METHODS AND COMPOSI TI ONS FOR WOUND HEALI NG DESCRI PTI ON

OF THE I NVENTI ON Field of the Invention [001] This
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Application No. 10/871 ,158, filed June 18, 2004, the

entire disclosure of which is incorporated herein by
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Background of the Invention [003] For years it has
been-bel | eved DESCRIETION/OFSHIINVENTION: (Ros) ar e
primarily damaging to living cells. In fact, ROS such
Field @$ they thvegtion per oxi de and ozone have been used for
their powerful oxidizing effects as disinfectants.
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traditionally used in disinfecting, hydrogen peroxide
byreeﬁeﬂ&?FrUCt'Ve to living tissue. [004] However, it has
eeén-di scovered that at |ower doses, hydrogen peroxide
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hydrogen peroxide for its wound healing effects.
Wea“BQMMN@¢SOF THE | NVENTI ON [ 005] The present invention
provi des nethods of increasing the rate of |esion
healing in manmal s conprising applying to the |esion
Backarmund gihedaveittianes to about 50 ni cronol es of hydrogen
peroxi de per square centineter of |esjon. In sone.
erfB0d} mraryearh hasthesnsbelinpd itaat reaplive AYydasHIRecies (ROS)
about 50, or about 1 to
are primarily damaging to living cells. In fact, 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

[005] The present invention provides methods of increasing the rate of
lesion healing in mammals comprising applying to the lesion about 500 nanomoles to
about 50 micromoles of hydrogen peroxide per square centimeter of lesion. In some
embodiments, the methods comprise applying about 1 to about 50, or about 1 to

about 10, or about 1 to about 2 micromoles of hydrogen peroxide per square



about 10, or about 1 to about 2 m cronoles of hydrogen
peroxi de per squarecentineter of |esion. The hydrogen
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an absorbable material. In some embodiments, the absorbable material comprises a
synthetic material. Synthetic materials can be chosen from cellulosic polymers,
glycolic acid polymers, methacrylate polymers, ethylene vinyl acetate polymers,
ethylene vinyl alcohol copolymers, polycaptrolactam, polyacetate, copolymers of
lactide and glycolide, polydioxanone, polyglactin, poliglecaprone, polyglyconate,
polygluconate, and combinations thereof. In some embodiments, the absorbable
material comprises a non-synthetic material. Non-synthetic material can be chosen
from catgut, cargile membrane, fascia lata, gelatin, collagen, and combinations

thereof.



fromcatgut, cargile nmenbrane, fascia lata, gelatin,
col | agen, and conbi nations thereof.[008] The device
wW@206/0a8p3 | se a pol yneric material, which can PONps1088021477

a nonabsorbable material. In sonme enbodi nents, the

nonabsor babl e material conprises a synthetic material. .
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pol yesters, polyol efins, and conbinations thereof. In
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a non-synthetic material. Non-synthetic materials can
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conbi nati ons thereof. [009] The nethod can be used to
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arterial ulcers, venous ulcers, pressure ulcers, and
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provi des a hydrogen peroxi de delivery device for
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some enbodi nents, the device rel eases fromabout 0.5,
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0.5 to dO nol hydrogen peroxide/cn2 wound /24 hr. The
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sonme enbodi nents, the
venous ulcers, pressure ulcers, and diabetic ulcers.

[010] The present invention also provides 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 hydrogen peroxide released from the device is
in insufficient concentration to produce necrosis of the |lesion. In some
embodiments, the device releases from about 0.5 to 50 ymol hydrogen peroxide/cm?
wound/12 hr to about 0.5 to 50 umol hydrogen peroxide/cm2 wound /24 hr. The
carrier material can comprise a polymeric material. In some embodiments, the

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

polymeric material comprises a synthetic material.



polymeric material conprises an absorbable material.

I n sonme enbodi nents, the polyneric material conprises
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provi des a conposition for treating |lesions in mammls

conpri sing:. hydrogen pergxi de and a, pha ceytically .
2 E@ bt aBINe inuetion aisaperddgs a ComROSHRILIoS frepkiag Tesiors in
conmposition conprises fromabout 0.5 to about 50 nol
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wher€ft® dhiteiaks of tHeecoaposition comprisse srom bbqui @ Srtatabous b0 umol
[012] Additional objects and advantages of the
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wound-site. A H2O2 concentration in wound fl uid.
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The baseline was collected in PBS. Wund fluid (0.15
restrictiye wh theaieatiorn asredginied ni) at time indicated with
an arrow. Using a standard curve, the concentration of

H2O2 determned in the wound fluid was 1.1 nM B. EPR
spectra of BRIBRDESCGRIPTION OF THE DRAWINGS

[014] Figure 1. Presence of ROS at wound-site. A. H>0 concentration in
wound fluid. Hunt/Schilling wire mesh cylinders were subcutaneously implanted on
the back of 5 week old C57BL/6 mice via incisional wounding. After 5d, the wound
fluid was collected and the steady-state H>O, concentration in the fluid was
measured using a real-time electrochemical technique as described herein below.
The baseline was collected in PBS. Wound fluid (0.15 ml) was added to DPBS (1
ml) at time indicated with an arrow. Using a standard curve, the concentration of
H,0, determined in the wound fluid was 1.1 pM. B. EPR spectra of DMPO adduct
measured from wound rinsate. The spectra were acquired from DMPO (100 mM,

0.1 mi) effluents collected from wound cavity at Oh (sham control, upper panel) 12h

post-wounding (lower panel). The spectra in lower panel was identified as that of



measured fromwound rinsate. The spectra were acquired
fromDWO (100 M 0.1 m) effluents collected from
woewagdosayi ty at Ch (sham control, upper panel PCI/RB2005/021477
post -woundi ng (| ower panel). The spectra in | ower
" panel was identified as that of DMPO-OH with the
DMP®&DHovitmtheciolipvingraspling &ﬁngt:anami\lﬁ%9‘é@,aﬂiﬁ%-%.The data
The data acquisition paraneters were: nicrowave
acquiitiefipanayetds 8a8e: Birowave fequiedey,9.8082 GHariswesravidth, 100
power, 20 mW nodul ation anplitude, 0.5 G nodul ation
G: mibfrHRNSYwerl 08 iz mbduratiew afiplitide3 0.51&s enodulation frequency,
Super oxi de production in normal skin and wound edge

