21 JUL 2006 | NFECTI ON- RESI STANT MEDI CAL DEVI CES CROSS REFERENC%@TO RELATED

APPLI CATI ONS This application claims the benefit of U S pidvlil¥al patent
application Serial No. 60/380,656, filed May 15, 2002, and U.S. provisional
patent application Serial No. 60/350,767, filed January 22, 2002.
BACKGROUND OF THE I NVENTION Field of the Invention The invention rel ates
generally to prohibiting mcroorgani smlinfection associated wth inplanted
medi cal devices. In particular, the invention relates to the use of
oxazol i di none conmpounds such as linezolid to prevent nedical

devi ce-associ at ed i nfINFEOTEHON-RESIS T ANTOMEDICAAL IRN¥MICES hnol ogy | npl ant abl e
nmedi cal devices made of bionmaterials (i.e., biologically-conpatible

materials known {0 e R ENCE T REATED UPPERCATYONS Pol yreric, or

ceramic materials) —are requenﬁy use or treatnent of a variety of human
rfaces of

di seases and ot her .conditjons G o m cr.oor.gani sns .,on.the s
such medi cal HusARRlcaRen ¢laimsige bane r??&ﬁé-d?@“ﬁ‘ee a’é"tq"zP‘Ble%BPl}gFﬂ#jr equent |y,

but can.pr r n I L Gadk | i@stion'Sgidi ri ng renoval
or repl J@%%@Wb@t ﬁiewmn%( g%?ggﬁbé&fgfghﬁo%%%?gﬁgﬁﬁ ggtea?trrg)r?t of secondary

i nfecti MRH0/3BOVETC fiked Tameirg2per002d material s and surgical techniques
coupled with the denographics of an agi ng popul ati on suggest an i ncreasing
demand for inplantable nedical devices over the next several decades.

| npl ant abl e devi ces i ncl BACKGROVMNORTHENVENTION t hopedi ¢ appl i ances,
stents, catheters, guidewres, shunts (e.g., henodialysis shunts or

cer ebr og8pjaals thE ¥ enkionP’ OSt heses (e.g., prosthetic heart valves or
prost he , cardi ac pacenakers, neuronal stinmulators, and vascul ar

grafts. HoweVEhe inventignaelates generaly taprobibiting micreorganismfinfeiionasa@isted devi ces
Is the rigk,of. microhia rowmh on_ th | omat er i al ] Gr.oles, such as
bact eri a¥1 anlaliﬂﬁﬁmf@?ﬁ ,c%%ﬂamgfa&%%@gﬁwrbﬁiat%#P é@% 'lg%cn“*s}‘,9 such as

ost eony g 'a&&lgdin hiid fuch@s DR lidtoPreet metiehl dev{cRtissided Bifectionslr
despite the 1 JUL 2006

Description of Related Technology
Implantable medical devices made of biomaterials (i.e., biologically-compatible

materials known to those skilled in the art, such as metal, polymeric, or ceramic materials)
are frequently used for treatment of a variety of human diseases and other conditions.
Growth of microorganisms on the surfaces of such medical devices following implantation
occurs relatively infrequently, but can produce serious and costly complications, such as
requiring removal or replacement of the implanted device or vigorous treatment of
secondary infections.

Advances in engineered materials and surgical techniques coupled with the
demographics of an aging population suggest an increasing demand for implantable medical
devices over the next several decades. Implantable devices include, for example, sutures,
orthopedic appliances, stents, catheters, guidewires, shunts (e.g., hemodialysis shunts or
cerebrospinal shunts), prosthéses (e.g., prosthetic heart valves or prosthetic joints), cardiac
pacemakers, neuronal stimulators, and vascular grafts. However, a major limiting factor in
the use of implantable devices is the risk of microbial growth on the biomaterials by
microbes, such as bacteria, to form biofilms, which may cause serious infections, such as

osteomyelitis, endocarditis, or septic shock. Such infections can occur despite the



2 prophylactic adm nistration of antibiotics in inplantation surgery, which
has becone standard practice for such surgeries. Cbnsequent@m,ﬂﬂf@mptive
treatment of infections often necessitates the renoval of the 1 nplanted
device. Accordingly, there is a need for inproved nethods for prevention of
medi cal device-associated infections. 3 JUL -3 SUMVARY OF THE | NVENTION In
general , the.invention relates_ to.nethods of, preventing infection associated
with metR lacgﬁgmgﬁinopﬂk%ﬁ@f’%ﬁ igdepiantation SUTRSFY MEch bastheeome, f ace of
t he devigGSdar %ﬂk?&ﬁ%?ﬁge{i‘é&em of the present invention, a nethod for

| esfPst an

preparing an ntectiron-r t nmedical device for use within a human or

ani mal body iCunkeqbestly, kffest aPaeatMentfanieofiott cheRBdE&ditatdSiieG8maval of the
|ncorp0[at|ngﬂan ef fective anmount of an antim crobial agent conprising an

oxazol i inplanteddsiviseu Agcondingly, herenisia nedd farinmprovedumethods for preventionofr aspect
of the hﬁ%ﬁ%%ion a nmethqd pof .inhi biting adherence of bacteria to a nedical
devi ce i ggwpeﬁgssggg 1E)‘?Iﬁvi ding an antibacterial agent conprising

| inezolid, or a pharnaceutically acceptable salt thereof, and incorporating
the antibacterial agent into the nedical device. According to still another
aspect of the invention, a method of inhibiting bactferial adherence to an

i npl ant ed nedi cal device includes the steps of inplanting a nedical device
in a human or ani mal body, and applying an antibacterial agent conprising an
oxazol i di none, or a pharmaceutically acceptable salt thereof to the

i npl anted nedi cal device. According to yet another aspect of the invention,
a nethod of inhibiting bacterial adherence to an inplanted nedi cal device

i ncludes the steps of adm nistering a pharmaceutical conposition conprising
an oxazol i di none, or a pharnaceutically acceptable salt thereof, to a
patient in need of an inplanted nedical device, and inplanting a nedical
device in the patient.



According to a further aspect of the invention, a nedical device resistant
to mcrobial adherence for use within a human or ani nmal bgfgepmﬁggldes an

ef fective amount of linezolid, or a pharmaceutically acce e salt

t hereof . These and ot her aspects and advantages of the invention will be
apparent fromthe follow ng detailed description. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. | is a graph ill ustrati_rgg. ef fects of subinhibitory
concentrations (less than the mninmuminhibitory concentration) of

| i nezolid and vancomyci n on adherence of S. aureus UC-20205 to pol ystyrene

surfaces; 1 JUL 2006 -4 ki ' mmgj‘ ting effects of

subi nhi bitory concentrati§W?n‘ng‘o 1d an N\r;glagorryci n on adherence of S.
aur eus UC- 20BDriefal plk ilextienelaey thassthodsFofgrentisg mfeptiplassaciatet withi ng
effects of subinhibitory concentrations of |inezoli 9 and , vanconyci n on
adher ermedishl tE.w@pTDN@ﬂln%@msbwlmzdhefﬁbc%@I%%‘W@ﬁ@ thedexicts: Fig. 4 is a

hillustrati ffect bi nhi hi.t A ' A l'id d
Vanconyci n- oACeRITEIR P 3P oY RER i tentill HSRRbA 301 Appart an 0°CT 0 2

Fig. 5 ﬁjgecgiﬁgrr@ﬁ&aﬁﬂ hEBENAe VR0 ffifse WithiPh himhah b hklidabbodycinokdes thetstepss of

| i nezol vanconyci n on adherence of S e;)i derm dis RP62A to,

pol yst ysppevititg aardicaFigydce 4-iizoaporatingan effectiveamount ofi ayasgmignebiak howi ng

m crocol oni es of S. aureus, B UC 20205 adherent to oleystyrene surface: (A
noni nf eagesd compANBE an O dmepe eemp m%&@&‘@ﬁrfl&“f ‘(C) infected culture

treated with ,ineazoli - Lk : vetRSFof inkibitinpf AAGERAces t Ur e
treated wt h’\?&%@%@%ﬁ%&%ﬁsé‘%ﬂ%ﬁw‘ﬁ%&%@e and fFi gs? A- D are scanni ng
el ect r opactigd PH MBHiSaldevive iaclides the by vfamovitling, an anfibattenmldgentRP62A adher ent

to a polystyrene surface: (A) noninfected control; éld'.nf ected- nontreated
cont r ol coragising finezodid, exa pmaﬁwaﬂédammblei%ﬂﬂm(fs BAYPPBEIRENS he WC;

Flg. & smommeioptpuet pd BRERRIBPASE, of fect s of prophyl actic and del ayed
treatments —WbGdidielodRifiltinbthet gggal oftRe Rivesticiy agnhethdtbof inhibitiip®)actemiil
subtlimapeutic (one-half the NUC) i ) . .

adherence to an implanted medical device includes the steps of implanting a medical device

in a human or animal body, and applying an antibacterial agent comprising an

oxazolidinone, or a pharmaceutically acceptable salt thereof, to the implanted medical

device.

According to yet another aspect of the invention, a method of inhibiting bacterial
adherence to an implanted medical device includes the steps of administering a
pharmaceutical composition comprising an oxazolidinone, or a pharmaceutically acceptable
salt thereof, to a patient in need of an implanted medical device, and implanting a medical
device in the patient.

According to a further aspect of the invention, a medical device resistant to
microbia! adherence for use within a human or animal body includes an effective amount of
linezolid, or a pharmaceutically acceptable salt thereof.

