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PCT/ US97/ 21401 | MPROVED PHARMACEUTI CAL COWVPCSI TI ONS
FI ELD OF RyG okANENTI ON The present invention pr@drdso72e01 novel
pharmaceutical conpositions of 5 active drugs. More particularly, the
present invention provides for novel formul ati ons, such as oil

suspensi ons, of the cl assPROVED FPIARMACEAETICAIhGOIEHISITRGNS Most
particularly, the present invention provides for novel oil suspensions of

t he cephal ospori n, cefti of ur, which have inproved properties, such as
physical stability (i.e., FESUDEINTESN INVENTIQY

BACKGROUND OF TH s;: WI.
Hi guchl 3. Swar brl%';l%: IEE%rx{.E%en'_&gn p'&o"gdes foI%%g@l%ﬂa?ﬁaE&t c'gyggx{x s?tﬁu%@co?
Particle Ephawnedaumdi\&ompsacuﬂlaslpetla mrsentiinvdRdivnrgovdes for novel

Eacton.  OERRREGRGa i b silpsbedBs, ot it EaRUR I SM 1S OB brine

Suspensi ons,Most pEsticBhgyequresend ineasiag @réddesior Dose @ilsmsSystewsf thol une

1, Eds. H A [ man . o M i eger _and .G S nker
Dekicer . New GEPROTRER sepigfury s ot SaoPiya BepberHRE 8 pd BRPbicl bRy
Suspensi ons,(.e.nrddeapermiedility)cal Dosage For ns: D sperse Systens, Vol une

1, Eds. A. Lieberman, MM WI 1988, Mar cel
Dekker, w Yor k, New York %@5@@8@5&%&1@ at € ,TIE.N Kennon and 20 R S.
Levi nson, Phar rrad&mtﬂoﬁabmgmenﬁrms vl 'EﬁgudfﬁeaﬁSwaahdclP&hEﬁ{ Gfo, L. P.
| ndustri al y Llebrman and. J,L. Knl,,
1986, Lea. artimoneil $ibR Marts; PestigiitRanend a0d optrSe ALTBLAN moReRis 8
S. E. Tabi bi IHzlmlmﬁcél&thEhSdzeziqes 17th Ei1apmr1§85,9ylat:leﬁ’ubhshmgfﬁ'dmplany, Easton,
Phar maceut i | rd Edi td and ande G S. Banker
and C.T. Rhcc%é’é‘s VY88, PR o@}zg@{sﬁfﬁ \‘/‘\izvor‘i"ryﬁg %r"ﬁmng ™ 25 310- 319;
are genelil Rhexilpoakicdl mmlhm&somzwﬂe‘ﬁn&tm Vahodne heEﬂmanAI Mbemmanf
physical ly & suspe Re tyan. s, stat es e 0
chal | enge SI\;I{ikJval}'? TR el%/d;fs’so%'rsiaélkear 5{'83% Igusﬁleﬁgﬁéeﬁ" Ng&'o %gl ﬁ?ﬁgy‘%%yg? 'ca
stability: ™ aceutica Bsives, eadhagpoeutt agagh Fexrspensi ons
bili 4BhB.A.N ash, Phaon Ip$msiple &h ddDagagh Fy i
are (1) adeqguate dis o) n
settling of 9:? el g sggnsz“gd I%IP% §§ HA y%f&'h%é’ﬁﬁnm Re@%ﬂé{ﬂ]%% par%l cles
in the sedi mPAS, Mar@t Dtehh:ertYmkdi@weY&kopp '151-198; N.K. Patel, Li. Xegann@al| y
recogni z It I t) . ] l;on
rd }'{]S. ﬂ&n . &’lﬂ%}nsxgc%{lf 4 élf g s‘%r}s %4 ) 97:9«9’5; d&(c;ilafrggtzce éfqrngﬂgtgztal

is a net 0 pro ucé e stspensi on
Di spersi ons PhSumpenﬁld;nQ, L@hmgx,dﬁ$ hirteSaa sodi Jds Ka;nitg,FIWQJ ked amhar macy,

2nd Edi t HRIHnG K agg[gm :
Henry Ki npt g«*ﬁg% Egﬁgﬁdqﬁersl\&rn&oﬂ&%%a %Waﬁ?g 585 aé&lg!@? EZ%{Pa bk "N
Hi estand, ThHEepersofygemssia Moder@lﬁmmpwwﬁo?‘ml Etdlt@mx,, Revisedhahd (ﬂ‘XPanded

F’?_?r maceuti gafs 8% HGRIr and 84T, I%}%d%g 1958 1§1arce1 Dekker, New York, New York, pp.

25 310-319; are general textbook discussions on suspensions and the formulation of
physically stable suspensions. Remington's states at page 313 the major challenge
with developing a good suspension is obtaining physical stability: "The three major
problem areas associated with suspensions are (1) adequate dispersion of the
particles in the vehicle, (2) settling of the dispersed particles, and (3) caking of these

30 particles in the sediment so as to resist redispersion.”

It is generally recognized in the art that controlled particle-to-particle
interaction is a method to produce physically stable suspensions. Coarse
Dispersions: Suspensions, Emulsions and Semisolids, in Physical Pharmacy, 2nd
Edition, Eds. A.N. Martin, J. Swarbrick and A. Cammarata, 1969, Henry Kimpton

35 Publishers, London, England, pp. 522-525; see also E.N. Hiestand, Theory of Coarse *

Suspension Formulation, Journal of Pharmaceutical Sciences, 1964, 53(1): 1-18,
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PCT/ US97/ 21401 especi al l'y pages 9-12. Many investigators refer to
thi's con{yidReh@ggregati on as "floccul ation.” The pacirhsbe21401
interaction nust result in a "loose" particle aggregation so when the

suspension i s shaken the particles can separate to sone extent and a

uni f or m dosspedally pagest®-18. neiny Tinespgatorscleferab tthscontmlledisggregatist asong”
enough so , rticl enaqaregati.on P ] i cl.e

agar ogat i oS b g 48 thirh B A S EPUDELe b Bklegaston

separ at e. derwipsr thmamispexiseonf iscbekdmtliegrartitlepvan separatedptspme estend asétat le with
hi gh sedi nent atl n voI C g bott om
of the cont&l% orm osﬁﬁaré caﬁt gir %ce ?NEG trh %:‘\/Ig %S?waStg%ngSfﬂo E. N.

H est ansl (;n‘ameld @gmga)mmtdom@esr QHQQeveanﬂnewamcllehagatﬁgatlem cahnot(bemt) ed above)
at page 10. 315,

chapters/ar Fon etsha?reg%f P%rﬁmlseg\yelpéfever il r%%swvﬁ ﬁaﬁae%g&ﬁﬂon auoé”ric’m ons to
f | occul at eparfibles éo ﬁétde(mthihlghgse digeettstiomed]ughes ahémiot bd packsor ceize ﬂamg a1nt s

gﬂgr Prgl:z”et&’e bOFEgF‘t éjg’hg%%n gt 5310‘%%)“@ (CE)% 3’ 2 %Q%p €8 | nc1 ude

pol yoxyet Hjleetz@ddtibat sbolb) atqfagm; Ead pad W. thxﬁathlwtabl (dxt@isalmvs) af pager bi t ol
anhydr'? S %T}Q,eens)z tghe same conmpounds wi t hout the hydrophilic

oxyet hé] e1 pans) hi gher nol ecul ar wei ght pol yet hyl ene

gl ycol s (Car bo@rees}ﬁvag&aml dplars/acticiis mattieonsevefal additimlvglﬁo&yemsyl ene and
polyoxypr | ene i | | page
489. El ect P‘iﬂséon%igﬁ%fmél%a ghﬁﬁfeﬂ%°88faglﬁ$(?ﬁf%rs i‘ge diad ggatgs c‘ﬁ?aocrt"lm 2 and
20 cal ci umndspdlyraess Bl lfhmamhdcttaﬁ @bovel at p@essllialﬁ:l apummabeharme\y Nash
(cited abgv rrer L nel yd Lur gumns
i ke traggﬁli%]dt ﬁbovﬁ%igt P?Pgeg%%%%z F’fa %lgsem guf Ie\}% &get@?’le g gg’éls um
car boxyf’fretdﬁyﬂnxed pantizd datty acid elat;eds oﬁ(gopbmﬂys]nbgdﬁldlésd@efeansj the same

hydr OXypr opy| et | I it 184.
None of thex’fp ve§¥g§§e%ut§(rgfn ygfoé)éﬁac '\’32&3 et%h«,gg Q?T%b ggrlﬁ:)ehll(%l ela‘tntoer al one 25
i N causi ngveightt padyehylene giytéls (Ganbowexest and mojegnlarrothbinadwes nf

par Ll ol & LRRbGHefe and polyERU:SLAM WIRHRLET TMIRISA0 & SIGRERGENE) 67

suspen3|o ove
that, in tme @80 niEléeatchligt eyamples ipdwndd spdivm ichloride p@aﬁpen@bwdkmtiul ations

were Pig ?cﬂing%' aL W.-H métg%hcxa%t B phosphatel SR fAQ@é‘sll&' @lgwgbo%g?m .
Al so tan escrlbes t sp ness of water 30 1In

phar rraceutatmge 488 pé’nb'ms malydnevde gelhéndmﬁésraicﬂungi Nkee wagacspdeatd cs on the
drug ﬁﬁzﬂz' a4 Qbﬁh@ﬁ@up}aﬁv@@ﬁm 9%5 rﬁlcm%xﬂﬁ@ag@&ﬁum; mention the use

of an oil so states face-actl ve materi al

(e.q., surI’deCan)PYbﬁBulﬂele prd hm@ﬂmﬂ@dpﬂmethylcemlmes RepelNashotsited abey®d t he
| yophobi c 4 r?lége §§£f fie of the five I‘EV)heW Jx@ﬁ:heg QidQvd HQ ﬁ'xfﬂ-&ta'h@é 6f $RGESIAkSCUSS

how smal | ants water in ydrophobi ¢ vehicles (e.g., organic
sol ven?%, injckujing @QM-@-PVW}?GQ?W@M (phin feerersing particle-tgrparfielent i ng i nk

' gdust 'y, reptiSRn! bBES Wrdhl Mg £pRarBl QAN s3bpaRihaR S. Shutt, Fine
E.N. Hiestand (cited above) at page 14, discloses that, in the paint industry

particularly, oil suspension formulations were prepared using liquids, such as water,
as flocculating agents. Also at page 14, Hiestand describes the usefulness of water
30 in pharmaceutical suspensions; however, he does not give any specifics on the drug
or the vehicle to be used. Certainly, he does not mention the use of an oil vehicle.
He also states that a surface-active material (e.g., surfactant) should be included in
the suspension to coat the lyophobic drug surface.
The following four references discuss how small amounts of water in
35 hydrophobic vehicles (e.g., organic solvents, oils), especially those used in the paint -

and printing ink industry, cause flocculation: C.R. Bloomquist and R.S. Shutt, Fine
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PCT/ US97/ 21401 Particle Suspensions in Organic Liquids, Industrial
and Engi qeedsgzgziChem stry, June, 1940, 32(6): 827-831;Pdx/BBI7TRA¢Mes and
WJ. Jebens, Studies in the Plasticity of Pai nts, Journal of Physical
Chem stry, 1930, 35: 383404; H R Kruyt and F.G Van Sel ns, The

| nfl uence @artcldHusdedasdn drgtive IRpddk dggusticbasgdmsinnesingKeeemifirau. 5
Chim, 194 62; 0155 . r .
Cnvest i gat Do Dy SHEF R T RHCRPLLL ARTRS ookl SUGER SRR EPRE I o)
The fol | owiPaintapie:rspiefi Fhysicpt Chematry, 183%186n38%404; sEJR Foruys agddper ¥Yron of

a drug 4 N Ol rod | oLk ' HEGIARE Trap.
Suspensi onge&%ﬁal}enfln%léleme &Cﬁlﬁél g)ﬁ%%?%l or %ﬂ%%l‘ %Seursie)pf as’aeSt artc)ziul i zi ng
Agent, UK Bitientl94ppb2:cdbiddn; andlA%. FRttisaeyes, Moddésn Bacbaiqves far ch 1983; A. L.

Adjei, S. Borodkin and R B. e @g? bl sPBasedghi quid
Suspensi on ?%?%%ﬁflggﬁeﬁ?f%aonfve t|h(_:sa1?ner] ,¥’d¢%%§r%e§f’ilg%1 Publ i cation
Nunber WO 91/ 08 Th4, folbavbiing sivere spatifiaipror] 89 refekencBa discusskhe disnersipmgf aR.

