENF"

the i nvention ot int ed to Imt. e Spéec

ter m nol 0@¥mpAsing bRhRRaceliicdiy diecti MUIRE of Podhiddie SRl SPeci i c

el ement s includes all techni equi val ch operate in a

simlar THRaRAadsRcHRE ABRIIe feiftiliehdl tRLKPR aceRl THERRARHESBANG

enbodi nents of the Invention may be no varied, and enent s

added or Qghfalr@betWdcntdalc 6 SRR @aﬁcfu@%bﬂﬂ gﬁf@ﬂgﬁéc{?ﬂwee Rbtate. More

appreci ated by those skilled i'n the art in
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as if each were individually incorporated by reference. T .
formul at i @mgahLiTiRe MegPRsTerrbM¥empbositibns Bf thelRbsinaPlventic? @l dERFYgisnn
of predni sol one acetate. Prednisol one acetate has been used in
opht hal m preumtsopmeert@tadr T86H/6in0 dtedpfsofnetagetaltlit has not previously
been used in oral liquid preparations. Prednisolone acetate is
practical |y i nFied inbireivi forwailion a5 @rddaioRak dbkthid JspiresEiNtah al
formul ary chal |l enge during product devel opnent of an aqueous |iquid
oral prepduratiztion coiopesing a vehieleusd aahickdrin@agint Thé aguedus Vehidrsmay be
taste advant age because the active does not dissolve in the agueous
envi r annmerbmpfisdds giypetih anaride predrafidhiekgey/ sydns istdaebdrmérer act i on of
the bitter-tasting nol ecul es of the prednisolone with the taste buds.
20The present Theeratnisvlomnesaceiateqd deusesans pwastionrs hWitkinrgfire tahgekeni ng
conponent

particle size. The median particle size of the prednisolone acetate is between about 1

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



and a vehicle, or carrier, conmponent and may i ncl ude ot her
pharmaceutically acceptabl e excipients. The vehicle is

phar maceut i & toy7/@mocrpt abl e, aqueous and suspensi on- st abpdt/@§aek030140
Predni sol one acetate is evenly dispersed in the sem -solid aqueous
vehi cl e. The suspension has a honbgeneity so that the active

ingredient.is i formy dispersed but undissovled in the vehicle.
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t enper at ur The suspensi on S crystalline stability in that the
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time. 5The vehi.cl e conponent ag}a\ée as the external ghase of the
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from about Igags%qg{ o about to64% of the formulation. Purified

wat er makds up the bulk of the vehicle conponent, conprising from
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Car borer gmb@rﬁqquéhf(wj‘gﬁxi mum vi scosity at about pH 7.0. Mre acidic
or basic pHs wll cause the carboner to | ose viscosity. However,
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degrade to undesirabl e breakdown products at t

neutral phidgedipitedo. s @@@@M@B?@W;d% GBI BPsRSLATHo] &?stéﬁ?ﬁe; d) 5%
hydrol ysis and form undesirabl e an | esS active degradation

productss. pAdpyerpldiyedl; 4) 8.065%didedidimedits)| §0SRsrAbSe;Id O%iiﬁﬁé&b@:rﬂer;
e

the fornulation and the carbomer may retain its viscosity.
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In particular, we have found that the carboner of the inventive
formul ati 62 shoul d be between about 0.40%to about 0.50% 5nore
particul arly, about 0.40%to about 0.48% The oral formulation
of predni sol onEhedpedrtive farsuiatiop mdy-beasied tathéatla0faiehBihineBd o bffective
resistant oral fornulations are nore extensively described in, for
exanpl e, &msunirdtheactie phadndatieh ehidadrédrishlorzb4, herein

i ncorporated by reference. The pharmaceutical suspension conprising
of tha&0i nvent iAnotgile prasibal sohdiomsttioat st et teeaten byoihed fyrmelilstioarcs e® i N
an aqueous vehicle, the active ingredient remaining in suspension

wi t hout apriesentiiavention &negendbering disderderssthelifatic fisord@ise collrgkh diskhisesmay
be up to about six, twelve, eighteen, twenty-four nonths, thirty
nont hs, ofernatelegic dissasesnaliesgic Stadess tespasnodisdmaes, drimatlayolisaters.
activity, is pharmaceutically effective and neets applicable

regul at or feapiaslic dispasvssedgmavgastiobtestimal disstauschr mgnaup eliseasesising an
ordinary 15 skill. The viscosity may be about 5,000 to about 15, 000
cps, aboutfestivhament ghthgtorally, Soigereg reduirvinneScedts camjpdsition, 11, 000
cps, or about 9,500 to about 10,500 cps. In inventive pharnaceuti cal
suspensions there is no crystalline growh during a heat-cool study
for three days at a tenperature range Of about 8C to about 45C. The



zo substantially when the sanple is heated e.g. to 45C and cooled to
roomtenperature repeatedly. The fornulation is dosed by vol unme, and
speci fic grenfyMadsyes were used to estimate the predni gol 0885030140
acetate concentration in the conposition. The 5ng/ nL dose was

cal cul ated, based on specific gravity to be 0.097% (W w), which is
equi valent to 0.087% (w w) of the prednisol one base form The

