21 December 2005 | PEDI ATRI C FORMULATI ON OF GATI FLOXACI N REFERENCE TO
RELATED APPLI CATIONS 5 This application clains the benefit of U S

Provi sional Application Serial Nunber 60/299, 625 filed June 20, 2001.

FI ELD OF THE | NVENTI ON 10 The present invention relates to gatifloxacin
suitably taste-masked so that it can be utilized in oral dosage forns,
particularly for pediatric fornulations. BACKGROUND COF FHBdRMWEEH Q515
Gatifl oxacin, chemcally I-cyclopropyl-6-fluoro-1, 4-di hydro- 8- nmet hoxy- 7-
(3-net hyl -1 - pi perazi nyl) - 4- oxo- 3- qui nol i necarboxylic acid, is represented
by the follow ng structure: Gatifloxacih is a br oad- spect rum qui nol one
anti bacterial that is d|sclosed and 0 [ i . Pat.ent No.

4,980, 470. U. S. Patent 9@%%“6‘&3“%@@0&@?%‘5?#%@5 i sol ated as the
hem hydrate. U.S. Patent No. 5,880,283 discloses a sesqui hydrate
crystalline formof gatifloxacin th ' 1) 10€ r the hem hydrate
i n pharnmaceuti cal nmanuf asHTHE CldORELAJEDAPHEICAT sul ar form of

gatifl oxacin, typical of quinolone conpounds, it has an extrenely bitter
taste. 25 It is recogni zed that quinolone _antibacterials, such a
gatifloxacPn, haveThisepplisatongiaims thebegefitiof Uph Erqvisionahpplicgtion tions in
children. Thosgnal 50298 &5 AtdIunt batoobpve a bitter taste are at a

consi der abl e di sadvantage for pediatric use since many 21 Decenber 2005 2
pedi atric preparations are in liquid formfor ease of adm nistration. Such

t herapeutic agents can only beipdpicr $ie e ENTIONUI d dosage forns,
i ncludi ng those constituted fromdry powder or granules, if the

formul ati ons made therefrom have at | east an acceptable taste to pediatric

patients. ypypical | ype 5idcht IlvEtiof rOEEPR oaif1¥a8in hikably taste-masked so that it

can be utilized in oral dosage forms, particularly for pediatric formulations.

BACKGROUND OF THE INVENTION

15 Gatifloxacin, chemically }-cyclopropyl-6-fluoro-1,4-dihydro-8-methoxy-7-
(3-methyl-1-piperazinyl)-4-oxo-3-quinoclinecarboxylic acid, is represented by the
following structure:
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Gatifloxacin is a broad-spectrum quinolone antibacterial that is disclosed and
20  claimed in U.S. Patent No. 4,980,470. U.S. Patent No. 5,043,450 discloses
gatifloxacin isolated as the hemihydrate. U.S. Patent No. 5,880,283 discloses a
sesquihydrate crystalline form of gatifloxacin that is advantageous over the
hemihydrate in pharmaceutical manufacturing. Regardless of the particular form of
gatifloxacin, typical of quinolone compounds, it has an extremely bitter taste.
25
It is recognized that quinolone antibacterials, such as gatifloxacin, have
primary application in the treatment of infections in children. Those antibacterials

that have a bitter taste are at a considerable disadvantage for pediatric use since many



5 available in the formof powders or granules that are m xed with water by
a pharmacist at the tine of dispensing to forma suspension in a flavored
vehicle. The fine particles or granules of active substance in such
preparations nmust either remain suspended in the liquid vehicle or be
readily re-dispersed therein sinply by shaking the container. 10 One

di sadvantage to pedi atric suspensi ons as descri bed abov®l DeceRter 200501 der
to be readily suspended in an aqueous vehicle, the particles/granul es of
therapeutic agent are very fine. The figeness of the particles exposes a
very large surface area to the aqueous Vvehicle. As a result, |eaching of

t he therapeutic, agent can occur,, 1 articularly over.tine.. This phenonenon
can take pl acBeq'%tg&P{fP%rggorﬁﬁr"c’Hé‘qH’t%c,fﬁgh{%Fﬁse8¥a%?lﬂﬁ}rﬂﬁmu{é%f’]? @Pr'0"mask t he
tgz_t e of the fh tORe ufllinDCQGIE_HﬁsterE@ﬁl 1ﬁ1>aairamhgferfmrspmﬁmm@m§ adristituted! N ]
addition to effective maski ng t aste of the therapeutic agent, the

bi ndi ng or co%ﬂf&yﬁé‘ﬁa@"éﬁﬁﬁi’ﬂﬁ%ﬁtﬁ% Hléﬁl?ﬂsé‘?aﬁelﬂﬁée%o ?@’Fia{&‘/‘asgf‘“t he

granul es or  padeplable @ftelth pbdifribPakiditsD TGPUAE, ARY: 1RRIARSIardibas &6 ubi | i zati on
or | eaching of the 20 therapeutic agent the saliva, in the nmouth wll

ne 2 by
potential |y néyaibleimtbe formuripapders of pragules thit apqipixsd s watsrdy a Fur t her,

al though the pRARRCcIRIat RSl dispensindsb CorPifa dubiRnsibh & PRSEddGeBGRNThEUS
maintain its integrity in the vehicle over, a normal course of treatnent
and in the nodinspaticlesRrgranules of pcfive sphsiaes insuch menasgiions WBStééjE?{trc‘P?f“t he

stomach for ag&?érﬂfeﬂ @thé Rq@h Y6Riclt OF bd deadify r@-%isgélfsécptﬁ%fﬁ%n 19 Dy NRBIOUS
techni ques are known in the art for masking the taste of %lt{er

t her apeuti c a$¥rfeBRINERr exanpl e, Romani an Patent No. 88836, published March
31, 1986, gdiscloses a process for masking the bitter taste of erythronycin
conprising co- precipitation with stearic acid in a ratio of 1:10 utilizing
acetone as the confphdisBlvanpgedapediatria suspensiong asdescrihed abavede tiah én orderc,

