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[0003] Bacteria have developed several different mechanisms to overcome the
action of antimicrobials. These mechanisms of resistance can be specific for a molecule
or a family of antimicrobials, or can be non-specific and be involved in resistance to
unrelated antimicrobials. Several mechanisms of resistance can exist in a single bacterial
strain, and those mechanisms may act independently or they may act synergistically to
overcome the action of an antimicrobial or a combination of antimicrobials. Specific

mechanisms include degradation of the drug, inactivation of the drug by enzymatic
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administration meeting specific concentrations and antimicrobial criteria necessary to

treat patients with distinct bacterial infections. These formulations and methods are
useful with commercially available inhalation devices for one or more aerosol therapeutic

product opportunities.

[0006] Aerosol administration directly to the nasal, sinus, respiratory tract and
pulmonary compartments through intra-nasal or oral inhalation enables high
concentration drug delivery to a site of respiratory infection with decreased risk of extra-

respiratory toxicity associated with non-respiratory routes of drug delivery. Furthermore,
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to aqueous solubility, viscosity, partitioning coefficient (LogP), predicted stability in
various formulations, osmolality, surface tension, pH, pKa, pKb, dissolution rate, sputum

permeability, sputum binding/inactivation, taste, throat irritability and acute tolerability.

[0009] Other factors to consider when designing the product form include
fluoroquinolone physical chemistry and antibacterial activity, disease indication, clinical
acceptance, and patient compliance. By non-limiting example, if desired the aerosol
fluoroquinolone product may be in the form of a simple liquid (e.g.s oluble

fluoroquinolone with non-encapsulating soluble excipients/salts), complex liquid (e.g.
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preparation or the like or as a drip, spray, suppository, salve, or an ointment or the like)
and can be used in methods for acute or prophylactic treatment of an infected vertebrate,

e.g. a bacterial infection, or a subject at risk of an infection.

[0012] Others include: ofloxacin, lomefloxacin, pefloxacin, ciprofloxacin,
gatifloxacin, gemifloxacin, moxifloxacin, tosufloxacin, pazufloxacin, rufloxacin,

fleroxacin, balofloxacin, sparfloxacin, trovafloxacin, enoxacin, norfloxacin,



delivery of fluoroquinolone antimcrobials, such as
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[0017] In another embodiment, the delivered amount of aerosol fluoroquinolone
is sufficient to overcome resistance or prevent further resistance of an organism
exhibiting an MIC of the fluoroquinolone antibacterial compound that is greater than

about 16 ug/ml.

[0018] In another embodiment, the delivered amount of aerosol fluoroquinolone
is sufficient to overcome resistance or prevent further resistance of an organism
exhibiting an MIC of the fluoroquinolone antibacterial compound that is greater than

about 32 ug/ml.
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[0022] In another embodiment, a method is provided for acute or prophylactic
treatment of a patient through non-oral or non-nasal topical administration of
fluoroquinolone to produce and maintain threshold drug concentrations at the site of
infection or at risk of infection. One embodiment includes the use of short-term, rapid
aerosol administration, delivering high concentration drug exposure directly to the
affected tissue for treatment or prevention of bacterial infections in skin, rectal, vaginal,

urethral, ocular, and auricular tissues.

[0023] In another embodiment, a method is provided for administering a
fluoroquinolone antimicrobial by inhalation, wherein the inhaled liquid or dry powder

aerosol has a mean particle size from about 1 micron to 10 microns mass median
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fluoroquinolone antimicrobial is administered in one or more administrations so as to
achieve a respirable delivered dose daily of at least about 50 to about 100 mg including
all integral values therein, such as 55, 60, 65, 70, 75, 80, 85, 90, and 95 mg. In some
embodiments of the methods described above, the fluoroquinolone antimicrobial is
administered in one or more administrations so as to achieve a respirable delivered daily
dose of up to 150 mg including all integral values therein such as 105, 110, 115, 120,
125, 130, 135, 140 and 145 mg. The fluoroquinolone antimicrobial is administered in the
described respirable delivered dose in less than 20 minutes, less than 10 minutes, less

than 7 minutes, less than 5 minutes, in less than 3 minutes and in less than 2 minutes. In

some embodiments of the methods described above, the antimicrobial agent is selected
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Bacteroides distasonis, Bacteroides 3452A homology group, Bacteroides vulgatus,
Bacteroides ovalus, Bacteroides thetaiotaomicron, Bacteroides uniformis, Bacteroides
eggerthii, and Bacteroides splanchnicus. In some embodiments of the methods described
above, the bacteria is a gram-negative anaerobic bacteria, by non-limiting example these
include Bacteroides fragilis, Bacteroides distasonis, Bacteroides 3452A homology group,
Bacteroides vulgatus, Bacteroides ovalus, Bacteroides thetaiotaomicron, Bacteroides

uniformis, Bacteroides eggerthii, and Bacteroides splanchnicus. In some embodiments
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having an osmolality from about 200 mOsmol/kg to about 1250 mOsmol/kg. In one such
embodiment, the solution has a permeant ion concentration from about 30 mM to about
300 mM. In one embodiment, the osmolality is from about 250 mOsmol/kg to about
1050 mOsmol/kg. In one embodiment, the osmolality is from prefereably from about
350 mOsmol/kg and about 750 mOsmol/kg and most preferably approximately 300

mOsmol/kg.
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[0032] In another embodiment, a pharmaceutical composition is provided that
includes a complex liquid fluoroquinolone antimicrobial formulation having a permeant
ion concentration from about 50 mM to about 200 mM. In one such embodiment, one or
more permeant ions in the composition are selected from the group consisting of chloride

and bromide,

[0033] In another embodiment, a pharmaceutical composition is provided that
includes a complex liquid fluoroquinolone antimicrobial formulation (e.g.
fluoroquinolone as a low water soluble stable nanosuspension alone or in co-crystal/co-
precipitate complexes, or mixtures with low solubility lipids, such as lipid

nanosuspensions) as described above having a solution osmolality from about 200

10
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[0037] In another embodiment, a pharmaceutical composition is provided that
includes asim ple dry powder fluoroquinolone antimicrobial compound (e.g.
fluoroquinolone alone in dry powder form with or without a blending agent such as

lactose).

[0038] In another embodiment, a pharmaceutical composition is provided that
includes a complex dry powder fluoroquinolone antimicrobial formulation (e.g.
fluoroquinolone in co-crystal/co-precipitate/spray dried complex or mixture with low
water soluble excipients/salts in dry powder form with or without a blending agent such

as lactose).

[0039] In another embodiment, a system is provided for administering a
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0
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[0042] In another embodiment, a kit is provided that includes a container
comprising a pharmaceutical formulation comprising a quinolone antimicrobial agent and
an aerosolizer adapted to aerosolize the pharmaceutical formulation and deliver it to nasal
cavity following intranasal administration. The formulation may also be delivered as a

dry powder or through a metered-dose inhaler.

[0043] It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not restrictive

of the invention, as claimed.
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mg@ﬂm@kﬂmmwmomQdejng a dry powder of a quorqu|noIone
ant|n1crob|al and a dry powder inhaler coupled to the

ntfao4syr EpeheadBpised bfupRr SbvERy A loBPRIcEEdintb-¥ill affects on
er aerosol haV|ng a particle size from about 2

bﬁ@ﬁh@ﬁ@”ﬂﬂlgﬁb%#SS m crons mean nass aerodynanic and a
particle size standard deviation of |ess than or_equa
to dBeARl Figumi Efofssa BrrPbnehaeripd diaveflpxacimdinrakilli éffects on

ﬁ%ké%ﬁﬁ%%%ﬂﬁﬁQﬂgﬁy&§&|on is less than or equal to about

n one enbodlnent the particle size

st aq@@gdﬂ d%éﬁ% nd % k}]lgg%ag rLeQ/gH@J(ac no tﬁlt?eoml aftets on

m crons. n ano ment,
ﬁmkmmmdﬁﬂmHMMMIDNE&mHes a contalner conpr|5|ng a
pharmaceutical fornulation conprising a quinolone
anti GOEF]Omlghrea@Qﬁi aagrdplashaeing SA Nz B20atagrteth falowing a 10
i.ze the pharmaceutical fornulation and deliver

HWWMQE}WPﬂ%mWHW@POWE%plratory tract and pul monary

compart ment, foll owi ng intraoral mnjstratio

f or P w8 BePhadionjeg g4 éoél awr%ﬂa@} owing a 160
mindfeUSBnax ARt Sipeslrglose i nhal er.

[0053] Figure 6C is a graph showing PAM 1032 re-growth following a 10

minute Levofloxacin exposure.

[0054] Figure 6D is a graph showing PAM 1032 re-growth following a 160

minute Levofloxacin exposure.

[0055] Figure 7A is a graph showing Levofloxacin time-kill affects on late-
logarithmic PAM 1020 cells under oxygen limiting conditions.

[0056] Figure 7B is a graph showing Levofloxacin time-kill affects on late-

logarithmic PAM 1032 cells under oxygen limiting conditions.
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[0042] In another enbodinment, a kit is provided that

i ncl udes a container conprising a pharnmaceutica
woaomsubksise on conpri sing a qui nol one anti m cr obPpai/Uag®RN19351

and an aerosolizer adapted to aerosolize the

pharmaceutical fornulation and deliver it to nasa

cavity follow ng intranasal adm nistration. The

formul ati on may al so be delivered as a dry powder or

t hrou a et er ed- dose haler 043] .Lt.is.to b
unadb e Aad EwE s P Sre sy i geal lint Binsles Shnapon2
lnqngﬂkpghﬁgﬁt&mgagHgyta|Ied description are exenplary
expl anatory only and are not restrictive of the

|nv n, I
T e SR e ol 0

ingfysticl fibgpssggputush.ones and other antibiotics to bacteria
killing. [0045] Figure 2 is a graph show n
ci prl603Xx adigweHas aigrapbsbewing deviodpxacirokiilng an%fgct@ oalPseudomonas
bi fﬁlng in both CF patients vs healthy controls. [0046]
A re 3 is a graph ShOMAng C|profloxaC|n sput um and

ser ncentr ons fol 031 , 0 .

7 ouPRA TS 8% ackin M B s RERRP sl B hvonovacin
with b €edaX 0FN00® g@hil tahdrh ¢ 0 BAMite BAE-iéeinlashol lpAEHBF mbigur e

4B is a graph show ng Levofloxacin tinme-kill affects

on |[ﬁ0@1’]| tigine BAM a @BabhCalohgng [HIOKR]eribidgliefedtd\of $evafloxacin
showi ng Levofloxacin tinme-kill affects on

wgh aﬂrwaﬁé% Halal a1 oipuie bpidife poodovHibgr medels s a

graph showi ng Levofloxacin tine-kill affects on
st at[086r yFighees &2 Fiave 173ph delpting tho gsigtonzeten ePresUies uged to

m%@g%d g?’{)@@erﬁ)@Mﬂ%gg&n f/% 8%%? \ﬂ%__%ffo%laél Wk Sbviiel Paﬁhf@ utg.

n exposure |gure IS a gra

ShO\(/prp&)Jam 4220 [s a %?a%wt ol lt‘ﬂ%‘"ﬁ@(} ?)r(}fﬁg o@p?éj}n?cromzed and

Lev expo
micronized dry powder Levoﬂoxacm

[0064] Figure 14A is a graph showing SEM photomicrographs of pre-

micronized dry powder Levofloxacin.

[0065] Figure 14B is a graph showing SEM photomicrographs of micronized

dry powder Levofloxacin.

[0066] Figure 15 is a graph showing X-ray diffraction of pre-micronized and

micronized dry powder Levofloxacin.

[0067] Figure 16 is a graph showing the pH solubility profile of Levofloxacin
by acid titration.

[0068] Figure 17 is a graph measuring pH while titrating Levofloxacin with
HCL.

[0069] Figure 18 is a graph showing the Vt{{OH] vs. Vt of Levofloxacin.

[0070] Figure 19 is a graph measuring pH while titrating Levofloxacin with
NaOH.
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[0053] Figure 6Cis a graph show ng PAM 1032 re-growth

followng a 10 m nute Levofl oxaci n exposure. [0054]
woigueriesB8d i s a graph showi ng PAM 1032 r e- gr owmPOT/US2006/019351

followng a 160 m nute Levofl oxacin exposure. [0055]

Figure 7A is a graph show ng Levofl oxacin time-Kkill

affects on latelogarithmc PAM 1020 cells under oxygen

limting conditions. [0056] Fi gure 7B is a graph

showi ng_Leyofloxacin tinme-ki]l aff

| at é%?g&r e 20 pverEp Beaniring ALY V%%éizj@ﬁ of NFOH titgant (V0)

oCQRAichiPNEvdRQRTh. Figure 8A s a graph show ng
Levofl oxacin killing kinetics of PAMLO32 in

Meul h@fz& H'P?% B Areth W)meefs@x@égg]the': LBHAEEINES dfSa devofloxacin

gra g Levofloxacin killing kinetics of PAM
solLi82 ai 267oys vé pHY i br osi s sput um [0059] Figure 9 is a

graph showi ng | evofloxacin killing affects on

Ps e 0@130n d3gwe 022 | dapict§ 0geps Bhewing DG sscansgrofppamoic  acid,

eglg‘@fw% %L%}? Ct erp}%cr:ﬁog%aéc@fgfg&iﬁsfalp%ed r\é? Pltﬁé,?@dnLWotﬂ%xacm-
pah@ﬁd@%;ﬁhﬁ&hlrﬁﬁdﬁb [0061] Figure 11 is a graph

show ng the bactericidal effects of |evofloxacin with

a Creo740f 9&e 28 rdepid gdaph® dhoitige HTARf specfre ¢fn pamoic acid,

hol | ow fi ber_ nodel. [0062] Figure 12 is aph .
Leveflgtaciy Levellarpen Sambi AGH GorEusigliizes Sars e byoslageein-

paﬂ{&{cﬁgl ?,Slkeg\l\@lthggam n vs. mean Levofl oxacin dry
powd ticle size. [0063] Figure 13 is a graph

sh OViy P
m c r oni ; gﬂ %@5%‘&\% s egr%;hfs %hgggﬁ}gﬁ BSI[@O 8%%]5 %gld}aﬁ?fglclic,&d and

Leveflaxagimaghafeivamidrmy-@FEtalirdtwedipitaigr aphs  of
prem croni zed dry powder Levofl oxacin. [0065] Figure

14B [D&761 drigph Shdaiicty g8 shoviog KFBgsmeplis obfxinafoic acid and

roni zed owd Levof | oxacin. [0066] Figure 15
qugﬁgxaéfl’a’ﬁﬂafgﬂgﬁﬁ'ﬁ@}@% S%ay diffraction of pre-m cronized

and [0077] Figure 26 depicts graphs showing DSC scans of stearic acid,

Levofloxacin stearic acid co-crystallized precipitate, and a physical mixture of

Levofloxacin and stearic acid.

[0078] Figure 27 depicts graphs showing FTIR spectra of stearic acid,
Levofloxacin stearic acid co-crystallized precipitate, and a physical mixture of

Levofloxacin and stearic acid.

[0079] Figure 28 depicts graphs showing DSC scans of oleic acid, Levofloxacin
oleic acid co-crystallized precipitate, physical mixture of Levofloxacin and oleic acid
(50:50), physical mixture of Levofloxacin and oleic acid (10:90), and physical mixture of

Levofloxacin and oleic acid (90:10).

[0080] Figure 29 depicts graphs showing FTIR spectra of oleic Acid,
Levofloxacin oleic acid co-crystallized precipitate, Levofloxacin oleic acid co-
crystallized precipitate as compared to an equimolar physical mixture of levofloxacin and

oleic acid.
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m croni zed dry powder Levofloxacin. [0067] Figure 16

is a graph showing the pH solubility profile of
woevwihssaci n by acid titration. [0068] Fi gurePdT/US2008/019351

graph neasuring pH while titrating Levofloxacin with

HC . [0069] Figure 18 is a graph show ng the Vt[OH|

vs. Mt of Levofloxacin. [0070] Figure 19 is a graph

nmeasuring pH while titrating Levofloxacin with

NaOH, 71]. Fi re 20 is,a graph .neasuring d dV vs .
vol URESR R i o e Ty e e rodty it (e o-iSstalliced
pro@yiRdté OX A%l EHoxa0R With bl h@d 2t Todis témperai@ie, MOES Uhdn@uimolar
t he absorbance of a Levofl oxacin solution at 257 nmvs

physicalmyrieg att0ydr e 22 depi cts graphs showi ng DSC scans
of panpbic acid, Levofloxacin, Levofloxacin pamic acid
co- dP9&2]al Figpied Ipisee igyiphathe wingnthe | dissetution fwelile Afdliqyofloxacin
Xiﬂ%l)gtephysi cal mxture. [0074] Figure 23 depicts graphs
show ng FTIR spectra of panoic acid, Levofl oxacin,

Lev ac.: tC. AC - L Pr.egi pi .
and POEYT TR <oa bR KBrHiR Tt B Byfigpracin

xikafgate o2deddapihe berigt pheengtvownd gnDEGues.ans of xi naf oi ¢
acid, and Levofl oxacin xinafoic acid co-crystallized

pr eqops4jat BiguleOIB7 6 a feraphir shoRingdthei disselutioa pirsfils dWiavgfloxacin
,FTP R %&ﬁé%a tgf xi,naf oi ¢ aci dd'fitgd Levof | oxacin
xipatpate AL BF Peiief] etWehdendin Y RIS gepi ct s gr aphs

showi ng DSC scans, of stearic, acid, Leyofloxagin )
ot ea0PBlacigueort Sy & (2P Shawing: @’éi‘iﬁsf’iﬂlrt“@? Rapidfe pf Levofloxacin
dysical mxture of Levofloxacin and stearic acid.

[0078] Figure 27 depicts graphs showi ng FTIR spectra

6. JPB0LTREED NP SRl ot g
pamoate.

[0087] Figure 36 is a graph showing the dissolution profile of Levofloxacin

pamoate focused on the period between two and ten minutes.

[0088] Figure 37 is a graph showing the dissolution profile of Levofloxacin

pamoate focused on the period betwen ten and sixty minutes.

[0089] Figure 38 is a graph showing the dissolution profile of Levofloxacin

stearate.

[0090] Figure 39 is a graph showing the dissolution profile of Levofloxacin

stearate focused on the period between two and ten minutes.

[0091] Figure 40 is a graph showing the dissolution profile of Levofloxacin

stearate focused on the period between ten and thirty minutes.

[0092] Figure 41 is a graph showing the complexation of Levofloxacin with

divalent and trivalent cations.

[0093] Figure 42 is a graph showing the dual titration complexation of

Levofloxacin with Mg2+.
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Levof | oxacin and stearic acid. [0079] Figure 28

depi cts graphs show ng DSC scans of oleic acid,
woevwikssaci n ol eic acid co-crystallized preci pCrase06/019351

physi cal m xture of Levofloxacin and oleic acid

(50:50), physical m xture of Levofloxacin and oleic

acid (10:90), and physical m xture of Levofl oxacin and

oleic acid (90:10). [0080] Figure 29 depicts graphs

howi ng. FTI.R ct,ra of olejc Aci evof | oxacin ql ei.c
2cr 08 HEErTS ek et ShOE i 0B 1R necihdpiaion of
LA6T18keRCkIsEa- i zed precipitate as conpared to an

equi mol ar physical m xture of Ievofloxacin and oleic

aci qodd398Highrt 94 §s 30 drsprd sBHRARE BB OMaD Gittdtien Kédi@lbation of

solubility of the co-crystallized precipitate of
Lavefleacimxsich Gaidi-t h ol ei ¢ acid at room tenperature,

4Q0C, and equi nol ar physical mxture at 400C. [0082]

Fi gupe9631 Higura 4 dphe nephi showihg @ sdusl Uitrasien peaskplexation of
Léyfﬂ'VOflﬁéﬁﬁ%p xi naf oate. [0083] Figure 32 is a graph

oxacin w . . . .
SROW ng t ssolution profile of Levofl oxacin

' . d. h | b J
X PILRA GRS ARG BERIEED AR A e e

frebi [ssofloitacn profil e of Levofl oxacin xi naf oate focused

on the period between ten and thirty m nutes. [0085]

Fi 9069834 Figurad 4grie pheraplowhovgng hevetioxacth wohprexpd afithl BIg2+ vs.

of Leyofl oxacin base. [0086] Figure 35 is a graph
freseskPHeracWe di ssol ution profile of Levofloxacin

panoate. [0087] Figure 36 is, a _graph show ngi the .

di sdBPWi drigwedidi Iser erph shewing gy PHOREHpeRIBDIPEE Wil Fsat vs.
1S vBREiRH, bet ween two and ten m nutes. [0088] Figure

37 1's a graph showi ng the dissolution profile of

L js t . i ]
and 100 R S R B Lo RER] R B0k PRz vs.
freeHeevdflesoinut i on profil e of Levofl oxacin

[00101] Figure 50 is a graph showing the solubility of Levofloxacin in the
presence of Mg2+.

[00102] Figure 51 is a graph showing the solubility of Levofloxacin in the

presence of Mg2+ at constant ionic strength.

[00103] Figure 52 is a graph showing complexation of Levofloxacin with Fe2+

as measured by spectrofluorometry.

[00104] Figure 53 is a graph showing complexation of Levofloxacin with Zn2+

as measured by spectrofluorometry.
DETAILED DESCRIPTION

[00105] Many of the problems associated with antimicrobial-resistant pathogens
could be alleviated if the concentration of the antimicrobial could be safely increased at
the site of infection. For example, pulmonary infections may be treated by administration
of the antimicrobial agent directly, at high concentrations directly to the site of infection

without incurring large systemic concentrations of the antimcirobial. Accordingly, some
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Stearate. [0090] Figure 39 is a graph show ng the

di ssolution profile of Levofloxacin stearate focused
wonodshesiperi od between two and ten m nutes. [ 0081jUS2006/019351

Figure 40 is a graph showi ng the dissolution profile

of Levofl oxacin stearate focused on the period between

ten and thirty mnutes. [0092] Figure 4 1 is a graph

showi ng the conpl exati on of Levofloxacin with dival ent

emgﬁgﬁea‘{ﬁ\é@q S%qquéll'gllp I%?e? im oo%g‘%ﬁ&%&é{ ﬁieﬁwelarfxg grug coglposmons to
tre&%b%f%h&eﬂ\dl tilredibait. ML 4PediihUy Casddbstished [@FedRHt has been

show n he dual titration conﬁ)lexatlon of
dispesgedd Bsiaasresohieypll@apin ardogha] qurwr@lqms jcan Re égfglg@ﬁahvered

Lev\{q‘tﬁgxatélg‘fﬁ/ﬁ%\ljm %&1 é@tlélrg%sgg?m&?gﬁcﬁ%r&?l ctlons gtPadgcrease the

freqiemotsn goft betirdicadbidli tesitancn andmpd exatasen efffcacy against resistant

Levof |, o%gam n with zZn2+. [0097] Figure 46 is a graph
YGLRYBE | oxaci n conpl exed with Ca2+ vs. free

Levofl oxacin. [0098] Figure 47 is a graph show ng

DeaUffnsoxaci n conpl exed with My2+ vs. free

—LevoiToxacin. [0099] Figure 48 is a graph show ng
Levaidiogpaihe eenmrh@xitatibh’ b2 Zadiinistdring® refers to a method of
Levof | oxacin. [00100 F ure 49 1s a %

giviRg, BdosBERCIIATL B IESOSH mmazwwa\/gomlms&@n 1'% Vericbrate, The

1éf@r‘1’é21f hféﬁf%ﬁ' (51’ adllﬁgﬂsgéﬂlof cg rv@ry5@eﬁe§dlﬁg HrP PR Ot%tﬁﬂs tehte the

solubility of Levofloxacin in the presence of M2+
coxppmzs] oftuﬂgeu phamageutisala compesitionh JWe rigjet ofe theopetpitial tqr actual

ba&ena el\ﬁ? re n,afl‘kenmllg}olgéq ?n\%'i\?e%ie NG§ t?lE A\éggr a&f GR na?bttlf’a'i]tmlcroblal

|onrc s
infection.

[00107] A “carrier” or “excipient” is a compound or material used to facilitate
administration of the compound, for example, to increase the solubility of the compound.
Solid carriers include, e.g., starch, lactose, dicalcium phosphate, sucrose, and kaolin.
Liquid carriers include, e.g., sterile water, saline, buffers, non-ionic surfactants, and
edible oils such as oil, peanut and sesame oils. In addition, various adjuvants such as are
commonly used in the art may be included. These and other such compounds are
described in the literature, e.g., in the Merck Index, Merck & Company, Rahway, NJ.
Considerations for the inclusion of various components in pharmaceutical compositions
are described, e.g., in Gilman et al. (Eds.) (1990); Goodman and Gilman’s: The

Pharmacological Basis of Therapeutics, 8th Ed., Pergamon Press.

[00108] A “diagnostic” as used herein is a compound, method, system, or device
that assists in the identification and characterization of a health or disease state. The

diagnostic can be used in standard assays as is known in the art.

[00109] The term “mammal” is used in its usual biological sense. Thus, it
specifically includes humans, cattle, horses, dogs, and cats, but also includes many other

species.
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[00103] Figure 52 is a graph show ng conpl exati on of

Levofl oxacin with Fe2+ as neasured by
wepewtiesif3k uor omet ry. [00104] Figure 53 is a grapi/us2006/019351

showi ng conpl exati on of Levofloxacin with Zn2+ as

nmeasur ed by spectrofl uoronetry. DETAI LED DESCRI PTI ON

[ 00105] Many of the problens associated with

antim crobial -resistant pathogens could be aIIeviated

if the concentration of the antimicrobial cou

saf 604} 1Phde dein “microle) ftehoR refst s thegppdegpd profiteration or
&éﬁ&p(!)femvgéﬂ)ﬁ'%@g)][aﬁﬁogéﬁl@%lbx%'aés TRy }Qﬁt bfRak®d WYis includes the

P dm ni stratr on e antimcrobial agent directly, at
exbﬂsglvle gomdkenf mmrobm ghad iareanormgllyt presameinsdrion the bedyred @tmagmal or

T M

préyefici of aahﬁ;rcbbmrpt)pﬁldtldﬁ’f(ﬁ)h@ dSmﬁging ¢eh hye miangnalr (ihus, a microbial
COﬂpOSltl ons to treat i nfection

1m‘i95t|1cg1 %%Wp?%gf¢§plved§1 ig; ﬁgg té%eohu {lgn ﬂg@r%sgg‘fr}n orona

m&hS518Y 8584 Jrn@ﬁenaﬁkoe?félcts| (ﬁVﬂ%E' RE&RRENoRR RIS population(s) is
quorqu|noIones can be safelg del i vered by |nhaFat|on
u

damiaging vled eslls af ther tissee ofr memmakyuscept i bl e bacteri al
infections, to decrease the frequencey of )
ant i[MR10A bBitel terras pshmmﬁ@euta:nﬂy tagedptables aeiedt oy Cplaymaceutically

ac?%gaifgeg}ex%%%in?le ffﬁ%lu%g mg}rf?f] i n f ?q(,’f\tzén?sr,] ?dlé%?glblp ' ﬁlb(ﬂg S coatings,

antibdcgrial tued antifetidad dgets, tj}siokinl'rtgarai a:bssmgen délaging agents and the like.
antim.crobi al, phar [ it

maceuti cal conpasition to.a .
THgiSE Ob S URamedin 800 pErns 105 ANFHIPRONCATY SR APYPSES 5 el
in\{Re ¥t d@R@éﬁ'lﬁ%faﬁP"ﬁs \ady icObentiond @edlia 6r &rent Ishﬁcompatlble w1th the
conponents of the pharmaceutical conposition, the s

achye maeedisat, disupain e theeapguic qompoaitipa) iscpntemplaisd, SpRlementary
acm/épf’n %ﬁ]&:}n%ycg \c’lﬁ;g be %{b@fﬁgg&%@ﬁo%b td¥m 551‘5?51‘13 act ual

ection A "carrier" or

f aC P@ftl%TtThe §m§“}g}%ﬂp§é€ugcaﬂ§' ?%E&%leasjalt“ ﬁeggrs ?(gsralts that retain the

dRhi EPF AT o 20 conpou
biehsgiogl efecttiventsscang @m;oetttee of t}iewbtnlpbm}dswlf thihmvewmmoud dwhich are
| ac

ol HeIPEEG ShpE, VRGEe, ErReRAsrIoh T gungounds of tis
inpeMiibh ﬁfescabﬂ% SR rmfiglhcid MR bhe WS BY virthabf the presence of amino
buffers, non-ionic surfactants, an
and/or carboxyl groups or groups similar thereto. Pharmaceutically acceptable acid
addition salts can be formed with inorganic acids and organic acids. Inorganic acids from
which salts can be derived include, for example, hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phosphoric acid, and the like. Organic acids from which salts
can be derived include, for example, acetic acid, propionic acid, naphtoic acid, oleic acid,
palmitic acid, pamoic (emboic) acid, stearic acid, glycolic acid, pyruvic acid, oxalic acid,
maleic acid, malonic acid, succinic acid, fumaric acid, tartaric acid, citric acid, ascorbic
acid, glucoheptonic acid, glucuronic acid, lactic acid, lactobioic acid, tartaric acid,
benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-
toluenesulfonic acid, salicylic acid, and the like. Pharmaceutically acceptable base
addition salts can be formed with inorganic and organic bases. Inorganic bases from

which salts can be derived include, for example, sodium, potassium, lithium, ammonium,
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edi ble oils such as oil, peanut and sesane oils. In

addi tion, various adjuvants such as are commonly used
wonodshesiaet may be included. These and ot her sBCH/US2006/019351

conpounds are described in the literature, e.g., in

the Merck Index, Merck & Conpany, Rahway, NJ.

Consi derations for the inclusion of various conponents

i n pharnmaceutical conpositions are described, e.g., in

| man et al Eds 1990 Gbod n and G ''s: The
aﬁwpn@e&ﬂeﬁm g§ n, a“? §5 ?%ﬁ@}gabf‘é&t glyrginugy, ﬁn%gla Tik; particutarty
prgﬁFﬁ@%ﬂhgéﬁ%mM%@&mﬂ sod A NAR IS ancaﬁla%r&@ﬂmh@u@ Organic
IS a Co ound nmet Od syst em or device t t assists

bases fine Wiishtselty eant bodlerived wnlidactosexpmpleonrivarya SPFé’adftr% and
[ e

B SFARE Bk To BA0ARL! Bugat REcaBE slfbipuea amies,

cyicle mathivesymihsic | Bnusachange i tesings uatl  heol lkgi cspecifiesllye. such as

1s%8gylar81fli\8$§em yl%rgl{nley f1§ 1y:lar1iulglﬁ% dtglg{f&@ﬁgnec e%htgrro%ylamme ef‘us’tldme

arSeel q;ssulieo%nét%nmlae N-fiethyl-Bluciakabnd RitRabladine. I €thérSacids

to the undesired prollferatlon or presence of jnvasion

inglude, AadegydseiGrioeido nephinlene-hastisubiogien peifla mphtlalene-2-sulfonic
adidiGhydesythe excessive growh of mcrobes that are
normal [y present in or on the body of a manmal or
ot he[[g)o Pf?ﬁ a@o%e”'\{gfe?s @qﬂﬁﬁcﬂh%&mﬁ%ﬂﬂeﬁr h@lmtélgétﬁ)(ﬁtdf%rkolvent
can y situation in ich the presence o
angi ﬂm@rbqlaﬂlolpmpanthmibmb'(ag)a netaaligongalt theeeofiostuitallaTsalvates are
Thus @ca Ceﬁ# %l Fv e%t.lc nlexi] (#gt when excessive
mﬁﬂ%ﬁ@? K OB Al ﬂ68ﬁ1%§ OREY e present in or on
n the effects sence
o IOl B Vs RO reRgsF o § i eh &S edrrgrgp to an
ar@ffrﬂl@rbbial 8E5aAE thY tePmMBIREBDtibi 10 tefdik]to Tlli‘eﬁseﬁlﬁhmty of the microbe for
pharmaceutical ly acceptable carrier
the yﬁ’Ff‘éPIi‘P&@é dhe adimiGrogisb agpnhpPe teiRyeRse Hte'suwetlwa%msw that the
mRGhealidi 8O; M‘FE‘&&I b laSBRkP 'cQﬁheH@Qio% o€ BRLdfiGRerobial agent in the
anti bacteria antifungal agents, Isotonic and
macbgmrq@tmmudmgethaymlmg)ba@ esltss Hlmmtelqmvahektéo sT¥ing thaethefmicrobe is

such d ents. for ar prce
i Sl 2o, 0 SRR Reah R P e ' bt ingpicny
cORBYhtECiBY EVIIC)wTahat BRiithRrebial agan twill aave"lﬁeeﬂmwﬂ. e wWth

the active ingredient, its use in the therapeutic

Conposi t5] 0By “ierdpettillp| dfetlve SwPPhE NENtEHamaetiiostly effective

i ngredi ents can al so_be incorpgorated into the
arg@%bg;,r{lqa@hg fluoroquinolone antimicrobial agent, as dlsclosed for this invention,

'1

~ which has a therapeutic effect. The doses of fluoroquinolone antimicrobial agent which
are useful in treatment are therapeutically effective amounts. Thus, as used herein, a
therapeutically effective amount means those amounts of fluoroquinolone antimicrobial
agent which produce the desired therapeutic effect as judged by clinical trial results
and/or model animal infection studies. In particular embodiments, the fluoroquinolone
antimicrobial agent are administered in a pre-determined dose, and thus a therapeutically
effective amount would be an amount of the dose administered. This amount and the
amount of the fluoroquinolone antimicrobial agent can be routinely determined by one of

skill in the art, and will vary, depending on several factors, such as the particular
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[001 12] The term "pharmaceutically acceptable salt”
refers to salts that retain the biol ogical
wehbwarsneness and properties of the conpoundsPof/uskios/019351
i nvention and, which are not biologically or otherw se
undesirable. In many cases, the conpounds of this
i nvention are capable of form ng acid and/ or base
salts by virtue of the presence of amino and/or
car box groups. or_groups sim | t here
iR melved, dBEespenst P S e L
wdigHt T8k, Yot lunkl NAEAAN Hist@S! dﬁoxapx‘i') 95719@6{&' ﬁeeﬁl%ﬁ§ 2 therapeutically
| hor gani c acids from which ts can deri ved

effepidveu dmouttois thehmploent mithowollsr be eéf@p@v,e by dF8Rlo i @icrobial
infégljioq{ sul furic acid, nitric acid, phosphoric acid, and
i ke. Organi c acids fromwhich salts can be
deri np acet a ropi.o
a0] é&ﬁq th/%o eragaeut? eﬁ%(% pe lzéglfa 33 écﬁne %J(tgntagmg (;1 lﬁbl% of the
syfnptongs ¢f) thadnfdeticst, ead urcchaies durugg ym:tiﬂﬂae:tloam ‘Woripg? lmﬂans that the
acid, oxal.ic, Cld rrah ni ¢ aci

sygx@‘fo&ns ¢t Aty ’6’ gplaarete erade 1r§kqd6ngt ¢ fqtalor su s&m%al ehmlnauon

of%ﬁ%ﬁbé &eﬁﬁbﬂ,ofgiau&qaﬁmb@ R ehoBE i olval UEHhE Te&ioRGb © point at or
lactic acid, lactobioic acid, tartaric acid, benzoic

belgoi the thrieshelthoTdesmstion byradidpnat meeswimentst Hamesal gesiainclong-term
or?%hganeﬁ{ Qﬁ&‘?ss g% Eh%niéigecﬁ&{ ﬁm‘}(f %lé%}?gﬁér Qﬁr%li?yogined (such as

I C aci har maceuti ca
ex&meleptta;bdlee dbmsge)addist used hmélhs ac dherdpetior efgt’Wig ldefined as a

i.norgani c.and or.gani c. hases a bases fr
S oty SR P Rpaa e GEs Py O armse @ esistance, or
impRSethht POInG&Sibh By mbioklRi dsMneATFEANbYU AinGad Clinibal results or animal
magnesi um iron, zinc, copper, nenganese, alum num

st t he | i ke; parti cuI arly preferred are the amoni um
potassi um sodium cal cium and nagnesium salts.
Or gdRPd 7Thadeepti'y Bmtwtc’rprs HEQlinge a8 Used krspinvielarsita admipdstering

é@aﬁm@&%ﬁﬂwl grog%:bklﬂeﬁ Yor ﬁ%gl na nyand}%'? qPéI‘Q]Setu'tlé Iﬂér&%sn €¥he term

ubstitute nes inc aturally ‘occurring
“psapbg lactic treddmant” rre&rs toycnelatmg arpenias , wheasimot iyemninéectdabgiewho is

SRec ch as «
st G Eiigr AP RE 0t ek e el SERHoa Al torm “therapoutc
trelafoheéi’h Y fB# fd)eadﬁlfnﬁslﬁa"rﬂl@yir@dﬁnﬁlﬁ toha Spatieht Blready Quififefifg from an
| ysi ne, benet ham ne, gl.ucam ne,

and
infgetiomh o v Hépre&rf?érenﬁﬂ@ria%e% élrea‘a% Hdde @9@%‘[@#% tg,8jmppmmal
(et t?&b[ﬁtln@ tic %rg oghﬁl%tfcoﬂﬂrﬁos@@oq therapeutically eff[e((:)%Vf a]r_ré(iunts of a

nap hthale e-2-s I ¢ acid, and sacchari n.

ﬂUDBMW@ﬂ@B antifigrebislmgenie conpound forned by the
interaction of a solvent and fl uoroqui nol one
ant i[691di8d AhatmacakimetiabdPK) e js ovonserhed t Whedife. tBoé t ediree of

ant?i%lic\{'g%iglsco%geentration in the body. Pharmacodynamics (PD) is concerned with the
relationship between pharmacokinetics and the antimicrobial efficacy in vivo. PK/PD
parameters correlate antimicrobial exposure with antimicrobial activity. The rate of
killing by antimicrobial is dependent on antimicrobial mode of action and is determined
by either the length of time necessary to kill (time-dependent) or the effect of increasing
concentrations (concentration-dependent).  Accordingly, to predict the therapeutic

efficacy of antimicrobials with diverse mechanisms of action different PK/PD parameters
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pharmaceutically acceptabl e sol vates i ncl udi ng
hydrates. [00114] In the context of the response of a
woiereab#32such as a bacterium to an anti m cr oBCalUS2006/019351
agent, the term"susceptibility" refers to the
sensitivity of the mcrobe for the presence of the
antim crobial agent. So, to increase the
susceptibility neans that the mcrobe will be
ﬂFlbl ed by a | ower concentration of the
ma r obi al agent in the nedi um surrounding the

mcr “ s,,1.S equi val ent t t hat t .
m ci@‘ﬁéei %ﬂf'li/ g(ﬂge’ﬁ‘g?t iy @N¢ SXpRRle oot P%@? é %Pmﬁtﬁ’e nt‘{]ﬁ Cis
deﬁﬁ‘ed”é%sthe aRa &mdtiNge ﬁsiaiainawmsit@hf Rird @M c@ﬁ&‘ﬁﬁﬂﬁdnaﬁlh@ Burve of an
C) of that antimcrobial agent wll have bee

ant&ewm@d agepo 1iBp (Byamimgb pr pemene aNUC/MIE agtie ve determined by
di\ﬁﬁmg Nhe 28 rhoupﬁ‘ydr%eéﬁ chﬁw%iﬁ{al f‘aafntlﬁ'ib(t,rbl?ﬁgl WQH@tMIC' Yor the same
nea Ial agent, as

a fluoroqui nol one antimcro
antingcd od etttdrmined i svirov eddtiviap of whiimicrblzisls azvitlhﬁlea:blseiﬂblmndent

kﬂﬁﬁ%ﬁ%ucmg eo%ﬁﬁﬁggggﬂﬁ's ld"?‘iﬁtlig%déaﬁiﬁY algxtalgm LORR! Auc/mIC
rattdoer apeutical ly effective anmobunts. Thus, as used
her ein, a therapeutically effective anbunt neans those

g@ﬂi@o FChlanon@eruiriRl eNan@néd PKEPFD a’#&m@t@ﬁntltV\éle&iibes the
he desired therapeutic effec

maequnvm dlawe eqnicantratien in p@sm ar Biisuﬁtli‘%i@i“’eéﬁit%i"h %émrpwnolones
‘Aﬂh {Icolsi'aep%et 'e§ %&db%wﬁm atlsz/ glgdlct in v1vo acterial

¥ 1%or I nol one anti I al agent m ni ster
killing evhgre eesitene@raan he dumpossesd. and t hus a t her apeuti cal I y
effective anount woul d be an anobunt of the dose
ad mM{et181 pFEime Hhoee MBUN(T=VEC) e aaotbenPKPDt pmameter It is

uor,.oqui nol one. anti m crobi.a can be r.out
exprstEh AR Tnee Sratosn it el i w ARG the SR MR ¢gon level
ex6ERBE i MPCOMN GRS oFl antinkdrobigls voitie thea®mé-t€pendent killing (such as
articularm crobi al st rai n i nvol ved. This anpbunt can

befarpgtaray ORXIENHIRANSH 18 e lrﬁeadi%wt bysthe gagnifudegé thenk>MLesatio.
age and nedical history. For prophylactic treatnents,

a tih@}la%b[ﬁhie deam dosing drtervold refistsua thg dme ifiatweawtmmlstratlons of
i R B s L PSBEARaB HA Rp o ABAR epens. ror

exampls,onethexd:aeeitof cmpteﬂoxactm rvehidf is hémBystgred itwwefdatilpie(traditional

i.nf ecti d |n Curi an i,nfecti . "Curing"
regigf ot 4@l ne e T IEERR S et atRedEbieangs £y BRomg or
758tk Eﬂdi)aﬂﬁdiosm? el ter§thls gret 1Peholut Al 2eirhoat$pﬁetqllaaatway

el m nati on of excessive nenbers of viab m cr obe of
t hos@ 108y Asvaskd Redehe thef @bl QPerib@ PRI pHarBdceBfical’s in vivo

concentration is defined as that time of the pharmaceutical dosing interval when the
pharmaceutical concentration is not less than 50% of its maximum plasma or site-of-
infection concentration. In some embodiments, “peak period” is used to describe an

interval of antimicrobial dosing.

[00124] The “respirable delivered dose” is the amount of drug inhaled during the
inspiratory phase of the breath simulator that is equal to or less than 5 microns using a

simulator programmed to the European Standard pattern of 15 breaths per minute, with
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bel ow the threshold of detection by traditiona

measur ments. However, certain |ong-term or permanent
wehbwaesi3ef the infection may exi st even after PaTmse®e6/019351

i s obtained (such as extensive tissue danage). As used

herein, a "therapeutic effect” is defined as a

statistically significant reduction in bacterial |oad

in a host, enmergence of resistance, or inprovenent in

i,nfection synptons, as asured by human cllnlca
a“ﬂ‘@?ﬁﬁtéos“%r"xé%p Iratéot‘ﬁo‘nﬁ [o01 >1/7] "Treat,

“treatment,” or "treating," as used herein refers to
ARAMAY Bﬁrn'hﬂﬁd% BL%'i RE §'8picAPIN FPORAT FluoPey difélone Delive

erapeuti c pur posSes. e term

" pr ‘P@U]E'S]a%b @nﬂi‘tﬁ@@i ARNGf killiah & depb@icht @i angbiadtip afode bf actlon
who is not yet infected, hut who is

suscept i
an@)ﬂs'n‘é?twm@edaby pithe ther length of ftimechacgssaty o il gm‘i‘ﬁ £0 filf gime-
deg Z‘E@ufﬂe effdck aéfr%}é'as&gf &1k Sart®i RN St cehieltioRd(concentration-

?rea nt to a patient eady suffering from an
depenident).i dluordquirsqlozias gve @h@aﬂemrzeénltw dqmenita:tlontdeé%udﬁhfg time-kill

t Ll th
aol, PRy DetePeii et Sef R B e b brCor S OBABE bl e
MEwisinfttisg fdthtpeaqui nol one antim crobial agent. [001
18] Pharmacokinetics (PK) is concerned with the tine

counse 26f Pwaroquucdl@w afficegnNie Rlmhadsi @ninals aﬁua i edyo models of
Pharnacodynanlc%%é is concerned wiith th
AR

infion SRS bSO WL T4 AU e e prior uncertanty
of HM Fﬁﬁr&%@&(ﬁrﬁhc&egf ﬂﬁ%‘é){ulh@lo}{ésvi‘ﬂ plEllﬁ()Eer @1@§L§”§t1ﬁfrﬁ>er of in vitro

cor ate antimcro exposure with antim crobi al
stugligtsi haive i»eendeucaccétcndetmmlm Hchigly deses iofilevodbkagin péth extremely
on rom
sh%rzfnel?ﬁ;' gis 6) tqqra? pad \ﬁﬁan %K%ﬁ(‘rﬁrcge%nnree%ggm bcacte{lal killing
supdridr t§ tthdfeedﬁmeied Qlﬁdltlm’(s whie nﬁfré gcdlowdedi mddamsitinges. In these

concentrations (concentr tlon t)
sﬂtdbespf aflexaciy éortcﬁ‘étfaé‘ﬁéﬂtt 2K @@E@%CP mﬁnf Eﬂf ﬁt? QM were
eviluhiBd ¢ ¥ ShSRrBARRAN SR iRTinddollew flick hehenin b%ﬂﬂf &hese assays,
par amet ersmay be used. [001 19] "AUC/ MLC ratio" is one

highyeamperdragpnsofibeyoioxprin aiees rapidlyacterigidglendrietphgd theanaximum
Ie\f%'{ e@f 'ﬁpff% Bh?O Eb iR Or ﬂnts el'e%l oPﬁSﬁﬁ%oi{?«gf sustained . whether

ncen ion-time curve of an antim cr agent in
le\xuﬂmacﬁm wasimiaimgdinedrat hatrbervl or&hﬁhm 1@lflat iob 10 it rAdcaatingly,

hléﬁfigslﬁ\?/ La?% 3?}35 Q%y\%eg‘fﬁgo Tos -ECAI? chr ?%%gngggﬂéggﬁl, such as a rapidly

delivered 20-50 mg respirable deposited aerosol levofloxacin dose (which will produce

initial ELF concentrations of 800 — 1600 ug/mL) is rapidly bactericidal for susceptible
organisms and resistant organisms with MICs up to 32 ug/ml.’ It is expected that these
unique antimicrobial properties of fluoroquinolones will also translate to topical
administrations, including, but not limited to infections or prophylaxis of the skin, eye,

ear, rectum, vagina, or urinary tract.

[00127] To measure the efficacy of different delivery models, AUC shape-
enhancing levofloxacin formulations were prepared and measured iz vivo in comparison
to non-AUC shape-enhancing levofloxacin formulations and other antibiotics using both

rat PK and mouse efficacy following intratracheal administration. As was previously
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antimcrobial determned in vitro. Activity of
antimcrobials wth the dose-dependent killing (such
wagodelesBoqui nol ones) is well predicted by thePCT/US2006/019351
magni tude of the AUC/MC ratio. [00120] "Cnmax: M C'
ratio is another PK: PD paraneter. It describes the
maxi mum drug concentration in plasm or tissue
relati ve to the M C. Fluoroquinol ones and
am ng co [ exanpl es
shBTR AR T PR hadhel | MR A arnt e G RYfponary
ph%aﬁwﬁﬁétﬁﬁ,seﬁﬂth s[o%blgg]ehts"s'ﬁomlgihﬁwe AUGs (6 £>|\Yb\§5)ﬂolxscm) while
anot her PK/ PD par anet |s expressed a ercent?
others éuc@o%sa%cgmﬂﬁp@m, a7 tq rwﬁu&ﬁ qvﬁél%heé§%pemratlons resulting from

slovher SuRthorlafy %féﬁl‘aﬁ& | g%ﬁ@les G?%%eé?%;le 488 Mobse ﬁ%ﬁélvdftl}ife@ﬁon with

antimcrobials wth pendent killing (such
aerpgoltinses hayetshown cyarlabkmf@mqﬂf aienmasthe icempeyrds p Rethirdngety Figure

. e R g TR 1 O R o

I'nterva
coaelation betmbm Dse:MICt fatio tamd bsﬁqu&dﬁliaatlvmbom =af. 899 These data

sulgg S B ifietiac e Jpibih S sl M Ao ifeRrary the Pulmonary
cle’éﬁﬂﬁb@ bf’ih%r(ﬁ&’g t)Mt Tgﬂ%iulrﬁ(orfaw Adhhh @8 dhvd RGIHEBN eBimaA0n mice,

and | evofl oxacin, which is adm ni stered once

trag A o8 gscoio Y6 G sehipd 1 N@lu@ﬁ)wwg b retcaeoled 19 dagiade the
reldor3Ri S “ﬂﬂ&iqi%dé NRW Yata” §§g%§§t§ t‘ﬁﬁtl r}%?ﬂ] ARUES @ﬁia e for
er el a phar Ceu ca

eak peri od SR VIV
levolos i eyl oo besnades‘sanyefidr asrosdlalevdfiaxecinfto theeeffective in treatmg
i.nterval when the pharnaceuti cal

ha [ |, dosi
re%&ﬁ%ﬁ&?eciﬁ%l‘gﬁulf@%%? @O0t han 50% of its naxi mum

b SO R et gy, S oGt sl Eetopment of

thd wn@épt A 2 Ofufkint sdMcEbR RimlowetqRISW) folr Bkl rebli@ince arising during
"respirable delivered dose" is the amunt of drug

thersityal dHISHRNPERY aEHEs iimddmiifitieg ¢ qoReenEraben fange mlz@a@ mutants are
r .
LR APIE AL AR 0 TR DR DRy e
low@lt t:@tcnntaﬁtlohﬂheb n@m the mmrltmﬁmf®tlng\p¢llse(npprn&matedthydhe MIC),
[ at

Ad
Wi B Bk Rarafe Plashocs Y BTSN ion BREIERs the romen
of B8 leu@rsyisdeiibled Frstsug @otahbi Abdbee thatuppef bdinthdyn@nédhtration the

growt%eorflgheenltnfelé r?gn ba%?etr{aelec?utn!e(s: thréopgeesegge 0 Catt Ile:(a?lsn’t two resistance mutations.
This upper boundary is designated the mutant prevention concentration (MPC). The
values of MPC vary depending on bacteria and fluoroquinolone, and may be 10- to 20-
fold higher than the MIC. Several modeling studies have demonstrated that the longer
the drug concentration exceeds the MPC at the site of infection, the more effectively the
treatment will prevent resistance development. Conversely, the longer the antibiotic
concentration stays within the MSW, the higher the probability to select resistant
mutants. Importantly, the currently approved dosing regimen for oral or intravenous
levofloxacin has placed this antibiotic within the MSW for more than 20% of the dosing
interval for such pathogens as P. aeruginosa (Pa) and S. preumonia. Accordingly, a high

level of levofloxacin resistance is reported for both of these pathogens.
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and is determned by either the length of tine

necessary for the antibiotic to kill (tinmedependent)
wonodshiesif ect of increasing the antibiotic PCT/US2006/019351

concentration (concentrationdependent).

FI uor oqui nol ones are characterized by

concentrati on-dependent, tinme-kill activity where a

therapeutic effect requires a high local peak

con on above the M Cs of the infecti .

pat NoHeSf bt 15e) mrﬂna&m?amw? dhe Cereepaiep gl evaflogpan ot the
sit@Bf Mﬁoﬁ%@nbr@a%ﬂ‘b %St @tectiptemleiigiy ustng 1hHé<1@c€bnttﬁe1apy,

AUC.MC ratio and ratio. Gven_the pr
thqmzyedqcaﬁaﬁpg thst arppient ﬁﬁ aﬁmalemﬂ%qm dssingthe MSW. Such'a therapeutic
o A e B BT ey R TR o Tegistant
strdms)esprcxfentseﬁmﬂllenxemstancw ddvelopmentreing whdtst irh ghdridri oagses of
le%%@ g cted froma rat and human PK nodel) result in

F&7T B ®RY1 1 i ng superior to that seen under
conditions with nore prol onged residence tines. In

Pﬂahﬁﬁeolah&ws%s Orb?@fdhﬂﬁiﬂ@r&i BRIOEANLINHlbn &6 NodhaCF Wad €F
- the were evaluated I1n a
_Qmﬂkﬁmaﬁd Kill-curve and in vitro hollow fiber assay.
In both of these assays, high concentrations of

I evcs‘duanﬂcmcmmlmpn drpdimatericidal and r eached
eir maxi mumlevel of *killing_in 10-20 m nutes.

|ev4901ép (el RegaRalsins iest of SR ST S gy Griegstsgly udied in

1eHﬁ'aﬁE@6xﬁP§inﬁhls¥rQ@5n | Iﬁ‘fﬁ:‘t 19ﬁasgde¥1? Herﬁoﬁkﬁlalfed kil @heQbrum PK
m nut es. Accordi ngly, oses and P del i eE%
profile 9f eipiaflokgeifi tsrvery siméler lne,ﬁfgpat@ma@ healthy plugtgers (Flgure
rapi dly delivered 20-50 ng respirable deposited
aer dQQﬂB 1] eviofeb et aibe spwtomevs(tivhe plofild of ciprofdxesén isrviersi gimilar to

Q a/
oserbprannancr b bt C1BRd PR 350 8 debgpse, ook
coftcdniiGRBofM-4.D /&S atd B35 dg/migweie. achieved fex pr&uﬂneafhd sputum,
that these uni que ant|n1crob|a%§F_oEert|e

resneeibedui TREMB Y FPYIPMaALg §9ng S Pgele gp?tc L and 4 hours,
re?}fé@ﬁ%’l St {vi1E @RSthe 't(?[ﬁll AR of 13} Fofl’cb%cnﬁ it kR@umas high relative to

I nf ectlons or prophylaxis of the skin, eye, ear
semm:tcgmenvagqnﬁ,atheo&bS@lﬂten@nWelttraél@nS a{eot@mvﬁ]laﬁlv@ teebEGy of target
oré%?sn?sf fs h2hy ng ‘ﬂl{s (]?e[tf L cgﬁ été(rﬁr 1tft;r%%t SinfedCoutcome dye to

een anci ng | evofl'oxacin i'ons were prepare

remftdncmselasalomnientm thesedowrdrmgwqmentsaﬂnnst 0 non- AUC

shape- enhanci ng | evofl oxacin fornul ati ons and ot her

ant i[bd 13| cWhils dag fooiehofloxacin intrapulmonary pharmacokinetics in cystic

fibrosis are not available, data on the closely-related ofloxacin were published in the
1980’s and 1990s. Ofloxacin is comprised of a racemic mixture of the dextro-
(microbiologically inactive) and levo-rotatory (levofloxacin-microbiologically active).
Studies have shown that the pharmacokinetic properties of the 2 components are similar.
In comparative studies with ciprofloxacin, ofloxacin had a longer half-life and higher

distribution into sputum (79% vs 21%) than ciprofloxacin.