These and other aspects and advantages of the invention will be apparent from the

following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph illustrating effects of subinhibitory concentrations (less than the
minimum inhibitory concentration) of linezolid and vancomycin on adherence of S. aureus .
UC-20205 to polystyrene surfaces; |



concentrations of linezolid or vanconycin on staphyl ococcal adh nce to

pol ystyrene surfaces as detailed in Table 4. Fig. 9 shomSZdeb%@ of the
inhibitory effects of prophylactic and del ayed treatnments wth NUC and
sub-NUC (one-half AEC) |l evels of linezolid or vancomycin on staphyl ococcal
adherence to polystyrene surfaces as detailed in Table 5. Significant
differences from control are indicatedl-by an asterisk (* = p<0.05). Fig. 10

shows scanni Fip, ligqt Zgrami ilTh it pests @F SibHib claﬁc&infaﬁswoﬂine%ﬁmﬂud actic
(0 h) and del ayed ( 4 4, and 6 h) treatnenfs with | of finezolid

(one- haivancllsimy):nmna&awedéSmmmm%ﬁcmpdwsﬂymmemfmﬂsarent to the
surface of poly rene.t jing el ectron m grographs. showi ng
the effects §¥g grlg r p&m@@gq@c m@ﬂ@éﬁangﬁw(@nﬁpnmnﬁns ezokd and

t r eat ni I pi derm di s
RPoan i °]3{ri?%§ i h’é’?é‘%tg SHlaca SQQQQ@*‘?&&F@&%P%@“% jut 2006 -5
DETAELED DESER. @ik @Mrigh 1ﬁhlﬁxdﬂii§5ﬁ‘éht%f suBiAHiBitong d@ﬁﬂ&ﬂmﬁbﬁs of lﬁie%&ﬁd ahd

synthetic antibacterial agents.” Oxazol i di none “conpounds are known in the

art. | nvm@mwmaﬂmw; OﬁﬂaGRJHMIMhE-EWMWG swrfages;he for rrul a: R3
= struct ure 18515 agrREh GRRTng Ceeis O ppia blory Coneitrgions of inetolig a8 |\
vancomycin on adherence of S. epzderm:dw RPG62A to polystyrene surfaces;

Figs. 6A-D are scanning electron micrographs showing microcolonies of S. aureus
UC-20205 adherent to a polystyrene surface: (A) noninfected control; (B) infected-
nontreated control; (C) infected culture treated with linezolid at one-fourth the MIC; and
(D) infected culture treated with vancomycin at one-fourth the MIC; and

Figs. 7A-D are scanning electron micrographs showing microcolonies of S.
epidermidis RP62A adherent to a polystyrene surface: (A) noninfected control; (B) infected-
nontreated control; (C) infected culture treated with linezolid at one-fourth the MIC; and
(D) infected culture treated with vancomycin at one-fourth the MIC.

Fig. 8 shows graphs of the inhibitory effects of prophylactic and delayed treatments
with therapeutic (equal to or greater than the MIC) and subtherapeutic (one-half the MIC)
concentrations of linezolid or vancomycin on staphylococcal adherence to polystyrene
surfaces as detailed in Table 4.

Fig. 9 shows graphs of the inhibitory effects of prophylactic and delayed treatments
with MIC and sub-MIC (one-half MIC) levels of linezolid or vancomycin on staphylococcal
adherence to polystyrene surfaces as detailed in Table 5. Significant differences from
control are indicated by an asterisk (* = p<0.05).

Fig. 10 shows scanning electron micrographs exhibiting the effects of prophylactic
(0 h) and delayed (2 h, 4 h, and 6 h) treatments with 1 pg/ml of linezolid (one-half MIC) on
S. epidermidis RP62A microcolonies adherent to the surface of polystyrene.

Fig. 11 shows scanning electron micrographs showing the effects of prophylactic (0
h) and delayed (2 b, 4 h, and 6 h) treatments with 1 pg/ml of vancomycin (one-half MIC) on
S. epidermidis RP62A microcolonies adherent to the surface of polystyrene.



B is selected fromcycloal kyl, substituted cycl oal kyl, cycl zal 'h'ﬁtnmqﬁ
substituted cycl oal kenyl, aryl, substituted aryl, het and s#ébs uted het,

or B and one R3 together, with the phenyl carbon atons to which B and the
one R3 are bonded, forma het, the het optionally being a substituted het;
X is a group selected from-CH2-NH C(OL-R4, -CH2-R4, and -CH Y-R4; Each Y
Is 0, S, or -NH; Each of R and R2 iS§*i'nde endentlé selected fromH, -OH,

am no, al kyl, al koxyDETAILEDDESCRIFTION NBION ut ed al kyl ,
bstituted alkoxy, and subsiituted,al.kenwl :. Each hs. i dent |
el scted {1 ool fiRgHeS & B ol SLBLS RppPactsel filknl” ORmblBRBE e o by

substit : | t Nalo ' p&mrﬁ@ntly

sel ect e%Bﬁggﬁl@gfwﬁﬁgwéllﬂ§ﬁcgﬁ%@?ﬁ%ﬁ&%&gﬁ@b g?fmxy, substituted
al koxy, hav&theyformeldpstituted al kenyl, cycloal kyl, substituted cycl oal kyl,
cycl oal kenyl , substituted cycl oal kenyl, het, substituted hK aryl, and
substituted aryl. The foll ow ng defRnitions are used, unless otherw se
descri bed. The carbon atom content o ari ous hydrocarbon-contai ni ng

noi eties is indicdted by a prefig-d¢siyrati ng the myni mum and maxi mum
nunber of carbon atons in the moietyy»>=21 JWL 2006 -6 i.e., the prefix G -j
I ndicates a noiety of the integer "g, to the integer "j" carbon atons,

i nclusive. Thus, for exanple, Cl.7 a? kyl refers to alkyl of one to seven
carbon atonms, O inclusive. The term'jhalo" refers to a hal ogen atom
selected fromd, Br, |, and F. The term"alkyl" refers to both straight and
br anche ¢y @lyNatinsBeutédlsSaccspthlss Salt thefsof wheseimpeci fical |y stated al kyl

noi eti es include betwéen | and 6 carbon atons. The term "kl kenyl" refers to
bot h strai ghtA issmstrusharedHiaducdrd¥n noi eti es containing at |east one -C=C-.
Unl ess otherw se specifically stated al kenyl noietieg include between 1 and

6 carbon atons. The trﬂm"al kynyp" refers o both stpai ght- and
br anched- chai n noi ety/sQcont al\nrl'rll*g) \EI :0

i i il v

=]

B is selected from cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, aryl, substituted ary}, het and substituted het, or
B and one R; together, with the phenyl carbon atoms t6 which B and the one
Rj are bonded, form a het, the het optionally being a substituted het; |
X is a group selected from —CH;-NH-C(O)-Ra, -CHz-Ry, and -CH;-Y-Ry;

Each Yis O, S, or -NH-; _

Each of R; and R; is independently selected from H, -OH, amino, alkyl, alkoxy,
alkenyl, substituted amino, substituted alkyl, substituted alkoxy, and substituted alkenyl,

Each R; is independently selected from H, alkyl, alkoxy, amino, NO,, CN, halo,

| substituted alkyl, substituted alkoxy, and substituted amino; and

Each Ry is independently selected from H, -OH, amino, alkyl, substituted alkyl,
alkoxy, substituted alkoxy, alkenyl, substituted alkenyl, cycioalkyl, substituted cycloaikyl,
cycloalkenyl, substituted cycloalkenyl, het, substituted het, aryl, and substituted aryl.

The following definitions are used, unless otherwise described.

The carbon atom content of various hydrocarbon-containing moieties is indicated by

a prefix designating the minimum and maximum number of carbon atoms in the moiety,



at least one -C/ C. Unless otherwi se specifically stated allcy nopi eties

i ncl ude between | and 6 carbon. atons. between | and 6 carbdd ﬂi/lolgﬂﬁ The term
"al koxy" refers to -0-al kyl groups. The term"cycloal kyl" refers to a cyclic
al kyl moiety. Unless otherw se specifically stated cycl oal kyI noieties wll

I ncl ude between 3 and 9 carbon atons..ghe term "cycl oal kenyl " refers to a

| ' t | kyl
o et | o e prefibCs pidicas F8i) DY REeer §6\hi iftdek oI OH AlHELOD. Y
group vinthisive: husfor examplaC; ﬁmqatreﬂemmamwefon@foeereseﬁ éarbmoﬁﬁe term

"aryl" refers to phenyl, phenyl, and maphthyl. The term "het" efers to
nono- omcb!ﬁ"@ycl ic ring systens containing at |east one heteroatom sel ect ed

fromO, S, a . " o-cvelic ri be_.aro urated, or
partially unig?ﬁér"&% Eg%fstgé&alocgepi %é@é‘i‘%&#ﬂﬁ&&h&ﬁ;aﬁg mono- cycl i ¢
ring contai NTR@terd "ali8AStef@f bisth S8 9%&3@%@&&&&&&1 gaUﬁxéssor aryl
group. A bi-cychc ring system may SO | nc e a nono-cyclic ring

cont ai nothgrvise smﬁicaﬂyetalmltﬁqdmImdeUﬂﬂddd\béthm(btahd6 cafbion atoragio- cychc ring

system Examﬂaes of "het!” ipclude, but are not fimted to, pyridine,
t hi ophene, f il PaiFm™ 'glkeaykireige o both Mﬁeﬂndzbrawhedthw@npgﬁwmnmmqm. dyl ,

2-pyring _yrl I, i@ ridazin azi nyl ,
3- pyrazF%erﬁLZC%g 2- %@d&ﬂo y SpgghW%P]hﬂWrBﬂﬁﬁ Hné*u,ﬂeﬁg ol yl,
4-1 soxagm@l ¢ barbon etomsazol y], 3-pyrazolyl, pyr azol yI 5-pyrazol yl,

2-oxazol yl, 4-oxazol yl, 4 0X0- 2- oxazonI 5 oxazol 1, 2, 3- oxathlazole

1, 2, 3- oxadi aIBHme Al oefem tahottlestraight- andkranc tmnmoauasoomamam e,

2.t hi az | t hi.azol 2 1.0 -7 i azol e
4-i sot hﬁag‘ 5t gne ‘5& @Bmﬂﬁ%‘?‘hﬁ“@sﬁwéﬁf@ gﬁ%ﬁﬁﬁ%y? aﬁécq'ﬁvmvehw 2-
pyrrol y k¥ R 'c‘éﬁuﬁo' 431 sopyrrol yl, '5 i sopyrrolyl,

, 2, 3, -é)%(da?hl azlglgigwlls pgﬂ%ﬁ@%ﬁ@ - gi%él azol -3-yl, 1,2, 4- oxadi azol -5-yl,
5 oxo-1, 2, 4- E‘hathrmz'talkdiyyrqfer&x&—@-alhylegibmol -3- yl, 1,2,4-thiadiazol -5-yi,
3-oxo-1, 2, 4 | adi gzol k 1,3, 4-thiadiazol -5-yl . 2-o0xo-1, 3, 4-
Chi adi azol - 57t ferm yaiogy Zefersdoya cyckic alkyl mojisty] Unlsss otherwise specifically

1,2,3, 4ghh %ﬂiyyﬁlolélegw fHlcklde bitween 3 and 9 carbon atoms.