Tabl ets prepa C L bhea |iquid,
ypi cal 1 vt o oo AT enda af haue R e Vs O apehue

t echni ques f oegent an vetydingamhe Gognges of sl partindesiekpesesu vy dangesurfaeg argasto ni xed

wi th, coated QniQ.Qhs WAt hsE RTINS b 4B tleRfehid dpBirchRSLdRY active

15  particularly over time. This phenomenon can take place regardiess of the mechanism
of binding utilized to mask the taste of the therapeutic agent, for example micro-
encapsulation. In addition to effectively masking the taste of the therapeutic agent,
the binding or coating meansvemployed must maintain the integrity of the granules or
particles in the mouth because any appreciable solubilization or leaching of the

20 therapeutic agent by the saliva in the mouth will potentially negate the acceptable
flavor of the preparation. Further, although the means of masking the taste of the
therapeutic agent must maintain its integrity in the vehicle over a normal course of
treatment and in the mouth, it must readily release the therapeutic agent in the
stomach for absorption in order for it to be efficacious.

25

Numerous techniques are known in the art for masking the taste of bitter
therapeutic agents. For example, Romanian Patent No. 88836, published March 31,
1986, discloses a process for masking the bitter taste of erythromycin comprising co-
precipitation with stearic acid in a ratio of 1:1 utilizing acetone as the common

30  solvent at a temperature not exceeding 40° C. Tablets prepared from the product
may be chewed or suspended in a liquid, typically water, for administration. Various
other representative techniques focus on the particular taste-masking substance that is

mixed with, coated onto or otherwise combined with the bitter-tasting active




21 Decenber 2005 3 nedi canent. Exanples of such substances include: acidic
phosphol i pid or |ysophospholipid, EP O 631 787 Bl; tocopherol

pol yet hyl enegl ycol succinate, USP 5,891, 469; certain ion-exchange resins,
WD 01/05431 Al; and enbonic acid, a salt or derivative thereof, USP
5,808, 076. USP 5,622,978 di scl oses anorphous co 5 precipitates of

di hydropyridi nes and a pol yner, such as pol yvinyl pyrraoideeemddh@posare
adm ni stered by dispersing in water. It is stated that the co-precipitates

are fornmed by techniques to mnimze cr%stal linity as crystallinity has a
negative effect on bioavailability. 10 Yhere are al so a nunber of

t eachi ngs of techniques for coating a bitter-tastin medi cament with a
waxy subst ancedisemente Fxdmples afguch sybsigrees ineludes peidimphespbpligiioy by spray
drying, heat- Istedisal 20y Ao RRRE:ST iH§Renedinfol suctihaebiligpdi scl oses
a nethod of tgé?cﬁe- r‘glgfgﬁlr_l’g#lgﬂg?{ter ﬁh%r Eraéen)t%lwga by® adm X1 ng St with
stearyl st eaf88b46% cetnin ioplexelmngs vgsins, YA 04495431 A bge amberye pesdfaorth a

powder. Europ A5, ' ' &?gp | l.gi | ar process
wherein a qui §o| | %%@%%;%@;gg,sggg%é at%@ﬁé@% gf(%%co%%%%é%cg]n a bl ender
at a tenpe?b at preeipbatsefaiihyd®pyridines ahd@ palyaned shéheasaelyvinyl pyrrelidgnaathak ati on i s

formed that gfpg ' t QIe: | ces, e.qg.
Canadi an Pat g%?’% pli cra% %’%ﬁ%@‘%’%‘%ﬁ“ pﬁses%o%ﬁlgtn&gﬁg{%l gtgﬁ%%ﬁgool ed to
solidify it afaimehbnteghmques st miohimize cipBaldiditd 86Gestal hnigohas ainggatiye efféctt he
bitter-tasti ngn%?ﬂaﬁg&ﬁ t, alipid and conventional fillers is filled into"

sui table forns, e soFvent is thereafter renoved by freeze-drying or
ot her nmeans and the resulting solid mass renoved fromthe nolds to yield

di screte sage unjts. U 4. 865, 851 di scl.oses taste- naski formul ati ons
of “cef ur odf me-axet THevgr aito pApRE of PhoBhei or FRETal RpEcoi Riter LY, |
l'ipids. 25 Repedidimeas with atwesy subvancumditnfamejug 8 pevedier pliae finome, g yppicadly|

2OLUTC! S KO i W0 BT Pl B ) S S0 o
conbi nati on t heedol of @stespsking b diteg shtimtaceltidal bnadnixing it with stearyl

stearate in the molten state and spray congealing to form a powder. European

15 application EP 0 855 183 A2 discloses a similar process wherein a quinoline
derivative and a fatty acid are combined in a blender at a temperature between 30°
and 140° C and blended until & granulation is formed that masks the bitter taste of the
drug. In some instances, e.g. Canadian Patent Application 2,227,314, the molten
mixture is cooled to solidify it and then granulated. In WO 98/35656, a solution of

20 the bitter-tasting medicament, a lipid and conventional fillers is filled into suitable
forms, the solvent is thereafter removed by freeze-drying or other means and the
resulting solid mass removed from the molds to yield discrete dosage units. USP
4,865,851 discloses taste-masking formulations of cefuroxime axetil by an integral
coating of a lipid or mixture of lipids.

25

Regardless of the numerous techniques and pharmaceutical adjuncts known in

the art to mask the taste of bitter-tasting medicaments, there remains the need to find
an effective technique, adjunct or combination thereof for specific agents. This has
been the case with gatifloxacin, particularly with regard to preparations that would be

