METHODS AND COWVPOSI TI ONS FOR WOUND HEALI NG

DESCRI PTI ON OF THE | NVENTI ON Fi el d of the Invention
[1] This application clainms priority to U S. Uility
Application No. 10/871,158, filed June 18, 2004, the
entire disclosure of which is incorporated herein by
ref erence. [2] Thls i nvention generally
rel ates QPO SITONSHEOR Y O AR TN G

wounds. BaCkgrlﬂﬁﬁéBgin&ﬁ jdﬁ‘xiiﬁ% efENTION [3] For
years it has oxygen
FiekpelthelbnveRBB) are primarily danaglng to living cells.
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10/87 51 78, ddechhins . 18Th@§ieﬂl§>ﬁndr62¢18@0@f€f efcwhycly tseincorporated herein by
rﬂggﬁ}spe0|f|c in addition to destroying unwanted
m croor gani sns, considerable collateral damage is
pr oth¥2e dThiFrsntiomgeneeligoslatss te awthods Aed Fgmppsdigng for treating
ﬁhﬁlnfectlng, hydr ogen peroxide is destructive to
I'ving tissue. [4] However, it has been
di scovered that at | ower doses, hydrogen per oxi de has
&ﬁm%ﬁﬁ%1ﬁ$r§&$s on the heallng process. The
elates to the use of | ow dose
hydﬁlﬂgancpeyam' dehafsdmen tbsligwed thathisadtiva pxapdre gposies (ROS) are

priﬁ%ﬁa%gﬂ@ﬁi\}i@/ ENE! g\lfact, ROS such as hydrogen peroxide and ozone

have been used for their powerful oxidizing effects as disinfectants. These oxidizing

effects are non-specific; in addition to destroying unwanted microorganisms,
considerable collateral damage is produced. Thus, in the doses traditionally used in
disinfecting, hydrogen peroxide is destructive to living tissue.

[004] However, it has been discovered that at lower doses, hydrogen peroxide
has surprising effects on the healing process. The present invention relates to the use of

low-dose hydrogen peroxide for its wound healing effects.

SUMMARY OF THE INVENTION
[004a] In a first aspect, there is provided the use of hydrogen peroxide in the

manufacture of a medicament for treating lesion in a mammal by applying 500
nanomoles to 50 micromoles of hydrogen peroxide per square centimeter of' lesion,
wherein the lesion is chosen from wounds, ulcers, and burns.

[004b] In a second aspect, there is provided the use of hydrogen peroxide in the
manufacture of a medicament for treating lesion in a mammal by applying hydrogen
peroxide to the lesion at a rate of 500 nanomoles to 50 micromoles of hydrogen peroxide

per square centimeter of lesion over a period of from about 12 hours to about 24 hours.
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[ 005] The present disclosure also provides nethods of
increasing the rate of |lesion healing in manmal s
conprising applying to the | esion about 500 nanonol es
to about 50 m cronol es of hydrogen peroxi de per .
square centineter of lesion. In sone enbodi nents, the
nmet hods conpri se applying about 1 to about 50, or
about 1 to about 10, or about 1 to about 2 m cronoles
of hydrogen peroxi de per square WO
2006/ 009853PCT/ US2005/ 021477 centi neter of | esion.
The hydrogen peroxide can be applied to the lesion in
a source chosen from for exanple, enzymatic and
chem cal sources. In sone enbodi nents, the source of
hydr ogen peroxide is chem cal, and the source is
hydr ogen per oxi de.
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[009] The method can be used fo treat jesions chosen from wounds, ulcers,

and burns. Wounds can be chosen from acute wounds and chronic wounds. The

wounds can be chosen from full thickness wounds and partial thickness wounds.
Acute wounds can be chosen frdm, for example, surgical wounds, peneirating
wounds, avulsion injury, crushing injury, shearing injury, burmn injury, laceration, and
bite wound. Chronic wounds can be chosen from, for example, arterial ulcers,

venous ulcers, pressure ulcers, and diabetic uicers.

[010] The present disclosure also provides a hydrogen peroxide delivery

device for administration to a lesion, comprising hydrogen peroxide and a carner

material which device releases said hydrogen peroxide for a period of time which is
at least about 12 hours, wherein the hydrogen peroxide released from the device is

in insufficient concentration to produce necrosis of the lesion. In some

: 2
embodiments, the device releases from about 0.5 to 50 gmol hydrogen peroxide/cm

: 2
wound/12 hr to about 0.5 to 50 gmol hydrogen peroxide/cm wound /24 hr. The

carrier material can comprise & polymeric material. in some embodimenis, the

polymeric material comprises an absorbable material, In some embodiments, the

polymeric material comprises a synthetic material.



[14] Figure 1. Presence of ROS at wound-site. A H202

concentration in wound fluid. Hunt/Schilling wire
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WD 2006/ 009853PCTI US20051021477 [016] Figure 3.
Topi cal 11202 on wound cl osure: dosage a key issue.
Two 8 x 16 mm full-thi ckness excisional wounds
wd d00&®basswer e pl aced on the dorsal skin of CB¢BEI®05021477
male mce (8 wk old). Each of the two wounds was
- topically treated either with H202 or | [.ne t
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with @ﬁﬁépﬁéé‘?'ﬁ' @Wa?oggg%sggn%%dyand quantitative

~ assessnent of bacterial |oad was perfornmed. Values
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(top). [018] Figure 5. H202-i nduced

phosphoryl ati on of focal adhesion kinase (FAK) in

m crovascul ar endothelial cells and wound edge

tissue. Human m crovascul ar endothelial cells
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Data fromthree animals (#143) are shown.
wbi2gsi09s83 MCP- 1 and p47phoX defi ci ency mpaﬁﬁ@“@éqﬁﬁﬁll“"
heal i ng. Two exci sional wounds (Figure 2) were placed
on the dorsal skin 8 Wk old CéSZ%lSIQ MEidk Qkevi
p426bx Flaysg eTo EK@LHG(PZPH@’? RSTHGE WasagiIe areg e
with either saline or H202 (1. ? %/ e
Twodiay $6 @ full-hickreas SKETIPRR VI '%’§e’§1were il Bfe dorsal
nonocyt e/ macr ophage chenotactic protein eI at nﬁNﬁ
skin @k P5EBEicamalermiskd 8 atole } ECB T LMD F%Cé‘ eated
(C57 BL/6) mce. B. Wund closures in salin cl.os (9
sitheiviie] 1950, o1 Salihe datLew-dwaerafd-6h (wﬁmr%@eﬁ%&”d or0.025 ml
(closed triangles, T) or saline (open circles,
of 0 ‘1§67a§&£‘tud\@ﬁo&nd@ﬁ&bmuwo@ys Betyopes grelesef H@’e‘m@ﬁ"" fadfiated
initial. wound. * p< 0.05; conpared to C57BUB

closw @Eﬁe E&?EHF@%@@% &éce%oql%at@wmmmmmsm)ma Kep< 0.05.

und cl osures in saline (closed

CI r | e Sfw
MR

KO m.ce,are sho
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: #, p< 0:05; d t
e ﬁfﬁﬂﬂ? Lo %%ebseﬁe(?f‘ﬁs“‘?lz%%@@i@ﬂ* D IAED sy &
m ce
aiggﬁ)&(’tg?;psg:j ?ﬁpﬂ?@;i f Qu{%@%ﬂ&% afﬁ%%r%w?\@f e&rhéc%ﬁ%ﬂér%{l load was
of ke
perfdR0ad t Faradasy tg;sqé eqo:qul irripl!oﬂa ggfw gt \'Ngﬁla@' ﬂg%%Eﬁéjr tlsQue was
the control side, while H202 treated si

d
rermopeal wourkibek fiseesinsierrasib 8ERr WasSATRIRE AN ntitative
DESCRI PTI ON OF THE EMBODI MENTS v nga glgl "

: 201 T
assBEGRERtof ibarenibl inadwias partormBd. Yedies %@WHH?]F?F%EEP R7aReSD of
to nore detailed enbodi ments. This invention

CEOMRM R obsBEaaaa . edigh dosk (High, éﬂﬁtmfcmrn@legmlgﬂogipaed circles,
not be construed as l[imted to the enbodi nents set

o, bb &8k Bolubiah Refsus low, 1.25 micromoles/wound or 0.025 mi of
0.15%; open circles, O, once daily d.;tys 0-4, of H-0, adversely affected closure. *
p< 0.05; compared to iow dose H202 treatfnent, A higher concentration (inset) of
H205 (62.5 micromoles/wound, left side treated; 0.025 mi of 7.5% solution/wound,
once on day 0) treatment causes necrotic tissue damage and severe injury leading
to death of mice.