The term "cycloalkenyl” refers to a cyclic alkenyl moiety. Unless otherwise

specifically stated cycloalkyl moieties will include between 3 and 9 carbon atoms and at
least one —C=C- group within the cyclic ring,

The term "amino” refers to —NHo,.

The term "aryl" refers to phenyl, phenyl, and naphthyl.

The term "het" refers to mono- or bi-cyclic ring systems containing at least one
heteroatom selected from O, S, and N. Each mono-cyclic ring may be aromatic, saturated,
or partially unsaturated. A bi-cyclic ring system may include a mono-cyclic ring containing
at least one heteroatom fused with a cycloalkyl or aryl group. A bi-cyclic ring system may
also include a mono-cyclic ring containing at least one heteroatom fused with another het,
mono-cyclic ring system.

Examples of "het" include, but are not limited to, pyridine, thiophene, furan,
pyrazoline, pyrimidine, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-
pyrimidinyl, 3-pyridazinyl, 4-pyridazinyl, 3-pyrazinyl, 4-0x0-2-imidazolyl, 2-imidazolyl, 4-
imidazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 3-pyrazolyl, 4-pyrazolyl, 5-pyrazolyi,
2-oxazolyl, 4-oxazolyl, 4-oxo-2-oxazolyl, 5-oxazolyl, 1,2,3-oxathiazole, 1,2,3-oxadiazole,
1,2,4-oxadiazole, 1,2,5-oxadiazole, 1,3,4-oxadiazole, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 3-



| sot hi azolyl, 4-isothiazolyl, 5-isothiazolyl, 1,3,4,-oxadiazole

4- oxo-2-thiazolinyl, 5-nmethyl- 1,3,4-thiadiazol-2-yl, thlazoﬂédﬁBN@%
1,2,3,4-thiatriazole, 1,2,4-dithiazol one, phthalinide qui nol i nyl ,

nmor phol i nyl, benzoxazoyl, diazinyl, triazinyl, quinolinyl, quinoxalinyl,
napht hyri di nyl, azetidinyl, pyrrolidinyl, hydantoinyl, oxathiolanyl,
dloxolanyl i m dazol i dinyl, and azabi-dyclo[2.2. 1 Jheptyl. The term
"subst i t,gﬁtﬁﬁz@ib k4risothigdode, S- 1t';0thﬁi20IitL R fbranyli, 84fyranpl; Rethienyl, -thlenylbg-t i tuents

sel ected from hal o, bet cycl oal k_y cI oal keny ar
- S( 0) 2Qp@rrolyd( Bpwralyl, Tsepyrralybd ,é-@;aﬂ%qmlde,

‘4944 %ﬁ%@%@@g@@@ azs@?(ﬁ@ &71%9}5%%%%1& &k fyindipzel-3-

-5(0) 2 thiNd NP ARAF-3.y1; NO4othiddiazol-H3E, 2-6x6k1,3,4NQ, 0Q o.
Each of heg‘g-et % -éll k%ﬁ éycl oal kenyl , and aryl bgl %mopt i onal | y

substit uhjadlazu\h-s-lyl 142, 4 ttistal Buyint 2, 4-mideglefyk A2, ?y4etewol-éfy ,f&-omméylé-and Q1L5,
;rgleegreg]SOSUbStltUted éa/yés-{sgfers ldgg@g&@q@? %C%PO? i.n h é(sjlﬁ%igtuents
S e A kM D s R IR g 02 ©

- NQ OS( Ogu2fdifayl, IMB&&IQ)@ SenzoRiG G5 MazinyN@azinINQinGkinyl aduigdxalingh bst i t ut ed
al kyl, bet, halo, cycl oal kyl, cycloalkenyl and aryl. The het cycl oal kyl,

cycl oal kuaphthyridinyl,aazetidinyd, mgm]bdwhéwﬂgmgmbwm@m digxalamylg ybst i t uent s
| ected f. al d bstituted bet f t bet
o oty | ARy ﬁaﬂ@aﬂ%w‘zé%’slhw cts od from o090 SO0 -9(0)5aQ
- ?:E 3 SQ? %@%@ubsﬁ%tw k C( O) C( 2 )lgxooxe l-ﬂlﬁk@l@nts C(S) A o,
- NQ 0C( Qeloted frduhalo; Bpt\Cyalpaikyl; & OC&@ &m- Qe DRI Qo

cycl oal KOO G S0 Q@ym@b ) Gu Eose GRSl “and
o e BR(GR: AROMQTIER -HEICQYOLB)G0 N 0] tNQ%&t(e»Q?od from hal o
NQ1C(O)NQ10Q10, ~S(0)2NQ10Qi0, -NQ10S(0)2Q10, -NQ10S(0)Qu0, -NQ165Qi0, -NO, and
-SNQQio. Each of the het, cycloalkyl, cycloalkenyl, and aryl being optionally substituted
with 1-4 substituents independently selected from halo and Q. .
The term "substituted aryl" refers to an aryl moiety having 1-3 substituents selected
from -OQsg, -SQ10, -5(0)2Qu0, -S(0)Qu0, ~08(0)Qu0, -CENQ10)Quo,
© -8C(0)Qi10, -NQ10Qu10, -C(0)Qi0, -C(S)Quo, -C(O)OQ10, -OC(0)Quo,
-C(O)NQ16Qi0, -C(O)C(Q16)20C(0)Qug, -CN, -NQ10C(0)Qi0, -NQioC(O)NCQ1oQuo, -
S(0):NQ10Q10, “NQ10S(0)2Q10, -NQ16S(0)Q10, -NQ10SQi0, -NO3, -SNQi10Quo, alkyl,
substituted alkyl, het, halo, cycloalkyl, cycloalkenyl, and aryl. The het, cycloalkyl,
cycloalkenyl, and aryl being optionally substituted with 1-3 substituents selected from halo
and Qs.
The term "substituted het” refers to a het moiety including 1-4 substituents selected
from -OQ10, -SQ10, -S(0)Q10, -S(0)Q10, ~0S(0)2Q10, -C(=NQ10)Q10, -SC(O}Q10, -NQuoQio,
-C(0)Qis, -C(S)Qi0, ~C(0)YOQu0, -OC(0)Qu0, “C(OINQ10Quo0, -C(O)C(Qie)20C(0)Qu0, €N,
=0, =8, -NQ1:C(0)Q10, -NQ1cC(OINQ:0Q10,
-S(0)2NQ10Q10, -NQ108(0)2Q10, -NQ10S(0)Q10, -NQ10SQig, -NO2, -SNQ10Qi0, alkyl,
substituted alkyl, het, halo, cycloalkyl, cycloalkenyl, and aryl. The het, cycloalkyl,




The term "substituted al kenyl" refers to a al kenyl nmoiety including 1-3
substituents - OQ O -SQO -5(0)2Q0 -S(OQQ -05(0~Q O 72-1CiH! b)Q o,
-S(QQo, -NQoQo, - (OAQo, -HYQAN -G OO o, -C(OQQo, -AONQ 0Q o,
-0 C(Q6)20(0 Q0 -CN, =0, =S -NQIOC(O)QIQ -NQ OC(O) NQ O G,

- S(0) 2NQ oQ o, NQ|OS(0)2QIO NQoS(O) 0, -NGQ oSQ 6- N4, -SNQIoQo al kyl ,
substituted al k het, hal o, cI oal cl oal kenyl, and ar The het,
cycl oa|qy910a1keayﬁ|an@m@zh9mg oah@n wubﬂzetﬁtegva 1ér$abwu§%§q1¢qteﬁ éemvml% 1-3
substltatngrtgs selected fromhalo and QL5. The term "substituted al koxy"
refers ¥* al koxy noiety including 1-3 substltuents - OQ|O SQ|O

-S(0)2Q O, Ogy ) NG BRtsen
(0 Qo, q%‘g"% °Q oﬁﬁg“i e e e e &

% os( E)S M @-S(?\IC) OS((O GQ(ﬂ\TQw}e(DQ)s bsto{&tegc?i al k I(O)hgt
, u Itu
hal o, b?&ho,kﬁN%Qiy,cC&Q)Q@wyt r??o)]%wam cycl oal kyl , Y

cf eor R PIGIOREOCTOR &@%ﬁpﬁ%%ﬁ’é@%t’%@aﬁ%ﬂ&? cony~ rorers to
2 _CYC! BYORNG08) R0 ISI0} B THQIStO)QUP OISR mo@%ﬂqloééscg ,5(0)2Q1 0

C( S)a mbsﬂﬁtﬁﬂ)mlohet, ludo,@ycloalkyl, cyclonliicoy), end aryl( Thehat 2030}

NG os( SR Ty %@%ba@u@@ﬂﬁs@%@?%%ﬁeﬂwet,

hal o, %&fdbgal kyl, cycl oaI kenyl, and aryl. The het, cycl oal kyl, cycl oal kenyl
and ary optionally substituted with 1-3 substituents selected firom
hal o and QlSThé' t‘eemt'hulmtitmwalknky'fieﬁd-smmmmtkoxpﬁmetyimhahngm&nmbmmtp in

%0 q%@%‘@% mrend %ﬁ%@(s%% NG, 00O NG 0, o

aIS§<O) 2NE IG)WQX@ Q:N; %N%Pﬂ@hq@)%, -NQIGG@)NQWW - SNQ 0Ql (6
yl, substituted cl oal k cycl oal ken
~8(0):NQ10Q10s -NQioS(O)sz, 'NQIOS(O) 105 -NQloSQlo. , =SNQio 10, alkyl,
substituted alkyl, het, halo, cycloalkyl, cycloalkenyl, and aryl. The het, cycloalkyi,
cycloalkenyl, and aryl being optionally substituted with 1-3 substituents selected from halo
and Q;s.