Lung Epithelial Lining Fluid

[00133] More recent emphasis on the use and development of fluoroquinolones
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rat PK and nouse efficacy follow ng intratracheal
adm ni stration. As was previouslyshown in a rat
weysicansi3t here were di fferences anong drugs i NPCT/US2006/019351
pul nmonary pharmacoki netics, with sone agents show ng
| ower AUCs (e.g., levofloxacin), while others such as
gem fl oxaci n or tobramycin show hi gher concentrations
resulting fromslower pulnonary clearance. Studies in
! sin l.e dose npuse nodel of .infection . with ae ro§ol
in QRBEIRE, ACgHERHh AR PABIL opf CE%%aﬁoﬁau%eH on” Intrapulmonary

ph@l%ﬂ%@kiﬂ&% stﬁiﬁésernrlu@eﬁlﬁleﬂlquﬁ@g fuid ABBFY SARh&fghttherelidhice of
di viding the aerosolized dose by the MC indicated

by
dryg distribrgortbite Bisaflvidis mscleerin theswting of ¢ysHe Hbigsig, insights in the
h
RSB o (A oS 1 ot g v
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dru h nar cl.ear ances.
Pl e P G R G B A g e
EISC&ineéhtfatibny éf le@stlosmdih th hexlidx palstadfdliowiggaraste] ddse of 750 mg
rel ati onship. Therefore, this data suggests t hat

bet‘l‘ XA gpacentiatian &&mflo?lo HETHF | R prnp%c%?nt@gons are

exP@&&is SR {RRSF AFOhatt BYOFAQXREI & 19 AfigkitAlhi 0790 mg of
reating respiratory tract and pul nonary infections.

le\[ommcsql Recmitresti ¢iposiokagin pemtraw hmgftisws oengh fesp effieéently than
lev qu%tug d sead g]g(%l aﬁ%f r%ﬁt%n C?e'i]e%% v&‘}];ldo%{ ggfc%té’@)wthese ELF

o WA N erla resis
ﬂLfﬂ)mq‘illirrworféUde ge\tehee[rapysufﬂ'dierﬁ toaiobiepd tles=igsital mmtant prevention
|dent|fy| n tr n_range.where .nutants are
congmuetietohdr b PRGOS i o ERSETeR i vo. - The
| ower boundary of the window is the | owest

conc %Llre Eit I(ﬁﬂce'ﬁﬂ%oxmf lLe%ffonmm ]ﬂﬁt!l&l}’al @mﬁﬁlﬁﬁﬁh Nehn,

cel | SStapproxrnated by tne vt Cj

boundary] of The¢ w ndow Is trﬁ,l;d]_r, Q&&q%@ % t hat
bl ocks tjhe growt h of—therteast alglgb_puu.c ..Ed.g l')blt
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l%ﬂ&a@i,nmsc r]_ﬁgl NjeCl 1 ng hact erfi a Fequifes fhe pregenceoy
Fal fal LaY o H i v . .

rey  mtbiat 1 o Aand Lle
T CAS LA CofF ot Aarnyoc1ruract 1 urni . LRLLLE =2 U'J[Jvl

lenollpensiny 309 mesiogHat ed t he nutlant pre9€ntli on 6.5 | 07

16RAGRRIT B300aAg ( MR&) | The |val ues of MROagry depesul ng 0.7
lgvgpggﬁ%neré an’ p?rrélgor Oﬂw nw%)ne, |9 gda%l Eegé“(?-ji LS 40-

Ienflexedisnio?sdtmad el t hat t he | onger t hd2&#dg 6.04 | 173
lg@ﬂg@{a;nr aﬁgoqﬁg exggeds the MPC lat the ®ite of 9.2 1.5

rnfectiom, _thenorereffegtivetly the tment W
IE‘PE\QWP 735 rprria:l evel foTalaz Yol Cohv 2&\32 vy the 9'1’?!".{._9.1'55
clphefloaarir bS(Iﬂtmg oral 0.4

Quinolones

[00134] Non-limiting examples of quinolones for use as described herein include
amifloxacin, cinoxacin, ciprofloxacin, enoxacin, fleroxacin, flumequine, lomefloxacin,
nalidixic acid, norfloxacin, ofloxacin, levofloxacin, lomefloxacin, oxolinic acid,
pefloxacin, rosoxacin, temafloxacin, tosufloxacin, sparfloxacin, clinafloxacin,

gatifloxacin, moxifloxacin; gemifloxacin; garenoxacin; olamufloxacin, clinofloxacin,
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concentration stays within the MSW the higher the

probability to select resistant nutants. |nportantly,
woheostias3ent | y approved dosing regi men for oraPCoUS2006/019351

i ntravenous | evofl oxacin has placed this antibiotic

within the MSWfor nore than 20% of the dosing

interval for such pathogens as P. aerugi nosa (Pa) and

S . pneunonia. Accordingly, a high |level of

MY RN R NEG R R -
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ingpspayafed nheret i Bh tefsengpy 0 t ier emiyetb c measkefipyagine orbifloxacin,
saﬁﬁgk‘aﬁn oéa&oﬂ@aélﬁvaﬁlo‘%ﬂﬁ' Bndoflokdid, PE- %WO SW6?9 DW-276,
therapéutic apprdac I'’eves broader coverage of
A@WBZ}gM&NS lnc(Tahakag Mgvoétl elad992, r Asiimicaott. 4gerds r{hemother.
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Agdhar Hﬁ@‘ﬂ&lﬁdﬁﬁith&@py@@@@%}ﬁ @Highdy, sWhicRdis incorporated herein by
Fl uor oqui nol ones in Non-CF and CF Popul ations Sputum
releERee M IFSRIEY i n CF Patients [00130] The

phar macoki neti cs of ciprofloxacin has been extensively
N@ﬁﬁﬁégﬂ;}%t&%k@ﬁh;gghga giter oral admnistration. In
trated that the serum PK
pr ofbh B 59 fn CoReOdh BBRGEts, | S méBIon @'ﬂ}b‘h@éd ) %tln% a microbial

tlents to heal thy vol unt eer’s (Figure ai
inkptigoiern atimak ppecifivally mch@lqgrﬁf B @agm bydfeia@n@@n ngnimal

o
SNt 0, Sl S50V AL Shofllogs o e
enfi@dkments) cfda.mimcpmodm& aftimidroBiabygfmaly wenddmidistered) fotlowieg eerosol

achj eve ser d sput ectivel Serum an
fo B R on B A0 S s BRof BLEARRES cecittly B for the
trda@Sde OF ipuBhoharyMlifiohh nvoliend Rli@bbialn®tdis Bht are dlfﬁcult to treat
ciprofloxacin into sputumis high relative to_ser
usigratedRtimieiobied ageh dlehyes mréntér@ﬂx shye e theopeeddle hl&bvparenteral
doé@lle%gfsv(%/hﬁc% Mn%m&f uﬁd%ﬁlga%ie 948 @ffécctgs PIS HEDtPBCP gf aﬂ_)h bl?mcally
ta |Is consistant th poor clinical outcone
effeetiesgraimtierotiey egopnem ohe smdheg”ebddmwemir t]gs method may be used to
concentr i on vof.l.0
RS ER Moot AREhiel Tt FHERhg b Jhe Y A RKERAT  speh a
méBéd AvRirddabl eystahiit @xpusuicd haxbirizys the |aa‘toadt &ff dncixderoliial agent

were published.in the
to the s1tepof mlcrob?al 1nfect}on This method is also appropriate for treating infections

l’IJ

involving microbes that are susceptible to fluoroquinolone antimicrobials as a way of
reducing the frequency of selection of resistant microbes. This method is also
appropriate for treating infections involving microbes that are otherwise resistant to
fluoroquinolone antimicrobials as a way of increasing the amount of antimicrobial at the
site of microbial infection. A subject may be identified as infected with bacteria that are
capable of developing resistance by diagnosing the subject as having symptoms that are
characteristic of a bacterial infection with a bacteria species known to have resistant
strains or a with a bacteria that is a member of group that are known to have resistant

strains. Alternatively, the bacteria may be cultured and identified as a species known to
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1980's and 1990s. Ol oxacin is conprised of a racemc

m xture of the dextro- (mcrobiologically inactive)
wanael1ieyis2r ot at ory (I evofl oxaci n-m crobi ol ogi caCTgs2006/019351

active). Studi es have shown that the pharmacoki netic

properties of the 2 conponents are simlar. In

conparative studies with ciprofloxacin, ofloxacin had

a longer half-life and higher distribution into sputum

b e e e oo et ey o hve

readitht@gxgs opnent of fl uoroqui nol onesin comunity
acquired gram positive infections has focused on
| Nt apUleMMAabie RAMHREI, IRt ot HWdbRYuinBlon Adtimicrobial agent
epithelial lining fluid (ELF). Al though the rel evance
is gdminisigyedipta favplutufdrientie overnpse theqraergenca gesiganeg in papteria or
mérE&e%ﬂ L# Q@ic%tl j%@é 'tl%biésmaﬂ% ?’res nB‘?li%Q/gttl’?bd 8ﬁnﬁt}ﬁt5ldlgvelop

armaco tal ned om these stu
Lev n I g
ool Ao AETFEALR s AR ARSI oy o
adhiigjbteredt dsaa tmh’amamn ocmne;ﬂrydax&t i n@nblﬁa*mr at alt@ogntg therapeutlc
st udi es rate

soRUHEE R ST Ao, 918l B e HeR BhOS, E}B}IQ%% guatple this
mAyPincRME RBrodd] tehramy6iasd ek oﬁﬁ@ afithoeBRE641dE aBFvSbIMHeonam and/or
concentration around 20 ng/nlL. Simlar peak
otlags e BT BeRPRS TR, dcrRplepTafoxasin ﬁ@/@mﬁhqyrﬂwooemolones aerosol
azﬁ H@ansanﬂ o %{Hepﬁﬁkroﬂaes of @Qﬂh&* feftxrag}sdhﬁg afd/or g’cﬁeﬁgtra%fychnes
evofl oxacin n contrast, ciproéfloxacin penetrates
quinnpgstin sendéy mtieh biespsogzdrhins; dmetq/hct hrand/dr e wtfet osgezblidinones,
Based.u &3 of .the t.ant sel ection
vaprseit B e i G e PBRlan R 0 B L b ERhentcots, and
colisiihhd/6t efhtr gobyn@dihseve the required nmutant prevention
concentration of 10- to 20-fold the MC for the
infecting organism Table 1. Concentration of
P sitions hel j al Linin FIU|d in Man.

[00134] Nop-|imt X of qui pol ones
ror 1008¥ Fdrepepraohdre: ke FHet ?wﬂ“swac? uoroquinolone
anﬁhf‘&&@iﬁl Reenf 'nWyolBé QXA Hifere® W@iﬁ%cdnnmhglleler et %6in€aembod1ments a
| umequi ne, | onefl oxacin, nalidixic acid, norfloxacin,

ﬂwcpqyx@é@n@ an@mwwhzadaéimloswb rheraipx i iprodugsd| asniac Phamgceutical
I
cogng)g% ﬁ?fg‘)c(sgg?bl%g %10 éé’arS of)c()gﬁgﬁ)% %6?(? t%’te s?(ﬁgéé %@ffﬁ)ﬂ and patient
safepxarid toleaadility. gen1f|oxaC|n gar enoxaci n;
ol amuf | oxaci n, clinofl oxacin,trovafl oxacin,
bal b013&clinn sorpe Wmbddinexts,n themisofériroxaaien; of the manufactured

f n, ruflaq
&?&ulno ())(naecrlnay be ol'llotlmlze% tlor tolerability, antimicrobial activity and stability.

Administration

[00140] The fluoroquinolone antimicrobials disclosed herein can be administered
at a therapeutically effective dosage, e.g., a dosage sufficient to provide treatment for the
disease states previously described. While optimum human dosage levels have yet to be
determined for aerosol delivery, generally a daily aerosol dose of levofloxacin (and for
most fluoroquinolone antimicrobial agents described herein) is from about 0.1 to 10

mg/kg of body weight, preferably about 0.20 to 5.0 mg/kg of body weight, and most
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sitafloxacin (Sato, K et al., 1992, Antim crob Agents

Chenot her. 37:1491-98, which is incorporated herein by
woebwrienice in its entirety), marbofl oxacin, PCT/US2006/019351

or bi fl oxaci n, sarafl oxaci n, danofl oxacin, difl oxacin,

enr of | oxaci n, TG 873870., DX-619, DW276, ABT-492,

DV-7751a (Tanaka, M et al., 1992, Antim crob. Agents

Chenot her. 37:2212- 18) and F- 1061 (Kurosaka et al.
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antimcro nrs e bmnng aeT0s
rarigerfomdcrasol axhnhnlstrh’adnamﬂ levuflokimins wotklite abetittPoco D0 mg per day.

treatment is especially appropriate for the treatnment

of (00 akdministretisn ofishd voloqbinglont cintilicbbisll agnks disclosed

t hat edlffIC to tr Si |mcrob|al
hefgin, ﬂ’f ePhayEpesy lﬁ?ﬁlr a}?? ﬁéiﬁutggrt%tn £9e %@@danryoqf the gReepted
m@RE QN L@ alistHass f&%h@ tﬁambﬁ/e sfifilar GRUSEs Hﬁﬁﬁﬁigr 8B ot limited
side effects), ue to lack of any clinically

to.eefosek inhalatigt i ni cr obi al agents. In one such
enbodi nent, this nethod may be used to adm nister a
f I udPQigdi rRbetpaseulicallyi seatittie winmesitibys tincledve selid, eseofi-solid,

oo k! BoscPl Gikafe TREROH STV LEHILE AR o REPOS b hsions,

and nmaxi m zes anournt antl o
cosiplegatidins/rliposoliea) partiubated, cm thd Hiks. nﬁﬁe&mﬂaly,Sthal®mp051tlons are

t f t t.| nf ec |ons Jnvol vi ng m crobes
PR BT st Bt oL S I ROF S AL FREr S s T
unﬁ@oﬁig@@ﬁfmpéanra@% ARt efrfd%b'l@cfé@& tdbtheloqb¥i88a Bgtlent with a

resi stant m crobes. This nethod al so appropriate
weelly or mosthly gupphy ard ¢aar%s0|lmpc§mmtﬁ@th¢r epropeunds Bugh agseline, taste

magfqtﬂg ra&érﬁ? g?x@tﬁia%&ﬂﬁﬁl &0 pféh O Ewhé}oic?%lngféﬁ emsgqb QBJIFIQJ‘S

I NCr easl ng the anoun mcr

.the (?dlt!l henﬂl%r lo ng %fna]Ad i J.c tbe%lglst d_either
A patifcloicaf L sy 7%

|det|f as In acteri are capa
aloof aemeleopipiglly eiqi @(mainm:‘embywdh ag nosientjoriah q;hsmhace@ticala&‘arrler

excg&\éntn B S%npﬁlgen’?e 1éI,mll%an&rlntol lactose, starch, magnesium stearate, sodium
saccharine, talcum, cellulose, sodium crosscarmellose, glucose, gelatin, sucrose,
magnesium carbonate, magnesium chloride, magnesium sulfate, calcium chloride,
lactose, sucrose, glucose and the like). If desired, the pharmaceutical composition can
also contain minor amounts of nontoxic auxiliary substances such as wetting agents,
emulsifying agents, solubilizing agents, pH buffering agents and the like (e.g., sodium
acetate, sodium citrate, cyclodextrin derivatives, sorbitan monolaurate, triethanolamine
acetate, triethanolamine oleate, and the like). Generally, depending on the intended mode
of administration, the pharmaceutical formulation will contain about 0.005% to 95%,

preferably about 0.5% to 50% by weight of a compound of the invention. Actual
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characteristic of a bacterial infection with a

bacteria species known to have resistant strains or a
woizbds/1asi3acteria that is a nenber of group thaPCans2006/019351

known to have resistant strains. Alternatively, the

bacteria may be cultured and identified as a species

known tohave resistant strains or a bacteria that is a

menber of group that are known to have resistant

sfrains. [00136 n so enbodi nents,. the aerosol .
mathortd ERPRES ﬁg]hef{%@%ﬁ FBbAR KNSR il R ARPRER: B Bgoekilled
in @hiseME! foB WkdhGlb efle REMRYBNEGOPRarAEBBE" Y8EeBs, Mack Publishing

resi stance 1 n bacteria or increase killing efficiency

Cogpsiny t Bagton; Beringylsigid@ does not have the opportunity to
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ordt EPATE BB Bl Pl Bt FBTR, JOUL BT o0 Gy A ST Blvaer,
ly gy levateg babthanddnipositioa nd Byusnbaedpisitiongnax eonpdie, dléngswith the
may. i ncl ude rosol . tohramyci n and/.or .other ) _
sl GG e QEiona gD T SHA St O BhaTebetsr i pke: o
luBERAr ARE L MagRBIRS SbarsleRdi eel Ieagidh BIRGErQUCcOidWirch, gum acacia,
f 1 uoroqui nol ones, aerosol azjthronycin and/ or other

pokmdmapyrenislings geletin celimdese, eedplose Jaivatees s diedikeot her

tetracyclines, quinupristin and/or other
st r dpO BT driiwid, Phiarmasgetiqat]y Adminpirablen eqmppsiians ican.nion esample,
v LN A gl.y.c .
oo RS Sk REE L, ipRBing? ke AN Einp AR s dgfincd above and
opginddl ophaohinentigd| adipyantesin Pharicntegt iveddr, €dineo sitdoon slextrose,

gl§c%o ? g &qﬁgzﬂtlgﬁ%épgﬁﬁ% r]fﬁcg} ﬁggg)gpnqahgﬁi[o%%&%%%%goﬂe rSgiu%bnsato be
acfSiOlidSbAl o pebaed il cahRhednal | forsQneEterhadligsidt soluttons or

fl uor oqui nol one antim crohi al disclosed herein is ..
SUBReBEigE® chS N isipia OfdR Sakd dermscuvablsifer gissalpiiempr euspgpsion in
: f ' ogl it ; orSt | L# 5o
S]] S5 bRy RAP AP 2HETRHAY Lt M 0o
coatriirediimeurhsierosbleconpositions is bighbsndepefidenhen thaspécaide naterd thereof,

f | ugr ogui nol.one be optim z far _tol bi .1y,
ss i oottt Up (i pSitns e A IRY syt Howerver
per&aide] of e vd IngudemubNOD DHeo 80% ifiscludbih alesentlileyables el will be

herein can be adninistere
higher if the composition is a solid, w%

ich will be subsequently diluted to the above
percentages. In some embodiments, the composition will comprise 1.0%-50.0% of the

active agent in solution.

[00146] Fluoroquinolone formulations can be separated into two groups; those of
simple formulation and complex formulations providing taste-masking properties,
improved tolerability and/or an AUC shape-enhancing formulation. Simple formulations
can be further separated into three groups. 1. Simple formulations may include water-
based liquid formulations for nebulization. By non-limiting example water-based liquid
formulations may consist of fluoroquinolone alone or with non-encapsulating water
soluble excipients. 2. Simple formulations may also include organic-based liquid

formulations for nebulization or meter-dose inhaler. By non-limiting example organic-
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at a therapeutically effective dosage, e.g., a dosage

sufficient to provide treatnment for the di sease states
wonreosiiesisky descri bed. Wil e opti mum human dosage/us2006/019351

| evel s have yet to be determ ned for aerosol delivery,

generally a daily aerosol dose of |evofloxacin (and

for nost fluoroquinol one antim crobial agents

described herein) is fromabout 0.1 to 10 ng/kg of
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coggpt ¢, NeesATUIgRPIG Sngep S QoRBIe e M e R excipients

suShIGR BSids,EnferoeRAVEIRKSNs, | AU kA Srse PHERENGIPBEsed emulsions. 3.
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Capnlpe Faabiuwjations mag aH 8¢ udalesv-satedi biyoviatredased ligyid formulations
f01d ggb%ﬁ‘l%atﬁo n’gys#)htlﬁlkﬁ i fe%%g@la 2&%’%"@%&5{[}"&%‘&@%@‘9 lla{udacomplex

réeci §e dose e uni ormcan a
foﬁmﬂeufmis edn®n dcqmaxsk agfe dluom(gpmrtmnet a@asp raovlmd/ewaelp asalehl¢, stable

with a we nont hl nd _can
RGPPSR o Rl CoHpORH S PRt E R ERreh e Pplege, or mistures
witlRRK SRS s, RRATRBGRUAIN6 Ssp@Xionpl @nt}i)mp@dkdfoﬁhﬁlelﬁons may
active ingre ients or carrjers, [00143]

algq igelude m%mlgwgtyaﬁfgamcdqaéqﬂ léqlulcéé@mulaélgﬁs gg nebuhzatlon or meter-
do@éi E%Hb'le?t eE qao%' lLrHﬁB% a0 leofoy@%ﬁlgyp bfg%hfcyoakéli liquid complex

|nat|o onventi o maceuti cal
fonamlamcms nmquonsstt ofr flubrequinkleng easyy. lomrorgarde | soluble, stable
m St ea

nagg%lép.'eélﬂog,}ealore PI;: mncg Slé/lsﬁavfo grempn%ta éx&plepggg%lglexeﬁ 1% 4 mixtures
with Leosaubiigl 18ids) suchus lipiknanosuspensions. 5. Complex formulatlons may

also include dry powder formulations for administration using a dry powder inhaler. By
non-limiting example, complex dry powder formulations may consist of fluoroquinolone
in co-crystal/co-precipitate/spray dried complex or mixture with low-water soluble
excipients/salts in dry powder form with or without a blending agent such as lactose.

Specific methods for simple and complex formulation preparation are described herein.
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wanaetikei3ki ke). 1f desired, the pharnaceuti cal PCT/US2006/019351
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sedimentation, which is prevalent for smaller particles. Impaction occurs when the

A

momentum of an inhaled particle is large enough that the particle does not follow the air
stream and encounters a physiological surface. In contrast, sedimentation occurs
primarily in the deep lung when very small particles which have traveled with the inhaled
air stream encounter physiological surfaces as a result of random diffusion within the air

stream.
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hi gher if the conposition is a solid, which will be

subsequently diluted to the above percentages. In sone
wenhwdemsat s, the conposition will conprise 1. 8084820019351

of the active agent in solution. [00146]

FI uor oqui nol one fornul ati ons can be separated into two

groups; those of sinple formulation and conpl ex
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0.povktens ¢aprainol ket depasiteddy theorhedodar regfiort by sadirgeritafising akthough very

sm%llloﬁ)%%ic%s i bhe &h&l@&‘.r MRS o%?)lall’f{alglzesiéycaﬁ’ %g ?é}'%r‘fecﬁtglay Qhﬁmetric
non--encapsul ating exci pients w or w thout a

mé&helidhetgr AOED), nsss median ldaedets €MMID)1pk MRMADY. fiilleat moassirements

be further t [ fi 1. I .
PRINE Do (AL VRLSP] s fif Py’ Por i Fiictes
vy, Vs ARNSIMAD HAbKE iheaking i eriroR@BhthNddniRBne ¥RMAiftained,

wat er - based |iquid conpl ex fornulations may consi st of
e.§.| strndafuhvioidirie Beneyssull dweddibr iscentpneirtainegi MMVD and MMAD
defhn a’gﬁﬁg L{pillle bEX EhRIE N HiRinS WD?%HL:I B Q%hy(irhtlf?(gls OfiFRig_ impator
cyclodextrins, mcroencapsul ati ons, and enul si ons. ~2.
mé&oumeirextsf orfvul the | pposemyofatlgo desriptide diddlaniMMiased MMAD
liquid formulatjo f.or nebulization.or meter.- e . .
g Epts B SRty B bRt sPuine T8 Lot RRsipgons of
VEDTRVRED fat MhaADoREl Baycos@rabirt Simifdrly0deg pbRatopaticle size
encapsul at ed. or cog&exed w th organi c-sol ubl e
degspmingtiant i MMEh and MVIADpge alge epnsilsrdsempaidbns, and

rever se- phase wat er- based enul sjons. 3, Conpl ex
0

- f or P &2 dAssomgyerabosiimenis | thel eattisle- & abthej aeyosol is optimized to

ST ARSAION AT A SR i
mbigidedtoboaiplitgx Aerosol particle size may be,expressed in terms of the mass
median aerodynamic diameter (MMAD). Large particles (e.g., MMAD >5 pm) may
deposit in the upper airway because they are too large to navigate the curvature of the
upper airway. Small particles (e.g., MMAD < 2 pm) may be poorly deposited in the
lower airways and thus become exhaled, providing additional opportunity for upper
airway deposition. Hence, intolerability (e.g., cough and bronchospasm) may occur from
upper airway deposition from both inhalation impaction of large particles and settling of

small particles during repeated inhalation and expiration. Thus, in one embodiment, an

optimum particle size is used (e.g., MMAD = 2-5 pm) in order to maximize deposition at
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formul ati ons may consi st of fluoroquinolone as a

| ow- wat er sol ubl e, stabl e nanosuspension alone or in
woaewmrigsi3al / co- preci pitate exci pi ent conpl exesPCOUS2006/019351

m xtures with low solubility lipids, such as lipid

nanosuspensi ons. 4. Conplex fornul ations may al so

i nclude |l owsolubility, organic-based |iquid

formul ati ons for nebulization or neterdose inhaler. By

non-limti exanmpl e I ow,spl ybi|ity, organic:based .
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to 3ot dr3 MiTPRSIVIha GISTWEHGaR OBedipbiod éFreriefPraiied- 48 afiother
e b%ﬁfn?ﬁ?@,'ansc@?&bf hevifBAOARA HGFors bPRE ©. PR GRAB hBut 4.5 microns
ormul ation preparation are described herein. Aerosol
wibed GEBrlyss[thdnarzpus|ta dBogigrons isomrevided. i mi crobi al agents
as described herein, are preferably directly
admi[001S5B3¢ riddoraguinmlone raptimlicrotjala aginte disclosed destdimriniended for
t he, respj.rat tract. .1n so | r .
GEPRATRY 358 ARE byl SR e IRATL IR, 28] il o
aqEetil &srnayldRasdasosepehsiong onf eddtioes. if Oiledthat&evRydrbcarbon

devi ce technol ogi es exjst to_deljver either dry powder, .
prepel PG PHaR RO BOMIT e ASaR fgmu lgnspawgfiﬁ acrosbBed "By Miguia

neb@fZ8H %H;pﬁﬂﬁngg%ﬂﬁéah FafilRAVE NBudR8R hioHBzatigh. dPd&hellant-based
adm ni stratii on, yet Tonger and nore expensive

systeme Iy e suitableopressuriggriveseredidgse inhgjens dpVIBHu Ry ipomelers may
hay. i I f f | i N '

BYT A Y0 Fra LR, 000 T NAERL B an

substpen siffetivdy.el Apdeitd qhftoid size Hnd distibutimuimg| gnebtained by
ant.i m crobi al aégeent s disclosed herein range in

chgaiingan sRPFOPTIgie Iy 6her al |y stabl e and have a range of

tastes. In one such enbodi nent, the fluoroquinol one
Liadid Remfigll al | evofl oxacin is water soluble at neutral
—%H,—‘IT‘sTEbI e i n aqueous solution and has limted to

no t[estxa] hQRE4RbodEedt,di mBlNzer iNseditedesiondibaginbf aldowing the

particul ar fornul ati on of L . . .
formation of an aerosol of a fluoroquinolone antimicrobial agent disclosed herein having

an MMAD predominantly between about 2 to about 5 microns. In one embodiment, the
delivered amount of fluoroquinolone antimicrobial agent provides a therapeutic effect for

respiratory infections.

[00155] Previously, two types of nebulizers, jet and ultrasonic, have been shown
to be able to produce and deliver aerosol particles having sizes between 2 and 4 um.
These particle sizes have been shown as being optimal for treatment of pulmonary
bacterial infection cause by gram-negative bacteria such as Pseudomonas aeruginosa,

Escherichia coli, Enterobacter species, Klebsiella pneumoniae, K. oxytoca, Proteus
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fl uor oqui nol one anti m crobi al agent disclosed herein

is conbined with a particular aerosolizing device to
wonresiidei3an aerosol for inhalation that is optParasen06/019351

for maxi mum drug deposition at a site of infection and

maxi mal tolerability. Factors that can be optim zed

i nclude solution or solid particle fornmulation, rate

of delivery, and particle size and distribution

pr.oduc t he aerosolizjng .device. Par ze,
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nepplivgEngi oy, abath \We Bifigienk andgr cligicakbegnd [tmi, y&rﬁe rul‘?rasomc
neBHllliEP%‘ XRA?JHV@'S% ?ﬁél@fﬁ ﬂﬂee aHlBQI?cr oBpRMBUSuBER deposited and

avoi d or of the mddle and | ower airways.
abRurbncbnnﬂmy ldrgsgs thaisiaacgionmy tivel @6 dospitd efdd l4yge amounts of the

i nhal a n_aerosol through the nouth and throat.
m?%?@ 18§“H%EUF “a mass nedi an aer odynam c di aneter

n%ﬁég@i “?{?e%fll%q&t lgao%gt (%Eim?err]lg] 8ra§ng %ﬂ‘gﬁ %H)L%ﬁz?]ﬁls used to

deliaek a®factdisl bhrieatfluvarduiofng V\ﬁhlhﬁmﬁlahmgerpwsdlbﬂeﬂ hereln A

orally absorbed Partic V|n di aneters of, abo
Vibg a5 BOTH R R oA OO ¥agh CgyRpaain idcontict ith a
dléﬂﬁ’%m aﬁcpmmllgﬁ&ylu{@%‘ébétﬁ@%19& (Iﬁ Qnéd Hﬁlbbdﬁgleﬁi raW to about 5
t are too large to reach the alveoli.
mbef the dluesquinotone aabmigrotyalsagent iapéaged i ?hecSifQia&e Coaliaéner and the
aeﬁoseﬁ %L:ne qa(%éll rr{est egsaé&g ng{oilagmﬂ ago(r%llna%d E?rg%oqgjf nll? 1 rlcgér:] § S selectlvely
bettv&n dbeutdemﬂsalbbmﬁ um. t he al veol ar regi on by
sedi nentation, although very small particles may be
exhgbers7] NBashereBmétfngpaxhinpleg i ﬂ@orﬁ@.ﬁndlener efntinti@dbiab agent

I R T T o e
de‘mgtefr&}{ abBRactd %u{ PRGN ngrsoRifioh @F @bout MMa) about 5 ml,

Iquid particles,
preferably from about 14 to about 350 mg in about 1 to about 5 ml, and most preferably

from about 28 to about 280 mg in about 1 to about 5 ml with MMAD particles sizes

between about 2 to about 5 um being produced.

[00158] By non-limiting example, a nebulized fluoroquinolone antimicrobial
may be administered in the described respirable delivered dose in less than about 20 min,
preferably less than about 10 min, more preferably less than about 7 min, more preferably
less than about 5 min, more preferably less than about 3 min, and in some cases most

preferable if less than about 2 min.
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VMD, MVD and MVAD may be the sane if environnmenta

conditions are nmaintained, e.g. standard humdity.
woélawmevesi32i f humdity is not maintai ned, MVD arRdTNSEMD6/019351

determinations will be smaller than VMD due to

dehydration during inpator neasurenents. For the

pur poses of this description, VMD, MVD and MVAD

nmeasurenents are considered to be under standard

condj.ti such that descriptions pof VMD, NMVD and MVAD.
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navi gate the curvature of the upper airway. Small

par tioglges K- fueoldMiMd sthér Mvh-piéyurbed plﬁlﬂ)id Yysenssh tvadety of
in the | ower alrways and thus _becone exhal

d, .
nebﬁwssji(!ifgltg@gg tqngﬂl]la!vogh%rqq@mi%eys)f 8re Lﬁéfﬁ@‘]ﬁ%i tpwégrosohze the
fog?l%%ti st ONCoiIBRESr-dliDEP! 1RhaRIekd tifcdiforfe: j@OKBMINANEY and use

ospas may occur from upper airway deposition
cofpoessisbain to gérelasg therliquirharresobn Sugh deviege apraeammprsinlly pyailable

settling o art i durd ng t J [ .
T N
Eqéghért] BncSi i Réspiratdy,(l@cg .MaWdEaQ-I&.@rihmmmf Schuco,
to maxjmz posi tion at 1d-1ung sjite of, infection
Ingn P8I B CPi Ao 20 BRO5PJ btk Mot P sparely on
médHaHRYl SREPIihi 08 folYR' SOV Rkaticd P hapieaitlRfricd cAlgfal N8 dgenerate

particle size with limted geonetric standard
regiinablet lignd (dosmyts raag @ptoommesciaglbp exaitaplgnirame for example, Omron
abj lity. d [.m tyh .
HLShSRATL' Y A ESRR L b, LS Eabouoer y on
eithab pidzoadetiric anneehangal pulsest @i rEpicpbnBquwid deeplets generate.  Other
conpounds .di.scl gsed her.ein is provided.having a MVA .
PR Ao 28 P st o6 T futPaBhRF GRuRAHA, By fpscribed
hek @ Sord QaderiBed afURS, PRerd0s 4268,460C4.053,468;M,040148513,826,255;
enbodi nent, an aerosol havin Ig/&{AD from abou

4 GRS 00 51 BOABGARSE: 6 BHE SSR: TS, 005 6.0 R 338.443;
sl 050 e s gy detrolns o o oty
6,3504it0; 4,583 fit 2 reerid,971; 6,601,581; 4,263,907, 5,7(59,202; 5,823,179; 6,192,876;
6,644,304; 5,549,102; 6,083,922; 6,161,536; 6,264,922; 6,557,549; and 6,612,303 all of
which are hereby incorporated by reference in their entirety. Commercial examples of
nebulizers that can be used with the fluoroquinolone antimicrobial agents described
herein include Respirgard II®, Aeroneb®, Aeroneb® Pro, and Aeroneb® Go produced
by Aerogen; AERx® and AERx Essence™ produced by Aradigm; Porta-Neb®, Freeway
Freedom™, Sidestream,, Ventstream and I-neb produced by Respironics, Inc.; and PARI

LC-Plus®, PARI LC-Star®, and e-Flow’™ produced by PARI, GmbH. By further non-

36



with a GSD |l ess than or equal to 1.8 microns is

provi ded. [00153] Fl uoroqui nol one anti m crobi al agents
wdizemliese herein intended for respiratory del PC@UE2006/019351

(for either systemc or local distribution) can be

adm ni stered as aqueous fornul ati ons, as suspensi ons

or solutions in hal ogenated hydrocarbon propell ants,

or as dry powders. Aqueous formul ati ons nay be

. aerosolize y. liquid ihzers empl oyin i.t he .
lingiing USRI ATIS R s e bl Ingsh B ieR it eagg in it
enti¥§t €M may use suitable pressurized netered-dose

inhal ers (pMDIs). Dry powders may use dry powder

I nhadogb 10y 5688 effBblents\MiHeCdtu@ is6luG 8P &TRmed prior to use of the
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drl%, BHE6RINS - conbiiaewaARQsbRERto fohie adﬁliuvamgﬁsiamuiatst@éd in a

uor oqui nol one anti m crobi al agent provides a
separrde egyepArineené fioece liquid saleabi rat ory infections. [00155]

Previ ously, two tyggs of nebulizers, jet and .
ul t [¥6R] dhehiguis sobusnt is kenahlered dissolymedhe spligrompesitign tp form
Li sgh.: Gl ' ' :
+ 50 YRR A5 R s M S, SIRERAL M dhone
otteptaceak, £ Aimctioreaf therstlectd pmonwredy pitamiadlyi tie comipesitipmaf the
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be KibRPSI @kdoBrePiiEe YBEN c@BposttionOoXiyliia GashoRrgetied siffitinahipbsstbly under
Pseudononas aerugi nosa, Serrati.a Har ce
[

gepiieethBlinE| (RS iR ments. phi linwb lige 1%reei3g§3?sg afier no longer than
abc%teﬁpgéc&g&p nﬁpgcﬁré%s:é%? Rgé Lo cdthfattloaein @fissolved within about 20

Xyl 0soxi dans, i drug resistant Pseudononas
seaarls) ginto sdvantdgomstys, | withih ebeutal@ peesings.| yA$ asee betety the terms

« l,ut i o ed, ol ' .
SRR e RCPRBRRL 9 18 bRt g o

coinPogihibiabil thetrblessepis tthedisfohaivn, offthi attivesdonionad. As a result of
utilizes ajr pressur

e .brea f J ' .
B S B S G707 e AR B
wilH thk288ve compound is contained in the dissolved state. As used herein, the active
compound is in the dissolved state when at least about 90 wt.-% are dissolved, and more

preferably when at least about 95 wt.-% are dissolved.

[00163] With regard to basic separated-compartment nebulizer design, it
primarily depends on the specific application whether it is more useful to accommodate
the aqueous liquid and the solid composition within separate chambers of the same
container or primary package, or whether they should be provided in separate containers.
If separate containers are used, these are provided as a set within the same secondary
package. The use of separate containers is especially preferred for nebulizers containing

two or more doses of the active compound. There is no limit to the total number of
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shearing of the aqueous solution by a piezoelectric
crystal. Typically, however, the jet nebulizers are
wonbos/1abisat 10% ef fici ent under clinical condi PCOAUS2006/019351
while the ultrasonic nebulizer is only about 5%
efficient. The anopunt of pharmaceutical deposited and
absorbed in the lungs is thus a fraction of the 10%in
spite of the large anmounts of the drug placed in the

nepul i zer... [00156] .Accordingly, i ne odipent, a.. .
coRpBRER A5 I ARBU PSR ShEibgdari B St auppdifon is
pr&¥fidddngs Lhit AoSGUIWVRAIORRIIN chieheRi ¢l wiasiaNiuRlipke tigseidrs of a
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conteipet. qvheregs thydiquishrokientis providadyyithie ent gumbgs erpogtainer. In this
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st ofage. contai ner..and the aerqgsol ner [ .
PROlRG G i G B o o 51 Sparo LD @) B ghiho SRR iom
m&e Hgﬁéﬂsy ahy chadtweeiimkaUiquid danddissaduhg onendose AMitSa tHBysolid

non-limting exanple, a fluoroquinolone antim crobial
CORpesitionli scl osed herein is placed in a |iquid

nebul i zati on i nhal er and prepared i.n dosages to
del ilQ@¥64} Mpmraebert embogdingsbutory aepltiplerogin ¥ragisdrrgmpartment

i . f . .
SR, ol SRRl e T qBER LRI ol KMo

domss tithine freittgik ycohtamrsabo mtith8 nmuitiplp clremb@e efga i qonteisnt  For

. t boyt m, with MVAD [ [ .
ingansd Vo RGH R R ar by st B ER e EE pEBle "R composition
in B8O Y dHaRBe® X ne  un&t ofdiyuld imatle bthear aguisedhanim, one unit is

antim crobi al be adm nistered in the described .
defigeshby S8t PUErETEsEnI e FUSCaTRaIGBoNPICRds g unit dose.

SLfBFle{V%- IbelS SokthidBrsabRyt nbRelln alddPhe Beaf gdvablageously for
ess than about 7 mn, nbre preferably |ess than about

neBuliders contriing ey opabingleldsesdashan about 3 min, and in
some cases nost preferable if |ess than about 2 .
ni n.[DOGEEIh 0By embadikient of mgpparctedsompartimersinigbplizer, a blister pack

circunst.ances ebul i z f [ . .
PRI vy RSN e S B0 BRRIE foroy=iing e sobd
c kibloh agdthAUGuikhadene thanchaigquehttiadoepieparing aviese unit of the

m nj stered over, |on

B, SPGB Db s pTek ST FrBP i gERg e o
prgggﬁx%-ftoﬂﬁ‘éﬂ Wé’ﬂy p%cmg'ihg unit, most likely comprising a polymeric packaging
material that optionally includes a metal foil, such as aluminum. The blister pack may be
shaped to allow easy dispensing of the contents. For instance, one side of the pack may
be tapered or have a tapered portion or region through which the content is dispensable

into another vessel upon opening the blister pack at the tapered end. The tapered end

may represent a tip.

[00166] In some embodiments, the two chambers of the blister pack are
connected by a channel, the channel being adapted to direct fluid from the blister
containing the liquid solvent to the blister containing the solid composition. During

storage, the channel is closed with a seal. In this sense, a seal is any structure that
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preferably nore than about 3 mn, nore preferably nore

than about 5 mn, nore preferably nore than about 7
waizome/ewi3e preferably nore than about 10 m n, RQWUS06/019351

sonme cases nost preferable fromabout 10 to about 20
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|ncorpor ted by reference in it
but in fluid communication such as when so the vial or container are connected by a

channel or breakable barrier, the channel or breakable barrier being adapted to direct fluid
between the two compartments to enable mixing prior to administration. During storage,
the channel is closed with a seal or the breakable barrier intact. In this sense, a seal is any
structure that prevents mixing of contents in the two compartments. The seal is
preferably breakable or removable; breaking or removing the seal when the nebulizer is
to be used will allow the liquid solvent to enter the other chamber and dissolve the solid

composition or in the case of two liquids permit mixing. The dissolution or mixing
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entirety. [00161] In sone enbodi nents, the drug

solution is fornmed prior to use of the nebulizer by a
weabtieansi32z | n ot her enbodi nents, the drug is steceas2iwe/019351

the nebulizer in solid form In this case, the

solution is m xed upon activation of the nebulizer,

such as described in U S. Patent No. 6,427,682 and PCT

Publication No. WO 03/035030, both of whi ch are hereby
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lmgg§§qh&ﬁgmﬁ4thln about 20 seconds, and advant ageously,
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cowtposition fea ddghly @ommmjmmﬂms fomnt eguﬁbdyomlltzbEs sometlmes also

i ssolved stat.g. used herei t he tive conp
cofleP RS 1 Giegaabieb oate Marciay e C BT i SRR agion.
wlﬂElf—‘ale &fa@ie&%raﬁ‘xﬁ%sﬁ@lbﬁo@éﬁtﬁ@Eéthle)éofﬂﬁsurhdat | east about
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or brlna y package,
Inbome prdodoheaht,i the selidicatpogdibont i mblro@hlhzed powder Such a dispersed
lyophilized system comprises a multitude of powder particles, and due to the
lyophilization process used in the formation of the powder, each particle has an irregular,
porous microstructure through which the powder is capable of absorbing water very

rapidly, resulting in quick dissolution.

[00173] Another type of multiparticulate system which is also capable of
achieving rapid drug dissolution is that of powders, granules, or pellets from water-
soluble excipients which are coated with the drug, so that the drug is located at the outer
surface of the individual particles. In this type of system, the water-soluble low
molecular weight excipient is useful for preparing the cores of such coated particles,

which can be subsequently coated with a coating composition comprising the drug and,
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| f separate containers are used, these are provided as

a set wthin the sane secondary package. The use of
weepmriasis2containers i s especially preferred f®eCcT/US2006/019351

nebul i zers containing two or nore doses of the active

compound. There is no limt to the total nunber
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to be bulfeted, owp esdipients thateo gethedfonaradiufier a/smm mtab be pedted.
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cohl%ogérﬁ.p%]sﬁﬁkﬁnces, preferably other liquid components, but possibly also

dissolved solids. Liquid components other than water which may be useful include
propylene glycol, glycerol, and polyethylene glycol. One of the reasons to incorporate a
solid compound as a solute is that such a compound is desirable in the final liquid
composition, but is incompatible with the solid composition or with a component thereof,

such as the active ingredient.

[00177] Another desirable characterstic for the liquid solvent is that it is sterile.
An aqueous liquid would be subject to the risk of considerable microbiological

contamination and growth if no measures were taken to ensure sterility. In order to
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i nto anot her vessel upon opening the blister pack at
the tapered end. The tapered end may represent a tip.
wpQObABF13k N sone enbodi nents, the two chanber spPof/ush®e6/019351
bl i ster pack are connected by a channel, the channe
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[00180] The propellants for use with the MDIs may be any propellants known in
the art. Examples of propellants include chlorofluorocarbons (CFCs) such as
dichlorodifluoromethane,  trichloroflucrometbane, and  dichlorotetrafluoroethane;
hydrofluoroalkanes (HFAs); and carbon dioxide. It may be advantageous to use HFAs
instead of CFCs due to the environmental concerns associated with the use of CFCs.
Examples of medicinal aerosol preparations containing HFAs are presented in U.S.
Patent Nos. 6,585,958; 2,868,691 and 3,014,844, all of which are hereby incorporated by
reference in their entirety. In some embodiments, a co-solvent is mixed with the

propellant to facilitate dissolution or suspension of the drug substance.
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[00169] In sonme enbodi nents, the two conpartnents are
physically separated but in fluid conmunication such
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channel or breakable barrier, the channel or breakable
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useful for their rapid disintegration, which also

enabl es the rapid dissolution of the active conpound.
Wher hand for some applications the

SR TR oh 00 el OB fsien s
m&Mlidd BEEeeUiM Which a reservoir for the drug is placed within the device and the
patient adds a dose of the drug into the inhalation chamber. The second is a factory-
metered device in which each individual dose has been manufactured in a separate
container. Both systems depend upon the formulation of drug into small particles of
mass median diameters from about 1 to about 5 um, and usually involve co-formulation
with larger excipient particles (typically 100 um diameter lactose particles). Drug
powder is placed into the inhalation chamber (either by device metering or by breakage
of a factory-metered dosage) and the inspiratory flow of the patient accelerates the

powder out of the device and into the oral cavity. Non-laminar flow characteristics of the
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are powders, granules, mcroparticles, pellets, beads,

| yophili zed powders, and the like. In one enbodi nent,
woheoesiesizel conposition is a |yophilized powder PCBWSH008/019351

di spersed | yophilized system conprises a nultitude of

powder particles, and due to the Iyophilization
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bedfgqgo(ﬁjcsasol ution, which is achieved by providing the
solid conposition in a physical formthat has a
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pellets or adhesive mixtures. In adhesive mixtures, the drug particles are attached to
larger carrier particles, such as lactose monohydrate of size about 50 to about 100
microns in diameter. The larger carrier particles increase the aerodynamic forces on the
carrier/drug agglomerates to improve aerosol formation. Turbulence and/or mechanical
devices break the agglomerates into their constituent parts. The smaller drug particles are
then drawn into the lungs while the larger carrier particles deposit in the mouth or throat.
Some examples of adhesive mixtures are described in U.S. Patent No. 5,478,578 and PCT
Publication Nos. WO 95/11666, WO 87/05213, WO 96/23485, and WO 97/03649, all of
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anot her excipient may be selected to adjust the pH |If

the final liquid conposition needs to be buffered, two
wexaicpeests t hat together form a buffer systenPauysh®e6019351
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ser qulire a preserva prevent
sm‘glldnfeﬁﬂﬁwﬁf oﬁdmtpamdexaﬁs Iuea’d a‘fflécmamlshne afd previdersthat mdbatsare out single

Dose | nhal er t.d |
COpRABRY BPE bRt P thremEe b BBt e =i U s
Paft URDE O3, 82§h1@4ﬁesim ;i 3 5kp0mil &t Bd, 8@5 as sm:mmsn@es 218;

or solutlon O a drugﬁsu stance in a sui

4,676158) BB 463icrnchd.885.84] @gw&wuww%mowo ARBR322, all of

wittare hereby incorporated by reference in their entirety.

[00189] In some embodiments, auxiliary energy in addition to or other than a
patient’s inhalation may be provided to facilitate operation of a DPI. For example,
pressurized air may be provided to aid in powder de-agglomeration, such as described in
U.S. Patent Nos. 3,906,950; 5,113,855; 5,388,572; 6,029,662 and PCT Publication Nos.
WO 93/12831, WO 90/07351, and WO 99/62495, all of which are hereby incorporated
by reference in their entirety. Electrically driven impellers may also be provided, such as
described in U.S. Patent Nos. 3,948,264; 3,971,377; 4,147,166; 6,006,747 and PCT
Publication No. WO 98/03217, all of which are hereby incorporated by reference in their

entirety. Another mechanism is an electrically powered tapping piston, such as described
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described in, for exanple, Newran, S. P., Aerosols and
the Lung, Carke et al., eds., pp. 197-224
wOBwmistiesmsor t hs, London, Engl and, 1984). [00179PCTmssmnm®19351
enbodi nents, the particle size of the drug substance
in an MDI may be optimally chosen. In sone
enbodi nents, the particles of active ingredient have
di anet ers of Iess t han about 50 microns. In sone
enmbadi nent s, riicles have di angters of
in B G O REAHeP N0 M e bib SPSFER: BOPRE g eLrgiee In it

en %/e SthaBbRRe QN itk itOMs a4t dederiBed 1P U, 4. PaithPNbs. 5,694,920 and

rons. In sonme enbodi nents, the particles have
6 Oaﬁéﬁ%tl@ﬂsofo\fvhlplegr@ hpwhm lra;bmmatqd Wi eifesencelim theiyentirety. Finally,

GRYILRESHS, GTOARRL 1% BOKS48) 53 o eyt wo
93/Ph &6 ) el ik ey ﬁloasrpumdvhytrlafetdmee Mitssentiesty.be any

propel l ants known in the art. Exanples of propellants
i nc[eode0T M dditivhblusampbes o6 DP1{ ©OF Gs) hawinhiradescribed in U.S. Patent

O S R L T Vit R A Y Sl kTR TR
4,3896624 D811 44, 200 71838; 5t 820RB4 06 6 VGBI 6 FGE.ABE; 3,91 84594, 6160%,512;
instead of CFCS due to the environmental concerns

5,748:3305 AT4U7%:tahd 61626143 a3k ofoyrlish apschgrphyeicerporeied; by yefgrence
m%%[cr%ﬁ@ reparati ons contai ning HFAs are presented in
ent Nos. 6, 585,958; 2,868,691 and 3, 014, 844,

al | [(96 19\#'[I I h?l%é grpgc?cfu%g%cs ! eﬁ%ﬁé&%& %@eﬁﬁibé?)fnaé/ eel{ng]WFth aHy of the

t hei*r ire
inhziexe desotibd lteh]ﬁn oo Dpedabatht atrmuﬁta(of drig sbstadesthot gats @bsorhed by

suspensi on of the dru, t 0
SRRan e & is feiean D P RnG Rk P A 1% A R0eRs: 402685
5, (HQrsfoal 540 sw,mr@ves 806040, rsgrzs 808UEHH 6926186F; fallagdvtiich are
S. Patent No. 534, 345, which is hereby

hetehzz @mqgmoa@te@ bbyeferéﬂ@r@ﬁb@r PRiirPYys Fowexaaply, a srogargnsy figlay the
tm’?‘e% BRog ﬁq&ﬁ.&ﬁon e ﬁ NI &b erdts: Q?y‘élﬂléfﬁ"ts%m Such

a pa i ent Ing a ﬁever utton, or ot act uat or
a derhayomlag nm@rdyectmémrszamh etwdendbe p@Tﬁerlt’h énlapdativacandi the aerosol

th t ted
W EHFESE, SEVULEION BUE D LS FOLL O bl
dlﬁ@ﬁllt)e %Em@etﬂd: Wﬁdﬁl@ﬂdtlnﬂﬂahtﬁplew Qdilclaf‘as d@sieﬁdribedi ih rU.B. Batent Nos.
4 &9926@2, 4_1L§§2 08>, 25107126%2,45,§ng%§ 52%%’,04% 347522@160 all of which are

he%b@én%oé&)?ate&b)gf'e@er&%’mﬁw?r%% 3; 3, 732,864; 3,636, 949;
, 598, 294; 3,565, 070; 3, 456, 646; 3, 456, 645;

[00192] Dry powder inhalers (DPIs), which involve deaggregation and
aerosolization of dry powders, normally rely upon a burst of inspired air that is drawn
through the unit to deliver a drug dosage. Such devices are described in, for example,
U.S. Pat. No. 4,807,814, which is directed to a pneumatic powder ejector having a
suction stage and an injection stage; SU 628930 (Abstract), describing a hand-held
powder disperser having an axial air flow tube; Fox et al., Powder and Bulk Engineering,
pages 33-36 (March 1988), describing a venturi eductor having an axial air inlet tube

upstream of a venturi restriction; EP 347 779, describing a hand-held powder disperser
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and 3, 456, 644, each of which is hereby incorporated by

reference in its entirety. Such a system enables nore
wofodehesiaet i ve conpound to get into the |ungs e€TmIS2006/019351

patient. Another mechanismto help a patient get

adequate dosage with the active ingredient may include

a val ve nechanismthat allows a patient to use nore

than one breath to inhale the drug, such as described

U. S. Patent No 4,470, 412 d .
ha%gg ewoga@?blggémm%ﬁc@ﬁ%?ragé% Lﬁn P 312253739 Oﬁg’ %29"% to dry
po\gﬁé Icfeﬁ{,éf abA0AE3] %Iﬁgéjl tional exarrpl es of MD's known in
e

nd suitablé for use herein include U.S.
Pat ent Nos. 6, 435, 177; 6,585, 958; 5,642, 730;

SohitidAA)isEasiod Fovmubiibns 5, 404, 871; 5, 364, 838; and
6, 523,536, all of which are hereby incorporated by

r ef E103A%k I nonten etbodimant, e BYUSORR yiopspkgdens| gRBpEINg Gﬂuj’le or
naxgo%%llt%ﬁ ate Jl}g%z; IS{CFES a‘ﬂ%n%@{dg& gglsiugﬁguso rGloY fd?ﬂl‘Mi\%an the drug

device tn whi ¢h
matyebaaepmmnlt af arcohlmtldnmg of sbqt dcmg/mik tulpltn ablet a@hmgémbncﬁuch

TPt PORT SRS CANEnCB: O S O Pt the more

coft@Hira8d 1a8rodbli EmAREOnd REViNG @h@bdcﬂﬁ&@l hﬁQaﬂI@nof enabling large
manuf actured in a separate container. Both rgs
]ixﬁﬁ/perlo of time. In

quersisienal dipesusiance & h%qiee\tvrs@ﬁ tQythed FRg N Yy §
onb b i, Oef fi +13h qF %‘ﬁtlgﬁz%ﬁ‘% eﬁr@wﬁé thiv@llp Qbikratedt Rrmulation.

about an usua i nvol ve co-fornulation with
Adcaﬂdg@iy, e»x conp emnbodlpant, |f1cub@s1umpsop¢ @aum;crqt@@ agamtg idisatopast herein

ol BB R B, 55 AR, bR s

200 k@ abage 280 neOMmatkel peredre ﬁ@dcmﬂg@mneﬂtﬂn tbaut 30 to about 300
inspiratory flow of the patient accel erates the powder
mMyt of the device and into the oral cavity.
Non-| am nar fl ow characteri stl CS O

f th h )
caus@ IRk Inxarepsabrdinentg thegspleipn &5 dglagfge%ssﬁrgfaggmpaw&m of
aextogcﬂ fgﬁﬁﬁlaﬁénstlﬁﬁelpg-g %g@’ﬁ%l@é&ﬂ% 4, @%Btab&'lte?sS Cpﬁ‘é’f‘éﬁ%lytﬁ’&hrabout

npaction at t the throat, he smal | er
5. i:iml,fglpop‘a’r‘ 0i d]hssp%remgd e;pp@]vcsetgleaj@elyw ﬁVthethﬁ g@rggol is either acidic

B A P RO g
and &oASOpatibms rﬁidt}atdl@ﬁterﬁimlld@ agtlicnaczexd], Whilet b’élepawtl] eXperience
bréﬂlfcgg@:g%a.ls ?LAtgg)gfr p%ggﬁp@}gom p?l o%n less E\an a?b Ul }%lgalﬁl fiduces
bronchospasm. Aerosols with a pH from about 4.5 to about 5.5 will cause bronchospasm
occasionally. Any aerosol having pH greater than about 7.5 may have low tolerability
because body tissues are generally unable to buffer alkaline aerosols. Aerosols with
controlled pH below about 4.5 and over about 7.5 typically result in lung irritation
accompanied by severe bronchospasm cough and inflammatory reactions. For these
reasons as well as for the avoidance of bronchospasm, cough or inflammation in patients,
the optimum pH for the aerosol formulation was determined to be between about pH5.5
to about pH 7.0. Consequently, in one embodiment, aerosol formulations for use as

described herein are adjusted to pH between about 4.5 and about 7.5 with preferred pH
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airways. If the particle size of the aerosol is

smal l er than about 1 umthen it is delivered into the
wabkvwaksizand may get transferred into the systearas2006/019351

bl ood circulation. [00186] By non-limting exanple, in

dry powder inhalers, the fluoroquinol one antim crobi al

agents disclosed herein are prepared in dosages to

deIiver fromabout 7 to about 700 ng froma dosing

uti on of ab erabl y,
rengiotin S0 Rboa o S50% | HOSoRRENTY PR SBBLI T HEDO P 1
abolfoBt. preferably from about 28 to about 280 ng |n about
1to about 5 M with MVAD particles sizes between

abqubw% tgy ﬁ@x@-mmt%gumaﬁﬁilé" %o&b@ﬂﬂ&%dma% 0184 8fdiudera sm or a

enbod |nents a dry powd i nhaler (DPl) is usedt
pH ddj gﬁg}g@gemh@pmm@o@ @%mrﬁmr%@ogﬁp ioRgagicqlsideer b(g@ee rﬁeéaresentatwe

buf%?ss &%g@gq)rga% Ehdla s@% Sf 91 %s@@rbg:r Ség&tnfmgﬁd | Qrbonic
I'ne dry p r I C |cdl Y, al’at’i on
aclcpaihftam amdusmx:mih eanct, yacptaxr tacldl 3 plﬂlailormlénTaer@@wthamme

d. t hat d into the patient's lungs. The fine
}Bd&¥§PﬂWﬁd”§QPﬂPE{EM%EE@ be produced by any technique

TS s s SR TSR RS A s

1nclﬁﬂﬁg|bﬁ)ﬂtéra§a'lt°§‘wée'f Qﬁ%t§1?ﬁb léévfsbﬁ’&lso Tosepae wedttbleadt@Ddrug products
sol Ut|0nS Spra in situ mcronjzation

by p%hm@m) exampleségé eskiiecany by @F@Wbﬁé‘d@ﬂougi)ﬁh% aflditition of
tastmﬁ% Q&&EJgﬁ %ed'o@&umgéeﬁ@w&&aneﬁ of spheri cal

e m Xt ur I n adhesi ve m xtures,

| C Sﬁ%ﬁ% lg?ﬁtle‘ﬁgs Iﬁgg %Iﬁ:tréa@gths%g#lgltyl & \ga?{oug Bhdnhi€]l agents and

0S€e nono rate of size a
havEGnghD irsdidente 20 Grovichospasgici asthlnnamcebe othel keughamg mcldents Their
. carrier ar}i&les i.nc am ¢

sirfis W GslieF afanariod STRRFOIE duf BEGR" of daline

conﬁﬁfoﬁ@hﬂld)ﬁ) thd prlebinlc€ BE enyditdhientRENARh @8 LhldaY¢. CABy biilgddace in
glonerates into their constituent parts

thewmﬂ%pnwu@prﬁéﬁrw ef eljoridesabione feripimyplup Mags f%@orlé}r?@%asﬁc or
mﬂ%Haﬁ) b h@veh@r GRN0iC b EHE W grééltlss i $ehtnidht tWigh inhalable

or throat. Sone exanp sive m xtures
forlaulsatlch@s cBathdlkese nomxﬁpnsmc@nt effisient dedirgrysqBacsenglimdTdrugs into
the "Cafg P Nos. WD 95/1 1666, WO 87/05213, WO
PEW0 97/ 03649, all ofwhich are

|nc ed b re n their.entir

ndck PRI Sy TERRLTAGS s RAl i Ci Bt vt of he
ﬂu&bqf(ﬁn@tiﬂeﬁt@ﬂﬁﬁ@roblap 1ag8] de&Rfsed allie@elhhaﬁ;e adpiRtEdn by y pewviding

of DPls, all of which may be gsed w
excipients. In some cases, a certain amount of chloride or another anion is needed for
successful and efficacious delivery of aerosolized antibiotic. However, it has been
discovered that such amounts are lower than amounts provided and typically used for

aerosols of other compounds.

[00199] Bronchospasm or cough reflexes do not respond to the same osmolality
of the diluent for aerosolization. However, they can be sufficiently controlled and/or
suppressed when the osmolality of the diluent is in a certain range. A preferred solution
for aerosolization of therapeutic compounds which is safe and tolerated has a total

osmolality from about 200 to about 1250 mOsmol/kg with a range of chloride
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t he fl uoroqui nol one antim crobi al agents descri bed

herein. In a single-dose DPlI, a capsul e containing one
wdasws/1ef13elry drug substance/ exci pi ents i s | oadedTiust@6/019351

the inhaler. Upon activation, the capsule is breached,

allowing the dry powder to be dispersed and inhal ed

using a dry powder inhaler. To dispense additiona

doses, the old capsule nmust be renoved and an

coB A SRR 5o S oo DA S b 5y o s0

to 3bARG 58NV, ThELEmOGlity @htrolt, FdrehOstasm athk cRlbridéitéitedtation, as

hereby i ncorporated by reference in their entirety. In
a PETTREATE PRIPB, Gonirels ggugh. lﬂ:qcausg tb@ﬁgé@h@gﬁpe@nﬁ}qﬁ@ both bromine or

iodTH! Bﬁlehsem%/] nglsEr RS £R TRR-UEE R, %d(!hﬁoxp MGl e 1Jr:15’}F substituted

exanpl e e package mamy conprise a blister pack
fondldorglegach bl i st er conpart nent contalns one dose. Each

dose can be di spensed upon breach of a blister

conpd206e My, noml}irmﬁfnggemaplaj the foremutptine fisrsanaierosol fluoroquinolone

RS 5 ROB S 0e Sl SRl o

14reglabol Eouﬂg,tordﬂfsﬁ piaRirsblp fiendgsut 2§ edabont ESOmZalwnéquinolone
Application Publlca tion Nos. 021 1595A2 0455

Al
ana%cr@lzmwemm aboyyt (1t AbQY Seth 0 gfhéutﬁ salmsytbeteen HSS 4q &4 normal
saldi¥e)! qﬁ(@cEﬁf‘ﬁg@ | fle tcBﬁdeﬁtl A1k Jred %vofl&a@m@&lﬁtion@ﬁ%ﬁ b&BleateR than

single reservoir of dry powder is used. Mechanisns are
abputodfndg/thlt praetentims ibeutodlt me/mpped ioprs ey grentdrrthan ebaut 40

%ﬁl%%ﬁgé%”ﬁﬁﬂﬁﬁggﬁéqﬁ g and i nhal ed, such as

escr | s. b5,829,434; 5,437, 270;
. 5.11 8 279 .£88, 4 ,.6R8:
5, oA ng ® wbgﬁwegﬁfofiﬁan Aol ¥ ST ot 0ol
to 92(?1,@ %80 &Otﬁﬂldl/kﬁf Iﬂ\ha@c:m after Bﬁllbedioliheg?pfhé polugibe dsylality is from
refer their entire
b0 ‘5%@51/1 aLPlngSéﬁdS@gPl& %Pwﬁngﬁmglﬂ%ﬁo about

1056 3O RAL! SR bRNRB &6 m@%nﬁﬂ'ﬁ%%b%ﬁpﬁo%@s&&/kg.
facilitate operation of a or exanpl e,

pr 615(’9.‘2'0'2? af Rk rerd%@bfmﬁﬁtspéé% egﬁqoﬁ %oﬁdegtréﬁbnﬁgm about 25 mM

ggl oneration, such describ U S. Patent
to Nbsut /)0008]. 950 vaious otizr 85BHodBEn3es psmanﬁlom@ne@waaﬂm is from

BRSSP B

mMeabebends0imiMt heir entirety. Electrically driven
impel lers may al so be provided, such as described in
U.S. Patent Nos, 3,948, 264; 3,971,377, 4,147, 166;
Sofid ti 0 1 )

[00203] In some embodiments, solid drug nanoparticles are provided for use in
generating dry aerosols or for generating nanoparticles in liquid suspension. Powders
comprising nanoparticulate drug can be made by spray-drying aqueous dispersions of a
nanoparticulate drug and a surface modifier to form a dry powder which consists of
aggregated drug nanoparticles. In one embodiment, the aggregates can have a size of
about 1 to about 2 microns which is suitable for deep lung delivery. The aggregate

particle size can be increased to target alternative delivery sites, such as the upper

49



Publ i cati on No. WO 98/03217, all of which are hereby

i ncorporated by reference in their entirety. Another
woraelsanssm i s an el ectrically powered tappi ng PCEUS2006/019351

such as describedin PCT Publication No. WO 90/ 13327,

which is hereby incorporated by reference inits

entirety. Other DPls use a vibrator, such as described

in US. Patent Nos. 5,694,920 and 6, 026, 809, both of

whi ch are hereby incorparated by reference in.their
br%wiuarqugﬁn o Baspl rucosa by ingreasing e eARGRRARAD %ﬁ%ﬁusy’éa*}e Spray-
drizd Bﬁﬂé}@iog 856y IRRdsihp Gl tettiize Gahdratad bY theWpra gt 165,

which is hereby incorporated by reference inits

ent iy ARy ASEEERNaisENSBR! ZUred akdPbSrfc@mditifer can
herein are descrlged in US Patent Nos. 4,81 1,731,
cogfaih 4 @isgBed dlenosweias 1Bi®e pr 2rpnity, whioh.1wipn spray dried, forms

w335 8 e She ropBSEdn 30 A o 20000 e

nafiopértiel Sl subfadel hodFitr. Aheldibyeti?faridlds withlembbddeldidrg eanehave a

pe 5 LSSl S 55 S5 el St fageason

thd 8il4tRE ParticlelsiANYanObe idfeabding@l @Fest RS HAE RRIVAI§Is@Ed) stich as the
I ncrease the anount of druaaﬁubstance that gets

upRersbiohettel bipgioReorpRastlemcoss (Ryhingeeasing dles epnasaintion ¢f dssolved

o B R 3SR 05, sy ap
gengrdte® b 86, PO, drgdrl of which are hereby i ncorporated by

reference in their entirety. For exanple, a spacer nay
del 490206 Sprayedriadopovaderosal bpusetlot Dibs po pivHRIst gither alone or

en.the aerospl enters.a,patient's.nmouth. Such a.
coftbiing Wiy BErv e ina By ReAn RS 2orB. bt Bitifion, RF0-dhied powders
coRRIiNErug danbgdraéled Barabél récbestd@ba8d uBsdDdUEitteP et ok ulirasonic

mask may al so be incorporated for infants or ofher

neplizeenioszenprgtc smgeuidisparsions having yesprable fioplst £izgh ayhere each

el S DSy O gions
ma/'m:lso&;eg&&:i ilrﬁtﬁipseai’spects’fof\ﬂrﬁ ipherdio. her eby’ i ncor pbr at ed b;/

reference in their entirety. [00192] Dry powder
i Nnhd0@20$] (NRRbp3rticwlhte cdrug nisgevsiordecaygrlegdte tmezerdiied to obtain

aerosoli.zation of dr owder. l | I ]
PoRgreRIgHET fos Areder afhoBaeT g Sl howlstrgny P freregated
nah&padi@luldt@drug peitiéts diasiag e surfuee madiefidre Soclauigretats mdydave sizes
in, for exanple, U S Pat. No. 4,807,814, which is
wighin a sespiatle rangey fedwAbOrc2 ke BicEasd Vi ng a

[00207] Freeze dried powders of the appropriate particle size can also be
obtained by freeze drying aqueous dispersions of drug and surface modifier, which
additionally contain a dissolved diluent such as lactose or mannitol. In these instances
the freeze dried powders consist of respirable particles of diluent, each of which contains

at least one embedded drug nanoparticle.