[017] Figure 4. Wound and H.0.-induced changes in angiogenesis
related genes, vascularization and wound-edge blood flow. Paired excisional
wounds (Figure 2) were either treated with placebo saline or Hz02 (1.25

micromole/wound, days0-4, once daily). Wound-edge tissue was collecied at

indicated times after wounding. A. Ribonuclease protection assay (RPA) showing



WO 20061009853PCT/ US2005/ 021477 these enbodi nents are

provided so that this disclosure will be thorough and
conplete, and will fully convey the scope of the
wol¥slobsdn to those skilled in the art. PCTJ@SLP5/021477 .

Unl ess ot herwi se defined, all technical and

scientific terns used herein have _the sane rre%?rg nﬁ as g
kinef@ sremgiogendsissttatet mRNA expressipgiihaPAcerRPrifeaie WHENd. &

art to which this invention belongs. The termnnol o%}/
Low 688 H,0, tetrfies iaft inmnormblefibeunchvaee Haly. aye Pri)itg Wounds

for describing particular enbodinments only and i s not
furtﬂeﬁhﬁgl%ﬁtetdqm&ﬁmd-inaubémg@mfaamEaﬁmﬁNMpra@lm in

the description of the invention-and the appendecgl

i - i fifg of weonds wasl ptforriednen-

deteth@eegg.lesg{ %P?\hgggﬂj(gﬁti?m%g? forms as well, unless

inva%iﬁ%lpﬁ%ﬂ{q%%a%@%ﬁ@e} nebg AbRSmaGMeraEvRe. Inbges reflecting the

ons, t applications, patents, and other

ref ergnces ' : ' ) BEintcpestalefithal) from post-
vioct gt GREEBRAF] i P UaiBF plo (icfor BERETESleREd
-~ otherwise indigated, all nug e ted (bar

neallsgHE Y SEOWR- PR bitr DIRED E oas g Beg8 MY presentod (

so forth used in the spegifi.cati JHEY RfwevdiQes f
graphy. JREdnaaniRPresenie rﬁﬁmepﬁgiéaﬁnno%'ﬂﬁaﬁ%gdﬁges by sl

the term "about." Accordingl nl ess. 4 Ndj ;
pixeldraitionte ssgion o isterarer e Arsy s e MEEERE fofuted in

the follow ng specification and attached.cl ai
increagedbiooafioens fumeiionabguiceme Oééﬁsﬁ%qeﬁ’gaq%%‘??%teﬁ%' Eﬁ‘(bay 8

desired properties sought to be obt ai ne?ﬂj%.the timated
posBBEAMING] wuemd-Bdge wats aryesogtiphed aadyascialzatien §&s &1

attenpt to limt the application of the doctrine of ¢
by SEHINGROE DS 1t (fed, hrodarnine) ahd DA dblup nRUCIRl; dypher abundance o

nuneri cal paraneter should be construed in |ight of

¢

cpbNesdshen sektich epidinenimomd g teaterdiside dbottay) reflect better
roundi ng approaches. [ 23] Notw t hstandi ng that

Vaséal%rigm{\ils‘:@dntfo?mgﬁ and parameters setting forth the

road scope of the iInvention are approxi mations, the

nu 5%10 alpié.g,leuge_%?@zt.i_nmeba pHospmraationfof foealadilesion kinase
ar por t

as precisely as possible. Any nunerical

e A
R SN A B Rep oy o oo
andoiefonc SRk AR Moot nd,
phmﬁémnnuge%ﬁw@%ﬁu va fe%%é%i@%. &%ﬁ{r% B%\K%rﬁé?%t_in was
blotted to show equal loading. A. Effect of various dose of H2O, freatment on
phosphorylation (Ty 925) state of EAK. B. Kinetics of site-specific activation
phophorylation of FAK in HMEC cells following H2O2 (0.1 mM) treatment. C. Paired

excisional wounds (Figure 2) were either treated with placebo saline or Ha02 (1.29

micromole/wound). Wound-edge tissue was collected 30 min after wounding. FAK



[24] The present invention generally relates to the

use of hydrogen peroxide or its sources in |esion

heal i ng. In sone enbodinents, the rate of healing is
wongismassesl, and in sone enbodi nents, there i PCITS2005/021477

reduction in scarring. The invention can generally be

~used to treat any danage to a |ivi bo i i Gh
phospherytztidy'is woand edge tiepus Wap ﬂ@%@@e&ﬁﬁm%ﬁ? e.‘r%‘%' Data

I nvention can be used to treat lesions in animals,
fromItiel sasmartirts) aenshaspeci fi cal |y incl udi ng humans.

[25] The term"lesion" is used herein in its generic . -

Sane) Figuies) MORH1 and pAZphpx defisieacy igais dgrmal healing.

wounds and injuries. "Wund" can also be used in iﬁjs
TwolSBEIhS! RIS (FERAS RN werdiplachd oaritoripesbeidn @bE SOl

burns, ulcers, etc. "Wund" and "l esion" may be utsedd i

Aloelies hSE RDmiceN Edenl st stse trewoomdewes treated wi
C57§B}§C| | cgﬁ?%hy ctates otherwi se, no distinction is .
L dntended, Lesi - ANSHE Sayd o) sA. RPeestmwieg kinetics o
e'th?_resélﬁ'aﬁgyWb(h%@s%]@ﬁ&ggoz%ute or ohr orﬂ)c., wounds can be

full thicknhess

i . penet: i | i i hcebo-
monepy g GP e SRt BRI R N e

| f skin. . t i . bsed
trea@%én?&?ndoq gf ﬁ\%ﬁ{:l%gp%%’?&@hﬁ&) g@}:&%u%ﬂmu NGiSsUrs Inisiine itibse

s, penetrating
ds. oo L e ooty _
circlencl) fhaierrnaaer CatRLG o [E98 tEkddihg88¥) or saline (open
bite wounds. Exanpl es of chronic f .
‘circlals,eomb'egteidﬁﬂ@gdl K ,miﬂec?g?-.§90§’[]|éﬁ p\éggé;ﬁ%%é IB]S%}!% &f il wound.

ul cers,
venous ul cers,- pressure ulcers, apd djahet] .
+ <80 aeraErod 6 CBT AL RAINE AT, kP i O TBHIEIHO saline

[26] The conposition that is applied to the |lesion to
treddfeht, Catesindaisires iﬂﬁdh@d@'ﬁs‘ﬁfgﬁ'&l‘?%é) trpaigd é'!ﬂH"@é o
hydrogen peroxide. The concentration of hydro%en4 Phox KO
CH5TERI6%hE #,80Rtbsst tiangles, ¥ por salinedopei SIrglRg Y fp4 7 Phox
amount that is conventionally used,da’ir;j'c%{li 355%nr§pared "
: hoRRA LS pefcdntsse dihwea toh atitizh moung- .
m.c%%%%‘&g‘gsssﬁ%/ US2005/ 021477 produces an c;xi di Zip&)ﬂf’@ tin
foGh LifePes pr 0,05 empared hgKEesdline teaaiment. r
ngén%g%lrlr@%rgétﬁg Iessfﬁftr han that anmount that produc$3d1ca
eCL Ok -SSiBh s Eiad of psBptex K@ reioetharvested from
14 &ﬁ%@f‘%ﬁ?@%&%&%}ﬁoum of hdeogen per oxi de appl i edf
to,a lesion s d BRRUAGRgMbeshigrdxpréssion o
Wo‘érﬂﬁlnﬁ*e%%l%cprsg%{s‘ggb?g%s-pe}j sqgare centi net er
(cnR) .of lesion. ln ol tSde fndR:a8AG Weklinyd is ongeing
ke@?@ﬁﬂ&ﬁoﬁﬁéﬂeﬁ%%gﬁ%%z gb??(;egi on is fr 2§n about 5
pmol to about K 50 I r. ' 8 It @k kxRN @mparable
on theseajrirel side, Wh'?et @?‘?Egﬁ@{%gr%@&n?ﬁd&schy Jcru‘g*gen Ber oxi de P
applied to a |l esion can range from about 500, 600,
 to M@®al 880, or 900 nnol, or 1, 2, 3, 4, 5, 6, 7, 8, 9,

or about 10 prnol or higher, to about 2, 3, -4, 5, 6,

7, 8, 9, 10, 15, 2 , pnol ,

per square ce -ﬁ T4é) Oﬁm Tgonrount can

range, for exanple, from 1 N 21210, deeio more

pofbZoper TstparenBeT iRy al P g5 d&trped i sRfe

amount of hydrogen peroxi de applied 't QL t forms
detaileg enfhosimansy his, ingentipn @?y,g*fo%, r,éa%, é}ghgﬁ%% g@?ren o

60, 70, 80, 90, or about 100 pnol, or. higher, t
arB&hoBlE notds O3R! a5 Binted 10 S STTRHIMPEE Soi ey HERA! Rather,
300, 400, or about 500 pnol, per cubic centineter
(cnB) of |esion. The anpbunt can range, for exanple,
from 10- 500, 10-250, 10-100, or 10- 20 pnol, per
cubic centineter (cnB) of |esion. [28] The
concentration of hydrogen peoxide applied to a
| esion can range from about 10, 15, 20, 25, 30, 35,
40, 45, 50, or about 75 mMto about 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, or 100 nM or higher. Thus,
the concentration of hydrogen peroxi de can range from