The term "substituted cycloalkenyl” refers to a cycloalkenyl moiety including 1-3
substituents -OQo, -SQ10, -S(0)2Qia, -S(0)Qi0, ~O5(0)2Qi0, -C(=ENQ10)Qi0, -SC(O)Qi0, -
NQ16Qi0, -C(0)Qio, -C(S)Qu0, -C(OYOQuo, -OC(0)Q10, C(OINQ10Quo, -
C(0)C(Q16)20C(0)Qu0, -CN, =0, =8, -NQ10C(0)Quo, “NQ10C(OINQ16Q0, -S(0)2NQioQuo,
-NQi105(0)2Qi0, -NQ10S(0)Qi0, -NQ10SQi0, -NO, -SNQ10Qi0, alkyl, substituted alkyl, het,
halo, cycloalkyl, cycloalkenyl, and aryl. The het, cycloalkyl, cycloalkenyl, and aryl being
optionally substituted with 1-3 substituents selected from halo and Q;s.

The term "substitnted amino” refers to an amino moiety in which one or both of the
amino hydrogens are replaced with a group selected from -OQio, -SQio, ~S(0)2Qio0, -
$(0)Qi0, -05(0)2Qu0, -C=ENQio)Qu0, -SC(O)Qi10, -NQ10Quo, “C(O)Qu0, -C(S)Quo, -
C(0)OQi0, -OC(0)Qup, -C(OINQ10Qi0, -C(O)C(Q16)20C(O)Q10, -CN, =0, =5, -
NQ16C(0)Qio, -NQ1¢C(O)NQi10Qi0, -S(0):NQ10Q10, -NQ16S(0)2Qu0, -NQ1oS(0)Qio, -
NQ10SQi0, -NO,, -SNQ10Qi0, alkyl, substituted alkyl, het, halo, cycloalkyl, cycloalkenyl,




2 1 JR 2006 -9 and aryl. The het, cycloakl, cycloal kenyl, and aryl being
optionally substituted with 1-3 substituents selected fi nﬁLZ gnd QL5
Each QL0 is independently selected from-H, alkyl, cycloaIE£1

cycl oal kenyl, and aryl. The bet, cycloal kyl, cycl oal kenyl, and aryI bei ng
optional Iy substituted with 1-3 substitucrits selected fron1ha|o and QL3.
Each Q10 is independently selected fram-H halo, alkyl, aryl, cycloal kyl,

and het omka,q: aﬁ-mg-y ﬁiww&hhsjgl t ut ed
with 1- s\,;xd %_gst It iﬁ%c&ai n e’%ghgenﬁ%} sel ecpgédm% om ha gﬁ&fi : -CN, =S, =0,
and Ql%uﬁﬁﬂheﬁﬁBeleéted fidepkaldamt Qys. sel ect ed fromQll, -OQ1I, - SQ| l,

i gg 8 2Q?lI C S%olls @%Q lde@% oy JH Qh@} @y&%\%@%& cycl}IQalLt%yl and
S(0) o e eyl oiienyl gl By Pl S PR 3T .

Each bkﬁtueﬁ!sgéle&e&‘ﬁ%?ﬁhiw‘ﬂﬁﬂ 2l ected fromal kyl, cycloalkyl,
cycl oal kenyl, phenyl, or naphthyl, each Ft i onal l{ substituted wi t h 14

substit uent sanir@pasndnlepbl;deaﬁy mleateﬂ frb arykrcycloalkyband het.sq16,

-S(0)2Q16, -S(O 0 S),A.6 C(O 6,

oo, - Breglioh siysyeloalion. %qé%awgu‘ﬂaﬁbfs%r@}t%@@a@ RgEBieoiior ot 6, and
6S | b furth

opt oncbE ﬁsntﬁh%@f%ﬁ%%%o N e Ty ey oakl

cycl oal keny| EadteQ3 whﬁlt)bbndeﬁﬂyﬁﬂéﬂwﬂbm Qﬁchnt+SQ1@|-S(O)szbs$(G)Qled with 14

substituents independently selected from - 81 g ]C 0&% - SQ16,

- S( O)ZQ@S(O}:QQO)' BNQnI0 S Q. NQukd 9-@(@) nséz( %16‘ ( o6,

- G0 & PP SENTR ARG B QiR NI O ancteq

NQLE S( ONi Nﬁ@i’@ 89QL8(0 NSO NDASQTH NGk Jand,
CyC10al kaq an f O&en?/llldﬁzél ng flgr%zggr% ogsﬁgnaUy -gt%st?tlut ed with =0 or

=S. EaciSN@Qis lndependently sel ected from-1-L al kyl, and cycloal kyl. The
al kyl and Each Qy4is —H or a substituent selected from alkyl, cycloalkyl, cycloalkenyl,

phenyl, or naphthyl, each optionally substituted with 1-4 substituents independently selected
from -F, -Cl, -Br, -1, -OQié, -SQis, -S(0)2Qus, -S(0)Qis, -08(0)2Qu6, -NQ16Qis, -C(O)XQue, -
C(S)Qis, -C(0)0Qus, -NOz, -C(O)NQ16Q16, -CN, -NQ1'6C(O)Q15, “NQi6C(O)NQ16Q16, -
S(0);NQ16Qus, and -NQ1S(0)2Qis. The alkyl, cycloalkyl, and cycloalkenyl being further
optionally substituted with =0 or =S.

Each Qs is alkyl, cycloalkyl, cycloalkenyl, het, phenyl, or naphthyl, each optionally
substituted with 1-4 substituents independently selected from -F,
-Cl, -Br, -1, -OQi6, -SQi6, ~S(012Q16, -S(0)Qie, ~0S(0):Qu6, -C(ENQi6)Qi6, -SC(O) 16, -
NQi6Qis, -C(0)Qi1s, ~C(S)Qus, -C(O)YOQus, -OC(0)Qu6, -C(OINQ16Qus
-C(0)C(Q16)20C(0)Q16, -CN, -NQ16C(0)Qi6, -NQisC(OINQi16Qus» ~S(0)2NQueQus -
NQ165(0)%Qi6, -NQ16S(0)Qis, -NQ16SQis, -NO2, and -SNQi16Qis. The alkyl, cycloalkyl,
and cycloalkenyl being further optionally substituted with =0 or =S.

Each Qy¢ is independently selected from -H, alkyl, and cycloalkyl. The alkyl and
cycloalkyl optionally including 1-3 halos.

Other examples of oxazolidinone compounds and methods for producing

oxazolidinone compounds may be found, for example, in the following publications which

are hereby incorporated by reference in their entirety.




cycl oal kyl optionally including 1-3 halos. O her exanples of oxazolidinone
conpounds and net hods for producing oxazolidi none conpounds pay)ihelfiound,
for exanple, in the follow ng publications which are hereby incorporated by
reference in their entirety. 2 1 JUL 2906 -10 U.S. Patent Nos. 5,225, 565;
5,182, 403; 5,164,5 10; 5, 247,090; 5, 231, 188; 5,565,57 1; 5,547, 950;

5,952, 324; 5,968,962; 5,688,792, 6,06901:60; 6,239, 152; 5,792, 765; 4, 705, 799;

0 5,043, 4431.8. Fdteht Nk, 5,523355 8.5782 4033163330, 5286B090,5323K18%; 8,568,571,
5,698,574; 6,166, 056; 051, 716; 6. 043, 266. 6,313, 307; and 5,523,403, PCT

| 0515146;95%39&5?4,053968;9@ B6881798:36,03560; 64N B1 5;99@,765%7’05)%991,/ 08904,

App

PCT/ USo &/0AA8S; S 0808 ST 8392%542@8, ag?géiﬁ@éﬁbﬁé@%fgfﬁ%%%ﬁé%s

pCT) Uso o 7aD: S 0Leb B T 78 8, 1o Voo 23788, w0l 54161,
W99/ 29688, WAMM%&Z)&EI&%%SMMSDBMSOVMEQGHG@ W01/ 40236,
W99/ 64417, and W01/ 8 In certain enbod ts, the oxazolidi none can

have t hé’%USWﬁ@M&VQBﬁ@nﬂ PCHUS95/02872, @ORISQSJ;OG,I\F@T&@Q 30992 | di nones

v, cor vEPAb 3 ERTTISS RSB Rl aBR R A PSRRI R AR TS ™"

descri beg1/1596/14135; PCT/US96/17120; PCT/US96/19149; PCT/US97/01970;
PCT/US95/12751, WO96/15130, PCT/US96/00718, W096/23788, WO98/54161,
W099/29688, WO97/30995, W097/09328, W095/07271, WO00/21960, W001/40236,
W099/64417, and WO01/81350.
In certain embodiments, the oxazolidinone can have the following formula:

-

: 0
F
?O
Jepsse
N
AN
OH 0

Oxazolidinones suitable for the invention typically are gram-positive antibacterial
agents. Certain oxazolidinone compounds useful in the invention have been described in

U.S. Patent No. 5,688,792, the entire disclosure of which is incorporated herein by

reference. Other suitable oxazolidinone compounds have the following Formula IT:

! N/ﬁ\ | f
>—1£m L(/N\/C\R

R6

or is a pharmaceutically acceptable salt thereof, wherein:

nis0,1,0r2;




U S. Patent No. 5,688,792, the entire disclosure of which_is, i § por at ed
herein by reference. O her suitable oxazolidinone corrpouﬁds-‘ e the
followng Formula H RSB R6 0 r---(CH7211 R R R6 H or is a
pharmaceutically acceptable salt thereof, wherein: nis 0, 1, or 2; 2 A 1ttt
Ris selected fromthe group consisting of. hydrogen; 0 Cl-Cs aWoptionally
substituted with one or nore substituents selected fromthe group
consisting of F, O, hydroxy, Cl-C8 al'kgxy, CI-Cs acyloxy, or CH2-phenyl;
C3-C6 CYC OaRHS(BQICCtm;lg@E[%ECSP?lWﬂ%ﬁO; Cl-Cg dial kyl anmino; or Cl-CS
al koxy, R at eacﬂﬁg%ence i s independently selected fromthe group

consi sting of H, : , CO2H, COA and (CH2), R10, wherein mis | or 2; e

at each occurrenceg,ics dli6de ﬁml?tshﬁstﬁﬁle&@ﬁmbﬁemmdmmh;timcptscmlestedti ng of H,
F, and d; R7 is H 'except when RL is CH3, then R7 is Hor CH3; R1O is

sel ected f r offofrhthe granpronsistiigef BClobydmx oG -GualkexycR-Gaasylokkcs k, and
N(RL 1)~; and_R1 1 a]E-l each occurrence is independently selected fromthe
group consi ngzgvmy , p- toluensulfonyl, and C-C4 alkyl optionally
substituted with @gg:sq;ycggn&l;subst ituents sel ected

amino;
C,-Cz alkylamino;
C,-C;s diatkylamino; or
C,-C;g alkoxy;
RS at each occurrence is independently selected from the group consisting of H,
CHs, CN, CO;H, CO:R, and (CH,),R'®, wherein m is 1 or 2;

RS at each occurrence is independently selected from the group consisting of H, F,
and Cl;

R’ is H, except when R! is CHa, then R’ is H or CH3;

R'is selected from the group consisting of H, OH, OR, OCOR, NH;, NHCOR, and
NR")z; and

R at each occurrence is independently selected from the group consisting of H, p-
toluensulfonyl, and C;-C4 alkyl optionally substituted with one or more substituents selected
from the group consisting of C1, F, OH, C;-Cs alkoxy, amino, C;-Cy alkylamino, and C1-Cs
dialkylamino.