30  suitable for pediatric administration. Such preparations are provided in accordance
with the present invention. it will be appreciated that, while the usefulness of the
taste-masked gatifloxacin formed in accordance with the present invention will be

emphasized in regard to pediatric medicine, it is likewise useful for preparations



been the case with gatifloxacin, particularly with regard to preparations
that would be 30 suitable for pediatric admnistration. Such preparations
are provided in accordance wth the present invention. It will be
appreciated that, while the useful ness of the taste-nmasked gatifloxacin
formed in accordance wth the present invention will be enphasized in
regard to pediatric nedicine, it is |likew se useful for2pbDepamberdnd521
Decenber 2005 4 intended for all patients who, as a result of physical
chal l enge or preference, woul-d prefer a liquid preparation. The
t ast e- masked gatlfloxa0|n of the inventibn i's further advant ageous in that
constituted I| ui,d arat nade h fro e stable over the normnal
t her apeutic dt ges%d 35 Bﬁleésvf pPSFY Q?gdfst‘c@'g] a@%orgr RYPUE THE
]IcN\/El\rr]IC ON In fp«e&oaﬂqﬁdﬁrwatahoﬁ hHlepmsmaiked gmmuxnﬂgofmhemnmcm 1pmmeffded a |
ormof gatif]oxacin its tter taste sufficiently
masked so tha?‘lva?ta%egﬁs tGg %{'] 4’87612]"’{? F‘gg’%d‘? g‘aﬁnﬂ?ﬁt% § 8¥5ul ati ons.
Gati fl oxaci n the nbovale@rapsutic ddeageptiedilp) typt:ﬂlyvvcnﬂaeeauayseast one of stearic
acid and p$lnitic acid in acritical weight ratio. The weight ratio of the

two constituents is essentiaéﬁkﬁgéggua vanpt operties of
taste-masking and stability Y éﬂggﬁﬁilﬁbhg it. The present

i nvention further pertains to a process for the preparation of
tast e- masked gati f] oxacin, ﬁparnaceutlcal fornulatlg containing it and
Lhe use ther eor 1 in@HO e i e Pooo Wsp D, i< igprpvisled aforateli ons. DETAI LED

DESCRI PTI ON' CRutifioackd\NMVRARE! i9Na@ieal sharflg GRtic ASE Sufficiehtif Riskiell 85 81t it avnt i on,

there is provided a taste-masked form of the broa spectrun1ant|bacter|al
gati f | oxac? n, efectivaly uilizsp jn padiatiq fopmulatiops. Gatifloxacin is formed as a co-

di hydr o- 8- rretp;ea m?e@?thaﬂteﬁx/bnéafate&%%amlﬁarﬁue&aa%ae&ﬁuaiwa xylic
aci d. GﬁtlfloxaC|n I S approved for use as broad spectrum an i bact eri al

therapeutic b ‘a@élﬁtrauoc%&thef NCRBTiuCHERdS %ﬁé@walsmbwdmtwomrﬁp@m@ and
efficacious i astkiaﬁshﬁgaimln%f fo?&lﬁﬁﬁéxereamhﬂmfgqpameﬁésw ihvERAbd ed

i ndi viduals. |t has also been” shown
further pertains to a process for the prcparatlon of taste-masked gatifloxacin,

15  pharmaceutical formulations containing it and the use thereof in the treatment of a

wide variety of infections.

DETAILED DESCRIPTION OF THE INVENTION

20 In accordance with the present invention, there is provided a taste-masked
form of the broad spectrum antibacterial gatifloxacin, 1-cyclopropyl-6-fluoro-1,4-
dihydro-8-methoxy-7-(3-methyl-1-piperazinyl}-4-oxo-3-quinolinecarboxylic acid.

Gatifloxacin is approved for use as a broad spectrum antibacterial therapeutic
25 agent. Gatifloxacin has been shown to be both safe and efficacious in the treatment
of infections in hepatically impaired individuals. It has also been shown to be
effective against a broad spectrum of microorganisms, including antibiotic-resistant

strains of Streptococcus pneumoniae, and to possess excellent overall tolerability.

30 In accordance with the present invention, it has been found that the
characteristic extremely bitter taste of gatifloxacin can be effectively masked by the
formation of a crystalline co-precipitate of gatiffoxacin and at least one of stearic acid

and palmitic acid in a particular weight ratio. Crystalline forms of gatifloxacin




effective against a broad spectrum of m croorganisns, including
antibiotic-resistant strains of Streptococcus pneunoni ae, and to possess
excellent overall tolerability. 30 In accordance with the present

i nvention, it has been found that the characteristic extrenely bitter
taste of gatifloxacin can be effectively nmasked by the formation of a
crystalline co-precipitate of gatifloxacin and at | east21oDeceimbgt 2e0bc aci d
and palmtic acid in a particular weight ratio. Crystalline forms of
gatifloxacin 21 Decenber 2005 5 reported in the literature, i.e. the

hem hydrate and the sesqui hydrate, di ffet in characteristics and
crystalline structure. Although another crystalline form .gatifloxacin
coul d be uti | fePeLrdp the literatypes e, the hegpihygrate K‘@t tg%’fﬁs‘é‘ﬂby‘@?}-e'ﬁﬁé‘?i“gi tates, the
preferred for¢Raratekibifes 2R erykhlNife ahRturd N&ltIuEh BldtIRE cHREAIRGhRE Nt 1N
accordance wth 5 the present invention is S%&ﬂri .acid. Crystalline

co- preci pi t at edifloggcipepuldbesridisediton the prepptation fuoissheo-PiseeRitPoehave been

found to be SpRRHE®forknQs MHeREIquIhG&HARN THE PrefdiRE Baptet Pitafin GOITRIARENWith

gatifloxacin with stearic acid, palmtic acid or mixtures thereof in terns

of physicat chEPEseninvertiqads steariciagidh Agyssalting qorrrgoipitais fpEmediie ascardapes ast e-

maski ng. Suchygaf bR/prétefharnfsBhave pbdhdBurddab B StheRolB et fcoflidddur €, wet or

melt 10 granul ation and coating of particles of gatifloxacin with the

subj ect f at t ymaehapisms pheomehining epfifloxaqimwith giepricacieh palmitiqreid prenBFesechani sm

of Tormng { NeoleafinSermiBP hofchRiBaeleriGRL! iAURNACIHbILS, URBHIar faskl T

met hodol ogi es of formng Such a conposition recognized in the art, it has

been found t hmaskitge Sysleoder mechpnisms inplyde orming aphpsieal snivtared walef gl miti c

acid to pygpa t - : ' a0 :
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functionally equivalent thereto by those skilled in the art. Still