[29] The hydrogen peroxide can be applied in any form
of vehicle or carrier, including but not limted to,
liquids, gels, lotions, creans, pastes, and

W RbERPEs. The nmeans of application wll deppoduspemaisr?
what formthe hydrogen WO

20061009853PCT1US20051021477 peroxi de takes: |iquids
theseasmbedispnizyad proviged se dhatftois disclasprewilles thorough s |

creans, pastes, and ointnments can be rubbed or .
compRss 2grPwillfally erppltee sddyesef the ihventien i those skiled irothe art.

carriers/vehicles, for hydrogen peroxide delivery,

ar g)ﬁ?s cUhRES ottbrRite dafmeti palbteshsibaleandRenieniifc derms used
Phar maceuti cal Sci ence, and other siml ar

herdit PLi S fld e meaning aé 88hmEne, Geldrstedy biy@nesof cadindry skill in

onbgeneous, e.g., tornms in which the hydrogen

the ?g:tgné\)h?cﬁl tb\ﬁi ihﬂax‘ﬁc@ﬂ%él&ﬁbs. OfhdRHABERH.REE in theddescription of

ydrogen peroxide is contained within
BB AITES B iaH idl15 dABEBmMEAR GHIPEHE & Aét intended
the f"ﬁ%ﬁﬁ‘?rgﬁ red ‘P?&'&F‘%"E@H@ n rtéﬂ?er natﬁel Y, or9
addi.tiongl | oduge a [ of. Ffonti dth
to b@j‘gﬁﬁﬂ?%?ﬂi‘?é%‘@p&h@& rus%djf)(glgeg = gé{l&ﬁ{:}f %qfeﬁg\fenslioﬂﬁnar e
means of providin n _ext ended rel.eas
ApPREROX PBETS B SRS AT o Find BB pars BIPFIg Clude the
whi ch t he hydr.ogen peroxide is exposed to the QN5
plumsbloron el HTIBRS Ay FRRER S B IES R PIATLls o Buliatons,
provi ded for an inmedi ate effect. . égé}ﬁ.The . ted
patefelapplications; paicten ans ofhar arlerances mantioped Jelsin gte incorporate
whi ch can deliver hydrogen peroxide to a.-lesion for a
by @esreneslintkeir edtigfly.t i me. Devi ces include, but are not
limted to, bandages, surgical dressings, gauzes,
adljesi)ve Upldsspsthesisgindidated, all numbers expressing quantities of
ingredients, reaction conditions, and so forth used in the specification and claims are
to be understood as being modified in all instances by the term “about.” Accordingly,
uniess indicated to the contrary, the numerical parameters set forth in the following
specification and attached claims are approximations that may vary dept?nding upon
the desired properties sought to be obtained by the present invention. At the very”
least, and not as an attempt to limit the application of the doctrine of equivalents to
the scope of the claims, each numerical parameter should be construed in light of
the number of significant digits and ordinary rounding approaches.
[023] Notwithstanding that the numerical ranges and parameters setting
forth the broad scope of the invention are approximations, the numerical values set
forth in the specific examples are reported as precisely as possible. Any numerical

value, however, inherently contains certain errors necessarily resulting from the

standard deviation found in their respective testing measurements. Every numerical



staples, clips, henostats, intrauterine devices,

sutures, trocars, catheters, tubes, and inplants.

I mpl ants include, but are not limted to, pills,

wWEloh&bossssr ods, wafers, discs, and tablets. pCT/uso@aki477

Devi ces according to the invention can be prepared

-accordi ng to known nethods, and can include, or be,
ran  thesughpot Wiespecification Wil include SYa'Y NHEMEIRENEricgLrange

pol yneric material wll be an absorbable material and
that Fls Hilhet sidhsbrand@snuraeszh ratyeo b dHush maremea Ny merical ranges

Devi ces can, of course, include both absorbabl e and

= : tkRl als. WO :

'Wer%'g%’/@‘g%g%g%@g?? 50051021477 [33] Absorbabl e

ma@%%al ecﬁr'és&?c inVaHtAldener@lygeiatdsstoahd use of hydrogen
non-synthetic materi als.” Absorbabl e synthetic

mat eri.al s inclydes d éthbedinients, tied Fatb ofhealing
pemd@ey%%ss,soulé %ég?‘%é"'g'gué%fﬁ{gg'g%rﬂs, net hacryﬁ’ at e
. . pol rs,,ethyle Iis t; ; vt ema
is Ingqq%gg,ﬁrpolﬂ(ﬁox'be %@P%&"Hﬂntégo f@ I§ aﬁ@djleT@ﬁSm S@é Mb e

0 ners, ycaptrolactam

e 56 i BRBRSAR BefarSp ek dounicn
lyal te, I | . iLnat.i .

‘body Reweish| oRBE GH AP SThBHER TS SO car i weiig gt lesions

but are not limted to, ca . cargile rane,
in ahiasds,such e mayamals: ﬁﬂdéaﬁpigg%bf, 'néHﬁ'ﬂg 198t i ons
t her eof . [ 34] _I\Ionabsort,)a_bl_fﬁ synthetic ing that it
ma{@25] al $he rrmutiesionsus uaee hagin N iR 9LPCFeRyPoligaNng
rayons, polyesters, polyolefins, and conbinations .. e
encbhpaesss alNeortsadfveninals|andriojrieyntWerngd” G @pp ppdised in
include, but are not limted to, silk, dermal silk
gerb befse, I@fing wadit conbinpasseswoyrss BYms, ulcers, etg. g§yound
Conbi nati ons of the foregoing devices and o
ancﬁ%ﬁd@rﬁéwg@h%@m@ﬁﬁawm hexeirs isnd edlessdhe eraigyi gpecifically
ydr ogen ‘peroxi de gel or ointnent can be inpregnated

dictalbiRe NANIAIRIRInoHoN Riintines] Resibns odalticvgoynds; bums, ulcers.
ydrogen peroxide to the desired |ocation. As another

etc1e ggg@b&\[v\\;@tﬁﬁdé& Hﬁ])l/ g@ta%meeo@&ﬁéﬁibﬁW@Jr@S\danebe:ﬁlﬂ thiekness, i.e.,

rogen peroxi de solution and.rel ease

perhzgre tlﬁ@lalmépr%gs & %,td?l%aﬁ?ﬁf hGekrR48! .8, peidirfiingdess than all layers

physi‘ca mused to deliver the
of Kb GrPBpIBS BEAC N RS e, I Topaigiprwound.
per?elft;altilng %Iounds, avulsion injuries, crushing injuries, shearing injuries, burn
' injurie's, lacerations, and bite wounds. ‘Exampies of chronic wounds include, but are
“not limitéd to, ulcers, such as arterial ulcers, venous ulcers, preésure uicers, and
diabetié ulcers. Of course, acute wounds can become chronic wounds.
[026] The composition that is applied to the lesion to be treated contains
hydrogen peroxide, or a source of hydrogen peroxide. The concentration of

hydrogen peroxide applied to the lesion is less than that amount that is

conventionally used, and in some embodiments is less than that amount that

10



one in the art. [ 36] Hydrogen peroxide can be
delivered to the desired target site as hydrogen
peroxi de, per se, or it can be delivered as a

WU aRp&hdes. For exanpl e, superoxide is transfpemeskoosiozi477
into hydrogen peroxide by superoxide di snutase, which
is naturally present in animals. Thus, hydrogen
profieie@irdexidiaing ffededn microbles or ethealideg cells; angyn some
adm ni stering superoxide, which is transforned into

embBiheaRs Resaagthat aMOURADDGEL PRERBEPETICCBHiC oD gontacted
Hydr ogen peroxi de-|i ke peroxi des can be delivered by

tiss@&! InV&8rhd @mboaim&xaBbamdwett bbhydrbgéry pepirecapplied tabllesion
of these types of sources can be considered cheni cal

is afHBsR 59!‘3 TN RER AR iUt 5O Adromut el pesrasquees

01Ss rmed naturally in the body by a reaction

cenﬁﬁllteﬁ@@bfﬁ%@m th 83ifle @RS Rts Phe Gatcun? BP ﬁ%@?&béﬁﬁf peroxide

n converted to hydrogen peroxide

BRSO AR R Daseaa s ot

gat al ase. 'Hydrogen peroxi de can be allowed to
(Cmal:%ﬂﬁﬂpﬁte at a lesion site by adm nistering a