[00208] Freeze-dried powders can be used in DPIs or pMDIs, either alone or
combined with spray-dried nanoparticulate powder. In addition, freeze-dried powders

containing drug nanoparticles can be reconstituted and used in either jet or ultrasonic
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suction stage and an injection stage; SU 628930

(Abstract), describing a hand-held powder di sperser
woaviengsian axi al air flow tube; Fox et al., Pordemsamdo19351

Bul k Engi neeri ng, pages 33-36 (March 1988), descri bing

a venturi eductor having an axial air inlet tube

upstream of a venturi restriction; EP 347 779,

descri bi ng a hand-hel d powder di sperserhaving a

| | apsi bl e expansi gn _chanber ., and U.S.. Pat. No.

nobilgs 15 gancrafe ABpous ASBTIOYS BMEF TerBi RS O Aoy cach
dréP18 @S ntaP8 latleh R BLOH R SRSIRARIROr mul ati ons [00193] In one

enbodi ment, aqueous fornul ati ons cont ai ni ng sol ubl e or

nang@Rinhi CealembeditnPalt ! @fvedfiéh AE ONikdded. 1604 process and
aqueous aerosol fornulations, the drug may be present

compositienfor @rancHartdasedisy dpos comprigiigaangpartieylap duie pagirles and a
. h I i i . i r

sug}gégp?gggllﬁg N SLEH RHALRBRS Rl W $HGFLd 67 Yol SniflRl! HE o¥ark arug

subsarce nhd atifateanodifiad inflgundip@peltns dithen aignithent pressure or under

.addi tional .advantage of .enabling |arge guantities of
highh pgSsuR P ARIoE 6 NpRe e B B s Bl gTs hanapafiples may
beakedPBy ktby-afyidd oefredz8-deyify aqieedd aRpdrsiods 60N InahdpaRticles
is optimzed to provide a wel| tolerated fornulation. .
and¢he refugntypowdsroohispasadodiareyitabler propeliats | wgdn conventional

POl MSGER %g& LGRS %]?Flf%ﬁgatf?)% &l & GsddOfdubiteE thasal or
to have goo Qaste, ﬁH rom about 5.5 to about 7,
pubsemaradelivery.r on pioonar GOmimstzdtions suth Sornmatims |affieryl increased

ermeant Lon,concentration 3 .
el % B F 1 SRR BB B ARE g e 4 3 Rbbu P hhcrons
MBIADepHrtidle sided Dailghle pamaheemahode asoéntfacidnsgtabl foraulations

has pH range fr about 4,5 to about 7.5, preferably
Ca?ﬁléﬁg‘é@é‘ﬂ[oysgl?ﬁl\éﬁgoout 7.0. This pH range inproves
tolerability. Wien the aerosgl is either acidic

basil8IZ10} /eigthes aemBOBMEHC HbsHERsHlart ¢¥ugRVIRP wg{f&h contain
na%«%lﬁr%ia@e Eﬁm&%it%s RS gy b 2kRb4 N%al%y?&ﬁq hB3blvasts frrlxe[ﬁ%nsist

erate a mldly acidic aerosol, é others will
of esypirable ngerepatoneheamppativul s yreg partides, wir toff resppeblofpartistes of a

.t han ut 4. ical |y i b as o
GBS e A AL b P LAREIIRRS Pl ot
nafiépasitcubiie 0iggRRcan dbapiepart [fjom Anygoaedigeodionsafimgogakicles

greater than ahout 7.5 .may have.lqw tol erabil it .
byBEBAVIEE oot VIS SURE IR GdHaR iy ob HEST 6 p e Fpigy-drving i
leR! thAd icBRsuRBAO 3R Fess ARPABRLSthiM eze-drying, and therefore more cost-
effective. However, certain drugs, such as biologicals benefit from lyophilization rather

than spray-drying in making dry powder formulations.

[00211] Conventional micronized drug particles used in dry powder aerosol
delivery having partcticle diameters of from about 2 to about 5 microns MMAD are often
difficult to meter and disperse in small quantities because of the electrostatic cohesive
forces inherent in such powders. These difficulties can lead to loss of drug substance to
the delivery device as well as incomplete powder dispersion and sub-optimal delivery to
the lung. Many drug compounds, particularly proteins and peptides, are intended for

deep lung delivery and systemic absorption. Since the average particle sizes of
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control |l ed pH bel ow about 4.5 and over about 7.5

typically result in lung irritation acconpani ed by
weevwriesidz onchospasm cough and i nfl anmat ory r eRCTiUSB®E6/019351

For these reasons as well as for the avoi dance of

bronchospasm cough or inflanmation in patients, the

opti mum pH for the aerosol formulation was determ ned

to be between about pH5.5 to about pH 7. O

Con ently, jn one ,enbodi er osol
comgo A dredtied dhy BOGRA AR troaie in G rERE SOTTrBhe AL fhput 5
midRas MMAD, aRdfratioH bof fmaleriél which ra@ﬂﬁ@l'lf R clizkitiaNgeedlaradgion may
about about 5.5 to about 7.5. Most preferred pHr

bejauite ssgrallap Siws. delivery, of Bgrenizeds dry 9@\/1%? the lung, espec%ally the
al\%gﬁ L ddthd, 10 %eﬁé@lgp lv&%yl GOTRRM bdaAls 5@%6 6}4@5&&&%%@ Pdwders

er- or a pH ng agent, typically a sal
thqmselyas.ed from an organic acid or base. Representatlve
buffers include organic acid salts of citric acid,
asc o] ddieddry gﬂou\cd@n erosids oivhichacdmtain qasepadjculade tiatgis can be
cid, acet i
ma%eisgl,all tgﬁ%f‘ﬂﬁ?ﬁr% hﬂvapla%(ﬁﬁlrgg Isg%stans? Q}b% g@%ﬁ%{e are aipproprlate
folaffitientsdelib &9 19 fe dVB]Sle@aM(ﬁﬂiv%r h@g@gété&df&ﬁﬁ@;ﬁhmculate drugs are
sensjtivity to various chem cal tastes, inclu
spisricelip, ge@@Fffy and ave SORBHEY PropedishdheTF BhadInEdn g dpgioring and

dedithort FHRE ArRdisBr&iCeoRf] g%%@ﬁﬁ»th@hn@% nhdaldvittg, exanpl e
aste masking may be acconplishedthrough the

add' ?OZ{IBF %@fnahﬂzﬂi‘@cu@é EiShsRIORS Qér?% Ssed ZbYBUSHEs and pMDIs.

sweet eners. [ 0019/] Many patients have
As m:ccrl bqsmd”dere’h@r&trs ta & gonpsijian havsg bhsethm abouh §¥nwaterand
have hi gh i ncidence of bronchospastic, asthmatic or
ot h¢®02d4lighiong einhodickent, somfidsitions arer prayidedc@ntaining nanoparticles

L] t to h t
B Y B AR A R BP RO o A DY FLAR o vy
les8 ANarPEHOWR AN inrd, Aebs tBACEbORS 30MheY, iléke thaAngboutfTRS) ame er le3s than
these conditions or.a presence chl ori de_above
abewr208ing, pamgasureslighg: swtsﬂ%@g%@é% iBY g § f?ﬂ%%ﬁ%? particle

sm@‘(n@h'ﬂsts? m} | aglFtel‘@)?U Qﬂl""}h Glbaf Bt Yeabtrm)'% bf the&@ldBaicles have a

e fornul ations. Both these conditTons '
wepght vasietagef pard¢le riizedef ilasertharofabeudr B¥OI hmewhelr wegasirad Py light

sc%t{(}gmgg?%%{aq%?%: hIPa?feragﬁeOulse[asqofﬂg/S ]of tﬁ]e ﬁﬁ&f%agﬁagsdh%”ins average
pafticteo Kiae| Wif ne§somen abbti @oofh amoag @fetferdlblyodtds&d 90e4 ef mhe drug
partlcFesaheévlélsgnegverg/geplggrgclzlgIs1 of less than about 1000 nm, and even more
preferably at least about 95% of the particles have a weight average particle size of less
than about 1000 nm.

[00215] For aqueous aerosol formulations, the nanoparticulate agent may be
present at a concentration of about 5.0 mg/mL up to about 700 mg/mL. For dry powder
aerosol formulations, the nanoparticulate agent may be present at a concentration of
about 5.0 mg/g up to about 1000 mg/g, depending on the desired drug dosage.
Concentrated nanoparticulate aerosols, defined as containing a nanoparticulate drug at a
concentration of about 5.0 mg/mL up to about 700 mg/mL for aqueous aerosol

formulations, and about 5.0 mg/g up to about 1000 mg/g for dry powder aerosol
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exci pients. In some cases, a certain anmount of

chl oride or another anion is needed for successful and
wefhbictiagizous del i very of aerosolized anti bi oti @CT/US2006/019351

However, it has been di scovered that such amounts are

| ower than anmounts provided and typically used for

aerosol s of other conpounds. [00199] Bronchospasm or

cough refl exes do not respond to the sanme osnolality

of .the diluent_fqr aerosoljzation. However ey can.
foBRuIEo, i S G AR oc G PO g PES s TRRERS liyery to
appopBh@lakday o0thetlify 64 hdd@Maviti®s i shdrtGRdiAktRatioEEes, 8., less than

preferred solution for aerosolization of therapeutlc

abeyripbusreandstiice Roseds semparghip adsyiaistation tees of upde 4o 20 minutes
as PSR 1@'cbﬁ%n&(?}rﬁ%@§16%r 220,112y #RQYfes 1250 mOsnol /kg wi th

a range co cent ration of fromabout 30 niM
ol PRI AR pitfin con oo

mddeyg fdr@xaldple;:(dn aetntlizadg a)mspeasoraofaenmamtwaiaieahug, obtained by

ontr.ol.s cou ause,.t he e bot h ant .i ons
i BB e PGP e i PN BeduhBerRE L PG aeates of
naféadidutite diug aad @Mfa&ﬁnocbfié‘ra(ﬂﬁ%ﬁis&lm&boﬁ@bﬁflbﬁ lﬂaﬁ @ddigibnally
chloride ion. kOOZOO] By non-limti ng exanp
coptgitral HieB Pof3)aFrasolisg|a FIsRERERiuP él@raﬂp@rtwulate drug or drug

agglgz%ét% @9 3 eo?xl gb tgr@?éﬂaﬁg e %%gtfegé’c%b ap ﬂHﬁo&)Zirﬁc‘ala?ég ?H{g and

, rom about 1 ng,
surfaest rrpdé?eerwbicb ma;oﬁd;élboml y2@ntain abdiluen28@nnge made in a non-
prgslbtlilr(i)%reg m 4 %#a%{g}ﬁizg”édoga }rle(rzoglls ?slgst 1%: 2?0@%&6&?@ %&r/o% lt f%rmullatwns
mBedlsonie) madkodo suthrigdthodst he concentration of a
| evofl oxacin solution nmay be greater than about

25”{[()(0817] QVIRRGE roft H@&oﬁbwhg 35 ol nanspatticuprefRu@bhyy be
reat er an abogt 40 and .is.as high qr greater
pef ﬁ%me%by ISpepE 6He PAT ﬁ% 1%% gidhetigpersig eyt and applying

m&ﬁﬂfﬂkﬁlﬂl&)ﬁs 1§ il QLo UE ?ﬁ%lng%eﬁf@{o/ %Guéeothéliﬁﬂiclésgge of the

nyg snol kg. I n various other énbodi nents, sol uti on
dresstecha Hesitgd e edtive averberipardlo sizem Thempirtiklgs @8@1 @kr@dncei 2Bgze in

VTSR 5 AT L At g o
comactsdm{w'hktgle o[ %w%airrgaba mg&‘leemfmdn&n?uénrg bouhe]r ¢emapviundBuch as a
R GRPAKEY o SARRCE moditich A osaP AR E RS Sy uction

prbc@sd. 'Opersions can be manufactured continuously or in a batch mode.

[00218] Another method of forming nanoparticle dispersion is by
microprecipitation. This is a method of preparing stable dispersions of drugs in the
presence of one or more surface modifiers and one or more colloid stability enhancing
surface active agents free of any trace toxic solvents or solubilized heavy metal
impurities. Such a method comprises, for example, (1) dissolving the drug in a suitable
solvent with mixing; (2) adding the formulation from step (1) with mixing to a solution
comprising at least one surface modifier to form a clear solution; and (3) precipitating the
formulation from step (2) with mixing using an appropriate nonsolvent. The method can

be followed by removal of any formed salt, if present, by dialysis or diafiltration and
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about 30 mMto about 300 mM from about 40 mM to about

200 MM and from about 50 MM to about 150 mM Solid
weoeandei1esd2 For mul ati ons [ 00203] I n sone enbodi NBATAIS2006/019351

solid drug nanoparticles are provided for use in

generating dry aerosols or for generating

nanoparticles in liquid suspension. Powders conpri sing

nanoparticul ate drug can be made by spray drying

ueous dj sper.si ons f a nanoparticu
00‘%‘%%1?1?%1&0@ fHSRerSR Py Pﬂﬁwgna?*%?ﬁma%r r&w @%tn%"}“&l’@’“culate
dlaﬁ%&g%% 1260 RARRRAAdLLEL@S or prOcRAR 16 TH@A BB Yowder for
Iwggtes can have a size of ‘about 1 to about 2
1Bmﬁw#B Bh is suitable for deep lung delivery. The
aggregate particle size can be increased to target
al t §0034P] Ve adlemaqwsmomegessm naidlingHte/sigpp @ mpRBAkdeus liquid
hav1§g ar Ba&rpr ?ﬁrg osf g}ri'cgqu%,trp é dagg L ?gﬁ)g&m&&&g&o Eiglﬁ]g\);l%' tH@drug
subshcelrioebsehtidlyz msglablermays dbe b;sedl fae aspae‘aymﬂmgenedmﬂmompke a
Al ternativel an agueous di spersion of dru nd
naQQReRiSALG EHE PURPOSHIC o S5 8 BIPESD) § SHTR PLARE aph furtace
mcdHidraghP $6 milled®N Ahd Abn-MMlic6ls mobiRmh &PE@¥r#ld n@tbpaftRulEe drug
resplrable di l uent particles, each of which contains
pagicleseast oEsethe@dedsuiiebly naswpdiceit| éneiy siieludee ethanol,
trlﬂg&'ofﬂg%%t}o-F&ﬁ tﬂbﬁeu ggpggqgt%lﬁdl ﬂﬁhttef'g&tgt Séjcg:?rfé g{) e 188N An
adwit&gabcbfeusﬁng CtlFé‘epl lis) thept dtabam/bc yhandlpad atdd)mty mrgmeﬂb' cool room

di l uent part be i ncreased .
rlp e TRy T 411 e E  CRE Usher SO Bty void
evARBItIA. OUpBASRimpRiRASE BYyllihg ahie diguidgmedianC ang ekt l‘r@ﬁm@dl and

of di ssolved diluent in the aquegus dispersion prior
reqoyereR URJer Hag iy OF Bating, eHEREARY 4 ytqaraonf%‘faé? cqppesition. The

dryg %&%ﬁ@sﬁtﬁql Ql)é%ttﬂé% BO FifYd q{té/ & suith P18 20 RthineP hAY cﬁlefrF@dj with a final

wders can be used In I's or pMDI's, either alone or
prmﬂmtn Eoemplary finad @z@udtrprepbllnatﬁowbmh id@alllsadtenfpiwm@rn chigyinated
ddi |on r I
AR B RSB AR GRILPL P Mamppran)

Whigd r@h- dhﬂdrfrﬁ&dnlpcopaﬂimﬂé i mey sbd oprgferred afoe egpiman®ental reasons,
di spersions havi ng respirabl e dropl si zes, where

chiogia e@ipfﬂﬁ’leé?nt%‘aﬁi[ g's‘hg Eﬁedl“ég’ﬁ aSBﬁ‘g gfj\?dn‘f?ﬁﬁ%art i cle.
Concentrat ed nanoparticul ate dj spersions may al so be

used0§220} Hase NGRBALIOLS, oEreft‘sH@zqdngglilpg owstem, & non-aqueous liquid

medium having a vapor pressure significantly greater than 1 atm at room temperature
may be used in the milling process to make nanoparticulate drug compositions. If the
milling medium is a suitable halogenated hydrocarbon propellant, the resultant dispersion
may be filled directly into a suitable pMDI container. Alternately, the milling medium
can be removed and recovered under vacuum or heating to yield a dry nanoparticulate
composition. This composition can then be filled into an appropriate container and

charged with a suitable propellant for use in a pMDI.

[00221] Spray drying is a process used to obtain a powder containing
nanoparticulate drug particles following particle size reduction of the drug in a liquid

medium. In general, spray-drying may be used when the liquid medium has a vapor
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[ 00206] Nanoparticul ate drug di spersions can al so be

freeze-dried to obtain powders suitable for nasal or
wouabwsnnsisy del i very. Such powders nay contai n PCT/US2006/019351

aggregat ed nanoparticul ate drug particles having a

surface nodifier. Such aggregates may have sizes

wWthin a respirable range, e.g., about 2 to about 5

m crons MVAD. [00207] Freeze dried powders of the

appropri ate particle size can al so be obtajned by . .
Pr?sﬁ‘gféi’_ legp yraﬁga%aafukamétaﬁogﬁet?@wﬁ@%fX&P@g- ¥ 18 8ripYee which
alldRE b} Bhuid WVhEta@sifbhd @R potvdedRbBédtoA. JA SIRflid/ 84inple, either a

di uent "such as | actose or mannitol. In these
solutign ohsespensinn, iy Eedzntod srsay pewrtrer Ehecrepyzlesgengiptes droplets of the

pi.k.abl i 6l 0 N : Of whi :

hERPAARY € AL EF B840 o ABIH 105960 ALAUBLED i ar e
tran€)28 | byFa eaméer dras ddtopawiigng chambdire Ubedairier [PR$ deroperature is

o Bt L8 e 2021 358 b P Yo i

evRSUIEIRINS 168THAbENiRG Y Sﬂrtmoﬂﬁfchi 4t @916 e a special reservoir
reconstituted and used in either jet or

bepeath agydef@BPYers to generate aqueous di spersions

t hat have respirable droplet sizes, where each droplet

contl89%23] df theebigstid staplacapsivianb paraicere disposipn gy nepeparticles

. n | . .

PRI, 05l BT AREG! S, DGR of
nagopyptidudste) grugepactpdest i 1€ thealigmidisangple aortsistd efsancayaieeus dispersion of

surface nodifier. .Such.fornul at.ions e .prepare
e i Moo o JBE Qi PhoMeRial Sie Rbeal B R A% actdhe or
maétbf)] e cél&cteﬂ%&@g%ﬂb@in&i&fﬁﬁ dileeitlieg., dictaderbt @ainitol) particles
w&?fggrﬁéigiegr&eag %SIE@OB%I ghﬂg;tg %glggzg%’gﬁggb&bg %éﬂ size of the collected

prO@RPREN bk CoBofIBRY alf IR LRANNEYeoRRnBYHOH BE Man@articulate drug
freeze-dryi ng aqueous dispersions of drug

and/on slplaent iin [thes liawid semple; as well aastthe duomket sizgipspdiced &yithe spray-

i table pn I f [ C [
B ke CORREL 0L By U S OB P
nasilt dediveryasldpesed pul propedlayts diek iveeriy . pMDIs, pul e nartjcles may be
adm, ni ﬁtrati on, such fbo.rrul ations afford increased
reeRRFHREH y1 Vet HE YR B PHWSE™Y egi ons because of the smal |

(e.q., abaut 1 to about 2 mcrons MVA article
v ailDGasRE et RS b RY B S TBRednTAPb AL SR EBIo (e Sproy-
drie@" Al BN SmpRYe ah Qné%&'ir%n’?fo‘ﬁbﬁ@i s g BV k&R L0] This may
ected to dr whi ch

Anot her enbodinent is dir y powders
espesiatllyibe the case when the spray dried powder is very small (less than about 5 pm)

or when the intended dose is extremely small, whereby dose metering becomes difficult.
In general, such carrier particles (also known as bulking agents) are too large to be
delivered to the lung and simply impact the mouth and throat and are swallowed. Such
carriers typically consist of sugars such as lactose, mannitol, or trehalose. Other inert

materials, including polysaccharides and cellulosics, may also be useful as carriers.

[00224] Spray-dried powders containing nanoparticulate drug particles may used
in conventional DPIs, dispersed in propellants for use in pMDIs, or reconstituted in a

liquid medium for use with nebulizers.
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nanoparticul ate conpositions for pul nonary or nasal

delivery. The powders nmay consi st of respirable
wagueagsises of nanoparticul ate drug parti cl es, POT/US2006/019351

respirable particles of a diluent which contains at

| east one enbedded drug nanoparticle. Powders

contai ni ng nanoparticul ate drug particles can be

prepared from aqueous dispersions of nanoparti cl es by

renpving the water via spra t
(1 B2 g sepou abe iy, depenéed s deprifBbe b Rihghen as
coﬁgguddg ?ﬁvﬁg REHR I NEtiddBint (i €S 2Bo 78 & Gbor@N 0t OF @FfoF example,
re costeffective. wever, certain drugs, such as

bidbogiese gbubdimetibenés i nreferremn owpnvanozeélpnoﬁp reltpigr ot i powder
R 2 R S G e

terpetateres asscoiodd oéthi speayydyingi ndn pedition,i sibdinadiiamealsy gnofn as
from about

t
fgr o PR B POPHOEE Tarie dPUREPORe oL oG sgmpounds,

palRERHS Fo10bioloBRaEhBEHdt SFRbILAFANRSHIG daflaleDhel Ie&mrsﬁmted and
in such powders. These difficulties can |lead to | o0ss

usesk iy pehylizerps t Aggresaies ehieerstdripd mpnepayiiquate dryg prtigles can be

i

R e R B PMDH BTt it

nagal otpjlmmnandeb@pw des, are intended for deep |ung
delivery and system c absorption. Since the average
par {0a226] §ubbmatix6rc'xmwlans froerag the ;pr@bla‘r adl gibjeciagithersemple to

are usual f.from t 2.to.about,.
st yaRE R onakeitiOo, i ABRR R ot FREEE D E b P RRH ey from
a JoHlaGchestot eheap@k ¥Rl auchegirocessrayhifidy ¢iidient 2A@ | therefblie) provides
delivery of mcronjzed dry rs to

wd
greRigs susldy fhpnSRERY AT Y881 é@herrég%ﬁt E‘P%Ze@élﬁé @5@4%‘[ yjns drug and
mdc{}lﬁ%sz Cig{at drF (@ ?ca%l_% gﬁf@@nﬁ’ﬁloﬁleﬁég’r@g%teﬁf stdtb @ndp %ﬁﬁ‘ ®E Sused for

| ves. dry powder aerosols which
inladatioa adonmrﬁ@ﬁar tpmerwtr:e odfr nagel).c Em couneiion with dilent; mgterials

bl
oo PO A A AR e SRR
l ung. I\/breover aggregat es of nanoparticul ate drugs

Liﬁés%nﬁﬂmliﬂ;ﬁﬁitioin@ geonetry and have good fl ow
properties, thereby aiding in dose netering and

dep QGOZZW]) rin Gbmichendirherits t e ubmipesirtinderobial tgentd disglosed

eor' nas aVIuLaémiS Blé(l 8\8&%)3 enp%ﬁflﬁsa B%Pg}g theylate 5 aerg&ohzed for

nl&&?é%ﬁdéﬁ%@l Sgldéiwlchraeef @eful iothe p@@%ﬁﬁd'elnh@ﬂ chiald &Y dfeswiriety
t han abolt 5% wat er
of lipids including both neutral lipids and charged lipids. Carrier systems having

desirable properties can be prepared using appropriate combinations of lipids, targeting
groups and circulation enhancers. Additionally, the compositions provided herein can be
in the form of liposomes or lipid particles, preferably lipid particles. As used herein, the
term "lipid particle" refers to a lipid bilayer carrier which "coats" a nucleic acid and has
little or no aqueous interior. More particularly, the term is used to describe a self-
assembling lipid bilayer carrier in which a portion of the interior layer comprises cationic
lipids which form ionic bonds or ion-pairs with negative charges on the nucleic acid (e.g.,

a plasmid phosphodiester backbone). The interior layer can also comprise neutral or
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[00214] I n one enbodi nent, conpositions are provided

cont ai ni ng nanoparticles which have an effective
wavearcagei3parti cl e size of |ess than about 1000POMUSRMEBO19351

preferably | ess than about 400 nm |ess than about 300

nm | ess than about 250 nm or |ess than about 200 nm

as neasured by light-scattering nethods. By "an

effective average particle size of |less than about

S neant .that at | eas 0% ru
fuww&upédg o/ sgmg SbRIMEDTS; nogatt iy g i T i Lover of
thé BaficRBeUttyJiA dvmptie mikiaAs WF Ggidebrikhtedin ésfaattbaml fighion (as

t echni ques. Preferabl ‘)?/ at least 70% of the d

mdmomrwéémmathé hydrophabig gailspefy the dnteriey %elofThf‘egglalt head groups
Bn thQ QlPldF Bfér r\{@lf GPRLY 1Rl exltﬁgalsl tsu&&é’o?fthetﬂ&ﬁxcle

rug part ve an average parti e sl ze of |less

;gg[ﬁ)@%g}o %Qs%%am n%lo;?c@igf eés/g%ﬁts MOIE bR' &és%n@@ | % ‘Elwé @3§lstained

particles have a wel aver ag
thpapdutic leffestioz éowér thasity allmann@bsmﬂrecﬂﬁﬂ(hdnnmst[e@mﬁ 35@1 afremhanced

ague us. erosol. fornul ati ons, the oparticul .
g HRRe n0Sh o FinesBRES af° eOmBRIENOF o FURS oot S dhyy desired
pHaBthadeutida].t Dhexb et b Shfighitedlas nfudilameNarPeyoies oﬁ@fn@&ﬁhc bllayers
formul ations, the nanoparticul ate agent may, he pre

wale the pharmerrutisali Gapred vaBvR eitherothadimid @ the diffsent 1&3@% or the
W spalRRRRMN9hLRydr e desired drug dosage.

ncentrated nanopartlculate aerosol s, defined as

cont bou 9T%3%1 mnﬁ@%%l&aﬁ o€ 1{1,5#88&% ?n Q@W%&%B&ﬁﬂd&nmay be

out for aqueous
syaéneneolsemosyrmlhemm ons naamdlyatn@untrmg Olpmcgsz ginghiding atjwepholipids,

tog%)gxgroig ge]r?l%ls Pag& agcéw % c?ﬁrro ezr? f o o a bugllugjvne&g{s ively-charged
ligdd et bart&)nete Ihpider yPlidSh(ﬂidesOﬁi:hﬁé &ggﬁﬂ@Sp}ﬁfldylbl&)linU N@PQ), egg
nasal, cavities in short adm n(%:y rati

PIRR Gt T Hoomb AP §). 5% BRI Lo ss L ERD - G pabSabatigyiserine
(B ﬁi&ﬁﬁaﬁﬁ&l@ﬂlaﬁél%&eoﬁm b ol PhEPhAEAIH LRI @ﬁ)z%)‘a YR soya

i n"conventional pul monary nebul T zér therapi es.

coMatetnots.t esuphesphatididchobing dSPE);0BBGE cﬁPSaeSrPéS(SIPE and SP ; the

T e e

upodfteaten Bokagys ef 'ftihﬁ acidy inrthe 2gnd3 oPpglecerpi }i(fattlomn corftdhing chains of
aergsolizing a dr owder . of aggr tes

G0t it g o red GrREE o Ppron of pcerol that nclude

ch3BAL)S giy'cél%d GRIXROST bdriB, remansldiitd, 0Ral il CaNt@E Nedresponding
di | uent ;;Fﬁn@ aerosol i zi ng a suspenS| on of

ph@gﬂ@ﬁ@lﬁ@p@g{ cHeipg opthege {4ty acids can be saturated or unsaturated, and
the phospholipid can be made up of fatty acids of different chain lengths and different

degrees of unsaturation. In particular, the compositions of the formulations can include
dipalmitoylphosphatidylcholine (DPPC), a major constituent of naturally-occurring lung
surfactant as well as dioleoylphosphatidylcholine (DOPC) and
dioleoylphosphatidylglycerol (DOPG). Other examples include
dimyristoylphosphatidycholine (DMPC) and dimyristoylphosphatidylglycerol (DMPG)
dipalmitoylphosphatidcholine (DPPC) and dipalmitoylphosphatidylglycerol (DPPG)
distearoylphosphatidylcholine (DSPC) and distearoylphosphatidylglycerol (DSPG),
dioleylphosphatidylethanolamine =~ (DOPE) and mixed  phospholipids like
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aggregates in a non-aqueous propellant. The aggregates

of nanoparticul ate drug and surface nodifier, which
woayoeadsiisei onal |y contain a diluent, can be nma#eTius2@6/019351

nonpressuri zed or a pressurized non-aqueous system

Concentrated aerosol formnulations may al so be nade vi a

such nethods. [00217] MIIling of aqueous drug to

obtai n nanoparticul ate drug may be performed by

i.spersing drug rticl ui.d.di spersion..
paliey PR R Ghaee oo el s REbRisBBaiavetycero
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drug to e désired effective average particle size.
(MEE)particles can be reduced in size in the presence
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T e
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len%]ﬂ-l n?xg gpzhﬁtl&? )} f&h‘g St ahpi tloBM 8)6 16 BgidRY rcfau‘?%@ ﬁ@ﬂa‘ré’cﬁwnh

ree o race vents or solubilized
dlﬂﬁe&amylpmbitaallengﬂmm chmtEIﬁ theﬂmfehma oﬁ&tl?@éﬁ wmprdese ﬁle liny¢t bilayer.

o4 e R i )

of Wpidncakdief ifikGort. OF & eX@in IeL BEGC&fﬁﬂ’(ld&I HagingtCob el gl@ﬂﬁs attached to
surface nodifier to

cl |
thep?eé@ﬁﬁp oaptigty vl Hiftyse OHi 1A mﬁ%ﬂy&ﬁ%’rﬁt@%&% )a%\?ﬁth%e of 22 hours.
PE’bae&ler@ dds hm%§014a%ﬁ@%r h @rd@lﬁ@%l Hl?ﬁtse otk tHERda R GafRR with

renmoval any formed salt, if present,
halcf;hvcis af )‘vélnsnutps dirchteiss thaatli mmwtm dewaeibmebi afb @rresilt, selgction of

llphdaﬁx@ gﬁ%tﬁ é)ucf e%oané/o Sgolal(%i%ﬁlln R the Eﬁgyérec%%rh@@%ﬁstablhzed (and

. € dru I'spersion can be ut
this ﬂisbgj:nitﬁmﬂa kﬁdi\&m oatepr Dh@gheldsst prefevred) athdr PHéblipids or lipid-

for use in a, DPl 00219] In a. u
poli BrEe fergaten e PRg! by BE arsot HORCLATBodaa Pl P suitebl
PHM iR IWQBCIBQ@ ?EGtrﬁodlﬁedi PE’ébbhzﬂtld@IélﬂaﬂblahﬁﬁeSarﬁlt pHoggtintidic
tenperature and in which drug substance js

acigls Q&Q matlifipd Mrgg:ylgﬂqeg)lmgd gélllgyégﬂceé@s PEamadifigd ﬁ]@lkylamlnes
and® lglliaml&&ﬁé@kl?l—&iaoyloxypropan&-amines. Particularly preferred are PEG-

ceramide conjugates (e.g., PEG-Cer-Cs, PEG-Cer-Ci4 or PEG-Cer-Cy) which are
described in U.S. Pat. No. 5,820,873, incorporated herein by reference.

[00231] The compositions of the present invention can be prepared to provide
liposome compositions which are about 50 nm to about 400 nm in diameter. One with
skill in the art will understand that the size of the compositions can be larger or smaller
depending upon the volume which is encapsulated. Thus, for larger volumes, the size

distribution will typically be from about 80 nm to about 300 nm.

58



nanoparticul ate drug conposition. In such a process, a

slurry of drug and surface nodifier may be mlled in
woheosnes3aqueous nmedi umto generate nanoparti cBCaNUS2006/019351

drug particles. Exanples of suitable non-aqueous nedia

i ncl ude et hanol, trichlorononofl uoronethane, (CFC I

), and dichl orotetafl uoroethane (CFC-1 14). An

advantage of using CFC-1 1 is that it can be handl ed

S qg oglé, rginally cool roomtenperatures, whereas
rquires nore controlled conditions to avoid
eva on co l.et.i 0
ool iy oA BB berl il Wikl BB Be propared
in hqﬁhmweuticﬁs bkbrhpdsgldnnwﬁh giiijableadupfaed inodifieat which may be selected

nmposi tion, The dry mposi tion may .then _be fill
frqi K0 SRS (BBRGPHF FERTHNEN AL PRIH -t SO PIGiRIFRTS include

10\9&9@%&&%@1@@@9&@&}/ p&lyﬁh@}s REeRueEs SdaR@lrheptb8uctVhPlferred

mﬁ do hot contain chlorinated hydrocarbons,
SUtfmlru figss ncl@leanopiosioradlliiie Sefavimé el oHmAteapyface modifiers

(mﬁﬂgggﬁlhg§£gg&9 ane) Whi | e non-chl ori nat ed

I"an e preferred for environnental
I L qes
oS50 S AR Bl 8 i
chivpide,aeboitis , capsin,s devithire dphosphatiigs)s yddxaan, glyverol aq;ufm ugacia,
chefedtgiol TR, S 4 SO ST EonaF YR e glycero

m&ﬂé@teﬁ@a’cel '&%s&raﬁﬂ egigolidd, ¥BiRabRBOIP ndullEhylrdt Qvasts Lk@lbltan esters,
onposi f i ons. t he n1II|ng nedi umis a suitab

poly@wwbﬂameeddlw(ﬁtb@ar (sen prestoep] gifiers speh raés’ﬁﬁt‘?fﬁ?ﬂmg()l 1000),
t I
g)o n?é;tlﬁﬂél?é;‘c%ﬁx FCadiyati6d ﬁbl&@)?}lelt%frl]éél'a rrsg aﬁl'fh 9%3 RR (e.g.,

ternately
the eomweckiahd avae]ablee’fwebns MM swhuasne.gy, "lfvmnl ZQJRTM yand| Bween

SOkt AER SRS Chertefte S B rShy L R RPRA g0 RTM
an@NANYRRTM. ! hind ©atlopbl e3aropd] | @ifiod oCarbiie))] Fﬂo@lquWDl:rlmethyl

[ 00221] Spray drying is a process_used to obta
anppReR BIgREds: ok Ehyisasstearalrsatcalletieg sigeem .dawﬂe phosphates,

so{iﬂH &’%‘J E)gsﬂﬁl?ﬁ 'c&ﬂb@xy%@tﬁymaﬁﬂ’d‘s%'c%uﬁﬁ l'f{ﬁﬁ)x%ﬂégyl' Rilflose (HPC,

I'n general, spray- e used
Hlméh arlrdsHPCd@L bydrexiipuepyh a@ﬂquﬂapk@mffé@s@b,@adfoxmg@ylcellulose

han about A's
B0, oM PR VAL ORI BOE s B o
hyﬁmwpﬁopylﬁldt}@%eldlﬂoselphkhawﬂ& dloﬁamhlene eslluhee, maghesiuti abiminum
nsi on, ed

sﬂ&éﬁz ﬂggégn(&wg]ﬁlp,etpg fnyk haécohol S(B(/%S yﬂn%lpynoﬁdgr?ez %IL\?P), 4-
(1,1,3,3-tetaamethylbutyl)-phenol polymer with ethylene oxide and formaldehyde (also
known as tyloxapol, superione, and triton), poloxamers (e.g., Pluronics F68.RTM, and
F108.RTM., which are block copolymers of ethylene oxide and propylene oxide);
poloxamnines (e.g., Tetronic 908.RTM., also known as Poloxamine 908.RTM., which is
a tetrafunctional block copolymer derived from sequential addition of propylene oxide
and ethylene oxide to ethylenediamine (BASF Wyandotte Corporation, Parsippany,
N.J.)); a charged phospholipid such as dimyristoyl phophatidyl glycerol,
dioctylsulfosuccinate (DOSS); Tetronic 1508.RTM; (T-1508) (BASF Wyandotte

Corporation), dialkylesters of sodium sulfosuccinic acid (e.g., Aerosol OT.RTM., which
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sanple within a range of about 20 to about 100 mmin

di anmeter which are then transported by a carrier gas
wonvw/1asdeyi ng chanber. The carrier gas tenper 2CUMUS2008/019351

typically fromabout 80 to about 200 C. The droplets

are subjected to rapid |liquid evaporation, |eaving

behind dry particles which are collected in a speci al

reservoir beneath a cycl one apparatus. [00222] If the

e cons s of an ueous r si of
is R drhsbA R P eI csthie e HRRERS BB Hluhol PRTM.
WIRER UL Sodiirh llaxe PNl fBite (@FuPSRHNET1i168d XTOIREDNAL, &phi6H ist ehhealkyl aryl
nanoparticul ate dru ljgiartlcles I f the I|qU|d sanp

podysther sukfonste gkt wad ddaag) (Fedastes F-60-RaNbpwhichdp eﬁsmvﬁure of
su}f‘é&'se? BretBte! QT duc st HE% aﬁf%??hncvﬁz)-lgéﬁﬁgfp‘%ﬂ&\%ix&?diy Rg198idol),

act ose or nannit ol ect’@d produc
M£DMmmtwﬂﬂmmmeM(enﬁmﬁMmﬁ@@@Bﬂ%M@MuﬁmmwmsSwm&w

dd d j
R R I e R
F1.66b. SDMCH ek, 2Ad(Go(Cieps3IsCIaRul. Me(mlammzat(opnsxmfz OH).sub.2
nanopartlculate druq and/ or dllu nt in gg@ &b%
(Easimgn dsodgls Gres fecagoylmd-mpthylplasanaificen-fzcy, gluggpyranoside;
n-8R Y Blm Q}%gka%om@lﬂ -86de8¢1 B qyfgi&oﬂ?&{n&f‘deu 2QMdER]1 .beta.-

conventi onal pu nmonary Or nasa del | very
Dmmaétpsﬂséﬁpﬁanoﬁ%mhyégiwnﬂ@@, nd@@tylfbemvrﬂfluc@pyrmélde n-heptyl

b&BALH) t]%o 'TPC%QOB%@%)?I ?&gtb %c%ﬁ}éxjtaﬁ]os‘f@t ggl%anﬁgl-ﬁ-sfgethﬁglucamlde

nebul’i ™S oITe ances
n-aegdi r aabtlaeDt-gjuarligiraaﬁmddaer beteayi-Nemethg! gﬂthyarm;lrle ay ardogyd-.beta.-D-

material to i nprove the neterin ropertie
SIORSI B 8 Ry B P SBBREP IR B0 e Bibe THBrapol is o
pahﬁh@lla?@r piefefedesirRoVdRsdifisr Y& theSpRionddyess 1ﬁtl’hﬁ@sa§ib&!ﬁ'ery of
or when the intended dose 1s extrenely snall

St%’éﬁ,eewn weEssorfer egbuligatisadlesweniesdi fficul t. I n general ,
such carrier particles (also known as bul ki ng agen
giwﬁqug,mclude

ar e [0634] dixgeples ob surdastanisaior tsetip therolytigng digelgses
t t
bd(t: grﬁfﬁoté ! éﬁ?d%’ %@‘rﬂ@g r%&\frg@ ﬁﬂtg ﬁiﬁ?@%ﬁ% 9"\4%@ m&ﬁ&ﬁ chloride,
cetyhaitohall petyﬂr mtynsatlanaj o, panhige, ¢omantderﬁEA; cc&lasudopropyl betame

i ncludin olysa charid Si a e .
cogBK proRde B s B A 2y Pt Su et v Stk acid
an®iQ8t dicBlyN HiMaMPP Ahdnh@thAt €nlckided dIpdliite leﬁlyrrﬂ?'dtb%@ﬂilylnﬁbmum

convent i onal s, dispersed in propellants use in

digndiyng | lagreth e%ﬂqgl@qctqg{eeddli(hydgogenated) tallow phthalic acid, glyceryl
dilaurate, glyceryl distearate, glyceryl oleate, glyceryl stearate, isopropyl myristate nf,

isopropyl palmitate nf, lauramide DEA, lauramide MEA, lauramide oxide, myristamine
oxide, octyl isononanoate, octyl palmitate, octyldodecyl neopentanoate, olealkonium
chloride, PEG-2 stearate, PEG-32 glyceryl caprylate/caprate, PEG-32 glyceryl stearate,
PEG-4 and PEG-150 stearate & distearate, PEG-4 to PEG-150 laurate & dilaurate, PEG-4
to PEG-150 oleate & dioleate, PEG-7 glyceryl cocoate, PEG-8 beeswax, propylene
glycol stearate, sodium C14-16 olefin sulfonate, sodium lauryl sulfoacetate, sodium
lauryl sulphate, sodium trideceth sulfate, stearalkonium chloride, stearamide oxide, TEA-

dodecylbenzene sulfonate, TEA lauryl sulfate
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liquid nmediumfor use with nebulizers.[00225] For

conpounds that are denatured or destabilized by heat,
weuals/1asi3gonpounds having a | ow nelting point PCTAIS2006/019351

about 70 to about 150 C), or for exanple, biologies,

sublimation is preferred over evaporation to obtain a

dry powder nanoparticul ate drug conposition. This is

because sublinmati on avoids the high process

te res asspciated with, spray-drying. In . -

aacQqZa] NSIat P ot BETRBWA Ao PegiaEeyfion) capipients
andl Y@P bdckiBad P Qetallan theHAa6R Lt bepEdiehieusita EAdigidntgf published
drugzconpounds, gartlcularly for biological products.

joipte &y dheyAmericgnP harapesytien i spg#iaseandctsridiermipegticah Rgoiety of
GHESR D PIRLABLE 0O RAD, b ST i by s
Theisutfece apgifipovale commewiatydivailade and/oused bzl peraré¢dbiDRickniques

and . | s, f.or ejt.her nasal. ,or I r j ver .
koD BN & ol Rl AR R a8 s TAR Yol oy widgly and
thé oiftjredl tanfdint &eths simpdce nicdlifidrican depoad uipom,cfonebtainiphs) she particular

This allows for_the forned i ce to . be transforned
drog ppd ipifager piofEies gpleefedt B ecrittgalh micqhls rcoapeiration of phe, surface
mdi8GER St Sinldl ARkeseild H&cﬁ@ﬁhiﬁ@ﬁpoﬂhﬁlﬁ!—@ilﬁfc@’(HIPJB?VdfCtﬁ§ surface

greater yields than spray-drying. The resultan
mddiferz thedmekig ot wof tthe surtase meoddiierg thenvatab silpbibity( ef the surface
The dr i;S, typi I S ' ;
i g M B YRS N Dy SO, ke, e
or ), in conjunction wth.di t [ . .
O o352 1 RS NGEROS, UL MG TRALE e mosiner s
~0 8% a8 S19019% €llofoquinuRBe iantimioretizll ageat, mdre posforsaly about 10% to
Cng§§itions [00227] I n sone enbodi nents,
abpyt B qui nol one anti mi crobi al agents discl osed herein

may be forrmulated into |iposone particles, which can
t hen be aerosolized for inhaled delivery. Lipids which

Nﬁ&@ﬂ%ﬁ?s”' in the present invention can be any of a

of lipids including both neutral |ipids and
chargemb 7l i Micissphé&ad Edrebe S¥t RIBHulRtang délety 8PFBoroquinolones

properties can be prepared using appropriate
byclinsbadedng anappsgpriatepinaeunt & fepet dompogndiple shepilzed in water. For

circul ation en . Bt I ol I fdan :
oS 1B AR CHELL AR ARG
cohiajiiink paptdédeteanineprafi@mablOyl-1%pwdv)paf tiott(Bs.-ladglewmeglycolide)

o R B L S5 B v v
solubilized in methylene chloride containing PLGA (0.1-1% w/v). The resulting water-
in-oil primary emulsion or the polymer/drug solution will be dispersed in an aqueous
continuous phase consisting of 1-2% polyvinyl alcohol (previously cooled to 4°C) by
probe sonication for 3-5 min on an ice bath. The resulting emulsion will be stirred
continuously for 2-4 hours al room temperature to evaporate methylene chloride.
Microparticles thus formed will be separated from the continuous phase by centrifuging
at 8000-10000 rpm for 5-10 min. Sedimented particles will be washed thrice with
distilled water and freeze dried. Freeze-dried levofloxacin microparticles will be stored

at -20°C.
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little or no aqueous interior. Mre particularly, the

termis used to describe a selfassenbling lipid
woizbmyiesidgarrier in which a portion of the intecrms2006/019351

| ayer conprises cationic lipids which formionic bonds

or ion-pairs with negative charges on the nucleic acid

(e.g., a plasm d phosphodi ester backbone). The

interior |ayer can also conprise neutral orfusogenic

1 b SRRy b BRTRRRRTGlE R aPETE i o I ey o

pré&RFP TdveBoXacki wli@Sspherdsi PAdSapprd Rt dmbiintaot Bivbflbcinaiill be
fashion (as in liposones) with the h drqggobic_taijs
sopypilizpedin netdyent chlerdsrcontpiing BLEA (Rdallolyr Blipgolpicswtbe spray
arfRl 14 Baih 'l Rr@nbihe outer layer will form the
external surface of the particle. [00228] Li posonal
bi o j ent.si: e hgn e aj.ned
oY O RIR P AR eBatEteda e
chimmetguizadt fonsiat disgthutivn Grqeretheah %bheah ged 96¥et dpemd,isbape, drug

| pd Li ; d of Dbil h
ot e S B Gt epp s ek RBRS bRk ERea "5

mul t ] Ilar vesicles of.caoncentric bilayers with the

el OZ2BF o2 B b ipeofioion AHE anihish e BFF e ) 1 fBester
anfiilbRyve ke lvBKEESIUBITilLY RE saldl @OUS shRCAhBRIMERImbRALoNS, such as

| ayers. [00229] By non-limting exanple, |ipids used
loyrsoluidity; imaﬂ@xmnoﬁ%& foray fpenaggpariigebasedfampulalipmtnet i ¢

or naturally-occurring |ipids, includin ] )

phod®Rdili gt dpstiainoampedr of duoregeinglogs cap gltet Jirgcdigpolved in the

i i - : :

ikl JEE T R IRUGT UOR oBL U Ty mdlh (NETNGEARAARE, in coluton
wishaklpted twithyatofromeO 6(1EPCYo, Tgosabitmspaa thedybeglilytedrwith water to

EPG) ., € osphatidylinositol (EPl). e
oAy & 352 L ST et ® Bl PV afShiamalepde added to
ob&eﬁPE)e,fon@\dinggmp&Qgﬁbw'hea ir&icci)afi ﬁ l(:_ﬂ_:,PA)I,'( §5tF1> Jg:. 15%);%9: 1, %néi 19:1.
counterparts, soy phosphatidylc ne .
Thspq finajppolutigny %Mpratngleﬁymds@ Sheatel Ve capritiansy o feed rate, 15
mERAHR §1BANSpdrfu; » 1 10EECoutiePlenpeRil! 88%0S BhadurPi A%ar and
made up of ester [inkages of fatty acids in the 2 and
thduglipug by dwying aip 3§mBihon Sowderniatheneglledied and stired pndep vagum in
a gﬁ?g&watons and different head groups in the 1
posfiloh of glycerol that include choline, glycerol,
inositol, serine, ethanolam ne, as well as the
S@idipEPPAdicley phosphati dic acids. The chains on these
fatty acids can be saturated or unsaturated, and the
phogpidl] Frepacaionbef miderogyinabnd adoliy &piddpadicles may involve

digslolfvgnegrt rgt dr%gallnna lli%?c? trrpet aa%gsp IoIilfoi%g esﬁEh as phophatidyl choline and

phosphatidy] serine) maintained at least at the melting temperature of the lipid, followed
by dispersion of the drug-containing melt in a hot aqueous surfactant solution (typically
1-5% w/v) maintained at least at the melting temeperature of the lipid. The coarse
dispersion will be homogenized for [-10 min using a Microfluidizer® to obtain a
nanoemulsion. Cooling the nanoemulsion to a temperature between 4-25°C will re-
solidify the lipid, leading to formation of solid lipid nanoparticles. Optimization of

formulation parameters (type of lipid matrix, surfactant concentration and production
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degrees of unsaturation. In particular, the
conpositions of the fornulations can include
wdipmlnsi3eyl phosphati dyl chol i ne (DPPC), a naj OPCT/US2006/019351
constituent of naturally-occurring lung surfactant as
wel | as di ol eoyl phosphati dyl chol i ne (DOPC) and
di ol eoyl phosphati dyl gl ycerol (DOPG. O her exanples
i ncl ude di rryri st oyl phosphati dychol i ne (DMPC) and

pagﬁng:g“ S gi pg ritgqqu: %py ﬁ%ﬁ/ ﬁé‘fl%vlw@jol d drug delivery. By non-

ln‘ilikﬁ leah Q8] MROSHRGHCH divdyThlye 8 Aked BPRghester and the wat
T ?gar oﬂlx phosphat i dyl cygol i ne (SeDSPC e@zﬁ}s pr and mprove the water

sobﬁbgﬂ‘qa,(ﬁ;‘y B@W@sﬁhﬁﬁ ﬁé@p@g@}h@ml@g fopgpajions, such as low-solubility
d d
le‘g‘{q@é‘%ﬁ%%@ﬂg?ﬁg g%ﬂlﬁt[b gll) ﬂ%&?g‘é&?ﬁ)sgﬂat |md§lechol i ne

(PSPC) and pal mt oyI st ear oyI phosphat i dyl gl ycer ol
MelRIR@usicandU €1 Shabe-Fadivh éing dropinakitioal | pi ds | i ke

nono- ol eoyl - phosphat i dyl et hanol am ne ( MOPE) . L}OOZSO]

I n a[Oﬂm?réléil eMeleEx‘emi@dim’éﬁt shapEGhanding ddorogpindiong r ormulations

R RRA S b ATROR 808 oG B8 g e
midfo-énblbionTofdirhingd ihélpsich Poshpliesss Witth kysthE?EGn@lanu]@s giich as

the surface of the lip or lipid carrier
cyBodedries foyming woaalmemog e st arhrddie tb%@ne%hwsef}rugs in

1§J1§1ﬁ&eﬁxtnknmn%ehaﬁg ted a&%g Hohdd gergegg%g% AQOLAHR kA Hloduces a

id carrier he Use o ceranide is often
sopd éfsecrrs@d &alid Idaserslhes eacict fprepragd mdvwanyaygethe gplvent method and

the B@Pﬁx%lk eﬂl%d N [sglﬂfgrét Jngg%de sses %H %Ir%/a eWt D¥erei the drurg and

circu ronlifeé ceram
app®pptte atyetkrard disshlvddeanentherd (spragi) tided. Thagiajs dlrawvbacks of this

C rol,the lifetine,of t Gcera ide in.the |i
mEROLGRNE 15 oo Enienmhnts ang e batremane Produpisagrorssh phe hot
maEHeBl usRedatih ofder feGiset driskee ﬂﬁ'ﬁrlﬁg)in a‘ﬁfapbtolphgt Cﬁ)olymer

carrier fusion. For exanple, PEG ceram des having

Theawlt-egwwm PERCRSC Hedn taptiptieedc wprsinn il e katymelt |meth0d The

S r |
ool i 8Os ot ey B L6 o el v songnos
prﬁﬁlctlan)procgssoum thie| meltfektrussom Gus nofelt plersaceeticad rte¢hmique, the

i 0 Py g M, e R OR e Y PP Brusion

ofl engﬂho@gwmdﬁes a caya:roﬁy rbmbm?rcméﬁhnt he {HP-8yED), and
beconmes destabilijzed % t hus fusaqgeni cy) at a known
hydraxpropylsstylqelalose, (AP et ogen sy, yprga-lipitigg cample create a

AU ehggoérmmrﬁgt ﬂayﬁqﬁaﬁorpm\%&ﬁk@an BF @theﬁﬁ&dﬂqumow €Cyclodextrin
present conpositions. Exanples of suit

is a toroidal-shaped molecule with hydroxyl groups on the outer surface and a cavity in
the center. Cyclodextrin sequesters the drug by forming an inclusion complex. The
complex formation between cyclodextrins and drugs has been investigated extensively. It
is known that water-soluble polymer interacts with cyclodextrin and drug in the course of
complex formation to form a stabilized complex of drug and cyclodextrin co-complexed
with the polymer. This complex is more stable than the classic cyclodextrin-drug
complex. As one example, HPMC is water soluble; hence using this polymer with HP-b-

CD in the melt is expected to create an aqueous soluble AUC shape-enhancing
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PEG nodi fied |ipids include PEG nodified

phosphati dyl et hanol am ne and phosphati di ¢ aci d,
woeB®onsli3ki ed di acyl gl ycerol s and di al kyl gl ycePoTAIS2006/019351

PEG nodi fi ed di al kyl am nes and PEG nodi fi ed

|, 2-di acyl oxypropan-3 -amnes. Particularly preferred

are PECGceram de conjugates (e.g., PEG Cer-(Cqg,

PEG Cer-C 4 or PEG Cer - C20) which are described in

U. S. . Pat, 820,873, inco t ed ere
foraTitiazn iy h n%b%ﬂg SRRDleo b ST S AL T \eﬁegﬁ% ffquester and
lm'pr(/@ hd RBtef %u@ﬁltﬁ Bﬁ&ﬁfde@U(Psth@-‘éh%cin o[ POS@TRions, such as low-

ositions are about 50 nmto about 400 nmin

sombdﬁaeieefpﬂom@ splt formsifpy panppartigle-based famylatipiger st and

that the size of the conpositions can be | arger or
Co_i;a‘lacllel{ tglependi ng upon the volune which is .
—eﬁca-ppst#a% ed. Thus, for |arger volunes, the size
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i ncl ude | ow nol ecul a t oligonmers
sigvfiqeatly slopsthgh d Hf%ﬁl%ﬁﬁ%&dﬁei a1 %rléf"é‘for%ag@t}?? alfppreparing

povReihi l%audt@ Céﬁiﬂ%g“@“g%ﬁlyaﬁééd' R RdSdihd PRI Size, TWhACe the
or nore surface nodifrers c¢an be used in combi nati on.

du{somge]rateespstmm affdoted xpariitlesizef NMeorepetea fibene fosges(such as
gr rcl HC ?&i\égseﬂﬁé tsﬂlg&s;@%%gxat%ﬁ CQESe %@oﬂ dn"of tﬁ@%ﬁ}s&i lattice as

osp
wabmlteaumﬁgl pargskaiznl ,Cd-gagtnogndiug, w1ﬁ‘t b)al‘rmq'pamyﬁnethylcellulose b-

benzal. ko umc ride, | ci um st ear at .ycer ol
YR BBt B R s SRRy Rt SIS, 3hE e it Gh®) enhance the
di8Hkish fpfbﬁkﬁ'n&a%iuchs Habi 480 S8pEEFhanPhSOXY Ibiiihedin€or otherwise
al kyl ethers (e.g., macrogol ethers such as

re@@b&w@alelﬂ@m)mlmﬁ y&Yy‘@Ph‘W’é‘ﬁé cgaaplgy thisj gpproach may also
bedlﬁjeﬂ Y@E%%@g‘ter %Mﬁm{@é mélv%%ﬁ‘ %%l}?hﬁ)f F(ﬁfdt [?@'sgal%q -enhancing

e commerci ally avai e Tweens
fosmdhtl(ms, such ,as ThwesoldilitRTyoffoxdciinesdin f@msRiuv| nz(nomrtlcle -based
P Eﬁ Ctl alty Chem cal s)); polyethylene glycols (e.qg.
eAVBYExs 3350. RTM and 1450. RTM, and Car bopol
934. RTM (Uni on Car bi de)), dodecyl trimethyl amoni um

Dﬁﬁ&m&%nMcﬂ?@imﬂ enestearates, colloidal silicon
ToX1 de, phosphat es,

[00245] Compositions may include one or more di- or tripeptides containing two
or more leucine residues. By further non-limiting example, U.S. Patent No. 6,835,372
disclosing dispersion-enhancing peptides, is hereby incorporated by reference in its
entirety. This patent describes the discovery that di-leucyl-containing dipeptides (e.g.,
dileucine) and tripeptides are superior in their ability to increase the dispersibility of

powdered composition.