further, it has b . | ﬁ'%?t ' ' ition that a

particul ar narr owqﬁgpéﬁw&a%%ﬁ%c@ﬁ&q% [ ?‘%(l)a\ﬁﬁ(:ep}lahggj (Q{fgglﬁp tﬂggl pr oduces

opt i mum par t smasked Smpafigsidffoxacin isstuperior thethennsstjod@Bgidsof fremingrsuelye of t he

conponents in VL. n ' LL nown t hat
od O%%}P%I’Etclgé;lﬁzaegﬁgﬂﬁ% it beExbﬁm]R& Bt th{eg\!uféf%t least ofte of¢

stearic acid an ave been util1 zed ormtast e- masked

forns of bf hestearivaridped palmitigeeid to prapareithe Boemiaskeddormuisedpatdgecusithat t he
f orm of

other art-recognized fatty substances that are often considered at least functionaily
equivalent thereto by those skilled in the art. Still further, it has been found in
accordance with the present invention that a particular narrow weight ratio of
gatifloxacin to stearic acid produces optimum parts in comparison to ratios that vary
20 the percentage of the components in favor of one component or the other. While it is
known that stearic acid and palmitic acid have been utilized to form taste-masked
forms of other ﬂwrapeutic agents, it is considered unexpected that the form of
gatifloxacin formed in accordance with the present invention possesses significant
advantages in comparison to similar forms prepared utilizing other fatty substances,
25 by other mechanisms and even wherein the two components are present in different

weight ratios.

In accordance with the present invention, there is formed a co-precipitate of
gatifloxacin and a fatty acid selected from stearic acid, palmitic acid and mixtures
30  thereof. When the co-precipitate is formed from a mixture of stearic acid and
palmitic acid, they are utilized in a weight ratio of from about 1:5 to 5:1, preferably
in equal parts by weight. It is preferred to utilize a single fatty acid, most preferably

stearic acid, to form the subject co-;irccipitatcs. The weight ratio of the fatty acid




gatifloxacin fornmed in accordance with the present invention possesses
significant advantages in conparison to simlar fornms prepared utilizing
ot her fatty substances, 25 by other nechani snms and even wherein the two
conponents are present in different weight ratios. In accordance with the
present invention, there is fornmed a co-precipitate of gatifloxacin and a
fatty acid selected fromstearic acid, palmtic acid angf mpestmbes 2805

t hereof . When the co-precipitate is forned froma m xture of stearic acid
and palmtic acid, they are utilized in a weight ratio of fromabout 1:5
to 5:1, preferably in equal parts by wéight. It is preferred to utilize a
single fatty acid, nost preferably stearic acid, to formthe subject

COo- preci pi t at «npomes togdtiflexacimutilizedin foreing fecp-parcipitates obdepraset 2005 6

component. {0 gakidoh O4AS At & L frldly £88 %P Gyl BATRARRLP Th BhR%OT the
present invention varies wthin a rathef narrow range for opCinum

per f ormance. thewgightratip of gatifloxaein gifatty avid i thyf subieet dolprscipitatestipfrémt ty acid in
t he subject cg- kPl t 3t ' 1:1. ; ] referably
about 11 2. 1. Rl EERRL1 B Bobre @y sBAR 1. thndhalhobufy dle iRk P
prepared f¥ontage-fpmudatjsins preparedfromaviprdcintiates nf gatiflosacgrandsteade deid m  wei ght
ratios of 1:0,7 ; ol 1.4 Ve ' t I ereas those
prepared wit hwéétl“gjgr?}?osfoggio(]’)?é}i}fmﬁﬁzl.'%ﬁagggtb&t&gt%@ﬁ@ %gi%%?etggtsqoﬁ%l y soapy
taste. As noprephréiewithweigbtvetiexof V8 dned It hibdve ah sncarasieglyseap tysté. ndvor t ant

characteristic_.o he ., subj ect. -precipitates, it is not.the.anly factor
to be consi de?oé?fibe%V"Fﬁg%¥ a’c‘%ﬁl{eﬁt%tt 'tsﬁ‘[ée’glrj "fgl cimP(%t-anptrcg%rlacgtlg?sé'tcé%%ﬁossess
unexpect edl y sibjeetrdoeprecipitangeit isi ros theaplylfactaxpbacomsiderzd. t he fact that XRD and
NMVR st udi have shown that the co-precipitate formed fromgatifl oxacin
and fatty acid in a weight ratio of 1:2.1 has a different structure than

co-precipi tates f dihewfatt thaethefsolgent corpioeipiites patdsosneapectalld supedorand 1: 2. 8.
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i ncreases frihacdpRceipithte fdrmed Tom daaflSaicinint ifdtyy 20d ih Beveighs witibiof@:2.1

co-precipitat l?asg%?é‘e?gnst %tsructure than co-precipitates formed therefrom in weight ratios of

15 1:1.4 and 1:2.8. While the explanation for this is not certain, it might be expected
from the observation that, as the weight ratio of gatifloxacin to fatty acid increases
from 1:0.7 to 1:2.1, the solubility of the resulting co-precipitate decreases
significantly. The solubility of the co-precipitate is important to its capacity to mask
the taste of gatifloxacin since any appreciable dissolution in the mouth may produce

20  abitter taste in spite of the sweetening and flavoring agents present in the

formulation. The capacity to mask the bitter taste of gatifloxacin in the mouth is

particularly critical for applications in pediatric medicine.