Gonnert, H .Thonas, and H. Voege, e C:| ' RENELAin;

For mul at i off&Y€ Hko’léf Epyduge 2 SusP?ﬁ’f’g%‘% %e%%?%gﬁggwﬁ%gtg%ger 1%1%§§n1%%d

K. S.E Su, Malic AQidyr akSald TiGapefital =Stabilizifig Agent, UK Betept Anphcaticso? 305
Cephal ospor.i.p Sus i r . Pargnt Adgi gi I L.ON3 '

Sont am T oGER A PRRiRRe il ke T B AeS! BBl ARIR B, DG RGRANR

Nong of t h&ibBasddeLgnikSuspensibo fort Delivadidigta Medichment, dnternatairal fablicdtioni ons
or di scuss t ' f,ance. I no el e .

resus pendaﬁ‘fq‘ﬁ}',% 51/B734, P %gggké]aﬁﬁfg%ae]ﬁd? X%Eaghéé?\égmggg'e%%?ngﬁt’of an
active i ngiediteniasi amdHNFodgeaNeRWichishmideaSuspensien Fermullations,dékdadental sal t

ther eof 10 58h Gk LGSHERANIARI. ¥s, LPkALE by 1.5 oy, div. RALERKIRAYT des

general in non oil suspensions tfor the adm ni'$trat o _ rugs
whi ch arke dansStuikye Nonagatmss CGephalospdrith&vspeasiondpraPareatsral Administption:

expl ai ns cer.t ad n.ingredj ent r | g & 1 i on

o oduct 1 erssolib B AR AR SR BT R B et

al . st at es Nunepdigbes®: refdrencas 2&ntipn she adédition i outiterchetoil formulagions loadisshssal so
contains a.dryin ent 1 ' | dHadpiMat er that woul d

ot herw se 35%%1%8%%%@ Sar%‘%‘f%%g‘%'ﬁ‘éggggﬁ icavgé)gn{e.g&gpggpe?ﬁg . .al. obtained
a speci fic pat effor fegamplec Hostiriaimed witushersioraef amedtiveringrerient de aneusrad

Its salfs 1g tﬁgt 9&#&9&%}?}5 i%‘ﬁ%f?ieé}sé Ot tHNEof BT 1B P tesBbSdrRARBINLH S THRI AdjeimRY bE
used i nclude 1ts an yarous orm its ?mmvﬁ ch contai ns_ water of
crystal | i zat ebpatens poevidesgenezal infosmetine onPil suspensians faythe adpinigtraiigned t he

suspensi on eRATACL L S g&sﬁivetéaewa(rer o GRIA! 2R Unl h @R steCagz ol i n
sodi um dispersed In peanut oil and ethyl ol eate (i.e., lipophilic or
ol eagi nous ezpleiisewhy certhinsngredieptears added te ehtaingigoad wasrensios produgiefBr al | y

the pref er . gd-342 be By Lhaihton 7RRIBIYSRLAT 6Aldatea6E bige 808 & Such as

t he cephal osporin antibiotics are not chemcally stable in water-based
par ent 635l p8&ferneh amrhedirnentctie formplation gy, contripe p SrEneg At i bRjP bpd Ay

article, t Qesggmlaz\‘&e? thSAINId otherwisd-dégFade@BB 3PP HerBpdHtRAReAt.! Baudhiet
can be stored at roomtenperature, 1t I's L. .
-3- al. obtained a specific patent for niclosamide (which is an anthelmintic agent) and
its salts in an oil-based suspension. The forms of niclosamide which may be used
include its anhydrous form, its form which contains water of crystallization, as well
30 as its other salt forms. Su et al. studied the suspension characteristics of the
cephalosporin compouxid, cefazolin sodium, dispersed in peanut oil and ethyl oleate
(i.e., lipophilic or oleaginous carriers). This article stated that while water is
generally the preferred suspending liquid, some physiologically active agents such as
the cephalosporin antibiotics are not chemically stable in water-based parenteral
35 pharmaceutical suspensions. Therefore, according to the article, to achieve a ready- -

to-use cephalosporin preparation which can be stored at room temperature, it is
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PCT/ US97/ 21401 desirable to devel op a satisfactory suspensi on
utilizi ngyg ogefagueous liquid as the suspendi ng nmedi upgT/US97/21401
The follow ng two pharnmaceutical articles: D.J.A. Comelin and C. J. de
Blaey, In Vitro Rel ease Studies on Drugs Suspended in Non-Polar Mdial.
Rel ease 5 deﬁﬁ'alﬁedb uméﬂsﬂ 8lshfisfaétbBRuSPEess uilifing & dongyuébuldigaid asthe

| nt er nati onal ur nal Phar maceutics, 1980, 5:305-316; and D.J. A
Cronmel i n ziﬁﬁpe@ gﬂ‘@d’ﬁl”éey, In Vitro Rel ease Studies on Drugs
Suspended in NOIT-‘BCindiquEdwa phhnna'dmnaellee&slesODJA Crdamalie taddl.J.aled

Chl orarrphe I s in.Liquid Par t.i onal

Jour nal %Yr’ rl}ﬁé}é){?f’%ig 1956‘"28 %‘é‘éﬁpﬁﬁé‘i’éﬁﬁf’%gdﬁﬁ?‘%’%zn}g 16358 sl |
a_m)untls 5)f |Om\?\ﬁm$1 Q‘h(bhd@rfrcﬁn Qﬁ%dﬂsﬂfhs ﬁxDijqlﬂdUIPdrzﬁﬁhafnftdrﬂaﬂbv&ﬂgflb&kﬂMSog(I e. |
m neral o0l I C co r e (0] eni col .
Wat or hatmatetator s e R S P SRR, A Bk HOREES of e he
Wﬁ.]{ er gn | IRReldalsé Studies oﬁl[Dfing’ Svh@aﬁ&ed Moﬁ@dla&‘ﬁ@éﬁl@ﬁl.vme&teléﬁetohe S(ﬁdi um

C oride s enS|o |ca nhancedad { . re as rate. The

addi tion o#’sag%l dﬁgi‘ aﬁ%‘kﬁd ?ﬁ?ﬁg‘fﬁ’ﬁﬁﬁgnﬁi ’fg“i ﬁ%’ta ange the

rel eagg (r]I aUﬁter%Ebn?ﬂUaMﬁh ﬁoﬁg@&memdspmgsﬁ GtZQe?zqamichﬁlee&hwﬁemmn of water
Wwas a e to 0 t thr us I oNs S alSo SCri

e & ofiho el Rrcinst B malbe 1608 08 BHae Al i R PRzs R FLtereioB (Pes car ch
condu?:t ed lnﬂnémdo;llsa%'i@ cWﬁ&egﬁ sgldle:Tdhml#mﬁ\ @&r@fetewdl F cnnrﬁnﬁmﬁml omsatem
nonpol ar a S studl e e (0] OV\AI:] ers. wn,
D par 1§ ias Aok to B6p ol aRessions Bpbrravs b MEAGe BLBE AP BRIL TR | The
Rel ati onshidpuéoeamn THé {diEteon of watBPtetHel saanﬁ@dhzsmbls{mﬁeyisﬂoﬁ stgmlﬁ@elal@bon
Medi a, Journ I l.oid Sci e and A. d?hara,

ce,
S. Kar asawgdaftf e;i| t GARERSE raﬁ e F‘é%fm%f’f tiates to ghe 3ihe? %\':’P SBETREGRICA2 fi}

Potentiml abtlckunglithe t¥lefde 1246 PTRS btithced) apklopetaton\fdhée partivlgsnoherof

Colloid and I nterface .Scienc 1967, 25:490-495 d .di spersants |ike
o bha. 25 I A S B AT Sk e SRR ARSIt con b gment o
bari um sul f at e The Cromnidinpnidade Bmley@apa-s &uﬂbh tasdhudql |déspersion hespanzhe,

ey oo AR AR Doy BB Bh P T B S ol oot ot
pol yoxyet hytedirvewas sytidiéde nBhe &:ﬂlbﬁfn)g tw'BhﬁzparmuDﬂ\SLoMcGaWBr GdylcRatfitt and Ber e
smal |, por S 400 These r ced changes in 30
physi cal” st agﬁ %%lﬁ?e@%?%%gﬁgpmgﬁﬁ“fﬁr 5%‘%5@‘ tgregﬁ{é%rg 5tnts of
added Ratemtial kiodSvalnlityt zheiiychbwbsct Medih, Ubatmdabﬂ CaljoiiafcdancepdP6hpt resul t
| n Changesz&%§?-68§r$n{]dmfk:s kﬁ ara §SK£ra%XwQ %%gch nigargéri %the%@t Wap opter to

car bon bl acC ul'fate ohexane or ptane so utlons of
pol yoxyet hflehekinetie| Botertl aaﬂ f&abxhty of Slita;pynsadumndﬁ&m’owe‘d\dedle, fomrnat ofon of

unstable coLhsidals FlaRELS %, 18, IRIGL0RS. A added T Aol RBeaRYS oo 1

excess of ocumnen emin the
art haéZSbegkumgadwbbm plack, copper phthalocynanine green pigment or barium sulfate in

nonpolar solvents such as p-xylene, n-heptane, cyclohexane or benzene which
contain different amounts of surfactants (e.g. Aerosol OT (sodium di-2-ethylhexyl
sulfosuccinate), polyoxyethylene nonylphenol ether). The amounts of water added
were small, normally less than 400 ppm. These researchers noticed changes in

30 physical stability, zeta potential and turbidity with different amounts of added
water. However, they also stated that adding water may not result in changes for
all systems as they noted no effect when adding water to carbon black or barium
sulfate in cyclohexane or n-heptane solutions of polyoxyethylene nonylphenol ether.
They also observed the formation of unstable colloidal dispersions when water was

35 added to these systems in excess of 400 ppm.

Thus, as documented above, the problem in the art has been to develop
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PCT/ US97/ 21401 phar maceutical |l y useful suspensions of drugs, which
arée al so myss/esskiy stable (i.e., resuspendabl e) . Attegparsetndsol ve
this probl em have not focused on the addition of water to such

suspensions, and in fact, for cephal osporins, have taught away from

its use. pharmaceutically useful suspensions of drigFGRMETdreNM 40 BGiso8URE able (i.e.,
EXCENEL[ err i u e} R I u nt |

mar ket od | nreeReptdaBler, SRR die b i 2508 AohY b afifte ¥

t r eat nent / ceaterdio smch suspeasioas tagdi ialfacteﬁplcephid%pocﬁms,dm& tatiplet amgr fdiment s
of this currently mar keted fornul ation are listed below. No water is
added to th} "8 fornulation, but its i ngredients may contain a small
amount ob water, as will be INF@BMFI@MDESEL@SUREEI ow. However, this

formul ation of c dro ride . Lesuspend lity.

Publ i shed arti cl gkgﬁﬁﬁ@% 1'tdﬁ B‘fl}sbw {’%{%mfer C%l nfe?l‘is P%ﬁf?rgt&l veness of
EXCENEL[ er r inatketed lie tl‘ﬁulsfpﬁaraslmadg—tauyebiéshmnyxoarﬁm@cﬂfomﬂxe" Cef ti of ur

Hydr ochl ori r oads; Spect,rum Oe hal,0s ' Effecti Lye

nyai net | e aRpRR] pRs baRERH MLERERTARERE! ' The Rertletiy REERE 41

"Ef fecti venassemtiy Gairketed mnﬂﬂalnmbn}ednstetébelow Nawhiew 18addet Gpihdd r um

Cephal 0§ || 0si s

pr ocoedifgsapttiot FBLI Rerdristeungy el b iry T RrBR P asn e BEss, o
de Janei ro, dédceibed furtper dovantio@er, tigs mﬁtuluﬁéryof(éle%@r hiidochlbride has al .
"Radi ation 20 _ Sterili af on of Suspension Ceftiofur Hydrochloride," J.
Pharm - Sci . poagd'f’sus?gf‘i% 255 (1976), evaluated nethods for
sterilizing ceftPoblinheliydticies)lsach de tipofvtlewirg demonstrate she pfadiveness of

formul atio O/ ecithin coated ceftiafur. hydrochl qride. . .
NAXCEL) ExCeREE PRI & o SBineiiar o € Sherafos ufhibliny G LBeRsdindontsridey

mar ket ed5t ha anaghButadt By ctvoued ﬁexﬁ}miostpbﬁnt r%ttmﬂeésﬁgaimst Irofuckd¥armophilusw ne
g?er P?gt %Itél uf esgu%x%%l%rég (?rltmsv?rggsgvrs{me en t%“? R‘erf Yenness ott Cebfﬁoﬁlerci%;] rto!:ﬁlgxtxseq AWI th
et al., O ysiNaw Bmd&;ﬂn&hosﬁephahoslplyﬂnpimdl‘nedenéiw dfColibaSlloRa tre eodittal

4,902, 683, Fe. C r

hydr obr om d%gx e Mg%‘%é";%fog’t éejhggr%a% ng:%% n 5%%’9%@ met"? wtg do%?resstm
processes fdx Jadwira, Braziljfppc 04red la&,olreSﬁ)ectzphlar(ﬂr%EﬁéutM éahnuoaq)dsl"ﬂadm:on

t her eof 5 fi e [ st
Che odq20 o rj?fza&{%? of STRRRLbA %&mﬂfﬁglgﬁ%%ﬂlogﬁé 9. 'ib&gnﬁa?& %?.i'ﬁsruﬁ.‘é%ﬁ
Derivati ves(19'F$)oe'edgatfedrmahecﬁmﬁoastemﬁxzi'me@mfur hydroahldn@a @gwd@onmzh'ani ng Said
Derivati ves 7 August
1984 di sol Olsggapstﬁ’ ?o?nélllét OS&%j?aCIﬁm E)ecf ?f té\z%)(f'eih?fur hél'dr4o§ ?{ﬂg bs

al kal i, alkali neNéKCEUEKGEhTmS@aM §owdm(eeﬁloﬂiirla9dpm)entals¢| mtmbs as an
appar ent | Y ,pLanbet LoGRRR ke Wortd BRI BERHIdAnE AP ISHhE W SIROYI €S

cont ai ni ng
256 Dbacterial respiratory diseases. This product must be reconstituted with sterile water

before it is injected into the animal.
Amin et al.,, Crystalline Cephalosporin Hydrohalide Salts, U.S. Patent No.
4,902,683, 20 February 1990, discloses crystalline hydrochloride and hydrobromide
salts of the cephalosporin antibiotic, cefticfur, processes for their manufacture, and
30 pharmaceutical compositions thereof. None of the compositions disclosed therein
teach or suggest the addition of water.
Labeeuw et al., Cephalosporin Derivatives, Process for Preparation Thereof
and Drugs Containing Said Derivatives Usable as Antibiotics, U.S. Patent No.
4,464,367, 7 August 1984, discloses the cephalosporin antibiotic, ceftiofur, as well as
35 alkali, alkaline earth and amine salts thereof. This patent discloses as an -

apparently prophetic example of a pharmaceutical composition, ampoules containing
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PCT/ US97/ 21401 the sodiumsalt of ceftiofur and water (which would
be a sol WypbWhsder an injectable preparation. HoweverpciAsy@zi4@ No

i ndication that such a conposition would actually wor k, and in fact,
it is believed that any such water solution would not be mar ket abl e

be;:aus]e of mb%&nﬂﬂa shlbof adftibfut ¥nd lu&ter (lwhxch Woiild keta adtutioxﬁrfyzsax?tﬂjémble
Ceftiofur Free Acid, .Lnternafional Publicatj.on : 94/ 20505,