o s Thmariei o phea L8 A 48T ance o
adm ni stering additional superoxide_dj tase. . -
s ch et Pt
higleerz inatvout 25 Sud .6, ThBsO.clh 181 48 T 35041%’?%}13@&?53 prriol, per
natural source of hydrogen peroxide, as opposed to an
squaxd cameneisr &muﬁ)oélesmn. The amount can range, for example, from 1-50, 1-
25, 1-10, or 1-2 pmol; per sqﬁare centimeter (cm®) of lesion. The amount of
hydrogen peroxide applied to a lesion can rangé from about 5, 6, 7:, 8, 9, 10, 20, 30,
40, 50, 60, 70, 80, 90, or about 100 umol or higher, to about 20, 30, 40, 50, 60, 70,
80, 90, 100, 150, 200, 250, 300, 4@0, or about 500 pmol, per cu.bic centimeter (cm3)
of lesion. The amount can range, fof example, from 10-500, 10-250, 10-100, or 10-
~ 20 pmol, per cubic centimeter (cm®) of lesion. |
[028] The concentration of hydrogen peroxide applied to a lesion can range
from about 10, 15, 20, 25, 30, 35, 40, 45, 50, or about 75 mM to about 50, 55, 60,
65, 70, 75, 80, 85, 90, 95, or 100 mM, or higher. Thus', the concentration of
hydrogen peroxide canlrange from about 10 to about 100 mM, or from about 25 to
about 75 mM, or from about 40 to about 60 mM.
[029] The hydrogen peroxide can be applied in any form of vehicle or

carrier, including but not limited to, liquids, gels, lotions, creams, pastes, and

ointments. The means of application will depend upon what form the hydrogen

11



[ 38] Hydrogen peroxide can al so be generated as a
byproduct of a nunber of reactions, including, for
exanpl e: 1) glucose + glucose oxidase; 2) xanthine +
weRhdione3 oxi dase; 3) hypoxant hi ne + xant hi nepEpstassa21477
and 4) ascorbate + ascorbate oxi dase. Hydrogen
-per oxi de concentration can also increased in a body
perokie tAlsoliquids pare beisprayedl araoureth doreremplayAsis, lotions, creams,
oxi dase, and superoxi de disnutase. Al of these are

paste® HHAUMRIENRNETBE indbissalsamassHgedy ir eyempise rohasgengrrfher
are wthin the scope of the invention. [39] The

rormaY S DG RERREhifed, Sordgdromsrepkrbride elivey) arediasariped in
site at |east once. In sonme enbodi nents the hydrogen

publ&%ﬁc?@g Q{b\pi S BEhing6ed PranhheeiRaDStiesdd, antathor dimiar,

e, SIXx, seven, eight, nine, ten, or nore
bitl S The delivery can be as often as every two,
PUDICEHPNS. i x, eight, ten, twelve, fourteen, sixteen,

' f
orOAb & g ot B sl Gerebf ela Rtind i nitRch the
2006/ 009853PCTI US2005/ 2 ' ' |
ryoiGBRBPoKIE B R SRR T s s £t PENE EERNER hydrooen
f hyd xi de at desired tinEs. |
porcnider bGP BIIN RO FORE G T EPHIRCT LG AL A chjoddoe an

- hydrogen peroxide for an i mediate effect on _
iminadiate eBectaandean aﬁergﬁ’g\gr%,lgré\dggloga% gﬁ%qcﬂcet ctaxtended effect.

delivers a second dose at tmentg-four hours; ﬁ@g an oo
For eramaplsy lijaisetheso ap oHEREPETES. AethgetBilar MRRRYOHISYL
forty-eight hours. The treatnent strategy is left to.
extdnded pelassé of loytrogen heradisis, gan e used ite extep the peried during
etc., is within the level of skill in the art.
which the hydrogen peroxide is exposed to the lesion; non-encapsulated hydrogen
peroxide can also be provided for an immediate effect.

[031] The delivery forms can also take the form of devices, which can
deliver hydrogen peroxide o a lesion for a desired period of time. Devices include,
but are not limited to, bandages, surgiéal dressings, gauzes, adhesive strips, surgical
staples, clips, hemostats, irtrauterine devices, sutures, trocars, cathetersf tubes, and

| implants. mplants include, but are not limited to, pills, pellets, rods, wafers, discs,
and tablets.

[032] Devices according to the invention can be prepared according to
known methods, and can include, or be made from, polymeric material. In some
instances, the polymeric material will be an absorbable material and in other

instances, a non-absorbable material. Devices can, of course, include both

absorbable and non-absorbable materials.

12



[40] It may be desirable to provi de for other
conditions in the practice of the present invention.
For exanple, it may be desirable to ensure that the

w08E800fs80i on of the lesion is sufficiently pcrruszooso21477
oxygenat ed; generally, it is sufficient that ' -
at nospheric oxygen be present. It also may be .
defi3BRbl Abgdovbatre maeneala cele bersyuthelis giaterialgrand ngnsyaHgtic
a particular tenperature; in sonme enbodi nents, a '

| matdyIEn ABShrBhbleRyhireticendterials irelideablisareWt lignitedtto, cellulosic
required, it may al so be desirable to establish or

Iy t N ddliE asligidyReRD wigtesuigate. polymers, efithe vinyl acetate
poyﬁ?&?tgﬂmal ly, q{t)‘( may be desirable to include other

polyﬁﬁg,ggﬂ%ﬁt% ?ih#/lyaiéﬁﬁﬁ fchb@h"le?éJ plyEapiiolbbant, polzcatatean.

he vehicleS or carriers nmay al so

el ud > AN

cong el AR Lol Po kA pogolERlA R B aprone,
ssihilities i : n ' i

oo BRERhAL: PSSR SrHaRaRE BB RS REeyntneti
matbRAle Hislisea et s b imitet to Yollpod e Aepftnd Balifidia,

Exanpl es are provi ded t even nre clearly describe
gelalindcelagrai #hd @F&“P'ﬁ@ﬁ%% @‘ﬁ{" €0y

20061009853PCT1US20051021477 =~ . L43]W§éﬁNPL§f ted to

[ 434X aWphabsprbaiile sypthetioMaRIgISINCIUAE REHE O tiated

[45] H202 concentration in wound fluid

nyldrentaySoi fdlyastersi pelyerelins. @pdicambinatiges thereof. Non-absorbable
subcut aneously inplanted on the back of 5-week

-ol d .
nonGa7lieli6 nmtesals irclude; ibsit ereamotwistiteditagsilk Aderapal sjlig.cotton, linen,
days, the wound fluid was collected and the
anddopdsivatiingttieerdofl202 concentration in the fluid
neasured using a real-tine el ectrochem cal technique

as cr Chabindtiohs bf dnforyging déFcearhdariesi/ hiclapare also
20(51 t 1;31(7):894-901). The baseline was coll ected
envidibriddS: Fol&afphdl ot Byd6Gert paroRrideryel or ointment can be impregnated
“into a bandage or wound dreséing fof delivery of the hydrogen peroxide to the
desired location.  As another example, an implantable absorbable device can be
loaded with a hydrogen peroxide solution and release the solution from the device
over a period é_s desired. The }:}hysical form used to deliver the hydrogen peroxide is
not critical and the choice or design of such devices is Well within the leve! of skill of
one in the art.
[036] Hydrogen peroxide can be delivered fo the desired target sile as
hydrogen peroxide, per se, or it can be delivered as a precursor. For example,
superoxide is transformed into hydrogen peroxide by superoxide dismutase, which is

naturally present in animals. Thus, hydrogen peroxide can be delivered to a target

site by administering superoxide, which is transformed into hydrogen peroxide.
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Fi gure 1A [46] Wound fluid (0.15 m) was
added to DPBS m) at tine indicated wwth an arrow.