100 kng fithe cJ&g?mmgele.gngé §Iaﬁ9}o%éwowueﬁ@v ash6inaltskilad

ol er woun ntg_ an ately frozen in OCT. Fresh
-mcron s I ONs re i '

wourd e TShes T4 85 BaBe BRI FActhEReBl 60128 a1,
woungingeanbeRisey HipzenH QT RS AE T SE s Were houbated

subcut aneously injected once with either catal ase and
with DEEZO(@tmb, @0ind2iby) toukaiect @9 Bnd \isuglizsd hyeoniesadlr e

woundi ng to allow for maxi mum over expressi on of
micrgsgbpyase at the wound site. Two 8x16 nm full-thickness

secondary intention wound were placed on the dorsal

sk {10f ﬁf?%gtecﬁ.' ¢ 462168/ SvetidgoreEs i attdhuates Néslireg.nThe skin

bl o: hof _ ted skin showi ng catal ase over-expression
in [ e t : |
to beyy %fe%@% sphERefgotty hipteRIFIESaY A dapalagind Lacz
Vi I us. .ot bed with b-acti
(confelhaRappeRisealip S LD Sagamaarp Sl did QUFERY HEkRum over
percentage of area of initial dd 1 hed
oxprassitroaf cdlates aitbemaHIEHRIEnd WODY Lot I BgESS SRpadary
standard healing curve of saline treated C57BL/6 nice
intentiopevourionwersplacid witthe diorsal skin ofrff wistalé £57RiG Mice (Figure 2).

Treatment (closed triangles, T); AdlacZ treatnent

A. Wester fbicdfiisfeetod skin showingcdlal@Se ovempaprassiom ihdbg side treated
treated side. C. Masson trichronme staining was

with RAE051984 (RECEH ML icBnidared to the side treated with Control Ad LacZ
virus. Blots were reprobed with B-actin to show equal loading of samples. B. Wound
closures are shown as percentage of area of initial wound determined on the
indicated day after wounding. Dotted line represents standard healing curve of saline
treated C57BL/6 mice (open circles, O) without viral infection. AdCat Treatment
(closed triangles, ¥); AdlacZ treatment (closed circles, @) ); *p < 0.05, compared to
LacZ treated side. C. Masson trichrome staining was performed on formalin fixed
paraffin sections of regenerated skin at the wound-site sampled on the day both
wounds closed. AdCat side shows broader HE region indicative of incomplete (vs.
control) regeneration of skin, consistent with slower closure. Es, eschar; G,

granulation tissue; HE.



paraffin sections of regenerated skin at the
wound-site sanpled on the day both wounds cl osed.
Wod@anossile shows broader HE region indicativePOrf/US2005/021477

i nconplete (vs. control) regeneration of skin
consi stent with_slower closure. eschar,;
gt afigwre 3sJepicalfiQne) wa gIQ§ur¢ogp§ggeﬁ2|@ Ssue-
wound cl osure: dosage a key issue. Two 8 x 16 nmm

Two 8 ul 16 ininh Elirthickness iexcisitaial wounds (ipised atgrevracedprgiridorsal
on the dorsal skin of C57BL/6 male mce (8 wk old).

skin @@W@E@maiet WeeBuIKsld)eBatiopf thel two woeadedasitopieally treated
with H2Q2 or saline A Lowdose of H2ZQ2 (1 .25

elthePMﬁ%ﬁﬁ/ MRHAG, L‘Hw—@o@@%f PﬂzOQH 5 Ak SRS AN 67 8,025 m

|Iy, days -4, open circles, O treatnent

of 0. {@/ggp |op ng Scijﬂrcr%(: ge&§‘>}se§>ad§858%ﬁr%ge§ @)grlbe%?rﬁgﬂlfacﬂltated
dose H2Q2 treatnent is not toxic to wound m croflora.

closuremattarately AeMParechHio @a%%@eﬁie@r(équeﬂe@f% ®)sside. *, p< 0.05.
(treated with either 1.25 mcronmole H2q 2/wound, open

B. LdwtioseH Saltiaatment issreat tiveic Yo wouedsmighiiata ( Par- degtermipatien of
woundi ng) for 20 sec with an al gi nate-ti pped

surfa@BRhicFHPs, wElAdY {tieitby Withssibes MEAS midromald Be®,/wound, open
bacterial |oad was perforned. For deep tissue wound

bar, 5'? §§|fﬁf ! 8fo§ed%%fﬂ)o\ﬁ%Fée§wW A8 FCHHEt WidUrRIieY) BB 20 sec with an

eg woun t1ssue u derneath eschar was

ed, an

algmfages%q SRR AR o e ol

perfarmerdo T BapadkadE Wetpdan e caen aftkwaSading egphapfissue was
solution versus low, 1.25 m crorml es/wound or 0.025 m

remaviedowoBm! hedelisstirusidesneath esabar wWas samplgd and guagiitative
H2Q2 adversely affected closure. * p< 0.05; conpared

assekomeptoflioscte HBIMBat met perfdrmedl. WV ajbes showaerpresenbmeanSD of
(inset) of H2ZA2 (62.5 m cronol es/wound, left side

FUtcgf? BlieshsdvAonsTic. MigH dete %mbhtz@mlmwles/wmmdooloéea circles,

treat ment causes necrotic tISSUG darrage and severe

o, o' JH5UEY of 829L81GtidPvERBE fok 1.85GRicromoles/wound or 0.025 ml of
0.15%; open circles, O, once daily days 0-4, of HO> adversely affected closure. *
p< 0.05; compared to low dose H.O; treatment. A higher concentration (inset) of
H,0, (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 Hz0z-induced changes in angiogenesis
related genes, vascularization and wound-edge blood flow. Paired excisional
wounds (Figure 2) were either treated with placebo saline or H202 (1.25
micromole/wound, days0-4, once daily). Wound-edge tissue was collected at