Subl | Shed T oBERHon: JEOGT ShPgdaso thb s HAg sch £ Fympas Ty BoRRArtsalisy
form of thewedphaak @5 Bot) ib iohdliebedthat angafuth @fatiér sopitivne8sdd nodbei t S

manuf act ure, g?nﬁg hargﬁlceut I.cal conmpositions containing it. This

publ i shed pBeEiftablpbes emical ipgta es a sustained rel ease oil

for lr)ml atpon of cDysid at gt F@-yﬁt@.mdedgéﬁmilfu&'ﬂﬁeamcﬂ, L&ermmﬁhai Pablgaties iNOhhi n,
sorbitan 0 and cottQ e i.l; . .hqwever, no ere | . t he
appl i cati gﬁ‘% |% g‘?ﬁgoédat‘?]f%ﬁé &B Sﬁ%ﬁf el(rz) ‘§°3%sﬁs E{S‘? W?‘b“n?}tsgiﬂbm frgp acid
suggest ed. form of the cepha[asbénxehnﬁlbmtm Q@ﬁi&.ﬁﬁ lp&ﬂ:e@ces @ﬁﬁkﬁﬂn@.ﬁﬁﬁ&hﬁe i@y ohal i de

Salt to Alkali Metal t, US, Pate June 1990,
di scl oses PHFHEcYE! 6F°’ﬁ%ﬁ§?cﬁij‘5§°ntammélﬂk%§“s r?é‘t’]é?he aﬁafe’ﬁfapé’gf"’t Y% ur, such

as the sodidisalssab ta, sdbaihdiEredilst QIMEEMELBHS of eirs&ﬁmerte&tdml freé pgda
hydrohal | de sal.t. of Qﬁ{tl of ur, such_as th drocgf)@rl de salt, in

aqueous *Br FERFINOE lBHYID, Byoaremepereate apd cattanssadiots havevar, rt?)wtffrretler. ng
t he obt ai negle apphcﬁtdnuttsltaé\aa&mberapweutrtte S8 Fermh@idhs tafghtor shpgatddlg t he

filtrate with a base qf _an kal i. net al X re_do these
ref erences teac h&@re%‘ﬁg&@g‘(‘*@ﬁ% °§§8$}E?18?P°5‘F‘ Hxdrahalids 34l tﬁgﬁ%’{ﬁﬁf@hm ons of

cephal osporgaig,U. suphteas me& tasmtsw zeF.ufrtetneeUDa;eclostebe Frdelist fnmettingat er

according t the ntlon ed i nexpect ed i nprove nts in
t he ptﬁ%‘t‘:‘i&’r ‘”t?gte ofice ‘é’ Wt Siqhe ’é’tnbﬁatlsiﬂcﬁeg‘gﬁ%% PERP: &tability
(i.e., 15 ndutslispRNdabidohilyde s%ﬂldofsd@&hffuﬂ ishéh aathehydrodi@oritRseild, ednf ur t her
bel ow. Y OF THE The

present i nASHEPBHOTEARC selYrRY By tfﬁ"&\?ﬁdegleARbas“’ resin; b %eﬂﬁg Fo gtt?éxi?éinm on
of cefti of aplutiercalahore dee Baiqfes; Bd antreAfifg the/fltamutth a base effancef ti of ur
hydr ochl or Iﬁg@ gl oconpatible oil and one or nore pharnaceutically

accept abl e the inprovenent characterized by: an anount of water
whi ch i's prmsehbreaﬂo tHeea teféreRE teachadyOdiiggedd . tBO Ud ditioh o€ watiepieng] on;

preferaply, the wat er, rese t at _ab ut Fﬁlg%to bou 20 0 0 the
suspens?é) %’Wé’f@?‘gﬁfvpm{’) @y cetuotur gp 58R* "éci)% f 8 585t o
about O. 75%c&frdtdgetosuhspnemnbmveﬁﬁ&t rpmﬂfeelrmbir;expédmi improvemasres in $her esent

at about 0. %Og/g alo raobo 1es ofa'xe suspensliloen 34 S}ggnSB 2al st bility (i.e, The present
i nventi on &°38 Brovrde ' PRS %ﬁaﬁt%ceu 2d cbnposi tion

conpri si ng re:eispemdahﬂltyydnd)shélﬁhfedes wilhée :assdrfbpdcﬁwﬂhanbelmhar acterized by:
the addition of water. The V‘@Eﬁ&M’AﬁYaSEleﬂ{E INYENTION
25 The present invention particularly provides:

In an oil suspension of ceftiofur hydrochloride comprising an effective amount
of ceftiofur hydrochloride, a biocompatible oil and one or more pharmaceutically
acceptable excipients, the improvement characterized by: an amount of water which
is present at about 0.25% to about 20.20% of the suspension; preferably, the water is

30 present at about 0.25% to about 2.20% of the suspension; more preferably, the water
is present at about 0.30% to about 0.75% of the suspensiotl; most preferably, the
water is present at about 0.30% to about 0.50% of the suspension. '

The present invention also provides:

In a pharmaceutical composition comprising ceftiofur hydrochloride, the

35 improvement characterized by: the addition of water. The water is added in an .

amount which is about 0.5 to about 200 mg of water per ml of composition.
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anount which is about 0.5 to about 200 ng of water per m of conposition.
- 6- WD 98/ 25621

PCT/ US97/ @tk se62 Preferably, the water is added in an paifaggat2ydeLch i s
about 0.5 to about 20 ng of wat er per m of conposition. Mire
preferably, the water is added in an anount which is about 1 to about

5.5 ny of VEt@draBRY tid wiier GO IRAS ihi anmm&twmcﬁt@ae&ims to abodt/¥® MBLEr 1S
added in an amount which is about 1 to about er. per mM of 5

conposi t i onwater per ml of comppsitier.y ! Of%erep?réébnth W%@ﬁt“r ardes ig\anjamount

I'n a phar magridhii€ abo@OIMPSHut BI% agrapwae randéfi@mpatition. MderIraidbp) e oi |,
the i nprovenent characterized by: addi tion of mater The water is added

in an thsorater whaddedia aapspiung. vstu%wamt 120@bayt %fn%ﬁ*@%t%eﬁrm obf
conpositgonmn%gbnﬁﬁeferably, the water is added in an anmount which is about
0.5 to about f water per m of conposition. Mre preferably,
the water is add@aatlﬁ,féxﬁmﬂﬁfahtnventwnwmve#Srs about 1 to about 5.5 ng of

wat er per m of ﬁpmaatxﬁt&ﬁncmg Baglat@tabwsmg a drufghﬁnd/\@-%%coin%aﬁgﬂqgl in an

anount which is about 1 to about of wat er_per n nposi ti on.
15 Tihe ienpueyertent icharastsmised b aﬁiﬁlgﬂq?eofaﬁataht?% ‘6%985 lfseftd@dfﬁ an

spect i nonyCcifeunt which € LHCQR% tot ShoB 368 ?&gteéit\ir&tﬁl' ¥y ﬁﬂ”é?@c; Is&tistal t s, such
as the sulfate and hydr ochl ori de sal he dru% i's conposition

may al s&0 bePrefarabiyathesyater s addedlin an ameuntoelich éf ahou |0rﬁ:t°uoh%1§ 2Pmg of

phar maceut i calel Yo AGAGRLARb SIS, tﬁoré?&'ﬂ&r@ﬁl t B water idWaHQGRIBY hdsusal t. For
exanpl e, ceftiofur hydrochloride sal Kave a particle_20 size of | ess

than 10 ni c¥eish inpbovtel/tarboyt ESene oatvabprdzfﬁé@lrﬁ campetition. Ynstiprefer

per m of caERAREL iOfMded in an amount wHi& R Hoafmabiabb@ Phlg dfwdtht Ber m] of
conposition may be selected fromthe group consi sting of: canol a oi

corn oil, cOmPepd®8d oil, olive oil, peanut oil, sesane oil, soybean

0i |, saffl ower Ople ¢RRGAMMEs @hdposiBURTAANES 0 khtiBRE RISk pectiRBib RS eEd O |
is 25 preferred F his conposition may al so _contain Oone or nore

phar maceut iBgPAipEise shrmmcautically acsentpble selis, %*ﬁbﬁs de peifategpd (e. g.

Phosphol i paiikirédidors@d Rii{saMrHERARiS 348 composition may alg_chbé a GOPRASIdotBN sy be
an injectable oil suspension I n general qi present i nvention
Saf

provi des arpSoiefticfpjariefivg 1&?%@@&%4%“&@&@? leygaltsh 8% Bt ai ns added

wat er . hydrochloridd 436 MY SRR, BRicha! KpdradnstiddsdlRas keopeASiRticlef t he
present inventiaqn I nc| ude the fol |l ow ng cephal ospor.| ns;

gener at £9n $eeftlpesy ihan 10gpismns,and may be Peeﬁﬁaﬁtei icpnceRALoR of A °uts€{£)c’aﬁd
generat|onlﬁgqﬁpahgﬁ“mgﬁﬁﬂrOX|ne cef ot et an, cef amandol e, cefoxitin
cefonicid, cefldﬁtagole %nd Third generation (geft]

iocompatible oil in this composition may be sefectecyi fpe om the group
consisting of: canola oil, corn oil, cottonseed oil, olive oil, peanut oil, sesame oil,
soybean oil, safflower oil, coconut oil, sunflower oil and palm oil. Cottonseed oil is
25 preferred.

This composition may also contain one or more pharmaceutically acceptable
excipients, such as lecithin (e.g. Phospholipon) and sorbitan monooleate.

This composition may be an injectable oil suspension.

In general, the present invention provides an oil suspension of an active drug

30  which ‘also contains added water.

Drugs which may be formulated in the suspension of the present invention
include the following cephalosporins: First generation (ceftiofur, cefadroxil,
cephalexin, cefazolin); Second generation (cefaclor, cefuroxime, cefotetan,
cefamandole, cefoxitin, cefonicid, cefmetazole); and Third generation (ceftizoxime,

35 cefoperazone, cefprozil, ceftazidime, cefotaxime, ceftriaxone, cefixime, cefpodoxime).

Other drugs which may also be formulated in the suspension of the present

-7-



35 cef operazone, cefprozil, ceftazidinme, cefotaxinme, ceftriaxone, cefixine,

cef podoxi ne) . O her drugs which may al so be fornmulated in the
suspensi pr esent 97/21401

-7- WoSagedl o hsaon PCT/US

PCT/ US97/ 21401 invention include the follow ng: AIDS Rel ated Conpl ex
Ther apeuti g @\?xﬁ lu e thi ?duf&%hl’gopﬁm Réﬁké@@&h%&&%@k&auﬁh@&%ﬁ&' ne,

di anosi ne, del avirai Anal gesi cs (aetam nophen, aspirin, ibuprofen,

napr oxen); mnma@msm( au&fmﬂwwén Gidodedine, diangsiem dslayirdinedrAnalersics
si met hi CO”Q)aetaﬁﬁhaﬂ}ieﬁt hé‘p?nﬁsﬂﬁ xto'fé}P'ﬁléﬁfd}en)Q%TtMSC@aﬂmunﬁnFE% BLQgycin,

peni ci | lins, quinol onés,” sul foham des, tetracyclines), Antinhistanines
(hydr oxyzi rmag@ﬁpm hiigroxidei ﬁ!anethleqr&?ﬁ dntitigticsCapastioomyeinl gantagisin.s
(prazosia, C I r ate,
ver apami rhémgr?n&gy Hffiias %%L&Eﬁéé 8“1@5’{%’%; ag%é%?%ﬁ*%ﬁ@(%%ﬁﬁ%ﬁh%n ne,
dext r omet hdhpq’rraﬁyzme xpmhmdzpﬁmne,rlamtﬁrb)le> Q@rdmt’étﬁlc@’gr @§¢I§S @namﬁmnym n,
tretinoin, rﬂé/tﬂFv%Bﬁtéazﬁ?Jbgl ﬂr@géﬁ‘éf 2%9&9&93@&1 r’@rﬁ&”@éx%lo R:@Qﬁ&g% agent s

(gl yburi de orpro arr 2di cati ons oper am
Hor nones (é?:mgbgamSColgrpawazah@rsrfpmzdoephednwet deptromaiherpbrone) ;

Hypol i pi de%%gﬁ%ﬁ%ﬁﬁﬂep%w a?o\f%%aqg tcﬂ%da%ﬁeﬁ'eﬂf hCRYdrB&Stisone,

(mecli zi ne, or per azi ne ic preparations (neonycin, polynyxin B
sul f at e¥d ; ketoconmﬂaqmsmzsl ; Priakepse me@bm&gbrhmdqechlm@mnmﬁﬁh@}arr ea

PSYOOL T 0P et BRI Borhhos b ARGRAN erbi A i mi prami ne).