15ng/ nL dose was cal cul at elefeHes Degpuptiorpobigdaysition, which is

equi valent to ? 62% of predni sol one base form, _The particle
size of the actlkscpbiag gEVatMents ofithg)pragend iventign Kagq ispoineleay is
effects on tt?e bi oa%ai I abiéfit of a forpulation. Smaller particle

si zes havE&PIPYREfALEE §2ks, P AR RY- R eweveRdheinventinnds spiiatended & be faited to
| arger particles, However, decreasing the particle size nmay cause
sone aggl dieFRRATisiewRnelngy spsalectedsit Sdp de uRdersinod dhad each apgdiiicelament
can result in faster degradati on of the conpound due to oxidation and
hydr ol ysi éﬂclwq?stai!ée?hﬁwﬁ?ta%'%%rvmlqit GRsFete 41 7 pirblapmADRe te aseereplisa e
found to achjeve the desired bioavailabilty. The predni sol one acetate
of the i nv%gn%%fpféef o4p1dsRCrigd eabReimelts Hfdhe invertiog rpay g modified
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four iHfché efe§f3 rtevant, Hanover, Massachusetts, U. S. A, nodel no.
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sweet eni ng agents, flavoring agents, coloring agents, preservatives,
oi 'y vehi eleesotivé abeenditissoiNe REMEiddtie RECSHRonH BT il rﬂgutﬂg%ﬂ% f;ﬁerefore
salts,

wetting agents, emulsifying agents, demulcents, buffers,

spr eadi ngprgents e MRdrboh R HehittdtMhdtly hdlEGiesidtihd pradakoRAS With i @ste
stabilizing agents. 5Spreadi ng agents nmay be added to the vehicle
conmponent budl yols, such as malitol, mannitol, polyethylene glycol
and sorbitol nmay be added to the vehicle conponents to adjust the
spreadabi | ity The gﬁrb@erﬁm@ntidmﬁanu.qg@ommebéms;oﬂmfr@raembmﬁg%%mﬁ
may contain sorbitol, in a concentration of |ess than 5% The
suspensi oasd afvehible, pr @sent canmmehi @7t MaY indluge ofeR bAdimdcdataie
Disodiumto (EDTA). EDTA is a chelating agent that forns a stable

wat er - sol adxieptabtnglotpients.t Theavdivdle isephaanadeudicdlyhessptatiiel #lucbe®snd I t i s
useful as an anti oxi dant synergist, sequestering netal ions that

m ght ot heuspesgoc-atadllizing. aRrednisdend asetate fcdenlydisf=Biod inaye edrsiasdiave
synergi stic effects as an antim crobial when used in conbination with
ot her pr eagreoas velisle( Maedbspmksioh hBbarhvargehdityado thaithpaeiiesindtetiehtls) -
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15The suspension fornulations may require a crystal conditioning
surfactant, i.e. a wetting agent. The hydrophobic properties of

pr edni sol onwoametmbgsmay benefit froma wetting agent top@fE88580Le
steroid in the fornulation. A concentration of fromabout 0.05%to
about 0.5% pol oxanmer 188 was found to be effective at wetting the
predni sol one_acetate wi thout excessive foanming and di spersion of the
suspensi onUnNBFHY slispersed hut urdisaoviad v the vehigle. iﬁﬁrf@vmiﬁtiﬁn eoneists of mutually
previ ously descri bed predni sol one suspensions because the ingredient
remai ns suCPRFHEE SoRmSnERS @ErapM taMrsEidreadne stsransionthas & arystaltitrout
stirring or_shaking. The di spensed dose is_always uniform over the
shel f 11 f ST fethah tha peadrigsioneamilas stanwigiin e frgetnastinle eire cangermyer be
shaken easily, so the particles remain suspended w thout shaking.