The co-precipitates of the present invention are advantageous in that, as

25  mentioned above, they are virtually unaffected by factors in the mouth, such as pH
and enzymes, that would cause them to dissolve, thereby producing a bitter taste.
This is clearly critical since gatifloxacin is very bitter. It has been found, however,
that the very small amount of gatifloxacin released in the mouth by dissolution of the
co-precipitates of the present invention can be effectively masked by conventional

30 flavoring and sweetening agents. It is a significant and unexpected advantage of the
crystalline co-precipitates of the present invention that aqueous suspensions formed
therefrom which have been stored under normal conditions for a full dosage cycle,

typically up to fourteen days, do not undergo dissolution to any material degree.



significantly. The solubility of the co-precipitate is inportant to its
capacity to mask the taste of gatifloxacin since any appreciable

di ssolution in the nouth nmay produce 20 a bitter taste in spite of the
sweetening and flavoring agents present in the fornulation. The capacity
to mask the bitter taste of gatifloxacin in the nouth is particularly
critical for applications in pediatric nedicine. The coppReLRitertbeps0f the
present invention are advantageous in that, as 25 nmentioned above, they are
virtually unaffected by factors in the qputh, such as pH and enzynes, that
woul d cause themto dissolve, thereby prloducing a bitter taste. This is

clearly critigcal ,since gatifloxacin js ver itter. |t bhas, been found,
however, tha ‘Fﬁé@ﬁwg%dﬁﬁ?‘?geé%‘ﬁ? ‘tlf‘fmﬁ’ﬁ%/or“& ISWFPngFEBg%séqunﬁqaﬁe nout h
by di ssol uti oheRbatidhs talcqhPRMCY Bt bBkr&Eméth Withan RiueRtal (0 pRAtAAR: can be
effectively masked. by conventional 30 flgkvori ng and syeet eni ng agents. It
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co- pr eci pi t at @gndfg SRELRNE BSENExtenDURR tHaPle HRAIringGWEQESnS kg PRésems f or med

t her efrom whi ch have been stored under nornal q%ondltlons for a ful] dosage

cycle, tydi caprepolongerabletemask thegalisent pifemsss of g Jtiey hempedtis agentofich o any

materi al degr gepaifdxddRC BRRALIAR A dasH iSteiight rébullih RiztpaRhtant age because it
is commonly recomended by _E;i/m cians that "their patients take the full
rayeri

cycl e of treatqmmetingthep qJosagercplp.drarticglagy dhitbafpatiend is ddldi pi 1ity of

reoccurrence of infection. If the product were to dissociate upon standing
over time to an extent such that the fl avoring/sweeteni ng agents present 5
were no | onger abl4s natedapsliertinerdentedesfiicagipes, a mearsofgrasking therbifter taster apeut i ¢

agent, sugh gs, %@éﬂ thira¥ARE Bpent BEsthBSY ﬁe‘%ffe'd@@ iRaAKihg iRShe Haght resul t
in the patient not conpleting the prescribed dosage cycle, particularly if
that patient mgintginis inggridothoindar meuth pnsrover ftyp segs dyeledt Mugtaci ous, a
means of - maskj i t INEN : flfufgent nmust not
only be eff ec{eig{i/h ?%@i@%raiﬁgg%?ggeﬁg%@%ﬁﬁt%‘%sﬁl%fltglge]?_nt e‘ér Ity both in
t he nout h andstodies using thesubiect ghtifaxpsinglyy preparationrfigs oral suspedision foraiuéation t he
t herapeutic a t 1t .Of . tJ - | , Shigdi es using
t he subj ect g%ﬁ!&flﬁl %ngfclﬁﬁ'lgﬁh;; p%@8{'}?é‘i@%ﬁ'g’r&]ﬁ%aﬁ&g%%géﬁga%gc or rru%’at i on
15  indicate 100% release of gatifloxacin in 10 minutes. Further, comparative clinical
oral bioavailability studies using the subject gatifloxacin dry preparation for oral
suspension at 40 mg/mL have shown that the bioavailability of gatifloxacin from the

suspension is 99% relative to a 400-mg tablet.

20 The co-precipitates of gatifloxacin and fatty acid of the present invention are
prepared by initially dissolving the principal ingredients in a suitable solvent, with
heat to effect complete dissolution. Preferred solvents to effect solution are low
molecular weight alcohols, most preferably ethanol. Generally, gatifloxacin and the
fatty acid component are dispersed into the solvent and the resultant dispersion

25  heated to reflux temperature, generally about 80° C, until all solids have completely
dissolved. The amount of solvent added to effect dissolution will typically be
sufficient to form a solution containing gatifloxacin in a concentration between about
5% and 10% by weight, preferably between about 6.5% and 8% by weight. While a
greater amount of solvent could be utilized to form the solutions, these relatively

30  high concentrations of gatifioxacin are preferred not only for obvious reasons of
economy, but to maximize crystal growth as well as ease of handling in subsequent

operations as will be described below.



at 40 mg/mL in 0.1N hydrochloric acid, pH 1.2, which simulates stomach
conditions, 15 indicate 100%rel ease of gatifloxacin in 10 m nutes.

Further, conparative clinical oral bioavailability studies using the

subj ect gatifloxacin dry preparation for oral suspension at 40 ng/nlL have
shown that the bioavailability of gatifloxacin fromthe suspension is 99%
relative to a 400-ng tablet. 20 The co-precipitates of mpDskkmiaei2pognd
fatty acid of the present invention are prepared by initially dissolving
the principal ingredients in a suitable solvent, with heat to effect

conpl ete dissolution. Preferred sol vent s8to effect solution are |ow
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amount of $§ol vysllicothedolpeecipitalei Byd'slbwlyf @oledY senemol wblingpwkestfleseversl at i vel y
30 high concentrati.qns Qf | floxaci.h.ar referred not,. obvi ous
reasons of BB rﬁt;?wglu%of“gf%g’xz{ lﬁq"fsé @?syrg £ en%ragve\?' ra%f’sco&}ei%] Ilagesgfglg)ge of

handl i ng i n sulfe0asTC to FErmRE nfriuse. 2% ani dptioldd prhesdurd toadeloaine tie idttidecenber