As used herein, the term "pharmaceutically acceptable salts” refers to organic and
inorganic acid addition salts of the parent compound. Examples of salts useful for the
invention are, for example, hydrochloride, hydrobromide, hydroiodide, sulfate, phosphate,
acetate, propionate, lactate, mesylate, maleate, malate, succinate, tartrate, citrate, 2-

hydroxyethyl sulfate, fomarate, and the like.




fromthe group consisting of d, F, OH C-Cs al koxy, am no, ﬁﬁ%
al kyl am no, and CI-CS dial kylam no. As used herein, the tér\rri
"pharnmaceutically acceptable salts" refers to organic and inorganic acid
addition salts of the parent conmpound. Exanples of salts useful for the

i nvention are, for exanple, hydrochloride, hydrobrom de, hydroi odide,

sul fate, phosphate, acetate, propionat®, |actate, nesylate, nualeate,

mal at e, succinate, tartrate, citrate, 2- hydroxyethyl sulfate, furnarate,
and the like. 1 jut IM -12 One suitable oxazolidinone conmpound having the
structure, Ode stifdblefoxbzdlitindne eompbxd Ievimg the structure,
(S)-N-[[3-[3-fluoro4- (4-norpholinyl)phenyl]-2-o0xo-5-

oxazol i dinyl ] met hyl ] acetanmi de. Il e conpound is commonly known as |inezolid
and has denonstrated particularly effec}ve anti-bacterial activity. The
| i nezolid conpound be prepared accord} ng any suitable nmethod, including
for exanple, geneyal ne\hods/A ' ' . S. Pateng, No. 5, 688, 792.

[ npl e anﬁbxa2|ne or thiazine

t et -ahydrofuran, or ethyl acgtate. The nitr ei ther by
hydr ogenati on or using a suftable reduci ng agent r exanpl £ aqueous sodi um
hydrosulfite, to afford an anilo conpound. The anil o conpourd is converted
into its benzyl or nethyl urethane derivative, deprotonated with a |ithium

r eagent ' reated with
(-)-C?,)-g¢ y%ﬁ%g%éiﬂﬁq §PF§’£°&""1£‘L W&%ﬁ%‘fﬁﬁ?ﬁgﬂ' “conmpound. A
sui t abl exaimﬂlﬂnﬂ'lﬁmthjﬂﬂ@ﬁ&mﬂg Thecdmpyiind|ié Corfif wibasTiie2olidand has!l arly
described in Exanp 5 of U'S Patent No. 5,6 688,792. According to one

enbodi néﬁ@lom%PﬂW@ﬁﬂYGﬁecwemﬂfhﬁdteﬂ&aqﬂvetp!ar| ng an infection- resistant
e cal Vi Gl MRPcdtbblo o Y FRGhaRls bl BSPM AR RS SSudhgP®
for example, general methods described in U.S. Patent No. 5,688,792, Briefly, the

heteroaryl substituent, for example an oxazine or thiazine moiety, is reacted with a

Briefly, the heQCeroaryl
noiety, is reactedwith' a ; i xed n trobenze e in the presence of a
sui tabl e base, pre ly in [ ventdiz \ametomtrlle

isr

functionalized nitrobenzene in the presence of a suitable base, preferably in an organic
solvent, such as acetonitrile, tetrahydrofuran, or ethyl acetate. The nitro group is reduced
either by hydrogenation or using a suitable reducing agent, for example aqueous sodium
hydrosulfite, to afford an anilo compound. The anilo compound is converted into its benzyl
or methyl urethane derivative, deprotonated with a lithium reagent to give a suitable
lithiated intermediate, and treated with (-)-~(R)-glycidyl butyrate to afford a crude
oxazolidinone compound. A suitable method for preparing the linezolid compound is more
particularly described in Example 5 of U.S. Patent No. 5,688,792,

According to one embodiment of the invention, a method for preparing an infection-
resistant medical device for use within a human or animal body inchides the steps of
providing a medical device and incorporating an effective amount of an antimicrobial agent
comprising an oxazo]idiﬁoné compound into the medical device.

The oxazolidinone compound can be a compound according to Formula I, as
described above. The oxazolidinone compound can be linezolid, or a pharmaceutically
acceptable salt thereof.

The medical device can be, for example, a suture, orthopedic appliance, stent,
catheter, guidewire, shunt (e.g., hemodialysis shunt or cerebrospinal shunt), prosthesis (e.g.,




provi ding a nedi cal device and incorporating an effective anount of an
antim crobial agent conprising an oxazolidi none conmpound i nil Mﬁ di cal
devi ce. The oxazol i di none conpound can be a conpound accordi EJ QQ rmula |,
as described above. The oxazoli di none conpound can be linezolid, or a
pharmaceutically acceptable salt thereof The nedi cal device can be, for
exanpl e, a suture, orthopedic applianc®3-stent, catheter, guidew re, shunt
(e.g., Ipeostiitilheaityvabiewrtprosthetierjeint)osgriiaa pacdmekiey, nepronal dtissuistof,org. , 2 1 JUL
7006 13 prosthefig, heart | ve or prosihetic joint), cardi ac_pacenmaker,
neuronalvaﬁq?ﬁﬁﬂr -o&?le medlqaﬁ@mea?andaeamde ofhiomaterials | eichirlogicalllr be nade of

bi . s i . Lv. bl . K - h
ok 11 ea PRpaible sfaterils RSEh Finol sRBPHLY b, SEH T it tReeal RrpaRter
anti m cmehkridls)a et antigdicloial BE&H B&I Bé Ridoipdtded fifo fﬂ%%&ﬁéal_%ﬁb&ﬁwaﬁﬁﬂ%di ng
to met hods known to those skilled in the art, such as by i mersing the

nedi cal telmethndskmown te thase iskilled &n the artasuchau byimmsersing theredicaltdeiice iga t he
antimcropi.al ,agent, or, foy .exanple,. b net hods . descri beqd in one of the
fol | owi f§ “Fle%?-gmegé.uﬂca"é.wfﬂgf’ %pmwaﬁmhmv@%@?sgmwt gcrrtexmple@xses, 485;
US. Pa . : 4 U No.

5, 306, 23‘86;ﬁ5‘fﬁi}]’. %.eséé%éﬁ?%ég F’féi,eggﬂff)‘g{}‘%;r}éﬁ‘\%c%éggg? ‘ﬁfz@.N% 3?’&7%3@% S. Patent

No. 5, PafendKB; 4565435 AUE) Paldat N6. 4,875, 48X 1.8, BatehioNG. ,9488706 128 Pabeh(; WO
00/56283; and WO 01/28601, the disclosures of which are incorporated herein

by ref eNMES06:289; HeliiRatant Noc§i584,872:1UiS- PrieueNa. H607,68%:il5SnBatentiNg., and t he

ol ymeri [ - | ] t L, | age The
et hod PoEtar Bt 15 K, B8 03T, D pettl Noreds 857080 BLSEAs 80 ) e
a step of/23601,/thedisbRsiRs bf ¥hicait fiRofpdrdted BERRI Y HfGetle. AMUhed@P *C to
about 121 *C. The nethod can include a step of he€ating the device in an
aut ocl avevice gatimcHideg podymenthmdterial and thepaiymeric siatdriabdar be ¢dextanded (€. g. |
heati ng_t.he.devi.ce to.a tepperature. of about 100 *C to ,about 121 *C at a
br 655 s @y g G iFacteria) Bgeric The irthosfop areparshisan intertive-RuraBtmedicaldstice 1 5

mn. 10cahoHb inchudd :I‘st%]p of-h&ﬁﬁg Itﬁ@'méﬁ@al%@?c@é& 't APErhture O al:ﬁ)‘ﬁ??ﬁ@% tol O other
antibacterial conpounds, has Been di scovered to be surprisingly resistant to
t her el abewtd2peE; (Themethod tamineludt arstep afiheatingtheldevics imhwmitodlate, OC.

according to methods known to those skilled in the art (e.g., heating the device to a

temperature of about 100 °C to about 121 °C; at a pressure of about 15 psi to about 20 psi;
for a time period of about 15 min. to about 20 min.). Linezolid (an oxazolidinone), in
contrast to other antibacterial compounds, has been discovered to be surprisingly resistant to
thermal décomposition, at temperatures up to at least about 121 °C.