Usi ng a standard curve, the concentration of H202
woeh®ioesaed in the wound fluid was 1.1 RM THGE/GSE803/021477
is in contrast to neasurenents of bl ood plasma, which

do not show neasurable h drogen per oxi.de. [}g]tert-
Hydrdigea peebdsst-ikerperpxides fan dggielivered by el!é?"rl%;é‘?foed‘&'?@ :
peroxi de was tested at the wound edge by dete tci;?gn_ofI
butyr tadirepdrofider Biliof treesefty pesiobemicesetaskpIEORSHIerR GHfP
cavity using a spin-trap solution to rinse the
XPeppirvgsperoXidel ve hours after wounding, the site
S'Our\%as ti?’gjated ]\g/’\neth the spin trap, DWO : .
( 50871l MydNsberPpéronidenaldo miptmed Tatudllydn thebedy oy a reaction
da[ta a freshly inflicted wound was subjected to thertdt
- | ithi ARNbroddbé eupdrbxidie nwhiek js thes aopivarted to
be@%ﬁ?@ﬁ%ﬁ%%ﬁ%&%thd?am fro?nthe wound cavity and

oS 8 BUTE R SAABRETEL) Brigpon poumi L el
cooBaRE TR In HREFP BRI SRt (it fggdeeaooe
stogaL eyt BT s VG4 g3 R gk o o
ot mhoha AR o et b BBy aominsten
st borladenuise. AU S I AR ¢ B o

DMPO-OH with the follow ng coupli constants: .
this aringr S0capsidered 1 loave hern B SAYMEIC SRR F can

were: mcrowave frequency, 9.8682 GHz; sweep vm(ﬁ?g
alsol® o sidered awaterabsowce oF bYAIRCCRBEINIAS: G5 ORREFTY R

0.5 G nodul ation frequency, 100 kHz; ti-ne constant
extraled®ESource. [50] While the spectrumfromthe

shamtreated spin trap solution did not shown any

pr Ems]e NHy8Rigénasidoitie cahelspisrgenaraisttas s BYPIPAWeHOf 3

wound ‘rinsate at 12- hour post-wound period sh%vved S\)-

dactiods indluainbetor exhirplen 1) Ghueosa dighiapsgloxidase;
nungﬂ())%g%crﬁentig wer e idgntifi ed as DMPO OH (hydroxyl oat
| Yaby: Binpebréntaine + xanthine oaitiasSLaret dxasberbate

xar%@&%%?{%nﬁﬁ#ﬁklﬁgr magléﬁsygl n and wound edge tissue. As a

function ut DR @rceasationcddnvaléy inciizsed in a body
+ aﬁ‘éq{é?egt?’%#wasgé F@&@%&{n%é;?ur ed fromtissue cryosections

si ng_di hydr oet hi di um, (D) hiide8; 86MBlpéregide dismutase.
by e yeELE S'%%”ag:] %@H‘%Et‘?'@ﬁﬁguné edge sarr%l es were

harvested at 12 hours af. ' j | FHBhrg within
Al pFtbsan o caisideTes @0rimptc oY BEhPoda plfeR

i ncubated with DHE (0.01 mM 20 min, 200x,) to detect
theroaa@f hesin¥ehto8d by confocal nicroscopy. Results are

sho[\gggj " Ti:eg#;derzogle% peroxide is delivered to the desired target site at least

once. In some embodiments the hydrogen peroxide is delivered to the target site
two, three, four, five, six, seven, eight, nine, ten, or more times. The delivery can bg
as often as every two, four, six, eight, ten, twelve, fourteen, sixteen, eighteen,

twenty, twenty-two, or twenty-four hours, or more. Where repeated doses are
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[52] Enploying this approach, it was clearly observed
that the edge of wound-tissue stained nuch nore
. promnently conpared to freshly sliced normal skin.
wOYofs/dobgasli ng | ends further support that the reaumsioos/oz1477
site is enriched in RCS. [ 53] Toget her, these
‘experinments clearly denmonstrate that ROS, inc)udi ng
desinyd]degiees pepther dairiess eap be Sereorarmad Livdeleaspideges o
tissue. WO 2006/ 009853PCT/ US2005/ 021477 54]
hydiogefpeenidde 5 destreddimes dewrexeatpd, aswicspsphere formulation can
wound- heal i ng. [ 55] Because hydrogen per oxi de
inclRSusdRWPs liateaeyRiF@senperbxidaderah invaddiaty effest B,
experiments were perfornmed to determ ne whet her
adrrﬂﬁ%{r&ﬁﬁi; B dnkSpsiRAeatohionent Watiieliversna eecomldate at twenty-
eal 1 ng. Catelase is the natural enzyne that

| ' ' hindl dosk attdrty-cight
fouﬁwn%qfrg %93318@'{%5%9%%0086@56%’( 115 diclivere s thind dosel atfriy-eig

0 'woun e tested. [56] Briefly,
catal a i . i i . f devi
nouf o P fFatfEns kB 1R RO oMRUINEr o deSign of devices or
‘ vectqr al lawed f ah. iciency of over-expression
carqtqqs,tq%g., %Wﬁﬂ%%ﬁ(%&?p%'@bﬁpﬁg?@ b)é' wounded vvag
subcut aneously i.nj.ected onc | ' - catal .
2l Cofiei S SRR o BT ReThh ingt bt IfRe frefice of
bef ore wounding to allow for nmaxi nu - '
the preseat BVABHOThtFarHRXARRIft TP ° UFRESER 18 CgIc that th taget
full-thickness secondary intention ywounds were.placed
region of He esions SWRFITHY ORYGRRALSA SRDBIA.ChPRUTIc Rt A8
[67] Figure 2A shows a Western blot of inf e_c% ed skin fevel
atmekpheniuoygenbagressndr lialpe Bayihadesrabledodnaiatain g Jegied leve
. wWth Ad-catal ase (AdCat) virus conpared to the side .
of rhsisatedndvatparidoiantempatkiwes I same smbogdingerds,gwarm, moist

re-probed with fl-actin to show . _
environment is desirable. While not required, it may also be desirable to establish or

maintain a sterile environment.

j041] Additionally, it may be desirable to include other therapeutically
beneficial agents in the formulation. For example, the vehicles or carriers may also
includé humectants or moisturizers to maintain a desired moisture level in ihe treated
area. Other possibilities include drugs such as anesthetics or antibiotics, which
provide other desired éffects. Again, the possibilities are unlimited and are left to the
practitioner.

[042} Th.e following Examples are provided fo even more clearly describe

and explain the invention.
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equal | oadi ng of sanpl es. [58] Figure 2B shows
wound cl osures as a percentage of area of initial
wound determ ned on the indicated day after woundi ng.

wORodkabdsed | i ne represents a standard heal i NECEOS206€5/021477
of saline treated C57BL16 m ce (open circles, 0)

W thout viral infection. AdCat Treatnent (cl osed

t rjod6p| EXAMPLES acZ treatnent (closed circles,); *p
<0. 05, conpared to LacZ treated side. WO

2004 0 ISkathplEl 1157@86Nn06e bi ROS at the wpgpf-sitegure 2C

shows Masson trichrone staining perforned on ]

f oo\ | NrioLshrivanbfiominsestricfgd.oHunégenibngvde HRsM cylinders
at " the wound-site sanpled on the day both wounds

wer€s nddiBIAd{pRint&d BR thd bk b Badek-oldECEEBLGmice via
I ndi cative of inconplete (vs. control) regeneration

incis?énaa SloinaFANSirRT F06 d8y8.he WRRH lomss eolidcted @ tharsteady-

ion . tissue; HE, hyperproliferative :
epj phel | on | sl 1g & EleByrg¢Igeioal
Stat%&@ﬁ%%ge%r%ﬁ%th&[ f@@%r e. Md%sgh%%ﬁﬁﬁgn?t ev\gs e a-
clearly denpnstrated ¢ ; : Beoh$
toch e oo REAI Hy Ag e e SRR e20 T Oct
1537 B0 eI W BN T PHS: chst PRuReal fibwn in
 exanine the effect of added hy‘dr ogen per oxi de.
FigyreJA-Briefly, two 8x16-nm ful | -thi ckness exci si onal

wounds (Figure 3, insets) wer t he, dorsal. _
SicieD  srBEichi. B> mINwas BOGREIDBRa ) ThaHiap ijiested
two wounds was topically treated either wth H202 or .
withsant amew. Using a s{ﬂ@]ard:clgueethg@ogﬁ%gatqogﬁf%bé cgferpwﬂi in the
(1.25 mcronol es/wound; or 0.025 m of 0.15%
wour@l itfid @asVIoLpRL. This ecailsti it yn cardest B measemepits ef igod plasma,
0) treatnment facilitated closure noderately conpared
whitl? dB ¢ shav hieatifghld BYaSeEn peraxidss, ) si de.
[047] H20; detection at wound edge. 4
[048] Hydrogen peroxide was tested at the wound edge by detection of
radical footprints of hydrogen peroxide in the wound cavity using a spin-trap solution
to rinse the exposed wound. Twelve hours after wounding, the site was treated with
the spin trap, DMPO (5,5-dimethyl-pirrolin-1-oxyl). To obtain control data, a freshly
inflicted wound was subjected to the same spin-trap treatment. After 15 minutes, the

spin trap solution was withdrawn from the wound cavity and subjected to electron

paramagnetic resonance (EPR) assay.
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*, p< 0.05. [64] Figure 3B shows that | ow dose
H202 treatnment does not influence wound m crofl ora.