2005 8 Once sol utjon of the i nci pals of .the subject co-precipitates is
effected, helP &?f?féﬁrﬁ?%‘i%%@e'a“rlﬁ?ﬁﬁ§énﬁm ’G‘i'ee“,"?q‘."é.’“aé{ Gut 80C with

mld agitati Oord ragidly coblet id @mphafuréibt Beldividsanand theh Qlod 1 BobIs asPr ef er abl y
fromabout 2 to 2.5 hours. The "solution is then slowy cooled to about 18C

wi th cont 18] | desciibadpbayg.-t ation to 5 crystallize the co-precipitate. By
"slowy cooled" is neant cooling takes place over a period of from about
2.5 to 4 hours. This represents an average cooling rate of from about
0.25C to 0.4C per mithegasling\stepdeserghed ahetie, e onstel aygalliztien sdymicalie i nerti a

trgpi cally ¢ hal’:tfb‘féc?‘f’rﬂzé& ia)F? &E}d e SR VRrd BORE3 VA AV BRRAL ’ab$d??%1§°' ution
y be nore rapidly cooled to a tenperature not bel ow 45C, and then slowy
cool ed as to eight minutes before cooling resumes. It is important for optimum crystal growth
15  and subsequent han&ling of the resultant slurry of the desired crystalline co-
precipitate that the rate of agitation, i.e. stirring, of the solution be sufficiently mild
so that these events, i.e. the onset of crystallization and the mild exotherm, take place
at a temperature of from about 32°C to 35°C. Agitation at an excessive rate will
cause both onset of crystallization and mild exotherm to take plaée as high as 42°C
20 resulting in a slurry that is very difficult to handle and with poor taste characteristics.
The manipulation of the various parameters of amount of solvent utilized, cooling
rate and rate of stirring within the constraints given above to accomplish the optimum
temperature for onset of crystallization and exotherm is considered to be within the
purview of those of ordinary skil! in the art.
25
It will be appreciated from the foregoing discussion that the refluxing and
slow cooling steps are important in achieving the desired taste-masking properties of
the subject crystalline co-precipitates. The slurry of the subject crystalline co-
precipitate formed in the cooling step is maintained at from about 15° to 20°C with
30 mild stirring for an additional two to eighteen hours, preferably two to four hours,

and vacuum filtered to recover the co-precipitate. The wet cake retained on the filter

is oven-dried under vacuum at not more than 30 °C.



10 descri bed above. In the cooling step descri bed above, the onset of
crystallization is typically characterized by a mld exotherm of several
degrees over a period of fromabout four to eight mnutes before cooling
resunmes. It is inportant for optinmumcrystal growmh 15 and subsequent
handling of the resultant slurry of the desired crystalline co precipitate
that the rate of agitation, i.e. stirring, of the sol ut2ppebembetPoogent |y

mld so that these events, i.e. the onset of crystallization and the mld
exotherm take place at a tenperature of fromabout 32C to 35C. Agitation
at an excessive rate will cause both onSet of crystallization and mld

exothermto take pJace,as high as 42C 20 sulting.in a slurry.that is very
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opti mum tenpd? ‘ti‘rcén#’%fj“ X Geatgy ‘OJF%‘{%RT? YOt Breah U8 CREHZRLon.
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25 It wll _be appreC|at§% fromthe foregoing dlscu§§%£n that the refl uxing
and sl ow RoofYaRGLLSther similarapparafys. The terperalirefilizehion salygng grmoval

t ast e- maski NginnQef Isit@sicaly beiwten BbbRE £05tang SYSC Avhire® BMpsth@fdsi 4 at es. The
slurry of the subject recipitate formed in the cooling

crystalline co- € 1 ) k
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addi tional twebisusebBbisaTRedioMlyaind He@bsiaRh ¥f ioMent SsfRalisdieys. and vacuum
filtered to recover the co-precipitate. The wet cake retained on the filter

i s oven-dri edliiftien onthe tyingRPPHBYS ifBredcratln audppeg. witha means ABEEOEOOE 9 In an
alternati Y@ PEHRGESEt tOME Grdalist kRntiPdsble b tHal ' Y b Gdub& in 18 prbdags SUbj ect co-
preci pitates has been forned and heated at reflux as described above, the
resultant solution can be directly treated to rempve the solvent thereby
causing crystal |'i zpid @Rd co-pRicipitee ¥d tﬂ&e&ﬁe?@édﬁﬂﬁtémapﬁtiglﬁrsfzb% PHfag 1 N anN
oven, a conventional pan or rotating 5 evaporator, or other s[§1lar

appar at us. Thwouldbpsyitablerte canse the paicksto besnspendedrasdperigdically redispersed

in an aqueous vehicle. In general, an average particle size in the range of 0.5 to 2.0

1

15  mm is contemplated, with a particle size range between 0.75 and 1.0 mm being
preferred. The comminuting may be carried out on any conventional apparatus
_equipped with suitable screens to control the size of the resulting particles. It is
preferred in accordance with the present invention that the crystalline co-precipitates
are initially comminuted to a suitable size as described above and then ground a

20  second time after they have been combined with the excipient materials.

Formulations containing the crystalline co-precipitates of gatifloxacin and a
fatty acid are prepared for suspension in an aqueous vehicle by the addition thereto of
conventional pharmaceutically acceptable flavoring and sweetening agents. In

25  addition, such formulations may contain pharmaceutically acceptable preservatives,
stabilizers, coloring agents, wetting agents and the like. Examples of such agents
include: as preservatives, methylparaben, propylparaben and the like; as wetting
agents, polyethylene glycol 2000 stearate, sodium laury] sulfate, polysorbate 80 and
the like; as suspending/stabilizing agents, xanthan gum, microcrystalline cellulose,

30  sodium carboxymethylcellulose, hydroxypropyl cellulose and the like; as sweeteners,
sodium saccharinate, aspartame, xylitol, sucrose and the like; and as flavoring agents,
vanilla, caramel sweet tone, guarana and the like. Such agents are typically utilized

in the subject compositions in conventional quantities as recommended by the



in an oven is typically between about 40 and 50 C., whereas tenperatures in
a conventional rotating evaporator may be slightly higher, e.g. from50 to
60 C. For obvious reasons of economnmy and the avoi dance of sol vent disposal
issues, the filtration or the drying apparatus is preferably equipped with
a nmeans of recovering 10 the solvent to the greatest extent possible so
that it nmay be reused in the process. The dried co-predipDeesmbes2005
thereafter commnuted to a particle size range that would be suitable to
cause the particles to be suspended and periodically redispersed in an
aqueous vehicle. In general, an average. garticle size in the range of 0.5
to 2.0 15 nmis conte Iat i cle size range, between 0.75 and
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t hat suchlf| almnpdlged s‘mmeplp,rfgr %mdingmixqpiemn that would be dispensed through
a dropper calibrated to provide a predetermined amount of gatifloxacin in a given

number of drops or portion of a mL.