The effective amount of the oxazolidinone compound is normally administered at a
therapeutic dosage for treating antimicrobial infections in the range of about 0.1 to sbout
100, more preferably, about 3.0 to about 50 mg/kg of body weight/day. It is to be
understood that the dosages may vary depending upon the requirements of the patient, the
severity of the bacterial infection being treated, and the particular compound being used.
These dosages can be administered to provide blood levels having between about 2 and
about 4 times the minimum inhibitory concentration (MIC) of that antimicrobial agent. Of
course, the MIC of a specific antimicrobial agent varies for each bacterial species.
Advantageously, oxazolidinone compounds unexpectedly exhibit anti-adhesion properties at
concentrations well below the MIC. As a result, oxazolidinone compounds inhibit bacterial
adhesion after a single dosing for longer periods of time relative to other antimicrobial

agents which exhibit anti-adhesion properties at concentrations equal to or graatcr than the




The effective anount of the oxazolidi none conpound is normally adm nistered
at a therapeutic dosage for treating antim crobial infecti ong JiUE N{ge range
0

of about 0.1 to about 100, nore preferably, about 3.0 to about ng/ kg of
body weight/day. It is to be wunderstood that the dosages may vary dependi ng
upon the requirenents of the patient, e severity of the bacterial

I nfection being treated, and the ‘gart‘l ur ar  conmpound bei ng used. These
dosages Minfop thasg agents: dheunaxpegtedpraperties obthe axazolidinend cogniosndese about 2
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t hat expmmaiinneffedtivess anantiiathesiobigent Bdesstthanihe MIC. Al descibbdbéle® in@het her
ar eas OE t he, body, ﬁ%@% in areas of |ow or  poor circulation, or higher
vari at i EX2gPleanknezahd hanbeen dissenered imbesirprsingly effective stpreventinpbacterial t he

_ i f idi d he. i f
he P s hitesRinid binifeed bt bidfoetifit SRR ERRE A Chioab M GRIERN 8| T
medi cal MI€Y ievén attdoatentfatiohs £6loR ds@lel foartR of St MIC| TREHR8AteAal8GMEn | S | ess

than the M-C.--As-descri-bed below in-the - Exanpl es, linezolid has been
di scoveiaplapiedhmay besifectivent prayenting bacterial aghesiamatisnbinbibdtoey i al  adhesi on

Che. m EbEEDRAOdns” IS eaie beqlernd Miesioh fastityfubs pfedtive drofman Rbbectanglog.
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In general, the periodicity at which one administers regular dosages of an effective

amount of a pharmaceutical composition containing one or more oxazolidinone compounds
to inhibit bacterial adhesion should be adjusted to maintain the concentration of the
pharmaceutical composition in the patient, adjacent to the implanted device, at or above
about one-half of the MIC of the pharmaceutical composition or at or above one-fourth of
the MIC of the pharmaceutical composition. Compositions including antibacterial agents

. that lack the unexpected sub-MIC anti-adhesion properties of the oxazolidinone compounds
require higher effective amounts of the active agent and/or higher periodicity of dosing.

According to another embodiment, a method of inhibiting adherence of bacteria to a

medical device includes the steps of providing an antibacterial agent comprising linezolid,
or a pharmaceutically acceptable salt thereof, and incorporating the antibacterial agent into
the medical device. The antibacterial agent can be incorporated into the medical device
according to methods known to those skilled in the art, such as by immersing the medical
device in a solution (e.g., an aqueous solution) containing the antimicrobial agent. The
method of inhibiting adherence of bacteria to a medical device can include a step of heating




mul ti-cell environnment that protects the bacteria fromanti-m crcig' @J{ agents
and host defenses. In general, the periodicity at which one 2ddM 10 ers
regul ar dosages of an effective anount of a pharnmaceutical conposition
contai ning one or nore oxazolidinone conpounds to inhibit bacterial

adhesi on shoul d be adjusted to nmaintain the concentration of the

phar maceutical composition in the patilént, adjacent to the inplanted device,
at or ageyedicabaevice ifa eageraiiretofabdiit!1G0O€ to hous A3t iEic Fot instance #gosi ti on or
at or above one-fourth of the MC of 1he pharnmaceutical.conposition.

Conposi devicesmaybe heatedinan ansecleve fonstenlization PTIOR 1 B§e,qE0 r@%‘b&lﬂi ed sub-MC

anti - adhesi on propertiges of e oxazol i.di nQr ' b@her
o' ect | oG RPS Bt s e e (S abenpE e d ATBRNAEre hEARRE QPG 2
Accordi hg,to of e Il y BA far b ﬁg{ygrdﬁlggup]fs

bact eergﬁbBuﬁﬁere(*;’i %gqu%gé e@%?\%ﬁgﬁg{bﬁ%gg{s@e s'ic?:‘rtagirﬁgcw ding an

anti bacf,er it?hb(ﬁg%mﬁf?fml'ﬂesduﬁtﬁmt b'E ekizblidinonhe 2ompenmdindhe humbi pr awimebt abl e
salt thereof and incorporating the antibacterial agent into the di cal

devi ce. bakdyeorandjdcertiocthe aedivgbdrviesthatije effersivie s aa aat-adheston agentemh ¥fStevi ce
according to nethods known to those skilled in the art, such as by i mersing
t he nedtheathe MAGi ce in a sol ution (e.g., an aqueous solution) containing the
anti m crobi al T ol T TR ﬁ'ﬂﬁmwcﬁiabad}tﬁﬂcatéo a
medi cal devi ég@@gﬁﬂgtﬁéﬁﬁl(fgﬁﬁft??@%@%ﬁeﬂgaaﬁ%ﬂé%ojUL t he medical device to a
t enper ajy!irRplefited Paedical A8vitEirictuded thetsteb? bf ifiplaming 2 medivabdgvieens a haance may
be heated i'nan autoclave for sterilization prior.to use cording to
met hods or snimahbedy, nd spplying ancaatibactenal agent compgising g Axaz0l W@eﬂ%‘i/?ce to a

t t f abqut 10 y fiwabout 15 i
e L oA Eo B ek oPhegeB QSR glughout 15 b2l
anount gﬁ?%ggﬁﬁjgt el( 2¢&1t ¢ BORSHId Y Pliting 2 slltior) paste, gel, artieads contauing the

adj acen nedi cal device that is effective as a[l ant.i - adhesi on agent
can be hstitscteriahnageritén dortact adthohdidevjce afterithe devdps AP di ment, a nethod

of inhibiting bacterial adherence to__an i . ' geMd cBgd udes
the steps of WBT‘QHBFW@“ gapo tcgnfcﬁ%af#}ﬁn%r?f%gr&glﬁpm, and
appl yi n | 1641 ki B Y Hades Wb sTRdAInisteting aiphamatentical a
phar mcgﬂ%ﬁggp*égqgg%g%tdgb ce sal t theréé%s:‘, to the inplanted nedical device.
(E. 9., thmposition comprising an oxazolidinone, or a pharmaceutically acceptable salt thereof, to

a patient in need of an implanted medical device, and irl:nplantipg a medical device in the

patient. The pharmaceutical composition can be administered according to methods known

to those skilled in the art, such as by oral administration or by intravenous administration.
The composition can be administered before, during, and/or after surgery to implant the
medical device. As described above, the effective amount of the oxazolidinone compound,
such as linezolid, is administered at a normal therapeutic dosage for treating antimicrobial
infections. Advantageously, oxazolidinone compounds unexpectedly exhibit anti-adhesion
properties at concentrations well below the MIC. As aresult, oxazolidinone compounds
inhibit bacterial adhesion after a single dosing for longer periods of time relative to other
antimicrobial agents which exhibit anti-adhesion properties at concentrations equal to or
greater than the MIC. )

According to a further embodiment, a medical deyice resistant to microbial
adherence for use within a human or animal body includes linezolid, or a pharmaceutically
acceptable salt thereof. The concentration of linezolid in the device is variable. Typically,

the concentration of linezolid in the device is set at a level sufficient to generate a
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strains that adhere to and grow on biomaterials were more often associated with significant
infections than nonadherent strains.
Many different techniques have been employed to study the effects of antimicrobial

agents on bacterial adherence, biofilm formation, and cell-cell communication. Methods
can be divided broadly into two groups, static and dynamic. The adherence assay described
herein is a static model using polystyrene as the substratum. (A dynamic approach uses
laminar flow of a bacterial suspension through a perfusion chamber with channels |
containing engineered materials.) In this static model, scanning electron micrographs of the
reference strain RP62A displayed multicell macrocolonies with pillar-like structures
separated by water-filled spaces. See Figs. 7A-D. These findings are indicative of a biofilm
presence. Static models allow rapid testing of several clinical isolates against a panel of
antimicrobial agents.

In this model, linezolid was shown to be surprisingly effective in preventing
staphylococcal adherence and colonization at subtherapentic levels (i.e., concentrations of
less than the minimum inhibitory concentration (MIC)). The Examples below illustrate that
linezolid, at concentrations less than the MIC, and as low as one-fourth the MIC, exerts
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cell adhesion in all strains evaluated. In contrast, subtherapeutic |evels
of vanconycin did not inhibit stapm adherence in four of the

Example 1
Bacterial Isolates
Staphylococci isolates were obtained from the blood of patients with catheter-related
sepsis. Isolates were speciated using the API STAPH identification system (bioMerieux,
Marcy-1'Etoile, France) and were selected on the basis of their adherence properties. The
reference strains S. epidermidis RP62A and S. hominis SP-2 were obtained from the
American Type Culture Collection (Manassas, Virginia). RP62A produces polysaccharide
adhesins and demonstrates strong adherence to surfaces of synthetic polymers. SP-2isa
nonadherent strain and was used as a negative control for the adherence assay. Working
stock cultures (1 ml aliquots) were frozen in trypticase soy broth (TSB) with 20% glycerol
and kept in the vapor phase of liquid nitrogen. Before each experiment, one aliquot was
thawed and subcultured on blood agar plates at 37 °C for 24 hours.