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



[017] Figure 4. Wund and H2Q2-induced changes in
angi ogenesi s rel ated genes, vascul arization and
worwagessye bl ood flow Paired excisional wounBGI/US2005/021477
(Figure 2) were either treated with placebo saline or
H2OQ2 (1 .25 m cronol e/ wound, daysO-4, once daily).
kinetidé ofidngidgenesissekatedmRNAlaxpressien in & glasgbedreatag@yound. B.
after wounding. A Ribonucl ease protection assay (RPA)
Low 86se\HROKk treatrment (@f25amicrogmiesiosind comteedaihiRdays 0-4) to wounds
expression in e:}(_%aégbo-treat ed wound. B. Low dose
éfgagg WSUnd-i e ARINACGSGRe skt
furth Flay nE@Aﬁf)%to WoulndéJ f%ﬂ h/[ergﬁgwgﬁt ed mund?ﬁ%ﬂ&%gz
deterﬁﬁﬁgc} &gi‘?@l %/%g: P@%&W%éé@@%f%&ﬂﬁ%%&é E@FfoHﬁégﬁon-
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. noni nvasi ve i | i i.
el 353 Gl oo 8 Tn R RAHGR i fEL A v
blood fow o panl) Snd &gt ShaluRgIoDT driBrast efinaRe gt B post-

the blood flowis presented {bar graph). The nean
heal tissuearnsiowineData t.aymeéan mSahobtheadlpod Howds pressnted giar
val ues for pixels within the region of interest. The

grapﬁfsﬁl\é mesheptdidints fre artaaictierhearsfibll edlid bidoddtarasaldes for
bl ood flow, a functional outcone of enhanced

pixelQWhﬂgﬁ'{éﬁ?@d’\ é)fnig@%sts TReSbsURH S W thatWeY hdaafient ieaalted in

cryose vascul ari zation was estimated by

. st ai,ni n or 1.. [ ' e,

increggan DG WPk ResbhEEowEO B BeiPange sPgidoehBste . Day 8
obtained from H2Q2 treated side (ab tto refl.ect :

postiyequnsling, A¥QundheHge Was FTYRSeIRPEY “?t"éﬁf. lafigatig wag gstimated
5. H2Q2-induced phosphorylation of focal adhesion

by steiniag for(CRE] (ted, thedariass and DARIIGIUR NUslel: S!Qier #hyndance of
wound edge tissue. Human m crovascul ar endot hel i al

CD36 ekl stdihESedfornebainedcfadrad 04 theate dzidentbatiom)oafleet better
dose and duration. Phosphorylation of FAK was detected
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[018] Figure 5. H20;-induced phosphorylation of focal adhesion kinase
(FAK) in microvascular endothelial cells and wound edge tissue. Human
microvascular endothelial cells (HMEC-1) were treated with H2O; for indicated dose
and duration. Phosphorylation of FAK was detected using Western\blot and
phosphorylation site-specific antibodies against FAK. Native FAK or B-actin was
blotted to show equal loading. A. Effect of various dose of H2O; treatment on
phosphorylation (Ty 925) state of FAK. B. Kinetics of site-specific activation
phophorylation of FAK in HMEC cells following H202 (0.1 mM) treatment. C. Paired

excisional wounds (Figure 2) were either treated with placebo saline or H20- (1.25

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



blotted to show equal |oading. A Effect of various
dose of H2Q2 treatnent on phosphorylation (Ty 925)
wWGee@bo0wss3 FAK. B. Kinetics of site-specific ackCwE$10051021477
phophoryl ati on of FAK in HVEC cells foll ow ng H2O2
(0.1 M) treatnent. C. Paired excisional wounds
phosiieirglatien 2) weeind esigertissuewas deterninedpisiog Meesiam hlet.obata
H2Q2 ( 1.25 mcronol e/ wound). Wund-edge tissue was
from B0&4 aairesls 391-#3) ané sRownpundi ng.  FAKphosphoryl ation in
wound edge tissue was determ ned using Western bl ot.

fr MBP-1and p47phick defiei difs. @brmal healing.
F gﬁ;l]e g.ﬁgﬁl\/ﬂgfﬁwgnd p47p¢1ﬁ§p defi cilelrm%i rs dermal d
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days 0-4). A RPA show ng kinetics of , o
sithemoalineyerd i 6ph FeroBMIATMENNHL IaYo Bl Ay BPA showiRgkinetics of
expression in placebotreated wounds of wld-type (C57
mondBlytedinatiashags. chamoidctit profeipsrelated aRNA @x@ressian in placebo-
circles, ) treated wounds of C57BL/6 and H2Q2 (cl osed
treatéd WBNBHESf wildtys (S8BT Brgs)raleen B.iWoled clddures easalihe (closed
MCP-1 KO m ce are shown as percentage of area of

circleitsp Qittﬁ%ar’%@ H@J@ngé ogtoi‘{g’/-é?_% aR8 A S@IdsedEHARYIES, ¥ Rbf Saline (open

g ; conpar_ed to KO sal i ne
e, P 2R Mo ORBE A e BbRALip P o o
- pe hiesapdtspared Wl carell SRR 420 oF) oBlyplidy FRD saline
wound. *p< 0.05; conpared to C57BL/6 saline treatnent

treatmenp<C.0NOBNd clogsaesin sainedcloser rirclase M fggated younds of
Keratin 14 (green fluorescence) expression in skin of

C57BYBRHIXHKD (dlesediziangksc¥ ) or sating (openstitaiss, £9) ef p47 Phox KO
cl osure on day 18 post-woundi ng. Note higher

miceﬁé%rzs‘%ﬁ}rpé’s BErceptR]d 6F dréaidl isiBaItwelnd: i*ge (cOBeonepiared to
-treated side 1ndicating healing is ongoing on the

¢ | i ; K8 sallR¥gresahant. D. Keratin
corEh e ol 56 sspaed ik
14 (green fluorescence) expression in skin of p47phox KO mice harvested from
wound sites after closure on day 18 post-wounding. Note higher expression of
keratin 14 in control side compared to H,O»-treated side indicating healing is ongoing

on the control side, while H,O, treated side shows keratin 14 expression comparable

to normal skin.