For. determ nation of surface mcroflora, wounds
wd foe@doegksW th ei ther 1.25 m cronol es H2021worEiyS20§5&121477
bar, or saline, closed bar) were swabbed (24-48 h

post wounding) for 20 sec with an al gi nate-ti ppe

ap[Iot at BPR neasremanisweraesiosRas Ushg Egéwkse RoSbo PR
bacterial |oad was performed. For deep_ tissue wound
spediiaheitt oparatingahXirandafiten TN UHAEaGtye Sdoue HH shayes RBR
' renmoved, wound bed tissue underneath eschar was )
spe AR BMIPCRAGK St Anddistadd remasasiirsate. of N spedia Were acquired

' oad was perfornmed. Val ues shown represent msan,loﬁl? I;)f

\ ] . floess colied from wound cavity at Oh (sham
fm"%%%&%@é%pﬁg%%%/ 021477 [65] Figure 3C

conﬁ&ogﬁ%% ;ﬂ{hﬁﬂqgﬁ éﬁ%ﬂnaﬁgycﬁf@mhéﬁf Therpecied bsthd lower

Crt 25 m of 3% solution, versus |ow,
vk s BeFGPLEROE B 1R 1 by Sl tstans
NSRS it
frethl_ggéf, 62@5% %ELQQW{%%{? mﬁ,tﬁ% (%l ﬁlflc}roﬁ%\g%p%?&a%%vﬁ nid&Rtation

onte on t reat ment
d tic ti da d.. i oj
I TR TR e
Wund and 11202-i nduced changes i i oge [ . \
( elBEa Yeriesne sReHIB ORI IamE S RO ! Bogeohrangdd not

- flow [67] Additional experi r_rentfs wer e insate at 12-
shoperdryr prethinent spinogdduss the spesiTUROBIRINGS oM WRYNgJisate 2
of hydrogen peroxide increased the rate of wound, .
hour@aki-Round period shé@dd Raleasd R di GlasiehPatiRion ddepdigidual
either treated with placebo saline or H202 (1. 25 )
corfSHEDWeraBRtiiecey BMRCHOM thyaraky fagcal edwet) by gienulation.
tissue was collected at indicated tinmes after ] -
wo ;[@éi[]ng-sf'egmﬁe Aivcibions inenoriTiad skic laed veoymdadgettissye. As a
ssay (RPA) showi ng kinetics of angi ogenesis-rel ated 4
b Apehdivity, @t genaratiois dftegumeasiie
T R O T eat nene (1 25
m.cr : Bnd@okhididay®HE)Bs the ROSHsdasitive
f’“’?‘l}\s?ﬁéer?hg’%%%e”ﬁﬁﬂ . ioﬁgﬂced T ang VEGE mRNA

fluq%égéﬁ?@%&%n ?ﬂ%ﬁ)&c@% g@gl%? ;‘:‘eg\%lé.ssiaﬂﬁﬂé? Were harvested @912 hours after

i magi ng of wounds

woﬁ.ﬁé;gé rapnﬁ gwrﬁ%gl\&g%&\és :ui Ol(‘ff Breln %@gﬂcrﬁ)é’éﬁtiﬁhs were incubated

€. I'mages r ecting the

_blood flow (right panpel)) an I gi '
wits PHin (&P M. 7Ein ARG o FRteet s fid By PRl By oRicar

shown. Data of the bl Qo% fl o¥v is presented as nean
mios¢aRy: Reswir pre shewRiRioMEy 1 Esents the arithmetic

nmean of all valid blood flow val yes,for pixels,wthi

t he[05@pi dnmploying: iseaRProaie 'tr"lé%%a?%”% "Y?Fg{haf ﬁjll? Qg of

treatnment resulted in increased blood flow, . a q |
wolinoeisbom alairmd roook meire preainestly aprgrage tadieshly sliced norma
skin. This finding lends further support that the wound site is enriched in ROS.

[053] Together, these experiments clearly demonstrate that ROS, including

hydrogen peroxide, are present in wound-healing tissue.
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WD 20061009853PCT/ US2005/ 021477 [70] Figure 4D
shows the results fromday 8 post-woundi ng.
Wund- edge was cryosecti oned and vascul ari zati on was
woshidimbes by staining for CD31 (red, rhodamnm REyUSHEH/021477
DAPI (bl ue, nuclei);- higher abundance of CD31 red
stain in section obtained fromH202 treated, sid
( bieBEpmExamiple: Bftactaf exgess calalass Py r‘f"%‘%@ﬁ?ﬁ%ﬁ!‘
(top). [ 71] Exanpl e 5: H202-induced )
phpsphorydause hydfogenqairoxidi wer GHowNiade Rregdt In yound-
m crovascul ar endothelial cells and wound-edge L
hea!ﬁﬂqst%éﬁe, experiments’ @brd-petomeddosieterotnawheihgs drereaging its
cells (HVEC-1)- were treated with H202 for indicated

congmr%ﬁéﬂ ol RS wo o Redipiy | Gatalase tf theAtatwabenzyme that
etected using Western bl ot and phosphoryl ati on

bR gkl i ok iRas gRictsted MO Wiady & bakosted.
hydn% _ggﬁgﬁﬂ@%fg?ﬁﬁﬁlt ed tio show equal | oadi ng.

7 i QL in@f wahidog itsl osers sion
o], %@%@@%@ﬁ’éﬁﬁ%@ﬁﬂ%\“ﬂgn (Tg%zzs)_ e _

s oo T Yo b S lpgg cpecif

b2 e 1 Ry s sy
oncombbetroosRe s ope MR R L g
woumg S tmon e R BV B ERp A LR At Rl . Tuo
8x1€3rn(1)rrnn fh!?-{h?c?knaegls gg(lzc?n a#rf)}?n%c)ent%newg&]ngd\gm\rbere placed on the dorsal skin
of eight-week-old C57BL/6 mice.

[057] Figure 2A shows a Western blot of infected skin showing catalase
over-expression in the side treated with Ad—catalasg (AdCat) virus compared to the
side treated with Control Ad-LacZ virus. ‘Blots were re-probed with g-actin to show
equal loading of samples.

[058] Figure 2B shows wound closures as a percentage of area of initial
wound determined on the indicated day aiter Wbunding. The dotied line represents a |
standard healing curve of saline treated CSTBLIG mice (open circles, O) without viral

infection. AdCat Treatment (closed triangles, ¥), AdiacZ treatment (closed

circles, ®); *p < 0.05, compared to LacZ treated side.
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WD 2006/ 009853PCT/ US2005/ 021477 [ 75] Exanple
6: MCP-1 and p47phox deficiency inpairs dernal
heal i ng. [76] By attracting hydrogen-peroxide
wBhosedsgg nmacr ophages, nonocyt e/ macr ophage PCTAS2005/021477
chenpattractant/chenotactic protein-1 (MCP-1) plays a
~key role in the devel opnment _and resol uti or%a%he fin-
aci068] i AigurmPs Py Wesser Hicheme SiaiTing Permms YN fymgh
regul atory subunit of NADPH oxi dase, which is
fixed pataifinegclions_ASegeneiatad gin abbearrndodia srnplad opdan day
of these factors in ROS production and in wound
botheatrdaGlodeds Thewed @atmmidd showsibraadex HEi regioRodisaiY gkn
peroxi de affects wounds in aninals |acking these
in co&@‘?ét@ (. control) rdgéRbraionedfiskin, tonsigteni wittoslawenelonds. Es,
re placed on the dorsal skin of eight-week-old

/8L B lisQlie: M, h kifatative epithdimeh of the two
escr\%utﬁdér%%gﬁtg?egt ed vvittgpg??her saline or H202 (1.25

;n h@%@f‘;i}ﬁfé\lﬁg@w EffétSofdytirogen peroXid8lonfvgund cldsure.

€ protection assay show ng the kinetics
of ocyt e/, 1ac |§¢ar?e§'n fHak RydrbgE® bBraxeleisgmesent in
m@qﬂxﬁ%ﬁﬂ%ﬁﬁ‘?ﬁ p acg@%@éﬁgat edyvvogndg of q:d
wld-type (C57 BL{6) | wWhihae attenuates
heam%‘é’aﬁ‘%‘% ﬁé(a l¢ hﬁé %‘gﬁ]&é@t& %%@Fggéﬁb]?&?wgat ed wounds
of C57BUG, and H202_(cl osed tri | SalrhiR8 the effect
the heple RPrABXmPR 7 2o e Y g thed fo SRLHAE the offec
shown as percentage of area of initial wound. (* p<
of added hydegpape®Xd®  C57BL/ 6 saline-treatment. #, p<
0. 05; conpared to knockout saline treatnent.);: Fi
6 ClaiRve By dwo Bsora Thtidnens ererasands GRHRE
treated wounds of C57BL/6 and H202 (cl Qse%Sr Each of
insdts) wergl phaced) orothesdarsal skiropided /@ melle mige wiokslg), Eac
knockout m ce are shown as percentage of area of
the i tioahdywae dopically thez08q etberuitied- @001 RMRE/ 6 sal i ne
treatment. #, p< 0.05; conpared to KO saline
tr 3@63}1‘9 NFigurd\GA236/s00882BECT HaS2 (085 o@gwplesiwound; or 0.025
[79] Reratin 14 supports epidermal differentiation
mi G115 RANRIoRKURGIBACS Uailexpye Oc4, open sircles ggpireatmgnt
ermal wounding. Figure 6D shows keratin 14 (green ]
fachilaty ﬁﬁgﬁ%‘}ﬁé(:éé‘r?fw)ﬁé&hﬁéreldﬁp phicebotrepttRtiosked cirkiest®) side.
mce harveste romwound sites after closure on day