[00246] In another embodiment, highly dispersible particles including an amino
acid are administered. Hydrophobic amino acids are preferred. Suitable amino acids

include naturally occurring and non-naturally occurring hydrophobic amino acids. Some
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sodi um dodecyl sul fate, carboxynethyl cellul ose cal ci um
hydr oxypropyl cellul ose (HPC5 HPC-SL, and HPC-L),
wayadeazyie opyl met hyl cel | ul ose (HPMO), PCT/US2006/019351
car boxymet hyl cel | ul ose sodi um net hyl cel | ul ose,
hydr oxyet hyl cel | ul ose, hydr oxypropyl cel | ul ose,
hydr oxypr opyl net hyl -cel | ul ose pht hal at e,
noncrystal line cellul ose, magnesi um al um num sili cate,
triethanol am ne, polyvinyl alcohol (PVA),
na@cﬂlly\gcnu}atmg my@oph{m@ ampmgmacidsgincluding but not limited to, non-naturally

{ et |
L
cofifjduoativpelof 18dpshbbin ea,mlam dlcidsldanri)e empploysdh neugtalfle . lg'drophoblc

Pl i bl .0
RSP R 0 O BT 55 BB A A PR REHE, B feid analog

1ndfPlQie§’ XRMMoP E%oﬁﬁ%_%auon-r(ﬁtdh%hﬁo 848 hiXiidg theatbBOwiKp Puviuds --NH--
Pol oxam ne 90 M, which is a tetrafunctional bl ock

CHfbpioPymavhersa iy isan EPHASE iR Pafubstidied; Fiphgic group, a benzyl

gr%pgéﬁl&g eglxié ?Eyl%&’ua)g%g tﬁ%og{nhﬁc ;906 Sgs%ﬁlé,tﬁﬁ(de@ Qﬁ)‘fﬁaﬁmgﬁﬁlp and

wiehedn Betbephaisphesiopd do fuchleabaidi qutmaglraiw oq@numgmlwacld As
sl Yyt o BARME VAT, ) SpEMAR evete c1-c8

hy Qﬂo@érb&ﬁseﬁrhféhsar@fcomﬁwtdlﬁﬂsswfa&@ﬁ waGEM contaa| cdle((& gvo, heteroatoms
Aer osol OT. RTM ichis a dioctyl ester of sodium

su@lmaﬁ OBifTeesn XYgEN (Pr( AHER| eferoyRRnTein PR SHhomore units of

I Mﬁn‘fe{ﬁc' 0&})53961{1&{!7&&96&513150 %Maﬁ& %‘ro(u%j Beunt Qs phenyl and
ritons X-200 which 1s an al kyl aryl poRB(ret er

naﬁhihﬁmdﬂ@te@mnm awmaha&c)ups enduessinidazolyl, indolgdythienyl, furanyl,
Py\é\?%k ggfaél%’ rgé%(glgg%egzotﬁl%ﬁ};lo%gnz%ﬁ’&%ﬁt ﬁuﬁgﬁnﬁu?sroaﬁlﬁohnyl and
acdingonony| phenoxypol y- (gl yci dol ), al so known as

din-l1og.RTM or Surfactant 10-G RTM (din Chem cals,
St ar[rd)@md] Suadble jubsGruegevhas afphaAio, Aobtid Grwaayl growp. thelude --

SA9CHCO, whi ch C. 8 H b. .CH. sub. 2 )
ORI IOeh, ) St St ST L2 e

be%% a%g,? of @Eﬁ%ﬁﬁg@?ﬁcgﬁ{@%ﬂl N(g/2r COOH, --NH,, --NH(aliphatic

groltpesldqstlmi@l alipbptya; nwﬂ,@gbstlﬁlt@;bb%zyl aryl or substituted aryl group), --
N(aﬁétt 1c "o m’al tngX&tQ&] %?#Iga?m Qer%g]d %ﬁy4t1tut%d benzyl aryl or substituted

yranos
arﬂ-gﬂ@lﬂ)g&(}ﬂ{)(ahpmmargﬁyjp, Mﬂﬁhﬁﬁlaﬂbhﬂtﬁﬂbeﬂiﬂyl substituted benzyl, aryl

or ngtgﬂ e qq%e%&ué&gtégﬂgz m{&%phe{]uc s%%tuted aliphatic group,

benBAL @bstﬁ)mgh BERARY, ra?ﬁQﬁ s@tituienaioyrbupy), TESHY. S (ligB&, sebstituted
n- noy bet a. UCOﬁgr&nOSlde

almhat@nbwzy]\,}sn@[tlnmcbb% giogatic or substituted aromatic group) and --NH--
CGIB@{C)?{% Ogﬁtl&%&é&&&wg@pggﬂoﬂgﬁa %?(&%)l c[an also ha}ye oa)r(laaé Bratlc or
substitaed ahphatlc group as a substituent. A substituted ahphat1c group can also have a
benzyl, substituted benzyl, aryl or substituted aryl group as a substituent. A substituted
aliphatic, substituted aromatic or substituted benzyl group can have one or more
substituents. Modifying an amino acid substituent can increase, for example, the

lypophilicity or hydrophobicity of natural amino acids which are hydrophilic.
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particularly preferred surface nodifier for the

pul nronary or intranasal delivery of steroids, even
waonnws/128i3t or nebul i zati on therapi es. [00234] Erampise®6/019351

of surfactants for use in the solutions disclosed

herein include, but are not limted to, amobni um

| aureth sul fate, cetam ne oxi de, cetrinonium chl ori de,

cetyl alcohol, cetyl nyristate cetyl palmtate,

cocam . _£ocC bet ai.ne,

Coc AR, A Aty g SRIRe pit AudS o peids paglpgy and salts
thepetffeah 8e obtainell %aﬁﬂﬂel qltyh abitersaah e afthitiesizedi Byahithods known in

di met hyl amoni um chl ori de, di pal m toyl et hyl
th%ﬁﬁ“ﬁroxethylnomum di sodi um | aureth sulfosu00|nate

drogenated) tallow phthalic acid, ycer
d| | é&méf)g Hygrapbebigity é smeeallytdeiinggd yféfbrryffpe@q '@a%@ partition of an
r i
am%q&&eg é&ﬁga r@%ﬁrlgﬂmﬁ)gghg% wiKE! $hakSnbfic ahﬁlgcg BQBY b those
acndxwdfec;h shyow sit mnferﬁelcmfmdme reopylar S@Mmjn aRdati, hyﬂroghoblcﬂy of

aI my {lsgt%a% lig%‘gp oé%%b%&}g]%%g]%ggg er ;1}10%9 lycme %N the value

0 % a@ﬁ )éhcéli LERD ﬁﬁhirfb, acREGvIZZh gdme@epryferéﬂce ddrafser }Ecix_z@*véluamﬁelow
PEG 150 stearate & _di stearate, ?— g PEG-%

0.9 st thoee thatihav i preferensedynqngolergolyels vz walge above 0.5. As

us& ﬁln%ﬁ‘lt &he ?@ﬁ' K?/cgb}%ﬂ Y hmGRC A GefeRElG 8n RGARYAYid that, on the
propyl éne gl yco earate, sodium Cl4- 16 olefin

hyéwlphmanescaboUasmwalmjglgeatersglr $qvak ot b.aln olesalivipdl, hiag § fendency

to ?%IJUPI the %{))rgjoﬁma& 'vﬂﬁ&eé Iat I%!#é&%ﬁa? to El%.fg(%r I@Lclﬁ%m um

aram e oxI odecy ene

sul f : sulfat 2 f

S OO e Y AT AR e
hnﬁf}bﬂ o egldeing r prlotibk, i flagias atjrstdllﬁb,_tlhethfdalhﬁboml{n@f leucme tyosine,
lsoiséiq%?%%%%héﬁ‘%a%&%ﬁ'eﬁﬁni\s F5eeed St iR sclds include
leuRNR! BASKAS allandRS | GdidheOf h@lﬁﬁﬁmﬁé | 4ndi ?lyﬁfﬁ@e Combinations of

Phaf maceuti ¢al Preéss, g EWC|f|ca I'y i ncorporated
hydspphelfier amive . acitfe ceny rZﬂSR: éverrﬁmp et.s Hpdh Qf@ﬁfﬁer%qnabm%}lons of

I

/BUPUEPLR A A BRSPS SR} HES G M
ovmatlmbmbhaﬁammhydmphmbielcym alnd bt beploged.mal anount of the

surface nodifier can depend upon, for exanple, the

par t[Omllprrhéramgnaradldsumﬂ&cpremd i ither patitlecvBehe inkention in an

aquoFJln‘% clgfcq? hﬁa%l%ﬁg\/%gqu égﬁree? Q ar%gnot aI?:Fd galfllrbfe %cr:éaserrlrcqg It}];e part1cles

in QM @ﬁﬁﬂm fa'ngrnb 'ffb@rp Bbdut 20 Q@'aB&QQO( whiBht @f Tikesagusfl aaH)erophoblc
fier mel ting point of the surface nodifi

arrpmg amdtcgn be dirgspit mtti;e oprticlgs of ther yention in an amount of at least 10
weight percent. Preferably, the amino acid salt is present in the particles in an amount

ranging from about 20 to about 80 weight %. In preferred embodiments the particles
have a tap density of less than about 0.4 g/cm.sup.3.

[00252] Methods of forming and delivering particles which include an amino
acid are described in U.S. Patent No. 6,586,008, entitled Use of Simple Amino Acids to
Form Porous Particles During Spray Drying, the teachings of which are incorporated

herein by reference in their entirety.
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nodi fier and/or drug, the surface tension of water

solutions of the surface nodifier, etc. [00236] In the
woresansi3znventi on, the optimal ratio of drug POT/US2006/019351

surface nodifier is -0.1%to -99.9% fl uoroqui nol one

antim crobial agent, nore preferably about 10%to

about 90% M crospheres [00237] M crospheres can be

used for pul nonary delivery of fluoroquinol ones by

Pfir.st addi ng. an appropriate anount of drug conmpound to
—qgﬂ%%ﬁﬁ%¥$é§@§in wat er. For exanple, an aqueous

chl PVRET QBB ARl ARREHAE chide ToR SR atbumin

al n| ermne anoun
(HISAY,) reobmpimbayt( Bimdrmalbindir @HA)) yelatiri, dedeir, Rieﬁbgldbjm pmdlibe like.

TR LR N N P R -

fuf@dhahnd BOffENA cdeily, Jh6IMdev danihBeglyEinell drbehenat@lnehistidine,
oi |l primary emnmul sion or the polyner/drug solutjion w ||

glamip a@idr aParticnacith agisisudysiontlpusinsudsolgle, valing, dugthignine,
0 . 4
PRy s PR B T R M i OBl e il acids
andemuyrzelpngesemat gution ds| dipersing ragetls cohminvuecidd alling into this
t era ure ev.apor te.net hyl ene
cafegirypsiude Rt FEREAtsin poIeRAE AR s TR bgophan.
aldnfi@n théW@ioame} ipheidlslaihe S rdiyhes emdtididel) Gind gprdline.  Dispersibility-
8000 1000Q, rpm for 5-10 mn, Sedi nented partcheS\MII
enfRPCigs U FPE @IS, HPdR {JIIEH: BHTEFS, affrarieise 400 Pentamers
il f dBhfho | &Sthvkd described
g o RS T T Pl P ORRAL Sk Sotihs degeribe
abgpg-ay dryi ng approach will be enployed to prepare
| evofl oxacin m crospheres. An appropriate anmount of
| evofloxacin wi |l be solubilized in methylene chloride

cgnga! ni ng PLGA (0.1-1%. This solution will be spray
c Sobt ai n the nlcrospheres [ 00239] By
non har ai l%?l Hol d tﬁig e%X&éieg??a%B&}}}a}a% 0Pk q}g ErﬁL er°ha ulxclude

or ®size ron (requ
m&ﬁﬁ’ac@ﬁarﬁﬁﬁs sﬁcﬂP/ﬁsﬂlﬁbtcrm) malma,@,lactb’sel,glhmeilm-g)&ﬁéswc S(masy and

dr.u ase sin rlate hn| s and
thg:rggcﬁ,o g§gcc{h &of“%\/ gaﬁtqp F .- clr<hs§ e ﬁ?ﬁ 1gse, and the like;
poRRREDAGHsTRICh 3k $4HTiRSsel BRRzE e SRENGRK RS, dextrans, starches, and the

like; and alditols, such as mannitol, xylitol, maltitol, lactitol, xylitol sorbitol (glucitol),

pyranosy! sorbitol, myoinositol, isomalt, trehalose and the like.

Polymers

[00255] By non-limiting example, compositions may also include polymeric
excipients/additives, e.g., polyvinylpyrrolidones, derivatized celluloses such as
hydroxymethylcellulose, hydroxyethylcellulose, and hydroxypropylmethylcellulose,
Ficolls (a polymeric sugar), hydroxyethylstarch, dextrates (by non-limiting example
cyclodextrins may include, 2-hydroxypropyl-beta-cyclodextrin, 2-hydroxypropyl-
gamma-cyclodextrin, randomly methylated beta-cyclodextrin, dimethyl-alpha-
cyclodextrin, dimethyl-beta-cyclodextrin, maltosyl-alpha-cyclodextrin, glucosyl-1-alpha-

cyclodextrin, glucosyl-2-alpha-cyclodextrin, alpha-cyclodextrin, beta-cyclodextrin,
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and inprove the water solubililty of solid, AUC

shape- enhanci ng formul ati ons, such as |owsolubility
woOevwikssaci n salt fornms for nanoparticl e- based#CT/US2006/019351

formul ati ons. [00241] A certain anount of

f1 uoroqui nol one can be first dissolved in the m ninal

guantity of ethanol 96% necessary to naintain the

fl uoroqui nol noe in solution when diluted with water

from96 to .75% . Thi l.uti,on can t hen, be.diluted w th
s Reita i A sty - SR RERD SR RS eS] and
pe6@d inal BlsaBPysdd. of paracetanol can be added to obtain

the following ww drug/polymer ratios: 1:2, 1:1, 2:1,

3: 1,j06256) Wighly Pspbrsindé parfi@ed adnlinBeed ¢ondrise @lbiddcOiiSagent and
are spra¥-dr| ed under the follow ng conditions: fee
a bipcempattbley gndi prefarahliibiedegadalie (podymen ©opOlYBGE | @t blend.  The

BS80S i
instastiens hehwien thaggentriol e deliversd kudtie@olynSolte provideisthbilization of

Particles [00242] Preparation of £l uoroguinol one sol.i d
o Bty v ROy TR R b MR SR BB Ao anc
théreby, Gats®F Hrughblesdeebfilps;dis) Suabe amrqehoities drdythreetfiey ¢apebilities
.and phasphati dyl sgr,i ne) mai ntai ned at | east at the
vigrghenyiga) np Fioms #pd 1oPattiele BARN, £ ol | owed by

di spersion of the drug-containing nelt in

h

aqudBb& 78 uTurhet siedingdrolymes spahyasi war@y%i@m;&)e used fo form
ueStr LY

thgﬁigﬁ%@sneﬁo@texe{n@;ﬁé,gpggaer%hg&n&@ el st FITPRE LA BiShory exane

The coarse on w e honbgeni z _
anhydriedi(PCRIS) mgy deNised.oBliedegiadabl¢ pplyanhysivides aresdescribed in U.S.

nanoe j.Qn. ol i.ng the nanogmnmul.si 0 . .
PR AR o0 R BT el TAR B RhB et b poluearpnghudive
pdlEagdrogy haids) arsorbh 08 uedd. Sk iedarhpip) sblyanapiaratidalPEss), polylactic
ac%él’:lg%,’z(?ric{ggglé{g{e f grgu aié)lh&p 3&33& ?ogtﬁgtli‘lg pg}ti%l%(se. %{le lpcl)l%sger may
aldy RHMCE LIRRRAT SMRLSShhliMbld gREp P&ich Ak MRCanSi8o @gidt Oln a preferred

achi eve a prol onged druE delivery. By nonlimting

engbegimens, partifles vippeanireHedhigleasd rropdsties psa de tformsd (i @akydp.L-lactic
' i hih £ SOl
o YA LIE b SPURD 0080, 5P S s gt

sutlewodipalxdtoy InplespHatifipicdink gDPR@nopar ti cl e- based
formul ati ons. Melt-Extrusi on AUC Shape- Enhanci ng
For ro0268i] adtheOfd@ders MedltideEpol yaus danpdiarsdraps; @iymkydeneg such

fl [ [ .
as gﬁ%‘%ﬂﬁéﬁe‘?' %rc]) ypfr(g)pry enle,a t nglr)]/?ethylene glycol), poly(ethylene oxide),

poly(ethylene terephthalate), poly vinyl compounds such as polyvinyl alcohols, polyvinyl
ethers, and polyvinyl esters, polymers of acrylic and methacrylic acids, celluloses and
other polysaccharides, and peptides or proteins, or copolymers or blends thereof.
Polymers may be selected with or modified to have the appropriate stability and

degradation rates in vivo for different controlled drug delivery applications.

[00259] Highly dispersible particles can be formed from functionalized polyester
graft copolymers, as described in Hrkach et al., Macromolecules, 28: 4736-4739 (1995);
and Hrkach et al., "Poly(L-Lactic acid-co-amino acid) Graft Copolymers: A Class of

Functional Biodegradable Biomaterials" in Hydrogels and Biodegradable Polymers for
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may be preparation by dissolving the drugs in mcelles

by addi ng surfactants or preparing mcro-enul sion,
woéanwwigi3e ncl usi on conpl exes with ot her nol ecuPes/usewh/019351

as cycl odextrins, form ng nanoparticles of the drugs,

or enbeddi ng the anorphous drugs in a polynmer matrix.

Enbeddi ng the drug honbgeneously in a polynmer matrix

produces a solid dispersion. Solid dispersions can be

.prepared in ways: the s h a
B i ACS RSO S s o 6 b iy Diightife BPh, Bas.
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inglyding jsehiactive ggendiand 8 RIpsheinid ap admiusweree ﬁﬁ@nalneﬁ gf pyjtable
phgﬁph%gpfdg RAdl e, € 2hBh gﬁlre%s gﬂé;spﬁ%ltdtyﬁzgﬁﬁéé,:Plﬁ%gﬂt@ggﬁﬁnblﬁmmm
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phashl‘aﬁd)dgb/ccrblst h}diomdiatld}dxetrims,i quhoampiriqbdinhsit(gs | anclk cofmbinations
sol.vent and cQ
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chni cal set-up_inyolves a n1xt

hFTROP A FIBPS B PRy Gh syl oy P e DI diflmitoy!
ph@%aﬁdmlycé&d(ﬁmp&y BhyP EM&HEMWA ‘ﬂ%lrédf | 0@&e&?ﬁb@'xoh}blﬂs are

order o, non- | I'mting exanp e create a
knohapte- @nmﬂﬁllmlﬁ teran. afn erpreferred wotbodivzast, the phesphelipids are

endg&% 'tﬁé ﬁlﬁg Cycl odextrin is a toroidal -shaped

ecu hydr oxyl groups on the outer surface and

dr ugﬁ%ﬁéﬁg Fhe pﬂlos%ﬁ)ﬂtplreglc Fan%d Oegen)ftniq Ll Ea?ﬁéi@ fnea{rllsar}l&%t ranging

USIO
frdro BRIt I000 abelﬁtV%)e,Velgbt% (o] 17302 bd)rﬁﬁloﬁ]lydt dsrnll@Sprbmm ineké particles in

|nvest|ga1e ext ensj vel wn t hat
an\/@&%’l‘“%ﬁ‘%l@% h@tol%P%é)cW@g ;P)h cycl odextrin and
in the course of conpl ex formation to for

d
st gﬁppz%dnc Snptherk egtbodigt ant @9%&%@&% fhe” phospholipids or

0 hi
o Aok MU P puEe) L gy Ty, e

digpeesitds antpiclss. Fivphass traasition tooipatatere Oﬁersp@clﬁrsph@phthsd can be
be'iJOI gatrnel{ndvgr aBO\L_eI th? ph /S od%#]céal E&%ﬁ%ﬁp&a&ur@ )é?g%tat?e%tt Breferred phase

€ an aqueous
treﬁlhﬁlpﬁ -tempasirasgfangartibmt 3O rlegiBys Coto- 5@ e greesg Cefeaypivighin +/-10

this roach al so be used t.o0 ester.an .
ASETESS G0t RE ek By ST BBIANIT (5 RSHouD) | i Spgeune phospholipds or
copRRBIOAS hﬁ%o@ﬂmﬂ@fdﬁuéc@bﬂdﬂ{gs to ShGh pﬂ§se| WsldbkdnpeYature, the

| evofl oxacin salt fornms for npanoparticle-based -
partiglepy cat jbgntpilored to have controlled release properties. For example, by
administering particles which include a phospholipid or combination of phospholipids
which have a phase transition temperature higher than the patient's body temperature, the
release of dopamine precursor, agonist or any combination of precursors and/or agonists
can be slowed down. On the other hand, rapid release can be obtained by including in the

particles phospholipids having lower transition temperatures.
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Co- Preci pitates [00244] Co-precipitate fluoroquinol one
formul ati ons may be prepared by formation of

woae@riesi3pi t at es wi th pharmacol ogi cal |y i nert, PCT/US2006/019351
pol ynmeric materials. It has been denonstrated that the
formati on of nol ecul ar solid dispersions or
co-precipitates to create an AUC shape- enhanci ng
formul ati ons with various water-sol uble polynmers can

Ts,i 'fli{_ca |y sl their in vitro dissolution rates
—@@QMM&‘ ption. In prepari ng powder ed

pro rindi .is | C
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ta%q%s@tzdpa{ %%?w@% cg%rlsag!g?ﬁ/e# ?@tagﬁeq‘g DS dn l_cj‘@mposmons according
toStha ABvedbaNes NGte OiMRatih@0s:, THEIScREcd @WPtiddidfi Riprmacy",
| evofl oxacin salt _fornms for nané)partl cl e- based

1 9f YP Ry et IWmWsWé men(1RANa /e Ay thsa Fﬁhyalg@nﬁ deoesk é}eference"
FPH%Ht scaBYorboREdsUNRNRAR, RIT. H@@?} di - or

eptl es contalnlng t wo or nore |‘euci ne residues.
gé ;r%)no AhHﬁtﬁdgngex% ?IEP' Blasses Sof Pk hadhr agents for
I sC osung di spersi on- enhanci ng pept I's
ﬂlkmcmuwlmrwcfmpolaame dndd)u}der it exddition qfnﬂawosngm tsmewmrS,desother
giat ent i es&t i f3 on-limi Ver% I'] S these echos from, sugars
vBRL S B SEREET o P Goli BEDVE RarhE e mey rehorey e
sutli hp eWirbde dexttfcte, Sandelndtode),i dartidx@li¢ acibs |SaIt$/ stich asrn@amslam and

ol PSRl By TR E Sk 02 5hol Do
acldddrUsiRg -8 Mvﬂ@ve@cshéh 2 gﬂgﬁ@ ﬁ%rs%ﬁéi‘ rgd md’r’hég&ﬁ&ﬂﬁ’ k?;‘ltﬁamate
am no acids are preferred. e amno acid
and ngyinthgtic favor ails ;an@cﬂﬁyprlngm gematinoandiar nptardl yoﬂs extracts from
u g i c.amno
plé)n%sg u{e%“(e%g {ﬂs pf?@gr gtca%nﬁoccg@%nggﬂm t'ﬁ?lrég‘f 'ﬁ%és m@{ include
culmamdhedlli,Ooﬂ rufnwnﬁctrglrealh,l peppermint oils, clover oil, bay oil, anise oil,

eucalyptus, vanilla, citrus oil such as lemon oil, orange oil, grape and grapefruit oil, fruit
essences including apple, peach, pear, strawberry, raspberry, cherry, plum, pineapple,
apricot, etc. Additional sweeteners include sucrose, dextrose, aspartame (Nutrasweet®),
acesulfame-K, sucrolose and saccharin, organic acids (by non-limiting example citric
acid and aspartic acid). Such flavors may be present at about 0.05 to about 4 percent.
Another approach to improve or mask the taste of unpleasant inhaled drugs is to decrease
the drugs solubility, e.g. drugs must dissolve to interact with taste receptors. Hence, to
deliver solid forms of the drug may avoid the taste response and acquire the desired
improved taste affect. Non-limiting methods to decrease fluoroquinolone solubility are

described in this document, e.g. salt forms of levofloxacin or gemifloxacin with xinafoic
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occurring am no acids include, for exanple,
beta-arnino acids. Both D, L and racenic
woanfei1gsm3at i ons of hydrophobi ¢ am no aci ds canPb®US2006/019351
enpl oyed. Suitable hydrophobic am no acids can al so
i nclude am no acid anal ogs. As used herein, an am no
acid analog includes the D or L configuration of an
am no acid having the follow ng formul a' --NH -

wher ei, n is .an ali tic
aclgh,Bleis R stre pdrg e B LRI S PBipiftine agent include
dilsydpsyriditles dndg palymegsietips pall?v &agyﬂ*dlﬁto@d‘ OM[@redk/e1 taste-masking
substituted aromati ¢ group erein R .does not

m6pe 8LI9BHESEY Bh geationeol hlathwesyl%t Afdifipya Seathe PHgAPPing
agB¥s NPcREé ddexﬁ@teé‘s(%g RS- Binfin abﬂca{?ﬁ}ﬁé &ch)G@)E’lHﬁs i %) UAQude, 2-

st ral ght chal ned ranched or cyclic
hyHycoky pogy bests cyshidskiria e athw@togymbyylmea@mdemingh randomly

mé:tg)ag ?]rbe?angfcﬁde}(tvﬂh g‘frgeetfl)a%tl@%scg%fé? tﬁﬁ i rﬁe'tl%g %eta—cyclodextrm

'n ’one or
maltosylisalptia-defatxirial i on.glwosyteit-alphgeyelqaexiring| udeglucosyl 2-alpha-

car,bocyclic aroma royps such as phe and )
CYHRPRER S 52 %ear%ﬁegwﬂamtﬁeé%wl%dgmrm and

sultﬂbtﬂﬂé@kﬁlbe’tak?{q@de‘ktrmﬂ Riogmel  ceflbifogedyduch Fb‘érétﬁj)w oellulose, methyl
Eyrany oxazo bénzot hi enyl, benzof uran
ce

wlopol lwmxypr%ﬁ wewpsenyhydsera] awepdi metyl qeﬁuim] polyalkylene

: : o
R
mixRjres Meadoif.phy inon-1emitisg iekampld, athep hathols tbedeiiybr non-dissolved

fo léﬁs.?a{)%lagrteﬁpm E%Zs)z/altré t%lmst?\rﬂﬂgsdtr&g\aeg? Ob F.ﬁéflmpleg rrgargolubllty

affedidsd i fhith@letical iaphat &g stallias thoroﬁit}élﬁt dﬁyufpﬁd'd&? Nghydy-dried, and
aryl or, substituted aryl group - Nallghatlc group

nagRiysRenEien etpraiaiomt | EIOWB%er‘iaz ¥, al@w@w tetied ge rtgytnclude taste-

m@cﬁféjlngoégeﬁtébSlth'egel"l'ﬁ@l?!adf‘fa%\l rﬂésﬁtﬁ%)s%bsta Alid RRATWEh, coated onto

up, substituted atic, benzyl, substituted
orbq;hgyvllse eomybingsk wg,nbb@mﬂum@mlrmlgde g}twu p1)1¢dlca@[§NH 2However this

hat i subst d ali hat
adglﬁ:lﬁgs tnSatyuatls% dselale proge %elt%s:fe ofng gthet }%08 %to&fﬁgt tfon e.g.
a rﬁtrl;olytﬁi( algepthat INb,n 1R | Exdnqﬂeﬁl ofphrath Csubbtaﬂdb)gl ,lnclude acid
i tuted aro stltuted aromati.c

tgﬁbyl &rﬂdsopﬁﬂéw iRl t0 i@b@ﬂtﬁ%@ L¢Pl 58rE9AtE»cangembonic

acﬁir dafée 9" MRy G#NthadeS Qgelﬂ%vganaﬂe alskPdneCoOn combination with
substituted allphatlc group as a substituent. A

flupgasirinolares orapiopdladmanigirasigp. can al so have a benzyl,

substltut ed benzyl, aryl or substituted aryl group as
Dduuﬁ gelH_ent A substituted

[00265] Methods to produce formulations that combine agents to reduce sputum
viscosity during aerosol treatment with a fluoroquinolone include the following. These
agents can be prepared in fixed combination or be administered in succession with

aerosol fluoroquinolone therapy.

[00266] The most commonly prescribed agent is N-acetylcysteine (NAC), which
depolymerizes mucus in vitro by breaking disulphide bridges between macromolecules.

It is assumed that such reduction of sputum tenacity facilitates its removal from the
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al i phatic, substituted aromatic or substituted benzyl

group can have one or nore substituents. Mdifying an
wamesn2sieed substituent can increase, for exanpCe®Ustivne/019351

| ypophilicity or hydrophobicity of natural am no acids

whi ch are hydrophilic.[00248] A nunber of the suitable

am no acids, am no acids anal ogs and salts thereof can

be obt ai ned commercially. Qthers can be synthesized by

net hods 00249 dr hobi city |
reFRHERATTS) G R WAGPS s o1 Poy iR B P BAFo A cen be
tal@ll BieheR CordllP IrWBR Nnkal AP OIFiffeeAt a4 BétwaATl tH@E efivo methods of

drophobi ¢ am no acids are thaose aci ds which, show a

adgv@ftéqt@ﬁcléavp oRott bgen n@ﬁp@ﬂya studisdy e iter pasplapdngigistration, NAC is
re(ﬂ%g(‘,ri gﬁﬁ’%b In’fé b régurﬁmoflﬁle tlgﬁd&ﬁglﬁﬁhﬁﬁ@ HEIRER L '&n@ intestine.

crt scal e on cli ne has the val ue
The. aﬁtlo@dan; podpeties calld be askfulgn amvd@m@*deg]}metﬁ'\lengafunctlon in cystic

f f h
iy Gy SRal fed i e BT R0 ety SR Gy R Forcutr
ch@hti@an@ebOPijLﬁoﬁef Sn dkﬂewﬁ)eﬁnﬁwﬁdéleipecgdﬁﬁlohediﬂmﬁlyﬂhd@hﬁdollumng its
ami no_acid refer aci
terﬁ%y o};bﬁowmaﬁww tgls Trigsloy @Eﬂeg‘ﬁg o e fféaﬁ&n ip GF.
In other words, has a tendency to partition.in

the A0 Lrbysigeracy leysiimata(ACLaser Sgautelyn (Ndo 1§12 novel
m@oﬁ@ti\féeacge[lp{;&%m%mlﬁﬁ: Qfxtl(ﬁ(‘fﬂaﬁf) eﬁ'l‘él' Qﬁ-lmhl’ﬁﬁlaw pRfperties.

enmpl o I nclude, but are not limted to: gl yci ne,
CIpnn(caIIBrelt inh salt néAC&ysI@s devg appehts 6, ipresent\aalgcheily superior to its

pake%yﬁ{oﬁ]e% X& 'lQe %I.}SFZ) laesylgé gghc E‘Hl%glgm n%wé eo&' L- lysgnleuagcel ACC.
Fdrtheu@mme,, itsi edsmbﬂ uleume ,pHad6aJ) an@ws Msddnmiaistrplienivlthd Bingnweith a very

and ci ne. nmbi nat i of h op hopi ¢ am id
logaeits HebreRaeoyea: T Rerdiie Cogois o PO DL (PH 2.2)
NAYArRERaRItS tandidly ¢ aptinkicd foRh %E@h@enme%wmd lung dose is very

partitioning in water) am no acids, where the overall

hl&lbmpwenmaiﬁlyu?smawwotbn aberenizedirual is stigky anthspbgpig. and it is thus
prl)kﬁ%%e i’con fodipd 'aoreaﬁgéjrse{'i‘fl’e'1 f(gﬁlu lgﬁen AL”“&%‘ gh?\é{iﬁﬁ{&b?g as a

ention I n anount east
chRreflwnradarlyon (OFE) a:nnﬂamum:mdemdrdobe 1rﬂnabs eVviDI) becaree this formwas

sl e B BBy oo [ B aORe A o nt P s

NARE MDE§&Rerdd? thh edRiIft, lﬁ@)hﬁ@hl@fl abfOxintivedn | 0%wdsibRIto reach the
anount of at Ieast 10 wej ght percent. Preferably, the

lungs; inchealéhog velupieerss (reBaier incqnyaniense of s gamyifatipiy was patient
coﬁﬁmHﬁUe because as many as 12 puffs were necessary to obtain the required dose.
Futhermore, the progressive removal of CFC gases from medicinal products combined
with the problems of coordination met in a large proportion of the patient population (12)
have led to the development of a new galenical form of NAL. A dry powder inhaler
(DPI) formulation was chosen to resolve the problems of compliance with MDIs and to
combine it with an optimal, reproducible, and comfortable way to administer the drug to

the widest possible patient population, including young children.

[00268] The DPI formulation of NAL involved the use of a nonconventional
lactose (usually reserved for direct compression of tablets), namely, a roller-dried (RD)

anhydrous B-lactose. When tested in vitro with a monodose DPI device, this powder
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rangi ng from about 20 to about 80 weight % In

preferred enbodi nents the particles have a tap density
wofodeagsi3t han about 0.4 g/cm sup. 3. [00252] Merboas2m6/019351

form ng and delivering particles which include an

amno acid are described in U S Patent No. 6,586, 008,

entitled Use of Sinple Am no Acids to Form Porous

Particles During Spray Drying, the teachings of which

DL RELE Fe ISRl 058 L. ELE e somins s,

na@¥F Bir€tignedBighd?Clhdfl ehatl RitA MP1S UCThigSapptusBl B8 b8 used in
al bum n (HSA), reconbi nant human al bum n

cogbingtiom, Widhh geflnoroseinelgnasniibioln dox Ebar, Rfégd@wr%% or fixed
cofBlA0R g 1s\£/\ﬁﬁ'(§xﬁérﬁii%lo%fc tﬁ&@pﬁ' | eucyl - pepti des of the

I nventi on), may al so nction in a buffering

capagd ' I . ' .

CA2AEN, hDELAE SRR AN il SRR ALY ety
witkylsiaite\;ayd; eficdystic fibsasise (CF)N eatlensl rasel,ts mtetpmgmstve lung damage.

art g rosi ne
R SRR T e
actiVigl fTURGt h@iralds obldFngs Jithigl agROIng . sySems @ve&éle@l&mned for their
fallin g into this category include hydrophobic

effgels @8 claskpe adivitsubl Feherchls ool th}%ﬁOéwcﬁTﬁ@ ﬁ%?bffﬁawbmam
huﬁiaﬂ%ﬂ?@doﬁﬁ%ﬂ%‘ %@temp Qﬁf‘ﬂ cﬁhﬁﬁ‘bl‘ﬂﬁnc hotd @Hﬂﬂ) The Trx systems

I stidine, and proline ersi bilityenhanci ng
comamd d&Tiexx Ermreémteses arsi I&AEP . iy showiriynapegirophetometnia agsay of
elaspase Fe)lc‘u n% s s s 'ge@%t %ﬂ:]g?{ges i Iﬁb‘@g %@BQ&’ Blyfhaft IHCGI?Ophll

elﬁaﬂs@ ﬁ)fhwdlll ad Khs e[a@@%lé]acﬁiy/ltmaseht imithé sudulslx ahgsk €sol) of CF sputum.

carb dr at nts may include nonos har.i de
G e e e Do SEE SoaP LTS Vg G GQuton.~ Compared
WI% W%ﬁ&hl&@[\b&&%lcﬁﬁ%et R tedkesd guﬁaﬁ@ﬁbartha @ﬂhlofsuﬁlbplayed
as | actose, sucrose, trehal ose, | obi ose, and t

greateeslaspat jnbikidormr Telstecamling  ra gs a@ﬂw%gétlorm\a fokia %%tée reduced
fo{aﬁ? 8}" 1?1%% tad %}ﬁﬁhegigzé%ﬁdqn?steg lsag Q"sﬁlgl%ftgrﬁeﬂ%rft.? IRtng]ché& th B %nhibited
purified letasfase aod|CR s;iutum isdli eﬂamtas¢ gAlthomltMADPprrﬁn oslplctase. Because
Tr?(%{gg 'Dtkﬁ(ﬁg; Ollglqgo ytic eﬂ’ec![s we 1nvest1gateed céflarqge% n eijastase activity after
mucolytic treatment. Unprocessed CF sputum was directly treated with reduced rhTrx,
the Trx system, DHLA, or DNase. The Trx system and DHLA did not increase elastase
activity, whereas reduced rhTrx treatment increased sol elastase activity by 60%. By
contrast, the elastase activity after DNase treatment increased by 190%. The ability of
Trx and DHLA to limit elastase activity combined with their mucolytic effects makes

these compounds potential therapies for CF.

[00270] In addition, bundles of F-actin and DNA present in the sputum of cystic
fibrosis (CF) patients but absent from normal airway fluid contribute to the altered
viscoelastic properties of sputum that inhibit clearance of infected airway fluid and
exacerbate the pathology of CF. One approach to alter these adverse properties is to
remove these filamentous aggregates using DNase to enzymatically depolymerize DNA

to constituent monomers and gelsolin to sever F-actin to small fragments. The high
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[00255] By non-limting exanple, conpositions may al so

i ncl ude pol yneric excipients/additives, e.g.,
weoabosvzsmgk pyr r ol i dones, derivatized cel | ul osesPeUaIS2@SE/019351

hydr oxynet hyl cel | ul ose, hydroxyet hyl cel | ul ose, and

hydr oxypr opyl nmet hyl cel | ul ose, Ficolls (a polyneric

sugar), hydroxyethyl starch, dextrates (by non-limting

exanpl e cycl odextrins may incl ude,

dergit}r% g% gg)g}ﬁ}r/% %a{sgﬁépgéecglbﬁgg%{gmﬁnﬁi’n SP%%G&BWFVM bundles of these

fildiRhy Wi alRat axaibdl #ARYh eRctrostatic repulsion, may be stabilized by

di met hyl - al phacycl odextrin, . . .
multivigtenh gatiope seehcas diigensstanfipicrobial peptides, and other positively charged
- -5 )it I i . _a-fact. it has b
mog%hfgg‘;‘%{"a\:aﬁﬂg pghéa‘l%:«g%f ggfe&)'(t rf?ﬁﬁt}lermme, As a matter-a-fact, 1t has been
obggivedadbat bufdled piHANAyw Fertéin forimed afbipdiaitioncif dirsoned] Inor lysozyme
bet.a- cycl.odextrin, - cycl odext.rin :
erecSIFR BT grRstines R Rb ERbBEHT o s, otymeric aspartate or
gh@dny£8| Addiidd d7eely-mkpamte ot f6lytutinsd aldo0idials BNflayd actin-
di spersibl e particles a?nini teﬁed conpf i &@a tevel
coRpigHE TP RHLAE SEHEM DI GRS BEEIBIE Oy op R rmplsy to levels
cmggf}gﬁg hAHRB SutRALY IR tref@RAL WIBDNARE | BF £A8blinT NMRidition of poly-

t
yners nmay be tailored to optim ze di%?erent ..
aspehiiy adit edljosiricregsagf DNaes petivity cWien pdded dprigmples containing DNA
| At eract i.ons he ' ) D€ acid
oo TN oUBE D DA AL e S S
sighificandy aaduetd athe | grotth wporactielhj weggestinig pctiwtien off endogenous

pol ymer .degradati on.and, thereb ra of drug rel ease
anfRgr R d5ciohs ) Thtier SRUnEn v EREtio ot 1 LIS T ihgh AR Shave
pofeRBAhildrietor §S cohBIn& AW i theRslidol R apes toaselbetivoly dissociate the

particle porosity. [00257] Surface eroding polyners
largeibynddes qf 6haraerhhigpeloaers igf fore inddosruBtor m t he

particles. For exanple, polyanhydrides such as

pol YPW2F1L &feves ) pheneliprienaiadehcaniin dedused stuttppe. ihioge Trx,

d. .Bi I ' i i
DR’ o> REIR0R: DAY AR CB, TRERLT (0T bRy (e
osaslatitiess grehtas thin abowcd YPes Osmsl/kg)c mubtivalgnp ahigiishsugh g ypolymeric
b B 5 G REARAE nBSL RS combives
with@ER8dui AeIYndhtBsREs bt dBeMmbdtgytRadgkhts H@SaerotbBadministration to

_ polyester nay al so have a charged or functionalizable
imgraya @ptlweqﬁlaﬁéctwﬁy dprongh Betiey disfripuion figpreredgpd sputum viscosity,
i . i i t.h: | . . d
o TRREIE B BRE LR Tralpy RONIOA 088y m impror
spamna/ 1obifit) rdDbud¢@dtare clearagiey eod decreastd Jung tRp@Algmaghifeom the

. i ncorpprate a surfactant h di pal m t oyl
imgHES SRR PRHBTEORE (Ppgy .

EXAMPLES

[00272] The following examples serve to more fully describe the manner of
using the above-described invention, as well as to set forth the best modes contemplated
for carrying out various aspects of the invention. It is understood that these examples in

no way serve to limit the true scope of this invention, but rather are presented for
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[00258] O her pol yners include pol yam des,

pol ycar bonat es, pol yal kyl enes such as pol yet hyl ene,
woabospesipy| ene, pol y(ethyl ene glycol), poly(etrgrasen06/019351

oxi de), poly(ethylene terephthalate), poly vinyl

conpounds such as pol yvi nyl al cohols, polyvinyl

et hers, and polyvinyl esters, polyners of acrylic and

nethacrylic aci ds, cellul oses and ot her

sacchari de ep S Or protei ns
IR REPeet, At e R aieb Bt i Bl BL refeiongs el
entifetyd or nodified to have the appropriate stablllty and
degradation rates in vivo for different controlled
dru% dellvery apollcatlons ] 00259 nghl di spersible
Exannle Hgh 346 AtieR 1) DurpklonALYo| yest er

. . as descri bed in Hrkach e al .
i ‘% hinG R :E'?r . 4736-4739 (1995): and Hrkach et

002991 Y drodeBChd finREhGC WrafhuBRqafbbhed Afch as levofloxacin
po nmers: A O ass of Functional Blodggéedable

Prf?lmm ighi cansentnahormy@rthgequh%lwh ligingd@ee (&55) of pae \prd iymans.
L e L

S 9 002
oc%[@(?}??gh(ﬂgﬁgr T t% de%%mlt%%el]fO 11shorg' (ﬁl@atlJnh ?légﬂ/cc!rﬁelﬂratlons of

pre I nent” O I nvention
levdtifloR&iis i doukl pardffecties ih nedatidém gofa Phiceanginose G’@entsttaliﬂs were

coaqlfggf:giﬁ Fr?e:glrﬂgg %q?{gq%ﬁ%gggd%}}gﬂgg%gqrgous s%rgi%s Of this organ?s!m which
w20 @Rt diﬁtl‘éﬁpédnﬂﬁﬁms prT‘B§sRh@§ﬂe dpbehaal einavhesis known about
phosphat i ycerol s, phosphati d}\él serines,

copdtigepshand giyw%w@%mdw caier Horepis Kat) bing: tHiout isggenic strains of P.

oL ST R 1 vl ot o o

phosphatldylchollne (DPPC), dipal mtoyl

phosphat i dylaglena8ahmgbfIeA RECriméKsl Edfedilents.
phosphatldylchollne (DSPC) , di pal mtoyl phosphati dyl
gl ycer of DEPG?H any co I nat | orLevérixaah MICL her
phospho| i pi W e ki Rhosk skil (ugthhlhn thelart.
In a prefepApﬁoﬁmbodlnengm the bhosphopppids are

endogenpus,; 1ot oy "‘“261] The phosphof Tprd, can
be pres PA&Hb.e B r*'J%ﬁ% PP u”uu”? FanRgh-ng from
bout 0 to about 90 wei %“$Mre conmon

o odbrs) DALt it coan ST SPAVHE? s nalB
m@tﬁg witldh t Sy p%‘}ncﬁvgséﬁel'e%ﬁoxa@m [r&%e@l%}: dh& t@@&éﬁ*&&)‘iessmn of the

0|rrento the 1 nvention, fFOShOIpISOf
MexAB-OprM efflux pump which can extrude levofloxacin out of cells

Experiment 1. Activity of Levofloxacin Against Exponentially Grown Cells.

Methods

Inoculum Preparation

[00276] Strains were grown aerobically overnight in Mueller-Hinton Broth
(MHB) at 35° C. Next, cultures were diluted 1:1000 into 100 ml of fresh MHB and
grown to ODgpp~0.3 to reach CFU/ml ~ 10%. 10 ml of this culture was moved to 50 ml

flasks, each containing 10 ml of pre-warmed MHB broth with appropriate concentrations
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conbi nations thereof are selected to inpart controlled
rel ease properties to the highly dispersible

weantei1iesds. The phase transition tenperature oPC®US2006/019351
speci fic phospholipid can be bel ow, around or above
t he physiol ogi cal body tenperature of a patient.
Preferred phase transition tenperatures range from 30
degrees Cto 50 degrees C (e.g., within +/-10 degrees

of the norpmal bod erature of patjient). By
of iypEetacHY E?rﬁ%ﬁl’i‘B%/“eé "‘g@e Gl‘pcl?B‘i?tﬁoﬂ%FPer‘i‘%’sg
phOSphO|lpldS according to their phase transition
adpe, the particles can be tailored to have
controlled rel ease properties. For_exanp

b :
admilof2g7 brAlhgiraias weie teegtedipe H mivt g, 8‘%‘&7% 89 mp-pnd 160
m1ﬂﬁte§°n¥h@ R fcoﬁglz‘?l%ﬂ%s' bf %o%k’&'fh REYRI2 weRA®Sed for the

transition tenpérature her than the pati‘ent's body
expasuperfat AVE02Q frel PAME A3 16f 3AdPahdhendxe Uk sirains were treated

S RN o N i R L

rel ease can be obtai ned by |nclud|ng in the particles
phosmabwhlzm'rtw& df ainibterellommrbetsr ansi ti on

res. Tast.e ski El ayo O h 00263
o T S pd St Se Uaes, M e R P RRS Phf hgsd for
2 thira 1ho GeBd 8k SvashaiStvcd WSkl il oBgapifite MHB[ galieGuspended in
salts sodi um_chl oride), antim crabial  ag

1 mé of. Ml(—IBenQ“hqz riskieusgllc ArEbsTE éyere §hup¢ratsd by plating ser1a?ly diluted
saﬁgfek gi)ﬁ cglgﬁoa?esg RSB &};létgs ﬁl@ td?‘op ﬁ@rﬁ%@% ﬁeﬁq%d 9The limit of

tes such as
demo‘ndm wah 1@GCEYARL. d@l:lmgas r@nportcci/@ﬂ theéog lredu@onlcabulaéed relative to

Ceéhscg’% a%{h hll%lbe]l |°ﬁelsr,mlaglﬁos ﬁ apﬁgl fp L(}lﬁia(r)nt 2%2 {ive antibiotic

cohédntriiti @i (edatbedo MVIT yf $is therspoﬁdlﬁg Sllrzdﬁs) (age gsed. Cell numbers at
cholesterol), and chel ati ng g%ﬁngs (e.g., EDTA, zinc
inigiaore At biole RXRATHC 4HT "(‘fl’gtll1 $ > Ot her pharmaceuti cal

exci pients and/or additives suitable for use in the

,(,:onp.OSi éb%@ et afjl.kl[lllgbér a ”FiﬁleioPan{i]Jli eﬂgﬁixll) trgd in
Rem ngi‘o‘n—ﬁ%e—%{:'lm_%—{?m. '011[ ghar FTH&V :

19.sup.th ed., WlllargqrathIlléﬁg/,ml(l 95), and in the

"Physi ci an' s Desk 525 nd ed., Medi cal
Eco%orri cs, Montval e,CIP 10T ¢ 9)4335%@26 ] By
non-1imiting exanplle,PANES2ed $60FaEh e} maski ng agent s

Rdsolts f | uor oqui nol one fornul ation include the addition

of f[0eR79] i Fugsthe swsehesoeptible siruin , O Al 023 rmaimusokillingg(5.5 log
degr}eragcé% X:L'lglgl'en cgﬁ é;gplgts)l l)vgé tacrﬁgveﬁ %PP 1r?csubgtpo%sﬁ)r r‘%ymg)n%tes with the
concentration of levofloxacin corresponding to 256-fold MIC (64 ug/ml tested). 5-logs
of killing were achieved already with the lowest concentration tested (16 ug/ml or 64-fold
MIC) (Figure 4A). For the strain PAM1032, as long as the concentration above 128-fold
the MIC (128 ug/ml) was reached, 10 minute of exposure was sufficient to result in
maximum killing (more than 5 logs). At short duration exposures (10 or 20 minutes),
less killing was observed at concentrations below 128-fold of MICs. At longer exposure
times, concentration corresponding to 16-fold MICs and above resulted in similar

maximum killing (Figure 4B). These results inducate that logarithmic cells of P.
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such as sucrose, dextrose, and | actose), carboxylic

acids, salts such as magnesi um and cal ci um
wonaw/gpBei fi c or chel ati on-based fl uoroqui nol ea®/USa®6019351

maski ng), nmenthol, am no acids or am no acid

derivatives such as arginine, |ysine, and nonosodi oum

glutamate, and synthetic flavor oils and flavoring

aeronatics and/or natural oils, extracts fromplants,

| eaves, etc and conbi nat i

aey lfgé’F(@f}fare gegt )frgg}lreﬁ ﬁ%tpbﬂ@rth%ﬂ%p%qulreg 10 élllgq} egpcentrations of
leVWRkssiQr een, peppermnt oils, clover oil, bay oil,

ani se oil, eucal yptus, vaniIIa, citrus oil such as
| eron oil, orange oil, grape and grapefruit oil, fruit
essences |nclud|ng apole oeach € stramberry,
r as i meng Bo Activity, bIE hk N OA F A Rase Cells.

Addi ti onal sweeteners |nclude sucr ose, dextrose,
aspadethods (Nutrasweet (r)), acesul fame-K, sucrol ose and
saccharin, organic acids (by non-limting exanple

ci t dneciduindPrapatatigparti c aci d) . Such fIavors may be

pre t u

appﬁgggc 0 St%.?x% E}Vggee O?\Eln a@%%ﬁjallé e x f u’iﬂ%ﬁ‘l?eglglegn%ton Broth

(MIﬂB)ﬁhteﬁ@f(G 86 mlSothD. dleﬁfsgaﬁ enddien GWalsl @%taﬂ(ddldflei' béryrlfugatlon of
.. drugs nust_dissolve to interact with t
OVﬁ%g!ﬁtcakgres Rt Sdtering theejupgraptanlo| Celtyrey wgreoélhmﬁiewd@@*() 3 into

spEft¥n de The ?arﬁ@?n%@lufne\%&of's%eus@@?o RAeputh Eﬁlﬂl&ﬁ: gﬁxéérﬁﬁqons (the
|nprov taste affect. Non-l1mting nethods

sathe @ gulsxpefiment bgui nol one sol ubility are descrlbed in
this docunent, e.g. salt fornms of |evofloxacin or

(ﬁ% in wth xinafoicacid, oleic acid, stearic
aC| A panoi ¢ aci d. Additional co-precipitating
ager[ﬂ&zalchmtdéotw tondempyiong itimes of erhoaurp ais ydeterminatibn @f viable
ol yvi nyl rroli done. Moreqgver, taste-nmasking nay be

cell St MBS 455 3 BEPHIIE | i popi |1 ¢ vesi ¢l es.
Addi ti onal coating or capping agents include dextrates
(by Rnkd i mting exanple cycl odextrins may include, 2-

D oINS et SRty b iptie eragsgs Arehown in Table 4.

nmet hyl at ed bet a-cycl odextri n,

di met hy’![‘alﬁl: R hﬁac‘{’é{" Il%ﬁl)ﬁ&rs iapI‘ime of Initial Bacterial Exposure.

di met hyt=beta- cycr odextrim,
mal t osyl - al pha- cycl odle yl -
1- al pha-cycl odextrin, ;S}:E}Enos Fﬁf]ﬁrgf phacycl odextrin,

al pha-cycl odextrin, b@%&ﬂ@%b @@Ek@&ln,
gama- cycl odextrin, amdyioss | 8.50E+08
sul f obut yl et her - bet a ﬂ"kq &% tr?n), nodi fi ed

cel l ul oses_such as eth | cel]ul os nmet hyl ce ] ul ose
hy drl8%3834 Jisyistagiangryphass, ceHwé 1%%9 Gt H{ing was observed

atGRL halQs %on&%m%wéﬁ&sorgﬂnygcm 84- f@l@' a)b%bgmhﬁ;n@@ﬁ%&rﬁ)? and the
sugars and sugar al cohols, waxes, shellacs, acrylics
shgrtept duration of exposure, 10 minutes (Flgrue 5A). However PAM1032

demonstrated clear dose-dependent killing with the maximum killing (4 logs) at
concentrations 64 the MIC at a short exposure time. Extending the exposure times did
not result in larger extent of killing. However, lower concentrations of drug were

required to achieve the same killing at longer exposure times (Figure 5B).
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m xtures thereof. By non-limting exanple, other

met hods to deliver non-dissol ved forns of
wohowriesusz nol ones are to adm ni ster the drug aPOmaSe06/019351

in sinple, non-solubilty affecting fornulation as a

crystalline mcronized, dry powder, spray-dried, and

nanosuspensi on fornul ati on. However, an alternative

nmethod is to include tastenodi fying agents. These

i ncl ude .t ast e-maski ng subst ce t ha ,

c 0al08E84 nigxto PVeo RaYEr “%‘@r% i TG ﬁ"t?ﬁ) f%/m)zw & PAM1032
aftdr! 4REPTDI NRuRRErREED YaniBS o€ arsaMMent MAYE Vaioust dtnsentrations of

addition may al so serve to i ovethetaste of

levaﬂ@iahnar e thed eomespeisting tireatiennts, offlls ewgre Haphsdofyies cwith

ant%ﬁo }cl}'aee rg%c}nanpﬁgg gﬁo %%g?gjagﬁlagésdolp ! pﬁ)é*??)fa%‘dﬁﬂsthe growth was
corti@aopnemohitged weh by using SpyaniMau@doleate, Devis) nblaniesults are

acid (pampate). Many of these agents can be used al one
shogyn inFigwaBodti on with f1 uoroqui nol ones for aerosol

adm ni stration.. Micol ytlc ents t.hods to
o OUEES I BHerIHES GROTOIE (0 e ORI oHL PR s observed
at SHPUEHALN]SHEShhY tﬁiﬁ’é WRShECEDS Gblferé E8AbARih Mbhk Bofkentrations of

uor oqui'nol one include the follow ng. These agents
levofoxdoin for dparidies or Ta0dinuEs AL drrthss Support the efficiency

of fal]oatoq:]u&%{?ﬁ rﬁr(eggtgalneglt ?v#ﬁ % Séoﬁ{k&#&%@‘]s%$a ggﬁ%é%cmc omon ly

prescri bed agent is Nacetyl cystei ne (NAC
depBikpeminierte: Activity ofLevdfloxacinyA b ;

bri dges. bet we D nmacronol ecules. It is assurred that
sucﬁ'ﬂ@ﬂ@m&—@—‘ sputumtenacity facilitates its
rengval dfromtherespi ratory tract. In addition, NAC
may s an oxygen radi cal scavenger. NAC can be
taken eith orally or by inhalation. Differences
bet\f\ié‘éi‘f‘f’%zg@“f‘ﬁﬁ’ met hods of admini stration have not

beefodhes M@ viedni gt bdit@ds whid @bwaraslobraly biahigat inCMuelNMEImton
i s reduced to cysteine, Igrecursor of t

Brojhuandt #eixo délutefnf: (R00] iny i ER wehiqhnfilled gwf“ﬂ?éafgs toe Ve top.
Cu@ s%érg %Fﬁv]/rp W?ﬁtt éh%ﬁm%qw&)b@3 usehid, UhdBr @& EdHAions an

unctiofl rn cystic fibrosis (CF
avéﬂe@bf z&iﬁhd\m(:was reira t yeapllt es ODetias eompparediat 55 {ipyrp under

aeliaﬁ:grcag%lp g&gg@%?org W%gpqt tﬁqsb; ol %P q}ls Sh{ﬂm? )d 6Upoh%nalysw

it dppRael that ad DAY 8 icoBtDosRal toQaf Iateliﬂbgarithrntwp}mb@mf dawth. Other

the decline of lung function in CF.
than decreased aeration, antibiotic concentration, time of exposure, and determination of

viable cell counts were the same as in Experiments 1 and 2.

Results

[00287] Cell numbers at initiation of antibiotic exposure are shown in Table 5.

Table 5. Bacterial Numbers at Time of Initial Bacterial Exposure.

Strain CFU/ml
PAM1020 7.5E+07
PAM1032 8.5E+07
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[00267] L-lysine-Nacetylcysteinate (ACC) or
Nacystelyn (NAL) is a novel nucoactive agent
weas®sagsizng nucol ytic, antioxidant, and PCT/US2006/019351
anti-inflamatory properties. Chemcally, it is a salt
of ACC. This drug appears to present an activity
superior to its parent nolecul e ACC because of a
synergi stic nucolytic activity of L-lysine and ACC.
Furthernore, its alnost neutral pH (6.2) allows its

o B 3o B8 e b BAM DR ot TR R R SR s

obésled Pider aiorm&lAlabﬁmdm)f fzu Ia&hlmdf @ftémleap@uren viith the lowest
i nhal ed form because the required lung dose is v

CoptyHali Pl léwfhsaaa@p;fomthﬁﬁlyoréﬁﬁadltrh@qﬁfctr%Klﬁelam&mg(l‘y@re 7A).
InSthé Gk SNEAGRLIBST d68e- a&%n dnt'1§ h'h? %as%&@xlv@@%ﬂ ‘170 tn‘?inutes or 20
produce a redi spersabl ornu i on. first
migeiee bbgrpgsars vethcthe brghfﬂt kdltiog ab&gmd(acs@ceummtoas pdIRRgponding to
e i1Apal e, L his fo .
lzggtso?iesg%?fogcﬁ gmet M;Ef ag{ %h(t]ty ﬁt?ong @?s th%n 1 lo |C¥% m)%iécet) I'1((?lllng was
obpereed ifati akeragcpokire 1f1‘def\&ts Higure CEE) SThﬁbe:BaIa ivdlicaldDthat under
Qxi mat el y 10%

ag&%%{ g%éewqgaﬁﬁwms Iy WH’(j a}%mﬂ?dﬁt@ﬁ@epavm}ﬁﬂo B of grgygh are

efﬁfc‘«lblﬂry iGN ve@iRt edheR Qliratibh Sof ‘%rxgb’slu?é | \Qfth WRigh PadrcBittations of
conpl’i ance because as nany as 12 puffs were necessary
lexadlogatiai n t he required dose. Futhernore, the

progressive renoval of CFC gases from nedici nal

pr 0%@@%@ ARHvY Bﬁ&hﬁlo?ﬁ&ﬁ lAig%st’Aﬁmgg '1#'@‘1" %ﬁ_ltum.

(12) led to the devel opnent of a new gal eni cal
m—UP“ﬁAL A dry powder inhaler (DPI) formulation

vvas [e039e Cdlls of ssralh\MMlh@‘Bagﬁ\dkﬂ ensugiml)cwemplgrawe ¢o @D (late-

MDls.and .to, conbine it wWith, an i mal roducj hl.e, .
xR P IRy Meskcothrhilid & 8RS HBY yeliREETRISA B-told in
10vlotteshc@sddNIEIBP adi 8 bt c@iBprdrathied Addddrie D0G BOspramner water in

chi dreg. [100268 The DPI. formu] ation of NAL involved
96rwel! freed drttampipfeds AestorneoMAIR foaltt edaingl ronsanfrptions s Quggiation

pleft9§ v@ér@ ~RHRE /81 9N mifutdsabl e8¢  ad¥@Birdfent® concentrations of
i ed (RD) anhydrous b-lactose. Wien tested In

le\wﬂoxamw(illi %/mnki?dogg’nmow dg‘mh:& ugtonl, 8 ug/ml, and 0.5 ug/ml) were

RS B BB LR UAEL S B Moot

MHBH@anhiIﬁi@é thy @B@bvérhﬂme\lolﬂl@kac\m t ’Vleﬂ?@ Gell rﬁﬁﬁlﬁ:rﬁ@@l’fe%ﬁﬁera’ced
used in conbination with a fluoroquinolo

bYalﬂ%‘i““t&i %?ﬂaléy ddpted spmples o8 MHB; platss Patthlfbﬁroer(l@ .uiaelziatmg method.
THe ORIt MR deRR G W81 19 ICHU/RN 3TN 9tk SorfeB &5 ARY percentage of the

starting inoculum survived after the levofloxacin treatment. Results are shown in Figures
8A and 8B.