The suspen@?%n has antim crobial activity. Propyl paraben (up to about
0.04% and but éJggar aben (0.018%to about 0.18% are suitable. O her
anti m c¥ obi al VBIERCOMPRpe sehas @s (aerternaudase gk errsmpersianse The
al cohol -free. . The organol eptic ingredients inprove the taste and
appear ance'eAI5E w8y ﬁ%go@ﬁﬂbéj’[ FIVELST dyeens ProRKess glyeelsingrinixtusgsi therepf.
The or gano}ll_%pti c, agents ig t he foll ow ng exanpl es include coloring
and f1 avori5g A TP RRAETBN PRI Y CRHR KP fR2RRYEAE%. Tinervehicle may also
conpatibility of the cong/onent S anso(g} hat the corg})onent s do not
separate i§7T5YERATRVIHR CAE WA '8raRGH 305 OLeT GbPHE b RiARH: 4Ath. dTurifiot

t i ndi.cated by th , th int I f
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hum di ty) . i.lity means that the materials do not | ose
their %si%ﬁoﬁgﬁ%&o@ﬁaﬁ?}és during storage for the sane peri od.
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was fornulated to taln ol 'ow ients: WD
2007/ 019184PCT4-M§261=,3,-%6‘£- Q Qﬁlr'c: o [ . .
Predni sol one Acetate Sug%%%géi cg’-ﬁl {Eglf‘ﬁﬁgp%a%&n%c%ﬁ% at add a desired

15 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, eor gelling agent, providing good sensory appeal
and texture. The rheology of the carbomer p‘rovides for a high yield value, low shear
thinning quality, in non-thixotropie liquid formulétions.

20 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



15ng/ mL Predni sol one Acetate 0.097 0.293 Pol oxaner 188 0.1 0.1
dycerin 50 50 Sorbitol Crystalline 5 5 Propylene Gycol 5 5 Edetate
Di sodi um 0. @900 m1®85 Sucrelose 0.2 0.2 Artificial Cherrpefli@yRiozoisn
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less active degradation products. Ata pH of 4.6 to 5.4, prednisoclone acetate is stable
in the formulation and the carbomer may retain its viscosity. The carbomer comprises

up to about 1% (w/w} of the inventive fofmulation. In particular, we have found that the
carbomer of the inventive formulation should be between about 0.40% to about 0.50%,
more particularly, about 0.40% to about 0.48%.

The oral formulation of prednisolone acetate is a spill-resistant formulation. Spitt
resistant oral formulations are more extensively described in, for example, U.S. Patent
Nos. 6,071,253, and 6,102,254, herein incorporated by reference.

The pharmaceutical suspension comprising of the invention has prednisolone
acetate uniformly dispersed in an aqueous vehicle, the active ingredient remaining in
suspension without agitation during the product shelf-life. The shelf life may be up to
about six, twelve, eighteen, twenty-four monthg, thirty months, or thirty-six months. The
suspension has antimicrobial activity, is pharmaceutically effective and meets
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 Smg/mL dose

was calculated, based on specific gravity to be 0.097% (w/w), which is equivalent to



0.15 0.15 Bell Flavor Msking Agent 0.2 0.2 Carbomer 934 0.44 0.44
Butyl paraben 0.04 0.04 Purified water to 100%to 100% NaCH pH 4.6-5.4
pH 4. 6-5. 4 wiecampliers2: Conpari son of different Prednisol @eydeido®so

for Sensory Eval uation: A smal | sanple of volunteers conpared t

different formulations of.prednisolone for 5 taste and flavor.
Results are given in Table 2. Table 2: SenSO{%n Perception fol |l ow n%
e

di fferent 8P 84/vgof iheduednislieedass ferN- atheo
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Initial
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about 0.293% (w/w), which is equivalent to 0.262% of prednisolone base form.

The particle size of the active pharmaceutical ingredient may have
important effects on the bioavaiiability of a formulation, Smaller particle sizes have
increased surface area and will dissolve faster than larger particles. However,
decreasing the particle size may cause some agglomeration of the particles, and the
increased surface area can result in faster degradation of the compound due to
oxidation and hydrolysis. In the inventive formulation, a fine particle size was found to
achieve the desired bicavailabilty. The prednisolone acetate of the inventive
formulation has a median patrticle size of approximately from about 1 um to about 30
um, more preferabily about  um to about 20 pfn, most preferably from about 6 ym to

about 8 um. The particle size may be achieved using such methods air-jet milling, ball

milling, mortar milling or any other method known in the art for decreasing particle size.

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, Massachusetts, 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.

Pharmaceutical excipients are pharmaceutically acceptable ingredients that are
essential constituents of virtually all pha.rmaceuticai 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

he



After Taste Commercially Available Prednisolone 5 ng/5 m Slightly
sweet, intense wild cherry Persistent, very bitter Coormercially

Avai | abl e Prnexinisabeae sodi um phosphate 5np./5nl Moder at gl SwRREe140
m | d raspberry Del ayed noderately bitter unpleasant taste persists
for long tinme Taro Predni sol one Phosphate Experinental Syrup 5 ny/5nlL
Pl easantly sweet, cherry flavored Del ayed slightly bitter, Intensity

i ncr eases SCAPNS, serfmecaive spenfe, dienerdtgagents, sweetening agents, flavoring

agents, coloring agents, preservatives, oily vehicles, solvents, suspending agents,
dispersing agents, wetting agents, emulsifying agents, demulcents, buffers, salts,
spreading agents, antioxidants, antibiotics, antifungal agents and stabilizing agents.