Example 2
Antimicrobial Agents
Linezolid (Pharmacia Corp., Kalamazoo, Michigan) and vancomycin (Sigma
Chemical Co., St. Louis, Missouri) were used in this study. | |



five strains assessed. In contrast to the effectiveness of |inezolid, other
I nvestigators al so have shown that subinhibitory concent raiji BPZ @f
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Carsenti-Etesse, et al., Antimcrob. Agents Chenother. 37(4): 921-923
(1993); Rupp, et al., J Anti.m crob. Chenother. 41:155-161 (1998); Schadow,
et al., J. infect. Dis. 157(1): 71-71R(1988); Wlcox et al., J Antimcrob.
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Li nezolid (Pharmaci a Corp., Kal amazoo, Mhi gan) and vanconycin (Signma
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(growth controls). Growth inhibition was assessed by optical density readings of culture
turbidity after 18 h of incubation with drug. Since visual interpretation of MIC endpoints
may be subjective, the spectrophotometric measurements of culture turbidity allowed
standardized assessment of MIC values across and within drug treatments. The MIC value
was noted for each strain, as well as the values for one-half (2 MIC), and one-fourth (4
MIC) of the MIC. Antimicrobial agents at concentrations equal to the MIC eliminate the
virulence of any given organism because these concentrations inhibit or kill the offending
organism. Concentrations below the dose that prevents growth or kills the organism must
be used to study the effects of antimicrobial agents on virulence factors, such as cell

adherence.

Example 4
Adherence Assay

The effects of linezolid and vancomycin on adherence of staphylococci to
polystyrene were measured by using an established microtiter-plate assay first described by
Christensen et al. (Christensen, et al., J. Clin. Microbiol. 22(6):996-1006 (1985).) Minor
modifications to the procedure were made. Briefly, the i.noculum was established by the
direct colony suspension method using the Prompt™ Inoculation System (Becton
Dickinson, Sparks, Maryland). The bacteria suspension, which was equal to the turbidity of
a 0.5 McFarland standard, was diluted in TSB to a concentration of 1 x 10° colony forming
units per ml (CFU/mL). One hundred microliters of the cell suspension was added to flat-
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readings from wells treated with sterile medium, fixative and stain as described above were
averaged and then subtracted from all test and control wells. Relative inhibition of
adherence or growth was expressed by the following equation: (OD of control well - OD of

treated well / OD of control well) x 100, where OD is the mean optical density of six

replicate wells from two separate experiments (three replicates per experiment). Control

was defined as infected, drug-free cultures.

Example 5

Statistical Methods
The primary efficacy variable in this study was the measurement of adherent
bacterial célls to polystyrene after 18 h of growth. To determine whether statistically
significant differences existed between treatment groups (MIC, }2 MIC, and Y2 MIC)
compared with the infected-nontreated controls, the Kruskal-Wallis one-way analysis of
variance (ANOVA) was applied for each clinical strain. Statistical significance was defined
as p-values <0.05. An asterisk (*) was placed by all test values less than or equal to the

specified significance level.
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Example 7

Minimum Inhibitory Concentration (MIC) Values
MIC data for the six clinical isolates are summarized in Table 1, below:
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Both linezolid and vancomycin demonstrated potent activity against all the
organisms tested. MIC values were similar between the two antibacterial agents, with the
exception of one strain (S. aureus UC-20206) that showed a slightly higher value for

linezolid (4 pg/ml) compared to vancomycin (1 pg/ml).

Example 8

Effects of Subinhibitory Concentrations on Adherence
Experimental results for the effects of subinhibitory concentrations of

linezolid on the adherence of S. aureus and S. epidermidis strains are presented in Table 2

below:
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NEC val ues were simlar between the two antibacterial agents, with the
exception of one strain (S. aureus UC 20206) that showed a slightly higher
value for linezolid (4 Vglm ) conpacegd-to vanconycin (I gglm). Exanple 8
Ef fects of Subinhibitory Concentrations on Adherence Experinmental results
for the effects of subinhibitory concentrations of |inezolid on the
adherence of S. aureus and S. epiderrghti > stains are presented in Table 2
below. 1 JUL 2006 -22'Table 2 Inhibitor Effects of Therapeutic and

Subt her apeut i cIifhlédor}BEﬂ"@t.wﬁHzetamzomtcﬂsdrth@agwrd Breapemts witke of O inical

| sol at es, Tha ve the Potentia rfaces ec| es
Strain ér*ﬂ@Oi«!i  Hactezial ﬂﬂ@j?’eﬁ“ %‘;’0 ng@#&a% Fﬁﬁﬁ ‘gﬁ%@“a eé@"{‘lée 20205
2. 0.001 0.001* 99.7 1.0 O. 00245&9%% 9.0 0 5 0.013: EOC. 0074 97.6
control- 0.531 * 0.107 UC- 20206 kK 0.003* 98.5 2.0 0.002+ O DQO2*

99.3 .
Species Strain Drug Adhers::nee
ng/ml Mean ODst | % Inhibition

S. aureus UC-20205 2.0t 0.001 £ 0.601* 99.7

1.0 0.005 + 0.007* 99.0

05 0.013 £ 0.007* 97.6
control 0.531%0.107 -

UC-20206 4.0 0.003  0.003* 98.5

2.0 0.002 % 0,002* 99.3

1.0 0.001  0.002* 99.4

control 0.224 3 0.027 .

S. epidermidis | UC-20207 2.0¢ 0.010 + 0.005* 9.5

' 10 0.007 £ 0.002* 99.7

0.5 0.513£0.227* 76.9

control 2.220 %0310 ..
UC-20208 2.0t 0'000 & 0.001°* 100.0

1.0 0.001  0.002* 999

05 1.3420.791 26.7

control 1.831+0.208 -
RP62A 2.0t 0.001 = 0.001* 100.0

10 0.002  0.002* 999

.03 0.125 +0.133* 955

control -

2.805 + 0.294
*Significantly different from infected-nontreated conirol cultures (P < 0.05)
+Minimum inhibitory concentration

1Values are mean optical density readings of six replicate wells from two separate experiments
(three replicates per experiment) + standard deviation

Experimental results for the effects of subinhibitory concentrations of vancomycin

on the adherence of S. aureus and S. epidermidis strains ‘are presented in Table 3 below:



1.0 0.001 0.002* 99.4 control 0.224+0.027 - S. epiderndls UC 20207 2.0t
0,010 zk 0.005* 99.5 1.0 0.007+ 0.002* 99.7 0.5 0.513 + 0 %(2}@} 0. 9
control 2.220*0.310 UG 20208 2. 0!/000+O. OO * 100.0 1.0 % A 0. 002*
99.9 0.5 1.342A0 791 26.7 control 1.831 * 0.209 RP62A |ot 0.001+0.001*
100.0 1.0 0.002 * 0.002* 99.9 0.5 0. 125 * 0.1334 95.5 control - 2.805 -A
OM=*Significantly different frominfegted-nontreated control cultures (P:S
0.05) fMninmminhibitory concentrati‘on tValues are nean optical density
readi ngs of six replicate wells fromtwo separate experinents (flm
replicates per experinent) * standargalgggi ation Experinmental results for the
ef fects of subinhibitory concentrations of vanconycin on the adherence of
S. aureus and ' béll b&ARi Merupetsic Trealmbnte withoel ow. 2 1 JUL
-23 Table 3 |n§f|"f§|ﬂ{?{§’?€ %?{?ﬂ?ﬁ@}ﬁlg%ﬂaﬁ{?i c and Subt herapeutic Treatnents
with Vanconycin on Haacomydialon Rilateriahddherenae df €ilinigal Ispdatgt es That Have the

Potential to Col oni ze_Abiotic rfaces eci es.Strai Drug Adherence Ag/ M
mean OD5% % | nhi bi t ilhgt Have the otential fo Co omCzeA%za%c urﬁzces g 9

Species Strain Drug Adherence
hg/ml Mean ODst | % Inhibition

S. aureus UC-20205 1.0t 0.000 £ 0.001* 100.0
0.5 0.012 £ 0.013* 98.0

0.25 0.730 + 0.202 0.0

control 0.584 £ 0.098 -

UC-20206 1.0 0.000 + 0.003* 99.9

0.5 0.267 + 0.044 0.0

0.25 0.192 = 0.020 12.5

control 0.219 + 0.026 -
S. epidermidis | UC-20207 2.0t 0.001 + 0.002* 100.0
1.0 2,799+ 0.120 0.0

0.5 2.177+0.424 0.0

control 2,129+ 0.406 -
UC-20208 2.0t 0.000  0.001* 100.0

1.0 2.716 % 0.400 0.0

0.5 2.165 £ 0.150 0.0

contro} 1.844 £ 0.138 -
RP62A 2.0t 0.000 = 0.002* 100.0

1.0 1.728 + 0.952 36.6

0.5 2.816 % 0.377 0.0

control 2.727% 0257 -

sSignificantly different from infected-nontreated control cultures (P < 0.05)

$Minimum inhibitory concentration .

{Vslues are mean optical density readings of six replicate wells from two separate experiments (three

replicates per experiment) & standard deviation

The experimental results presented in Tables 2 and 3 above, showing the effects of

subinhibitory concentrations of linezolid and vancomycin on the adherence of S. aureus and
S. epidermidis strains, are summarized and presented graphically in Figs. 1 through 5.
Specifically, Figs. 1-5 are graphs illustrating the effects of subinhibitory concentrations of

linezolid and vancomycin on the adherence of the following strains of S. aureus and 3.