Results

[00290] The results indicate that while sputum slightly affected the degree of
killing by levofloxacin, rapid and extensive (up to five orders of magnitude) killing by
levofloxacin in sputum was still observed after short duration of treatment at high

concentrations of antibiotic.
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[00269] In addition to nucolytic activity, excessive

neutrophil elastase activity within airways of cystic
woizweness2 ( CF) patients results in progressi vePCUMG2006/019351

damage. Disruption of disulfide bonds on el astase by

reduci ng agents may nodify its enzymatic activity.

Three naturally occurring dithiol reducing systens

were exanined for their effects on el astase activity:

1) chertcpla coI| '

A
Ev

d| h r'pl poi ¢ acid (DHLA) The Trx systens consisted
rx reductase, and NADPH. As shown by
spe hotonmetric assay of elastase activity, the two
Tr x%égfg’F PHIYOBHLA i nhi bited purified human
neutoeepl] ICoRhAs hastmes werd |gr@sn téie ﬂﬁ&fb@h&tbl ﬁﬂembrane filters
activity present in the soluble phase é(sol )

(digpgten®> manBeglicsoL1vgHypoIss CM@S"{HF& QWPmlgh culture of
[ YR [ Loma 2
P’Aﬁn\gﬁzh&%ﬁe&hﬁfcggit c?gtakelglﬁllleegaalgl%elduced ﬁlgﬁlt Iz?titﬁhllilor?gﬂ of this
cuttime vmstsmttelcl@ndhsmlemivwe @ﬂteat@cteetamemubaw #5375 @ fpr 48 dours

( él @nﬁi Z Trx as an investigational tool, a stable
MPEELYEE ™ %r m of rhTrx was synthesized and used as a
singl e conponent. Reduced rhTrx inhibited purified
el agxpsarand CF sputum sol el astase w t hout NADPH or

T AT % YR 1 SRR RSSO e o

safhd 81d VERGMEInCatt 128akgIRM tand WORY @ %ﬂﬁls eBadBFtubp Ui ddnirad@s for 10
directl treated with reduced rh the Trx syste

mippienand 0 pNaYiss. ﬂt@ Qi gyt BpformECERatian dinp Flagsed, tubes were
v1$&8&s%ﬁ§&t&eés(k fcét\éﬂi ta?(d VORELRa®) 116 %‘Eé%ﬁi cEf’sTr )f mly of each

Fearnent LNt éase astase activity by
exporute adture waﬁeceetrzfsg@efel acmlnwet thalbetlbt Wa)t\la/g@ed rt‘ee;t: et ml of

190% I | t an
art b ST P SR r R Rl o g TRt B bfipbers were
en&fn&%@di’o yIPES s%ﬂﬁgedlhﬁémm (maitt@ntatal) oh Whmﬂm Hyahe drop
0270 In ad‘ﬂl tio bun%g&lr? f F-actin and DNA

“BPQ&P Pgi”t?lt%?eRseﬁ fst?ﬁ? ‘brosis (CF) patients
but absent fromnormal airway fluid contribute to the
al t ¢fe8flisvi scoel astic properties of sputum t hat i nhi bi t
cl earance of infected airway fl and exacerbate t

pat 1882898} Tde @tz dwsgafﬁrtbeééﬁa%mw linettha dessha ehtuiged afer
1&&9@% e uéwésp cbﬁ&'a&&n&]f%? ‘?e\fo‘ﬂlo LU POBIREANEE). No

0 enzymatic depo nerize
addltlonal kllllng was observed at the hlghet levoﬂoxacm concentration. These data

indicate that colony biofilms are more resistant to killing as compared to logarithmic or
stationary phase cells. However, the maximum observed bactericidal activity against
biofilms (99% under these conditions) was achieved after 10 minutes of levofloxacin

exposure.

Experiment 5. Simulated Short-Term, Rapid Aerosol Administration,

Delivering High Concentration Drug Exposure in in vitro Pharmacodynamic
Model.

[00294] In vitro pharmacodynamic models of infection allow for exposure of a

80



to constituent nononers and gelsolin to sever F-actin

to small fragnments. The highdensities of negative
weoeundeaeeideghar ge on DNA and F-actin suggest thaPCrhs2006/019351

bundl es of these filanents, which alone exhibit a

strong el ectrostatic repulsion, nmay be stabilized by

mul tival ent cations such as histones, antim crobia

peptides, and other positively charged nDIecuIes
e R T BB I sherdlrl copbR AR s B fgpiocgpr in vive,
THelNAendth bf @64 apprdaoh If@lﬂataiqé s¢rumtt@ntdnoatiaf v Itlsie(meﬁllellof ardrug in

| ysozy re efficiently dissolv
g8 STRHE S T H L OERAREY 4R Ve V@Fﬁf@%ﬁ%ﬂf&?ﬁé egposure profile
(1.8 883 ERY BosifiidictvadYoPh dRR! Wd @&Wﬂlbgerpr
pol y-gl utamat e al so di sper ses and acti ncontai ni ng
bungpemsi nI‘}QFfoﬁan'éme 4 dbQWBES eﬁﬂ%ﬁnﬁh@%b&néﬂ)ﬂﬂhéz‘teﬁflm the
these sanples to | evel s conparab to those obtained
Cragx end AUedhateyill prgvide DRkigwN b@terrgélals@ﬁchts afisgiai agregpl gpse of a
t| c acid also increased DNase activity when
ﬂ&géd%]g%?o sarrpl es containing DNA bundles fornmed with
hi stone H . When added to CF sputum poly-aspartic
aci dMelegod driddderibgs r educed t he growt h of bacteri a,
suggesting activation of endogenous anti bacteri al
f actlergitro Rhessadodpimig Y alehgfeBifectipat  sol ubl e

mul t I ani ons have tentlal | one or

oV RS e s RRRO HodfeRSisB ot ebrente] (mplpeous
“s@ﬂuﬁﬁ%rﬁ:}iaﬁnfeh@ dnarlﬁﬁpmtald ‘eﬁtr@fas@mvwaﬂnﬂmmt Y "B Speripheral

that formin put um ‘500271 Hence,
COIpRTEERtS &ﬁ%ﬁl%&f w&p%ﬁlal rpapilagy et Ginipyas deﬂ%tondeﬁr}l aragged in
seﬁrésxwﬂi?'ﬂ-reb‘cerﬁltah %Bmggﬂﬂérﬁ' Hah c%nlgf uflPR82S BudlE ¥f small semi-

hypertoni c fornulations . lalities greater

petmeablcaﬁqus w3the molsnwpy Ngﬁ) retmbn iof &b elrﬂ',OOQ_rMHﬁio gllayi passage of

ug fgms ué ){1 Gt g&}c e?{at aﬁht% eo{lregsl \%l/témcngtrsﬁﬁlgq C,»Fg? hg%%%%?%‘gg adjusted to
37PCuor oqui noI one anti bi otl cs and other nucol ytic agents

for aerosol administration to inprove antibacteri al

act I[90297] Byt tl@l‘beh&alt i pﬂ:hiﬁhé’rglmﬁﬂmﬁﬂeﬁl@ rWerre dille@ehith Mueller-

ut um VI scosity, and inproved ¢linical

Hip P@%dwm? CRBREPCH SFRER upt A ';E&%‘famed ca. 23

mlrmgalﬁﬂl_ty and nucociliary clearance) and
decreased 'ung tissue damage fromthe i mmune

i nf § AabtriGSRRE %ﬁrod@%'\'ﬁ % 1 c_ﬁgﬁb&odt{ tﬁc‘!"'rrﬁﬂel and
exa es serve to nore e the manner of
allowed to grow for 2 hours prior to the ﬁrst “dose of drug. Drug doses were

administered into the central compartment and pumped to peripheral chambers by a
peristaltic pump, Concentrations in the model declined according to first order
elimination (half-life) by dilution of the central compartment with drug free medium

introduced by an additional peristaltic pump adjusted to the desired clearance.

[00299] Samples (0.3 ml) were collected from peripheral compartments at
various intervals for determination of drug and bacterial concentrations. Samples were
collected from the peripheral compartments and assayed for drug concentrations by
HPLC.
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usi ng the above-described invention, as well as to set

forth the best nobdes contenplated for carrying out
woanicpasidaspects of the invention. It is under 8Coms82006/019351

that these exanples in no way serve to limt the true

scope of this invention, but rather are presented

forillustrative purposes. Al references cited herein

are incorporated by reference in their entirety.

Exaﬁl e 1 - High Local Concentration with Short

Dur F’Sﬂ"fb\g‘fsf)g%f””ﬁl uor oqui nol one Exposure. [00273]

Aer gs0300pPRbtlosionad acpiipifdsa FANITEARUNG B AVIES82S UlHe MECs of these

| evof| oxaci n produces_high concentrations in the

straigs qulémfkﬂxawwef@l Pread &2 pemb regieciv@s and humans.

However, this dose has been observed to rapidly

decu;,ml&,glp,%rygo,adm nistration. [00274] In or der to
determine if "'short duration, high concentrations

| evdPI3GhStiginsowel BEOVEr ﬁ@r@bw@lév iqyeryight lﬁeMueBPr-Ierton Broth
u%' %g%aarfdpé%}b ul‘l?ﬁrg(g L& %re%l? MRS oa[ﬁg ur%ﬁqglgbatte% HEaH oy o hours

ctericl acti vi on vari ous stral ns of th
Afogr garmu&mhe«hmﬁnlumemes ﬁﬁ'fh‘ﬁﬂdlaitedﬂ 1 6@ terat firab oelickmteion of approx

Thag re chosen based on what known a
1 BB NG ST G SRS RO %l e ey R 3G cch gggipheral
cthHE’é} of BRMoIoNOBRA bforédcted U?ms% ﬁo#@ﬁBH%ﬁ?Sa were used
for these experinents (Tabl able 2. Strains of

PA Used in Tine-Kill Experi msnts [00275] PAM 020 is
thepﬁﬂf’@@"wqﬂé}itype strain, PAM 032 contains nal B

OB@Q%VI*HSCHalf LBRULE SevoRokdMf] GRS C4ljhsROtd ‘Béaqughmutes to be

reS| st an ue to over expression o t he MexAl
equaifvllentxtoghatbagrived fadlamirgaarorse deleveny bblesefloxacimttodhe pulmonary

5 en P, TPyt Vot ARG AR B8hms

Pr epar ation [00276] Strains were grown aerobically
overesght in Mieller-H nton Broth (MHB) at 35 C. Next,

gﬁldtlgq'}ga}]v‘\fr G d | u ed 3 % ggl?lglé O&S]{/%ﬁ%acm f‘i%%{fe]_% Wmlnutes

an@fthd UnsaxC o ﬂ@U(Eug)lﬂrﬂ fﬁpmgerirﬂerﬁoo' mByf &cﬁﬁﬂ@ﬁsorﬁﬂ?ﬁperlmen’c 6 was
cont ai ning 10 med MHB broth wit

megifirdigrachicee %ﬁe@ﬁ@ﬁﬁtlaf%%%*perw& P-owa Rt a(tzlxe@é Cmax of 600
ughffrpar ed to the exposure concentrations).

[00304] The bactericidal effects of these two regimens correlated with the Cmax.
In Experiment 5 with a Cmax of 1000 ug/ml, the maximum bactericidal effect was
observed as a 5 log reduction in bacterial counts within 10 minutes with PAM1032 and a
4 log reduction in bacterial counts within 20 minutes with PAM1582 and no re-growth
observed over the remaining 2 hours of the experiment (Figure 10). In contrast, while the
Cmax of 600 ug/ml used in Experiment 6 maintained the 5-log reduction in bacterial
counts for PAM1032, albeit taking 30 min instead of 10 min observed in Experiment 1,
only a 3-log reduction in bacterial counts was observed for PAM1582 after 45 min
(Figure 11). Moreover, PAM1582 exhibited initial re-growth before the end of the 2 hour

experimental window.
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Exposure [00277] Al strains were treated for

20 mMn., 40 mn., 80 nn. and 160 m nutes. The
wobabden2s13g concentrati ons of | evofl oxaci n (ug/ RCY/USR006/019351

used for the exposure of PAMLO20 and PAMLO32: 16, 32,

64, 128 and 256. All strains were treated at each

concentration for 10 min., 20 mn., 40 mn., 80 mn.

and 160 m nutes. Determ nation of viable cell nunbers

[00278], At appropriate tinmes, 1 m of each exposure
culéﬁ-ﬂbm&?—centrifuged for 2 minutes, the pellet was
vas [1edo4] V‘L@\Q)ﬂ@k&d?ﬁ cﬂﬂ pRIduél Ygtd b ©9.98bIB, tavdrial reduction with a
re-sus ended in of MHB. The vi able Cébfj
Cmgesrad be wmdewosy«lgﬂnb@gaﬁ@t ashpig with e MIE owever,
magi i AHRk érﬁﬁ%ﬁ?ﬁ% iRk a4 2SmbYe ik QF Op drﬁg( LHf) 600 ug/ml.
at| ng net e U .

mt of detection was 10
Le%ﬂdxacng carsalsaapoduwpets 90198% brgterigbigdudtion ot @Gmax efboth 600

e et eespir ST he PuelE TR b 1Eh € aimu

effEQNS &3t maiutedN SIn( E@ttatt W@oﬂ@xd\tlrﬁcaﬁ ptddacei: Op re 599(999%1 acterial
strains). are used. . Cel i on,of

nmber [ n|
redyFiigrplotiscrediigpistiain Wit o Ofﬁ&%‘)a il g fipfie g meximum
effgﬁ% Slduedd NUPRERAL FrbfBh&e eilills] @lireBRG Elrghaﬂ)ut short duration
Exposure. Results [00279] For t he” most susceptib
exptspigs of lePafloxaoRmproduesirarifard bystaeed Bostipblgllmgdn @a@eﬂqsh and
ia c
ol 5 Y L, AL T oL 8 i
30€ Og/ﬁ’xﬁﬂf)\@lﬁldxn@n bpoothE6HAarbglindlGhe BinangEInF ot emitwd concentration is

sufgiiSEe ‘CBLL iR S pisge aberis gt RCHS %“éét{fﬁ%q?%s figgened
as long as the

by PAINILI 82 (&ﬂ«): ofBfughfiy strain PAMLO32,
concentration above 128-fold the MC (128 ug/m) was
reached, 10 m nute of exposure was sufficient to
Exppwplé 2 —Determination of the iAe pertiesrpf Autibgeterialt short
dur at i posures (10 or 20 m nutes), Iess killing
—%‘wﬁéd at concentrations bel ow 128-fold of M Cs.
At | onger _exposure times, concentration correspondi ng
to Cs and above resulted in simlar maxi num
k' . 4Bh S€ of AR §iBdicB IS A6 RvdIBaE the ability to
66}6@1"%@‘? prbg’erﬁm nosa afe ef f |C|Ven 4
foﬂmdldtedindlfdehverslbbo ntbulizatian ervasiriyosiliflugrogwngiogs for treatment of

gonce nt.rati.
pulmonary Badtetial "

10 mn.,

f
$nftions by aerosol administration. The fluoroquinolones

evaluated are shown in Table 6.

Table 6. Fluoroquinolones Tested.

Sp MSSA | MRSA Pa Avoroval
Fluoroquinolone | MICy | MICy | MICy | MICy g{)a tus
(ug/mL) | (ug/mL) | (ug/mL) |(ug/mL)
Ciprofloxacin 2 1 64 8 Approved
Gemifloxacin 0.06 0.06 2 8 Approved
Levofloxacin 2 0.5 16 8 Approved
Marbofloxacin 2 2 ND 8 Veterinary
Gatifloxacin 0.5 0.125 4 16 Approved
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| evof | oxaci n. Experinment 2. Activity of Levofl oxacin

Agai nst Stationary Phase Cells. Methods | nocul um
weénepaesitsz on [ 00280] Strains were grown aer obi earfug2006/019351

overnight in Mieller-H nton Broth (MHB) at 350C (350

m total). The spent nedi um was obtained after

centrifugation of overnight cultures and filtering the

supernatant Cultures were diluted to O):O 3 into

Sp At-—redi-om—The—san redi-u-was—ahso—used ‘)J

ant|i BSEF'R concent Patilons! (tHe e las!in é&ﬁ’é ?ren

1) .| Expiisacie [ 00281LF Antd.1wisot|i c>tondentd at |Jam tinmg

of eﬁé?@u&a%l as cie_t g m nat Qon OT >yi ablcﬁ§§e| r%&?g&{gﬁs

\I\Er CQ”E Q : ﬂ Exnarl nn . \gouoal ts \TAV Y =y w y | |

nurb¥psiiaacing ¢ i| at?Sn Jof0- Kt | b| otic exposl r%Ppé?Vééshovm
in T&ﬁ}fﬁ)xécm Tablle éis Bacg.exsi gl Nenber s3at | TWARIro#n

A6

I nijt Bacterig posurg. [[00483] |FQ,, St nary
ph sa {1"ﬂl3 fL of IIJAI\/IEX 20 Yd-umki | %r;)’% \%et? er\/c:d

at |tPeflokasitest concé&ht rlati &n corPé%pondﬁﬁg tlree- f ol d
abcvpro{)gfgxe(c;lfp uc/mb)s andobge shogtest ggrcltwgmrmn

Ll
ex osttre,—16—mhrutes \rl grue :JF\) wever; —PAM-1632

ted cl ear dose-depende i1lin
oo I R 7 G 05 Rt VBl GURP aPF s CBa et Spbley
appioval SBEE tan@XARFMEBDIal MRopeltidsendiingsied mlﬁ%mﬁiw@eb ldfr@smhel
did not result in_|arger extent of kill

cuprgRibs anpEtved it thetinited Skesr Bgvasca apgusd @8 l%r \%lmr%% due to

vahib& sRRekbidiond &t ah&lﬂ&?rse%?gpﬁ%@%ﬁlhﬁﬁﬁes( @hﬂ:‘ﬁr ﬁe Jn use for
5B) . [ 00284] Next, we have conpared the re-grow

veRAiNary0 2pplivatiomaNhaye32lsaf besn evalhated.10 Avnong é@ct@rlallaia’fhogens

par e

m nuy t. h variqQus concentr at
reﬁpé)gsé% Oxrargsplra?cz&gf ”%E‘c 1 etti%ng,r ?.séeg%%nﬁodms qer urgznotsc';rgpa? 2nd Inethlcllhn

reﬁﬁhﬂtsSMpffﬂombeawtzw CeRBIA) hararthe hedt i refrhdtes e dioatment with
150 m  of cells was placed intag_96- vvell%%llate and t

he
flugreaninelngs o SHEPAGRITS §reiiA 8B dt PAg yugb%gﬂos’f importan
pafPReet FRpEsitidVpdreciatorPeMtCRSdctiodEnd BSHEbSs RpSrts demonstrate

high rates of fluoroquinolone resistance in these bacteria. MICgy for Pa ranges from 4
ug/ml to 32 ug/ml and from 2 ug/ml to >32 ug/ml for Pa and MRSA, respectively.
Ciprofloxacin, levofloxacin, gemifloxacin and gatifloxacin vs gemifloxacin and

moxifloxacin are the most potent against Pa and MRSA, respectively.

[00308] Table 7 contains a list of additional fluoroquinolones for potential
evaluation. The most microbiologically interesting compounds in the list are
clinafloxacin and olamufloxacin, which were discontinued due to adverse reactions, and

sitofloxacin, which is in Phase III clinical trials.

Table 7. Fluoroquinolones For Potential Evaluation.

Sp Sa MRSA Pa MIC
Fluoroquinolone | MICy | MICy | MICy, / L90 Market Status
(ug/mL) | (ug/mL) | (ug/mL) (ug/mL)
Clinafloxacin 0.06 0.06 2 4 Discontinued
Sitafloxacin 0.06 0.125 4 8 Phase [II
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shown in Figure 6A-6D. [00285] The results denonstrate
wo 2obidasiAe re-growth of both strains was obsemp¢gaiahosn19351

approximately the sane tine whether cells were treated

wi th high concentrations of |evofloxacin for 10

m nutes or 160 mnutes. These results further support

the efficiency of short duration treatnent wth high

concentrations of |evofloxacin. Experinent 3 Activity

H H o ra IJ A
of LevoftoxacinAgainst—CetH-s—G-own—brder—Oxygen

Li mi {PREUESMEN | brsO9vet holis | nocul um F‘léepa]P‘é‘%anP‘rwd
[002816&,1ﬂgmernn| ght qagltures weres>grown iger o,k)ppaajehy
over T Moefer-Hmn Br oL T and—next di tutred

1: 100 pﬁol{a(j\}j]—lR W E{j fil Zg gr né/\?h fI;} ks ?t}‘?el e very
t op. |Curlofloraein wey eNgr owr. 18i5t rﬁodﬁAshakMﬁg { Yet@Daf. 3 at

370C. Elygg&gcﬁhese condf td pRs [an gaver agfs O Vetgrgqag,ours
was I[regd rcu t+o—feach A—Ob=0-3—as—coh Apatr-¢d
>l beleie n_ps50

hour $SasRcimer at eNAcondP el ons 2150 |
m f || Bakoxackh gor oug.sshakopg) | Ugon an@bySI Bored t

O O

appe eu tirat—an OB cprresponded—tyo—a
| at e S”H%SWWM cl phasel of ° gr owt 4 hg?_t %‘HOQ%N eased

aer afDifloxacant i bi pt iz condent [ atien,| ti3ge oV etakpoysur ¢
and dg atio Vi able c¢el count Ne .saire
@&5@1& %E g gb 4 2Q7 étﬁg&e!, Enind

as|r nari-npentc a Delltc
LELILE A LA =4 <+ CATT [ Ay L\ A" LY \.I\.IL\JI

nurrbe@@x%ﬁm initiatildn bf &ntibidtid ei%?osuWéthdiﬁ\én shown

in Tabrgroracinl abl € Gos Baches i al Number s3at ITHaE@mof "
Initi cteria posur e 002881 tn—thec

1020 ﬁfﬁﬂﬁ P11 o 12(54 Lods vs 2°%5 |8 B ‘B er yed
underPazoftaxadin aer jat ivon) | was aq:hi>e\$eq akier | Rggmosur e
wi th The Towest concentration of Tevofloxacin for the

shor [(?:(g;gg] gf;% gfwg{é)lcgqe% L fébl%g}ffpﬁ@egtu&% AN of IoBtlons

t he ose- depen ent
foniys agrowd] uprquir®loriemandidater Menad p@twsﬂmfm@xmdsrws esuvh ah DX-

I|n se oncent rat | | ons
o1 3 ENPaT ik s 1940 BLeE Br s ARG TR ERb ey aso be of
inteestadbgRkuré kegiest han 1 | og difference) killing was
observed for |onger exposure intervals (Figure 7B).

‘Theg@o3dar Spbeifle cphygidoRmemivatedonsiderations for nebulization include

aqueous solubility, viscosity and surface tension. The aqueous solubility of the drug

U

13

should advantageously be sufficient to meet or exceed the minimal dosing requirement.
The loading drug concentration also affects delivery time. Longer delivery times may be
commercially unacceptable or lead to poor patient compliance. Although longer delivery
times may in effect modify the AUC shape, by non-limiting example, the PARI eFlow
device has been discovered to administer 4 ml of aqueous levofloxacin in less than 5 min.
Moreover, using such an efficient device, high concentration levofloxacin may be able to
deliver the effective doses described herein in a timeframe further enabling the rapid
administration, high concentration drug requirements needed for optimal fluoroquinolone

therapy.

[00311] In the case of fluoroquinolones, pH directly affects solubility., In

general, solubility decreases significantly with increase in pH in the range 1.5 to 6.5.
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conditions of oxygen limtation cells which are at the

| ate logarithm c phase of gromh are efficiently
waizbdeadsiabt er short duration of exposure wi th RCGWS2006/019351

concentrations of |evofloxacin. Experinent 4. Activity

of Levofl oxaci n Agai nst PAMLO32 in CF Sputum Methods

[00289] Cells of strain PAM 1032 (MC =1 ug/m) were

grown to OD=I (| ateexponential/ early stationary phase

e Shod BP0 EA GRLE O B B! B e o
Thedemiho] aedor piulmofarg deliveny o avat@rhas perffi: sodbbility aud gH levels.

bottom pl ates, restoring MHB to its original
condeoR1RhtHoorthe fuposeidf ahis densiblility studwethe tamget swbrirlﬂgl wWesrset at

5 mnute 70 different concentration
107ty BBy 7 825 GET 510 erots e ox SRCHaIGRR o ghisapeptic dose
and tH@/ d&hver:ﬁl Neetfled for04vat1abI¥ATBUIBREE d In ArdeRPBI P hbAECthe mutant
times, 10 ul of each treatment culture was dil uted

PreysOlom cEnqeRtraian (MPE). merk Lenestraia f élwelfoq@molone after aerosol
adhﬁ‘ﬁ&%ti‘%%@bﬁrta[glyb&? xl%a@ri%g bbdiH 'TP@ ﬁé/nﬂ@ pl g@; @/@3 at?tﬁee site of

plating seria ed sanpl es~on
infgetigm, pthm_g ghe Mlél dfrie mftchiog prgﬁhsml iBesed orf thest @mbiderations, the

d h
o5 1 0T RSB S PR B9 e

abb@tv - H@)tﬂgllkbsplfa‘kﬁ:t MRllyeredasdib t KD THeM tHeNrekitiBY R life of
‘(}ﬁ d 8B. Results [00290] 'The results indicate that
PRI ﬁbfh?n‘?@mnglm ;ﬁh%\maé@faé deligeenirag & S Flose by peRylization

m@)’bel SHRAOXAR h 'lbadfr%)moge ahg 164 @Jbﬁt Y@)f fngﬁn b Qofumeor about 2 mL

rders of nagnitud [1ng by levo xacin in sputum
(ahnalé 5 ﬂng/mLMS@b@cbfﬁm@y \sh@hngwﬁlaﬂe\om @pel atingzt fits maximum

peﬁ*’(o:?@\??? }e;ﬁ%?b%gg ?\;ehg Zl}l% ]Zl glgr%gs) ts?l%.onl % ﬁn}l{ B o r{gl d4 lggasomc or

jetPaMilizeB thay Metuive ddodling ddonDla’e]@as"tabbmmOD Q2 f1d vdlome Y about 5

ol (i 00 B o 9P T 0 1od GO oL, O B gy atcien
deMt® PkAtRS be QMETCHHNG fo @éﬁlé\!ﬂér BigRflocal concentration with short duration
exposure.  Similar efficacious doses may also be achieved by administration of
levofloxacin as a dry powder, where the rapid solubility properties of levofloxacin may
permit a quick dissolution resulting in these desired soluble drug concetrations.
However, alternative concentrations or alteration of the fluoroquinolone AUC shape

profile may be desirable.

[00313] Alternatively, although aqueous solubility is important, it is reasonable
to predict a formulation utilizing particle or complexation technology to enable
nebulization of less soluble fluoroquinolones. Unfortuantely, more intricate formulations
increase both the complexity and cost of drug development, and in the case of jet and
ultrasonic nebulizers, a significant reduction in efficiency of delivery, and limit the ability

to infroduce other design elements into a final drug product.

[00314] In addition to drug solubility, for vibrating mesh devices nebulization is

also sensitive to the surface tension of the drug formulation. Therefore, in one
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PAMLO32 was diluted to OD=0.3, and then diluted 1: 100

in fresh MHB. 5 ul of this culture was spotted on the
woenisriame2filter. Bacteria were incubated at 3POCUS2006/019351

48 hours (mature biofilnms). Exposure [00292] After

growh filters were placed into tubes containing 3 n

saline or saline and | evofl oxaein at 128 ug/mnm and

1024 ug/ m . Each tube mas treated for 10 m nutes and

fore u

emipy el 5 aseked SPon s Bt it SRENR Gy dying drg
cofi@RirSadng xcapient\condepratbn 481/dr thedidaivh of @hdftand. m  of

each exposure culture was centrifuged for 2 mnutes,

t he [gu3l1bBlIn wadtiv@ehRctotswhaa fiatt dFficioht rebuliitatign fotlee (Adtds may

and re-suspended in 1 m of MHB. The V|able .cel
be g gered vie ReRLInsTRRIG By OIPlpRG SBY maplinidng gyaseple. these
t

e ol P A Pl PRl g e RROAIAD i the
reﬂP&stsmt adt@og 9@1 ber hetirdizeds fod amash druga dering Ermpaiipr fimilarly, the

iRl Ol SPARLONE, L0 A A i

pHVllsC)ess Nearnddi t rl‘hélt&fork,i bdchung Mﬂl&il&bﬁjﬁ rcxmﬂbates tth eflvoirgjuarolone

bR RS RRE RN oo Thee s dat g nceate LR 1 oo

pobAYRERtkd O FiRUa! by GinSlons tiatd eRRkifeR®N@SR F&iehs compliance.
However, the maXi mum observed bactericidal activity

Flugyequiralonsissire knewn @enerahiior be asseated vifl spHapleqsast, sometimes
f
veé{:(lme?lyerer%%tt@ ?ﬁglgﬁﬁa@ggﬁg% RJflglés g?i%b@églgﬂl rﬁaﬁfé@%@ of drug taste,
thekd rteahlnelogms |1mt¢asaeieve/lepmug delrr@taxﬁ’g remé n:tosiatanda md¥r o be totally
vitro Phar 294

osure 1 n I Ahn ..
oA T e AR o B Ry S PO e e pgpsiddled in
idexiPARK s BubfoqaimbRnk BdtBRIbERdbalizdtdacUl um t o changi ng
concentrations of drug as would occur in vivo. The

Si mﬂb@l%]j Aﬁhbﬁ(ﬁﬁzs |v§é?@ rp@?d%%d' ﬁ‘oﬁﬂf'drﬂéooft Qveal ssurtdiCast dwn in
optimal exposure profil

Tab e 8.
Table 8. Preparation of Fluoroquinolone Test Solutions.

No. qﬂxg;;e Source® | Purity” | Amount V;;:lgl ® | Final Conc.
1 | Gatifloxacin LKT 99.6 8.7 mg 0.87 mL 10 mg/mL
2 | Gemifloxacin LG 99.6 9.5mg 0.95 mL 10 mg/mL
3 | Levofloxacin LKT 99.2 10.3 mg 1.03 mL 10 mg/mL
4 | Moxifloxacin LKT 99.5 12.5 mg 1.25 mL 10 mg/mL
5 | Ciprofloxacin LKT 99.3 19.5 mg 1.95 mL 10 mg/mL
6 | Ofloxacin LKT 99.1 11.7 mg 1.17 mL 10 mg/mL
7 | Lomefloxacin MPI NA 17.0 mg 1.70 mL 10 mg/mL
8 | Marbofloxacin Vetoquino NA 4.8 mg 0.48 mL 10 mg/mL
9 | Orbifloxacin MPI NA 4.2 mg 0.42 mL 10 mg/mL
10 | Pefloxacin MPI NA 15.0 mg 1.50 mL 10 mg/mL

87



(i.e., dose and dosing interval) for a drug and target

pat hogen. [00295] The follow ng report describes
wexperizhmsat s desi gned to determ ne the Crax an#CAMUS2006/019351

that will provide maxi num bactericidal effects after

an aerosol dose of a fluoroquinolone. Mterial and

Met hods I n VitroPharmacodynam ¢ Model of Infection

[ 00296] The in vitro pharnmacodynamn c m)del consi sts of

a——¢ nfral /analn "nn
Tt Tt

H-+cH 6664S Mt —eoRpar-trent) Clll
B/ || Smefioarcin " exlt r aVBEcul ar M ¢ n_g‘ ? P%ent i« 10 mg/mL
pprlmem@bm@ormartmnt S |coNai st| 05.2 agt flsi all 10 mg/mL
Eﬂ: Froatf%%( Jq]:\ rs( ?yn H&QKI Nt oy m&ly'\ ﬁﬁ@ ginged 1|0r11ng/mL

he central r-nnparf nent capi L ary
ugi LlldlraSLlKar Dwa)édt@a&f Lsmad CE?ﬁn Npe asgagiggmaﬁmnsresl }M th
a Nol ecul.ar sSi tenti no to a ow
pRrsBUFE ngnaﬁﬂf‘f D?ﬁﬁf‘ qf%@toé a5 Berceph ablnt i r e

Sy St el oRliolP I N a dry heat incubator adjusted to
370C. [ 00297] Both the central and peri pheral

CONMPEFIMEN 3 1920 @nd ésdnlyél oﬁ\édch aMisibli€ivas kefphed 1rb6 @feflle plastic
Each peri pheral conpartment (capillary unit

tuleg A Prowebh tRiite yalumesofriterde Vi ie ingkeh é%%?q/@éz@é]ﬂon or
su%?ﬁglﬁﬂe 'o?t n%bl ('t} r C%:H‘%geg Wk q’nctugﬁt @%1J ﬁﬁ%}@i‘llnat%p/am)ﬁﬁnutes at

to gr ow f ours p
rodzrheempewme VddscECasmcﬁnaﬁmupgng,lBriugmdﬁuﬁb@ hsedlergadmi ni st ered
into the central conpartnent and punped to peri pheral
char[r@iBrlQ] [Fpllawirgrths imubatonmenipd, 0o aoiEhiotiasdlativgsiwere hiserved
der elimnation

d di to,f t
for?rﬁg'ry lsﬁ?cﬂg)pg%ﬁn%??vﬁ r??ﬁ ?Sosthﬂ‘lé’%i%ﬁgl?rlg * conpar t nent
d trod
per R%‘?j&g? F{Eresgﬁﬁnﬁea:ﬁ']%g]@lﬂgﬂgﬁﬁgsf %’éte e%’?rrgegmg}yeﬁ? Bﬁlg"e and either
coloPBLI A} aSARR 65ydifdwd Bight WREE VMY aBbREle & arlng either cloudy

peri pher al conpartnents at various interva
(fige pevtierlate. oprage (densy THwdiopBeHien ﬁﬁmé'élﬁ@én‘?rr Htrblén(éhwk large

a%mlteeﬁu M aﬁpéésgsc%ﬁﬁ fdﬁ?l% SBAmRAS 'meﬂ}‘?lof these initjal solutions
conpartmerii s and assayed drug concentrations by
wdrPl@eBaiotd mhd kanfed frodt 3.4itm.0. The insoluble solutions were titrated with
IN HCI to the point of visible solubility, and the pH of the solubilized solution
determined. In three cases, marbofloxacin, sparfloxacin and tosufloxacin, solubility was
not reached by pH 1.5, and further addition of acid was stopped. With the exception of

ofloxacin, the pH of these titrated solutions was in the range of 1.5 to 3.0.

Table 9. Flouroguinolone Solution Characteristics.

Initial Solution After pH Adjustment
Fluoro- 1IN
No.| quinolone Appearance pH | HCl Appearance * pH
(uL)
1 | Gatifloxacin white, cloudy, visible 7.0 5 | slight yellow color, 3.0
sediment transparent, no sediment
2 | Gemifloxacin | colorless, transparent, 4.7 NR -
no sediment
3 | Levofloxacin | slight yellow color, 4.7 NR -
transparent, no sediment
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[ 00300] Pseudononas aerugi nosa PAM 1032 and PAML5 82.
The M Cs of these strains to | evofloxacin were 1.0 and

WG 20060125130 ,

respectively.
Strains were grown aerobically overnight

in

Miel l er-H nton Broth (MHB) at 350C and subcultured to

fresh MHB and rei ncubated at 350C for

hours t he i nocul um was furt her
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QﬂeSSuSi‘ébIﬂM n Ex pér2|

B‘IRrral nt ai ned the

counts 1

or PAM 1032,

albeit taking 30 min instead of 10 m n observed in
a. EXBe pHrdjustmént noirequirgd. 3Ellayefuinetiue tviaoseluble abapt 2diimthe initial

celutton. was observed for
PAML582 exhibited initial

11).
be1)c AP@320h A fdgidhe pHt gsliuspmeiggnd following a further 1

Mor eover,

PAML582 after 45 mn (Figure

re-growth

minute incubation

period with occasional mixing, the final appearance of the solutions was determined, just

prior to the aerosol tolerability and taste test. Results are shown in Table 10.

Table 10. Appearance of Fluoroquinolone Final Solution.,

No. | Fluoroquinolone | pH Solubility | Color | Sediment Opaqueness

1 | Gatifloxacin 3.0 + C none none to very slight
2 | Gemifloxacin + C none none to very slight
3 | Levofloxacin 4.7 + VLY none none

4 | Moxifloxacin 4.7 + Y +/- none

5 | Ciprofloxacin 2.0 + c none none

6 | Ofloxacin 52 + LY +/- none

7 | Lomefloxacin 4.2 + C +/- none to very slight
8 | Marbofloxacin 1.5 -- W ++ ++

9 | Orbifloxacin 1.7 + C none slight
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experi mental w ndow. Concl usi ons [ 00305] Levofl oxacin
can produce up to a 99.9999% bacterial reduction with

wea 20%a25182 bot h 600 and 1000 ug/ M agai nst a SPCaIUS2006/019351
with an MC of 1 ug/m . However, maximal bactericidal
activity requires 3X nore tine at a Crax of 600 ug/m .
Levofl oxacin can al so produce up to 99.99% bacteri al
reduction with a Cmax of both 600 ug/nm against a

strathr—wth—an—-M-Cpf 32Ug/u However—the—tre—+o

1P cLReoXH maxi et ef f ect is 45 G fut €90° | n| cont r dight
1|1€nga}f@(§§:r[ n cani.prpduce- up {op99.{999%%bacteri al +++

€ on-of thr s TESTStant strai 7 W th a tmax of, 1000
lhd ti%(qmphp rfi‘é\ o maximu ct |-|c- reduced t+3+20
18 nlroesdloxdsirom t hé8e| resutts, | ex€ranel y*+hi gh, but slighbr t
duration exposures of |evofloxacin produce rapid and
SYSsyaiong A PaghRrjellbwk I ¥Y=R@ry IipHp 9éllow;| BYk-dakdeliow] aw
f&&@qesmq\p;svhltgaken toget her, the above results
i ndicate that achieving an initial 800 ug/mn

| evobdprperme c@fnp@ﬁl’&t@rexﬁibitmfg%éfeﬂ@d 016biltyRA séilffor@rsuitable for
sputum concentration is sufficient to achieve the

delsy ebyarhalrtioni ol Oapredsl satt arPH ref f5CoD abepRll dtare devpdloxacin,
ge@z‘iﬁ)(;ﬁaﬁnmlﬁé& F{%‘Moﬂgg i %1@ p%hoiaa%lryg/ I[‘gv})ﬂoﬁ&ﬁmfﬁ)xgcm and
term hation o er oso roperties of
maeXifloxmaintexhibited Hewestaqglubilny/pHebarattatistvduct i on [ 00306]
Obj ective . The purpose of these studies was to
evaI#a%{ tdhfolgrabk !5 gvgﬂmﬁlgprml ate and deliver by
neb | uor oqui nol ones for
tr eqoosen} Toto mleamanamy vizae t dimie ako i deferniineortbe lgpitalgliys @f the
adm ni trat n. e roq in eval uated are
GRoRe PabPi T iPeET -k 10 QUG onec
Test ed. [ 00307]. The fluoro UI nol re.cho
b SO0R ] i &8 81 1 HR PO 2D WLt G Ghight semple was

defithnin@l ¢ QBindle, F)éa@(ﬁ? Mbing8 volfhteerd Wﬁl@ﬁn%&ﬂé%ﬁ%l Rie@REShto the
are either current approved in the United States or

cenay Eontemit efghe twate. bT@stq: apethepimandorsdrovgue 1tsinytgrnesigd. This
t a I
o S BERRAOERe Rl b0 broSEUERE well as the final solutions
fo Apying @Bl ddpussmertiaDatacdrs sholpaen Telvlalllll ated. Anong
bact eri al pat hogens

Table 11. Oral Fluoroquinolone Taste Test.

Fluoro-

No. ; Initial Solution Final Solution
quinolone
1 |Gatifloxacin | moderate bitter unpleasant taste, strong bitter unpleasant almond-
slightly aromatic like taste, strong aftertaste
2 |Gemifloxacin | very bitter unpleasant taste with not performed
strong aftertaste, all the way into
throat

3 |Levofloxacin | slight chemical taste, slightly bitter, | not performed
slight almond-like taste

4 |Moxifloxacin | moderate bitter-sweet unpleasant not performed
taste, slightly aromatic

5 |Ciprofloxacin | sweet almond-like taste very strong bitter taste all the
way into the throat

6 |Ofloxacin bitter unpleasant, almond-like taste moderate bitter unpleasant,
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responsi ble for respiratory tract infections,

Pseudononas aerugi nosa (Pa) and nethicillin resistant
warehysideoccus aureus (MRSA) are the nost ref Paciseop6/019351

to treatnment with fluoroqui nol ones. Streptocossus

pneunoni a (Sp) is probably the nost inportant pathogen

responsible for respiratory tract infections and

nuner ous reports denonstrate high rates of

fueroguinolone—resistance—i+n—theserbacteri M-C96
" s from4 ||r1/n1 to 32 |m/ aftiond-lik asts
7ug|;h¢lﬂeﬂ@<a¢i32 nggesae 19 gronpalmand iRk, metsméemnedel y.
G |pr of | oxaci|mot Yesx/wirleasealci n, geni f1 gxaci n and

8 9aVidrbdIwREoiT] Bitfer g@l@aidnoamﬂldmn@mﬁtem ifddeps@ed drodg Bitréhe
most  pot ent agal nst Pa and MRSA, res mﬂ@&dsmhlynon{l-ﬂﬁ)e?t@s%e}

912 E GOt IS, A lhat: (G addrt Onc'v R \gegy{ e%%‘?l
f or g%aﬁp, al 8%‘1 S %ﬁ eThe nost mi lofile 16?@’ ?y
interesting lconpoundsin the list ane f nafloxacin |

10nPebosapinf | Oﬁaemgblﬁmnmwsmalmonﬂ “Bleonmpineefarmitde t o
adver se readtthtsths, and sitofl oxacin, which is i n Phase

1! ISp@Ilﬂbiucﬁlal shgm@ds& Table 7. Fl UOVCQH&@%hM@SikE&Etp

nt : t+on. 60309 The fiuorogquinoignes 1 n
1f DTSR e a0 P He ARIORS BTl o S BT e o
12 efToswaflofatiur joguyi strohghier capicksaiat . Sewvierduhne pot ent
f 1 yor oqui nol joiresndsike kestasstiDdg af@i@teand DW 286, which are
at the early stage of clinical developnment, mght also

be @f032a1 ﬂo@&hn% off the!tpH @esdraltli Bad tHOOFIN] of SpRERdinE the taste
physi co- chem cal considerations for nebulization

ProneEties R the gelytien.s Siatiflpxacin, sepnillexssing yipsplipxatips gibifloxacin and
tro%%%!r?t@iﬁdﬁgwy%ecfl@?éégpa’élrﬁ% Upitdstd s, t BF Y H‘éiox%gﬁ’iﬂl)l@nes tested,

eously be sufficient to neet or excee
Lenbfhdxaain wassthe gnlyéhpurqqgmmne e avak @n;ld]ahlg vlthrgspect to taste, at the

cocthfi rSt”&nr e%t'e@m (3 Sﬁo%afcfne de' b odorht y\y skl L%@?{E& taste, and the

una e ofr
tadteedak :tlxghﬂponpl&ahmtent conpl i ance Al t hough I onger
delivery tines may in effect nodify the AUC shape, by
non{H03z5} iIAGhe RO €ast, tthe tdPabbilisFhraimasie ifceshab atress) sample

di scovered to adm nister 4 m of aqueous, | evofl oxaci
frqnp 2103 Bl pHawpt ©f fenfestigrageiian Wesdqiermingdhingnsingl Ip Pty human

VO%YéeF - GollAWigh nENC AN iR b PR BYRY haXReTHRY 18 able to
deliver the“effective doses described hereinin a

timeframe further enabling the rapid adm ni stration,
hi gh corissiiieaiemsol dilwitoduieilone dioknilslithaed &dsté Dest.

optinmal fluoroquinolone
No. Fluoro- Acerosol Tolerability and Taste
quinolone
1 | Gatifloxacin moderate bitter unpleasant taste, mild cough sensation
2 | Gemifloxacin | strong unpleasant bitter taste, strong aftertaste, mild cough sensation
3 | Levofloxacin chemical taste, somewhat bitter, mild cough sensation
4 | Moxifloxacin | moderate bitter unpleasant taste, some cough, strong bitter aftertaste
5 | Ciprofloxacin | very strong, bitter unpleasant taste, immediate coughing
6 | Ofloxacin bitter chemical taste, mild cough sensation
7 | Lomefloxacin | chemical taste, somewhat bitter, mild cough sensation
8 | Marbofloxacin | too insoluble to test
9 | Orbifloxacin very acidic, strong bitter unpleasant taste, strong cough
10 | Pefloxacin chemical taste, some cough

91



therapy. [0031 1] In the case of fluoroquinol ones, pH

directly affects solubility. In general, solubility
wdeateasies significantly with increase in pH i RCTHS82006/019351

range 1.5 to 6.5. Because pH al so affects patient

tolerability (see below), the optinmal choice of

fl uoroqui nol one for pul nonary delivery via aerosol has

certain solublllty and pH | evel s. [00312] For the
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nebul i zers. In order to be above the nutant prevention

conqegiZedt inOthe (BYRCHE oRSAGkaCAN SRIBJTRKLEAR 48 trovafloxacin, smaller
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miednk). | THeetotdhrability @hdl GasacdMhd drul Aarifg BwBryl Bid@ adiniistration period
evenent of this dose by nebulizatjon nmay

ct i cal |
anfl OBt dFHie q%‘ tth minpiss diosly 2¢misestighion tware 8enitoksht Tjggability
pa@né’c&s Gyt ot ke %llo@h %”typ%s 'Tl(l)(&)QgHt covlgh "Bhdlidn,| & s'?leezmg (ii)
hi gh-efficiency vib i'ng- mesh device operating at Its
irrtpianmbrnieg potightinese Oéfﬂﬁrp@il @hdyriteiédni mertulnglefesrnmsnadais@ssages or

ey%se gﬁ )tln'ﬁgtl(ﬁl 'ﬂuﬂnra{‘ofs %1@1?[9?32 l‘H’let [u%lgg rc]> % of brteadtg, o ur}d @iv)

noaco | +hp ar Nt

izer rea Se o
dlzlz(il&smeadacm walssaer ﬁtheleﬂysfteuﬁuc':'neffébts( about 80 r‘rg/ m) .
However, the rate of adm nistration by these |ess
ef f i[oa)my Met\bbﬂeﬁacﬂ‘ﬁyspﬁlmbxm il f ﬂo@dlfﬁthmhowal%h"to@Vﬁlsoluble to
eV%:%? e} concentratlon wi_th short duration expos
I

ing léft?% c 40T SisTgGdRRE Hgrogrigslopes irekileRipl wblhty effects

W&Q NguRérséd @b 19@ A att@VREIBKBEPIIUARS i1 cgt"eé‘or%v‘ﬁ' efii oS’ @bove).
he rapid solubility properties of |evofloxacin my
Gqélélomctm anejtifletectn gprefloxdcon orbeﬂwapimvgld|mﬂoxe«@gewe1@@ilrae@mated
e
BELB SO BES BN RS Y RO o s
wiilQesloapget p]fcrhe Iselutiery. ¥ tte Sluoadzjuinoldrigd 384, Levofloxacm at 10

al.t ho o] ubilit .
mg P i B oo PRy Db e retosechy it el bad 2
matt ididcainitge Radtd tiah e @itloxad)| wiidh ivile R6 MHeeépae Bring the short

enabl e
course of administration,

Summary and Conclusions From the Fluoroquinolone Taste Test

[00328] Of the thirteen flouroquinolones tested in this study, levofloxacin had
preferred physical-chemical properties for aerosol administration and a demonstration of
best acute tolerability of the fluoroquinolones tested (Table 13). Levofloxacin is also
recognized as having one of the best antimicrobial profiles for respiratory pathogens and
has the highest in vivo efficacy, comparable to ciprofloxacin, for treatment of

Pseudomonas aeruginosa infections.
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nebul i zati on of |ess sol uble fluoroquinol ones.

Unfortuantely, nore intricate fornul ations increase
woabds/ 12 conpl exity and cost of drug devel opnear/usand0193s1

in the case of jet and ultrasonic nebulizers, a

significant reduction in efficiency of delivery, and

l[imt the ability to introduce other design el enents

into a Final drug product. [00314] In addition to drug
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[00329] Ofloxacin, lomefloxacin and pefloxacin exhibited lower solubility and
Ofloxacin is 2-fold less potent that

Higher

stronger taste at 10 mg/mL than levofloxacin.
levofloxacin, and lomefloxacin and pefloxacin are 4-fold less potent.
concentrations of these antibiotics have the preferred potency and administration times

under 15 minutes.

[00330] In a separate study, conducted in a similar manner, norfloxacin was
tested and found to have a solubility, taste and potency profile very similar to
gatifloxacin, with the exception of significantly less activity against the gram-positive

pathogens.
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[00317] A 2 to 20 ng sanple of each antibiotic was
wei ghed into sterile plastic tubes and brought up with

wa 20wlems2of sterile water to nmake a 10 ng/ nl BOTAWS2@®E/019351
or suspension of the antibiotic. Sanples were
i ncubated for approximtely 10 m nutes at room
tenperature with occasional mxing, prior to further
handl i ng. [003 18] Follow ng the incubation peri od,

[ 0030@313 1FIB/e@e@6n tHeefeidltu or tmuiba@é sm@iSS tlas)&leﬁam raﬁd its racemate
vi si_bly sol ubl e, and either col orl ess, a shade of

ofloapqimngs vesllpsteemifiexaging st o 2 lpsen oxank gat&lﬂ%é‘éf‘laﬁ ngytlopagin are
arr?eInQMQ Yo Adrbdd® a&iﬁfrﬁét&ﬂb@?&?uln@&ﬁ%&tl@g&m tlfeht%%nf OTo further test

medi um particul ate thick, lar
thptasteiapd B@Ltt@tosktrablh‘y’)(cough samsatl@m@elscougln)rprgpwﬁlqsu dbllevofloxacin and

gegq%?(')% N 8%vepaq nfgﬁrrug%tboég ﬁe“?e %pefta%alwf?lg ldﬁ%er%ﬂ Ec ndb norganic
ackiolaud iteated inelicembunrier déseribatl dove.NSbiGtiotsowdra @re@areﬁtbydﬁrst adding
| e .sol ubi H of_ the saql ubi

i Si [ nd t he
08 e G oGRstrE g i o Pt BCiog sob W & BRI IRES T o 20 ml of
saﬁlﬂ@(cfuk QX @61'118111@3“ ﬂnﬁt@ﬁéﬂ‘sb QARG theSHH li'@ Lkist \XfltH‘@rKler?torgamc acid,
reached and further addition of acid

theyt afipeing t%v pﬁmpmt&e@fclémﬂ%ﬁmafcoewr@%@crlh‘uorts He ﬁﬂo 0 gpOsmol/kg
w%lh%%@afﬁ %llﬁlf)ﬁgee dl':_]fbo ol Wl gejﬂa‘é‘vnﬁﬁ‘%ﬁle% .5 to

ur oqui nol one

I a0 rieede ndoms (g el BTA g1 JreE” fepy fumen

vobuoilteets imrthe pANSRAhneMat desctibed phidvadit laslt:vrﬁ‘mxacmmdncentrahon of 50

follow,ng a er 10 n1nut t.lon
gyl 31 Ao PR CopRRP AT 2, B i GoPpibp Contolied, head-
to-heAd) B NSingRs tede trRds kR shdwiSih TRAbIeOIS 4n@ 16he aer osol
tolerability and taste test. Results are shown in

Tabl| @O?JB@{] ThREd Rsdit: deﬁ%ﬂﬁf’eft@ﬂlﬁﬁh}@?ocﬁdﬁ%ra@ﬁp bi®d Sand ascorbic
Final Solution.Y=yellow, LY= |light yello VLY=very

acid fammulatipnogl lepylergein hevr|sungricciagopod |t@gr§bllw cvmpared to the
ac%t@cogb?cil]lac-{laeacﬁloa{mqw&ea‘é ¢ %ﬁl?@&s%?{)\?hﬁﬁ% 1? Oi:&fﬁieh%%, these

or sdlutions sui elivery al'ation
le\mﬂoxtmmt foampletiors cﬂaaer onpezjooViedic aur elérebitifyl oxerciti equivalent

0 oxac of l.gxaci n_.and pef| oxaci.n
sefirrRaatn e utiRbihls R R R R PG Fion bao
sup@fdr 1850 Whd hdledabiity chapaed s kgt HCS and ascorbic acid formulations of
gemifloxacin, and with further formulation refinement, would be amenable to aerosol

administration.

Table 14. Levofloxacin and Gemifloxacin Formulations.

Fluoroquinolone Acid Conc pH Osmolality
(mg/mL) (mOsm/kg)
Levofloxacin HCl 50 6.5 181
Levofloxacin Acetic 50 6.41 273
Levofloxacin Citric 50 6.45 286
Levofloxacin Lactic 50 6.42 286
Levofloxacin Ascorbic 50 6.50 278
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Taste and Tolerability Evaluation [00322] Two

eval uations were done to determne the suitability of
woheosf1kside oqui nol one sol utions with respect toPCaAIS2006/019351
and tolerability. [00323] First, in an oral taste test
the taste of a 20 uL portion of test sanple was
determned in a single, healthy human vol unt eer by

pl aci ng t he rraterial directly onto the center front

ar of—the—t t-o1g Tastewas henrapni-tored ver—al
Prin L‘B/Oﬂ%a@ﬂd i N .ﬁ Cfobne® dn thﬁém|
sol UGeronfiexasineparled d&lwel || as26he fi Adl |sol ut3¥ns
fol | gwhimgxdfeld adjjust orid . Datazare shewin [in Talkdle 11.
Tab[ g Hoxs Al KT UEQpsd ngl ones Tasfesbest. [00324]

Lowetr+ng—o LIIC pH—generatty had—the—effect—of
erpRNG! AdrdsherdRahe TolRMIt beSeyvofioxh£if FERhwhTidHS at 50 mg/mlL.
GtiflToxacin, gemfloxacin, ciprofloxacin,

of bi fl oxaci h and trovafl oxaci n Tastee t he | east
desirghhe Th tasteg testing. O txhe fluofoquinoBones

t eSTefcy LVl hvRKRGlemiddRS || Eud sk, ddLEPT 0aUT BokpRStet Nat
was tol erable w tfd espect tosgngas,t)e, at |the

CONEEAL Kah ONVESILiEWE tasleONERIORARIAT el A TR @d& hier
strong al nond-Iike taste, ae@{lghg@]sgt,@ﬁte was sSkdsght!ly

u DC%%SRHEI [ WHiRledtbr thife, T )€ H@E @B, wR&L , | L NPl after taste
tolerability angniyasfesr of a small aerospl sanple from
a|OpztiéThcidl | Pahg Bitertdie, T/ \3ld thedd, BRdradsteD NBWRS mild after taste
determ ned | n a géfagbe heal t Qyghbeowgh vol unt eer,

f OTTAMGMBE NEDMidZak] Jightl 1] @ PRIRY kel OW hebigleltzs®s or after-
(Tabl gcid?2) . | Tabl @;,dl@ Aerjosol Fl uor oqui pol one taste
TolmeraRkiAdid Y \engbittasiend €S tSubRDRR&ltasled the @ame tate

on bi f I oxaci h, nefdeklcoxadi n vawdaficr pyaf | pxacin, snall er
portrons were tested due to soI ub| I|ty I|mtat| ons.

aprn:nl mn‘ ’mf of 4.1 mcrons VMDD with

sfandard deViation (GSD) of 1.6%Wstefcron VMD. Ln

addi tAan to|these measurgnents, Z he inhal er praduced a
f IS dRARIbAHE | RetiORaste-PD) |High4itRPtdtper C ¢ BitepfasieRiigkied
dose pmdpart kiedngsfidres® tHan 5 ni crons). | Fealic

t ol erabatin t Y sedely bw&t € of| MiEcodgh glightly | NYed iRy tystd) ho ef
agm ni stratjon period angtitef a peri od Ohfickhswi nut es
pOSTAREMmIcNT sMildkisen wer e |rapngh, el @itted ol €SAgitly ibttyr, mild
par angtigrs were of the faoldtewksng types: | éfter tseugh,
cough sensation, or sneezing (ii) irritation, burning

or tightness of throat ii irritatjo rynni ness
in m& wnal Agrosgl Levo oxaclin Pormulatl'{ons

[00334] To further test the taste and tolerability properties of additional

levofloxacin excipient combinations in a systematic manner, a series of formulations
were prepared and tested. The formulations are listed in Table 17. They included sugars,
salts, sweeteners and other excipients prepared by mixing levofloxacin with water,
adding the excipients listed in Table 17, and titrating if necessary to the desired pH with
dilute HC], Osmolality was not optimized for these studies. However, osmolality was
determined using an Advanced Instruments Model 3250 Osmometer. This measurement,

made on 250 pL of sample, relies on freezing point depression to determine osmolality.
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eyes, (iii) irritation, burning or tightness of the

| ungs or shortness of breadth, and (iv) dizziness,
woeeamachid2 nausea or other system c effects. [ ©80BABR006/019351

Mar bof | oxaci n, sparfl oxacin and tosufl oxacin were too

insoluble to evaluate in this test. For the remaining

fluoroqui nol ones tested, no tolerability effects were

observed during or after aerosol exposure in
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ap%éélré?ir RRirbe¥ aittdrNgstd tHaPIsQAMINRPEEMRaRe bRRiRE dthedNi& observed.
Levofl oxacin is al so recogni zed as having one of
Mot elgbé@antbm therfoun@atical copredting €8Cle bpd thegngst Hrpypyed taste relative
ficacy,
R R
Pseudononas aer ugi nosa |nfect|ons Table 13. Overal

ok
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cofideftirhtéon than tjpatotlfek sugacd (Tablei20h t he except i on of
significantly less activity against the grampositive

Table 17. Levofloxacin Formulations Containing Various Excipients.

Fluoroquinolone Conc Excipients pH | Osmolality
(mg/mL) (mOsm/kg)
Levofloxacin 50 Control A (0.225% NaCl) 6.50 180
Levofloxacin 50 Aspartame (0.1%) 6.49 175
Levofloxacin 50 Sucrulose (0.1%) 6.49 178
Levofloxacin 50 Glucose (5%) 6.5 380
Levofloxacin 50 Sucrose (7.5%); NaCl (0.225%) 6.51 329
Levofloxacin 50 Glycerin (5%) 6.48 880
Levofloxacin 50 PS-80 (0.1%) 6.51 189
Levofloxacin 50 CaCl, (5%) 6.10 784
Levofloxacin 50 MgSO0, (5%) 6.41 73
Levofloxacin 50 Control — B-E (0.225% NaCl) 6.51 182
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pat hogens. Taste Testing of Aerosol
of Levofl oxacin and Gem fl oxacin [ 00331]
woesusliesi3ef t he above studies,

racemat e of |

oxaci n,

| evof | oxaci n,
as wel |

as gemni fl oxaci n,

Salt Formnul ati ons
Based on the

aRdTius2006/019351

| esser extent gatifloxacin and norfl oxacin are

anenable to

aer osol

adm ni stration for

and to a

pul nonary

ant i bacteri al treat rrent To further test the taste and
nn-- At 1l s (A~~~ H I AY
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I?e%’f‘{cscpcu?o' u '9@§4M’rc§cpfs‘3/@aéﬁgos9§’7 Johy St add] 5gs 900 13
LeXeeds aci bt 30 20 | 52ChEs abaciose ) Z“l 9o bay, £y 864
Leveflaxagin ons) ., 60t rAtMEf G pH to ~6.5 with| beP |or 600
IevgRoxaein aci 1, then |ajagbY)Guirbee (DSXPI al i ty| 688 815
Le%@cth&?fac' N C%‘t al 'Nlé@z(?%h @ldcg&sw §9,~300 WQSSE'U /' kgoo
A A A s N N R A A R L WS
Iteégﬂféfdclbv al t ofAl  ofMaF(R), hesiese BOhuman vol B8P eer s69n
lheflsati®? mapneisoas M@ﬂ(iﬁ@d&aﬁmm@ 79t _a | evoL0 oxac#i®
C9BgRALnat 1 on gp S0 M@d}t-&%)amc@e genyf | oxac| B21 | 625
S 2T o b 2 T B AT SLTT Ty TP AT T Sl |
Beypiioxagin ang’ 140 [(@@@%(WNMW%@.@NQ denonéifate 387
ltevafloxhginr ochl oD ¢ adiodirol & Gr (0t5¥cNafDand ascorti ¢ ackd
feQbMashahi ons ofsol evVafihxasly have superior {assg angre
er%ﬁcﬁx%& III_‘ CSH‘EaE %gcrrog (E(J/*l; acetl c aC| d | a%gj ¢ achh
IﬁYPﬂW?lﬂ’ner t RBse \i,gg:)tgqe Shcin formulations 162\\ o 241
Isypoxiagin t ast e SAnd |tletteredbPYe) ty over the equpvalient 170
gesmddaxaci n f gonul|{adaconss) Wth respect to | 6.10 735
GRTRELAKACT I The QICE] SAFL AL GOr T TOn Mg gUperioas
Lab C IIU L JI <1 T 1 U IIC |_|\/| vl

BRPEPE actd Por mlIGElGe bR Poxaci n | Arid lui ¢ 865
Iﬁqypﬂmmmf or trul 88 or] GeEhi(hEHbhectosaéli%) be anchdblle t 870
leRb&@tinadm ni SOr at|iqagl, (T2dweLddbse 26996 | oxacbw4and 227
TLGRacT I Fah Ml AL rnNG 6kl Bohbe: (24650501 | §agt|e angs

roreraorrrt Ol | UI I UOAAUTTI I‘UI IILII dl.l Ol1s d U Ilgl ITL.