DESCRIPTION OF THE EMBODIMENTS

[020] The present invention will now be described by reference to more
detailed embodiments. This invention may, however, be embodied in different forms

and should not be construed as limited to the embodiments set forth herein. Rather,



to normal skin. DESCRIPTION OF THE EMBODI MENTS [ 020]
The present invention will now be described by
w0 edoenesss to nore detail ed enbodi ments. Thi s PCEs100HR1477

may, however, be enbodied in different forns and

shoul d not be construed as linmted to the enbodi nents
thesesembbdinmenth @re provided Be thatibisdissiosienilibe thprough and

provi ded so that this disclosure will be thorough and
comptetephed eill fullg cainlvey the syopmal/ilg inhentiondpehose skided in the art.

invention to those skilled in the art. [021] Unless

oYW 3188 bAwisaldefineahail esvhnivzd and iselintific terhey 0sed
used hereln have the sane neani ng as comonly
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intended to be Iimtjng of t]e i nyention.
the |ﬁw@t|g@§@re|ptl$&f(1ﬁsoph@g, RArHeN %ﬁ Q |rf| é)'gi;é ngs not intended

clains, the singular fornms "a," "an," and "the" are
to bei Immtang@dithe)lnvantmmeABhJ@eﬂl inthe deseriatioaiiae inventipesind the
the context clearly indicates otherw se. All
appePdBlictainsotife singtianforarpla, tan| @ s “thet anetinteraed totihaude the
references nentioned herein are incorporated by

plura'i fgdr fiisd e@ell”&:ﬁl@&k theetditeRt oealPrdlcadid efreraiseerai peblications,

nbers expressing quantities of

patereth%)pjggﬁwsf gg{t@ﬂgt L o o dLferites rﬂ@ﬂtlér‘ibd( Rétdh H?g\gbf’borated

and clains are e understoo
bei n

ifie all instances by the term "about."
by reﬁ@’@ﬂ%@l”ﬁ %}reﬂﬂﬁg’ss indi cated to the contrary, the

nunmeri cal paranmeters set forth in the follow
CHBERT | uolban olfRIwise: RdisatetIali THNBATS GpHRBIGEN RS of

that may vary dependi ng upon the desired properties
ingresiiergh} reiaotitre cobditions,dartsy s farttpussabin therapesification andialgims are
very least, and not as an attenpt to limt the

to b@@ﬁdﬂér@ﬂiddoé‘s Béinghaodified in ak instarssps yathertesmt“‘abolites” Accordingly,
scope of the clains, each nunerical parameter shoul d

unieSSintAARLE t&thd &ﬁtfé}p,tth‘éfnumencal parameters set forth in the following
specification and attached claims are approximations that may vary depending 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



t he nunber of significant digits and ordinary roundi ng
approaches. [023] Notw thstandi ng that the nuneri cal
wo angeessand paraneters setting forth the broadPGUSEIDG21477
the invention are approximtions, the nunerical val ues
“set forth in the specific exan‘pl es are reported as
rangepgigen swoyghsuiibissspaciicatian will inslydaeven nasrowgsinagrical range
i nherently contains certain errors necessarily
that falRswithinuchrnoat&renwhernical range\asif such hatrower nuntesical ranges
respective testing measurenents. Every nunericalrange
were%g\ré?(grééyspwaﬁeh'%e%]hs specification will include every

nuner i cal range that falls within such

?il%‘ﬂer \;@ggﬁ 5%‘%‘% lnvém é}?erélly rol. s'?é‘ﬁﬁé’\’)@é of' H?@ng@ﬁ'

expr ESS witten hereln.

e i nvent.i e IIy el :
perofeit e ROBEOR SRS Nepdcs ol é@é%ﬁ“f"?é’f“%ﬁt%ﬁ?‘? PJ"G of pigaling
sonme enbodi nents, the rate of heal i n S |ncrease
is incegaseidn apg i sersRMhediments.HBete s ?‘R’&h%ﬂ” SePTFIRG- The
scarring. The invention can generally be used to treat
invention clargererally be Used tg treetigny dameigerioenkving Body in which the
natural repair process will occur. The invention can

body"%%éiﬁ%l’ régait pResh ovill oosuri Maninwehiion sar beaseddmtesad Jesions
d specifically including humans. [025] The term

in an r{@? ﬂ?bh Ls nﬁé?ﬁtqlarke%ﬁﬂl%deﬁlfl'cbﬁy PRINRYING hE/ZSE, Neani ng

enconpasses all "sorts ‘of wounds and injuries.

t ?f@?’gﬁ z‘g%sicgn u% 88 'P\etélﬁ idfs8 ?Ire'n%rlé %@ﬁ§e BaRihgdhat it

urns, cers
S, e B R g

thervvl se, no distinction is intended. Lesions c Qﬁ "
genenosetse, meaning thiat i eeacompassesWogRIFvRHIAAsUICESS: ch ound
acute or chronic. Wunds can be full thickness,

and ‘egien’t mialyhe wddd intarehangsbly kergin canguntesathe n@ratrame@%emﬂca"y
i.e., penetrating less than all layers of skin.

dlctaFé%aHﬂR'eﬁﬁls@f n@ elistid chew Risitertieldy dessidng cart be naturidspburd, ulcers,
0, surgical wounds, penetrating wounds, avulsion
etc. L@sH) sSReourtdUSdH BS aklic 6 @fontN8AbLAGS tah Beifak thitkidss, i.e.,
penetrating all layers of skin, or partial thickness, i.e., penetrating less than all layers
of skin. Examples of acute wounds include, but are not limited to, surgical wounds,
penetrating wounds, avulsion injuries, crushing injuries, shearing injuries, burn
injuries, lacerations, and bite wounds. Examples of chronic wounds include, but are
not limited to, ulcers, such as arterial ulcers, venous uicers, preésure ulcers, and
diabetic 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
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injuries, lacerations, and bite wounds. Exanples of
chroni ¢ wounds include, but are not limted to,
walk@ensdsssuch as arterial ulcers, venous ul cerBCT/US2005/021477
pressure ul cers, and diabetic ulcers. OF course, acute
wounds can become chronic wounds. [026] The
producaspas bxidizing Bifect an mygpbes of ethardvingsiels, %d Hesome
treated contains hydrogen peroxide, or a source of
embdyichepgeis lpss thdardhat dhmuadtiat mmmldesra nécriofideffigehon contacted
peroxide applied to the lesion is |ess than that