5 Spreading agents may be added to the vehicle component. Polyols, such as
malitol, mannitol, polyethylene glycol and sorbitol may be added to the vehicle
components to adjust the spreadability in the spoon bowl upon pouring. The present
embodiment may contain sorbitol, in a concentration of less than 5%.

The suspensions of the present invention may aiso contain Edetate Disodium
io0  (EDTA). EDTA is a chelating agent that forms a stable water-soluble complex with
alkaline earth and heavy metal ions. [t is useful as an antioxidant synergist,
sequestering nﬁetal ions that might otherwise catalyze autoxidation reactions. EDTA
may also have synergistic effects as an antimicrobial when used in combination with
other preservatives {Handbook of Pharmaceutical Excipients 4" Ed.).

15 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.

20 The present formulation is an improvement over previously described
prednisoione suspensions because the ingredient remains suspended indefinitely,
without agitation; that is without stirring or shaking. The dispensed dose is always
uniform over the sheif life of the product. The formulation of the invention can not be

shaken easlly, so the particles remain suspended without shaking.



Suspension 5 ng/nL Pl easantly sweet, cherry flavored No bitterness
percei ved Exanple 3: pH Screen Stability 10Stability testing was

performed owokoflykgisportions of a 5.0 kg experinmental bat@hyRhosnzorso
5ng/ 5nL predni sol one acetate. NaOH was added to the portions to give

vari ous pH values (Batch A-E) and packaged in 4 ounce anber PETG
bottles. The sanples were left at the environnentally stressed

condi tions of 4bhasuspergienbavnantBicrobiat aajviadePrbpylpardsn (up to about 0.04%)
2007/ 019184PCT/ US2006/ 030140 one nonth. HPLC nmethods were used to
measur e t hénpeuiypataben (pOadhits aboutd. ta%)tare euitabieaiQtieat dntirlidiebislaixtibints
The control sanple used was a 5nmg/5nL predni sol one acetate suspension
exposed at May@IRctkengredatTinese auspepsinpd aw aidohekfree.nont hs. The data is
summarized in Table 3. 5As denonstrated by the results shown in Table
3, in the pH rahgererndemictiogredients improverihertoste zed appeataneoangs not
acetate is nore stable at the |ower pH values. Table 3: Stability of
Pr edni sél oRegakvely ffectithe pusession stabilisai bé organolpptiq @zBnRy iedné &xibwing

Acetate' (RT) (% Prednisol one Acetate' (40C) (9% Predni sol one Acetate’
(50C) A 5. @samples include coloring and flavoring agents, sweeteners and masking agents.

Mutual compatibility of the components means that the components
do not separate in preparation and storage for up to the equivalent of two years at room
temperature (as indicated by three month intervals of accelerated stability testing at 40°
10 centigrade and at 75% relative humidity). Storage stability means that the materials do
not lose their desirable properties during storage for the same period. Preferred
compositions do not exhibit a drop in viscosity of more than 50% or an increase. in
viscosity of more than 100% during that period.
The following examples further illustrate the invention, but should not be
15 construed as limiting the invention in any manner.
Example 1: The prednisoione acetate oral suspension was formulated to

contain the following ingredients;
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TABLE I: Compaosition of Oral Prednisolone Acetate Suspension

INGREDIENTS S5mg/SmL 15mg/ml.
(w/w%)
Prednisolone Acetate 0.097 0.203
Poloxamer 188 0.1 0.1
Glycerin 50 50
Sorbitol Crystalline 5 5
Propylene Glycol 5 5
Edetate Disodium 0.065 0.065
Sucralose 0.2 0.2
Artificial Cherry Flavor 0.16 0.15
Bell Flavor Masking Agent 0.2 0.2
Carbomer 934 0.44 0.44
Butylparaben 0.04 0.04
Purified water to 100% to 100%
NaOH pH 4.6-5.4 pH 4.6-5.4

Example 2: Comparison of different Prednisolone Actives for Sensory Evaluation: A
small sample of volunteers compared the different formulations of prednisolone for
taste and flavor. Resulis are given in Tabie 2.