Al so, pharnmaceuti cal accept 1€ salts ove drugs may be
f or mul at ed methylprednispdons)siimedipitemi¢s (chlestinobderastatinieNeiena medications

Phar maceut '(ﬁz@l:l ﬂn@?@ﬁl&?gﬁzﬁé ISed ﬁj ﬁﬁxsatmns (néo?tgttnp?)@lyi?ﬁé B%'lﬁtbsﬁom d be

readily apparent t ufactUri ng ar maceut
equi val ent Regkingenigmrdmgs Gompowintiten grzw@mq) ;eBsycefgericsalshfopdintdrariden, 20

stabili{y, DolhbeRl tACLERh aRGErA0de)Pi 0avail ability. As descri bed
above, the pr esenf invention provides for a formulation which is an

oi | suspensi on @8 @hAThgceatiedhaaceripbleisaltaiof theazhtae dnegsenay kp fermulated

speci fi cal liY the suspehti6n Bf %%sén@‘(%‘tﬁﬂ @’hgﬂng@e%tﬂccgﬂy hhepiaed su3s0Rrdt
smal | ampbunts of water in oil Suspensi ons of the Cepﬁa OSp0r| n,

ceftiofur, tpaesadriy whith Vouldiberrpadibt sprarertctommansfaciuring pharmegentisel i of ur

free acid. Khaisk @54k bhRYaRHE BRI PR RY DL AR O YEsherties, sh@SASRERAURRIOh! LY
| mproved resuspendabil'ity results in an inproved product because | ess

shaki ng?bf stahdlityyBpidensi aspentanceand; Heayaabifte dosi ng and al | ows the product

to be st or ad eSS dHove the lppé},g@tr in$BRfidnr piovales BaCART BB rOR GRS t he
product will not settle ‘and’ ¢ act. The addition of water H al so
as

el i ni nate BROUBEGeRHIN F%mmg@cmhﬁ pagip Patbngfde i waten giere spestfica
Vi SCOSi t Y- ¢ Bk ROinS BSHRAN SR8 85 ths if@udon o08hill Bfhounts FGRIES I oil

The struct léILSePe(I)lfsmIste H‘ tlzhoef clérphaﬂoggogl(leh lch%l!)f%? 1|11§lu|c:1?rfgn(§élftlofur gydrochllox(')l\gg and

25 crystalline ceftiofur free acid. The resulting suspensions have improved
resuspendability. Improved resuspendability results in an improved product because
less shaking of the suspension is required before dosing and allows the product to be
stored longer (i.e., longer shelf-life) because the drug in the product will not settle
and compact. The addition of water may also eliminate the need for including other

30 formulation agents, such as viscosity-enhancing suspending agents (e.g., gelling
agents).

The structure of ceftiofur hydrochloride is Formula I as follows:

.8-



WD 98/ 25621

PCT/ US97/ 21401 [err] This conmpound is a crystalline
hydrochl e¢d ogssgd t of 7-[2-(2-am no-1, 3-thiazol - PCT/US97/21401
4-yl)-2-met hoxyi m no) acet am dol - 3-[ (fur-2-yl carbonyl )t hi onet hyl ]

- 3-cephem 4- 10 carboxylic acid. This cephal osporin free acid conmpound is

known by the generic name, ceftiofur. Ite preparation is described in
U S. Patent No. 4,902,683, Anin et al ., Kgofebruary 1990, which is
her eby i ncorporated by reference. o IThe st racgur ' f ceftiofur
free acid is Formul a | Inasi,fiQl | ows: Nréjff 20 || ‘odl This conpoiind
Is acrystalline free acid f oé_ggik& gt 1S prep8ration is

described in International P /|cthOn No. WD 94/ 20505, published 15 Sept.
1994, 5 Dunn et al., which iIs hegre&by incorporated by reference.

The amount of water which is to égkgdded to obtain the suspension of the
present invention ranges from abo ¥™0.5 to about 200 nmg of water per m of
25 fornulation; preferably about 0.5 to about 20 ng of water per m of

formulation is . added:; re pref.erapl out 1.fo.a t 5.5 af ter
o et O  or ut Thip Gfipeind R RIS Ry draiote gait & A2 aind L RpRbelS' o
of water pes-yniz2-mbtHogyimihelktadimido]-3-[(fupddddrbonyl)thiomethylis3-dasetd-ped above,
the forgulation of the  ar.esent invention consists.of.an 3 ctivet drug
e o T, e ot TS BB e el Gt e S BB BE PR B
water. The ki€ Qehifibl Bs prdparatigipinis&tbedsiacliiSl Retent Mo. 4909|686 cA e 8t
whi ch are laﬁ.r] %0 February 1990, which is hereby incorporated by reference.

The structure of ceftiofur free acid is Formula II as follows:

0

: C—OH
15 o N CHz-S—C-(/]
HZNTN ] Nl 1 % II
- s
C—C—NH
W

i
OCH,

20 This compound is a crystalline free acid form of ceftiofur. Its preparation is
described in International Publication No. WO 94/20505, published 15 Sept. 1994,
Dunn et al., which is hereby incorporated by reference.

The amount of water which is to be added to obtain the suspension of the
present invention ranges from about 0.5 to about 200 mg of water per ml of

25 formulation; preferably about 0.5 to about 20 mg of water per ml of formulation is
added; more preferably about 1 to about 5.5 mg of water per ml of formulation is
added; most preferably, about 1 to about 3 mg of water per ml of formulation is
added.

As described above, the formulation of the present invention consists of an

30 active drug ingredient, such as the cephalosporin ceftiofur, a biocompatible oil and
water. The biocompatible oil is composed essentially of triglycerides, which are long
chain fatty acid esters of glycerol, or mixtures of triglycerides and fatty acids.
Trihydroxy, dihydroxy, monohydroxy or even polyhydroxy compounds may be
substituted for the glycerol. The oils may be of vegetable, animal or synthetic

35 origin. Preferred oils include canola, corn, cottonseed, olive, peanut, sesame, -

soybean, safflower, coconut, sunflower, and palm. The especially preferred oil is

-9-



chain fatty acid esters of glycerol, or mxtures of triglycerides and fatty
aci ds. Tri hydroxy, dihydroxy, nonohydroxy or even pol yhydroxy conpounds

may be WCﬁ’éBﬁéﬂlt uted for the glycerol. The oils may be obcyegeinhbe,
animal or synthetic 35 origin. Preferred oils include canola, corn,

cottonseed, olive, peanut, sesane, soybean, safflower, coconut,

sunfl ower, @pdnaaldrei. The especially preferred oil is

- 9- WD 98/ 25621 .. i

PCT/ US97/ 21401 The conceniratignsefdhie gephalosporin in the formylation of &hg PaseRfn of t he
cephal 0sporinfeitibr A8y MafybdtabbOBbddt 1t AS/MINSFBOimg/ml. Préfveibly, @t dnplall Y

bet ween about 1 (Hr%g/nf to f0,0 na_{?m. Pr ef er gbl \g for g/xaI | e, or
ceftiof ur HYUFLSHRTUEHYGRochiogidechscantenLtation 1 &by mg/n g&f‘rﬂe?e’]a}r thener al |
the 5 gIppgpel 1iMit oRMhi BéhcEARESHH TsHet&nihéd HPWelenithedil Rympbefiod Beeofties
conposi ti on becones . too viscous to syringe. The suspensi on
of the pred@nVIsEPRAeRSYSREay al so contain ot her phar maceutical ly

accept abl e exci PR SpERYidTR the bRédeHE B ehtlor By Hs5RRESH@ser f Or _
exanpl e, suspendi n%_ agent S, preservatives, wetting agents or flocculating
1@

agents, if PROTmAERTHEly acieibirip¥fipienss Aesmaky il ufedgh tick suspensigradra,
carr ageenanxasM, Wikpendingtdgdhiid bfestRtivENGREANE BYents 6F HbdcaRtng dg8nf; if
sodi um car boxynet hyl cel | ul ose m crocrystal [ine cellul ose, and
hydr oxy&? hylesized-uPBsrendingrgenfsagach as grms (fatht #F°12 CoIRRReENAN, S i dal

nmagnesi um alisRhlddd fRayadgtihNEMAREs (£ sahivAl da¥SsymetitilceAnlodB! hy! and
propyl paraben, benzyl al cohol, chl orobutanol and thi nmerosal nmay_ be added.

15 et t i ngnistrentstaldine weliwosen pad prdrogyeshylegibtlpseds andsdelsumeahgntditedndl aur vyl

sulfate)  colloi@A0mBSRdDith GIRRYD BB EmcludRlY PradtRvtived Huek ¥B ShetRY
surfactants may be us

ed. Thi ckeners, such as gelatip, natural guns and
ol | Ul oce. B AaPTh R ap, bhRard SR celorobutane] st BB abine s diarhy
agent s) 15myWwhingdgedts Bith {8 Bionsdi@Gly. afochidts 8sdudNéhd sodium@ Masphadiatbuf f eri ng
agents, may he |ncLu?e?, %f wel |. as osnotic agggts, such as %0 spdi um
chlori de arf@dRAMANIG RoltEaToatss, POlOXARATS) QSHEY RISt T B AR S H8h 08 be used,
such as thertigdehem, 86ch 4d fIRtih Nt RGE Bliths 50RRIIEIEE BeristTes (sH0R Ak tRbse
sucrose, sqrbital and dextros?), %%Iq{agt d fr granﬁgf.
Part i cul ar [H5ted SHOVE 198 SPERRGIDE AESRE) ey lpeadded. B AEC A BfatoARd
exci pi) ent 3 p[eluqkhaas b&ffeddhg Egbnﬁmﬁﬁ@ iBaahﬂldM{Aﬁmwﬁmyis bﬁgbﬁcﬁﬁkeg&, @uch as wetting
agent Ccithi.n.(e.g,, Phos I po I.C ..be used as a
G eper st podism higrife alimaphiter For dral dusbenions, SRUHET S FEGRtS ReY P asthy
i nventi on ayh ke tips flawat: favariyig agédte kweeteneks (@), mankibd, Aickoskpsorbital
preparation _qf.ipjectabl e suspensi ons. l,. suc t.hods . invqglve the
active i ngraggid@ﬁ t’JOf)eéi 'f‘f’gc’rﬁf’és%ﬁtg‘?ﬁaﬁc?uél?’ﬁ}ff’gar B’o Ir}%cftﬁf g?rm‘gﬁ%olﬁsuosfgbﬁsi on
t her eof i n pRedent]ifivdntieh, ekipientiowribeds, sorbitdthmohosleate dwhivh monbahsal dsexi t hi n,

the 30 | ecithin mmy, be,added, ¥i2 /. 05R4109) ANG.L 90l 11%:54 3R RLERIY D
25 may be added.

The suspension of the present invention may be prepared by any method

known in the art for the preparation of injectable suspensions. All such methods
involve the active ingredient being present in a suitable solid form and suspension
thereof in a liquid vehicle. However, if the formulation contains lecithin, the

30 lecithin may be added via a heating and cooling step, which may be considered
different from a typical suspension manufacture. .

The preparation of a 5 L batch of the ceftiofur hydrochloride Suspension of
the present invention is shown in EXAMPLE 1 below. Micronized ceftiofur
hydrochloride, which consists of particles with a median geometric mean below 10

35 microns, may be preferably used. However, as one skilled in the art realizes, the

particle size may vary above and below the preferred size depending on the
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different froma typical suspension nmanufacture. The
preparation of a 5 L batch of the ceftiofur hydrochl ori de suspensi on of

the presemtodgisspi i on is shown in EXAMPLE 1 bel ow. M croni zedrauediiladiur
hydr ochl ori de, which consists of particles with a nmedi an geonetric nean

bel ow 10 35 m crons, may be preferably used. However, as one skilled in the
art reali zegsephiah®porin, thedridcoiipatiblez#] ared/anabthenrprediant dseddwthée preferred

%Zg8fgggggéor}gpo%ﬁiénheln fact, nonmicronized drug may be used in some embodiments. 10-

PCT/ US97/ 21401 A manufaetiphiakbda¢ibty suitableefobippadutjrgt sthtike mioHueindnwtypeaisbdr

I ngredi ents,used in.the,.. conmposition.. IL.n fact, nonim,croni,zed grug may
be used in gg’ﬁé’ 13 el e §‘f‘mposgg)°n asan lmﬁf’t?&lﬁg SRR 8 rAﬁ%%/ agui tabl e
for prodsgci agnafRbudies pgepehSandlpickagings@ehponentsishodidehel stetibibddnghdrhi S
conposition_a .anwiég ect abl e. for, caonme so, all 5 manufacturing