’ussuémPr‘lJ %rrkr@fhbbémfé?ﬂé{ aRtizpiaiitof hg@tbgeanserorideaipplied to a lesion
nbodi ments is | ess than that anount that produces an

is from( gb&ﬂfﬁﬂ) BAAGRbIeR T B u‘E’SO f‘&?dm Pe‘é'( hdPEhérSaquare
A6l ol Rendire

I h sone ess an t t hat
cem@bq%%r“@mrﬁzw Ty —
applisd aBasionds OB BRBHER TSGR SO o%ﬁu@pEBé’rém' ea@%e{"r%e or

(cer) of -lesion. In sone errbodl ments, the anmount of
(cm*hgtllesipan per oxi de applied to a lesion is from about 5
nmol to about 500 nmol per cubic centineter (cnB) of

| goRpp. THRZMclneofihydrogen hehyddegppligubtoaietiompph range from
to a lesion can range from about 500, 600, 700, 800,

abOLRr5O%O@O@n‘P(b% &0, br 980 nnolder 5 2, 68 475, 8, 798 @roraibut 10Qmol or
hi to about 2, 5, 8, 9, 10,

9
I gmt%%?gﬂgso g per
squaga@gﬁ Eﬁft(PFﬂsil 8? Ieﬂp{g@)ﬁgﬁ ar%gﬁ(ﬁ[)ﬁgn aﬁ{kg %P(Lﬁ{argﬁ from 1-50, 1-

hydr ogen peroxide applied to a | esion can from
25, BBuer 2 1gnol7 pes sqgarewntlmtee(vmez?l@f lesion. 6@% %@“%‘8

90, or about 100 mmol or higher, to about 20, 30,

hydrb8en peroxide appliedtd a lxion &0 rarkEofromsgouwd 6o 6, 109, 9,010 20, 30,
about 500 mmol, per cubic centinmeter (cnB) of [|esion.

40, 501902770180, %fbrraijmmbgfm(ﬂmmmr fo aot@0530, 40, 50, 60, 70,

10- 250, ' 10- 100, or 0 nmol, per cubic centineter

80, 96 Bb, 950! 866,950, 300, 400, or about 500 pmol, per cubic centimeter (cm®)
of lesion. The amount can range, for example, from 10-500, 10-250, 10-100, or 10-
20 umol, 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 can range from about 10 to about 100 mM, or from about 2510
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



[028] The concentration of hydrogen peroxide applied
to a lesion can range from about 10, 15, 20, 25, 30,
wW@206A®8s35, 50, or about 75 mMto about 50, 5BCT/682005/021477
~ 65, 70, 75, 80, 85, 90, 95, or 100 nmM or higher.
Thus, the concentration of hydrogen peroxide can range
peroxideotakeboliguiddcan betspuayerbor payredr for examiiegelsdotiens, creams,
about 75 mM or from about 40 to about 60 nM [029]
pasteShandpiliteeats et beirdsbehor inasapged,ddr exaraple. f bheseoand other
vehicle or carrier, including but not limted to,
formérbﬂaloql%ar@é%ﬁ/ehtdpéé, a58hyrbE@Perdids Bsliverydarel déstebed in
he Lre%ns of application will depend upon what form
. I N i i . .
ook SRR S ekl (ns, baomeratier
.and ointnments can be rubbed or massaged, for exanple.
publicg{iogs- and ot her fornms, and/or carriers/vehicles, for

hydr ogen peroxi de delivery, are describ [ . .
U] a6 BSOS B R OG B Sben [qTE5 In Which the
Sci ence, and other simlar publicati-ons. [030] The

hydradeini peroyideds irssalatiomeortmtepgenenys, ©dg formisimghich hydrogen
whi ch the hydrogen peroxide is in solution, or

peroXidé &y esfamedswitifn iposdraes®r micrasphéredsy dFtegfammseramgirdduce an
is contained within |iposonmes or mcrospheres. The

imm%q?%t%f@%ﬂ PAHESItERaliveR dbrd RiiRdiMg! profdeGinextended effect.

ernativel'y, or additionally, produce an extended
ror b dpiRbaBnRE g ARG o P RS Sl an
byt Sl WAy
whicip i/ 0080 posHReT BXRASEDTEE ESIPBIN-TREARRIAIGE fydrogen
forms can al so take the form of devices, which can

perosdékicaaralsy be puevidee fandrdinmediaté effecn for a desired
period of time. Devices include, but are not limted

t qo3 PRNdBEEelivery BrEd call sissitales theglonnesf, denitiess ivhich can

strips, surgical
deliver hydrogen peroxide to a lesion for a desired period of time. Devices include,
but are not limited to, bandages, surgical dressings, gauzes, adhesive strips, surgical
staples, clips, hemostats, intrauterine devices, sutures, trocars, catheters, tubes, and
implants. Implants 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.
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staples, clips, henostats, intrauterine devices,
sutures, trocars, catheters, tubes, and inplants.
WO pbaess3 i ncl ude, but are not |imted to, pilP&T/US2005/021477
pellets, rods, wafers, discs, and tablets. [032]
Devi ces according to the invention can be prepared )
afQad]di Apsodabie materials sas besinthetic materiaie ang nopesynthetic
made from polyneric material. In sone instances, the
mategalsy Peysocbatie syhthletivinatetialsanclade douizre aotdimiteddp, egliiosic
in ot hzr i nstances, a non-absorbable material. Devices
olyn§era; g9EolfcOHEIE Polyristsy Bifethadrijlatd polyhedrt cethgliéne vinyl acetate
POy non-%lgsor babl Z) rr}zat erial s. [Orgs] Rbsor babl eymat eri)gl S