" 13)$§st-woundi ng. Note hi gher expression of keratin
' PTA YW control side conpared to H202-treated side

L,Egbg%]tgl tr? %?O%V\g‘@a? fb%(ﬁcgg 9 r%ﬁ?@'gpggoifrécg influence
sho

wordf o AR SEEA i APoeab o
O her_enbodi ments. of the | i i ||
oo A SRt e BB PR e aR e uotbod

eration o
specification and practice of the inventi | SC :
(2448 bipost waumcbng)rfpésa &qc Mithan ﬂ@'"@?é@?ﬁ?dc%ﬁ?’urﬁﬁ"gng%%’“"e
exanpl es be considered as exenpl ary ly, wi.th a tr
asssspenhobswisceibackial lpad; Wﬂ?eﬂ??%ﬂ’eﬁ{e ﬁ%@ \é‘?ﬁa iﬁg%l{ee\gogbj@

t he ,
microflora, 48 hours after wounding eschar tissue was removed, wound bed fissue

underneath eschar was sampled, and quantitative assessment of bacterial load was

performed. Values shown represent mean+SD of CFU of four observations.
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following clains. WHAT IS CLAIMED | S: 1. Use
of hydrogen peroxide in the manufacture of a
nmedi canment for treating lesion in a mamml by

wAPRlo¥b#gs3500 nanonol es to 50 m cronol es of ‘hypgi@smisz1477
peroxi de per square centinmeter of |esion, wherein the
‘lesion is chosen from wounds, ulcers, and bur ns.

2. [0B5¢ uBigUACIO sHow high dbss {migh, 26amiprareolag/wepptyalersd
Ito 25 m cronol es of hydrogen peroxide per square

C|rclé§ nédi 0BLSMIASF 3opsblation, versus low3 1. ZBeicosreclesarugidey 0t@25 mi
claim 2, conprising applying 1 to 10 m cronol es of

of 02&5%9%%?% dreleeXodenfedaifiR/s0-a 6t Hi®L adverdely affectad closure.
use according to claim 3, conpri sing applying

. pk 4.8 ﬁr@@ B @&sefww@@étnm gst\ HRghBEEOrsanton (insef) of

cen |net esi on. he use according to

T e
oncg %Hrd%?fst]) treatment caused necrotic tissue damage and severe injury, leadlng
;co death of thé rﬁice. | _

[066] - Example 4: Wound and H:0»-indiced changes in angiogenesis
related genes, vascularization, and wound-edge blood flow.

| [067] Additional experiments were performed to study the mechénism by
which low doses of hydrogen peroxide increased the rate of wound healing.

[068] Paired excisional wounds were either treated with placebo saline or
H.0; (1.25 micromole/wound, days 0-4, once daily). Wound-edge tissue was
collected at indicated times after wounding. Figure 4A shows a ribonuciease
protection assay (RPA) showing kinetics of angiogenesis-related mRNA éxpfessi_on
in a placebo-treated wound. Figure 4B shows hoW low-dose Hz0; treatment (1.25
micromole/wound, once daily, days 0-4) to‘wot-mds further augmented wound-
induced Flt-1 and VEGF mRNA expressions as determined using RPA.

[069] . Figure 4C shows blood-flow imaging of wounds perfoﬁned non-
invasively using a Laser Doppler blood-flow imaging device. images reflecting the
blood flow (right panel) and a digital photo (region of interest; left panel) from post-
heal tissue are éhown. Data of the blood flow is presented as mean + SD (bar
graph). The mean represents the arithmetic mean of all valid blood fiow values for

pixels within the region of interest. The results show that the treatment resulted in

increased blood flow, a functional outcome of enhanced angiogenesis.
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6. The use according to claimb5, wherein the source
of hydrogen peroxide is chemcal, and the source is
hydr ogen per oxi de. ~ 7. Use of hydrogen
wRRldode3i N the manufacture of a nedi cament #@WUS2005/021477
treating lesion in a mammal by appl yi ng hydrogen
peroxide to the lesion at a rate of 500 nanonoles to
50[0R0E r diiglrestDoshdwsithegesultseiraicsy Sieestsvisding. Wound-edge
centinmeter of |esion over a period of fromabout 12
was Reseclicheabamdtvaduladpation was estimaigd byrséaining facebRdi(ras!
to claim7, wherein the hydrogen peroxide is applied
rhodaife) HEDAP! fblnlicled); Aighei atsudahes of CD31 red sain ifhgection
use according to claim7, wherein the hydrogen -

obtaRRIHIA,05 tRBRI @ (EhiRmpfIaNenGettti vald larzataptabbiiol
conposi tion. 10. The use according to claim
, Wherein the pharnmaceutically acceptable
onposition is in a formchosen fromgels, |otions,
Oi nt By, 2 hBHigfion of focal adhksion
Th@ﬁe.%’&%ﬁ@% Mg %%qugﬁﬁjwfkerﬁn The hydr ogen
. peraxide is applied | Geub] g e
g A AR iy g O S bl e
WS " S aR AR SE i Sidothelial cells (HMEC-1) were treated with

' (top

Hz0, for indicated dose and duration. Phosphofylation of FAK was detected using
Western blot and phosphorylation site-specific antibodies against FAK. Native FAK
or g-actin was blotted to show equal loading. -

[073] Figure 5A shows the effect of various doses of H20 treatment on the
phosphor'ylation' (Ty 925) state of FAK. Figure 5B shows the kinetics of site-specific
activation phosphorylation of FAK in HMEC cells following H20; (0.1 mM) treatment.

[074] In Figure 5C, paired excisional wounds were either treated with
placebo saline or H20z (1.25 micromole/wound). Wound-edge tissue was collected
30 minutes after wounding. FAK phosphorylation in wound edge tissue was

determined using Western blot. Data from three animals (#1-#3) are shown.
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acceptabl e device is chosen from bandages, surgica
dressings, gauzes, adhesive strips, surgical staples,
clips, henpstats, intrauterine devices, sutures,
Wwor0&Anesss cat het ers, tubes, and inplants. PCT/USR@5/021477
The use according to claim 12, wherein the inplant is

chosen frompills el | et ds fers. . dj

{271 . Example 63MCH | andddadio; dftiIREy iR pefifd

wherein the device conprises a polyneric naterial.
healisg. The use according to claim 14, wherein the

polyneric material conprises an absorbabl e terial.

16[07Fhe By attrntivgdiydtpdes-Raraxife PERAURHIS BRROPRRISS,

absorbabl e material conprises a synthetic naterial.
monocyte/macrophage chemoattractant/chemotaciic protein-1 (MCP-1) plays akey
‘role in the development and resolution of the acute inflammatory response to
wounding. P47°"* is a regulatory subunit of NADPH oxidase, which is involved in
ROS pt;oducti'on; Because of the imbor’cance of these factors in ROS production and
in wound healing, tests were performed to examine how hydrogen peroxide affects
wounds in animalé lacking these factors.

[077] Brieﬂy, two excisional wounds were placed on the dorsal skin of eight-
week-old C57BL/6, MCP-1 or p47°"* knockout mice. Each of the two wounds was
treated W|th e‘ifher_ saline or H202 (1 .25 micromoles/wound; days 0-4}.

| [078] Figure 6A shows an RNase protection assay showing the kinetics of
monocyfe/macrophage chemotactic protein related mRNA expression in placebo-
treated wounds of wild-type (C57 BL/8) mice. Figure 6B shows wound closures in
saline (closed circles, @) treated wounds of C57BL/6, and H20; (closed triangles,¥)
or saline (open circles, O) treated MCP-1 knockout mice are shown as percentage of
area of initial wound. (* p< 0.05; compared to C57BL/6 saline treatment. #, p< 0.05;
compared to knockout saline treatment.) Figure 6C shows wound closures in saline
(closed circles, @) treated wouﬁds of C57BL/6 and H20; (closed triangles, ¥ ) or
saline (open circles, O) or p47°"™ knockout mice are shown as percentage of area of

initial wound. *p< 0.05; compared to C57BL/6 saline treatment. #, p< 0.05; compared

to KO saline treatment.
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17. The use according to claim 16, wherein the
synthetic material is chosen fromcellulosic _
pol ynmers, glycolic acid polyners, methacryl ate

wpaboswesss; et hyl ene vinyl acetate pol yners, SXHJIRHE021477
vi nyl al cohol copol yners,

g(r){la_}fé]a%{g?!atﬁﬁ% f glgg%{%%ga%}@l dﬁ%{%@b%ﬁ?freb&q&aﬂ& and its
exprgg;igﬂ? o o taney whandings Fidiee B! C%%g{egggﬁ‘ﬂg (green

claim 15, wherein said absorbable materi al geo rises 4
fluorescarved gxirastion imsitie of gt 7" knockoUt gnicgparvgsted from woun
according to claim 18, wherein said non-synthetie . ...
sited Bt Idaalure sn dapdémdst-souodingutNote higher exprespipg ok keratin 14 In
fascia lata, gelatin, collagen, and conbinatiaons . ,
conitd @iR0dompared to H,Q84refiteel sideirdicabng it in theceentrgl side healing
wherein the polyneric material conprises a _
is oMIARPSR PRbinIciE! @niialH O treated side shows that keratin 14
expressié)—n is comparable to norméi skin indicafing completé healing.
[080] Other embodiments of the invention will be apparent to those skilled
in the art ffom consideration of the specification and practice of the invention
disclosed herein. It is intended that the specification and examples be considered as

exemplary only, with a true scope and spirit of the inyention being indicated by the

foliowing claims.
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21. The use according to claim 20, wherein the
nonabsorbabl e material conprises a synthetic

material . ) 22. The use according to claim 21
wherein the synthetic material is chosen from nyl ons,
rayons, polyesters, polyolefins, and conbi nations

t her eof . 23. The use according to claim 20,
wherein the nonabsorbable material conprises a
non-synthetic material . 24. The use according