.cial . . Al
equi pnent affd uﬁﬁerﬁb%%ﬁéﬁﬂm§ﬁ8{]&dg%ér%§‘?t%‘I i zed when maki ng

t he suspensi on f The adspenkioh oftheOprebynti iny@tionOwhich contains ceftiofilte suspensi on
of the presgnt invention ich contains ceftiofur ... .. drochl ori de as
"t s ot hve: FRUPEUPEHE 1t ABef e abe SSpB a5 e~ ibietis B R e o

i nf ections DifecdidnEBF anintdls,sudls ak livesbacindpshipgulGefiofuChiytitoahlsride is a
hydrochl gride i.s a 10 broad spectrym cephal osporjn antihi.otic.active

hya mot 101 niReB0SPr T RSP antbI AR SERct Bt POTHEP AT RGE

bet a- | act anpgertive YAdtriag irfeludih @ BetaFlaétamabePrdincing stfains. Foreddiarld, veisi n

swi ne against a variety of  diseases, )(5 ch as di arrgea, pneumoni a

(Act i nobaci f ‘Ef?"ﬁl"élﬁ?"b%en‘éﬁ?h‘tfﬁiaa”éneﬁég PASET SRR PE GATHRC2: SREWBARA) a

chol er aesui @ctinobadills SeLRPhoem6Rids, Babtdrblydulipeidh) Snbwaretn khelegrsiils 0
enteritos; %sn Eneurmni a JES é? cogl asrgﬁe,s haenophi. US% .and _Marek's

di seases; a EeRIOFEET VS TPt PIRB RS gasiro enteriips; PBRY PRFUG R Bases,
such as 1bovinieopicaial) Baem fpteludDin & Murek' sk ades Sand is effective in cattle aghihercd i ve
amount of this anti.biotic t belwused WL var de%:ndd'dn% é)p t he

speci es, agtrrAgR PO ASRRSGhTBraS e g iR e%@nﬁémﬂ’ FEEF Y oul d vary

bet ween about The €ffdctive it 6T{H{g anfibibtie XA bP ueed wilknartyr dpehdigg o the
bacterial respirator | sease SWi bact eri al pne nia, .SBP), .the
dose may ratj&ebetshe %’b%ﬂgh%gfgha(aé’“ﬁ@/e% g E‘”eategr \}gﬁm%lgg’@rjﬁgﬁwf 91)“5’}’ °‘?thr ee
consecut i ve0.daysl. 100 mg/kg. For exdéihple, whbe tatiogsivired banherdd] rely@ratoty disease
conposi tjon, W.11. depend on t he les to be reat ed, and, t he .dosg of
ant | bi oflc FHAA bETR R it SEEIER ooty raneptREeE o8Y's 388 5 30ks
ng/ kg, a 50gived pheecdailyefot tiatek ebnseobtitd daysi s preferred. One injection of 25
L0 gme WITProvgle LG ESGSE RS b RN A o uouRgePeste
par ent er al , treatel aasl the dose ofbrnttbdetéroteguiredl Fnt exeusleuwhen treating SEFeatr £d

route of ad&gsgi&%rx%%}kg,ga 56‘ mg/ﬁ/zﬁs(}orqge%tfatign sioﬁutisolrjlgg #}E‘%S‘%HS Orhabz\ﬁﬁgégg% oP t her
parenteral toutes 0 mhistration, TTKe iI'ntranuscul ar, y Dbe used.

25 1.0 mL will provide the required composition for each 22-37 pound body weight.

The routes of administration include oral and parenteral, such as
subcutaneous and intramuscular. The preferred route of administration in livestock
is subcutaneous. However, other parenteral routes of administration, like
intramuscular, may be used. .

30 ‘Furthermore, those skilled in the art would know how to formulate the
composition of the present invention, using phaﬁnaceutically acceptable excipients,
into appropriate unit dosage forms. The term "unit dosage form" refers to physically
discrete units suitable as unitary dosages for subjects, each unit containing as the
essential active ingredient a predetermined quantity of the drug of this invention

35 with the required pharmaceutical means which adapt said ingredient for .

administration. Examples of such dosage forms include oral formulations, such as
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30 Furthernore, those skilled in the art would know how to formnul ate
t he conposition of the present invention, using pharmaceutically
accept abl ayg%ghsdent s, into appropriate unit dosage f opdEussir@sdier m
"unit dosage fornt refers to physically discrete units suitable as
unitary dosages for subjects, each unit containing as the essenti al
active i ngr eabletstoracapsdee toe paraned-al) foaiul 4t3onef suchasdnjectable suspendisnsent i on 35
with the require armaceuti cal means, whi ch adapt saj d_ingr.edi for

adni ni stration. %QE%R‘%Z e ’{:ft"ﬁ‘ °d’o§’§gde°s?%er ’fnﬁg? ﬁ’fi%dnélpé?tg‘ftb"f‘n‘ﬁlqb?i ons,
such as antibiotic ceftiofur hydrochloride is contained in U.S. Patent Nb14,902,683, which YWD

98/ 25621 by ; .

PCT/ US97/ 21887eby incorporated by referspee herein o5 or parenteral fornul ations,
such as i5nj ect ablle thelppearst iMéntion, the addition ofddiel ito tied cdftiéfar hgtircahlopidet he
dosage and node of adm ni gtratti on tOf th‘ﬁ te-and @@ti bj.otic cefti ofurlt.

hydr ochl or i §8°HeGSIOBFRRT R PRTHSIRS, toploreptennd sptidR s RS USRERSAT- Fesulting

her eby i ncoﬁrﬁaﬁaigg_do@yl zi’nﬂ]l:ﬁxraﬁiﬂﬁééuJﬂi@iilﬁ?y'hﬂsefulféil_sp?nsionH 'Ic‘iltiB eﬁh@qﬁg&’ﬁﬁmlaﬁon

i nvention, t.he addition water, to fhe ceftiofur roch] ori .
suspensi on @aﬁus%?‘f%?émﬁéﬁt*’aﬁeégﬂtea Fddng s émﬁﬁﬂtss‘ét“ﬁ%é’ %°n°ef‘ﬁ‘§“§ 8 pensi on,
reﬁ ul ti ngfI suspelnisiﬁnﬁlﬁes'ullﬁﬁm‘ﬂ&dsﬁmﬂioﬁhhéﬂ%&klﬁéndahﬁgdfe us@g’uﬁmwddﬁéd)n. Tlh: S
enhance occul ati i.e aggr egati on) abserve en, addi ng sma
anount s “Of %‘tpgftl?so‘%(}gftsflﬁeﬂgmﬁi# the’prése dg‘bﬂﬁiﬂ.‘l&ﬁz‘l’ﬁ%“s‘u‘ieﬁ? 941% suspensi on
that resuspEXAMPODE® eAsy) y. The inproved 10 properties of the suspension

The cur Fent |y i RECETTEY ¥ BEPO rOTIEann FaeHotHy BB Tad iR as
EXCENEL St eEXKICENEGLPSiehieBuspaition, Bonthlie thoe fdlvwing irgnediexcts @at snlper nl:

Ceftiofur HC m cronizeg. 0., 15 . Phosphol i pon 90-H
0.50 ny éegmfurégqgﬁnfcggmﬁ%ool eat 898 1.50 ng

Cottonsaéd oil NF Phospholipon 90-Hnough to mak®.5b mg
This is the amount of qceftiofur activity. No water is added to
this fornul ation; homg?féft?n\%qng?leﬁrﬁﬁge present-3°f®ts 20 ot her ingredients
(e.g., bulk ceftiof urCbttahseehbidbNRle and cott oesegh toirhgkeahedlor due to
envi ronment al conditions. Surs ent | ' rga?u%%cg ure mfémd sold, the total
amount of vat er whi ch HAS “HEERARE §F SfUIRT BEMHY present in this
formul ati on rangNe waterris added &bthis fdmiatich; BoReerMrateh msy b ptesedt indt? Ny
of wat enpef,.al .of formulation). .. A ceftiof ur ochlorid
For mul a@PoroP pikeeyPRlsg- FRlRseriofr hudrophiede SRa ph Buhet HLF P RS
Cef ti of ur H@ivironorephalzedditions. B6 cnxyently manufactured and sold, Via¢ tataF amount of
I nj ection, . . CoL L. oil _NE .
enough 1o ng%:er ]\_vhr%{h hgg b8 measured as being present 1A {59 Fb%%gatmn ranges from

about 0.1% to 0.2% (which is about 1 to 2 mg of water per ml of formulation).

A ceftiofur hydrochloride formulation of the present invention has the

25 following ingredients:

Ceftiofur HCl micronized 50 mg’
Water for Injection, USP 20 mg
Cottonseed oil NF enough to make 1 mL

" This is the amount of ceftiofur activity.
30 An important difference between the formulation of the present invention and
the formulation that is currently marketed is that water is added to the formulation
of the present invention - in addition to that which may already be present, as
noted above. Assuming the currently marketed formulation contains about 2.0 mg
of water per ml of formulation (which is the upper limit which has been identified,
35 as noted above), the amount of water which is added to obtain the suspension of the *

present invention ranges from about 0.5 to about 200 mg of water per ml of
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* This is the anmount of ceftiofur activity. 30 An i nport ant

di fference between the fornulati on of the present invention and t he
formul ati Qrpbdiszd S currently marketed is that water is addedr/use#hgo:
formul ati on of the present invention - in addition to that which my
al ready be present, as not ed above. Assuming the currently marketed
f or mul at i on foantlatins; @miefersblR aBown0.5 to abaft 20amerof peatemperahl bibformikktioons
(which is the upper |inm igh bheen identifi ) ove),
the amount aRdHEt Sors il Shebd e dR8R PR hhvEk: s3R RS MR g00 N
present i nvedtiedin nroah gesferkblyrabdisul to0abbut 8 rad ofiva@Pengnloff fovatwatipets M of
-12- Vg) 98/ 25621

PCT/ U897/212?8fe ’ formul ation; preferably about 0.5 to about 20 ny of
wat er pers ml of fRhnsyuttetdesulting formulagiold efithenpresenprietentml willdirorta tbtalo about

5.5 ng of water pe of. for ion.is dded;. St fer abl about
T So Spout  FeRgm o Rvasret spent 28 1 Bpih 20 707 TR T8 BB T ShAN o
Thus, the resgibf watrfiper mllodforarulatfiort)h Prefeedwithe resriting formulétidravctha t ot al
anount of water of about Q,,25%t out 20. 20% ich. i ut, 2. about
2050 © “BsSspt rmPBRohapn hiver ol Afionft afy et b oSt Han fur b o

f or mul at i on (whichle about 2.pte abnit 220y engt df orater pdr mmbvEfoamubtiah).aMount of wat er
of about, 0.25% t o,about.. 2. 20% which is about 2. out 0 ng of
oat or pekd nETEEARLE AP Faf bt ampBht i esds bR RG B DB o o
amount of wdkkichdé abbetid.0 Go 3DSatt75 adposftwdler’ b8 ml of fofmiativn).s Muspbut 3.0 to
about 7.5 o) te m of, formul atjon). t ref er it will
hove a tot aPTERE: ShPRRkeE: = SrtahAbArREtLatatRt of St 9% B abot DR ch 1's
about 3.0 t ¢whishug abowt 310 tohbmart5ed nipesf wdteperd mi pBlifoainutatjon).

Surprisingly andunexpectedly., the agddition.of this.snall amunt.of water
T8 Pesul 1o ) n n SUPRRBREY SRonstRres i b GRathon TafiCin! eRBRRL Paery

i nproved5 resudtsdper ¢éafdefiunr Agdboblondn fath dielienwith substantially Amprefedr r ed

ceftiofur h drocgéé)rgs%%c&lggl%h%teio%p of the present invention has t he

fol | owi ng i AYFedr ent’s: Ceftiofur HO micronized 50 ny

20 A piebsphibédafiiafor BPdidchloride formulation of thegfresmpt invention has
Sor bi t an nmopEo te . . 1.50 ngy Wat er for
%jo%wmé“&ggﬁx%s.

I nj ection, Cottonseed oi |l NF
enough to make 1 nL  Ceftiofur HCI micronized Shing i s the anmount of

ceftiof activity. 2 . e, unexpect ed di nces in the properties
of theselgotwo f or nul at ?gﬂssphg}lgon 305 docunent ed iddrig(%%LE 2 bel ow.

DESCRI PTI O\I OF THE PRSEER_REDHEMBEBMNEIETS EX@0/RigE 1 Cefti of ur
Hydrochl ori de G| Susgensi Ap Iﬁfectm,%sf‘ddw (5 i:s(?%gCh)

Cottonseed oil NF enough to make 1 mL
" This is the amount of ceftiofur activity.
25 The unexpected differences in the properties of these two formulations are
documented in EXAMPLE 2 below.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
EXAMPLE 1 Ceftiofur Hydrochloride Oil Suspension -- Water Added (5 L Batch)

The ingredients listed in Table 1 are secured:

30 '
Table 1. Amounts Required for a 5 L Batch
Ingredient Amount Amount per mL
Ceftiofur HCl micronized 0.258 kg 50 mg
Phospholipon-90H 025¢ 0.5mg
35 Sorbitan monooleate NF 075 g 1.5 mg N
Water for Injection, USP 125¢g 2.5 mg
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The ingredients listed in Table 1 are secured: 30

Table 1. Amounts Required for a 5L Batch I ngr edi ent

Anmount wo 9825621 Anount per nlL Ceftiofur HCO m croni gedruserzidor
0. 258 kg 50 ng Phosphol i pon- 90H

0.25 ¢ 0.5nmg 35 Sorbitan nonool eate NF

0.75 ¢ Cottonseed Oil 1.5 ny Wat er fzat td Bjfecti on, USPg.s.to 1mL
}1:2,)_5 9 VO '9’5?% %@ﬁ%ﬁtSisryg active ceftiofur taking into consideration the salt.

PCT/ US97/ 2| 4Rdsumes 100% pdtemtn@etedufOHC] with 3.2% w/w of the weight accounging fot ¢thed L

g.s. to 1 . a t is of active ceftiofur taking into
consi der at i ghctl'hgﬂgéftcf’ﬁmﬁn%(ggs:‘[}:’%g;b‘ 100% potent ceftiofur HClL with 3.2%
w w of thé wei ght The eayunived RrepigiarortvioBime of oiHS pladeldiofo € gliabs of stairdtleds steel

560. 0.