polyrif@8. B, o t\a\ﬁilioér?%dggfl Sb??h/mé?g,%él &ﬁﬂé&gH,‘bollyacetate

nat er i 5 AUSO etic materials Include, but
re no i.mted to. .cel i y ' '

copofjiesief Qct'%tW&'¥¢%@' kP8R Rl dac il doaBire

acetate polyners, ethyl ene, vinyl alcohol copolyners .
polyqb\moy\@%tn%\rélé@%ﬁte,p%? 58 MPX%H?;‘%{WMQS a%c‘ﬂ‘?faéymhet'c

and gl ycol i de, polydi oxanone, Polyglactin, )
matepialsiigtiadepbutrare noblignitegdoneatgut, sergig meowsaere, fageia lata,

conbi nati ons thereof. Absorbabl e non-synthetic

gelatiicollagdrs andadordisinations theeeofot | i mited to, catgut,
cargil e nenbrane, fascia |ata, gelatin, collagen, and

COFBAIN AN GHEbsbRSAHE bynihd8d mdienalesecibas) sutsrstiettimited to

terials include, but are not imted to nylons,

nylorlrﬁiﬁ%ébiifs_, B%Sg&'gﬁ%&@gﬁgéﬂd %Riﬁ@ﬁoﬁ@fﬂ@r@@ﬁ : 9&%-absorbable

e rion-synt etic nmaterial s

i nclude, but are npt limted to |l d j | :
non-8ARGHE MASTS MhiRs b P Er olSredia. SUk. iR sk, corton, nen,
Conbi nations of the foregoing devices and
and eembinatiens B1ereples are al so envi si oned. For exanple, a
hydr ogen peroxi de gel or ointnent can be inpregnated

i [085p Haomibinations wh thelfadegaing dgvices anel ¢arderss/\vhi¢lpg are also

hydr ogen peroxide to the desired | ocation. As another
envigi¥ae®! Bor 8Rarmpl), artiyaldgerapexitibye ataintoeentaantze impregnated
into a bandage or wound dressing for 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 as desired. The physical form used to deliver the hydrogen peroxide is
not critical and the choice or design of such devices is well within the level of skill of
one in the art.

[036] Hydrogen peroxide can be delivered to the desired target site 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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| oaded with a hydrogen peroxide solution and rel ease
the solution fromthe device over a period as desired.
wab@efobnsss cal form used to deliver the hydr ogePCT/US2005/021477
peroxide is not critical and the choice or design of
such devices is well within the level of skill of one
Hydrogen peroxide-lifeoperpxidesrasgere gelivered Oy daliverngdpr oxaregle, tert-
to the desired target site as hydrogen peroxide, per
butyl dgdraperotide ahlinf tiese typesdf ssurcesraanube oonsidieed chemical
exanpl e, superoxide is transformed into hydrogen

sourde®sPHydeoddh pereridexi de di smutase, which is naturally
present in animls. Thus, hydrogen peroxi de can be

d (537‘]er ﬁ’ﬁgldﬁ'g%ﬂ Eﬁfo@(ﬁfe §|‘e.5 é’tljﬁil Iih 8k body by a reaction

perox I's tran orne into ydrogen

o R A e s oo o

hydr oper oxi de. hes n.b
hydrodafspereriie @h@l’ﬁ@!ﬁ?" e slispatasst p'ﬁ}ﬁj%b[@ﬂ%gﬁi%'@% is Maturally
[037] Hydrogen peroxide also is forned naturally tn

degraded indbig u@;dyabyrmenzymew@!laé@atal@ﬁagw%rqgearnﬁr%%@ﬁn be
to produce superoxide, which is then converted to

alloweydo egenmuite it ddebipnsitparyoad dimisteing basdalage énhibitor to the
hydr ogen peroxide is naturally degraded in the body by

targeglgit%\rl‘ve 5 bEedxieR @drfaRo DayeHLR@EtoRRICONIWte Gy administering

to accunul ate at a |l esion site by

additﬁq&ﬁ ggé%r%&b‘egdlgmﬁﬂs@ a\g h\}eﬁ‘g'oPhg ggﬂ ﬁé?@xﬂéﬁ&%ﬂe&bh%lte in

per oxi de can to accunul at e

this r%@q%qgrgg;p%blfsld%{%fg)glté%\?% rl?rﬁ'e(g%y%ﬁgﬁ]tagé%gurce t-hhls can

manner is considered to have been perforne %
also baophaideced anatwal spurge Qi hydragenRereside; a§P88 ged to an

nat ural source of hydrogen peroxi de, as opposed to an
extramebuarsearce. sour ce. [ 038] Hydrogen peroxi de can al so be

generated as a byproduct of a number of reactions,

'Z;IQBS'P“ Ngydrogen peeonitie cah)alsy be geaerated as @sieypraddetss;a
number of reactions, including, for example: 1) glucose + glucose oxidase; 2)
xanthine + xanthine oxidase; 3) hypoxanthine + xanthine oxidase; and 4) ascorbate
+ ascorbate oxidase. Hydrogen peroxide concentration can also increased in a body
by the overexpression of rac1 and rac2, NADPH oxidase, and superoxide dismutase.
All of these are considered enzymatic sources of hydrogen peroxide and are within
the scope of the invention.