It is understood that various other embodiments and modifications in the

20  practice of the invention will be apparent to, and can be readily made by, those of
ordinary skill in the art without departing form the scope and spirit of the invention
as described above. Accordingly, it is not intended that the scope of the claims
appended hereto be limited to the exact description set forth above, but rather that the
claims be construed as encompassing all of the features of patentable novelty that

25  reside in the present invention, including all the features and embodiments that would
be treated as equivalents thereof by those skilled in the relevant art. The invention is

further described with reference to the following experimental work.

30
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materials wll conprise fromabout 75 to 90, preferably fromabout 75 to 85
percent by weight of the final dry formulation. 5 The fornul ati ons

contai ning the subject co-precipitates and the flavoring, sweetening and
exci pient materials are thoroughly m xed together and, as stated above,
preferably again passed through the conm nuting device to assure uniform
particle size of the final preparation. They are then gecRagesiben2005
appropriate containers. The container may be oversized to accommopdate the
appropriate anmount 10 of water to form a suspension of the co-precipitates
and may further be packaged wth a secbhd cont ai ner cont ai ning the

requi site quantity of purified water. The formul ation and packagi ng of the
subj ect granul ations are such that s&gﬁﬂﬂgﬂons formed therefrom by the
addition of the recomended vol une of water would provide a dosage of 200
ng. of gatlfloxa0|n per 5 mL teaspoonful ThIS dosaoe 51| 15 be nodi fi ed,
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21 Decenber Zg%gt?c agltatlon &B rpm) Total crystallization required about four hours with solids

becoming clearly visible when the solution reached 32.5°C. At the onset of
crystallization, the batch temperature rose from 32.5°C to 35°C over a period of

15 about five minutes. After this mild exotherm, typical of crystallization procedures,
cooling resumed to the desired temperature. The slurry was mixed for a further two
hours at 18°C after which the agitation rate was increased to about 300 rpm for about
one minute to maximize batch homogeneity and consistency. The slurry was filtered
under vacuum on a 7-cm Buchner funnel fitted with Whatman #4 paper filter media.

20 The reactor was rinsed with only re-circulated mother liquor to discharge the solids
therefrom. The wet cake was allowed to drain well by vacuum aspiration and then
oven-dried using a 30-in Hg vacuum at 30 °C {(maximum) until the moisture content
by KF attained a value of 1.5%w/w or less. The yield was 37.15g(36.59 g
corrected, 29.78 mM, 93.4 %w/w) of stearic acid-gatifloxacin crystalline co-

25  precipitate with a KF moisture content of 1.5 %w/w.

Example 2

Formulation of gatifloxacin dry preparation for oral suspension

30
Gatifloxacin dry preparation for oral suspension, 66.1 mg/g.
Ingredient Amount per
kg
Gatifloxacin-Stearic acid Co-precipitatse 216.7 g*
(1:2.1 weight ratio)




Preparation of gatifloxacin-stearic acid crystalline co-precipitate (1:2.1
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All ingredients were combined and blended for about 10 minutes at about 25

RPM to form a preblend that was then passed through a Fitzmill equipped witha

0.61 mm screen. The milled material was transferred back to the blender and mixed

again for about 10 minutes at about 25 RPM. Calculated amounts of the final blend

were filled into appropriately sized high-density polypropylene (HDPE) bottles. For
example, 63.7 g of the dry preparation was filled into a 200-mL HDPE bottle, which

10

when constituted with 46 mL of water results in 105 mL of suspension containing 40

mg of gatifloxacin per mL. The suspensions were taste-tested over a period of 14

days, which represents a typical dosage cycle for an antibacterial preparation. The

results showed that the taste characteristics of the suspensions remained unchanged

and satisfactory, indicating that the suspensions were stable over the storage period.



(1:2.1 weight ratio) 21 Decenber 2005 12 Xylitol 165.2 g Aspartane99.1 g
Spray Dried Artificial Guarana Flavorl.9 g Flavor, Cream de Vanilla Powder
(Natural 6.9 g and Artificial) with 5 %Silicon D oxide Mcrocrystalline
Cel | ul ose and Sodium 2.8 g Carboxynet hyl cel | ul ose (Avicel RC- 591)

Met hyl par aben2. 3rg Propyl paraben0.3 g Titani um D oxi de5.4 g Sucrose499.4 ¢
A 216.7 g of Gatifloxacin-Stearic acid Co-precipitate i3 paebM®erPhos50 66. 1
g of Gatifloxacin, based on 100% purity. Al ingredients were conbi ned and
bl ended for about 10 minutes at about 25 5 RPMto forma preblend that was
t hen passed through a Fitzm || equi ppedlavith a 0.61 mmscreen. The mlled
materi al was transferred back to the Ql Snggr and m xed again for about 10
m nutes at about 25 RPM Cal cul ated of the final blend were filled
into appropriately sized high-density pol ypropyl ene (HDPE) bottles. For

exanpl e, 63. 719 ofA bRty C@P&eﬂ@& !opﬁatiﬂaﬁacﬁﬂ Anldedattidd SeletQ4d-fFim HPPE
bottl e, which 10 when constituted with 46 nL of water results in 105 nL of

suspensi on coEPYr FAnsigtivgoet stegrig acidy palmitieacit g mpixpures therqpfewhereinditsi ons were

taste-tested Qupkt rivid8H dafifloikinkd sail B§ acithid febin aBd §96LS: B3 L ypi cal dosage
cycle for an antibacterial preparation. The results showed that the taste

characteristics of the suspensions renmai ned unchanged and satisfactory,

indicating that the SMIRRP plcCipRatdBl &SRk i\ Ghint 1Sl RBeREf 106

of gatifloxacin to said fatty acid is about 1:2.1.

3 A crystalline co-precipitate in accordance with Claim 1, wherein said fatty

acid is stearic acid.

4, A crystalline co-precipitate in accordance with Claim 2, wherein said fatty

acid is stearic acid.