Table 2. Sensory Perception following different samples of Prednisolone Formulations

Product Description Initial Taste After Taste

Commercially Available Slightly sweet, Persistent, very hitter
Prednisolone intense wild cherry
5 mg/5 ml

Commercially Available
Prednisolone sodium
phosphate
Bmg./5mi

Moderately sweet,
mild raspberry

Delayed moderately bitter
unpleasant faste persists for long
time

Taro Prednisalone Phosphate

Pleasantly sweet,

Delayed slighily hitter,

Experimental Syrup 5 mg/5mL cherry flavared Intensity increases with time
Prednisolone Acetate Pleasanily sweet, No bitterness perceived
Suspension § mg/mi. cherry flavored

Example 3: pH Screen Stability

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

left at the environmentally stressed conditions of 40° centigrade or 50° centigrade for
10



Exanpl e 4: Suspension Dissolution ioDissolution tests are a
qualitative tool that provides information about the biol ogical

avai | abi | i t weofoooi6lisdg fornul ation. Experinental ly, suspgRsiShocozeiso
formul ations are considered to disintegrate equivalently to taf)(et
fornmul ati ons, therefore dissolution testing is done conparing
suspensions to tablets. A standard dissolution test (USP Apparatus 2
(paddl e)) v meNthoWHCtoetbodpaeks Ushe Ipmedsiire feoprscent of pregnisciepensi on
to 15a comercially available 5 ng tablet of prednisolone. As shown
in Figure 13celaiRreinebinghe satlieutesomrol sHBRIS USpewes erfgnaleme prginisolone
simlar to the dissolution curve for the tablet followng a 15 m nute
peri od. TalAetale syspeagipnexprvedfat masyismpsraiure and vempleddaiies 4 noméhs. The
Acet at e Suspensi on Predni sol one Tablets 15 nmg / 5 mM 5 nmg/5 mM 45

Sing 69 5 ta is summarized in Table 3.
5 As demonstrated by the results shown in Table 3, in the pH range of 5.0 t0 6.2,

the micronized prednisolone acetate is more stable at the lower pH values.

Table 3: Stability of Prednisolone Acetate Oral Suspension (varying pH)

Batch No. pH (%)Predunisolone. (%e)Prednisolone {%)Prednisclone
Acetate' (RT) Acetate' (40°C) Acetate! (50°C)
A 5.02 96.7 96.7 952
B 5.39 96.1 86.1 93.0
C 5.71 95.4 95.4 81.7
D 590 92.8 92.8 44,3
E 6,22 87.3 87.3 67.4

Example 4: Suspension Dissolution

10 Dissolution tests are a qualitative tool that provides information about the biological
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 (paddie)) was followed to compare the prednisolone acetate suspension to

15 a commeicially 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 Preduisolone Acetate Suspension Preduisolene Tablets
15mg/5ml Smg/5ml 5mg
5 48 45 69
18 85 82 93
30 95 83 - 96
45 97 95 g8
60 97 96 ' o8

11



16 85 82 93 30 95 93 96 45 97 95 98 60 97 96 98 Exanple 5: Twenty
three volunteers (male and femal e non- or ex- snokers) were orally
adm ni st er edoan@ioigke 5 ny dose of prednisolone in the rayMbdRehsAdQr
a ten hour overnight fast. The study design was a random zed,
6-sequence, 3-period, crossover 5 design. Either 5 nL of a 5 ng/nL
predni sol one acetate suspensi on, o(r:I og:a 5dng talbl et of atcEngre;fl ally
avai | abl e product s .adm ni st er ed. ood sa es were ta
det er mi neoé)’f"ﬁ'f' PVl f@ewgff%&@wtﬁ%rﬁ(ma%r&ﬁem J1os eex- smokarshwees and
conpare the rel ative bjoavailability, and therefore bioequival ence,
rf"i}’r?lcﬁ?

of the twd iiEi'FYe 752 §iNgisruidedest shiwednisaenaindhegioging afterddem hour

I ni i ti onditions were Chmax, 10 AUCT, AUC., K.,
Tna 113 b0 R veBat BT e hini sty ArgAMZed, 6-seatiencs, &-perd, eroséovel

5 design. Either 8 mL of a 5 mg/mL prednisolone acetate suspension, or one 5 mg tablet
of a commercially available product, was administered. Blood samples were taken at
determined intervals. Pharmacokinetic parameters used to evaluate and compare the f
relative bioavailability, and therefore bioequivalence, of the two formulations of
prednisolone after a single oral dose administration under fasting conditions were Cpay,

10 AUCy, AUC., K and T+
Cmax — Maximum Concentration,
AUCt — Area under the Concentration-time Curve Using the Trapezoidal Method
to the Last Measurable Concentration:
AUC. - Area under the Concentration-time Curve extrapolated to infinity;
15 Kei— Elimination Rate Constant;
T1s2e1— 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 —

20 1256% confidence interval limits with a statistical power of at least 80%.