[039] The hydrogen 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 be

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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xant hi ne + xant hi ne oxi dase; 3) hypoxanthine +
xant hi ne oxi dase; and 4) ascorbate + ascorbate
Wo@00d06%853 Hydr ogen peroxi de concentrati on can BECBUS2005/021477
increased in a body by the overexpression of rad and
rac2, NADPH oxi dase, and superoxide disnutase. Al of
desirefedevige® ot other garrials 6ap\eaPregrapined siogelagsgrdnses of
peroxi de and are within the scope of the invention.
hydrégdperixidehaidesjed tipesnx Fdeexampld, iaveiceasphere fiermulation can
desired target site at |east once. In sonme enbodi nents
inclublBeInRygapaRatRayIXdGsh psroild feeRdmintedibe éffggen site
two, three, four, five, six, seven, eight, nine, ten,
adm@\\;\%{é‘ﬁpg U%h 'é?lﬁ?(r’)gﬁg?tgeﬂ?dn;{@ﬁ’erﬁ %t\k}ge’h@?rsoﬁ 5BBorftP dB¥& Y twenty

ourteen, sixteen,

i gh , - -f ,
four ot3: EGH ame TepbupiT ot ot e iR pdfiHl dBoy at orl-cignt
other carriers can be "progranmed. to release (gpdc,es of

hourgy dRgderptmens sirateas letbioria Prasitionef dheSesies) o deyioes or

m cr osphere fornul ati on can include unencapsul at ed
carriensd etmeis withintelevebef sidl indhedrht e ef fect on
adm ni stration; an encapsul ated conponent t hat
dgouopr sit masesoddsicaisie tapraviemforfaer conditignsaindhampractice of
encapsul ated conponent that delivers a third dose at

the ﬁrgééﬁ‘t'iﬁ@/&ﬁbnh FhrSexapifie! it Ay BN HesiFARE @9¥nbsrel thht tHedtarget
the practitioner; the design of devices or carriers,

regid} 8fnt9$i lései%@wfﬁg#%gﬂ# g&g¢%r9§tgae}<¢éﬁerb it s%ﬁcﬁier{t%Qﬂ |

esira Vi or otner conditions In

th ractice of the present inyvention., FEQr Le, .k
atmqsapells e BRIRSCEM o GaRE TEApS tirst a8 AT Ugsirbd level
the lesion is sufficiently oxygenated;, generally, it .
of mpistuefandca eattioviasttemprERigRs in §°6WH°%'%1%F%5%H%T m; noist
al so may be desirable to maintain a desired |evel of .
enviromnsentrie desidatadle p AV hilecndtnequisagdt mayralso be dasireble to establish or
enbodi nents, a warm noi st environnent is desirable.
mainthinl £steeile eedtonméent. it may al so be desirable to

establish or maintain a sterile environnent.

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

[042] The following Examples are provided to even more clearly describe

and explain the invention.
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[041] Additionally, it may be desirable to include
ot her therapeutically beneficial agents in the

wo e0oadmss on. For exanpl e, the vehicles or carPCBUS2008§21477
al so i nclude hunmectants or noisturizers to maintain a

desire_d _rmi sture level in the treated area. O her
pdE3lbi EXAMELES| ude drugs such as anesthetics or

anti biotics, which provide other desired effects.
Agad4], Eamples!:tPlesenee affROSHLi thetwdundssite.e left to
the practitioner. [042] The follow ng Exanples are

pPros1dedt i @ rBniralien i welhy fdks cHimESeiting witeainesh foglinders
i nvention.[043] EXAMPLES [ 044] Exanple 1: Presence of

were%ﬁ?ﬁgfap}eglﬁgmmﬂa;rﬁéﬁ ®n tfu@f)%]ck IR R EQERNESABL A mide via

chilling wire mesh cylinders were

.. .Subcut [y, i npl d Kk -
s BUSE TRRRE Ak R BALFOREN  eFBS fp gmor
st S B e e S P Bl e e

el ectrochem cal technique as described in Liu and
techriigee as debcabedrindLion @icolwhied (Free0RadistBial Med( 200898t 901

) . The baseline was collected in PBS. The results are
1;31F)800-901 ) FiThes Igasbfine vizS¢ollstentinfPBS d The. reSults arensiyown in

added to DPBS ( 1 m) at tinme indicated with an arrow.

Figu%siﬁ.g a st a_ndard curve, the concentration of H2Q2
etermned in the wound fluid was 1. 1 nM This result

03088 LR R B} 5 Bel 1o PR (PHAFIBmE g bated
with B8 @Y 206 RStIRAr S g YeL ) Rneer T aoR! Flags sifortitied inthe
wour]:éﬁlinisrv;gEHgLMPgﬁ{ig gq?sr;,tlﬁpigEﬁ)éi)r?t(?asi,tr’lotr#qgas\ﬁnrg%%n%sagfi tt)lgod plasma,
which do not show measurable hydrogen peroxide.

[047] H2O: detection at wound edge.

[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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to rinse the exposed wound. Twel ve hours after
woundi ng, the site was treated with the spin trap,
WOMIR0(B55- di net hyl -pirrolin-1-oxyl). To obtai PCTUSI0®D21477

data, a freshly inflicted wound was subjected to the

same spin-trap treatnment. After 15 m nutes, the spin

t {349]s olER oreasasemenisdvaienPafamachiesing arigrukay Eﬁ/g% gPR

subj ected to el ectron paramagneti c resonance (EPR)
speciemaler[dpePatirPR Xemdreitte atTV vid Oecavity f Gigurd 1issimgva EPR

Bruker ER 300 EPR spectrometer operating at X-band
spec%/l@ngx/IJgM adtRicE mMddsViredfromy woldiRd siheate. BRR spestia wer acquired

uct measured fromwound rinsate. The spectra

from pi\ﬁllggg(ﬁ gg'r{ﬂ?ld ol { R &&%@e%&é \APULPnde(f,ef\)itglﬁii*O‘h (sham

om wound cavity a ham contr upper

nel ) 12h -woundi ng. (| [ )i . ]

contiBhaPpbRBANEA N RAAE AR o R8Ty T SERAET B R bfler

the foll owm ng coupling constants: aN=14.90 G,
panehwas idetifiedas that af BV v %srfaﬁ&wscwg}'eg constants:

m crowave frequency, 9.8682 GHz; sweep wdth, 100 G
aN=14.80 Gyatt="o9Rr Thedatarcquisiiormparamelers WelRlaNICIOWAE

nmodul ation frequency, 100 kHz; tine constant 80 nsec.
frequePe] 9.868L SR EaEwIdiN 006, nieroszams govesr 88 ns\ii; modulation

trap solution did not shown any prom nent spin adduct,

amplggg?,_s(ﬁ’.scé;gﬂgﬂﬁféﬁgh gﬁg\w&hew VIOIKZ T tirAS abAstaht 88 mdwulr

vvoun_l_ period ¢ I d aclear 1:2:2:1 quartet

n. - i fi .
oupelon WRIG gShe iR oo RIS RET shifae Roefiga i not
shoney SR R0l ROGEER o ool S BB e Rate at 12-

activity, Q2 generation is often neasured fr t.idt,,s,ue
hourqrogbsvesindqresiodsshayvesl aglaasdi2ikdi awartelinaitess. ( pe individual
RCS-sensitive fluorescent dye. Briefly, the wound edge
comp@ahts vene idertifiedesst BMRO-QI2 (myslrosylaadieal addiiei) by sapdation.
I medi ately frozen in OCT. Fresh 30-m cron sections