Tabl e 16. Taste and Tol erabilitv of Gem fl oxacin
Formul ations at 23,008, Mtaste ISt RorkeSEysieh, Of Addi ti onal

Aerosol Levofl oxacin Fornmul ations
Score Taste Tolerability
1 Comparable to saline No cough sensation, no cough
1.25 Slightly more taste than saline Slight cough sensation, no cough
1.5 Mild bitter/metallic taste Cough sensation, slight cough
1.75 Between 1.5 and 2 -
2 Moderate bitter/metallic taste Cough sensation, moderate cough
2.25 Between 2 and 2.5 -
2.5 Strong bitter/metallic taste -
2.75 Between 2.5 and 3 -
3 Very strong bitter/metallic taste Cough sensation and strong cough
4 Very strong bitter/metallic taste Cough sensation, strong cough and

and other unacceptable taste other irritation
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[00334] To further test the taste and tolerability

properties of additional
woandsinsit3zons in a systematic manner,

| evof | oxaci n exci pi ent

formul ati ons were prepared and tested. The
formul ations are listed in Table 17. They incl uded
sweet eners and ot her excipients
adding t he
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ese

cf ?Jsisa.ca'xarldgsr e l%e li’?@?’ster‘lce of

l\@ﬁfdﬁﬁﬁht Clabligy) Ahabovehal ﬁtthteforlﬁulgﬁdiﬁ’s s(:f’éabédanZEi); experiment were

well tolerated and tasted better than the control sample. Formulations containing'both the

magnesium salt and lactose appeared to perform slightly better than either one alone.

This experiment confirms that combining divalent metal salts and simple sugars are

effective at improving taste (Table 21).
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Tabl e 17. Levofl oxacin Fornmul ati ons Containin Various
Exci pi ents. Tabl e 18. Taste Test Scoring System Tabl e
wa20o6fiast3e and Tol erability of Levofl oxacin PCT/US2006/019351
For mul ati ons Contai ni ng Sweeteners, Divalent Metal
Salts, and Surface Active Agent. Table 20. Taste and
Tol erability of Levofloxacin Cal . Fornul ations.
[00338] Test C. Taste Testing of Mno- and
Di saccharides in the Presence of Magnesi um Chl ori de.
As abqyBle 28! Tasaf ardMe1dr il oL bvdNEx a2t MEOE Horintulithoing
experinment were well tolerated and tasted better than
the control sanple. Fonmul ati ons cont arasieng bot h t he

EQ%% Q'ﬁt?i um salt and | acyoSe appe aredzto ﬂerro_{m _ Median
st g

ly better than EI‘”THE" ofeatof ST et
confirns that combining At ¥nt Taske: ::'II‘Ol [12gt py| Taste| Tol.

MeChit3%) sugars are effedtlfel at { npravin 1t'é§ste1“(w'l'dkﬂ e 1
Mat),(Fahberatd (7.58@st e and Tel lerabj i7t |oft Levof| oxagiis M 1
MyCL BTG,k P53 lUUSS‘Jl_.zgeStleﬁzﬂz'é“tq esfingiol 5 | 1
1
1

\' U= A w | Dllal I"Uuc3 1T 0TI 1. C g ST UITI
Mgﬁzg%@btacg Q%t h-cal ci |_mlan ;nlec! %}fvlll:ﬁr d 1§
Ifat

o A AT

CpusrahBIEa{0.24% Nasht ai ni ng ZA%gnebi linr st e2-&hd bl ucese

sucrose or |l actose tasted better than the control
sampd@s39T Hiest X peasieBasting o€ drfnior amd Ditsatchadidts imi thg Presence of

G T S5, R0 B S0 TR 6 8 i
A‘Fﬂ&ﬁ’ﬁﬂa QuEgb A SchR! Bhtrade] o? Notosk WUxdAO)etite tian he daSiloBsample.

sting of Divalent Metal Salts in the Presence of
Thiy quassencat TeRoRAEmE thitgeprphining rdivlend weigbspliednd simple sugars

““?ﬁ{vgg&%?&ffa elggpse in conbination with each of the

nt” cation salts on taste and tolerability
was tested at low (< 5.5) and high (> 6.0) pH Small

but coaBlk 31.€Tdstd ST 51 Lévollacitia MESE, Fobaalatiad, at
t he higher pH (Table 23). Table 23. Taste and
Tolerability of Levofl gxacin Cad ~For nmrdsadri ons at Low

H gh PH1 Taster [EXCipl ents 1|2 2 (] Medy an asi&i
E¥8F%H§a5te ToL Taste Tdqi: Tgi,t ”lL . 512 ¢ =
G ucose (7.5% pH | 1 !iraslt,eﬁ ‘1]' yTaste) ’iﬁ1 A 4 T/gs’te Tol.
MaS@eSserote7. 5% . pH 5.5 |11.55] 121] 755 1 1255 151|811 1.5 | 1.3

MgSO,, Glucose 1.5 275 2 25 115 {15 ) 15125
MgSO,, Lactose 125 1225 0 L75 | 125 175 1 1.8 | 1.3
Control B-E (0.225% NaCl) 2.25 1 - - 3 1 2.6 1

[00340] Test E: Taste Testing of Divalent Metal Salts in the Presence of Glucose

at Low and High pH. In this experiment, the effect of glucose in combination with each

of the three divalent cation salts on taste and tolerability was tested at low (< 5.5) and
high (= 6.0) pH. Small but consistent improvements in taste were observed at the higher

pH (Table 23).
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My 2(5%, ducose (7.5%9, pHO1.251 212121
M 2 (5%, ducose (7.5%9, pH5.01.751 1.751 1.5 1
wa 280611283504 (5%, d ucose (7.5%, pH 6.2 1.25P2T1/A252006/019351

2.25 1.75 1.5 1 1.5 1.8 MySO4 (5%, G ucose (7.5%,
5.4 1.51.751.75 1.5 2 1 1.8 1.5 Control
[00341] Test

NaCl) 2 1 -
Mbono-

and Di sacchari des .
screened in this experiment were well

Al l

B-E (0.

pH
225%

F. Taste Testing of
of the fornul ati ons
tol erated and

TSI EIrREeLLE rofeRdNith BEL&Pdxh8Hh CBaFbfnulddidns hIL.&€ Versus High

sugars at

50 Were better than the control,
2. 5%tast ed better than t héeontrol |

| act ose at
but not as good

=Tk =5 H- et i’CCunf; =re—t ||cu 3r ||pi (5]

sugars |n'prove taste (Table 24) _Tabhl e"®%®r Taste and
Edapiedtabi | ity of Levofl ¢xacin Supar Eormjl atidbns. | Median

[00342] Test G Taste aidydOTaI fBistd] tol.dTabiel PbIl ORAEI| Mol.
E%E"EEEFH e ﬁ Uf | VU . I
Co 7 e BB, PRE ot | adaci il ke or du TRE
CaChi( o)) Gheose R i), atisans| af25cal ki UhiEhl or i dé Sand 1l act®sel
Mé‘dla(gﬁﬁ (ﬁé?dose(r%o/‘} H%Cb thnoggh { N Syserijes 1|2 1

ouruno LaJII ||||||\. Ivcll LILIL!

Mghs QTP 08 GRISTa) s | by bodd witl idepedt tk® 1
Mg Bopothcosel(@bap pHitt2y rl@ISatI% 285t Hg5dontsrol 1 | 1.5 1.8
MESS, B AENREse (WBRT POl tant | yys pYyeal cs ym £hl oni dej.or 15

Zz o700 CarCiI—urn Lall ot uc || l IIC fJI ESTITCTE Ul o 70
MFM%Q) ef fec \;P at’ decreasi. ng | evof loxacin

bi tt erness.

Furt her decreases i n the concentratr on of

igacaharides. TN of the
lkx)é’l,ll ﬁg&i%r £H%1' t]agtle&’ %éttér Mhan the

t he$@3dXLilgsted
Tol er abi l,i t

an of Lev of I
tofieiohs SaRa o o bR
cohtei @ﬁlhpDéaG\lll’kth&a;u@ﬁi arﬂ% atetdilﬂ:ttbrnth%ﬂib cbﬁﬂbluhictdm at 2.5% tasted

Nebul i zer. 0343] The follo
be%tt@rtthspoma %Psgeraogéas
sudfs RFbN She(Bhid Bpa patient via a jet nebulizer.

acconplish this task a sinple | evofl oxacin

formul ati on was prepared and the aerosol was

char aqtaglei2ae Tastoaml T@érabitibyulf L zerfloxadveSugas Borimmlagfons. hese

oo i csperiRsb foRaR G imple
To

studies are shown in the summry bhel ow [00344]
Levof |l oxacin i nhal ati on soljution (55 rffﬂstdr) vvas
evallﬂr@gpfethUSi ng a 1 3 Median
Taste| Tol. | Taste| Tol. | Taste| Tol.
Glucose (5%) 15115 2 1 | 1.8 | 13
Sucrose (5%) 1.5 1.5 | 15 1 1.5 113
Lactose (5%) 1.75 | 1.25 2 1 1.9 | 1.1
Lactose (2.5%) 2251 1.5 2 1 21 113
Control F-G (0.45%NaCl) 25 01 251 1 |25 1

[00342] Test G. Taste and Tolerability of Levofloxacin CaCl, Formulations In

the Presence of Lactose. In this experiment, levofloxacin was formulated with varying

concentrations of calcium chloride and lactose (Table 25). As noted through this series
of experiments, all formulations containing divalent metal salts and sugar were improved
with respect to taste and tolerability relative to the control formulation. Most

importantly, 5% calcium chloride or 2.5% calcium chloride in the presence of 5% lactose
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PARI LC Plus Air Jet Nebulizer with ProNeb Conpressor.

The emtted dose, particle size distribution and fine
weoandeiies32f racti on were nmeasured by cascade i npaciisee/019351

using a Marple MIler Inpactor. The above-nenti oned

paraneters were used for evaluating the in vitro

performance of aerosolized nedications. Marple Ml ler

St udy [ 00345] njective. To determine the particle

si ze frjbuti and estijmate th nmoun
weif et ERECE 11 BEIFIrS TFYRERES T (RGP PRl i et 03, e
corR@RPARAIY tRRE eelipines Wak 16 cersétivent e emi tted dose,

which is the anbunt of | evofloxacin that exited the
nebul i zer. [00346] I\/let hods . For nul ati on: 55 ng/ n1
Tablkglsl Taste ability efflemo : g : 131

For mJI at |on est abl i shed fL%SgHXI mum soI ubi l'i ty
permitting a 300 ny dosagé 1n 6 m and neutral pH. 5.5

m [of TevoflToxacin fornulatfion was addggief0 a PARI LC
Plus Air-Jet Nebulizer wth ;
neb FEFipiept Scup contained a tlotal—of-302 3: of| Median
| evof | oxacin. _The nebul i zer| Tagfs| Zok fEesteldal, g&&ﬁ_&&_h
a Maapl,esd |1 er | npactor (NM.35 | whi ¢ghl.fvas Ir up 1w { hi af
ai N80 (398f Eacilse B9,/ M N. acts pebpulli zer; (n=p) ewasirun
KON G A R ] B )

a
t heé Qo (306). Epesoss it ed_and ! Sevol | dxhdin ek 2 | |
quamtiaCt,at.2526), kaceos¢ (2a¢t)ed wijt h7ipbil @ Bhals (90/91) 1

el
ACN. 8T, €6 42590 AR08 2 7Y entrWspD!i.tzs each of fhe | 1.1
I "F%‘;ptrolk‘@ (b%ﬂ}ﬁéﬂl\cups ( a4 _e:.) 1a dzine @ a%sg I per

f||t \,uuulnn\d IUI 34 HoR—1F U1TICT IICUJIIL

after aerosol i zation (cup and nout hpi ece) was al so

5 L1 68 os RT3V fickabi Bt hetbFiz AV PA‘Ri‘—E@ Fud Fet Ndbalizer.

ecovere rom

eXpT@Oﬁ@]}‘_t’ﬁle%ﬁo@lﬁ@ s -deddi®e QP&PQ&E&M FeCAY oY zBdelivery of
his represents a total recovery_ of -

le\wﬂp&ﬁm@e@ aotinigsead te RPaliRah §W&‘IJP‘W°§H]&@& 8 accom7phsh this task, a
su’?@? g%\fo'ﬂggécllrp ﬁﬁsnfu%ﬁ%l gﬁg if)%é}p@lréd bag ek %r&’s@'l Qs Qﬁaﬁe(@ténz%@ % a jet

recovery). erence was found to be
nebulizen rFlspesilfsiof ttedhsgndiecae siiowremdhe suasany belowe he LC
Pl us nebul i zer device. The average
[00344] Levofloxacin inhalation solution (55 mg/ml) was evaluated using a

PARI LC Plus Air Jet Nebulizer with ProNeb Compressor. The emitted dose, particle

—

o1

4]

size distribution and fine particle fraction were measured by cascade impaction using a
Marple Miller Impactor. The above-mentioned parameters were used for evaluating the

in vitro performance of aerosolized medications.

Marple Miller Study
[00345] Objective. To determine the particle size distribution and estimate the

amount of drug that a patient is likely to inhale (respirable fraction). A secondary
objective was to estimate emitted dose, which is the amount of levofloxacin that exited

the nebulizer.
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percent of drug exiting the nebulizer in fine

particles was ~72% Thus, the respirable emtted dose
w0as06895182ny. Assumi ng that ~50% i s not i nhal edCcdwiszeiwg019351

normal tidal breathing, a total of ~40 ng nmay be

deposited in the lung with this 300 ng dose. However,

given the slow admnistration tine with this device,

conmpetition with pul nonary clearance would |ikely

pre ccumul ati an_of__sufficie | evofl.oxaci .
oot 00Ha! Aefiede Frmhldiar csribem el ety 2o R yllohd, 70
ml\':l%liiﬂlhﬁ bHed. 7. 0Rermililgidn eotaslanEd ﬁrbinQﬂamﬁhQﬁll Sofbilie q:le@hlftmg a 300
maxi mum f | uor oqui nol gne anti m crobial activity

mg desage ahéénlpwé\/f@ﬁ’trﬂld?ﬁ TR Bl olevaliexsria tormyl atdy Wﬁ%&%iﬂ toa
AE@L?C Phk: A1E—?&'Wéb%h§er Wit P OREL W%?ke%scﬁ’n efhg\ﬁ@i)&l%if ap @htained

[ uor OC]UI n ones and Fuor oqul nol For mul ati ons.
a totehofid02 kg ef layofrchein. [@@@nauhsrrxwasa@@np@izd inlimgyvity @ Marple

M@#eg IPP]agth]’r ép@{ﬂ; wblgﬁv\&p glrﬁln w1 iy eﬁgg&gtﬁ%g%gil%pé %a&g{l&)glhzer

veln
(nAL)Cwas amal @enes dho deﬁ)eoqurod&edrgi/s Kadgedi bygviauahiinspestjpmafpr 15

aerosaol ~generation devi tur
mipeS. ﬁogew@a%w@@zwﬂ& ey ispostinblef ud Tudforein was
quRHESvel PedRLRUMIREmbbEe Plaas (o) RﬁﬁCW%igriﬁ;rh ¢he USP entry port,
paramet’ers. Two rats are sacrificed at and 3

eatfpof thedfmpeetorieeliention eurscsiegss ard thenglassifibsh cfﬁfébaﬁ% dpmpining
fo%@%ﬁ)g{ g]?ﬁgg p?eggﬁr%e?g%%?egér@ohkétm ngeuﬁal Yhd lﬁﬁtﬁ%xece) was also

t1ssue conc rations a
queetifesdm ned by an HPLC net hod and the data are then fit
using WnNonlin. Data are shown in Table 27. Efficacy
Mod o 0349] P. aerugi nosa strain PAM 1723 i s grown
in ®r-H nton Broth (MHB) at 35C under constant
aer goo3Ht] A sierwil th Mable 26, tltbetdtaiwafalgman&usu becovdredifiech the

to f h MHB, and al | dt C,
Mi}/ﬁ ﬁgP%{ %{?grg%wgﬁ ﬁ]@ o \é\%m?eélrrg g%’ﬁ’x ﬁﬁscﬁa j ng represents a
toRfdssT &Y 599, which é&a@ ot Wledt 1HRYgenorall®laddap@a Pcifications for

absor bance at 600 nmw th predeterm ned plate counts.

1rmva¢t@n¢rawdﬁt@<bex($5%61 Wéelesal eﬁceverw: g didlepancaes faaae to be due
to MEHLHAREL pﬁog%o Eg@gﬁ&gg@%%@E@%&;ﬁ@ﬁ%@gﬁ%e.wﬁe average
peRehnctiog, exNilg the ndaylized inafick darti@as chay ~72%. Thus, the respirable
emitted dose was 89.7 mg. Assuming that ~50% is not inhaled during normal tidal
breathing, a total of ~40 mg may be deposited in the lung with this 300 mg dose.
However, given the slow administration time with this device, competition with
pulmonary clearance would likely prevent the accumulation of sufficient levofloxacin to
meet the required minimal concentration for “rapid administration, high concentration”

dosing needed for maximum fluoroquinolone antimicrobial activity and resistance

prevention.
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5, mce are infected by an intratracheal instillation
of 0.05 m of inoculumwhile under isoflurane

wanewtibeisea (5% i sof | urane in oxygen runni ng aPC#/US2006/019351
L/mn). Two hours after infection, mce are given
either intraperitoneal or intratracheal doses of each
fluoroqui nol one at a dose of 25 ng/kg.Mce are
sacrificed 1 and 4 hours after treatnment, their |ungs
renmoved, honogeni zed and plated to determnm ne col ony

counts. Data i‘ﬁtﬁ%%%‘rn%JMT RPhftpaetbr DhaPSR 27

Phar macoki net n rat

pharmacagki neti ¢ stjudi es,B aer osql st r at iPerventfof Total
f I uor oqui nol gnes regu{omstotm)ruglc ?q UCPrirg Briting
Sgmple ID 3\ hgiisd Dege [al ReﬁlhiﬂDﬂgOﬂUI ONE erf’"’sgt 5 Nebuigenie Fine
as tobranycigag) Suggesibutiger iCupt the a(cov soI - Batigledfraction
admi ni stiration wil| pro@age i ncrease f fi cacy(Cagaiwmt
Llsw[gmilnf ect13qr=yg [0035145 don a nouselfourdg i ntecti GhS

rodet—trhe creased ef acy, sSUgy d by[the
I;BYPaEWCCkl nu'r i*Q_stludi pclér‘@r s, s an fe)r medl_ For o
Avkrager oqUi nollzhés tlest ed457he aer osoll7Pdute of 72.0

admnistration (intratracheal, or IT), produced |arger
reduct| ons |n bacter(lial counts than t he

» | erved |ncreased effl cacy was due to
Fugto Oone%orm%at? 3 tions produced by direct aerosol
adm ni stration. Table 28. Efficacy Mddeling . a. Route
of Bmwlﬁmsﬂﬁﬂon b. Tine post-drug
ad rg ARIRRN oW @ Ris id¥dehdus dose of 10
Q@g?éérl za%%o% |§ﬂ? ,\’iel'-\gll %ow (I)\Iebul i zer, Laser
mgRay tia tedaiSiat nmgveﬁmoeaz]gxmw sc@l@ av¢resnreshessosph dose of 10 mg/kg
us e REHSPS 2 FRRT AT e, BMIaRAEHL )P oot
sarfplbd 4r6 thikae ﬁﬂﬁ@iou@ﬁrﬂe@\é@éﬂﬁ)@fﬂ 0 dstekmtniedine pﬁagmaapharmacokmetlc

conducted with a Malv cl.e.sizey.un
paremeiofso| THRATe SHAHEFOHO: ShrnarinBii et g GrlpeiiRung
t hARMihREHRIE adveletie d
R REITHARAR B1 ORI BTG

tis4ue \cofideniralding ant dewnnge;dwy s PlLeaaethod mdothz dﬁwe p iy using
zers fi e "40" nebulizing heads.
W%?Pb\% ]gat]ag.re S{hhg'gﬁﬁgirégelr %?Spr aytec particle sizer is

programed to calculate the follow ng information. A)
Vol ifficavie dfiodsl anet er (VMD), the volunme nean of the

par Edogéllﬁs P. aeruginosa strain PAM 1723 is grown in Mueller-Hinton Broth (MHB) at

35°C under constant aeration, after 16 hours, the inoculum is sub-cultured into fresh MHB and
allowed to regrow at 35°C, under constant aeration, for 4 hours. The inoculum is adjusted to ca. 5
x 10° CFU/ml by correlation of absorbance at 600 nm with predetermined plate counts. Male
CFW mice (4 — 6 weeks old, N= 4/group) are made neutropenic by the intraperitoneal injection of
150 mg/kg cyclophosphamide (Cytoxan, Mead Johnson, Princeton, NJ) on days 1 and 4. On day
5, mice are infected by an intratracheal instillation of 0.05 ml of inoculum while under isoflurane
anesthesia (5% isoflurane in oxygen running at 4 L/min). Two hours after infection, mice are

given either intraperitoneal or intratracheal doses of each fluoroquinolone at a dose of 25 mg/kg.
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passi ng across the beam of the laser. B) Ceonetric
St andard Devi ation (GSD), dianeter 84th
woenwansizk e/ di ameter 50t h percentile. C % of parmisedoe®19351
< 5 microns, the percent of the nunber of particles
| ess than 5 microns or %of particle > 1 mcron and <
7 mcrons, the percent of the nunber of particles
between 1 and 7 m crons. [00353] The device was | oaded
Wit /
Ml\é%%lp da%l\‘llﬂéélg lT\%gcgj h&%saa%ﬂo& : Ie%ﬁéggne\%f Edﬁg llﬂi‘gs re%%@ed%d%mlféﬁ @nPflated to
demnmcmy@omsc@ataamﬁhmmé?ﬂbbr%of the beam on the x
axis and as close to the optical lens of the | aser as

possi bl e on the axi s, Anbi ent caondjtioned, bias flow
was provi ded thrmwm armunt to

pbtai-n—a—totat—nebut+zer—&owof—20— ety
conditi oned,. bi as Dbww V\géruréloo [ F’ ﬁ’fif;m
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L ow of 201LPM The nelul il Iv
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rbaxefiaxaen |THE npastt enenB-28eq en@e‘*v\za< b fh af t S6%
M nute and |nmeasuf enent s are nade cont i nuouslv flor 1
TCiptbBoxaninl d&cond it ervals. At 0538 end AWDthe NA
reasufle@dent| pimasg, Ahesie Glgrecor do3are avedaged fgars
VIVD, GSD anffld % <p mcron and %> 1 and{</ m cr ¢n.
-mgéﬂ(}geamhne AEOUTTZET (Wasz el gheg 74or [degggm mati on

pf—output raIe. Breath|Srmutation St udifes [UU6~>4]
JEC’l,ctll oxgqm OT RENTE YRS IIU% red UIluti) f LUIIS 3|2| ms

nat e =l hal af g 4 Hal—
Ay ab 19
Sl or
4] Tt T

ST T G TG o Snge REoeth o0

) 3T J

1se _the Fllrnppnn St :mrlalpd pattern of 1% breaths per
pi Neflexagin 0 AiY i hspl® atli od-@0 expil@dtign Pdi/iolof 1:1

Siderflesesiurlenidnt 5 wHs pler fetéred uhdér anbitbt 100%
condi tions [that gan be |controllied to maintain & room
{ Gepeflataving AV bet w8en 234008C and 124. 00C 8@ rel ati ve
N@GEhiflddaciaf| 42% 1o Ab% | Farga hils exgger ijnmesss.s t he RER
eFl ow devi ce was| I oaded wth 4[nml Levof|l oxacl n
’Wdﬂréﬂv u@t 4% /"10, Uqub]j Bregy fing Shingl at|i ONyAaS
ORI,y [Anie e TEouf T ERs oty e SisyheS HYe

N PN
e tU RN ulll R oOuUsSt y UIILI I IICUUI Zdl T UITLTEASCES.

IQEJ&#@& 8. takol PERIAGPRAII | SURFbn, PREH nafpFigtaign of

flRRSRXRISRS OfeYulfs lif EnSroagyde HURiAUCs afrdyt 0BShed iHduis for all
known anount of solvent (dH20. The
fluoroquinolones tested, as well as tobramycin, suggesting that the aerosol route of
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administration will produce increased efficacy against lung infections.

[00351] In a mouse lung infection model, the increased efficacy, suggested by
the pharmacokinetic studies rats, was confirmed. For all fluoroquinolones tested, the
aerosol route of administration (intratracheal, or IT), produced larger reductions in
bacterial counts than the intraperitoneal (IP) route of administration, suggesting that
observed increased efficacy was due to high local concentrations produced by direct

aerosol administration.
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nebul i zer cup is al so washed individually. For

guantitation, the individual washi ngs were assayed vi a
wepentiesphot ometry at a wavel ength of 290 nanoRETAIS$006/019351

and the resultant concentration converted to content.

Using this quantitative data, the follow ng anal ysis

was made. A) Inspired dose (ID), the total amount of

drug assayed fromthe inspiratory filter. B) Residual

dose (RD), the am)#g 2 [g% -eromthe
nebul i zer at the e biedh. Eflbe MBAEL C Fine Particle

Dose[(FPD), the TD nmul ti[pligxd, by tlﬂﬁta @%pl rabk8 oG
fracti onDfior exaRphte] % particle % ar \2)1}@
depemndi ng(rngn). t-hHe E—E* hod Sgl% hé'gi Juc. m-hre-the—stze—of
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(R
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that i gml Wacglv)ﬂrwﬂ p (CF\ m tron \II\&\ZéX)

r esul Gemiifiopalsl le 29T} ndilcat 85t hal a-269 nd dosdlof
| evof |L‘é¥é‘ﬂcb>é&cx‘n' kel yipdepasi t 95~34| ng -f hgior gqui nglgone| i n
t he MOmary. COMpgrLTTe T g the  PARI
eFIo\ )ﬁ ahFa[7Q) pnnggrnd g“#a% a0 nA dose
from tGwan@chinC Pl U® deyi ce26|el | eri~0@’4an equ-|0v7ell entt
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maxi mem-HHHotegutol-onetact vty However i ncreasing
t he F%br@amgﬂﬁjr atlifon tlo erhbl e nnr’iv §aln| -0.94

adm m(}i;trbﬂbxanm (e dgP 50 {ng/ @b in|a 21489 dqsi ng.41
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b. Time post-drug administration.

Example 5 — Aerosol Levofloxacin Characterization in the PARI eFlow Nebulizer,

Laser Particle Sizing

[00352] Device performance was characterized by measuring the size of the
particles emitted. By non-limiting example, particle sizing of emitted aerosol of
Levofloxacin solution may be conducted with a Malvern Spraytec particle sizer under the

following conditions. Ambient conditions are controlled to maintain a room temperature

105



mesh device creating a 3.4 mcron volunetric nean

di aneter (VMD) particle, or 2 mcron MVAD (hereinafter
wOAaretgeI32 Smal | "), or using a PARI eFl ow nebul Pgems2006/019351

producing a ~4.7 mcron VMD particle (hereinafter

"PARI Large"). Levofloxacin was tested at a

concentration of 4.25 ng/nL or 18.75 ng/nL at doses of

10 ng, 35 ng and 55 ngy, in isotonic solution. Results

00358 n.the first test. L. of 4, .
of b hOTadnd HHs ottt B P&é@ﬁ 43ty TBhosecin at 25
mghgPWhi Tfked e SRR GF NRBRIRASBELAOWItS @RAT8Y @ebilizing heads.
vitro device characterization studi es using breath )
Sofivene fax the Makessn Sgreyiea Pariclerizse IsTuogrgmmed (g ¢adsujate fhegfollowing
: m [ I r i
S0P A7 e N L SROIRN €101 LGSR 1 e s
pasirigetcraas thenbeatnr efttholaseri 1) GrdineyricSagdard Begiation(GYp), diameter

gough, .and there,was only a slight chem cal taste
A aPRYISAEmET o RPRIIGT PR PRty aPaany fregreenppf the
nuln®81 & e @eCBSRMES nAV¥iBhs 8r RboffPaftitle> MRHiérbR BhdG PRIdré1S, the
follow ng drug adm nistration. At this | ow

personiad ther munibsn o fpratidleslestwegidl andofymicaens. of
adm ni stration, levofloxacin was well tolerated.
[ 003BBP3) Thehdevicecward laaded with A mbilevdfloxagn 7 Zaym@ml.  The
sol utio i.nhal ed usi he, Aer o :
28 S LS B B0 Rbge 2 m rom e
cembt sfahelBaant en tHaar i i a2 aldseto the upliies lens bfitpe dasbr asgtdssible on
si mul ator was 35, ny. livery tine for admni,strati.on.
thg;y axke m?ger%\,ggndﬂorﬁflﬁgafgéo“ydggspp%lq%ﬂ éﬁriOH%}F ggslé ulizer in an
anf08C0 dbRn AEstEIbAIIRE BBl df120 WA, WeNbier QBRGNS biad flow was
the first test both during and after adm nistration

pravidedt thestigh thenebhlizesdn 8 poAWRo ohiain & teial sebulizppHow a4 28 LPM.

Tﬂgoﬁe]%ufx% Wit {uﬁ{gdr@t ahd Lfochem cal c&ﬁgﬁlsus@;ﬂ 52 LRIERL piSor to
of "1'evof | oxaci n. e taste was nost discernible for a

meeuringd TiHe medserenmehindegesncafnas begimenfeend nopifiute and measurements are

m nj.stration, again characteri,sti,c_of
G T AU OF 1 GB9RS] ™ Iner e P A AT dgf thp rpgggurement
phi&. #Rsd 180 Peo 8 ikt dverho¥@for VIVIB, 68 DUgIdNg sheichARIndlar-gend <7
device. The esti mated RDD based on separate in vitro
migeon sl the nelulizen wasriveighedi fesdejgyminagion gf oyt 1Al- t he
<5 microns FPD definition). Delivery time for

adnil?,qjﬁ,‘g.[thr@l [P sthfifgs drug was ~5 minutes. Despite the
signrfrcantry r1ncreased

[00354] Device performance was measured under conditions similar to natural

o=

inhalation by using a breath simulator PARI Compas breath Simulator programmed to
use the European Standard pattern of 15 breaths per minute with an inspiration to
expiration ratio of 1:1. Such measurements was performed under ambient conditions that
can be controlled to maintain a room temperature of between 23.0°C and 24.0°C and
relative humidity of 42% to 45%. For this experiment, the PARI eFlow device was

loaded with 4 ml Levofloxacin solution at 25 mg/ml.

[00355] Breathing simulation was commenced, and the nebulizers begun. The
devices were allowed to run continuously until nebulization ceases. The duration is

timed from the beginning of nebulization. Following nebulization, the inspiratory and
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particle size and delivery rate for drug conpared to
test 2, no adverse effects in the throat, airway or
woumgs251Beher than the acute effects of taste ROTAS2006/019351
above, were experienced, including cough sensation or
coughi ng, throughout the dosing period and for a 30
m nut e observation period follow ng delivery of the
dose. Urinary recovery of the drug, which is an
accur ate neas f .ex ur e onfir
il e Vas i afiBEe o 33Puh eReh S el (k0. The
nelSuligeiesplisihisy wesed Vti€idual [y0 036 dhantiktive, the mnih\lldual washings were
denpnstrate the feasibility of aergsol deliver

SSSRER RCHREF PP O, it YEIFED ot Sn BeroRel i dpe resutan

cortRRE AN @hl Qi %%h@ﬁt B g ShiQgesHitdtRaldatil eRefollowing analysis
concentrations and doses, properly fornul ated for

was medpam)llnswreé rdse ABY. dhexiotal aneiehvafisirag aEE?eéﬁ‘ilrﬁrfén the inspiratory
- Levef . ni

s T AP R B B

of hébulizationn iQ&ind Parti¢le Posd (PA)), the ﬂlbmulnpitaddjy the(mlslmbée fraction

(Cop gy oA S PHGOe YMBL TR B od Sed 6 Helermine

eS| B e éﬁh éﬂ’él ertBe FroAPHRE QaIshES d@\HEé)erEj Euﬁﬁbﬂ Otime from the

I nvest | gat I ncl ude spray-dry and in sit
begnmmgm thatend of neolinitipne &) Rebpisablegpelvatsd Dﬁﬁ? (RPHY, %dD that is,
other\@ﬂﬂorqu|nolone antibiotics including,

t
forvﬁxfi’i’?Bm Iglr?ﬁcfoélﬁl of | oxaci n, | onefl oxacin,

DI T 30 bt TepisS ipr Tibie. P, i, o i e ot oifosacin
likElyelepaaei 134 @?'f‘l‘%foqtiﬁﬁloﬁe irp BRIPul fXRey Bompérﬁﬁﬁf’c li®xaGhiA, using
enoxaci n, norfloxacin, clinafloxacin, gbﬁaﬁompxac

thesP AR plgaicdenice ihatle 29)oseamared torth 100mg the PAR'LC Plus
degidt Atk v%)ﬁ‘ﬂg'aﬂ e& %?BH 854 Bis q[:llf’ll |he “ﬁdeoefdnﬁﬁﬁﬁbﬁbn high

gar enoxac oxacl n, oxaC|n DX- 6
coff@n&é‘tﬁ&?&loamg ddidddelv@y rﬁm@trdcmub@d] h{m@oe@@]lleﬁbe 15 min delivery

irfLBEF U LS PP BRIt 8, PP ARG e o 3540 me
levRElok4vinreehyMne&tomt Zaitdriat for maximum fluoroquinolone activity. However,
increasing the drug concentration to enable more rapid administration (e.g. 50 mg/ml in a
2 ml dosing delivering 35-40 mg levofloxacin in ~2 min) will more likely meet these
minimal requirements. Moreover, shorter administration times will improve patient
dosing compliance. In addition, it should be noted that hypotonic solutions of

levofloxacin at concentrations greatere than 10 mg/ml are poorly tolerated for inhalation.

Table 29. Levofloxacin Aerosol Properties (100 mg Loading Dose).

FPD (%) RDD (mg) | VMD | GSD | Osmo
Duration { Residual | Inspired mOs/k
(minutes) Dose Dose |<5u | 1-7u | £5u | 1-7u um um g
3.9+01 | 248+3.4| 61.1+ |549 | 73.8 | 33.5 | 45.1 4.7 1.6 67
1.6 1.0
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[ 00364] Levofl oxacin drug powder was m croni zed using

ajet mll. Followng mcronization the drug powder
woasociesidected in two fracti ons, one between 5P6THISZI06/19351

and a finer fraction. Powder Characterization [00365]

The drug was characterized for particle size and

particle size distribution, before and after mlling

using laser diffraction technol ogy. Any changes in the

physi cal form of the drug were eval uated by

Ex:Ph e 8-S b leAbilRG VN Pék o CRLWITIoREIR Y a (RREhy Fitnafr
raction . Particle norphol ogy was studied
___tl}ﬂt_lﬁg Scanni ng El ectron M croscopy (SEM. The

088 ¥ Trpc ol bis6h Geiuctoliic ol of defiEing

1 Jﬁk&' s %Bidl%a‘ér@{axﬁélﬁd@ ) eifher KAIAer&ienchipical Aribrat
v egrglgatsl on of the drug subsutgr%c% rurlngerdr;ng cr nllgal |%rﬁmg

meskadeviveabugatingia By4 HpEon vvhén@@mmeaﬂudéﬁn@% 6Y MDB rRertigls, eor ~2
use%M)AISi @S{eﬂl "‘]:Axe a ;ST Ezabls Wi quﬂﬁfj e@fot\@ 'ebulizer

mlcﬁ?cronl Zat ron eri nental Met hodol 0g
profiX336 6]~4TW\@11d®am B praftlclﬁe(}mfdumﬂani‘m% Eerge?)e rlogvoslexpcin was

s Qs T R et T 25 BB SRV g AT, ¥ ond

55 ﬁl%qylllg(ggmggolaﬁ(m eve the required size fractions
bétween a) 5-6 micron and b) 2-3 nmicron. The particle

size of |evofloxacin was determ ned by Synpatec HELOS
| asBeswdSf f raction particle size analyzer. Results

[ OO@ Firgﬂ'k %r%%es‘i hoM®, dthke ﬂ’bS’tmghfnLr%ﬁfﬂloﬁ&Hshﬂ{aﬁsd using the
Vs micronization pressure. The fi

Aemm rSrmll mebldeIebx aBlien estinenies RPIrelzasedy gnt sPPEiedih ﬁ‘étf% (device
char c’ce]irl(%at6 Yory siuf 1%5] @at}msﬂtﬁ {oh ALt nﬁféar@otlgkel@h@ DEhvery
T T RLEp 4"

séen e size decrease
tim@iveas QA nmautesmNp rdsssmakﬁe doareeactedts Werp pb&%\mden dfe thivetypirway

s required t si,ze of
or Pen TECE ABROSURTEH DY Y o6 Saltr oo U A ther
wabBaRPAsdhe | bﬁerﬁllcéletaﬁé ddZnddhdmifedr edmi@fieutien. No adverse effects or
m croni zati on, ressure of 30 psi V}‘aﬁ ired,t
taste were observed over a 0 minute monitoring perlod ow1ng lJcllrug admlmstratlon
At this low concentration and dose, and slow rate of administration, levofloxacin was

well tolerated.

[00359] In the second test, 4 ml of the 18.75 mg/mL solution was inhaled using
the Aerogen Small nebulizer. The estimated RDD based on separate in vitro device
characterization studies using a breath simulator was 35 mg. Delivery time for
administration of the drug was 14 minutes. Despite the increased dose, the acute
tolerability was very comparable to the first test both during and after administration.
The taste, which was stronger, was the solution had a more the bitter/metallic chemical
taste characteristic of levofloxacin. The taste was most discernible for a period of a few

mintues after the end of administration, again a characteristic of levofloxacin.

[00360] In the third test, 4 mL of the 18.75 mg/mL solution was inhaled using
the PARI Large device. The estimated RDD based on separate in vitro device
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achieve a particle size of 5.2 mcron. Powder

Characterization Differential Scanning calorinetry
waxzpwrizamsat al Met hodol ogy [00368] Differenti al PStasmong193s1

Calorinetry of pre-mcronized as well as m cronized

| evofl oxacin (nean particle size 2.5 mcron) was

perfornmed using TA Instrunent DSC Q O0O. 1-2 ng of

each sanple was wei ghed into pan seal ed and heated at

1C/mnfro 250C 0C u nitro S .
chef SRR HOTERR R 55 TR U 0 PHe I e gn (PAgh Delivery
tim@i6r AmhiaRtati@Ve the¥ag Waﬂ?nﬁrﬁl@&m Besphte gher dgriifcanilfidn@eased

was no difference in the DSC profiles of mcr

parfielasize @nd dejivispyetatenfor f1a COBRATERAREFd AR ARYET %@FHS r%ﬂ?éﬁ“oat
alr\k/%; BPe! gb{thLP{)i?éZ Qhe I&ﬁe REVLEHL? tAsl a6 IaBEE, Adle experienced,

rre-m croni zed) were adhered to doubl esi ded car bon
mchalb% onglabensitinmmrsoughing, Wirpeghonkthe dpsiag petdnd and far # B0 minute

oofaF B IR ERREPRLS Ui ok Pl

an SEaMaien gheabe€ tgfoBxpuisae 0 sonfiens Rexs uhe sprpjR0t8d Liespirable dose of

Representati ve Scanni ectron mcrographs of the
APRIPEIRY F‘Séﬁ?séHﬁFeFﬁf@B’o‘fﬁhli’g&dl evofl oxacin are shown

o1l kabeier gty oyt B, TGS napesol “Activery of
levFﬁ%)gd fz}fgm é‘fhhﬁq'én 'IhlS}E&rHt IR [ R meEMReEINIBRbndVRERA IGO0 gest

hin layer of powder sanple was nounted on a
thap érgheba@wgntmmds phéideses.nprapcrkiRivEIdelon o lgepilitegrch taste are
ac}bﬁ:v 1e was anal yzed using a Scintag XDS 2000

i‘act onet er under the fol | ow ng conditions:
Excitation source: Copper K a X-rays; Scan rate: 1 per
Exfinpld B— Levofloxacin Micronization.

Levofloxacin Micronization

[00362] Dry powder levofloxacin base may be micronized for high local
concentration exposure therapy, taste-masking or AUC shape-enhanced delivery of
levofloxacin using dry powder pulmonary administration. Other approaches currently
being investigated include spray-dry and in situ micronization techniques. This approach
may also be used with other fluoroquinolone antibiotics including, without limitation
ofloxacin, lomefloxacin, pefloxacin, ciprofloxacin, gatifloxacin, gemifloxacin,
moxifloxacin, tosufloxacin, pazufloxacin, rufloxacin, fleroxacin, balofloxacin,
sparfloxacin, trovafloxacin, enoxacin, norfloxacin, clinafloxacin, grepafloxacin,
sitafloxacin, marbofloxacin, orbifloxacin, sarafloxacin, danofloxacin, difloxacin,
enrofloxacin, garenoxacin, prulifloxacin, olamufloxacin, DX-619, TG-873870 and DW-
276.

Description
[00363] To characterize the feasibility of micronizing levofloxacin base, the

following studies were performed.
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Vol tage: 40 KV; Curent: 35 mA | | | Results [00373]

The X-ray diffraction plots of pre-mcronized and
waizeteansded Levofl oxacin are shown as Fi gure 1BCT/US2006/019351

Intensity of diffracted peak at 9 is reduced after

m croni zati on. These results are in accordance to

those reported in the literature for mcronization of

ol anzapi ne (Stephenson G5A. The Ri gaku Journal, 22

(Zogzg: 2-15?. The reduction in the relative

i nt ot the diffracted peaks might be due to

f or et ANLefofRRIIA dagSpdvalen was ysitahized heingraget mill. Following

_devel oped face after nicronizatioq?m?uld be t he one. .
miqrepizationche drHg Ravrde 3yap FollectadeiRi thig) 4Py Qg getween -6 micron
and RS iseAt !l Methodol ogy [00374] 15-25 ng of

m croni zed and pre-mcroni zed | evofl oxaci n sanpl es

wer e di ssolved in nmethanol (having predetermn ned

moi sture content) and the noisture content in the

sanBbederdimadienizatiok ned by Aquastar 3000 Coul onetric

Kar i sh Tt ra . [ 803 . The:.re t Sarffle si

Cor oSt Tobkobt oFERial B0 5 3t s

distibusibnyrbefdco ahd afterafiil lRrgeusarpdafeo stiffibtionomehnetbgy. Any changes in
Levof | oxaci n, EX le 8 - Preformulation, Qf . .

the BRISIPLIHE: At BEsOrue WS ASIVARS TyoRITeas ik Seaingy Calogimetery

(D$C) sPPXatdyedifERtibe RRDYX @Qﬂti@lehﬂ&?hbl@gyl mae sBidRddistrigeScanning
physi co-chem cal capabilities and restrictions

f
Eldetrou fNlisseseony (H8Y)- drhevaguil bt B1ofiTs o8 aph Fla?géﬂ@sl?o‘”der
be%%ianf&%t@ﬁﬁa?crgﬁiﬁétmn%étdé@m% b}r Theh Rk BE B AdalRis (TGA) or

si'cochem cal properties of Tevofloxacin base.
KaBrRidohemuAmat depnadatipiSof b diugsubttantic during odagnizatina was evaluated

ility of l.evofl exacin wa ern
by ASRILE] o RSB TpPEEH Mot el I Mo By pw peks are
forir@B9Germikdonieh! al i quots of each buffer (~200- 12250

m.) were saturated with drug and agitated to achieve

equilibriumsolubility. The
g Micronizartrgon y

Experimental Methodology

[00366] Two batches of Levofloxacin were micronized using a jet mill (Glen
Mills). Method development was performed to determine the micronization pressure
required to achieve the required size fractions between a) 5-6 micron and b) 2-3 micron.
The particle size of levofloxacin was determined by Sympatec HELOS laser diffraction

particle size analyzer.

Results

[00367] Figure 12 shows the plot of mean particle diameter (X50) Vs
micronization pressure. The first batch of Levofloxacin showed a mean particle diameter
of 10.6 micron before micronization. From the plot it is seen that particle size decreased
as the micronization pressure increased. A pressure of about 120 psi was required to

achieve a size of 2.5 micron. With the second batch of levofloxacin, having a mean
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sanpl es were then becentrifuged and the supernat ant

anal yzed for dissolved drug by W or HPLC. The buffers
wagew/2m3thi s study were shown to affect the seCwhiskiosp19351

result (because different buffer counter-ions can form

different levo salt forns in solution). Hence,

pHsolubility will also be assessed in the absence of

buffers (via titration). pKa Determ nation [00378] The

a of | | oxaci n was_d ' i i SRS .
roBR P SRR B PR B4 TR Wl reived
aciPR G BRSNS S Y midkbh.s i nformation was used to aid in
salt selection for |evofloxacin and to determ ne the
chargs onllevofLoxacin under the pH conditions in the

| unforger Gharealerizafigh ¢ o i quid System [00379] The

feasibility of a liquid fornmulati on was i nvesti gated
usiRﬂ@’@%ﬂﬂ&ﬁ%ﬂﬁiﬂ@b) surface tension as

basel i ne paraneters for fornmulation in saline al one.
Pr efspatimetteloeredfP®s on Levof | oxacin HPLC Met hod

Tr anmies] BiEGhIEN ek hodehaay, [Q0PRORidHRC s well s

net | was used to evaluate the linearity, accuracy
mienouizpd devoslosacinf(mehe Naeidd ISiRad nniesemly wasrperiegmedhysing TA

sed X; 4. It G :
o BRI P00 1 e B et RS it il Ban, st g hoated
at 8B&mih ftbnd 26°THA 300°Charder niamoderl5 % 0. 1% TFA
acetonitrile. The flow rate was adjusted to 3 m/mn.
Sana%e e € injected into the chromat ographic system
and Sef fluent nonitored at 277 nm Results [00381]

The E(vossaptﬂhgm)sa pofifeainof rwoé-hmorasized malsmzpmizedilomiflokacin are
0.82 mi.n. The assay was fqupd to .be |i r _over . .
shevih g6 RIEVIS- K QA VoG ioh AISEBET df P i@ GBP R o0 fpicpized
coﬂ'potQ@to Dnfidr&hiddd (¥6ofidxafifar d devi ation) was | ess than
0.5 % and accuracy was within 98-102% pH Sol ubility

St udi es
Experimental Methodology

[00370] The powders (micronized and pre-micronized) were adhered to double-
sided carbon tabs on aluminum stubs, which were then coated with gold-palladium.
Photomicrographs were taken of several different areas of the powder on the stub using a

Scanning electron microscope.

Results
[00371] Representative Scanning electron micrographs of the pre-micronized and
micronized levofloxacin are shown in Figure 14A and 14B. Crystals of levofloxacin are

plate like before micronization. This shape is retained after micronization.

Experimental Methodology

[00372] A thin layer of powder sample was mounted on a zero background plate
in an XRD sample holder. Each sample was analyzed using a Scintag XDS 2000
Diffractometer under the following conditions:

Excitation source: Copper K o X-rays; Scan rate: 1° per minute
Voltage: 40 KV; Curent: 35 mA.
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By Titration Experinmental Methodol ogy [00382] A

saturated solution of levofloxacin in 0.1 N HO was
woivreatgid2wi t h NaCOH. After each addition of theChas206/019351

the sol ution was shaken by vortexing. An aliquot of

the sanpl e solution was renoved, centrifuged and the

super nat ant anal yzed by UV spectroscopy at 288 nm The

same solution was back titrated with HO. Results

[00383] The pHsolubility profile of I|evofloxacin is

shoftfsws Fi gure 16. By titrinmetery |evofloxacin

exhigosyfdThe SX-1abi ldiffdcitdn 25014 B0/ Ble-dlcrgttiked. Ind micronized

However "contrary to the results of the shaiki .
Leeodjsenacingr shownrfs ewadp ilptgnsily ofidiffiapisd pga a%trc]%g s Lgyced after
miaﬂgi%i’iow Sne WL R £8Mn BEcAIdnEL Ryt B drRE iR QAT DRerhtaRe for

effect. Since a solution of |evofloxacin was prepared
miéroniA@ion af bipdzapotel (Gtipiensenl @, AofThie dRighliuoXersnal, gk&f@ﬂr 2-15).

have for. in . sol.ution. FEurt i.5i.Qn: [ :
g Gt e 1S ofteaips s et e R et nEMAD Bnation
of h&ve f5ed tohd brybtrl. OFhethest Ayl gpeti farei afier sudronizdtjoavould be the one

deternmination By Titri rrg{‘,‘erqy Experi nental Met hodol ogy
for wejglg e intersity it naRBLY Fe63d oxaci n (18 ny/g) was

prepared in water (18.45 ng/g). The initial pH of the

sol Whh&anvaal Medfdolbpp s sol ution was titrated with 1 N

HC . asured aliquots of HO were addqadthe H

r ocHIGEA dperme at MiaeEre] B PRITPRRIZSH [RLOKEI FftRles vere
il ' indar I 4% dfsture content
cishivt B Bl st ey Rl ol BUTR: homey
in iesapplep aredidarmined b AdOiastaT@0Goutanagtripkiad FishpreTitrator.

solution was 1.32. The solution was titrated with I N

Na . Titstration was continued till a pH of 6.55.

Res f'él [00386] Figure 17 shows a plot of pH Vs vol une

of f0a3r78ntThadesatts HHOKadf Risherianalysis ere shbwn in Table 30.

Table 30. Moisture Content of Pre and Post Micronized Levofloxacin.

Moisture content (%)

Pre- micronized 6.16

Post- micronized 5.42

Example 8 - Preformulation of Levofloxacin Base.

[00376] The goal of this study was to characterize levofloxacin base to
understand the physico-chemical capabilities and restrictions of levofloxacin base for
various formulation approaches. The purpose of this study was to characterize the

physicochemical properties of levofloxacin base.

Preformulation

pH-Solubility Studies

[00377] The solubility of levofloxacin was determined as a function of pH.

Buffers were first prepared in the pH range 2-10. Small aliquots of each buffer (~200-
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| evofloxacin with HCL. This data was fit into the
foll owi ng equation:where, Vt = Volume of titrant added
woemeeswee of titrant added till the equi val arC®/USDION19351
[OH ] = hydroxide ion concentration = Kw [H+] [H] =
hydroni umion concentration = 10 p [00387] A plot of
Vt [OH] Vs Vt gave a straight line (Figure 18). Data
sEownI is fromthe pre- equi vaI ence point regi on From
t sl ope we get. Sl.o
250y Yoo wpeR Wil IR e qu%@e‘éer eﬁﬁ%@ Sftyblhe The
salﬁ'\%H Rak tﬁ%ﬁ&@eﬁtﬁfug&@ @nd tHelsapdroftaianhlgyaf foe lﬂﬁ@cblﬂed/\drug by uv

OH. Acidic pKa was difficult tq calcul gte pec ‘f
or WE-GuuiThe buslers( sed  ip) thisHgygdy were %h%htﬂwafg rtg‘%( ﬁlﬂg’u 1Bh Tesult
(beggusg K Mﬁnt@ls é)(np%alﬁ’ Hb @t dn?érénttlgﬁ‘o 4t f&ﬁJSQH%%utlon)

romt eplo H dV vs volune of titrant
He(lé'el gHFselLQ)ﬁl)ty vitielsea assa$se<rh rethpabsence of baffepggiaritrativpe
pH at half the equivalence point (i.e. when Vt = 125
m) BICTIPE=Te he acidic pKa ~ 1.6. By UVvspectroscopy
Exp hodol ogy [00389] Dilute sol utions of
| evpid3ogadihe pka. &Fldveftpkati) wesrdetepmasd rhydtitrimetgy €pbihined pKa

valglg;_;zvg{e%o’n 1Em%§£ Bjﬁm s;zec%gpqé)\{\g}negsy}_ctlz} Blgllpg{la% opgﬁa%et;s@& ?(hald in

salt SM&tioR S CleVofixhéihiafd %o WeEEniad teychege oy 1bofloxacin under the pH
Ivgectroscopy at 257 run. Results [00390] A plot of pH
congtimssbilsdie®e of the | evofl oxacin solution at 257 nm

Is shown as Figure 21. This data was fitted into a

mdqfréﬁgnkgngﬁy&%qmgg,gbgach equatl on: AbS observed

vvher[@379&b§h® AT E”féﬁlé]é“%‘qus Ez‘%?tlgéti‘éﬁﬁni‘g (3 Sy and
(b)is&lzféb_% kRNADS LHRIADSAmRARCcH: BfmligNe i exaddesol ution pH

Preformulation Studies on Levofloxacin

HPLC Method Transfer

Experimental Methodology

[00380] A HPLC method was used to evaluate the linearity, accuracy and
precision of the levofloxacin assay. The column used was a 50 X 4.6 mm, Onyx
Monolithic C18 (Phenomenex) at 300 C. The mobile phase consisted of 85% of 0.1%
TFA in water and 15 % 0.1% TFA acetonitrile. The flow rate was adjusted to 3 ml/min.
Samples were injected into the chromatographic system and the effluent monitored at 277

nm.

Results

[00381] The retention time for levofloxacin was approximately 0.82 min. The
assay was found to be linear over a range of 5-15 pg/ml, with a correlation coefficient of
1.000. RSD (relative standard deviation) was less than 0.5 % and accuracy was within
98-102%.
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Abs A- = Absorbance of |evofloxacin solution at pH
7.8, [Ht] = hydroniumion concentration = 10 pH The
woizbdeadsBguat i on provi ded an estimate of pKa =P&TA$2006/019351
Exanple 9 - Levofloxacin Salt Formation. [00391] The
goal of this study was to prepare various salt forns
of |l evofloxacin that may gai n AUC shape- enhancenent
properties through decreased solubility and/or
di ssol ution. These benefits may alter the
phaRBnSdubitityStudigsoperties of | evofl oxacin fol | owi ng
pul nonary adm ni stration using nanoparticle suspension
or ByJitsdigier inhal ati on. These formul ati ons may be
optim zed to prolong the rel ease of |evofloxacin from
decExperimengd\Methedoléevsal t fornms. These properties may
al S@O?@ ]! ﬂc&rﬁﬂgl{é@ SatibR P lﬁmxa&h uar@ew NAEIoREs titrated with
antibiotics 1nc |ng, without |imtation
Na@Qglri ﬂlﬁexaanhnaddgfam bf thealrise, tha selution agdsnshakers by [Vextaeng, An

o DGR LG B R T OBE A c BBMs sy v

UWsetteosSosadt 8§ amsTharame solpti@cit ik stroted geti HCloxaci n
for taste maski ng, AUC shape-enhancenent, nanoparticle
sus en ion and dry powder inhalation adn1n|strat|on
Qh proaches currently being investigated include

SpPr gN383]y THO GHLddIHillity ﬂfbﬁIeQﬁl leadfioxacih € hho\qmeﬁ Figure 16. By
[ 00 92{ For suspensi on an

d f
BN N e N N T T
corﬁ&g}g]ltjog@e rQJﬁ?E OF bR dndikih F%%xﬂé?ﬂenf@ﬂqehs%%ﬂhtmcﬁtﬁn@ﬁy {dB&eased

pertormance. shape- enhanci ng
belbwrpfmIGai wbith ctahéaeoaj}réa@xtadvte tb¢ cemmonsien effeftonSifess atselution of
ase the sol ubij y
levpﬁ?)éacg\; Waé\pb?qage)gagli Hdl A yaCI éloglggnglzrc%fglﬁggféo;égb%bﬁa have
forifel 6 tsemtiby.: Fhﬁ@e&%}hﬁ\z‘hmfmhlcﬁtdbomwﬁq the [fotinn gf ppdmachlorinacid

increase in neltin 0|nt sual ly acconpani ed by a
wopldRyePpiesThe F’Pl‘él%i 1 %& ?‘thf}m 83tts formed from

planar, high nmelting aromatic acids generally yield
cryﬁ@ldelt&ﬁ“ﬁﬁlidns of high nelting point. [00394]
Manipulaton of hydrophobicity: Salts fornmed wth

hydr@gﬁpme&; /pONj ugate aci ds are hydrophobi c and
) L

dif 0 wet, and may ultinmately lead to
Experimental Methodology

[00384] A solution of levofloxacin (18 mg/g) was prepared in water (18.45 mg/g). The
initial pH of the solution was 7.36. This solution was titrated with 1 N HCL Measured aliquots
of HCI were added and the pH recorded after each addition. Titration was continued till a pH of
1.

[00385] In order to determine the acidic pKa, a solution of levofloxacin (18.38 mg/g)
was prepared in 0.1 N HCL. The initial pH of the solution was 1.32. The solution was titrated
with I N'NaOH. Titration was continued till a pH of 6.55.

Results
[00386] Figure 17 shows a plot of pH Vs volume of titrant added for the titration of

levofloxacin with HCL. This data was fit into the following equation:
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prol onged di ssol ution. Exanples of acids have been

sel ected for salt preparation are listed as foll ows: a)
woeanwitesiaei d (enboni c acid) b) 2-naphthal ene seCT@S2@®6/019351

acid (napsylic acid) c) Oeic acid d) Xinafoic acid e)

Stearic acid f) Lauryl Sulfonate (estolate) [00395]

O her factors considered include salt surface

properties, polynorph and chem cal stability.