5. A crystalline co-precipitate in accordance with Claim 1, wherein said fatty

acid is palmitic acid.

6. A crystalline co-precipitate in accordance with Claim 2, wherein said fatty

acid is palmitic acid.

7. A crystalline co-precipitate in accordance with Claim 1, wherein said fatty
acid is a mixture of stearic acid and palmitic acid in a weight ratio of from about 1:5
to 5:1.

8. A crystalline co-precipitate in accordance with Claim 7, wherein said fatty

acid is a mixture of stearic acid and palmitic acid in about equal parts by weight.

9. A pharmaceutical composition intended for suspension in water for oral
administration comprising a crystalline co-precipitate in accordance with Claim 1

and pharmaceutically acceptable excipienté.



21 Decenber 2005 13 CLAIMS 1. A crystalline co-precipitate of gatifloxacin
and a fatty acid selected fromthe group consisting of stearic acid,
palmtic acid and m xtures thereof, wherein the weight ratio of
gatifloxacin to said fatty acid is fromabout 1:1.8 to 1:2.3. 2. A
crystalline precipitate in accordance with Claim1, wherein the weight
ratio of gatifloxacirrto said fatty acid is about 1:2.41 Daceftdryminagl | 1 ne
co-precipitate in accordance with Claim1l, wherein said fatty acid is
stearic acid. 4. A crystalline co-precipitate in accordance with Caim 2,
wherein said fatty acid is stearic acid.!45. A crystalline co-precipitate

in accordance with Claim1l, wherein said fatty acid is palmtic acid. 6. A
crystal | ine co-1r ecipiharpasenticaleormpHtionia agiordiines with{Claim Sy wharrm said; g fatty

acid is pal mtighafakéhticdily Depiabhd biplelf c6RpREat idaitlat femBeielcoled @B W t h
Claim1, wherein said fatty acid is a mxture of stearic acid and palmtic
acid in a wei gtike graen epngistife of Walskselublg flgvoring agents and sweetehersst g | j ne
co-precipitate in accordance with Claim7, wherein said fatty acid is a

m xture of stearic acid and palmtic acid in_about equal parts by weight.
9. A phar maceutlileal Acehapeasruticaromppationiy areprdance Wik SR % Whetsindhe Y or al

adm ni stration a@gquﬂegmgmg,e%;ﬁgcgﬁmem@st&gtQgig_ci pitate in accordance with
Claim |1 and pharmaceut’ically acceptabl e excipients. 21 Decenber 2005 14

10. A pharmaceutical conposition in accordance with Caim9, wherein said

phar maceut i cal l1y acaegi.aRi-eutRACdoRipBitisn HABRdmEe #ith CRARD, ARGRRRDRALy
selected from the %roup consisting of water-soluble flavoring agents and
sweet eners. acid in the crystalline co-precipitate is palmitic acid.

13. A pharmaceutical composition in accordance with Claim 9, wherein the fatty
acid in the crystalline co-precipitate is a mixture of stearic acid and palmitic acid in a

weight ratio of from about 1:5 to 5:1.

14, A process of forming a crystalline co-precipitate of gatifloxacin and a fatty
acid selected from the group consisting of stearic acid, palmitic acid and mixtures

thereof comprising:

a) dissolving gatifloxacin and said fatty acid in a weight ratio of from about
1:1.8 to 1:2.3 in a suitable solvent with heating to reflux temperature to effect

solution thereof;

b) refluxing said solution for from two to three hours with stirring;

c) slowly cooling said solution with stirring to about 18°C over a period of from
about 2.5 to 4 hours to precipitate the crystalline co-precipitate of gatifloxacin

and said fatty acid;

d) maintaining the resultant slurry of said crystalline co-precipitate to about

15°C to 20°C for an additional two to four hours; and

€) recovering and drying said crystalline co-precipitate.




11. A pharmaceutical conposition in accordance with Caim9, wherein the
fatty acid in the crystalline co-precipitate is stearic acid. 12 A
pharmaceutical conposition in accordance with Claim9, wherein the fatty
acid in the crystalline co-precipitate is palmtic acid. 13. A

phar maceuti cal conposition in accordance with Caim9, wherein the fatty
acid in the crystalline co-precipitate is a mxture of ={ eackmbasi2dognd
palmtic acid in a weight ratio of fromabout 1:5 to 5:1. 14. A process of
formng a crystalline co-precipitate of ggtifloxaci n and a fatty acid
selected fromthe group consisting of stearic acid, palmtic acid and

m xtures thereof conprising: a) dissolving gatifloxacin and said fatty
acid in a wei gh®. ratipooceds ifi aemydatyewtith Qlaitn B, vherkinZaid solutian Bforinadli® sol vent
with heating t fl: anperature to effect solution thereof; b)

refl uxi ng sai dgg %u‘lt"%%ahﬁgrac*nrsoe?ﬂuﬁ’ dm%eo three hours with stirring; c)
slowy cooling said solution with stirring to about 18C over a period of

from about 2.5.to o precipjtate the crystalline.co-precipjtate of
gatifloxacin and sépgj%%ﬁ?émgcfm ° vﬁ’)h (%%fnn%aal’”ﬁfrﬁ‘é Sf‘ﬁé'atfye%cﬂﬂc ‘Fé‘%’i’“%ﬁc ry of
said crystalline co-precipitate to about 15C to 20C for an additional two
to four hours;. and ring and.dryi said cr al i ne

co- preci pi tat el.%Zl '%érgétﬁg@g%ﬁﬁg'p@e E"%‘.“X%ng%e%%ssioﬁ&&%dﬂdance with Caim
14, wherein said solution is formed in step a) with gatifloxacin

sesqui hydrate. . 16. rocess in accordance with Caim 14, wherein said
fatty acid is Js%earﬂf\gg%tglla? co E‘??'P'f\ﬁ%f%?&?‘g'i’)iwﬁgft’eﬁsﬁﬁf% iBate formed by the
process of Claim14. 1 & A crystalline co-precipitate fornmed by the process

of daimi5. 53 A\ GLUSHAL KDRciERaPRRSLP & okl TPhaly e Process of