5 he.r ired weight, or vol fr Q1] . i\Swpl Lnto
gl ass or st aY‘??F%lséE%et Xéﬁgli for e%‘gg‘f its (%oe%ref!;?é? 3%11‘?) (a)irCht)hgg%gng)ﬁP %tcrg‘eﬁgi red
for a 5 L bal.oficjttdrseedioid id udedtie begid. SThe oil islheatedctotabons @Cainld the used to
begin. The oil is.heate above 100[err] C and the ... 5. Legui ked..amount of
Phosphol | portiuiiaAda gt ChipREte i o SadFomhe Spib dpsprlget’ TR BT
for the Phosphalrepdsr the Rlicssitdlipen dedissise aepdnde oh ehp eraparatyre nnisting, andnd 10
si ze of e hatch. 1.t noryall igsolves within 1. to 60 mpautes. The oil
cont ai ni 5 size °{]tf]i‘§ Bafy pﬂg’l"f%%ﬂry géss?lﬁ%snwi\%ﬁ’l ie&? &‘bﬁ%%“%ag}l@a oHHRNEAPBE L an
monool eat e i thecRltbephalfidn is thendoskd. Mextcodlbe tiveddrbidinimobitbleate iaddéel and
foll owed by m xi.ng, of t0,.120 . m nut es. e l.engt f .xing, depgnds
on the batchmé’feﬁle%quée B%Iﬁuﬁéﬁldﬁ&ﬁéf)%é@mg?d RY TR 1% {RPUE Jeftfed
and t he suspleAgihost hikidg d&@dndoén thd BatoR site Witeesf. mikbr and speed offmixiigspensi on
is stored i e .ori.gi nal nuf act uri ng vessel, as.long .as m xi ng
conti nues tgv“'tl?geé staﬁge‘gﬁﬁ%rg%ﬁﬁg?fbsé?ff lslgf“xleé%‘frh%%’ ?é FPR%°Fnto vial s using
standardigi al fi | Theguspansigninitoredtie thé atiginal mahhfantwingsedsaliasiosg a4 opper,
capped, | abel ed. and  boxed. EXAVRL . arhson.of . the .Currently
Mar ket ed For RS F 1%?%%%??"0%@?5 spetted. f iSO ﬁe%fg%ﬁ%aﬁ? d8™&nd
For mul at i onsstafiddrdeviflr fitiepeqhipwent.i The vials are then clased wRbsusipppetabagpetly or

Physi cal St abi l,i One of the nost inportant differences
obser ved beta\ﬁé%lﬁat%ﬁg be8edil ati ons was the greater physical stability or
r esuspendabi EXAMRIEA Qatgrrisansf did€drrently Marketed FoomplatabidfiCefiBifomn i n
Figure 1phs a plot of gesusnendabld by, GRERAY Snt Brbdife tRIGEAS content of
various ceftiofur HC "SUSpénsi ons.

A. Resuspendability or Physical Stability

One of the most important differences observed between the fomulations was
the greater physical stability or resuspendability when water was added to the
formulation. Shown in Figure 1 is a plot of resuspendability compared to the water

25 content of various ceftiofur HCl suspensions.
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PCT/ US97/ 21401 Figure 1. Resuspendability of
Lots at wo 98/25621 Di fferent \Wat erCTIORY7ENHE 5

[err]

Figure 1. Resuspendability of Lots at
Different Water Contents
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20 Water Content in Suspension (%)

It is clear from this figure that as the water content increased, the
suspension resuspended better. The resuspendability of suspensions with lower
water content was poor or, at best, variable. It was not until the water content was

25 increased that consistently more resuspendable suspensions were achieved. More
specific physical stability comparisons are shown in the next section.

Several other differences were observed when increasing the water content of
the suspension. All these differences help explain why greater physical stability was
observed when adding water: First, sedimentation volumes were greater, and the

30 sedimentation rates faster when water was added. The sedimentation volume is the
height of the sediment when compared to the height when the suspension is fully
resuspended. Larger sedimentation volumes typically are associated with a
suspension that resuspends better. Less packaging of the sediment occurs making it
easier to resuspend (i.e., less energy needs to be put into the system via shaking).

35 Second, the faster settling rate indicates the particles are interacting to -

create a flocculated system. A flocculated suspension typically resuspends better
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It is clear fromthis picture that as the water content incresed the
suspensi on resuspended better. The resuspendability of suspensions with

| ower wowd/se2icont ent was poor or, at best, variable. |torassoaeidounti l
the water content was 25 increased that consistently nore resuspendable
suspensi ons were achi eved. Mre specific physical stability conparisons
are shown then greonflesqulated spgngnsion. The flocs that/wrm| Wi beclergirfther dhees wer e
obser ved M@nau%rﬁ sggt%%emt &rstes;omnﬁecgase the%tut@ra%'t'%ﬂﬁpﬁie%‘sehégl these

di fferences | p ex ain reater physi cal observed
when addi repdmtber ﬂ°¢5b Fhey w@ermtﬁetﬁleatpusgphmmée@ewémngpbm@r Thyrsel theye 30
sedi ment atd@Rakiat g5 dsisiont. WHShANRIG ofRSeP G fokhimaBBH F BRY Bldsoiy VOl ume
is the hel ght ¥ e se rrent when conpared to the hei ght when the
suspens? orinventfon ¢a9dsed ﬂoqcebﬁlgp@ndéelste#_aﬁrdg@fénf@é’dn rates Aterenbseavedes typical ly
are associ at ed Mid hodeulati é&ﬁ?%&%&—&é’& FRbaFERYSRERES:, bsygslr meh§i3gPackagi ng
of the sedinment occurs T( easier to resuspend ) | ess energy
needs to lRar@ees Wﬁr@olmevedﬁsttémmt%r eonadit vl fhe 9B pension mcseeéeﬁd the faster
settling raLe, t e a

fl occul ated syéé.?%!ﬁgaﬁ&%?ﬁr%g%ﬁh%ﬁ éﬁg%%‘sﬁﬂé’ﬁ&‘%gfec% gf/ﬂe?é%tﬁg%cglﬁl ? better
WD 98/ 256 Zteate larger flocs.

PCT/ USQy/ 21401 I Theufe! oes that form
wil | bsggl ar ger F’Pﬁalny rﬁ&h&‘é} ﬁﬁ%%%?g%sﬁg%dpr%?ff ﬁ%zgg%ﬁ %Je}?ers&ett e faster. But,
because t Hexmylatien.adbewhedlogyh enfiew ¢haracteristigh ¢hargedrirdm deeywtoniaaytowiont not
settle to r@é{,ﬁ 0

resuspend Bntadlts gdl t?%ﬁw%& ‘I‘hK 1&%&%? (s)t-rgnn%sfgﬁ&]oﬁytgfaddﬁd%a?gggﬁﬁce‘&%

i nvent i on acdtrure wae formad in mh%watemﬁtied sespdnsiens: afiis added etgume agdiser ved.
Al'so, Tl oGaulael thaé@?l %lass%t}\%&dwmch%ﬁq{a% ‘}Jnsro%'e&‘i‘-eﬁéhénualbﬁftgn : measur ed

partl cles were ob serve cont ent spensi ncr eased.

Fur t hetdor e, pﬁotse}mangﬁlépﬁ‘dlewbﬁerepeﬁsefnummgn theesyspensienewithrndr act i ng

to Crittidutl.anes K)vaurqﬁém thQhat physical EiBa tb%vﬂlrkﬂ%ltﬂg)&rlfﬂ fehenges were
not ed when addi ng wat er t he Yormilation. The rheol ogy, or flow
char act er |5§@F%§°mbﬂ%ﬁhf§ed from Newt oni an t o non- Newt oni an wi th added

wat er. The. pl agiHetmisd ety anghatfife added water indicate
The stability of suspensions, and ultimately their shelf-life, are based on both
20 chemical and physical stability. The chemical stability is assessed to insure that the
product does not become subpatent during use. The chemical stability of the current
formulation (ie. non-water-added formulation) has been studied extensively. For
example, shown in Table 2 is the stability through 3 years for 3 different batches of

the current suspension.

25
Table 2. Chemical Stability of a 50 mg/mL Ceftiofur HC] Suspension
with No Additional Water Added when Stored at 25°C
Potency in mg/mLtstandard deviation
30 Time, months Lot A Lot B Lot C
0 49.8+0.7 51.10.5 50.50.3
3 48.4x1.3 49.4+1.6 48.4+0.4
6 48.1+0.7 48.8+1.2 48.6+0.7
12 49.110.4 50.2+0.3 50.120.3
35 18 46.5+1.4 48.5+0.7 48.540.9 .
24 46.8+4.2 48.840.6 49.2+2.7
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a structure was forned in the water-added suspensions. This added structure
again indicates a floccul ated systemwhich will have inproved

r esuspendawolosRg62115 In summary, all of the differekcFasboursd
between the suspensions with and wi t hout added water indicate that

phy5| cal stabili t% will be better with the water- added formnul ati on.
Cheni cal bility and ShéPsizPffe 49.5+0.4 4580t ability of

sus pensi ons, and wd&aumﬁma&émm &laehéts lai-d mwéaetob@éc?&se rio%%mo%&my
chemi cal and phyS|caI st abi | %@ chem cal stability is assessed to
i nsure that dusing their shelidifet Ta @ Wsﬁé%meéwﬁf@@emn urhemycallyestalige

chem cal st ahih bl tPih: E@?eé‘r's!wﬁﬁtstored atfrwﬂlﬂézﬁﬁéﬁ@m{ebe non- wat er - added
formul ati on) has been studi ed extensively. exanpl e, shown in Table

2 is the &tabilithretrohemigph sbjlityrhasmef bserdasfs%qeérf@r puloaaagtithe formulation
current Suspegsd Efésexzt'smventmn containingP4d@ticnal WAL, C@lllov@; ﬁ’pﬂﬂ'}l&ﬁ Qfn@ S0
nmg/ mL Ceftiofur HO Suspension Addi tional Water
Added when SP@Panise ofztgioebqt]:hgs that were made identically except for the amoumpefency in
my/ st anda%téeé(ac?éd' ORim{larly I THie FRRSanoth f th&bath t B
ot 'c G o o

3 varied in W@aemqo.n:eent 49.41.6 48. 40. 4

48.10.7 19 48.81.2 48. 60. 7 12 49 10. 4

50. 20. 3 50. 10. 3 35 18 51.4 48.50. 7
48.50. 9 2 f'able 3. Comparison of Chpgniga]. &abxht;qgf Qﬂo @atchegg 22 7

- 16- WO 98/ 25Q2dh Different Water Contents when Stgred at 25°C

PCT/ US97/ 21401 36 49.10.8 49.5:0.4

48. 607 Usual | y pharmaceutical products are allowed to decrease

10%in pot ency during thei Pot%ggs} fsh ﬁts?ceng-apﬂatg Rs2RAN &%%ﬁr rent

suspension is chemcally stable eve out to ree years en stored at
room t emder dimeggonthss pleD d ntal sy t 1 50.39%1toted avaters

for as long with ghe fornulation 103‘5:&0@19 pr esent i n\/lggtzlf:@@ cont ai ni ng
additional water. Shown in Table 3 is the conpari son 0 two bat ches
that were made i dentically except fok0%23®-4amount of #£ added.
Simlarly, Table g4 shows another conpwd. e of two bat ch@gg&t@.@t only
varied in water c60ntent. 10

103.7+0.4 103.010.2
20 12 100.8 +0.5 101.1£0.4

Table 4. Comparison of Chemical Stability of Two Batches
with Different Water Contents when Stored at 25°C

25 Potency as a percent of labeltstandard deviation
Time, months t ¥ (0.14% total water ot .67% total water
0 104.5+0.3 103.4+0.6
2 104.6£1.7 103.1+0.1
4 105.5+0.7 105.420.5
30 6 103.5+0.5 102.940.1
12 100.6+0.3 103.2x1.0

Both Tables 3 and 4 show the suspension to be chemically stable. No
difference was observed in chemical stability even with high water content. Thus,
contrary to what may be expected, the addition of water did not adversely affect the

35 chemical stability of the suspension. Additional stability data which was obtained at -

accelerated temperatures shows no difference in stability with higher water content.
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Tabl e 3. Conparison of Chemical Stability of Two Batches

with Different Water Contents when Stored at 25[err]C

Pot ency &g gg/Rscent of | abel standard deviation 15 Ti me poamgddsrzi401
Lot D (0.20%total water) Lot E (0.39%total water) 0

103. 20.5 102. 20. 2 2

103.20.4 C: Physical Stabiligyl. 60. 0 4

103.60. 3 . 2:.103.31. 3. -

103. 70 4 Physical stabﬂz%?d% ng%a% 1%ortant as chefgcal stability. If the product

100. 8 0.5 does not resuspend adé@baliddy 4hen shaken, the dose will beTiabdreect. Withpari son of
Chem cal S L : e | ] t Water
Cont ent s V\}}%ﬁb@%e&? I dsfuas‘%[«y}%éoga\;vﬁ%g&xaken, the initial doses remove%ilpb%%l%pg)%egx&. as a
per cent 50f Thisbsbetsdredausd dtug remaios at the battene of Hnvinbpreventing the correcbt F

g_g 4115100@ gOt %nc@@&g{ign ot-fle sgfé%‘sff O/%fié%{ Qé‘itaye@é.eff)paé-t of the productQS removed at

104. 61. 7 a concentration signifi@@Btly(Qesk then the labeled cdncentration, doses removed

105.50. 7
103.50.5
100. 60. 3 further agitation remove@3r@g fid¥m the bottom of the contaiiBotdndhials ésp&sechd 4
show t% S#Jns eensnilqp rtvglut%ge gﬂ?rgﬁgal |y stable. No di fference was observed
in chem cal” Stoabi |ety even w ‘hi gh water content. Thus, contrary to
what may be exp€b¢ edrrepihformdiditivn die. 06 waddrerdddd dnerds table ehaladny sahétioes t he 35
chem cal spabj Lj f. t:h spensi oR.;. Addi i Q jlit a whi ch was
obt ai ned a{lp % bb %%:l%?g’fise’rbéa e lilttlger?ﬁlélF Sé?‘huryerse s Sxﬁ\ggdn%ssgl?bg ' elrne%%:bce{g%h stability
wi th higher water content. -17-
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PCT/ USa7/ 21401 ~2Ple 5 Fhysica] Stability ofa 50 mejml. Ceftiofur HCI Sugpension

stabi |l 1By is just as withd¥d AdditiasalcWetsr dalded tvaieinl Stoxed 4tf25@Ge product

does not resuspend adequately when shaken, the dose will be incorrect. Wth
I nconpl ete resuspensi on when shaken, the initial doses renmoved will be
subpotent. 5 This occurbmecRemuiredde Fylly Seanspendt S¢cheddpot t om of the vi al

when the vial containjls_gg's'sgb_orgéﬂgocould become sv%?rpotent. This happens when

preventi ngh% gge ShhECt COﬂ&egt ratiop ok the sggpension when agitated.
| f part of product is rendVv t - -
0 10-20 10 10
20 3 30-40 10-20 20-30
6 30 10 20
12 50-60 20-30 40-50
18 40-60 20 30
24 50-60 60 40-60
25 36 60 40-50 60

It has been found that the addition of water improves the resuspendability
characteristics of the suspension. A sensitive method for monitoring resuspend-
ability is to use a 10-second mechanical shake assay. In this test, a vial is shaken
for 10 seconds using a mechanical arm. A sample is removed from the suspension 2

30 cm below the liquid/air interface and assayed for the amount of drug. Shown in
Tables 6 and 7 below are batches produced by identical methods except for the

amount of water (duplicate samples):

Table 6. Comparison of Physical Stability of Two Batches
35 with Different Water Contents using a 10-Second Mechanical Shake Test -
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a concentration significantly less then the | abeled concentration, doses

r enoved when the vial contains | ess product could beconme superpotent.
Thi's happepg o¥b&h: further agitation renoves drug from paeubeiiigen of
the container and it is dispersed 10 in the smaller volunme of |iquid.