Description [00396 ecy i v the study was to

prepare salt for ns]vlaﬁelo%‘l’ ox%ci no{/n order to reduce

its solubility and/ or dissabtgti on rate. The goal was

to: (a) nmke | evof| ox 0 Ie sol ubl.e through salt
formation wth sw#la“blil’g’ ’@Hf?‘@fd (b) prepare salt

forms of | @V%bl%@%f@tﬁﬁkadddw {ill taygivalahavint
solubility And/or dissolution rate than the free base.
[00397] To a@bdmphidserithioseonceakationst Koy {1 lner e

concentr at ed r dnSerfatibhe 1p@si c site of

the nol ecul e Pqua k%%g&{éem Tﬁ%OSQeSX?ItaParmi c acid (np =

28000C) and napsylic acid (np = 125 0C) possess pl anar,

hy d[eaBBDpiAcplst sf NG OFESVE Nagaverrseraihplect @izure 1§ didtal ghown is

hoblc character. to_the salt. The h| gh mel ting

froﬁbt?‘ oAU RIFBP PR rag‘ﬁﬁngﬂnéfhﬁ L? PRiVGEShel ti ng

crystall|ne salt for i C yvas chosen primarily

because it is approv?&oﬂﬁog‘ﬂ'aﬂg g I|very It has a | ow

mel ting point (4C) whipgh=0Rys KeE7.3atisfy the condition

under (1), however it was hoped that the | ong

ali phatic chain may i iper t4-9ff7@Pent hydrophobicity
to decrease soI ubility. Xinafoic acid (np= 1950C) was

al's Oﬁ%kﬁ% Cﬁlre {190 ho&/?l t loft% Eﬁt\}so\’?} e dfttltla'tlxtsagd&loigﬁﬁé%itration of

pla bre 8 ruc I's expect
levpfl@acid amh)wif)ﬁp RebiicpKharsatffiewlt to calculate because it was quite low (< 2.0).

However, a rough approximation of pKa can be made as the pH at half the equivalence point.
From the plot dpH/dV vs volume of titrant (V,) (Figure 20), the equivalence point is at 250 pl.
The pH at half the equivalence point (i.e. when V=125 pl) is 1.6. So the acidic pKa~ 1.6.

By UV spectroscopy

Experimental Methodology

[00389] Dilute solutions of levofloxacin (0.013 mg/ml) were prepared in several
buffers. The buffers used were HCL (pH 1,2), acetate (pH 4,5), phosphate ( pH 6,7,8) and borate
(9,10). The levofloxacin solutions were analyzed by UV spectroscopy at 257 nm.

Results
[00390] A plot of pH Vs Absorbance of the levofloxacin solution at 257 nm is shown as

Figure 21. This data was fitted into a modified Henderson Hasselbach equation:
Abs observed ™ = Abs HA [ H+ ] + Abs A- [ H‘* ]
Ka+[HY| Ka+[H"]
where,

ADbS observed = Absorbance of levofloxacin solution
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to the salt. The rationale for choosing stearic acid

and | auryl sulfonate (estolate) was simlar to oleic
weaehe/12813ky their |ung toxicities are unknown. PESUSR@G619351

is approved for oral delivery (erythronycin estolate

has approximately 1/1 2th the solubility of the free

base, and is fornulated as an oral suspension). Salt

Formation [00399] In general, |evofloxacin base and

the aci d re dissol.ved in a_suitable.vol ihl.e,

organi ¢ sOSEMT é@ bafes gﬁe‘foglfof%c)m SOAH%OHSRI?? #éd at room
t enper at Upgs , ANXbloibEBtabl leddthxpsiadolationd arpked 8yas
filtered, drie and characterized. Chargeterization
woul d consi st [Fo =hgdronfm jn CSH%anﬁ%?Peniéﬁpanal ysi s.

Formati ony ﬁé‘ﬂu@ﬁ[ﬁﬁ&@ﬂ&fa&a A e BinaofPRySt 8log, Of

Levof | oxacin w t

Aci d Experinental Methodol ogy
%tal S lof Levofl oxacin with Panoic
¢ ™ of panpic acid was

di i&%&gﬁ%@%&aﬁ gﬁg%&u&)pg%g% nj{%)pé? %Js%gﬁf%lﬂi‘stlff%\/oﬂoxacm

evof | oxaci n was
thaadﬂgogalrdmsblsha@el-eblyamemcmumgpealm thtmaigh etecieaged grolubility and/or

| uti d for. 2. hr,s spen
s e B B M B AR s
foll%%ﬁé Pulére Ridaiifieektivas usdhg Qﬁnblbhrucﬂe Luwpeﬁltsmaboutdr)? Ofb®der
for 3 hours. Characterization

inhglglpysiTBese ferapiationg ﬁ&ﬁ}’ﬁl cgotlgflze@gt)q 4 Oé%;[%g-rglegs ase(cg)levoﬂoxacm
frolnea&géagé@gdlﬁb(lg@ sa?]tef‘é%é OXBEE pIRBEmRS Ba§ sy ¥ irtbotiozfel into

recipitate physical m xture of pahoic acid and
otheefhadrbquinalome antibiopies inchating, withew limiptipn serailoxagin, gatifloxacin,

nmet.e TA | n
nor X%Cér&h%ggﬁ%agl gca el g]h] aaﬂgh %@%la B@@aﬁ% gxag?_[]lg ﬁ%zg%l%cm
Stugles]-@@/ rﬁnﬂerﬁxfa?m&%ﬁ%abﬁrlﬁ@OMOUQdﬂh fiotrsoged. cd-pR4pRites of
ourier transformiln FT-1 R) spectroscopy. FT-.IR
gergﬁ]@ggq%g‘%ﬁgge @pasgl %el@pégplaan(;%ﬂu ’EEWP%&S\@Y Hspeggion and
dr Eé/v%érq}ﬁﬁélét{banQkﬁ'aﬁ&r CIOtRAr dﬂpk(?a@ﬂespétﬁ‘félnﬂy tiirg destigated
physical mxture of panpic acid and |evofl oxacin was

inchale sprapl-doy endUigisity micrPmzion techniques.

[00392] For suspension and powder formulations, a specific salt form can
provide important physical and chemical characteristics that may have impacts on the
product performance. For a AUC shape-enhancing formulation, the objective of salt
selection was to decrease the solubility and/or reduce the dissolution rate of levofloxacin.

The acid counterions can be selected by:

[00393] Manipulation of melting point: An increase in melting point is usually
accompanied by a reduction in salt solubility. Salts formed from planar, high melting

aromatic acids generally yield crystalline salts of high melting point.

[00394] Manipulation of hydrophobicity: ~ Salts formed with hydrophobic
conjugate acids are hydrophobic and difficult to wet, and may ultimately lead to
prolonged dissolution. Examples of acids have been selected for salt preparation are

listed as follows:
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spectroneter (Mdel |RPrestige-21, Shinmadzu). [00403]
Saturation solubility. Saturation solubility of
woOevwfikssaci n and | evofl oxaci n panoi c acid PCT/US2006/019351
co-crystallized precipitate was determ ned by
equi librating excess anmount of solid with water. The
suspensi ons were adjusted to pHs 4, 5 6 and 7 with
HCL, shaken, centrifuged and the supernatant anal yzed

ectro 8 R |t 00404] Th I
aﬁSNs]? b%‘égg&ﬁ}r/??o a)ng]arrgisg aiit[j(b)] s

| eVB)f |Zlﬁﬂﬂitﬁhldne)sullfﬁﬁoﬁdia(mpk)ﬂicmamat e co-crystal

precipitate_ (d) physical m xture of panoic acid and

| evef | Qleiscacifl are shown as Figure 22. Pampic acid and

| evgf | Qyagdifacthow sharp endothernms at 33C0C and 239

0C, ‘respectively, which nost |ikely would be due to

thee)rre$11841mtgacof panoi ¢ acid and | evof | oxaci n,

res ec ofile of Ievofloxacin panpat e

@ry%%ur l%l IB@&Q% e maj or endothermat 210 C, while

a 1 1 nol ar adm xture of |evofloxacin and panoic acid

di smbagﬁdolafeo gbt@s daishierausineludd 290Drfanel pRRerties, Hol0uash and

FTIR FIl R spectra obtained from (a) panpic acid (b)
chepicad f1eBUiRE n (c) levofloxacin panoate co-crystallized

precipitate (d) physical m xture of panobic acid and

| evpdep ph are displayed as Figure 23. The hi gh
I nt'ensi %y absorption bands at 1650 cm 1

s petI0pOToThe abisstivesaithe SHAY s i Pregaresalt théns ‘?f nggﬁxH(an m

i ITheldogl whk tof ySt al .
Orf{)@% %ﬁcgé%? 131}1 glt%lr}génﬁ?gldyusk%?lﬁﬁ%%@eTa%hee@S 1 displays the

sat gpatl.pl l%%flt@('a&lht Yesdat ¥l§1£ 1redieh! QMACiRnARh with suitable

| evofl oxaci n panpate at different 'pH s. Solubility was
exdgite(sy ned in water, since buffer acids have an effect

on the solubility of |evofloxacin. However after

shaki)ngepaew oflt dorasi of lovofimiacinsbituwilbhavei o lavsaresolubilify and/or

dlsgolgt]ﬁquma@&g%rb%s %gbal ly the | evofloxacin solution at pH

the solution at pH5 is

betvveen t he oxacin nd
oo 050G HGuacEmibisihosd e Rl i Pors i L0F pirBhing st
ot BEBES: LA wblchile (ol ubisons at pH s near the pKa' s
t he drug have a high butfer capacity and resist pH

ggﬁ er a%?{x/ﬂf&e%dé& Xrﬁg; |2@U“ﬁ)| %aﬁdp@ylaaa&at(&p\/\aazsm) possess
planar, hydrophoblc structures that were expecled to provide hydrophobic character to the
salt. The high melting point of pamoic acid may yield a high melting crystalline salt
form. Oleic acid was chosen primarily because it is approved for lung delivery. Ithas a
low melting point (4°C) which may not satisfy the condition under (1), however it was
hoped that the long aliphatic chain may impart sufficient hydrophobicity to decrease
solubility. Xinafoic acid (mp= 195°C) was also selected for salt formation as it also
possess planar, hydrophobic structures that is expected to provide hydrophobic character
to the salt. The rationale for choosing stearic acid and lauryl sulfonate (estolate) was
similar to oleic acid, only their lung toxicities are unknown. Estolate is approved for oral

delivery (erythromycin estolate has approximately 1/ 12" the solubility of the free base,

and is formulated as an oral suspension).
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| evofl oxacin at all pH s.Table 31. Saturation

Solubility Data of Levofloxacin and Levofl oxacin
woanwanel32 | nt erpretati on [ 00407] Since the PCT/US2006/019351

co-crystallized precipitate of |evofloxacin panpate

has a different nelting point and FTIR spectra from

that of |evofloxacin, panoic acid or their physical

m xture, it is possible that the equi nolar conpl ex of

the_l evofl oxacin with panoic acid mght be the salt

l e anoate, having a considerably |ess

sol abzdd)t 1 nenl, |l@s)tﬂfo'x&?iﬂ®h§é arkdotheatidomerarnitksolved in a suitable

Characterlzatlon of n]{%stals of Levofl oxaci n

volgtilng pegapicAslgEnt é&dem%@é P)> M hSHE0 gly TP ﬁs%lP?f\é\%“B% Any
cry%&’la)lg%y g{‘@déé%?mlcgvx?ésl ﬁﬁ@{éﬁ NaMéd Ml ORtRIEIZEC1 dChR448htion

| evof ['oxacin was di ssol ved by
wouldfcbosistog DSC, 80Rylané elewientatatebyists: To this, 0.51 g (2.7
mV) of xinafoic acid dissolved in 35 m of et hyl
acepal e MRS, RPER S 2fizh 06 SRELCHPRal VP L RPINKGLI With Pamoic
un 1 T11g- conuar tT orns to anpl ent tenperature. Ihe
suspeidsi on obtained was filtered, and the precipitate
dried under vacuum at 750C for about 3.5 hours
ChaEgggdrehira@tMenoddd@A09] Ther mal anal ysis. Ther nal
anal ysis of (a) xinafoic acid (b) |evofloxacin
Xi nﬁﬁﬁﬁ&tﬁ)iﬁ? afgtmvsi dfiedommdnpmlat’mmsetcpérf or ned
f

usi a Di [ cann| Ior nmet.er
I n S[O%ﬂ?glnp 3 @% pgms)l iwaé ggﬁolg%q,é% /%1%8% in 100 m] of
tetl‘ﬁﬁ%cggﬁlgarf P @B thi§, @ajoeéj(mm%ﬂ@@ﬂakacmmdaleﬁ rdigsolved by
to under nitrogen. [00410] Fourie

stmrlmare@fidhmwwﬂtrrxgr sadutiomrefIRyeds fRe3-» du ophhe quﬁon formed was
r FUX

coQ Rt s RaBEe Ry MipfH 2 i@t Bl Ges RARE e o
abMﬂﬂO@?ﬁnBTbRsspectroneter (Model | RPrestige-21

Shinadzu) [0041 1] Saturation solubility. Saturation
|I|§¥ & | evof | oxaci n xi nafoi ¢ acid
HACHIRS%Y precipitate was deternined by
e q u{do4b 1 piIhegn xaagss. alatmil afalyssl ofc(a)/\panimwvacné (b) Fhefloxacin

(c)f]élys:op eoggég g;m\ggtg %o %g}stasl'hzeg precnPltate (d) phyélca? mlxture O%Mpamow acid

and levofloxacin was performed using a Differential Scanning Calorimeter (TA
Instrument DSC Q1000). 2-5 mg of each sample was weighed into pan, sealed and
heated at 10°C/min from 25°C to 300°C under nitrogen.

[00402] Fourier transform Infrared (FT-IR) spectroscopy. FT-IR spectroscopy of
(a) pamoic acid (b) levofloxacin (c) levofloxacin pamoate co-crystallized precipitate (d)
physical mixture of pamoic acid and levofloxacin was carried out using a FTIR

spectrometer (Model IRPrestige-21, Shimadzu).

[00403] Saturation solubility.  Saturation solubility of levofloxacin and
levofloxacin pamoic acid co-crystallized precipitate was determined by equilibrating
excess amount of solid with water. The suspensions were adjusted to pH’s 4, 5, 6 and 7
with HCL, shaken, centrifuged and the supernatant analyzed by UV spectroscopy at 288

nm.

118



centrifuged and the supernatant anal yzed by W

spectroscopy at 288 nm Results [00412] Ther mal
waneadoyzsis2 DSC profil es of (a) xinafoic acid (BET/US2006/019351

| evofl oxacin xi nafoate co-crystallized precipitate are

shown as Figure 24. Levofl oxacin xinafoate

cocrystallized precipitate exhibits a nelting

endot herm at 1960C, which is different than that of

Xin il?s acid (2160C) and | evofloxacin (2390C).

[00 TIR FTIR spectra obtained from(a) xinafoic

aci oqdoy] Itheahdlonalysis. Xd$@fscats evfqe) pamysit acld g devofloxacin (c)

recipitate are displayed.as Figure 25.. The ETIR . .
levosloxadin, pABAte 0TSty DEPRIAE (] BRYSse RRHTY (of ol acid and
levBiflokitin Sar@tshw@M CasNBpRRs 92di Ph@abRNbCcid roid thafloxdkin show sharp

xi nafoic acid and | evofl oxaci n. 004141 Saturation

endehesis| L33 0°Crand 833 2Cswempstivaly whichmast Bkelx oy b dye to the
m%ﬁ%gﬁ%aﬁo@y 9§ih%ﬁ@%vﬂﬂ5#£ﬁf, 9&@@01&1%1%“1?}{6%%%&% 8f levofloxacin

Ity o e Xinatoate salt was Interned ate
paimetteeercrydtds stofwet! loee najooehdotbarinret B&8eC.amld a2l b i daradinixture

ot BB g%%%i{%@mtcg%qiqqa_i?@%;éefigbi?agse%td8t51§1;rrilsoaq 129HRlg by .

Co- I t etation [.00415] The co-crystallized.
pr eg{)%@%gt%ﬂ IE‘I‘ q{ﬁéép?%g?aoat%n%a%%]ﬁt@ W%Ol%a%%fi?ﬁF‘é‘iﬂzoxa"m )
leviElokadi) pRbatt caRelshllld prefite (Hhpiysidbni@ire of pamoic acid and
| evofl oxacjn_and xinafoic acid, suggesting a %os i bl .
s 1§50 om

leyogloweain aiv dplayefl ey Bignindaei Thodighingapdy dxpiptior
! i&he FIR'S faatgiﬁ%a%%iéj BEil] GhicRet \WeE Mo iRy Std@AE b cB0%roup is

evof | oxacl n panpate. Formation and Characteri zation
greptly @eduCey it tht so ofystekvof | oxacin with Stearic Acid
Experi nmental Methodol ogy Formation of Co-Crystals of
Lev 0046 cSaturagidnhsoBtbélgyi dableidd Jisilaytahe eatdation fdulglity data of

of. steari¢ acid was dis ve y. hgati.ng and . .
e Rde P8 M0 RaBSlA PR DRI R wis PR OB B dotgmged i
watdd siae bie¥epfakidy deveanddfEob €@ doubdty B l@biloRichandbwees after

added. The resulting. solution was heated at , Og I or )
shalgpg {evelioxacm grsalt selpiions i Wty t@%gﬁ{ishéteg,oesp y the levofloxacin
sohBBR G ALY &iRQCtIIED 6atAs RERG utidh 8 STUSAEBSHVREN the two pKa’s of
levofloxacin (~1.6 and ~6), such a solution will have a lower buffer capacity and hence
the pH shift, Solutions at pH’s near the pKa’s of the drug have a high buffer capacity and
resist pH changes. Solubility of levofloxacin pamoate was considerably less than that of

levofloxacin at all pH’s.
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obtained was filtered. Characterization [00417]

Ther nal

anal ysi s.

Ther nal

anal ysis of (a) stearic acid
woOh)osliesmst | oxaci n stearate co-crystallized preeCpiusaioe/019351

(c) physical m xture of stearic acid and | evofl oxacin
was performed using a Differential Scanning
Calorinmeter (TA Instrunent DSC QQ O00). 2-5 ng of each

sanpl e was wei ghed into pan,

106413 84, fgaﬁ%%%
FoU 0

oA

seal ed and heat ed at

%Q)f i@&i(ﬁfox&“ :{lﬂi%goﬂdxggﬂ P&hoate.

minrra

r

ed (FI-TR) Sspectroscopy FI-TR

spectroscopy of (a) stearic acid (b) levofloxacin
Levodlaxadin g qiHbibeforechaldstgl | i zeddpr ¢ci pbioat e| (d) phys9cal
m xture dippigaric acidland;jevell oxagl nfwas cargyed
out using a 1FTI R spectroneter (Mdel |RPjestige-21,
Shi rmdzu) S?'VVI]_Q'I Sat-ufr-ati-on C\lllhlllf\l Sat-tat+en
sol ubi | i tysog#bﬂll@vofl oxati niSms | evaeh8dadin st
acid co-dqriygtfml)l i zed preci pitate was det ermnm ned by
LERMIkARA gidiNBerexcess ampunty @f $0l 1 g gg “(I! wed.eg . | They oo
susa[een5| C S%alg%gre adjusted to pHls 4, 5 6 and 7 Wth
. Shake Cont rif ggef—-and—the—superhattant ar‘.u. yzed
by WV spedﬂ‘(‘)ﬁ?ﬁ‘éopy at 288 raf8 Résul PS0[ 0042016Ther med-32
anal ysi s.| sb8ngcans of (a) steafic acid (b)
| ?V°f| OXJHoMbifi§ fhginfl) CP- Cro/ all pr @oop! §at €.441) 0.44
physicat—nrxture of —steartcacidandtevoftoxaciare

shown as Figure 26. Stearic acid and | evofl oxaci n show
shalgg @ekotzherrrs at 76.4 0C and 239 0C, respectively,

i kely ue.to the nelting of
ot e SR singeahs sebHur iy Pii Gie, 8L AP Koy R Hamsgie has @
difpgr&ttinh@tigd pdifvaid IONRCIpBetEd Radhithataf Il@o@’l@x&‘dim%iaﬁio& a01d or their
showed two sharp endot herns at 88. 030 g 13$W5§
8 Qﬁaﬁglr with

hysieR! EiBHe.chdb PREVHIE Tt (bG Foe |
n sy
PRI P, B e

thamdévoflogaim.xt ur e of | evofl oxacin and stearic acid
di spl ayed endotherns at 68.870 C, 134.430C and 240. 74

0C 23fmMiPhn & CARNEL R 1iBh of L0 /SRSt 6t B&ofidtCin with

Xinafoic Acid.

Experimental Methodology

Formation of Co-Crystals of Levofloxacin with Xinafoic Acid

[00408] 1.004 g (2.7 mM) of levofloxacin was dissolved by refluxing in 80 ml
ethyl acetate. To this, 0.51 g (2.7 mM) of xinafoic acid dissolved in 35 ml of ethyl
acetate was added and the solution cooled overnight under stirring conditions to ambient
temperature. The suspension obtained was filtered, and the precipitate dried under

vacuum at 75°C for about 3.5 hours

Characterization
[00409] Thermal analysis. Thermal analysis of (a) xinafoic acid (b) levofloxacin

xinafoate co-crystallized precipitate was performed using a Differential Scanning
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[00421] FTIR FTIR spectra obtained from (a) stearic

acid (b) levofloxacin stearic acid co-crystallized
wonrewipst3at e (c) physical mxture of stearic aeCd/uam®e6/019351

| evofl oxacin are di splayed as Figure 27. The C=0

stretch band is seen at 1700, 1705 and 1721 cm1 in

stearic acid, co-crystallized precipitate and physica

m xture, respectively. [00422] Saturation solubility.

Tab] |
Cf AT et BT 253 0L Bk hfpIEReF ylahed ino pan,
segidd and heated at HBC/rﬁiatftmmES"@’to 300Uburdet yitrogéna of

Levofl oxacin Stearic Acid Co-Crystals. Interpretation

[ 00431 0T e wEGransfof Mefraaéd (FAVIR)|spacioscvpgt EdFIRcspediadcopy of

COo-crysta r itate shows two ot.hernms. One of .
@B (et BHoHE cor g nge gt ges Farried ou
usin® & FIIR ApsetrotBRr (b1 SR Plestidbe2 1S 8aRMz@Ndot herm has to

bé investigated. Since the vofloxaC|n stearicacid

co- ‘FGM%F'SaRﬁ ﬁﬁ)'n@otu%ﬁﬁy h§§tu§ht1§9|sb'l*ab1|h't)t f M AURACih RivR¥foic acid

than of 1evofl oxacin, I's possible that the
comsestallpﬂedaatr@clmagmwabdetpmmn@bbx equibbreting erepnamewy i selid with

|t tjo f t

W egvo g %g;%‘iﬁ’slgm}?st ?f gﬁﬁlg tg ﬁ’@ 4 08 8t aﬂgoK/E%ﬁﬁ c}-?(}:ﬁ Haken,
certte fupat a@tmfsulﬁnnamryahaiymddiy UDéwpn‘ctrompy at 28trim.A ei ¢

Acid [00424] 0.78 g (2.76 mVM of oleic acid was

disiglwgd in 10 mM chloroform To this, 1.025 (2.76

vofl oxacin dissolved in 10 m of chloroform
was [e@ide . Théfigal r@ﬁlylsitsj NYS S Proffileo vf \(@sximafsdadid @)olegbilloxacin

.and evaporated at 4 ar act ,iza jon [00425]
PR 8 DR NAed BrecTHEE TR SR I TBPA( bV OREREh ot co-

cr}(s@llieavﬂ?édlﬁi(a@& bﬂn@ﬁseé‘tn?elt@r% é‘ﬂcﬁ()%% a@ﬁ@@"@'%ﬁ&l@ if @ifferent than
yS| cal mxture of oleic acid and | evofl oxacin

that 96 xBefoiq atjd PRYNad lavoRexactn @GB96Dei ¢ acid and
| evofl oxacin (10:90) and (e) physical mxture of oleic
aci d0tdid] IFEUBRY | IBKI&Chpectt® 0btaoied vieam for Riorfrisdacid i(biglegofloxacin

x1%f<§ift%§:oe @Ejs@lhz% e%l %’?’é a{s ﬁ%dﬁ bs &éﬁ\ st ﬁ“ﬁ{rg*f%% gl,ﬁg‘trum of

e Was
the ealchtamhmﬁﬁMmmanbM1maw atl@ﬁSﬁdThllImBe‘rm i€ fran that of
xma olc ac13 {evg (t)){a%gf_‘n.

[00414] Saturation solubility. Table 32 shows the saturation solubility data of
levofloxacin xinafoate at different pH’s. Solubility of the xinafoate salt was intermediate

between that of the levofloxacin base and levofloxacin pamoate co crystal.

Table 32. Saturation Solubility Data of Levotloxacin Xinafoate Co-Crystal.

Levofloxacin | pH before 4.05 4.94 6.00 6.95
xinafoate shaking
pH after 4.78 5.37 6.30 7.17
shaking
Solubility 21.69 12.95 4.59 5.95
(mg/ml)

121



[00426] Fourier transformliInfrared (FT-1R)

spectroscopy. FT-IR spectroscopy of (a) oleic acid (b)
woOevwfkssaci n ol eic acid co-crystallized preci pCrasen06/019351

(d) physical m xture of oleic acid and | evofl oxacin

was carried out using a FTIR spectroneter (Model

| RPrestige-21, Shinmadzu). [00427] Kinetic solubility

determ nation. Levofloxacin oleate co-crystallized

pre mtate (50 ng) was suspended in 2 m of water.

Th n was adjusted to pH 7 with HCL and

Sha[O@@lS]TflTﬁe s@lctiBiallidey padcififaasef IéOoﬂd}MSlhqiamomhas a dlfferent
deternmined at various tinme jntervals. This_stud

meisefoiriead &L R spreie dhandhat ofdevollquacin andspatoig et |SH%$%S%ng a
poéﬁh@fb}r&hﬁ&l o a fb@oﬁ@o&é‘cfﬁobﬁ‘a[foﬁg)éﬁt C@this RhIX hay Rite@hediate solubility
' evofl oxacin and oleic acid was al so perforned and
betpoerplar effoxacintand levofloxaden prnceteyst al s at 400C. Resul ts
[00428] Thermal analysis . DSC scans of (a) oleic acid

EJE;FLSM b PXRE ClaflcBd A6 ?)Féx-%%ﬁlstaﬁr(ﬁ g’i e%fl@:la%inn(&%th Stearic

(50Ao@) (d) physical mxture of oleic acid and

| evofl oxacin (10:90) and (e) physical m xture of oleic
aci gxpariindavkileshedelogy (90: 10) are shown as Figure 28.
A eic acid thernogram shows endotherns at -6.150C and
13. %ﬂﬁ‘atw’ﬁ@‘ @ENOpishey off IadvofldatmOGtic Stenss Hoidds t o

I | ei [ hase transition w, e J. ..
Jool B0 B N RLiTo Sty Poi PBr Ao CYp Ring and
sorieHROR i B0 @1 R iBtIRdno L 2Fe B0 €,00uhi2l (7 @l & ldvizBlbgdcin dlssolved in
physi cal m xture of | evof loxacin with ol eic acid s

60 ericmethans! ages pddeds gles resultng selutiempas borird ateC f5r sbout 15
I I endet
i, TRl B e e B e vspension
obmuggawsﬁhged possi bl e reacti on between ol eic acid and
Ievofloxacin in the solid state. To investigate this
Q% rc%wi u,C on physical m xtures of |evofl oxacin
and T gy (90:10) and (10: 90) were perforned.
Phy §00dat] mhmtmaienaifymk e Thérhmk anilysiaofi(ad lsi&amc atnd (Gb) levofloxacin
(10: 90 or en other at 10 g
Stear@ret ?On%fy ?%P Eptg) Chpy Muré RER S %‘t lﬁ}ﬁ Xacin

was %&%ﬂ&%‘efdmsﬁ%ai DiffGertRi StA 0T AbriMbtee QF/Q nm&laieﬁt DSC Q1000).
| evofl oxacin oleic acid (90: 10 Ehy5| cal. m x

2-Smgwd caeh sasitle Hgs sistbehivorpar s Hoheatsriett d0gdmin from 25°C
to 83 ﬁ@gé&lher ms at 79. 77OC and at

[00418] Fourier transform Infrared (FT-IR) spectroscopy. FT-IR spectroscopy of

(a) stearic acid (b) levofloxacin stearic acid co-crystallized precipitate (d) physical
mixture of stearic acid and levofloxacin was carried out using a FTIR spectrometer

(Model IRPrestige-21, Shimadzu).

[00419] Saturation solubility.  Saturation solubility of levofloxacin and
levofloxacin stearic acid co-crystallized precipitate was determined by equilibrating
excess amount of solid with water. The suspensions were adjusted to pH’s 4, 5, 6 and 7
with HCL, shaken, centrifuged and the supernatant analyzed by UV spectroscopy at 288

nm.
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1280C (close to the nelting point of the co-crystals),

suggesting a possible reaction of |evofloxacin and
wobheaiet125132 pr esence of hi gh anmounts of | evofl ox&CTMIS2006/019351

[00429] FTIR . The FTIR spectra of oleic acid shows a

C=0O stretch intense peak at 1710 cm1 and O H in-plane

and out - of - pl ane bands at 1462 and 937 cm 1,

respectively. [00430] The high intensity absorption

banﬁ alt 1710 cm 1 in the FTIR spectra of oleic acid,

due to the stretching of C=O group is

sl i gbo4y] ﬂeﬁu@adnamsﬁ hBSCcis Y$ {8 stearl i 8ciP(B) 1Evd IOk e stearate
and oqut of Er(gne bands at 1462 and 937 cm1 in the
a

corsta PEReFRItaty (&) BRYH mixuieef Seurierapit and leygflogaginareshorn as
Fl%'ﬁ?@ 6kr Sf@aﬁé atifl %n@ %ﬂﬁﬂmﬁ%%@h%r &ﬂiﬂg&ﬁ% Eﬂﬁq{- "y@ Bhd 239 °C,

he salt (Figure 29). etic
reSDthéflem nalnlplmrmOS[t OdlB1 [wrildy Llneedm t(dlthfplnaq)’éng toé sleariz fidd and
L ne bi me erf or ned. . wi
le\}otﬁgxei%ng tllaquect?\pe prt)m %SIS?;E 1011 Z& |P éev Pé?%rén% tic eacglnao grtystals
shd&@ﬁwoﬁ’hﬁﬁgﬁértﬂlbtkﬂerrhyatcﬁ 8.03%€ 200168 $41CaMiRl @inof eiBtherms at 231°C

anq BB G Rout FEHETBE ISR FRENSHUAYE CAmeBES! e uantiies of
res%ﬁiam%'vbﬂéﬁécinrlﬁ rtl‘?ea&*?g:inetlrs . W 104 Bar %m&ﬁn@bf‘l—@v@ﬁoﬁa@m and

at hr s~ whi ch renai ned al nbst const ant
steﬂm |ac drspklyedrwed@bq:rmm Pl 6§.8p1 ©f i1B&4DC hé @ H4n0| and minor

en@cﬁ NS al 763U 8@1‘746@3C | ooks different fromthat of

co- cryst al's. "The physical m xture has a higher

| 1 t .

so ]fa\l)l&g‘i ]?1 @éﬁ@r@& nfrga%b%agﬁ&h?ré aEaPn egEl pr e?d %ﬁoltﬁt}gﬂoxacm
ste@ﬂ@{l@?@ chhey B8Gzdta tprecdpitaten €(clp quhiystohlamigiys | afaktentik taside and
eERE Tr G TDFT subeiect: dedid SHAives R 1eh i IOk and

1730bMBiA btkaticdatd c&l@ryfsﬁﬂlz%) pf&iﬁtﬁt@'aﬁd bBysitaf fn%[tﬁx% retsl!ib%ﬁvely
that of physi cal m'xture, with the cocrystals having a

| ow[oab ey %tu%loﬁ%%illt%t YFabl-Eh% mrtﬁé IsMratigh Wolubliy data of
of the co-crystals is t enperature as opposed
levogloxasimgieatic apigreotayals @B@hﬁfmﬁnﬁé&e [ 00433] However the
| evofl oxacin oleate salt is waxy in nature which m ght

g:[f: I r':1 ' roni z n her
fb gr e Cgatt att'% % . g VO, ac'd | eiceb Co-Crystals.

Levofloxacin | pH before 4.05 5.02 6.01 6.96
stearate shaking
pH after 3.36 5.05 6.02 6.98
shaking
Solubility 0.86 1.30 2.20 1.64
(mg/ml)

Interpretation
[00423] The DSC profile of levofloxacin stearic acid co-crystal precipitate shows

two endotherms. One of these endotherms might be due to melting of the cocrystals.

The nature of the second endotherm has to be investigated. Since the levofloxacin stearic
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def ormabl e properties of a wax- |ike drug fatty acid

salt, propranolol ol eate nmade particle size reduction
wdizbdeitesise (Crow ey. J., et al, International powusai06/019351

of Pharmaceutics, 2000, 211 (1-2): 9-17. Dissolution

Rate Studi es Levofl oxacin Xi naf oate Experinenta

Met hodol ogy [ 00434] 50 ng of the | evofl oxacin

xi naf oate salt was suspended in a dissolution bath

ont ai ni.n 4 Tris buffer.at 37 0C and .
eGP PeT P sp B Lol gt e Bvafthali,fBbossivi
thmeepréaﬁmeﬁlugiﬁ bp €iei saldi 1evdfloREeih Be@tiéahls. and repl aced

with same volume of plain buffer. Results [00435] The

di s olutlon gro |Ie of, Ievoflox40|n Xi foAte is s%

as E ahd Gharacterizat » rystals of bevofloxa e,

Ievgtclupxam n xi nafoate in the earlier st ages of 2-10

m nutes is faster than that seen from 10- 30 mi nutes.

e peNmbhaKMfelibdsloppf 0ate is added to the
di ssolutron nedia, 1t gets dispersed as a fine powder,

and es i s
P A g e L L

ti mQ042AE Gotdnel 64 7@@%) Agdeio neﬂaitfaédilssnb/edm @ nilrphlproform. To
thi¥ O, 63)(%2?7{62@\/5 q)f k?é@ohg)ga %8&1 ?r%)fvr%dtﬁg ? El%gﬁ%fgﬁ%én?fgﬁn s tagc?ed. The

eic

di ssol ate't

resultingfsbhukian iwas miyeerthorengtdy ameéhpotatedgy40°00436] 200 ngy
of | evofl oxacin was suspended in a dissolution bath
cont.gi ni .5 Om of pH 7.4 Tris buffer at 370C and
r ot zgaacg% d%hs of paddl es at 100 rpm 5 nml sanpl es

wer ¢004eepviRiermad] apelysiodi ThetrhalBanalysRrofahp o&ﬁd adié Pbyareefloxacin
wi th sanme vol upe of }gTyal n buffer. Results [0Q0437]

Th
olegiesurrystrbprepiPBtte 1) Bpysicahmtygg AEolgi¢ acid %Mewowg% 2%0 :50)
(d3physial meueE! &)@&b il 3%d BeVHIBR&S N %Rj 9’(.19' dnlgt ﬁ) Eﬁ}%ﬂ:ai Rexture of

sal'ts its dissolution rate is very f
oleic acid and levofloxacin (90:10) was performed usmg a Differential Scanning

Calorimeter (TA Instrument DSC Q1000). 2-5 mg of each sample was weighed into pan,
sealed and heated at 1°C/min or 10°C/min from 25°C to 250°C under nitrogen.

[00426] Fourier transform Infrared (FT-IR) spectroscopy. FT-IR spectroscopy of
(a) oleic acid (b) levofloxacin oleic acid co-crystallized precipitate (d) physical mixture
of oleic acid and levofloxacin was carried out using a FTIR spectrometer (Model
IRPrestige-21, Shimadzu).

[00427] Kinetic solubility determination. Levofloxacin oleate co-crystallized
precipitate (50 mg) was suspended in 2 ml of water. The suspension was adjusted to pH
7 with HCL and shaken. The solubility of these co-crystals was determined at various
time intervals. This study was performed at room temperature and at 40°C. The kinetic
solubility of an equimolar physical mixture of levofloxacin and oleic acid was also

performed and compared to that of the co-crystals at 40°C.,
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| evofl oxacin too, the earlier dissolution was from

finely dispersed particles and hence a faster
wdizesabksiszon rate. In the |ater stages the par PCTIU82006/019351

aggl onerat ed and reduced its dissolution rate.

Levof | oxaci n Panpate Experinmental Methodol ogy [ 00438]

10 ng of the |evofl oxacin panpate salt was suspended

in a dissolution bath containing 500 mM of pH 7.4 Tris

buffer at 370C and rotated by nmeans of paddles at 100

npl es were renoved at periodic tine

3)
' nt 360495? T(hgrmarf anél'l?ms 15)aSan'chaggl%£ éaé CPIelétSaﬁ d @%&égpx%m bleate
CO@fySFﬂl arecifitate &1). phwhxealstmpctylev\dsolpmr dodd rad levofbupdin (50:60) (d)
I
B NG T A
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alph8 @Qi@e@cla OpH-B& tgeln§§19h u%@r@ﬂlegeﬁl i 1999, getévcg'hﬁigcqﬁsglgate co-

as a fine powder, Ion"fromthese fine
cryjstatlized | peecipisatq &b@‘(ﬁ ené@iberm( Iahdﬂé169 @. Whide rag/ equimolar physical

e N e

224f€cr é’hmqumtdha& phiysizal miittore iksahewing sh @ddbtHerADMIICA is close to

F LevofloxaC|n St ear at.e Experi nent al
ﬁ?gigﬁﬁ%ﬁ oy COERARYS: SHegRgtRg 2 PAsSible yeAcHion Refveen ooy a¢id and

leveflbkacihesn ShesREIROSEAL N HivestRhid! {hRN phdlotheh oMt Esg' @9 physical
500 mM__of pH 7.4 Tris buffer at 370C and rotate

MiREERs sofé?VOﬁawmé@n%ﬁlemldr (99105 and (KurAo) e@rm‘@rmdﬁwswal
RSP AR TSl OE A 296, 60ty e P Bp v
(posgiblerraelting of alaic beiflf elnd aReRIdIE.s If 66)@@4;1@‘[ shbe endotherm near the
meﬂ %Fpm t Ig%g ézpy ?{lsl | K12 levo o?(ggfl Io ce)l(ca:gcguli1 (5’(}: 91%5 P yswla mlgtgygn shows
no meltmg endotherm at 10°C for oleic acid. It exhibits endotherms at 79.77°C and at
128°C (close to the melting point of the co-crystals), suggesting a possible reaction of

levofloxacin and oleic in presence of high amounts of levofloxacin.

[00429] FTIR. The FTIR spectra of oleic acid shows a C=0 stretch intense peak
at 1710 em-1 and O-H in-plane and out-of-plane bands at 1462 and 937 cm-1,

respectively.

[00430] The high intensity absorption bands at 1710 cm™' in the FTIR spectra of
oleic acid, which is due to the stretching of C=0 group is slightly reduced in the co
crystal. The O-H in plane and out of plane bands at 1462 and 937 cm-1 in the oleic acid
are absent in the co-crystal. Also the FTIR spectrum of the physical mixture is different
from that of the salt (Figure 29).

Kinetic Solubility Determinations
[00431] Figure 30 displays the data for the kinetic solubility experiments

performed with the co-crystallized precipitate at room temperature and at 40°C. The
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is seen that the dissolution rate of |evofloxacin

stearate in the earlier stages of 2-10 mnutes is
wO0.24822032 mi n (Fi gure 39) which is faster thanPChnas2006/019351

seen from 10- 30 mnutes (0.161 ng/mn) (Figure 40).

[00442] Dissolution of |evofloxacin and salts was

carried out wth quantities such that the

concentration of the dissolved solute in the

ot ngv f i .
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than that best for nanosuspension. The nanoparticle

susﬂéﬁ@_ﬂﬂg_lmy be adm ni stered by nebulization usi ng

Jet IR
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crys@aisdpaing Lloessatirktinoh®Nag] Thé Satahitigh Bolbiity of the co-crystals is
sha enhanci ng properties through decreased
0. 9S‘B$/8’§ tqnilwataws aPRase] i3 one/mierslevaskvadin baseray  enhance

the har macodynam ¢ properti es of |evofloxacin
f ol [46%p g Beuiekesihe iﬁvaﬂ%wns@lﬁﬁe ﬁ@hISuwaxygmmﬁap avhi¢hcinight be
dlfﬁétﬂpﬁﬁghgﬂrrf?{roﬂ%’ aH@Vﬁﬁe@%ng RiabLakd o [ OFe@UJr H%pst'he acky and

hese ornmul at1 ons are Ot m zed
defpenablgpropérticesfof Wosdike nrig fatty ded rsdaspe@bmmmmléam Mack@;bdmcle

T rti r ated into
sz B RS B R T B R om etk g hoh s 2000,
211 (1Ad)t &tli7on gem fl oxaci n, gatifl oxacin, norfl oxacin,
t osufl oxacin, sitafloxacin sarafl oxacin,
pru@tfuo§achgi ﬁng.gazufloxacin. Studi es are al so
un rize various |ipid nanoparticle
forﬁgm ge Io§a0|n for taste masking, AUC

s h 2B RHEHE S HISHG "enanopartl cl e suspension and dry

powgder 1nha| at| n adm nistration. O her approaches for
xperimental Methodology

[00434] 50 mg of the levofloxacin xinafoate salt was suspended in a dissolution
bath containing 500 ml of pH 7.4 Tris buffer at 37 °C and rotated by means of paddles at
100 rpm. 5 ml samples were removed at periodic time intervals and replaced with same

volume of plain buffer,

Results

[00435] The dissolution profile of levofloxacin xinafoate is shown as Figure 31.
It is seen that the dissolution rate of levofloxacin xinafoate in the earlier stages of 2-10
minutes is faster than that seen from 10- 30 minutes. When levofloxacin xinafoate is

added to the dissolution media, it gets dispersed as a fine powder, and the dissolution
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solid lipid nanoparticle currently being investigated
i ncl ude spray-dry and in situ mcronization

woeatsniesuses. Prefornul ati on Studi es [ 00445] PCT/US2006/019351
Partitioning of each conmpound (including |evofloxacin
salts and netal cation conplexes) into 1-octanol were
determ ned at different relevant pH val ues.
Partitioning as a function of tine may al so be

L e O TR PR 1 DERUEH ke3P Wit e, he

poavdelr igatst gplenaetedf arslahtoses & 20 voexd eteatedi be thé paddle thereby
sel ect | t| of the aci d conponent
deggﬁ%l?gs%thesg Elf‘ 1%ra E%c?dﬂ%{{@‘} (}iil\ﬁ‘frﬁ }-gni fi cant

partitioning (log P>2.0) was evaluated for their

sol Ulvfldxcinn various |lipid nelts. Additionally,

partitioning of a |ipophilic fluoroquinolne (if

avaua“ b},ﬁz)gnmsn@ilﬁ;aobgy ng studied, and its sol ubi I i ty
ferent lip nelts, will be evaluated. Alipid in
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SOB?ﬂr‘qu‘f*Hu.'s"‘ e R e Cand R aRRe o s o100 ram. 5 mi
sapples Mgreienyvedatsskiodic tinsi ldtena&scqydrreplweésmha@m \mllghe of plain
bu@gﬁlubl ity of drug in the lipid nelt. Formnul ati on of
ol'i d Li pid Nanoparticles [00446] Fornul ation of solid
l'i pid nanoparticles typically involves dissolving the
drudteswitsa | ipid nelt, foll owed by di spersion of the

drugs i,Ni It in ueous.s rfacta

Sor AT Ak Bl BRER.PIe RIS i oS £8 Hiwrs 4a A
lewdflokafih Wadlh Zlfgfhélf oltllighh@ the3aMan®aIRYIG A kateGR0ketyNEist. With

the nanoemul sion to roomtenperature will re-solidif

leviolexqqith{ag, theestiliciglitsplution wigt ¢ fiom Brel dispersed pirticles and Hence a

faﬁe’%r‘cﬁ%[&ﬂoﬁlrﬁé ﬁpremal%iatsfag& kSR Ak Anaala Bl Geduced its
(type of lipi d matrix factant concentration and

diggelotioerateon paraneters) will be perfornmed so as to
achi eve a prol onged drug delivery. Characterization of

Sol iyd, J 4 R.8: Wﬁﬁé’t' cles [00447] The nanoparticles
are i zed for size and zeta potenti al
usi 4. %)ﬁ% ﬂbldgﬂg,*Scatterl ng instrunment while

Laser on W be used for the detection of
| ar ¢@0438L rl@png of dieelsvoﬂd‘zk@dm Phmblpie rsale maplsesldeﬁdedoiﬁa d fissolution

bath cong?rﬁ}lgs '506j }nfl fo? pl—e{n}A ‘?I’IS r}ne{t Q%Cc anldorroI’tar’crcl.edt by means of paddles at
100 rpm. 5 ml samples were removed at periodic time intervals (2, 5, 10, 15, 20, 25, 30,
45, 60, 120, 240, 1320 and 1440 minutes) and replaced with same volume of plain buffer.

The study was performed in duplicate.

Results

[00439] The dissolution profile of levofloxacin pamoate is shown as Figure 35.
It is seen that the dissolution rate of levofloxacin pamoate in the earlier stages of 2-10
minutes is faster than that seen from 10- 60 minutes. When levofloxacin pamoate, is
added to the dissolution media, it gets dispersed as a fine powder, and the dissolution

from these fine particles is faster, approximately 0.146 mg/min (Figure 36). With time,
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studies wll be perforned to investigate any possible

nodi fi cations induced in the physical form of the
woOi2pied251390449] In vitro drug rel ease testing RCTIUSE®6/019351

done using appropriate nethodol ogy."” Exanple

10- Levof |l oxacin Metal 1on Conpl exes. [00450] The goa

of this study was to prepare |evofl oxacin of various
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[00443] Pending the dissolution rate of these and other salt forms and co-
precipitates, these AUC shape-enhancement forms of levofloxacin, gemifloxacin and
other fluoroquinolone antibiotics these forms may be best suited for nanoparticle
suspension (solubilities <100 ug/ml, slow dissolution rates) or micron-size dry powders
(solubilities >100 ug/ml, quicker dissolution rate than that best for nanosuspension. The
nanoparticle suspensions may be administered by nebulization using jet, ultrasonic, or
vibrating mesh technologies, while dry powder formulations may be administered using

either active or passive dry powder inhalers.

Example 11 — Levofloxacin Solid Lipid Nanoparticles.

[00444] The goal of this study was to prepare solid lipid nanoparticles of
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[ 00452] Levofl oxacin solutions were titrated agai nst
aqueous solutions of selected netal salts. Titrations

woenws/1es3ei ed out at a constant pH Formati on ®8€T1/US2006/019351
conpl exes were nonitored by different nethods
including titrimetry, spectrofiuoronetry, solubility,
etc. as applicable. The end point of the conplexation
reaction depended on the nmethod adopt ed.

aract er,i zat, Levof | ox .
tevorlagisey o ARe aftre RS RGp SN B8 edOd Sotlivlity and
dissb@fiost Oi Tlhes® MBérefits frﬂefyﬁ&tnhﬁ’ftecmmstmlatrmcadyhamlc properties of

levodglgggcgr? I[fgl&ﬁ)g\% i;)!‘ig‘gt 5 3 ngraﬁgrp Er Ig%{m&aﬁgc 195%1%% or dry

pode@xV Qxfh!ilg‘ﬁ@r? fd?‘m%f’a@f%se X’Pl@es&"'f&ﬂau'[@i‘oﬁé al@aieir@n@tﬁﬂmd tanaolong the
tri-valent). Assessnent of Conplexation

releaaeedflmqupcgcm e docgrasecospdulgliy el dens h%li!eS? 83@%"8& Ry plso
be n I8 59 li'xkl)c meﬁlu 655 Woh! MBbRYicEahdIQRg, Afhéut limitation
rEetPre pgndlons it

eval uatton e conpl exatlon process by
geni¥fl€giciy, t agtahﬂmams notflpesisj blaufl @i aﬁpﬂ@@@ﬁessﬂﬁrf&txacm

re atte ared ribed bel ow. Titrj
ol B, SRRl OB el PR
nanSFHrRAE Yiorfas a6t befiickapinOforl exaf Ineskiagn ASC Bi’sapls-veahhnlcﬂnent
compl ex formation with a given netal, catio

nangpsi¢le guspraTion ansidry popvder iRbalptigneadapnigiration,, rt%}?%frﬁpﬂoé‘ﬁ’?es for
soll\c}\gféﬁg ?eﬁégétﬁcle-rgﬁréfl@l? C@J‘ﬁ% 4ﬁve@f‘ £id HIQRS Gt dBt ARG in situ

“woul'd be proportional to t e extent of
mlocmxﬂtlenmchmqu@dependl ngon the binding constant) and
the stoichionmetry of the conplex (Physical Pharmacy:

4“;}%Egi L qng.bxgéi fided Martin; pp-26 1-263).

Ex ol ogy | 00457] About 0. 35 mmol es of

I eV[@f)hmﬂ aEartitlémng b6 eadh @inmend finzkedingdewfloxerin salts and metal
ca‘utgi;j“t {Oat e@%tgu {\—Ielg\ggliloé n\lzvec*rg q%ﬁﬂﬁ{ gesd)e nP %ﬁ?erllgntalké?e%gﬁtepﬁf values.
Partitioning as a function of time may also be evaluated to determine whether
dissociation of levofloxacin occurs (from both salts and complexes), and in the case of
salts, also to determine if selective partitioning of the fatty acid component occurs over
time. Compound(s) with significant partitioning (log P>2.0) was evaluated for their
solubility in various lipid melts. Additionally, partitioning of a lipophilic fluoroquinolne
(if available) is also being studied, and its solubility in different lipid melts will be
evaluated. A lipid in which drug is sufficiently soluble will be selected for formulation of
solid lipid nanoparticles. A prerequisite to obtain a sufficient loading capacity of the

drug in solid lipid nanoparticles was a high solubility of drug in the lipid melt.

Formulation of Solid Lipid Nanoparticles

[00446] Formulation of solid lipid nanoparticles typically involves dissolving the
drug in a lipid melt, followed by dispersion of the drug-containing melt in a hot aqueous
surfactant solution. The coarse dispersion is homogenized using a Microfluidizer® to
obtain a nanoemulsion. Cooling the nanoemulsion to room temperature will re-solidify

the lipid, leading to formation of solid lipid nanoparticles. Optimization of formulation
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Levofl oxacin solutions were acidified to pH val ues

less than 2.0 with 6N HCO prior to titration with
wola@d/128akt s of netal cations used include cal eCums2006/019351

chlori de, magnesium chloride, ferrous chloride, zinc

chl oride, alum num sul fate and al um num chl ori de.

Results [00458] As shown in Figure 41, titrations

perforrred in the presence of netal cations resulted in

rati on cury S conpare .

PP B0 B e s e L b er BB RS PrsRBe B B s v
betﬂeetbrmmotaso@adhléxlaa-prélbngdrda;ﬁrng délBeryequired to obtain a

specific pH of the solution in the presence of metal

catiqQn. The. mag e shif. |n titration curve

at a@:ﬂﬁ&—ﬂm éﬁg’g}ﬁmﬂﬁ gparticles)t br ot on rel eased

due [00447P MTHeeX:o} Qﬂcl@@dtref@éﬁﬁg ohelae@riedd £ neecuar zeta potential

I_evofl oxaci n. % 459 Ext ent of conpl exation (bind |&g
usHigch BynagiieLdgh ﬁ@?er“}lﬁ inghpesnswhile Laser didisection wideapetfor the

defe@tion Milafge%ﬂcro E8icksAl ., which is in reasonable
agreenent- wmth existing literature. [00460] Note: It

was I
and (78, URRLhHRelin 36 Ahe ofuh R, SO Roallh (HBrimetrc
studdesl will M/eperfdnmeqbkﬂo oifivestjigge usy spissibleo nedifCaticresqingntddy jn the
}fr}galtf”aétg F gurves obtained wth A1C13 and Al2(SO4) 3
POV 1ot ¥1'8€" concl usi ve information on conpl exati on
wi t floxacin, Dual, Titration 0461], In this
app&gg@ﬁ?lééva’f’moxcg% et F"’Sﬁ g’EIP bg atinf vx‘n‘sflhg gppropriate
mé&hbdildgg? of a given netal cation to observe a drop in
pH presumably due to rel ease of protons through
conpl exation. Th| s was followed by addition of NaOH to
agle 10 H1exofl cVietiil dom Complexks.t he | evof | oxaci n

sol rior to addition of solutign of cation).
Thi ﬁb@ﬁﬁb c@@ Ak &S A 8195 81 Piepare favaBlpragin @fvarious chelate salt

FohVf JURARGHR thife-t 6
OpH Exper i ‘r%elnttaﬁe &%‘g@ qufg R4l %gggh%ﬁb%ﬂltgh%ﬁggr%emes through
F(@V@

chprges el iilitye digsaleicacing/ bilbdby | Thesd benefde inayicnlance the

oo DS gt AOBIREL R IPF G n

nahepaotidlo seepemsian | dey | powdmﬁma]atiomtoe dinplé Nigaidk ARl aiohd T hese

of .concentrated solutio
formulat?ons may abe op%mlzed to create AUC shape-enhancing formulations of

levofloxacin from altered solubility, or slow-release or low bioavailability chelates.
These properties may also be incorporated into other fluoroquinolone antibiotics
including, without limitation gemifloxacin, gatifloxacin, norfloxacin, tosufloxacin,
sitafloxacin sarafloxacin, prulifloxacin, and pazufloxacin. Studies are also underway to
characterize various and chelate forms of gemifloxacin for taste masking, AUC shape-

enhancement, nanoparticle suspension and dry powder inhalation administration.

Preparation of Levofloxacin-Metal Ion Complexes

Preliminary Studies

[00451] A mixture of levofloxacin and a salt of a given cation was solubilized in

deionized water and titrated with sodium hydroxide. The titration curve was compared
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of a given netal cation (Ca 2+, M2+, Fe2+ and Zn2+)

The change in pH was neutralized (to the initial pH)
woyodshiesiaeldi ti on of 6N NaOH and vol une of NaCOHPe®DIUSRG06/M19351

added was recorded. Addition of solution of netal

cation followed by neutralization with NaCH was

continued until further addition of solution of netal

cation failed to result in pH change of the

aghi@MOsleOXRGInE] F8 1eld RkaciHIsh: W’égsgss'fgﬂhe&i%% ﬁ?g@%ﬁ«tzin-metal

of con‘pl exation. The cunul ative anpbunts o
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C]—| reqtﬁared to neutralize the change in pH

le‘% %CIH%'SWF?ISé’)?é(?u These val ues al so represent the
amounts of | evofloxacin in the conplexed form

( as Puepaneridrhaf Campipdesxat i on of | evofloxacin results in
el ease of protons). Anounts of

| ar
I evgéjqﬂggg&eﬁ(’firl%aflﬁeS‘@Bﬁﬁ%%)‘("éﬁ? fiisetpdniagHncaaquents solutiens of

ladie Ziet@r @it9. 8Titrh ct
se e A it g@vés’ lvege 25‘1%%% c;sulggggé ggnsé%p?sﬁf FdEla¥on of

CORABlERTSSNAE mamitpisd b@aiszererwwhodsms%uchngmmay, spectrofluorometry,

ed t % conm | exa
SRS i SR 55 U ek RO A8 o
met@d@tﬂbwﬁz@m n. [00464] The binding constants as well as
the stoichionmetry of conplexation for the |evofloxacin
conplexes Wt oVl Ce |osvvere determ ned as
A RPINLIRIEXS A and MAn represent

the[O@éﬁZﬂl Leaiﬂo&ﬁhm-ln@#&f | &Xi@ﬁl Ncabiletdde GoRP! @B‘aracterxzed for
ot g Efglvl%f% Kb woul d be the equi | i bri um bi ndi ng
O BIvETH K Bliolh oSAuStaRly c andn disseiation tlimatics nusing| eppropriate
methR¥Sbh@xaci n react with one mole of netal to yield one
mol e of conplex. Kb= [MA n]/{[M[A"} (units IVT") Eq.

1 [MAn] is the concentration of conplex forned [M and
[A] are the concentrations of the unbound netal and

unb©e4#8 | evof | oxaci n,
[00454] To formulate and characterize levofloxacin complexes with metal

cations (di- and tri-valent).

Assessment of Complexation

[00455] Preliminary investigations suggested that levofloxacin forms soluble
complexes with metal cations. As a result, evaluation of the complexation process by
precipitation was not possible. Other approaches that were attempted are described

below.

Titrimetry

[00456] This approach was based on the assumption that the carboxylic acid
moiety of levofloxacin is involved in complex formation with a given metal cation and
that complexation results in the release of a proton from levofloxacin. The concentration

of released protons would thus be proportional to the extent of complexation (depending
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respectively. Rearranging Eq. 1, [MA n]/[A] n Kb*[M

Eq.2 [A] = [A] totai [Albound = [A] Tot i - [NaOH|
wozed/pM32= [M Tota , - [M bound = [M Tot al peTfuN2006H19351

used/n [MA n] = [A] bound/n = [NaOH used/n [00465]

Notej _[NaOH| Used is the concentration of sodium

hydroxi de used at any given point to neutralize the

change in pH caused by the addition of netal cati on

on(tRE %ﬁiéll’{%bwﬁsﬂ ah@ t}q’{ %ic@?&ﬁ%‘a?[ ]the{ 9(%#}5%\415%&10%1 ar:ingcy 4th

to o
EdlfIiﬁDéIreréHreﬂMartlE,cp}BZ&thSa plot of [M versus [A]
bOUnd/[A] n would result in a straight line with a

1 complex n =2, for a 2 ;1
con‘p g&lmeﬂmgﬁﬁpw%‘)&)g% 1 complex etc. [00467] Shown
bel (V0457 Ailgut @85 4fimdlSs of levifliadn rqinotasmLQﬁ deRdized Magt) were

00468] h
e TR I
Lepbmixaafl soitieas R@Ld AidiFi¥E i HH \fé’lues 134 @S, b'vﬂ Vﬁ‘?‘f;prlor to

r Ca2+ n=2 resulted in a better fit

mrﬂﬂ% w‘ﬁ é‘éqﬂ}tl S S@lﬁ@g%metaﬂ lgations awest inobude |cm1cmmpit1em<ﬂaes nvéghésium

o R 17RO RE By ARG oy i

(2:1). [00469] Using n 2, the binding constants for
t he Rewdise conpl exes can be determ ned fromthe sl opes

c onLt an@g eS(i"lI) lﬁl%? eél)%g g?rPtZ(ms glﬁf?rg Ry %eglggs(ekgﬁ of metal
catime rexsltddoinl mltw@&ﬁrﬂ:oﬂhg GtratMh clives 3s €8mpa8& t5thé ofié obthined
WIt%%evoﬂA(')xacm alsne suggestnyg that additional NaOH (titrant) is required to obtain a
specific pH of the solution in the presence of metal cation. The magnitude of the shift in
titration curve at any point would represent moles of proton released due to complexation

and hence moles of complexed levofloxacin.

[00459] Extent of complexation (binding and/or stoichiometry) appears to
increase in the order Ca* < Mg®" < Zn?" = Fe?* < AT**, which is in reasonable agreement

with existing literature.

[00460] Note: It was noted from the literature that aluminum chloride and
aluminum sulfate have acid-like properties and would lower the pH of aqueous solutions.
Consequently, the titration curves obtained with AICI3 and Al2(S04)3 may not provide

conclusive information on complexation with levofloxacin.

Dual Titration

[00461] In this approach levofloxacin solution was titrated with a solution of a
given metal cation to observe a drop in pH presumably due to release of protons through
complexation. This was followed by addition of NaOH to revert back to the initial pH of
the levofloxacin solution (prior to addition of solution of cation). This enables

determination of the fraction of levofloxacin in the complexed form at a given pH.
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[00471] This method allows for a relatively sinple way

of determ ning the stoichionetry of conplexation. The
wapmicasid2zi nvol ved eval uation of solubility of PChaSeag193s1

(I evofloxacin) in the presence of increasing

concentrations of conplexation agent (agiven netal

cation). The total solubility of the drug (conpl exed +

unconpl exed) was expected to increase linearly ow ng

t o EpRhRER] BRABIEP each a plateau corresponding
to the saturatlon solubility of both the drug and the

conp¥¥62] Brost Wﬁdﬂ?owrrwﬂeStqfée\ggbmmn oveEt sglublhmd sUdehonized
wa@er%ﬁh R Ijeétfl gcsléfﬁfﬁm\@%% ﬁl&ég}eﬁ'vﬂﬁq y @I&ﬁ ‘If? @18 1H1t1a{)§H This

Physi cal arnac tion
ac@é‘@)i le\@fp@aqlmmain Wit thiotkall voigly a k@AY 24 ludox Gﬁﬁﬁlcentrated solution

of \%é?‘;eé [ant'n%t | cia%an ((?eﬁcg,{l]lﬁl(énglzm éﬁ(@ go MF t sfh% péaé]g{a ?fggltldv%js neutralized

(todban[mmtl &) ibg nise AddMB of SN WAOR 228 vaVndEe? MO §5Iu{1&ﬁadded was
a.vortex mxer. The sanples were then

recf’fqg 3 r)S%‘J‘ ?gﬂj utiqn ot metel gationdiollowed bmputoqirzamrewh NaOH

wadRen@ial Yaad nsRer LiaREeLP g@lﬁx{x{g& ak lrﬁ’et% Cf)ag(?rkﬂlfnfi g result in pH

| evof | oxaci n concentrations
ch gerf3he feyoldlaxasin selutiorguwtbcls Bvoutch endsmateudridpbiny offcomplexation.