WHAG I8IGIATMEB, ISwher ei n sai d non-synthetic material is

chos f ilk, d | si [
O kb ot b ne SR 3. BBy

claim1, wherei :
treating lesion in a mérﬂmtar%ymgga%%g aé(fo %Qﬁ)&rﬁ&eg 850 micromoles of

hydrogen peroxide per square centimeter of lesion, wherein the lesion is chosen

from wounds, ulcers, and burns.

2. The use accordiﬁg to claim 1, comprising applying 1 to 25 micromoles of

hydrogen peroxide per square centimeter of lesion.
3. The use according to claim 2, comprising applying 1 to 10 micromoles

~ of hydrogen peroxide per square centimeter of lesion.

4, The use according to claim 3, comprising applying 1 to 2 micromoies

of hydrogen peroxide per square centimeter of iesion.

5. The use according to claim 1, wherein fhe hydrogen peroxide applied

to the lesion in a source chosen from enzymatic and chemical sources.

6. The use according to claim 5, wherein the source of hydrogen

peroxide is chemical, and the source is hydrogen peroxide.

7. Use of hydrogen peroxide in the manufacture of a medicament for
treating lesion in a mammal by applying hydrogen peroxide to the lesion at a rate of
500 nanomoles to 50 micromoles of hydrogen peroxide per square centimeter of
lesion over a period of from about 12 hours to about 24 hours.

8. The use according to claim 7, wherein the hydrogen peroxide is

applied at a rate of from 1to 10 micromoles.

9. The use according to claim 7, wherein the hydrogen peroxide is

applied in a pharmaceutically acceptable composition.

10. The use according to claim 9, wherein the pharmaceutically

acceptable composition is in a form chosen from gels, iotions, ointments, creams,

pastes, and liquids.
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acute wounds and chroni ¢ wounds. 26. The use
according to claim1l, wherein the wounds are chosen
fromfull thickness wounds and partial thickness
wounds. 27. The use according to claim 25,
wherei n the acute wounds are chosen from surgica
wounds, penetrating wounds, avul sion injury, crushing
injury, shearing injury, burn injury, l|aceration, and
bi te wound. 28. The use according to claim 25,
wherein the chronic wounds are chosen fromarteri al

U EET S THERRUSa ARG oRHERS 4! SO fhe |AodbrRBEIdue is

rogen per oxi

appli%@éh ‘ég)hfa%a@é’ﬁﬂ 1l§%EééﬁtQﬁetdévﬂ:el esion, conprising

en per oxi a carrier material, which
dew ce trd e@e?ee%c%aidiln@xar@la@ﬁ per@mbﬁtenf% mﬁhﬁﬁtﬁéd&@taca[!y

of time which is at least about 12 hours, erein the
accepiable device is chosen from bandages, surgical dressings, gauzes,
adhesive strips, surgical staples, clips, hemostats, intrauterine devices, sutures,
trc;cars, catheters, tﬁbes, and implants.

13.  The use according fo clairh 12, wherein the implant is chosen from
pilis, pellets, rods, wafers, discs, and tablets.

14. The use according to claim 11, wherein the device comprises a
polymeric material.

15. The use according to claim 14, wherein the polymeric material
comprises an absorbable material.

186. The use according fo claim 15, wherein the absorbable material
- comprises a synthetic material.

17. The use according to claim 18, wherein the synthetic material is
chosen from cellulosic polymers, glycolic acid polymers, methacrylate polymers,
ethylene vinyl acetate polymers, ethylene vinyl aicohol copolymers,
polycaptrolactam, polyacetate, copolymers of lactide and glycolide,
polydioxanone, polyglactin, poliglecaprone, polyglyconate, polygluconate, and
combinations thereof.

18. The use accord-ing to claim 15, wherein said absorbable material
comprises a non-synthetic material.

19. The use according to claim 18, wherein said non-synthetic material

is chosen from catgut, cargile membrane, fascia lata, gelatin, collagen, and

combinations therecf.
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hydr ogen peroxi de rel eased fromthe device is in

i nsufficient concentration to produce necrosis of the
| esi on, and wherein the lesion is chosen from wounds,
ul cers, and burns. 30. The hydrogen peroxi de
delivery device according to claim29, wherein the
device releases from0.5 to 50 pnol hydrogen

per oxi de/ cnm2 wound/ 12 hr to 0.5 to 50 pnol hydrogen
per oxi de/ cn2 wound /24 hr. 31. The hydrogen
per oxi de delivery device according to claim 30,

et 1 a8 usE e GBS ity T8 THHERAT AalBoliERE nateria
comﬁﬁ%’éscfn?ﬁ&kggo%ﬂﬂetrﬁat‘éhgli. m 31, wherein the polymeric
erial’ conprises an absorbable material. 33.
The, .hygflrﬂseus@eéeaeraﬁgd% L yaiy 98V uiRraAC Ml Ashablorbable

clarm 31,

material comprises a synthetic material.

22. | The use according to claim 21, wherein the synthetic material is
chosen from nylons, rayons, polyesters, polyolefins, and combinations thereof.

23. The use according to claim 20, wherein the nonabsorbable
“material comprises a non-synthetic maternial.

24. The use according to claim 23, wherein said non-synthetic material
is chosen from silk, dermal silk, cotton, linen, and combinations thereof.

25.  The use according to claim -1, wherein the wounds are chosen from
acute wounds and chronic wounds.

26, The use according to claim 1, wherein the wounds are chosen
from full thickness wounds and partial thickness wounds. |

27. The use according to claim 25, wherein the acute wounds are
. chosen. from surgical wounds, penetrating wounds, avulsion injury, crushing
injury, shearing injury, burn injury, laceration, and bite wound.

28. The use according to claim 25, wherein the chronic wounds are
chosen from arterial uicers, venous ulcers, pressure ulcers, and diabetic ulcers.

29. A hydrogen peroxide delivery device for administration to a lesion,
comprising hydrogen peroxide and a carrier material, which device releases said

hydrogen peroxide for a period of time which is at least about 12 hours, wherein the
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wherein the polynmeric material conprises a synthetic
mat eri al . . 34. A conposition for treating

| esions in manmal s conpri sing: hydrogen peroxi de and
a pharmaceutically acceptable carrier, wherein a unit
dose of the conposition conprises fromO0.5 to 50 pnol
hydr ogen peroxi de/ cn2 wound, wherein the lesion is
chosen from wounds, ulcers, and burns. 35. The

v S BRI BREEF o e Sl BRI iencation t
oo §ETHESIMLEL LRI Bl TS Sskfrom wounds
ulcers, and burns. ' '

30. The hydrogen peroxide delivery device according to claim 29,
wherein the device releases from 0.5 to 50 pmol hydrogen p:aroxide/crn2
wound/12 hr to 0.5 to 50 umol hydrogen peroxide/om? wound /24 hr.

31. The hydrogen peroxide delivery device according to claim 30,
wherein the carrier material comprises a polymeric material.

32. The hydrogen peroxide delivery device according to claim 31,
wherein the polymeric material comprises an absorbable material.

33. The hydrogen peroxide delivery device according to claim 31,
wherein the polymeric material comprises a synthetic material.

34. A composition for ftreating lesions in mammals cémprising:
hydrogen peroxide and a pharmaceutically acceptable carrier, wherein a unit
dose of the composition comprises from 0.5 to 50 umol hydrogen peroxide/cm?
wound, wherein the lesion is chosen from wounds, ulcers, and burns.

35. The composition according to claim 34, wherein the carrier
comprises a gel material.

36. The composition aCcording to claim 34, wherein the carrier

comprises a liguid material.
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