12



AUCT - Area under the Concentration-time Curve Using the Trapezoi dal
Met hod to the Last Measurabl e Concentration; AUC. - Area
under the Caocemtrmetsion-time Curve extrapolated to infi rpdqy;;gza(ﬁgm@(ymy
Eli m nation Rate Constant; Tnel- Term nal Half-Life. Bioequivalence
was determ ned using the 90% confidence interval for the exponential
of the difference between the tablet and the suspension. The test net
t he 80.00 -TableEAjosquivdl¢nssn Cesdiistieraamtg /I5mid Suspanisibh verswst Siig/ Sl Sftup versus
pover of af® TE&RHeBHRlpwingd SropantnisetaPCRsinosstas 6100 %0tdins Tee2368)

Bi oequi val : Lsolaone_ang. /[ 20l Suspensiop .versus Sng/ 5Sni
Syrup versps 5 ng Tabl et s | Pedhissipregmang |n@reddigelpaesimat | on! Fasting
State (10006 prgld frhk23/ 23) MWER Predni $#%ne Snyl i ni o
Suspensi onj Pr edAnl rsiggsl one 5 nﬁ Tablc@ﬁfﬁc'W\ngggf rmeifg?hmt pf Variation
MEAN ' Coefficient of Variafroh o) ™ Varorio
Crmax (ng/mi) 160.90 15.8 176.27 18.7
Tmax (hoUrs) 1.33 41.6 1.00 33.2
AUGy (ng-h/mL) 821.73 20.2 812,39 17.7
AUGC,, (ng-himL) 852.23 19.6 846.53 17.1
Ko (hour™ 0.2681 13.4 0.2629 9.7
Tyat (hours) 2.63 12.6 2,66 10.0
For Tmax, the median is
presented.
5 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
inciudes allf technical equivalents, which operate in a similar manner to accomplish a
similar purpose. The above-described embodiments of the invention may be modified
1o orvaried, 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.

13



160.90 15.8 176.27 18.7 ,", (hours) 1.33 41.6 1.00 33.2 AUCT
(ng-h/nL) 821.73 20.2 812,39 17.7 AUG, (ng.h/nL) 852.23 19.6 846.53
17.1 KO (hou(1) 0.2681 13.4 0.2629

CLAIMS:

1. A pharmaceutical composition for oral delivery, comprising a pharmaceutically
effective amount of prednisolone acetate particles dispersed in suspension in the composition,
wherein the composition is suitable for oral delivery and wherein the prednisolone acetate

has a median particle size in the range of about | um to about 30 um.

2. The pharmaceutical composition of claim 1, further comprising a thickening agent

3. The pharmaceutical composition of claim 1, comprising from about 0.5 mg/mL to

about 5 mg/mL of prednisolone acetate,

4. The pharmaceutical composition of ¢laim 1, wherein the prednisolone acetate has a

median particle size of about 5 pm to about 20 pm.

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

median particle size of about 6 pm to about 8 pum.

6. The pharmaceutical composition of claim 2 wherein the thickening agent is a
carbomer.

7. The pharmaceutical composition of claim 1, further comprising a wetting agent,

8. The pharmaceutical composition of claim 2 having a pH of between about 4.0 to
about 5.9.

9. The pharmaceutical composition of claim 2 having a pH of between about 4.6 to
about 5.4.

10. The pharmaceutical composition of claim 1, comprising from about 0.5 mg/mL to

about 5 mg/ml of prednisolone acetate, water, glycerin, sorbitol in an amount up to about
20% (w/w), propylene glycol in an amount up to about 20% (w/w), wetting agent in an

amount up to about 3% (w/w) and a thickening agent in an amount up to about 1% (w/w).



9.7 T1/201 (hours) 2.63 12.6 2.66 10.0 For Tmax, the nedian is
presented. 5In describing enbodinents of the present invention,
specific termnology is enployed for the sake of clarity. However,
the invention is not intended to be limted to the specific
term nol ogy so selected. It is to be understood that each specific

el ement includes all technical equivalents, which operate in a
simlar manner to acconplish a simlar purpose. The above-descri bed
enbodi nent of,ﬁhe i nvention nmay . be dified 10 or varied, and

el enents added OF PERERGC\iPRAHONGE pAMR {-F§™PFER%t he i nvention, as
appreci at ed by & hoseroakiabbi®ds i/t heL abtabolk 15 dhl/sOhLt HEedARANE acetate in
teachi ngs. Each reference cited herein is incorporated by reference
as if each"WEPEOR WANSSMPRFEG™i ncor porated by reference. CLAIMS: 1. A
phar maceuti cal conpasidignbch@ér @gal delivery, conprising a
pharmaceutically effective anmount of prednisolone acetate particles
di spersed in sdspenép%ﬁﬂWﬁ“ﬁhe conposition, wherein the conposition
is suitable forg oralsogghbivetys@imde;wherein the prednisol one acetate
has a nmedi an particle size in the range of about 1 mto about 30 m
2. The phar macéut i cal® pemwpesidiceh of claim 1, further conprising a
thi ckeni ng agent 3.9 0kbe, JABal-NBEeEME. cal conposition of claiml,
conprising fromabout 0.5 ng/nL to about 5 ny/nL of prednisol one
acetate. 4. THe ph&tadsimloseal conposition of claiml, wherein the
pr edni sol one agget at - ' ' i ze of about 5 mto about
20 m 5. The gharngggﬁﬁgggﬁﬁg%ﬁ%ggﬁﬁ%%ﬁhﬁﬁ§bIajn1|, wherein the
predni sol one acet at & M&sbudylpaseltearendarticl e si ze of about 6 mto about
8 m 6. The p@arnaggHEEQZ&og@gposition of claim2 wherein the