The current fornulation (ie. no water added) needs to be shaken, sonetines
up to 60 seconds, before it bedwtasyfasld yercagud paredtstaminrd hewation Tabl e 5:

Tabl e 5. Plﬁsical &tability of ftiqfuf Hel S ASAS| 5
with No Addi on er Added atﬁ éorg‘ta?%v Lot . RES WhiHer

Time Required toOFully Resuspend, Secoris4 Ti me nont%8s2 Lot A
Lot B Lot 0 10- 20 10

10 20 X | 3040240 10-20%  20-30

6 5 4 30 10 48+7 20 972 12

50- 60 20- 30 40- 50 18 40- 60

20 308 24 4943 50-60 %%l 60

40-60 25 936 79602 40-88 60

It has been found,that the addition of $¥$?r | mproves t@ﬁt%esuspendability
characteristics t he suspension. A sensitive nethod for nonitoring

resuspend- ability is to use a 10-second nechani cal shake assay. In

this tesf, a vial is ken for sec Si a anical arm A
sanple i ¥ renoved fr o'ﬁ?rl’??lz &?Wéﬁ@?%ﬁ}ghwa?%gﬁ%dgfyom oeg‘f%?c Gt d/ ai r

i nterface and aseitly @dfférent WikeraOentBhtsQfsinl #190-SebouiMethanical BhbkeTe& and 7
bel ow are bat ches produced by identical nethods except for the anount

of water (duplicate sanples): Tabl e 6. Conpari son of
Physical Stability of Two Bat clPesen2d as a percentiof labBiAsterdand d¥éition Cont ent s

EJ?-IS[’IQ a 10- wggacal ShﬁgteF T(?ﬂ% total water) Lot G (0. 67% total water)

PCT/ US97i521401 0 _ 7945 Pot ency asl@tsfler cent of
water) Lot E (0230 total vater) | AL B (0. 20 total
4 58+16 102+3
6 8727 9512
9 5548 872
20 12 465 85«1

As the data from these tables shows, the increased water content improved
resuspendability. The formulations with higher water concentrations were closer to
the theoretical 100% of label and had less vial-to-vial variability (ie. tighter standard
deviations).

25 EXAMPLE 3 Minoxidil in Corn Oil Suspensions

Three batches of minoxidil USP in corn oil suspension are made using a
typical homogenization process. These three suspension batches of 50 mg/ml] contain
water contents of 0, 0.05 and 0.25% w/w of added water. To make the 0% batch, the
corn oil is placed in a glass beaker, minoxidil USP powder is added and the mixture

30 homogenized with a Virtishear homogenizer. The 0.05 and 0.25% water-added
batches are made using the same process except the water is incorporated after the
drug has been added. Approximately 20 mls of suspension is placed in a 25 ml glass
vial. Two vials are hand-shaken after different storage times at room temperature.
The amount of time required to resuspend the minoxidil USP is shown in Table 8.

35 Asis clear from this table, the amount of time needed to fully resuspend these .

suspensions decreased as water was added to these suspensions.
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0 82[err]4 992 2

7240 98+1 5 4 487

972 49+3 /%1
CT/US97/21

9 wo 9snstar 7912 gos ¥ 12

5313 845 10 Tabl e 7. Conparison of

Physi cal St abThble)s. ofimke H3tedad 50 mg/ml Mino¥dilnUSP id CopnDilVRdspendond ent s
usi ng a 10- Second Mechani cal Shake Test

Pot ency as a percent of |abel[err]standard deviation Ti me, nonths
Lot F (0.14%total water) LotTiad . Bull RauspentaSetondds 0

795 T 10%1 %V W 3221
1012 ime, Month 0% Water 005% ater5816 Q&S_‘Zo___gi._gl_‘_ 1023
6 5 0 0,06727 : 892 9
558 97 465
851 A the data épégnthese t&%f%s shows, th&Acreased wat er
content inproveds resuspepdabi l ity. Jd&)esfornul ati ongswst h hi gher wat er
concentrations were closer to the theoretical 100% of | abel and had

|l ess vial-to-vial variability (ie. tighter standard deviations). 25
EXAMPLE 3 MEXAMIFLIE 4iI|Bu§i€bfdi1 fal $oybesD SN 2Pensions Three bat ches of

m noxi di | USP i orn o i O r, de u al .
homogeni%at i on %@%?é &‘%%é‘ggﬂ? eé’e{}§g§}3ég‘§‘leaﬂ °§a5t“gﬁeé§l°6‘f dg WR&Bnt ai n
wat er cont efgpfealhoogddifabion peod@ss? SPhave Whtk sa 1dﬁﬂ$a%hes'5(ﬂ wnlﬁ@/xtnhe 0%

batch, the corn oil is placed | ass aker U owder

i s added arﬁ?nfar’l’é“fﬁtﬁ'(’fﬁﬂnée’éﬁ)&ﬁo]nﬁ@%ﬁ% H’gﬁ e‘g“\ﬂt‘?’tl %‘ﬁrB gﬁﬁ‘g’e The
0.05 and 0. &5%ywaarm1aldqﬁted m a@isﬁhﬂ&k&r ﬁ)umen mmgovtzm 15 8@ AT BfeS
except the water IS 1ncor .af %‘er t he hasd 8%en add Sgl

Appr oxi mat e turs hraogspize é"’b ' §arp1PQé’E°§ﬂnﬁzﬁr 5l #4pd gYearater-added 51 Two

vials ai® Itaehes hak eihdafistip thefsheleaiibeest eXnagetid WRter & incopiritedpeeatiy e.

The anount red to res d the mnoxidil USP (s 0 i n

Tabl o "sHg a8 DEPRANIG RN LRI meihG SHTRBAPS of PIECHE A 2aaH £6% ul | y
resuspend tviglseTwo vialdapdnsdiahskéeafaadiffireas sthfy tinas atdshed térpdrhase.
suspensi on
98/ 25621
PCT/ US97/ 2140k clear from this table, the amount of time needed to fully resuspend these

20 suspensions decreased as water was added to these suspensions.

The amount of time required to resuspend the ibuprofen USP is sﬁojis?rf in Table 9. Vo

Table 9. Time to Resuspend 160 mg/ml Ibuprofen USP in Soybean Oil Suspensions

Time to Fully Resuspend, Seconds

25 Time, Months 0% Water 1% Water 5% Water
0 0,0 0,0 0,0
0.07 15,25 <b,<b <b,<5
0.5 20,20 <b,<b <5,<5
1 20,25 <5,<5 <5,<5
30 4 30,40 <5,<b <5,<5
6 25,25 <5,<b <5,<5

EXAMPLE 5 Sodium Fluoride in Sesame Oil Suspensions
Two batches of sodium fluoride in sesame oil suspension are made using a
35 typical homogenization process. The two suspension batches of 400 mg/ml contain -
water contents of 0, and 0.2% w/w of added water. To make the 0% batch, the
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Table 8. Tinme to Resuspend 50 ng/m Mnoxidil USP in Corn Ol Suspensions

Time to Fully Resuspend, Seconds Ti me. Mont hs 0% Wat er 0. 05%
Wat er wo 98/2568). 25% Water 5 0 0, 0 pcrrus97214010, O
0,0 3 20, 45 <5, 10 <5, <5

5 25, 20 <5, <5 <5, <5 EXAMPLE 4

| bupr of en i9¢s8oylodldn pBiced Susmlersibeaker] godium fluoridpte addésheh e wixtubaipr of en
USP 0 SOy Befiogahlze S BPBAMIBRLLIBARAUAL "0 2 5 wahitPh it HRRAPASELEAL i ON
process. These ree suspension batchés of 160 ngfn1 contal n wat er
cont ent s ofusdng theasr& pronesy axtertdlie o ahernt i incoTpomadeatarctbgdrbgbenbeen t he
soybean oil_ 4s54pl i . 0, ! and
tho o O SACEAE ARG akaedy 808 o SR Rheioh RLBIRCHED A 2R e BECRRLCH
wat er - adéleds 1Bandyshaiseniter difireet siotagg tinhes afaivempienipesatuescEhe amoantwef er i s
| ncor porat %@fr{ezghr di‘&) resuspefli {8e P&&?ug%ﬂrﬁ@qggho PII%B}]@%?'XS Q4ds of
suspension I's placed I'n a e gl ass vial. Two vial's are hanhd-shaken
af ter diff drentthisttablegthe ameentadf timoneddedpe falixuresuspend thfsreswmpensionof ti ne
required taqgr i i in Table 9. As is
clear fr omodteﬁlle%g?gg’:?lg? teeeexl grgr%égcge%&oq’??sﬁe&ﬁég%\g@mf o fully resuspend these
20 suspensions decreased as water was added to these suspensions.

Tabl e 910 Time to Res'f‘&lﬁ@ﬂﬂ. ]1(‘13919r{g/ﬁ&ugpgggﬁabnga@ms?g{gégguo l

Suspensi ons spend,
Seconds 25 Tinme. Mnths in S&3¥maAPibSuspension$ % WAt er 5%
Wat er 0 0,0 0,0 0,0
0. 07 15, 25 <5, <5 <5, <5 0.5
20, 20 <5, <5 Time<ts, F8ly Resuspend, Sedonds 20, 25
<5, <5 <5mng 4 30 <5, <5

, 49 ,
<5 <5 6 Iiée,%@onths 25. 25 0% Water <5, <5 @2_‘2’0__\&@1@; <5 <5
EXAVPLEYS Sodi um Fluoride i f# Sesame O | Su&pensi ons 0 Two batches

of sodiumfluoride in sesanmgqgkl suspensiog,are made using ag5 typical
honbgeni zati on process. The two suspensi on batches of 400 ng7n1 contain
wat er contents of 0, and 0. 993w w of added@ater. To nake the 0% batch, the

- 20- 0.23 45 <5
0.5 25 >5

20 1 40 <5

3 30 <5

7 30 <5

EXAMPLE 6 Calcium Carbonate in Coconut Oil Suspensions

25 Two batches of calcium carbonate in coconut oil suspension are made using a
typical homogenization process. The two suspension batches of 200 mg/ml contain
water contents of 0, and 0.4% w/w of added water. To make the 0% batch, the
coconut oil is placed in a glass beaker, calcium carbonate is added and the mixture
homogenized with a Virtishear homogenizer. The 0.4% water-added batch is made

30 using the same process except the water is incorporated after the drug has been
added. Approximately 20 mls of suspension is placed in a 25 ml glass vial. Two
vials are hand-shaken after different storage times at room temperature. The
amount of time required to resuspend the calcium carbonate is shown in Table 11.
From this table, the general trend is less time to fully resuspend these suspensions

35 when adding a very small amount of water. .
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WD 98/ 25621

PCT/ US97/ 21401 sesane oil is placed in a glass beaker, sodium
fluoride igoaddegdiand the mxture honogeni zed with a pdiisdreadol
honogeni zer. The 0.2 % wat er-added batch is nade usi ng the same

process except the water is incorporated after the drug has been

added. Approxi mat el yT&fle ill.s Tofie soBpanpemh20Gmgimalc@alcium Gagtonate gl ass vi al .
One vi al 5 i s hand- shaken aftel.\r (gicgrfu%r(ﬁpgussteogiggg times at room
tenperature. The anount of ime requi Ped 10 resuspend the sodi um
fluoride is shown in Table 10. As is clear fromthis table, the anount

of tinme needed to fully resuspend &hes i ecreased when
wat er was added to these suspensi o%%n.ge%li‘gﬁpﬁ&%sga%’ Secondgabl e 10. Tine to

Resuspend 400 ng/ m SQimendphther i de 0% Water 0.04% Water in
Sesane G| Suspensions 0 0 Ti mﬁ to Fully
Resuspend, Seconds Ti me, Months 0% Wat er

0. 2% Water 15 0.008 0 20 0O 5

0 08 20 <5
0 03 20 0.808 20, 10

0.23 45 0.03 265 10

0.5 25 =5 20 1
40 10 <5 0.03 20 3 10 30
<5 0.23 25 30 15 <5
EXAMPLE 6 Cal ci um Car bonat e 69%Coconut al 2§uspensi ons 25 Two

bat ches of cal ci um carbonatet'h coconut oil" suspension are nmade using a
typi cal honobgeni zati on proced8. The two sudpensi on batches o200 ng/ m
contain wat er contents % 0, and 0.4%,w w of added water. To nmake the
0% batch, the coconut oiT is placed in"a glass beaker, calcium
carbonatl® i s added and the mM xture ho2bgeni zed with a Visti shear
honogeni zer. The 0. 4% wat er -added batch is de 30 using the;sane process
except the water is incorporated after the“drug has been added.