A%AG c t.h inc MyC12

Th%: g%ﬂg{élht rat | %hr? gg gfl-lljlc’)\g/\]t/e(/e tont 5@@)561@8“{: ﬂ?ﬁ?ﬁa %Bﬁ CyBlabive pmgunts

ofNaOHEré}[mﬁeﬂewmédthmhe):harng ik P (Fighek 8296).i n sol ubility
was observed, which is not consistent with the
expﬁ&l?p profl le. This was attributed to the effect of
ionlc sfrength on | evofloxacin solubility. It is

i NP0t Eait Fom Fh@tlﬁs uhas, thbelatdaldgittd ire 8t aguéged tg obtain total

solut%? constant, al beit greater t

am?tmt oy agf[ll reﬂugjsd tq g@ﬂrph]ze thetheageeint ply due hcecenpl@KatrmntThese
IMESal { f

O SISO R RS 5 AR By g

conspleygion of devedlpxasint he@ulnwmf ar eqlal}nakar tgleasé off peots M) UtA6unts of

1 rof | u hi r oach

o5 80 corBASGA ) YA 9027l L3 PR

1.1 hms@lfs acspeoﬂvslyl MEheke tePraabntrds. £\6;4¢S ne. @ta‘iﬁﬂ%‘ﬂr Stlj]/t" €omplexation for
[ e i 0 ocess S associated w a chan

%’XQ +ORS ol g Zﬁf+ respectively. It should be noted that % comlglexatlon would

depend on the total concentrations of levofloxacin,

[00464] The binding constants as well as the stoichiometry of complexation for
the levofloxacin complexes with the metal cations were determined as follows:
M + nA <> MA,

K
Where M, A and MA, represent the metal cation, levofloxacin and the complex,

respectively. Ky would be the equilibrium binding constant. The above reaction assumes
that ‘n’ moles of levofloxacin react with one mole of metal to yield one mole of complex.
Ky = [MAJ/{[M][A]"} (units M™) Eq.1

[MA,] is the concentration of complex formed

[M] and [A] are the concentrations of the unbound metal and unbound levofloxacin,

respectively.
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in the fluoroquinol one fluorescence properties. By

nmoni toring the change in fluorescence em ssion of
woOevwfikssacin in the presence of different PCT/US2006/019351

concentrations of a given netal cation it was possible

to determ ne the binding constant of conpl exation as

wel | as the stoichionetry. Experinental Methodol ogy

[00476] The fluorescence em ssion of |evofloxacin was

eval uated at excitatio issi on wavel engt hs of

298 nm and 498 nm resgggﬂg§§gyﬁb t udi es were

condutViéd])/Et]" Euia* INIT Ferent--pH-val-ues-—i---8---5:-0-- Eq.2

(acetate) a 9.Q ()i stidine). A.seri sol utions
cont ai ni ng onst f°_‘a'l_egﬁwféx“a@]??ta'cbm]w&‘ti on but
i ncreasi ng [dONCeMMak, -0[M],Qfq -'a[M!I%&g [ﬁﬁ?m@ed}‘fﬁf e

ue to

anal yzed for fluorescence em ssion
| evof | oxaci n. MetlAd 51 [Advsen Fi[BeOHIekided CaCl2,
My C1804658 RNde: +2N8 11h - 6]

,sho&n inFIaB?é;%g%%s%gni?%%é§%$%a?55§§#%¢§g%gﬁﬁg'Lg§f§tmw
giYeyr PEBR o apwiraige Zhe changet ineph ermabadi by thawiditisn dfheetal cation
gh@&' .1 qns of | evofl oxacin and the cation

(pl::?ee Htl% %e%%%ﬁ%e&%én

e further optimzed to observe a specific

treTg%%ELengp&%lkqnaﬁﬂgf%gﬁggin fl uorescence. [00478]

The e of increasi Bncentrations of Fe2+ and
Zn2+ | evaf,k oxacin-fl uorescence em ssion are shqown

in FiSﬁ#&@Mg% aﬁggdgﬂ respective TO0479]AS desgﬂibed

Teds dnvferredrtin HopRthaba ploZ8IAMARREATA T Qnal [Aveuld r&0RRH £¥E3cht
w th | evofl oxacin;_ however, their 1 nfluence on

| evof | oxaci n f | uor ¥&cwie@slapeolg/esihan ar (Fi gures 52

and 53). The exact rﬁaﬁ?ﬂn@Qﬁl%ﬁgﬁais unclear at this

poi nt. Tabl e 34. Fluorescence raceristics of

Levofl oxacin in the Prdstmeé: bfon@deN ons. Sanpl es of
Levof | oxaei n Conpl exe 80]. _Seven sanpl es of

| evof | oxaein conplgﬁgéf&ggggébgpggf%ﬁ in vivo for

ef f {(WH6Y] Shawpibalomeinokipuret #1649 aRethaid slowffot 06 sk 88°* and
heﬁgggfaﬁe shown in Table 35 bel ow. Table 35. Ml ar
RatTRE 8 Levo f1 oxaein Conpl exes. Concl usi ons and

hbxt

Zn

OO%%?JD%S shown in Figures 46-49, for each of the cations evaluated a plot of
[A]bound/[A]n versus nK,*[M] was linear when n=2 (for Ca* n=2 resulted in a better fit
than n=1). These results suggest that levofloxacin complexes with Ca*", Mg**, Fe*" and

Zn** are formed with a stoichiometry of 2 moles of drug per mole of cation (2:1).

[00469] Using n=2, the binding constants for the above complexes can be

determined from the slopes of the respective linear plots.

[00470] The binding constants for 2:1 complexes represented as log (K}) are as
follows: Ca®'=2.75, Mg*'=3.69, Zn**=4.44, Fe**=4.54,

Solubility
[00471] This method allows for a relatively simple way of determining the
stoichiometry of complexation. The approach involved evaluation of solubility of the

drug (levofloxacin) in the presence of increasing concentrations of complexation agent (a
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[00481] Results obtained fromour dual titration

st udi es suggest that |evofloxaein fornms 2:1 conpl exes
woi20ds/1a5132t he di val ent netal cations. The bi ndPag/us2006/019351

constants (log Kb) for conplexation with Ca2+, M2+,

Fe2+ and Zn2+ are 2.75, 3.69, 4.44 and 4. 54,

respectively. Exanple 11 - Levofl oxaein and

Gem fl oxacin Fornul ations with O ganic Acids.
gitenpaetanenioa). vat I?&Qloioq)tﬂﬂht[yQﬂ‘*ﬁghrdge%%kf&@@uhn%gﬁwekgﬁ was

repared by dissol ving either

eXp%%ftpd%%qs?] IB%]Q( qving B cpnpi¢xatien end tOTh@hlamlittﬁeai coptdsminding

to Ry @zﬁt{u‘aﬁ@@ IsBluB Bk b %B‘gx tlllse}’\gég ran%ﬂ\ﬁﬁe %gﬁﬁfeiocﬁg&“ﬂ{l’f‘tg}? of the

of the solution was a abou
stogghierastey Hrepackd Slohlbway enrveTwas éxpldimedi inglettl elsewRFe(Physical

UsEd, L ph f th evof | oxaei n sol ution:
Phacet ?’c@a%ﬂ{ gﬁ{% li]te%cﬁg ‘gé‘rapg@%)t ric, lactic, tartaric
and propionic acid. After making up the volune of the

soIﬁhraﬁnwaubmmﬁmdbm®ﬁely 90% of the final volune, the
s neasured and adj usted

%H%ﬁs&g%nﬁﬁésﬁ%@ﬂﬁ‘ev‘gﬁ%@& GENBYtDf Weigdrasaided) were

agld:ehd:d;)lim the ppssemRIoFendréhsidic8heedrh@insRIFNATE

Izgj tme‘rll)%aElr t he vol urrem%of t hesol U?Flon \/\fﬁg’§1 dﬂnMX/%ES buffer
(p BHEH Voitehmiet-er Thenwmiples were fthere fittened iand the filtrate was
dilhed 1 syred .after

Rl R SRl U s g Slotloxacin
CmFWﬁ@“@%&@ﬁ@H@éﬁlltleS of | evof | oxaci n wei ghed, acid

reqw red to adjust pH, sodiumchloride to adjust

ty and final volune of solutions are listed in

Table g% The content of l|evofloxacin in the

sol momisAmhomirangumﬁb hilye m&anyF@ﬂswafﬁ)x&&@ﬂ&Bﬂnc%Q& with
mcg%lﬁl &gocutct het | evof | oxaci g formul ations with

S ati GECABI L Row VRV erabtyand ghe plgicap selybility ¢f 650mM

levbﬂﬁbﬁcﬁw i Witrdale ARl 1&)11H? wak ng'e%gd whféﬁ nit @Jttcgﬂls‘ferﬁ%/lﬁjl the
to_adj ust the of the
exﬂe‘é%fﬂr &ci g é’faétqﬁé‘ﬂ?u‘feé tBrtbéleﬁle@ta‘vfelwmstf@gﬁBdn levofloxacin

sollﬁlQ@lﬂ's Stk 1J\|ﬁﬁ15°orta§9%§)uﬁét9 fat \%é né‘l E"gﬂ 6}1 2 ﬁ‘%llc béﬁs gvgr%gcogstant,

and ascorbic acid were renade for
alb¢ibgreater than §.88 Gfimsd pHat7.@oncentrati on for these
solutions in Table 36 and Table 37 are different.
[00474] Subsequently, the experiment was repeated at a constant ionic strength

of ~1.0M (adjusted with NaCl) and with 0.5M MES buffer (pH 5.99) to enhance the
buffer capacity of the solution (Figure 51).

Spectrofluorometry

[00475] This approach was adopted to evaluate levofloxacin complexation based
on existing literature evidence that the complexation process is associated with a change
in the fluoroquinolone fluorescence properties. By monitoring the change in fluorescence
emission of levofloxacin in the presence of different concentrations of a given metal
cation it was possible to determine the binding constant of complexation as well as the

stoichiometry.
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Gem fl oxacin Fornul ations with Organi c Bases

Experi nental Methodol ogy and Results Gem fl oxacin
weéanwsubksitsz on wit h Sodi um Aascorbate [ 00486] 50PB0/USEN06/19351

Gem fl oxacin nmesyl ate (equivalent to 40.37 ny

Gem fl oxacin) was added to 1.5 ml water. The resulting

solution was cloudy. It was filtered through a 0.45

mcron filter. 1.3 m of solution was obtained after

t of 4.28. The pH of this solution
vvasE%ﬂfrJgf'ét Y%g@%ﬂ’pgg Xvith 400 uL of a 10% sol ution of
S odi 0037 6p abe Fhiofespdned @mesdionNo et eloxhéd andsi dvwalvafed baas:gcnatlon
ﬁqﬂwredto gthgslg H=0.04 g). The osnolaljty of
aﬂé 155108 AVFISREHRS %ﬁg%mnan% A% M, FrspeEvElyd |Sﬁ%ﬁl‘i§ﬁ1"%? Fepducted
at WS diffdrerid 20 v&lﬁesaijé USSG (&b%f&%)aénﬂtyo (diSgdihdynah s%ﬁééJGTesd?ﬁtlons

the solution was 1. Theor et | caI concentration of
cogjaimng] aoscasiont lrevpﬂomi@n fcgmqqrmr@ttqnchut nstgaging eom@nBgions of a given

t] f
cof i Bire SRR lor BTN LS8 e BRI GAAGT Mbdats studied
incluied ICaCIZ; Mg A2, n6f2 gehAfA(8346in in filtered
soI ution (in this case 35 ng Gem floxacin in filtered
/ Fi nal volunme of solution ( in this case 1.7
f%e 37. Theoretical and Measured Concentrations
Of [.(11)407] ovsashibwn iim Thble 3FOsiphitiodrt das. wdr® 86@8kd Natyefor Fe*" and
solutigns with acetic acid, citric acid and ascorbjc
Znzci ﬁomﬂerqn@ﬂm% crligns-ecelaiye yeneentipnsticivetfpsacin and the
caﬁdﬂﬁ%@% 6& FurBRPE M8 {PObERE af %gaﬁc Behd' il Glafgd fh 1E@H dacin
and Table 37 are different. ['oxaci n
ﬂu@@?mp%tl on with Sodium Lactate [00489] 50.05 ng of
Gem fl oxacin nmesyl ate (equivalent to 40.17
CGeni§04@%}adi hﬁ)in‘ﬂla@Cadee(ihC!‘QﬁSiIlgSCQﬂcvemfienS ofhEe2rte snd tZLnigL on
er e

levgﬂl»&m ﬁuci\/\?s%enceOUd§lol% are %’i’qaoézv&f IIH::Fﬁ%lﬁes Wgsa g%#gﬁeﬁ%ea%? .
&LU@% TR eaeeated O batiiy” gl Gp” e S PR Poricblexes

wnfhdé*/(hﬂﬁxhaﬁi Réwwe R, &tpéf ﬂfﬂueﬂce\/\@i Hvoﬂ@rb@ﬁi flbdreRend2age dissimilar
just pH = .. The osmplality of

d t
<Fl§$r%§%§g%ﬁ% Eﬂaﬁw&w%fog i3dg unq*ﬁaé af fhisroiflo| une of

the solution was 1.7 m . Theoretical concentration of

g eltybt lﬁx @’mopesl‘.el?lcé Bilil%'a(t lré{:r(}yO?LeVO )\cla\/((),Hnl ll(il tlpeel’r%sgencge of @{IOHS

Fl f1 i
Cation DH 5.0 Horescence oplfx;(.)(t)loxacm Results Comments
2+ Change not Change not
Ca significant significant N/A )
+ Change not Change not
Mg’ significant significant N/A )
24 Decrease in emission Figure 3.12 | FeCl, insoluble at
Fe with increasing Fe** NA (pH 5.0) pH 9.0
Tt Change not Increase in emission | Figure 3.13
significant with increasing Zn** | (pH 9.0) )
3+ Change not Al (SO4);
Al significant N/A N/A insoluble at pH 9.0

136



Gem fl oxacin Fornul ation with Sodi um Acetate [ 00490]
50.47 ng of Gem floxacin nesylate (equivalent to 40.50
waogoteansBk oxaci n) was added to 2.0 m wat er. TRET/US2006/019351
resulting solution was cloudy. It was filtered through
a 0.45 mcron filter. 1.77 m of solution was obtained
after filtering having a pH of 4.40. The pH of this
solution was adjusted to 5.40 with 50 uL of a 10%
sol ution of SOdI um acet ate prepared in water (Quantity
of Bauple ‘ ¢sH =0. 005 g). The

0S I g, .
oot 35‘69% ‘Sfﬂ*@ess B %d."@ﬁxé&%i PR Tl el o o
etfiggeyighéh g)h@@lagakloétlczo Detsitd of iensaafplsolitednaghiiomindi Table 35
be@ pared in water. Gem floxacin Formulation with
odi um Pr opi onate [00491] 50.00 ng of Gem fl oxacin
nesyl ate (equivalent to 40.13 ng Gem fl oxaci n) was

added to 1. Sapik 3¥Blar RAAG JrEstdiblid: g&h#j& Rk vvas
cloudy. It was fiTtered throug ilter.

39 m of solutijon was [obt al ned aftqrota’rlllterln

AviSagp ipditdier 4. [32atidthe PM°BF t hi Bevebidbin0N \FB@] pH of the
dj usted to 5.50 |with 30 "dHoB¥dal 20pmgmaiyti gn ofsolution

OKIB 109 Do 108Y- %gte %gpar ed 1[1 vvater T@ntity of é.)gse

o RS R IO 0P oy The ostarati ey

l " Mhe d9rol al ity of6-3%i s
oNBOH D00 60686 UstMel t ¢ 29B1rr05n1 kepoasi ng |25 uls.asf
PNBosRbMt d6ors 1Af so@dzum chl'pyide pre%red |Ar Vat € 53

S I.l:l_Ut: Wi —ospolalt L aeustHent
R T, e L oSl e
| NBQ4S0IGU4IC 49. O8' my of 1:Genilf | oxadd n mesyl at e.33
EBHoYRb®Nd6-d30D40. Oy | Gem.{ | oXaci n),ggas added tel. 9
water. —The resutting sotution—was—etoudy—H—was———
filtered through a 0.45 mcron filter. 1.63 m of
soI GonelnsippsargbNaxtftepsaf ter filteri ng havi ng a pH of

eppH,of sol ut i sted to .
i ¢ g8 RBH ontothed ot ook ME3iaf St Shesed Bitdeunfacin
forms Zmladiceniplé)@d zwithl etlythgfdn%esle e Eat[dhg tI:ge ?iﬂdﬂ%‘ coftarts (log Ky)
foroéo%)p?ie)ga)[ibn Ev)\(/ghnp * 1Mg2+ 9"[ Oa?lg Zegzgsarg 2. 75e V?? 690)4(16}1(4:1I Qnd 4.54,

respectively.
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Example 11 — Levofloxacin and Gemifloxacin Formulations with Organic Acids.

Experimental Methodology

[00482] Levofloxacin solution was prepared by dissolving either 50 or 100 mg
levofloxacin base in 15-20 ml water. The initial pH of lex'/oﬂoxacin solution in water was
about 7.3. The pH of the solution was adjusted with about 10% solution of acid prepared
in water. The following acids were used to adjust the pH of the levofloxacin solution:
acetic acid, ascorbic acid, citric, lactic, tartaric and propionic acid. After making up the
volume of the solution to approximately 90% of the final volume, the osmolality of the
solution was measured and adjusted to 300 mOsm/ kg with about 20% solution of sodium

chloride prepared in water After pH and osmolality adjustment, the volume of the
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[ 00493] The goal of this study was to prepare various
m crosphere forns of |evofloxacin that nmay gain
woastea2maski ng, and AUC shape- enhanci ng proper PC8AIS2006/019351
t hrough decreased solubility and/or dissolution. These
benefits may enhance the pharnmacodynam c properties of
| evofl oxacin foll ow ng pul nonary adm ni strati on using
ei ther nanoparticle suspension or dry powder
soluﬂbﬁ”\&% &r%'a ; tam zed
"prof ong. hs ¢ opof Al 257 Bk B0 B0F LSRR QB ELEE . e
p @ﬂdmeOﬂathyy verednessoted taflenmbking®p tHhesiemp aod e:retrbﬁcﬁ'teﬂﬁﬁ Table
ncor ora nt 0. ot he Iuoro ui no
365 i, e BRI AhghiRirhbehed KA o sdust pHL sodium
chipeide td ﬁlﬁﬁﬂlo@mo@tﬁty drldoft@t volunitosff oA Bre listed in Table 36). The
tosuflong|n Sit floxaC|n sarafl oxacin, prulifloxacin,

conznf af levq Pﬁ%ﬁbmﬁ sylyfinng §vap Aetermined WaliPLS. char act eri ze
m cor spheres of gem floxacin for taste maski ng, AUC
shapes@ighancenent, nanoparticle suspension and dry
powder 1 nhal ati on adm ni stration. O her approaches for
dr y [{¥&ele Tha dstatls abeuitthe feveflpxasin foymblations With @sganigatcids are
shdWEInUES1eSHRY, %qus)ﬁltggfjHPﬂCSa'r éhoWE% ?“%1%%‘7' on

t echni ques. Preformuiation evof I 6Xaci n
Pre@m_ n a8 [0Q4 re | at tu
gﬂfgﬁﬁgdnf%ﬂge grﬁgﬁé&éﬁéPsoJ nﬁﬁ 9ﬁd$?ﬁl ?b&’ngMﬂ
lmmﬂv&ﬁhnwanmnﬁam@mpUMymasﬁnnmdyar|ous sol vents whi ch
are expected to be used during processing. Preparation
of MO0d8%sploee: e§0[lﬁ614§95r]1thﬁacﬁﬁé ayidd butldﬂ Qcideslinh@o@®id Scid were

ate o yIer, croparticles | oaded
rergic % MBEF 1 AbSue e Bt POl cRpeenBeiscios sy pasions in
Thb&@B@ﬂiTMﬂéBW@k%ﬁﬁQ%ﬁ§0|V'ng the drug and polymer in a
sui tabl e solvent. The solution is being spray dried

using a spray dryer to evaoorate the sol vent, thereby
ent 51U floxacimHormulations withyOirganie Basas, i x thl m zati on
of ornulatlon paraneters (drug pol ymer ratio,
pol {xrerineatal M ethodolegyamd Resubis, and product i on

parameters) is being performed to achieve a desired

ni cPeriflexacio | Forgpdation owith Sadird dagedrbatdi ng and in vitro
dr ugoigd1ea8% A ACIRLLARAD ﬁqgsyMteC r@eﬁ%%l%ﬁts to 40.37 mg

Gemifloxacin) was added to 1.5 ml water. The resulting solution was cloudy. It was
filtered through a 0.45 micron filter. 1.3 ml of solution was obtained after filtering
having a pH of 4.28. The pH of this solution was adjusted to 5.48 with 400 uL of a 10%
solution of sodium ascorbate prepared in water (Quantity of base required to adjust pH =
0.04 g). The osmolality of this solution was 308 mOsm/kg, hence sodium chloride was
not used to adjust osmolality. The final volume of the solution was 1.7 ml. *Theoretical

concentration of gemifloxacin in this formulation would be 20.59 mg/ml.
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[00496] The microparticles wll

be characterized for

wo Zobgi251330r phol ogy using SEM whi | e ni croscopy peér/i2006/019351

suitabl e technique (Laser diffraction) wll

for estimating their size.
be determ ned by extracting the drug fromthe
m crospheres in a suitable solvent and anal yzi ng the

extract by UV/ HPLC.

be us

ed

[00497] Drug | oading will

[00498] Drug rel ease fromthe

m cr os’?ﬂ?l 88. %Jxﬁulgﬁo&sa&trLe%gﬂ&l’gp ?galr{‘%p Acids.
sol utrofmrappar at us. —Exanpre L3 - rllldl atron
Tnx:{ol. egy—+Rats—0606499—tnh—a—4—daynon—P
BN di Intgetios e st udy of ae B@@PVFcked | evof S‘X%ic;_n
[V,vetvcc))f iaﬁiﬁjﬁl ai@gdr f en’gé pr %ge_ latZ% X cogc T rirgzﬁ/l tm Final tse‘;ﬁ?)c:
used (g) Pt on 1 a'ﬂf"ésed l;nﬁi( sp ja %m T G d rxggie phou; (mN/m)
1'253 LIU]I‘;AH;l S ‘S]foué f 381{ WO ‘rlu p‘ zg 'Sua“y’ zull uayw Z L h_F h%{ﬁﬂ 63‘2
2501 (N3l nf S8 il §%6 of D08 0l £39%er ol Bs er vbaur i AP hel 623
’f‘ﬁ%gxfs/ncn‘r pet frod—Negropsy eaé‘&%g' s—after Final
wiof |2E03H1E Sit hB4biO"] Q§.7‘%h‘b | ast %ﬁﬁv iid not Sh&;_Wolamy Surface
Levo |fdci@icBOSacidlu@@I0MNacl N| ankdiP | $f sdi¥onfLeaedodS PlndckAdlg | Final tension
used () || ewaf | oxagpn ijrmsddahip | aed( emalng) Spr agged Dawley natpd, | (mN/m)
1.253 |aessol || zethol gvalskoxace.mswas 26085 ni suesed| daddry W 6.0 64.4
2.505 |anm Ayerjageyadoge ogbo 6, 920590/ kgs.oly [t oophhe ol @8 ands.47 62.5
10.04 no/kag/day for the females over 4 da_s usi a
ntos&%onl y aer ¢sol de|ivery| dewsise.| Total expdlrgs
I | e et MKl fg T M Lo b oo e |
wed o | L ERRECYIEET oyl Lnlilﬂ useﬁéﬁj YRR 0. (EHERT o S pH | (mNm)
1251 | o 125 12 125,"3 3005 boz Tos {3 17298, 9° Stgdy 61.5
VTN R P VLTS N R VA A A YR O TR O
over—2Thours-TNochHnrcal SIgus, & TtoXT Ci Ty Mgl €
Wt of W@ﬁ&%édma@i@d ahks@nf mal s sufivi ved) duri ng | bhgidyday Surface
Levo |treaf mentid pRd | odacINeCr gy |Qff soufibdThl.& o &dnt €r (mOsm/ | Final tension
used (g) | ad@ibni St r &d)i onued (the wled®d |doseh di d (gtmishowkgny | pH | (mN/m)
1258 | fi ndi nds. 0410050045 n| a0.B8- day2s@sP st udy im 297 6.54 59.4
2497 | Sprague- Dayd ey nats, | anvsgal|s 26epe | ardom zed3tlo 3 ddde! 57.5
| evels of aerosolized | evofloxacin or saline
Addit i cnal rec"over groups uMPzﬁ‘gec‘t ne vehi ¢l e contlr ol
Weof | gijgere e ’I‘fg ée I%’ at ed and o%‘%?%Veg.- Surface
Levo 24 usg ]sol\itlfm Nf,evoc i 4 0fm01}‘y dosmal tension
used (g) G% nﬁ)r an HYud)¢ (nfRk) 905K | (mN/m)
1.252 ﬁ"ﬂs“” PSP o Ub%zi "32‘5'15;5 dpsey; 298 6.51 615
9.79% Measured
Wtof | propionic | propionic | 21.53% Final Vol Final Surface
Levo acid used acid NaCl NaCl of solution { Levo conc | osmolality | Final tension
used (g) (ml) used(g) | used (ml) ) wsed (g) (ml) (mg/ml) {mOsm) pH (mN/m)
1.25281 1.310 0.128 0.737 0.159 25.045 50.02 298 6.50 58.1
251342 | 2.610 0.256 0.310 0.067 25.030 100.42 297 6.57 52.0

[00487] * Theoretical concentration = Theoretical quantity of gemifloxacin in

filtered solution (in this case 35 mg Gemifloxacin in filtered 1.3 mL)/ Final volume of

solution ( in this case 1.7 mL).
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were 1.49, 3.63, and 7.29 ny/kg/day for male rats, and

2.20, 5.35, and 11.01 ng/kg/day in fenale rats. The
woab@l1288posur es over the 28-day treatnent per POWUS2006/019351

ranged between 4 1.7 and 204.1 ny/ kg for males and

61.6 and 308.3 ng/ kg for femal es. Each dose was

delivered over 2 hours daily. No dose related clinical

signs of toxicity were observed, and all animals

Tg?lé g‘l;] :fﬂrrgog@ﬂlgél?gcrl 'i\'gb%?hgfﬁcll é@ﬁ’ceﬁﬁzﬁﬂ)‘i‘ng ﬁf #glveﬁgrrxiaadp inl hg ;foPlElﬁXtions.

showed a dode rel ated sdquanous cql XsflJler asia of the
| arynx whi ch declined i Beoxeticaly {;‘ﬁ" |4 day
ti cﬁ

recovery per|i od. WiTI S CLAKWEB I< nmaceuti ca
conposi tion conpr|3|ng meidpel fective

anount of a [ftUgr.ogurnotion reentrated .u' delivery
in a peak paricdiid cgcid id| | avi 3005 7 nrevefi! a v crobi al

infection. 4. ?ﬁ@w9WérnEceu%i%al conpasset i oh of cl ai m
1, wherein the d‘tlrig@glg)qui nol4grgq3 13 a §@gpt| 01 havi ng an

osnol ality greater timan gsmnu i e
phar naceut i ¢al thx%nasrﬂ‘iu tilan 938 m B12.93 9\%/her bin the

fIuoroquinoIoh@N@de@htratmaﬁsls greamer than 35

ng/m. 4. TreL@ngﬂﬂﬁﬁgptlcakmconp03|ﬁ¥qg of] claim 2,
wherein the lf%cﬂuqu NOYTONg Sotu{+oh_has er neant

i on concent fat abonf-9%30 t60%17oout 300 M .
5. The phar facédasticead conpOsb4i on of9$ra|nLF, wher ei n

t he pernmean |@Rm§9@ﬁentraQ9gp 5 1T O ADO 40 mMMto
about 200 nd : ...c pharracedut--eal—conrposit i on of

cl e ant ion co ntratlon is from
R e e ST CETE NN
HP@@ Apdysis indhenod the thabriatich) comﬁmaida 6 BesP S41MRAN 18R 36Sind Table
37&hhﬂfldﬁﬁor brom de. 8. The pharmaceutical conposition
1, wherein the fluoroquinol one solution has a

pH from about 4.5 to about 7.5. 9. The pharnaceutica
confasiffoxedin Formbbiion Wah\Soaneh Nabhe f1 uor oqui nol one

sol ut | a pH from about, 5 to about 6.5.
[HM@T gba(% mg of Gemifloxacin mesylate (equivalent to 40.17 mg

Gemifloxacin) was added to 1.8 ml water. The resulting solution was cloudy. It was

filtered through a 0.45 micron filter. 1.52 ml of solution was obtained after filtering
having a pH of 4.21. The pH of this solution was adjusted to 5.42 with 180 uL of a 20%
solution of sodium lactate prepared in water (Quantity of base required to adjust pH =
0.036 g). The osmolality of this solution was 478 mOsm/kg. The final volume of the

solution was 1.7 ml. Theoretical concentration of gemifloxacin in this formulation would
be 19.95 mg/ml.

Gemifloxacin Formulation with Sodium Acetate

[00490] 50.47 mg of Gemifloxacin mesylate (equivalent to 40.50 mg
Gemifloxacin) was added to 2.0 ml water. The resulting solution was cloudy. It was
filtered through a 0.45 micron filter. 1.77 ml of solution was obtained after filtering
having a pH of 4.40. The pH of this solution was adjusted to 5.40 with 50 ul, of a 10%

solution of sodium acetate prepared in water (Quantity of base required to adjust pH =
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10. The pharmaceuti cal conposition of claim1, wherein
t he fluoroqui nol one solution has a pH from about 5.5
woOaomhoesi326. 5. 11. The pharmaceuti cal conposi t POW/US2006/019351

claim?2, wherein the osnolality is from about 200
nOsnol / kg to about 1250 nmOsnol / kg. 12. The
phar maceuti cal conposition of claim2, wherein the
osnmolality is from about 250 nOsnol/kg to about 1050

0. odﬁﬁv*rﬁggsm&gmﬂmhg 1%9%5 PR mERAAGS! trhé"@sxﬁf)laﬁ Mhis

wherein the”osnol a Is from about™ 350
solutlonatae atjuzsd tqﬁ&ﬁrmDBmgkg msing TheLpfiap %@(dm(ﬁmﬂ SOdlum chqorlde
0Si ttl on of claim2, further conprising a taste
pre% nY Agent . 15. The pharnaceutical conposition of
claim 14, wherein the taste masldng agent is conprised
of Geértiflax&cin Foasrlatitvawveth ShBiund Beoppheweraceut i cal

COMBRA VoS 3 LRSS uiE SIS 1s

Gexﬁ@l@’ﬂ&ﬁﬂ)}t waaddbd 6d aioMminl Guateph eMRi Msiiiieg maﬁineweg clogdy. It was
rtame or sucrul gse. 18. The_ pharnmaceut| cal

filtesgshifoueh ©R-481mira fitars, 1.4 arlepinsalpionswee AR jaery filtering
hav %SpH QF 430: %PP(F? #R: sofkfion TS 2BRAELIRE S YUD VAR 30 uL of a 20%

S|t|ono m 18, wherein the taste nmasl dng
Soha@a o sodiuth poipieele Bearrakie, waer (Qexttitp sEbasg Cequirkdto adjust pH =

eutic i.on of [
008 TREShuRG g BT LR, Gl B llshg, 150 PLehll or s
solRfda s edjisict & 2R0MPeRY ki 0singR5 QL2220 solwhiear @ﬁ S@didﬂ&chloride
di valent cation.is calciumor nesium 2
PreRagh d8i alE of T iihys @W@nofwaﬁ TRasie 1 puidn OSRRiiby r?di%gnem to
237m§rgKg}asl dng agent is packaged separately fromthe
f1 uoroqui nol one sol ution. 23. The pharnaceuti cal

conposition of claim2, further conprising a
emifloxacin Formulation with Sodium Citrate

[00492] 49.92 mg of Gemifloxacin mesylate (equivalent to 40.06 mg
Gemifloxacin) was added to 1.9 ml water. The resulting solution was cloudy. It was
filtered through a 0.45 micron filter. 1.63 ml of solution was obtained after filtering
having a pH of 4.20. The pH of this solution was adjusted to 5.39 with 15uL of a 20%
solution of sodium citrate prepared in water (Quantity of base required to adjust pH =
0.003 g).

Example 12 — Microspheres of Levofloxacin.

[00493] The goal of this study was to prepare various microsphere forms of
levofloxacin that may gain taste-masking, and AUC shape-enhancing properties through
decreased solubility and/or dissolution. These benefits may enhance the
pharmacodynamic properties of levoﬂokacin following pulmonary administration using
either nanoparticle suspension or dry powder inhalation. These formulations are being
optimized to prolong the release of levofloxacin from decreased solubility or dissolution
forms. These properties may also be incorporated into other fluoroquinolone antibiotics

including, without limitation gemifloxacin, gatifloxacin, norfloxacin, tosufloxacin,
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mucol yti c agent. 24. The pharnmaceutical conposition of

any one of clains 1-23 contained in a sterile,
weiogliesisge contai ner containing from about 1 RCTAUS2006/019351

about 5 m of the fluoroquinolone solution. 25. The

phar maceuti cal conposition of any one of clainms 1-24,

wherein the fluoroquinolone is |evofloxacin or

of | oxacin. 26. A sterile, single-use container,

m
sita O S L R o and a2l 2‘8%@2@3%2%%‘% t
chagw@at@m1¢dnsphemb@tﬁtge®ﬁldxg¢1mfoxamslteanzd;kmgl AMC siwlpe«enhanﬁément
ont ai ner of ereln t.he d ca

R S T T M R
dry Jfowdeh @figidistiafien cRneRht béihg Qfvdstigée aichidet $ppdy- @'ﬂ?odﬂd #0situ

nmg/ m_.29. The container of claim26, wherein the
micEEHrREAR FShRigHESt s greater than about 50 ng/ni. 30. The

cont ai ner of claim 26, wherein the |evofl oxacin or

of I e fsrhiulsd ok Aevh@sxadinPer Meant i on concentrati on
fromabout 30 nMto about 300 raM 31. The contai ner

of mwlAirubiionigdigd N the | evofloxacin or ofloxacin
solUtTon has a perneant ion concentration from about

40 [A#4%% Risfamulation sivdieg overqperfoundatondetergring [t salaiglity of
f. C

levéﬂ&ﬁcﬁh rhtnﬁrl%rllglrgégg é}é (r?té?g I%o?]{; ?{)l)n\fﬂ Artg %gé#é\(i %b@ %§edadurmg
mo&ﬁﬁngwl 33. The contai ner of claim30, wherein the

perneant ion is chloride or brom de. 34. The contai ner

19| a| m, .26 rt h T corrprl sing a taste maski ng agent.
% ai m 34, wherein the taste
nas[@OctR;] agespray sdiyagt asdinicsielC isodRingdaxéd ase ,formulate polymer

SUC[ | ose asCcor pa cltrate
m“’b‘??éﬁ?fﬁfée‘@f“i@a}”‘ R RS Lpsion €Q5PP;S‘ %ﬂgmﬁf lal%ﬁpb?% w@ftypwa“y

inva16Y @ik4oPNAE tH dPlig and polymer in a suitable solvent. The solution is being spray

dried using a spray dryer to evaporate the solvent, thereby entrapping the drug in a
polymer matrix. Optimization of formulation parameters (drug: polymer ratio, polymer
solution concentration and production parameters) is being performed to achieve a

desired micro particle size, optimum drug loading and in vitro drug release.

Characterization of Microspheres

[00496] The microparticles will be characterized for their morphology using
SEM while microscopy or a suitable technique (Laser diffraction) will be used for

estimating their size.

[00497] Drug loading will be determined by extracting the drug from the
microspheres in a suitable solvent and analyzing the extract by UV/ HPLC.

[00498] Drug release from the microspheres will be carried out using a USP

dissolution apparatus.

Example 13 — Inhalation Toxicology in Rats.

[00499] In a 4 day non-GLP ascending dose study of aerosolized levofloxacin in
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of l oxacin and a taste maski ng agent, wherein the

sol ution has an osnolality greater than about 150 ny
weoenle/iksi3and a pH from about 5.5 to about 7. 0. PBT/USTI6/019351

pharmaceutical conposition of claim36, wherein the

| evofl oxacin or ofloxacin solution has a perneant ion

concentration fromabout 30 mMMto about 300 mM 38.

The pharnmaceuti cal conposition of claim 37, wherein

e,.fe to.d tion.is from about .40 to
P So RS S ReSIRIETLEEL L%, bt TR I THRiCh s
adulimstered 7or whe hein oh kiay pewrednd 50 ang/ad %ﬁmi‘oﬁaiﬂ levoflokacin was
fram ahqut, 50 MM to about kK 15 40. The = | ..
< RRA QM EORE G SRS (Bl N PGBttty were
obR& VR ng B trbAmeRd Riiod e NeEroBEPM HSurs 4fter alffnistration of the last
phar maceuti cal conposition of claim 36, wherein the

dogg; g Ingt shoy any findigs.about 200 ng snol / kg to about 1250
nq snol/k%. 42. The pharmaceutical conposition of
cl ailP?98] Tnpdildl siudnhef assesplizddileyoflogadin gmmalscut fasde Sprague-
. e 3....The.
D Tt SRl o T byt RR M OB ercd ol iy ap v dose of
6. @smglkglday yo itle Malesnand d0:04 360k grdays foolthk Geriadesad@uit dBSO using a

nosnol [ kg..44.. The ph tical compasition of clai
oo neb S v AeS TRERHRh P el nor 12 aas b fo el and
ferniileq s€pEdintE. ovébthe ARy PRASIEBAIA dos@hvas BAIRREIILdveP2 Bburs daily.
clai m 36, wherein the taste masking agent_ponPrlses a,
The g lor Biis Stugy wahehopenbased et the cpaximpmpebibility ot svoRexakim that

coﬂigbe%iﬁi.sféréd"ﬁl ﬁ’l@ﬁfﬁ‘/{%@ Rvet & lﬁ)ﬁ&.arﬁer@in?:ral ?Tlgﬁ% ,Ul" txfeity were

. The pharmaceutical composition of clal ;
obggieadeiand taleandmelst windved duringrtivod dey tokatnsent glesiod.d eNecddpsy of

ool UZRTRAATOLERIROTt lhfin By © "
gg?(t[%érﬁeihﬁ 9%' h%é'lg%}g r@ﬂlﬂ:ﬁéﬁﬁﬁi igi%a|Sp§:a%un8 %.{N e!yo r}rat(s),f a(rzlln?a{]srn were
randomized to 3 dose levels of aerosolized levofloxacin or saline. Additional recovery
groups using the vehicle control and the highest dose were also treated and observed for a
14 day recovery period following the last dose. Average aerosolized levofloxacin doses
were 1.49, 3.63, and 7.29 mg/kg/day for male rats, and 2.20, 5.35, and 11.01 mg/kg/day
in female rats. The total exposures over the 28-day treatment period ranged between 41.7
and 204.1 mg/kg for males and 61.6 and 308.3 mg/kg for females. Each dose was
delivered over 2 hours daily. No dose related clinical signs of toxicity were observed,
and all animals survived during the 28 day treatment period. Necropsy of animals after
administration of the last dose showed a dose related squamous cell hyperplasia of the

larynx which declined in severity during a 14 day recovery period.
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Is a divalent cation. 50. The phar
wo 200@%%8%2& tion of claim49, wherein the dival (ﬁlyﬁ%é?%/%lﬁ%l
i's magnesi um or cal cium 51. The pharnaceuti cal
conposi tion of claim36, further conprising a
mucol yti c agent. 52. The pharnmaceutical conposition of
claim 36, further conprising a second anti m crobi al
suitable for inhalation. 53. The pharmaceuti cal

WERI9SH WiRpg. ¢l ai m 36, wherein the taste nasking
agent Is packaged separately fromthe | evofloxacin or

of | gxaci m Sﬁia%é&ﬂtlcaﬁdcon@oglﬁﬁﬁa& is anﬁglfsabgﬁtﬁg% effective

conpri si ng t he pharmaceuti ca 0S1 i on 0
anggunt ph p rfubraquirRdonsrcoéentrate8 Yomdeliverp ae madle pémcﬁdaiol lleviate or

pr@‘}%ﬁﬁ‘g "ﬁ%%@iaﬂ%% ecm)rgnt 55. Use of a pharnmaceuti cal

one of claine 1 to 25 or 36 to 53

in t2he nﬂfhmfmaﬁwceutttﬁl eommAitand a0l twikadin ¢aeStibdtoquinolone
armaceutical conposition o

h
s 3 G Dy eBsr b 360 ORS¢ e
nmanyf act gme phﬁnﬁe@iﬁgzhpé’&ﬁ%&xtfoﬂroftcﬁa?ﬁt% &h ai ﬁﬁﬂ?g%uulwlone

infection in a vertebrate. . ar nmaceut |
CORBRPBLIN IS GreatT tham3Saneimbf cI a| ms 1 to 25 or 36 to 5|3I
in yhe f Q actica
Fevont " anF FAgfuftal SrRCHEATE kD, BIRRN vEChl R olone
Sogﬁan hesceparineait wnmmomttanom frofn aoyt zmel\/bfo ablogt 308 riML.0
Qr 36"{% ?}g n tthel manuf cturﬁ di canpnt to .
aI I eV| at € géjv ITOPENE S UPRETYY §hé “’E‘o > HPCSGIR TR Gpymeant ion
cofx@ntriden isfroen sHvat MeeRUH Halit Z00AResi tion of any one of
clainms 1.to 23 in the manufacture of a nmedi canent to
tredt anT&‘ﬁfpi‘é'i‘?%ﬁ“ttcﬁhg@apwl%h@f elaimyls evhsreip Hee permeant ion

condehir@Mg fRAC4MRLE S mPERUIRRPIRASLIBL! Ugi nosa,

Pseudonmonas fl uorescens, Pseudonori as aci dovor ans,
Pseddorphhe Phirswrsuisrlecomppsision ofichiém 4pwtiecky the permeant jon is

chl§hg@g}&g&l;%rmnas mal tophilia, Burkholderia cepacia,

Aer ononas drophilia, Escherichia coli, G trobacter
freéndii IhSahammed:dtmaltopptpoﬁiﬂbn aficlafaliomeleiathe YRdkoquinolone

solué‘ onn}?ar%%l g}?ﬁ%r%ra%toxp 1{1 510 e%%lutn’yg ella

9. The pharmaceutical composition of claim 1, wherein the fluoroquinolone
solution has a pH from about 5 to about 6.5.

10.  The pharmaceutical composition of claim 1, wherein the fluoroquinolone
solution has a pH from about 5.5 to about 6.5.

11.  The pharmaceutical composition of claim 2, wherein the osmolality is
from about 200 mOsmol/kg to about 1250 mOsmol/kg.

12. The pharmaceutical composition of claim 2, wherein the osmolality is
from about 250 mOsmol/kg to about 1050 mOsmol/kg.

13.  The pharmaceutical composition of claim 2, wherein the osmolality is
from about 350 mOsmol/kg to about 750 mOsmol/kg.

4. The pharmaceutical composition of claim 2, further comprising a taste

masking agent.
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enteritidis, Shigella dysenteriae, Shigella flexneri,
WO 20061248% | a sonnei, Enterobacter cloacae, EntBFHHSPP193SI
aer ogenes, Kl ebsiella pneunoni ae, Klebsiella oxytoca,
Serratia marcescens, Francisella tul arensis,
Morganel | a norganii, Proteus mrabilis, Proteus
vul garis, Providencia alcalifaciens, Providencia
rettgeri, Providencia stuartii, Acinetobacter ‘
cal gpac ﬁecﬁrm’e/i\c LR Q:Bﬂl%ggﬁ?rp aF gl%ln\{ U4 C U Rerel s & masking
enterocolitica, Yersinia‘pestis, Yersihia
ageps Budobtielrafeitess o, asd@bate.ni a i nternmedi a, Bordetell a

pertussis, BRordetel,l arapertussj s, .Bordetel ] a .

D o s st PRSPt SHTPSE DT SIEM) dds Wb foR e masking
agddBERh sk 8 Bieenetiaenophi | us haenol yti cus, Haenophil us

par ahaenol yti cus, Haenophilus ducreyi, Pasteurella

mul £Bci dBIC PpsmaeRuarsl compesibry tof caimph G nwbgrein) the sweetener is
' Hel i cobacter pylori, Canpyl obacter fetus,
aSp%@%TrgéFlg%Jg@%sﬁ jejuni, Canpyl obacter coli, Borrelia
bur ¢&lor f Bid phavinbeduticad lromppsition/phelaion pas whereinghg siveddener is a
Leg(i) odn_eéwl a 1gcﬂeeum)phi | a, Listeria nonocytogenes,
MORRT YSEPTX Yior r hoeae, Nei sseria neningitidis,
Ki ng&l | aThdVplicaetdutical Gangositioh lofl clegi I8amhsiein the taste masking
Bacteroides fragilis, Bacteroides distasonis,

agagh {stlagtee grisrose, ﬂ_e’FFB‘?‘?ﬁ ogy group, Bacteroides
vul g@t usThBaRAREQIEES RYRFobiSon BREIRH A4l @erein the taste masking
t het ai ot aom cron, Bacteroides uniform s, Bacteroides

agen tserdivalent calinn. Bact er oi des spl anchni cus. 60. Use of a
pha ceut | it . | .ai B . .
D68 B o R, 006 Bhdin ! o

is cakiumbemtgresivoaused by a gram negative anaerobic

any 25t T REPRCSTiS S B O3 g 120 STRAM PRQEY dneskine

agddk isthablR@td sdparitely Grohy tafluqhinbless sdimigaused by one or
nore of the follow ng bacterja: Bacteroides fragilis,,
Bac®dr oi H%s RipERacspiital | compositien; gk <lams ZanBidrp gpmprising a
mu@bI9HPageRRCt eroi des vul gatus, Bacteroi des oval us,
Bact erol des thetai ot aom cron, Bacteroides urforms,
Bac2ér oi Hesplegygesautitdl composiBarefeanyi ae of spiman d12Aiconigined in a
62. of a pharm i.cal |t
steffey e e, LoBABIEREE T TGRS RS gt of the
flusm@diinalora folitfori r eat an infection caused by a

or a%.posjl“}tlel gﬁarmaceutical composition of any one of claims 1-24, wherein the

fluoroquinolone is levofloxacin or ofloxacin.

26. A sterile, single-use container, comprising from about 1 ml to about 5 ml
of a solution of levofloxacin or ofloxacin having a concentration greater than about 35
mg/ml and a divalent cation.

27.  The container of claim 26, wherein the divalent cation is magnesium or
calcium.

28.  The container of claim 26, wherein the concentration is greater than about

40 mg/ml.
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bacteria. 63. Use of a pharmaceutical conposition of

any of clains 1 to 25 or 36 to 53 in the manufacture
wofow/eeide canent to treat an infection caused BgT@IS2006/019351

nore of the bacteria selected fromthe group

consi sting of Corynebacterium di pht heri ae,

Corynebacteri um ul cerans, Streptococcus pneunoni ae,

Strept ococcus agal acti ae, Streptococcus pyogenes

St r epdt, 0C OLKeiSonHiser 6F blal ?5 e\@ge%‘iﬁ ‘f}?euc%ngéﬁ’t g’fgreater than about

Streptococcus (G oup terococcus
5 lococcus faeci um St aphyl ococcus aureus

?;g%ﬁéL;toﬁgeﬁé& a%%a ﬁ y]lreﬂgx& ggtﬁlger‘alﬁ?%% E%aﬁ%gm or ofloxacin solution

heSagehy¢ant wmcmscdmyra@msfrsm Bgut 30YhMIU6 abo%tt aomiﬂmc occus
haenpl yti.gus, | ocogccus. hom ni s,

St aphyi ocOERE agﬁg 8%2%"”6‘? ybi Whegeinghe 13&@’@?1“@’? ofloxacin solution

hqgra@emumceahcmm&wmﬁowwg@ou@ﬁo&m”ﬁ 1to
25 or. 36 to 53 in the nanufacture of a nmedi canent to

t r eat? an h§reeBtRIngh of elakse 30.pyheseip thaepoixacmer aflagaaibsaution

R L s e L

mandPact Uhe efntainareofi clarmrﬁo tweher¢ie athe germedn@ Gbh AR chloride or
br&AaRged by one or nore bacteria sel ected fromthe group
consisting of Clostridiumdifficile, Costridium

per f3di ngéﬂhs,coﬁbmsﬂ oficliitme; firfhed eonﬁi?ﬁlr@ D8t AR ag en%
bot f a har maceuti cal” conposition o

i nu
any%g he g}he c‘i"&faﬂ’ser P?tc@l@?"@ rwimgein dhes fistenmpgiéng agent is lactose,
sudrasY) taatdde, tisprtath MRS ofb@te! 5&@& n infection
e

caused by an acid-fast bacteria. 6 of a
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39. The pharmaceutical composition of claim 37, wherein the permeant ion
concentration is from about 50 mM to about 150 mM.

40.  The pharmaceutical compositioh of claim 37, wherein the permeant ion is
chloride or bromide.

41.  The pharmaceutical composition of claim 36, wherein the osmolality is
from about 200 mOsmol/kg to about 1250 mOsmol/kg.

42.  The pharmaceutical composition of claim 36, wherein the osmolality is
from about 250 mOsmol/kg to about 1050 mOsmol/kg.

43.  The pharmaceutical composition of claim 36, wherein the osmolality is

from about 350 mOsmol/kg to about 750 mOsmol/kg.
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antimicrobial suitable for inhalation.

53.  The pharmaceutical composition of claim 36, wherein the taste masking
agent is packaged separately from the levofloxacin or ofloxacin solution.

54. A therapeutic composition comprising the pharmaceutical composition of
any one of claim 1 to 25 or 36 to 53 and a pharmaceutically acceptable excipient.

55.  Use of a pharmaceutical composition of any one of claims 1 to 25 or 36 to
53 in the manufacture of a medicament to treat cystic fibrosis.

56.  Use of a pharmaceutical composition of any one of claims 1 to 25 or 36 to
53 is the manufacture of a medicament for treatment of a lung infection in a vertebrate.

57.  Use of a pharmaceutical composition of any one of claims 1 to 25 or 36 to
53 in the manufacture of a medicament to prophylactically prevent a lung infection in a

vertebrate.
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pH from about 4.5 to about 7.5.80. The kit of claim
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73, wherein the | evofloxacin or ofloxacin solution has
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73, further conprising a nmucolytic agent. 83. The kit
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ag@vordne, kPteudbmaiaai mid&&gen@her]@enddrﬁmzab aﬁtmédamMnI@‘ophomonas
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m\%ﬁo& ilid %{4{?@%’@/ 6%%%%‘%%}%2@@&@@%5@, M@?EWQW&?{’ g‘.]‘trobacter

ﬁ&ﬂadzzTH@’M@wEZchfyphinﬁh ] SalMbIRIIE b, NSulneRillal ﬁ@&?phz Salmonella
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t1ron usin
Acinetobacter calcoaceticus, Acznetobactel haemolytzcus, Yersinia enterocolitica,

Yersinia pestis, Yersinia pseudotuberculosis, Yersinia intermedia, Bordetella pertussis,
Bordetella  parapertussis, Bordetella bronchiseptica, Haemophilus influenzae,
Haemophilus parainfluenzae, Haemophilus haemolyticus, Haemophilus
parahaemolyticus, Haemophilus  ducreyi, Pasteurelle  multocida, Pasteurella
haemolytica, Branhamella catarrhalis, Helicobacter pylori, Campylobacter fetus,
Campylobacter jejuni, Campylobacter coli, Borrelia burgdorferi, Vibrio cholera, Vibrio
parahaemolyticus, Legionella  pneumophila, Listeria monocytogenes, Neisseria
gonorrhoeae, Neisseria meningitidis, Kingella, Moraxella, Gardnerella vaginalis,
Bacteroides firagilis, Bacteroides distasonis, Bacteroides 34524 homology group,
Bacteroides vulgatus, Bacteroides ovalus, Bacteroides thetaiotaomicron, Bacteroides
uniformis, Bacteroides eggerthii, and Bacteroides splanchnicus.

60.  Use of a pharmaceutical composition of any of claims 1 to 25 or 36 to 53
in the manufacture of a medicament to treat an infection caused by a gram-negative
anaerobic bacteria.

61.  Use of a pharmaceutical composition of any of claims 1 to 25 or 36 to 53
in the manufacture of a medicament to treat an infection caused by one or more of the

following bacteria: Bacteroides fragilis, Bacteroides distasonis, Bacteroides 3452A
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he conposition of claim95, wherein t
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uoroqui nol one is |l evofloxacin. 97. A phar m/alg:seut/ ﬁ

conmposition conprising a soluble conplex of a

fl uor oqui nol one. 98. The conposition of claim?97,
wherein the fluoroquinolone is |evofloxacin.99. A
phar maceuti cal conposition, conprising a solution of
gem floxacin and a taste maski ng agent. 100. The

hoco&%gsn tion of cl al er ei nBt he otz est e e ué(i NG, cteroides
) i STUPy r a?%c"fff’ §co}’ g,  Bacter ’
thetaiotaomicron, Bacteroides uniformis, Bacteroides eggerthii, and Bacteroides
splanchrnicus.

62,  Use of a pharmaceutical composition of any of claims 1 to 25 or 36 to 53
in the manufacture of a medicament fo treat an infection caused by a gram-positive
bacteria.

63.  Use of a pharmaceutical composition of any of claims 1 to 25 or 36 to 53
in the manufacture of a medicament to freat an infection caused by one or more of the
bacteria selected from the group consisting of Corynebacterium diphtheriae,
Corynebacterium ulcerans, Strepfococcus pneumoniae, Streptococcus agalactiae,
Streptococcus pyogenes, Streptococcus milleri; Streptococcus (Group G); Streptococcus
(Group C/F); Enterococcus faecalis, Enterococcus faecium, Staphylococcus aureus,
Staphylocaccus epidermidis, Staphylococcus saprophyticus, Staphylococcus intermedius,
Staphylococcus hyicus subsp. hyicus, Staphylococcus haemolyticus, Staphylococcus
hominis, and Staphylococcus saccharolyticus.

64.  Use of a pharmaceutical composition of any one of claims 1 to 25 or 36 to
53 in the manufacture of a medicament to treat an infection caused by a gram-positive
anaerobic bacteria.

65.  Use of a pharmaceutical composition of any one of claims 1 to 25 or 36 to
53 in the manufacture of a medicament to treat an infection caused by one or more
bacteria selected from the group consisting of Clostridium difficile, Clostridium
perfiringens, Clostridium tetini, and Clostridium botulinum.

66.  Use of a pharmaceutical composition of any one of claims I to 25 or 36 to
53 in the manufacture of a medicament to treat an infection caused by an acid-fast
bacteria.

67.  Use of a pharmaceutical composition of any one of claims 1 to 25 or 36 to
53 in the manufacture of a medicament to treat an infection caused by one or more
bacteria selected from the group consisting of Mycobacterium tuberculosis,

Mycobacterium avium, Mycobacterium intracellulare, and Mycobacterium leprae.

149



WO 2006/125132 PCT/US2006/019351

68.  Use of a pharmaceutical composition of any one of claims 1 to 25 or 36 to
53 in the manufacture of a medicament to treat an infection caused by an atypical
bacteria.

69.  Use of a pharmaceutical composition of any one of claims 1 to 25 or 36 to
53 in the manufacture of a medicament to treat an infection caused by one or more
bacteria selected from the group consisting of Chlamydia preumoniae and Mycoplasma
preumoniae.

70.  The use of any one of claims 55-69, wherein the medicament is an aerosol.

71. The use of claim 70, wherein the aerosol comprises particles having a
mean aerodynamic diameter from about 2 microns to about 5 microns.

72.  The use of claim 70, wherein the aerosol has a mean particle size from
about 2 microns to about 5 microns volumetric mean diameter and a particle size
geometric standard deviation of less than or equal to about 2 microns.

73. A kit comprising:

a pharmaceutical composition comprising a levofloxacin or ofloxacin
solution in a sterile container, wherein the levofloxacin or ofloxacin solution has
an osmolality greater than about 150 mOsmol/kg, and

a nebulizer adapted to aerosolize the concentrated levofloxacin or
ofloxacin solution for delivery to a lower respiratory tract through oral inhalation.
74, The kit of claim 73, wherein the levofloxacin or ofloxacin solution has a

concentration greater than about 35 mg/ml.

75. The kit of claim 73, wherein the levofloxacin or ofloxacin solution has a
concentration of greater than about 40 mg/ml.

76.  The kit of claim 75, wherein the concentration is greater than about 50
mg/ml.

77. The kit of claim 73, wherein the concentrated levofloxacin or ofloxacin
solution has a permeant ion concentration from about 30 mM to about 300 mM.

78.  The kit of claim 77, wherein the permeant ion is chloride or bromide.

79. The kit of claim 73, wherein the levofloxacin or ofloxacin solution has a
pH from about 4.5 to about 7.5.
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80. The kit of claim 73, wherein the levofloxacin or ofloxacin solution has a
pH from about 5 to about 6.5.

81. The kit of claim 73, wherein the levofloxacin or ofloxacin solution has a
pH from about 5.5 to about 6.5.

82.  The kit of claim 73, further comprising a mucolytic agent.

83.  The kit of claim 73, wherein the osmolality is from about 200 mOsmol/kg
to about 1250 mOsmol/kg.

84.  The kit of claim 73, further comprising a taste masking agent.

85.  The kit of claim 84, wherein the taste masking agent comprises citrate or
ascorbate. '

86.  The kit of claim 84, wherein the taste masking agent comprises a
sweetener.

87.  Thekit of claim 86, wherein the sweetener is aspartame or sucrulose.

88. The kit of claim 86, wherein the sweetener is a mono- or di-saccharide.

89. The kit of claim 88, wherein the taste masking agent is lactose, sucrose, or
dextrose.

90.  The kit of claim 84, wherein the taste masking agent is a divalent cation.

91.  The kit of claim 90, wherein the divalent cation is calcium or magnesium,

92.  The kit of claim 73, wherein the nebulizer operates by ultrasonic
atomization.

93.  The kit of claim 73, wherein the nebulizer operates by hydraulic
atomization.

94.  The kit of claim 73, wherein the nebulizer is comprised of a vibrating
mesh.

95. A pharmaceutical composition comprising a fluoroquinolone in a dry

powder form that is adapted for inhalation using a dry powder inhaler.

96, The composition of claim 95, wherein the fluoroquinolone is levofloxacin.

97. A pharmaceutical composition comprising a soluble complex of a
fluoroquinolone.

98.  The composition of claim 97, wherein the fluoroquinolone is levofloxacin.
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99. A pharmaceutical composition, comprising a solution of gemifloxacin and
a taste masking agent.
100.  The composition of claim 99, wherein the taste masking agent is citrate or

ascorbate,
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