t hi ckeni ng agent is a carboner. 7, The pharmaceutical conposition of
claim1, further conprising a wetting agent. 8. The pharnaceuti cal

conposi tiop_ of T(f‘nle%héﬂr%c&@igi!%gmﬁomnogf cPa%%\/IV,e@HergiQQHet pﬁ'isobett\gee%%%g&t 45 8 %

about 5.2.

13, The composition of claim |, wherein the median particle size is below about 20 pm.
14. The composition of claim 1, wherein the median particle size is below about 10 pm.
15. The composition of claim 1, wherein the median particle size is below about § um.
16. The composition of claim 1, wherein the prednisolone acetate particles stay within the

median particle size range over time.

7. The pharmaceutical composition of claim [, wherein a 5 mg dose of the composition,
when administered to a human, is biocequivalent, within the 80-125% confidence interval and

with a statistical power of at [east 80%, to a 5 mg tablet of prednisolone.

18 The pharmaceutical composition of claim 1, wherein the composition exhibits an in

vitro dissolution profile of about 85% released after about 15 minutes, about 95% released



9. The pharmaceutical conposition of claim2 having a pH of between
about 4.6 to about 5.4. 10. The pharmaceutical conposition of claim
I, conprising fromabout 0.5 ng/nL to about 5 ng/nL of prednisol one
acetate, water, glycerin, sorbitol in an anmount up to about 20%
(ww), propylene glycol in an anobunt up to about 20% (wWw), wetting
agent in an anount up to about 3% (ww and a thickening agent in an

amount up after sdootis0 AYeutasl ¥out 9724 ribi8ecPiTRY MBRGR US nGAlteCANMO®SHTI70N;Rhised
claiml, c i Si a. fromabout 5 ng/5 nL to about 15 ng/5

nprising:. .
mL predni S8FGHEYRYEPANES i n suspension in the conposition: b.
0. 1% pol oxaner 188; c. 50% gl ycerin; d. 5% sorbitol

crystalline; e. 5% propyl ene glycol; , f. 0.065%
edet at e diqgodi dibe pha '“ﬂce“m@‘l.o PRyt P gee: | WWhesep phrerednisolane aveniat

up to aboutmdindaispdrLd ¥ hebpPBIARENoutABRhtIon AR UAL MMATRXbdRe contBsitidine
phar maceuti cal conposition of claiml, wherein the pHis between
about 4.8 to about 5.2. 13. The conposition of claim1, wherein the

medi an parnbi cl gngbARmb&ubil oM RRRA o2lail 1, cdftprisiEaARARPSddoRRa Qs
claim1l1, wherein the nedian particle size is %el ow about 10 m 15.

The conposition of claim1, wherein the nedian particle size is bel ow

about 8 my|, 16.4 FREMGQIRAS ichifikith &hrﬁn‘u%é a Mﬁﬁ]ﬁzﬁ:gtﬂic%me REEIDLARLANG
acetate particles stay within the nedian particle size range over
time. 17 .™WHEnigehPrrdeisleiec aletatoppogiet inpusptnsonainnhd comhenitéing vdisreingthe

dose of tQ@mP&m,s iv\_xh-l:l?rzldmmecﬁm{%%{se{n@dtegtéa i Nm&-)rg %m;[:%acgkinetic

bi oequi val ent, within the 80-125% confidence interval an

st ati sti c@rrapeikerselrted fromghe grogp9gnsistngo oy Ttab KEICToAUBE elfliniasd Toneis
18The phaiiReaMILAR a COPBBIE bPRe@lisd R Mibi P59, L0, Ib
oxi bi {5 nT R Ut ro° araeatit PoRreBtaffL Mibin (RORLPlrdy b ERTRER M B
about 15 iUt sadistichpoer@bes leestt 8809 evherein the composition is suitable for oral delivery

and wherein the prednisolone acetate has a median particle size in the range of about 1 pm to

about 3¢ wm..