Approximately 20 m's of suspknsion is placdd in a 25 ml glas3%vial. Two
vials are hand-shaken after gifferent stor gge times at room %gnperature.
The anount of tine required to resuspend the cal cium carbonate i s shown
in Table 11. Fromthis thable, the genelfl trend is less £€0ne to fully
resuspengy t hese suspensi ons 35 when addi ngeg very small anmoupd of water.
-21-

EXAMPLE 7 Spectinomycin Sulfate in Coconut Oil Suspensions
Two batches of spectinomycin sulfate in coconut oil suspension are made
using a typical homogenization process. These two suspension batches of 50 mg/ml
25 contain water contents of 0 and 0.5% w/w of added water. To make the 0% batch
the coconut oil is placed in a glass beaker, specinomycin sulfate powder is added and
the mixture homogenized with a Virtishear homogenizer. The 0.5% water-added
batch is made using the same process except the water is incorporated after the
drug has been added. Approximately 50 mls of suspension is placed in a 50 mL
30 glass vial. Two vials are hand-shaken after different storage times at room
temperature. The amount of time required to resuspend the spectinomycin sulfate is
shown in Table 12. As is clear from this table, the amount of time needed to fully

resuspend these suspensions decreased when water was added to these suspensions.
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PCT/ US97/ 21401 Table 11. Tinme to Resuspend 200 ng/ m

Cal ci um Caxbosassi i n Coconut pEriusBus@ensi ons
Time to Fully Resuspend, Seconds 5 Ti me Mont hs

0% Wat er 0. 04% Wat er 0

0 Table 1§. Time to Resuspend 50 mg/mL Spectgngpgin Sulfate 20

3 : 0. 008, coconut Oil SuspefSions 10
0.03 20 10 10 0.03
20 10 0. 23 25
15 0.23 Time to Fuﬁp Resuspend, Seconds 10
0.5 15 15 0.5
20 5 Timg.gnonths 0% Water 1 0.5 % Water 20
15 1 20 10

3 40 15 3

20 15 0 0,0 7 0,0 20
20 20 7 15

20
EXAMPLE 7 Specti nonycin sul fate in Coconut Cf@S%uspensions <5,<5 Two
bat ches of spectinomycin subfate in coconut gjkgsuspension aredgq%e
usi ng a typical honogeni zation process. These two suspension batches of 50
ng/ M 2510contain water conBents of 0 and 0.434%W w of added wat®i<5 To nake
t he 0% batch t he coconug oil is placed iﬂ%ﬁ%glass beaker, gsﬁﬁinonycin
sul fate powder is added and the m xture geni zed with a Vitti shear
honogeni zer. The 0. 5% wat er gadded bat ch ig49mde using the 3 process
except the water is incorporated after the drug has been added.
Approxi mately 50 ml's of suspension is placed in a 50 nL 30 glass vial. Two
vial s are hand-shaken after different storage tines at room
tenperature. The anmount of time required to resuspend the spectinomnycin
sulfate is shown in Table 12. As is clear fromthis table, the anount
of time needed to fully resuspend these suspensi ons decreased when
wat er was added to these suspensions.
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Spect i nomysd Bg3ghi at e
Suspensi ons

Resuspend, Seconds 5

0.5 % Wat er

0,0

<5, <5

<5,<5 10

<5, <5

<5, 10

<5, <S 5
10
15

Table 12. Time to Resuspend 50 ng/nL

1
2
3
5

HCI’ Hz'\
N
Y,

S

i n_Cocgtiusohbio
Time to Fully

Ti me. nont hs 0% Wt er
FORMULA 0,0
45, 50
50, 50
45, 45
50, 50

C—on 45, 4
Jj/CHz s——c——— |

ﬁ-——C-——NH
!Il 0]
OCH,
o)
H—on
0 CH,~—S—C / ‘
o [}
C—C—NH s
I
N o)
OCH,
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1. In an oil suspension of ceftiofur hydrochloride comprising an effective amount
of ceftiofur hydrochloride, a biocompatible oil and one or more pharmaceutically
acceptable excipients, the improvement characterized by:

an amount of water which is present at about 0.25% to about 20.20% of the

suspension.

2. The improvement of claim 1 wherein the water is present at about 0.25% to

about 2.20% of the suspension.

3. The improvement of claim 2 wherein the water is present at about 0.30% to

about 0.75% of the suspension.

4. The improvement of claim 3 wherein the water is present at about 0.30% to

about 0.50% of the suspension.

5. In a pharmaceutical composition comprising ceftiofur hydrochloride, the
improvement characterized by:

the addition of water.

6. The improvement of claim 5 wherein the water is added in an amount which

is about 0.5 to about 200 mg of water per ml of composition.

7. The improvement of claim 6 wherein the water is added in an amount which

is about 0.5 to about 20 mg of water per ml of composition.

8. The improvement of claim 7 wherein the water is added in an amount which

is about 1 to about 5.5 mg of water per ml of composition.

i

9. The improvement of claim 8 wherein the water is added in an amount which

is about 1 to about 3 mg of water per ml of composition.

10.  In a pharmaceutical composition comprising a drug, and.a biocompatible oil,
the improvement characterized by:

the addition of water.
ThlS Shee
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11. The improvement of claim 10 wherein the water is added in an amount which

is about 0.5 to about 200 mg of water per ml of composition.

12. The improvement of claim 11 wherein the water is added in an amount which

is about 0.5 to about 20 mg of water per ml of composition.

13.  The improvement of claim 12 wherein the water is added in an amount which

is about 1 to about 5.5 mg of water per ml of composition.

14. The improvement of claim 13 wherein the water is added in an amount which

is about 1 to about 3 mg of water per ml of composition.

15. The improvement of claim 10 wherein the drug is selected from the group
consisting of: AIDS related complex therapeutic agents, analgesics, antacids,
antibiotics, antihistamines, cardiovascular agents, cough and cold preparations,
dermatologicals, diabetes agents, diarrhea medications, hormones, hypolipidemics,

nausea medications, otic preparations, parkinsonism drugs and psycotropics.

16. The improvement of claim 10 wherein the drug is selected from the group
consisting of: ceftiofur, cefadroxil, cepha'lexin, cefazolin, cefaclor, cefuroxime,
cefotetan, cefamandole, cefoxitin, cefonicid, cefmetazole, ceftizoxime, cefoperazone,
cefprozil, ceftazidime, cefotaxime, ceftriaxone, cefixime, cefpodoxime, trimethoprim,
sulfamethoxazole, zidovudine, dianocsine, delavirdine, aetaminophen, aspirin,
ibuprofen, naproxen, aluminum hydroxide, magnesium hydroxide, simethicone,
spectinomycin, gentamicin, erythromyecin, penicillins, quinolones, sulfonamides,
tetracyclines, hydroxyzine, diphenhydramine, loratadine, prazosin, methyldopa,
captopril, propranolol, isosorbide dinitrate, verapamil, furosemide, pseudoephedrine,
dextromethorphan, chlorpheniramine, clindamyecin, tretinoin, hydrocortisone,
ketoconazole, miconazole, glyburide, chlorpropamide, loperamide, estrogens, growth
hormone, methylprednisolone, colestipol, lovastatin, meclizine, prochlorperazine,
neomycin, polymyxin B sulfates, bromocriptine, benzt-mpirie, chlordiazepoxide,

diazepam, triazolam, and imipramine, or a pharmaceutically acceptéble salt thereof.

17.  The improvement of claim 10 wherein the drug is an antibiotic.
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1. A pharnaceutical conposition conprising ceftiofur hydrochl ori de and

wat er . T“tp@g&%t r|S|ng a drug, a
bi oconpawd)bsazsozﬂ Hmm l’ "iﬁlw T Wr | t iIRGIT/G9978R400 m 2,
wherein the drug is selcectednf EB—reIéféH‘ onplex t herapeutic

agents, anal gesics, antacids, antibiotics, antlhlstanlnes

car di ovascls.ar 'ﬁgennsrovmaghofanhdncb'l dfhplree!pahiaamfebistlc GFemeftlmIB@qle,aqrsa

di abet es axgﬁ aceutmal acc%!t%lerlﬁ edi,gations, hormones, hypolipidenics,
nausea ned I ons, reparations, parkinsonisn1drugs and
psychot r opi cs. . The conposition of claim2, wherein the drug
is selecteg,fr fazol i

cef acl or, ggef u?@%%ﬁc’%#{g?t %Odmm ff%ﬁng{ﬁ% e, g?%’g%?&%ll&poﬁﬁ
ceflnetazole ceftizoxi me, cefoperazone, cefprozil, ceftazidine,

corotaxi Mgy |y o COLLELAXENEnO8 WL, ubCARRAOA AR R i BRLDGRTT

sul f anet hoxazol €, osine,” delavirdine, aetam nophen,

cefon|C|d

aspirin, ibuprofen, naproxen, alum num hydroxi de, magnesi um
hydr oxi de, si nethicone, spectinomycin, gentamcin, erythronycin,
penicillins, 15 qui nol ones, sulfonanldas tetracycllnes hydr oxyzi ne,
dephenhydr am ne, Ioratadine r az I o a, captopril,
propragelol, i sosor bi de itrate, ve Phrose II
pseudoéphedri ne, dextronef phan chl he |ran1n8 cllndanycin,
tretinoin, hydrocor —N t ocorzol e, miconazole, glyburide,
chl or propani de, | operam de, s o estrogens, growth hornone,

met hyl pr edni sol one, colestlpol lIgvastatln meclizine, 2 0

prochl or per azi ne, neonycin polynykln B sulfates, bronocriptine,
benztrop| X r ram ne,
or aphar maceut i ca}I“T oveI% &b‘%zﬂg% édj&heg&r??%oﬁmg i }ﬁ%ﬁhﬁg]ce%gﬁujﬂﬁ?
conposildi cacidf cIa|n12 mhereln the drug is an antibiotic.
The conposition of cla|n15 wherein the antibiotic is spectlnonyC|n or a2
5 pharmaceutical ly acceptable salt thereof 7. The conposition
of clai m 222.wheFled impriogerdentgoficiaim tephededs fer duvg is ceftiofurghydrochiyride of
conp05|t|qﬂngplc*aln12 wherein the drug is ceftiofur. 9. The
conposition of claim8, wherein the drug is crystalline ceftiofur free

aci d. 10. The conposition of claim8, wherein the drug is
ceftiopyr hydrochloride. 30 11. The coqﬁosition of claim 10, which
contai ns about 50 ng/m of ceftiofur ydrochlorlde having a particle

size of less than 10 [err]m
26 12.  The conpesition of aeﬁzga\ ?ﬂg*%Tﬁlﬁéjhhlch further
| | | i pi

conpri ses one or nore Npq?r%aceu accept@ab exci pi ents.
II |
0
25 OCH,
23. The improvement of claim 22 wherein the ceftiofur hydrochloride has a

particle size of less than 10 microns and is present at a concentration of about 50 mg
per ml of composition.

30 ‘
24. The improvement of claim 10 wherein the oil is selected from the group
consisting of: canola oil, corn oil, cottonseed oil, olive oil, peanut oil, sesame oil,

soybean oil, safflower oil, coconut oil, sunflower oil and palm oil.

35 25. The improvement of claim 24 wherein the oil is cottonseed oil. -
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13. The conposition of claim12, wherein the excipients are lecithin and

7o “smoomem IO MEHIIM M5 522 et
. The conposition ef el a¥ msld,« L ount tof water is 05 to 20

ng/n1 16. The conposition of cIa|n115, wherein the anmount of
water is 126.0 SThe imypmovement of claimliD whlcﬂil‘fertheﬂmﬁﬁlbrﬁée@ rnefor e m 16, wherein
t he amount_,of wat er. 18. The conposition of any

precedi ng Rrarm W caél% acgepé?ﬁb%f %?%%‘Faﬁr e oil suspension. 19.  The
conposition of cIa|n110, whi ch conpri ses a suspensi on of ceftiofur

hydr ochl org4e i the bioco one. or_.nore |1y
accept abl eé'fj The 113 e prEht? Ciaéxﬁ?eoﬂéérﬁ% (SESIPIRLT &t 1e i nzagld? fi‘o“?% of
t he suspernsbuogtoleate. 20. The conposition of claim 19, wherein the
amount of water is 0.25 to 2.20% of 15 t he suspensi on. 21. The

conposition of claim20, wherein the anount of water is 0.30 to 0.75% of
t he susperf.on.The improvéiRent of tlamCldnpberiein tha cofnpobitiomi? in iMjBeabiernilt he
amount of water .is 0.3 to 0.5% ofthe suspensi on. 20 23. The

conpositid%wg?“%ﬁy of claims 2 to 22, wherein the oil is selected from
canol a oil, corn oil, cottonseed oil, olive oil, peanut oil, sesane
oil, soybean oil, safflower oil, coconut oil, sunflower oil and palm
oil. 24. The conposition of claim23, wherein the oil is
cottonseed oil .
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