S. aureus UGC-20205 Lot 0.000 * 0.001 100.0 0.5 0.012:E 0.013* 98.0 0.25
0.730:k 0.202 0.0 control 0.594:h 0.098 UGC 20206 I.Q 0.000*0.003* 99.9
0.5 0.267 * 0.044 0.0 0.25 0.192:k 0.020 12.5 control 0,219U4:1006026
epi dennidis UC-20207 2. ODOI * 0.002* 100.0 1.0 2.799:k 0.120 0.0 0.5
2.177 0.424 0.0 control 2.129 0.406 UC- 20208 2. O ODO k 0.001 * 100.0
1.0 2. 716+ 0.400 0.0 0.5 2.165:EC2159$§; control 1.9":k 0.138 RP62A 2. O
0. 00010. 0O 952

f

0

020 100.0 . 1.0 1. 728: . 2.816:L 0. 0. control |
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experimental results presented in Tables 2 and 3 above, showi ng the effects
of sabi nhi biAssh9wsdndeble2-anddtigs. df5, linezolid was highfy\effectiveg in suppressing
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aur eus Aud#lerance optical density readings from linezolid treated cultures were significantly (p £
0.05) decreased when compared to infected-nontreated cultures. Linezolid was also
effective in preventing adherence at one-fourth the MIC in all but one strain (S. epidermidis
UC-20208). A statistical difference in optical density readings for treated versus nontreated
cultures was also noted in 4 of the 5 strains assessed. In contrast, as shown in Table 3 and
Figs. 1-5, subinhibitory concentrations of vancomycin showed minimal or no activity
against bactenial adhesion, with the exception of one strain (S. aurews UC-20205) that was
exposed to one-half the MIC, |

Reliability of the microtiter-plate adherence assay was assessed with the reference
strains S. hominis SP2 (nonadherent) and S. epidermidis RP62A (strongly adherent). The
median optical density readings for SP2 and RP62A were 0.059 + 0.004 and 2.789 = 0.266,
respectively. Values ranged from 0.055 to 0.067 for SP2 and from 2.466 to 3.234 for
RP62A. The data reported herein represent 12 replicate wells per strain. These results were
similar to those documented in published reports (see Deighton, et al., J. Clin. Microbiol.
28(11): 2442-2447 (1990)), and indicate that the microtiter-plate assay for determining
adherence is reliable and reproducible. Neither linezolid nor vancomycin promoted
adherence of the nonadherent strain, SP2 (data not shown).
Scanning electron micrographs of S. aureus UC-20205 and S. epidermidis RP62A

exposed to linezolid and vancomycin at one-fourth the MIC are illustrated in Figures 6 and
7. Specifically, Figs. 6A-D are scanning electron micrographs showing microcolonies of S.
aureus JC-20205 adherent to a polystyrene surface: {A) noninfected control; (B) infected-
nontreated control; (C) infected culture treated with linezolid at one-fourth the MIC; and
(D) infected culture treated with vancomycin at one-fourth the MIC. Figs. 7A-D are
scanming electron micrographs showing microcolonies of S. epidermidis RP62A adherent to
a polystyrene surface: (A) noninfected control; (B) infected-nontreated control; (C) infected
culture treated with linezolid at one-fourth the MIC; and (D) infected culture treated with




2 1 JUL 2006 -24 epidermdis to polystyrene: (Fig. 1) S. aureus 20205;
(Fig. 2) S. aureus UC 20206; (Fig 3) S. epidermdis UC 2 'OZU mF:Flg. 4)
S. epidermdis UC 20208; and (Fig. 5) S. epidermdis RP62A As shown in
Table 2 and Figs. 1-5, linezolid was highly effective in suppressing
bacterial adherence to pol ystyrene surfaces at one-half the MC. The percent

i nhi bition of adherence relative to "@ritrol was gre t.han or equal to
99. 0% i vansbinysinradione-fowrsh thetMIC. Imuﬁ@qt%a@lttfﬁtqd@&ﬂuﬂén@WEP EIERR YETS 1 om

compar cebeetyes ot E6l RTER OLebn LI o7 0% teroks RSP il a|s‘ﬁﬂé?qe9§?‘eve i
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epi der nbﬂ%gﬁ%hgﬁgﬁmﬁwgot%’?PBW%F&(S‘%fdg?vence in copt i cal density readings
for tr e?g gpatidn b snultesll lagére,d'sessile baamnmnﬂms,"ad mdnca’ovedf bmﬁhn famakien.s st ai ns
assesse

I'n contrast, as shown in Table 3 a Fi gs su |n,h|0? éd)ry
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determ ning adherence is reliable and reprogum ble. Neither linezolid nor
vancony ticated colunce for hotin staphdecosei styains fxa ent strain, SP2 (data not
shown). Scanni ng el ectron m crographs of S. aureus UC 20205 and S.

epiderm dis RP62A exposed to linezolid and vancomycin at one-fourth the MC
are illustrated in Figures 6 and 7Ex@meli9ically, Figs. 6A-D are scanning

el ectron m crographs show ng mcrocolonies of S. aureus UC 20205 adherent

to a pol yahWiRNe ERtkt 389 indz6lid BR RS idcpetat AdhERhe VEisus TimeofTreatment
Anti-adhesion effects of linezolid and vancomycin on three S. epidermidis isolates
(UC-20207, UC-20208, and RP62A) recovered from patients with catheter-related

bloodstream infections were studied.
As illustrated in Table 4 below, bacterial suspensions (5 x 10° CFU/mL) were added

to polystyrene wells and treated with one-half to four times the MIC of linezolid or
vancomycin at 0, 2, 4, or 6 hours post-inoculation. Drug effects on bacterial adherence

were measured 18 hours after treatment initiation using a quantitative spectrophotometric

assay.
Table 4
Time Course Adherence Assay
i i i i inoculation
Treatment | Time between inoculation and Time between treatment with Time between inoculati
Group treatment with linezolid or linezolid or vancomycin and and spectrophotometric
vancomycin spectrophotometric assay assay
{hours) (hours) {hours)

-1 0 18 -18

2 2 18 20

3 4 18 22

4 6 18 24




nontreated control; (C) infected culture treated with finezolid at
one-fourth the NUC, and (D) infected culture treated w th }hggprifjgi n at
one-fbu~h the A11C. Figs. 7A-D are scanning electron m crographs show ng
m crocol onies of S. epiderm dis RP62A adherent to a polystyrene surface:
(A) noninfected control; (B) infectedpgantreated control; (C) infected
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Tabl e 4 Time Course Adherence Assay Treatnent Tinme between inoculation and
Ti me between treatnent with Tirne between inocul ati on (}ouq1tmﬁammbnt Wi th
linczolid or finezolid or vanconycin and and spectrophotonetric vanconrycin
spect rophot or nehi ¢ assay may (h2m) ours) -(hours) 1 0is 18 2 2 18 20 3 4
1822 1 ~46LIs 24 | 21JU 20906 -26 Relative inhibition of
adherence was expressed by the follow ng equation: (OD of control well - OD
of treated well / OD of control well) x 100, where OD is the nean opti cal
density of six replicate wells fromtwo separate experinents (three
replicates per experinment). Control was defined as infected, drug-free
cultures. The primary efficacy variable in this study was the neasurenent of
adherent bacteria to polystyrene surfaces after 18 hours to 24 hours of
grow h. To determ ne whether statistically significant differences existed
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Experimental results for inhibitory effects of therapeutic (> MIC) and subtherapeutic

(one-half MIC) treatm?nts of vancomycin on S. epidermidis strains for various time
intervals prior to treatment, are presented in Table 6 below. Values having a statistically

significant difference, compared to control, are indicated by an asterisk (*).
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ro 16 aL -30- Therapeutic levels MC) of linezolid denonstrated p M%
anti-adhesion activity following 2- and 4-hour deferred trea mems See
Table 5, Figs. 8 and 9. The percent inhibition of adherence relative to
controls ranged from87.8%to 100% Even at subtherapeutic concentrations
(one-half MC), suppression of staphyl ococcal adherence was still evident
in nost cultures; mean inhibitory ef féfts were 99.1% L 1.4 (2 h) and 63.5%
39.2 (4 h). See Fig. 10. Linezolid at 4x bUC al so exerted significant

i nhi bi tory eThebsutid18veldfMIC)-of lineFolildéminR fratel pbtehbshtiadhiesionetieity Wi t h a
6-hour delay. Therapeutic levels of yanconmycin adm nistered 2 hours

post - i nfcélowmmzmcbmm«wdtrmmcm SeoTahles, Flgs.lﬁmidé} a'Bhnmercem
concent r at,i.ans Wed m | mal or act i adhesi on. See
Tabl e 6UROHIYEN 0Fa i ve W@Htrﬂ}léﬁ@!ﬂ?écff"%"g?gy Qﬁg) vBY@ #el ayed by 4 to
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ohe-half the MC for S. aureus UC 20205. 6. The nethod of claimI| wherein
the incorporating step conprises co-extruding the polyneric material of an
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¢ method of claim 8 wherein the staphylococei organisms are selected from
the group consisting of S. aureus, S. epidermidis, and S. hominis.

10. The method of claim 1 wherein the medical device is a suture, orthopedic
appliance, stent, catheter, guidewire, shunt, prosthesis, cardiac pacemaker, neuronal
stimulator, or vascular graft.

11. A method of preventing and inhibiting microbial adherence to a medical
device comiprising incorporating an effective amount of linezolid into the medical device,

12. The method of claim 11 wherein the incorporating step comprises immersing
the medical device in an aqueous solution of linezolid wherein the concentration of
linezolid is at about one-fourth MIC for S. aureus UC-20205 or greater.

13. The method of claim 12 wherein the concentration of linezolid is at about
one-fourth the MIC for S. gureus UC-20205.

14, The method of claim 12 wherein the concentration of linezolid is at about
one-half the MIC for S. aureus UC-20205.

15. The method of claim 11, further comprising a step of heating the medical
device, after the incorporating step, to a temperature of about 100° C 1o about 121° C.

16. The method of claim 11 wherein the microbial adherence is caused by
staphylococci organisms.

17. The method of claim 16 wherein the staphylococci organisms are selected
from the group consisting of S. aureus. S. epidermidiys, and S. hominis.

18. The method of claim 11 wherein the medical device is a suture, erthopedic
appliance, stent, catheter, guidewire, shunt, prosthesis, cardiac pacemaker, neuronal
stimulator, or vascular praft.




stimulator, or vascular graft, 1 J UL 19. A nedical device resistant to
m cr obi al adherence for use within a human or ani mal body conprising an
effective amount of linezolid, or a pharnpceutically acceptable galjyL 006
thereof. 20. The nedical device of clai MA9 wherein the effective anount
results in a concentration of the |inezolid, or pharmaceutically acceptable
sal t thereof, 19n A medivahdevicemesiatanttaimioredsal adktjremcefor use within abumsarr devi ce,
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st i nul at concentratiomeftiedinezplk, br pharmaceutically acceptable salt thereof, in the human
' or animal body, adjacent to the medical device, that is less than the minimum inhibitory
concentration of the linezolid, or pharmaceutically acceptable salt thereof, for S. aureus
UC-2020s.

21. The medical device of claim 19 which is a suture, orthopedic appliance, stent,
catheter, guidewire, shunt, prosthesis, cardiac pacemaker, neuronal stimulator, or
vascular graft.