22, The pharmaceutical composition of claim 21, wherein the composition has
pharmacokinetic parameters within the 80-125% confidence interval, with a statistical power
of at least 80%, of one or more of the following values:

a. Chax 0F176.27 ng/mL;

b. T max of 1.00 hour;

C. AUCT of 812.39 ng h/mL;

d. AUC, of 846.53 ng h/mL;

e. Ky 0f 0.2629 hr'; and

f. T1ina of 2.66 hours.

23. A pharmaceutical composition comprising a pharmaceutically effective amount of
prednisolone acetate particles dispersed in suspension in the composition, wherein the
composition is suitable for oral delivery, comprises components that are mutually
compatible, comprises carbomer :nd a wetting agent, has a pH between about 4.0 and 5.9, is

palatable, has a viscosity of about 5,000 to about 15,000 cps, and is storage stable.



after about 30 m nutes, about 97%rel eased after about 45 m nutes and
about 97%rel eased after about 60 m nutes. 19. The pharnaceuti cal
conposition of claim1, wherein the predni solone acetate remains

di spersed in the suspension wi thout agitation during the shelf life
of the conmposition. 20. The pharmaceutical conposition of claim1,
conprising carbonmer and pol oxaner. 21. A pharnaceutical conposition
conpri si n@da phiaenaapgdisitioaal tiyinels, edkichethap® detefen Ab&E 2181 228 8bout 5.4.
predni sol one acetate particles in suspension in the conposition,
wherein the conposition, when admnistered to humans and tested for
one or nore. phameacapdsthiot clpal 20TRihefs thehie trtvdeh @paut BandLRYPS 4.
consisting of Cram T max, AUCT, AUC., Koh and Tioq, is bioequivalent
to a5 ng tablet of prednisolone. within the 80-125% confi dence
interval awd wThb cangdsiioh st tie 20oWerkinahe Rbtiheasht 89%uxahgrei n the
conposition is suitable for oral delivery andé’vﬁwerel n the

predni sol one acetate has a nedian particle size in the range of about
1 mto abant 30hpadmpiion b2, MRERIM thE@&Im PANRPSIk AR AaqhlAl Ridte.
wherein the conposition has pharnmacoki netic parameters wthin the

80- 125% confidence interval, with a statistical power of at |east
80% of omng. or TergadhachiiRal 8dhMRE dIMES 23, awh&ERX QT pt'g(zﬁso?o%e acetate
rig/m; b. T',", of 1,00 hour; c. AUCT of 812.39 ng h/nL; d. AUC,, of
846. 53 ng "ANMHS digpersedIn B¢ Si5pespg withoutzggation dyipmthe hedf 168 of dacemp@8ioa
phar Maceutahd als QTR 1§ UMthS NGARIBRIBLEUL] GAI L FLREEL LY Bcle
anount of predni sol one acetate particles dispersed i suspensi’orllJ in
t he conpoSiFT¥Ee OVitiEr€i n the conposition is suitable for oral
delivery, conprises conmponents that are nutually conpati bl e,
conprises carbomer and a wetting agent, has a pH between about 4.0
and 5.9, 28 pallat #bpanacegisalacappseigiai tof cifimaliourheBsin0le compdsaist i555p0B0O
cps, and i.§sierage stable. 24.The conposition of claim23, wherein
the pH is between about 4.6 and about 5.4. 25. The conposition of
claim 23, wherein the pHis between about 5 and about 5.4. 26. The
conposi tiap. of sclal - 0 1] ent 1s, poloxaner. 27,
The: composrt i o BB arieeb s ok ot RLhE A BB R gyt o
aqueous va&iF alilged praagisoiPheaqstnte pratcedestin eabersONPOs vdhioa vaferedd i moiRGsition
wherein t ipredn . i i, spersed.in the_suspension
W thout gtk onraar Ao PRENTENE IR S REA B hnsCrtolE s MRS aboL
cryst al | i négelaised afiey abogH S trhattet hisoup PEdmélsabdafeer pad: 30 Ineisutsst abut 97%

within a i I range r time.. 29. The . .
phar rraceu%eiq%:ag @%ﬁ%&%}gf%fgﬁhoeg Y AT %O% '\ﬁj%?%giaHert‘]??gmc%HB'é”s”ief’i“ﬂﬁﬁ“bthe
spi | | - r esc@ppasition i8Quitalfle phvaraabuty,campderpasbiheamdcoR@tihSidig: @d has a
phar rraceuH_IngMegn ggofuggbim\/& gmount of fine mlled prednisol one acetate
particles i n suspension in~a vehicle, wherein the conposition
exhibits an in vitro dissolution profile of about 45%rel eased after
about 5 m nutes. about 85%rel eased after about 15 m nutes, about 95%
rel eased after about 30 minutes, about 97%rel eased after about 45

m nut es and about 97/a rel eased after about 60 m nutes, wherein the
conposition is suitable for oral delivery, conprises carboner and a
wetting agent and has a pH between about 4.0 and 5.09.