%11 ncgbEseNidsl prodRtfor B Adrme¥iskizCarrd wouRG@dgp tissue. As a
detect O " and visualized by confocal

functional outcome of NADPH oxidase activity, O2” generation is often measured

from tissue cryosections using dihydroethidium (DHE) as the ROS-sensitive
fluorescent dye. Briefly, the wound edge samples were harvested at 12 hours after
wounding and immediately frozen in OCT. Fresh 30-micron sections were incubated
with DHE (0.01 mM, 20 min, 200x,) to detect O2" and visualized by confocal
microscopy. Results are shown in Figure 1C.

[052] Employing this approach, it was clearly observed that the edge of
wound-tissue stained much more prominently compared to freshly sliced normal
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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m croscopy. Results are shown in Figure 1C. [052]
Enpl oyi ng this approach, it was clearly observed that
w0 bmemoaigss of wound-ti ssue stai ned nmuch nore prpOi/Is2v0$/§21477
conpared to freshly sliced normal skin. This finding
| ends further support that the wound site is enriched
i 1054)s. Exemapledsdefifect of exrens eatplasenan woundrhealing.
denonstrate that RGOS, including hydrogen peroxide, are
p[@3&int Betawse nydivgen peyokidesvas §loduh tekamsesert:in wound-
Ef fect of excess catal ase on wound- heal i ng. [055]
healiR§ GA4FE SXpariRERs RRFOPLHEMEs G iewmmine Whethies slestedsing its
woundheal i ng tissue, experinments were performed to
i it that
conc%ri?tﬁr']%[dﬁ \%ufﬁgﬁﬁggrlr \{vggﬁé ggéhr@ EhRIEQRRAE akiraneMByhée

er wou talase 1s the natural enzyne
that hydrol yzes hydrg ' : [
hydrgtyges iERaeN et e eaafdEd % bbufBRic be fosted
cat al ase was i ntroduced,into unds by jts . .
oURPGl: prBuiediyoratalasegvan nttRdisef inlP Wi DY i pretspression
al1owed for high efficiency of overexpression in the -
usingran iadens¥iral veTias. Jhisvectoballaweh tsdigi effisipnevtefevsis| y
injected once with either catal ase or LacZ (control)

expréstaa i thesaarifd 8kinl Tifeugkif it be deymdeef wae suocuidnegusly injected
al l ow for maxi mum over -expressi on of catal ase at the

once VRN ditsé @atalbee BxLEZMBbAI) atibhekinees ($6C gidpfive days before
i ntenti on wounds were placed on the dorsal skin of
cligdlo Ifefl ‘df & WeWRd 8ite. Two
wourd'ts ARG Bpsifih efeifrossBp Sl AUS? af hesheURd dite
over - ression in the.side treated W -.C :
axt e Tl hikPass Seres e i BAES yEks Pt eticisal ski
Control Ad-LacZ virus. Blots were re-probed with
of eigit-week-ald G5€BbIP Wifgal | oadi ng of sanples. [058]
Fi gure 2B shows wound closures as a percentage of area
of[0B7] t i RiumpRAchdeiser Westerndriot ofdnfestrd slitia shewingcatalase
woundi ng. The dotted line represents a
over-expression in the side treated with Ad-catalase (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 after wounding. The dotted line represents a
standard healing curve of saline treated C57BL/6 mice (open circles, O) without viral
infection. AdCat Treatment (closed triangles, ¥); AdlacZ treatment (closed

circles,®); *p < 0.05, compared to LacZ treated side.
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standard healing curve of saline treated C57BL/6 m ce
(open circles, O wthout viral infection. AdCat

wae@aness: (cl osed tri angles, T); AdlacZ treatP&nUsS2005/021477
(closed circles,*); *p < 0.05, conpared to LacZ

“treated si de.££59] Fi gure 2C shows Masson trichro
stleb9li nd-igeer4 sbaws ﬁiaﬁqlmtlﬂphlqu’&%étaﬁaﬂafpﬁrf@r@éétqrbf%ma“”'
of regenerated skin at the wound-site sanpled on the

fixed ¢ayaffintsections dbregenseated Bhin #dBatwalintesitchsampladoanithe day

HE region, indicative of inconplete (vs. control)

both WRUAAScRided THe AlCAL sidleEHoW sStYoadet hlEsﬂe@wm" irediostivecof
Es, eschar; G granul ation tissue;

incorNyiRES ICbF]ﬁ& tdydh Qﬂlcmsjf 3 r%@s%nﬁﬁ [fvet: cIcFéCJrS.C‘Es,
HHieES fsg sRnfroflFedeneration St i o Foes

rogen woun osur e. It was

Irat t
eschfa?ﬁe%%npét% i ﬁweﬁﬁff@%ﬁﬂeﬁﬁiﬁé‘mﬁﬁ gzsgaﬁzem
rom heal i ng wound it t th I
(80| ExamplS. SorTiaehOE PYRraoe PREPTIRE WAL SiEstre
effect of added hydrogen peroxide. [062] Briefly, two
8061 hm Asiit washtleiredemexsiraiedihnt yiregsen pergxide isspresent in
insets) were placed on the dorsal skin of C57BL/6 nal e

healifig @RoUrfisWEXaspié d),. aricbihiat it§ abben¢evromoealingwasunds attenuates
topically treated elther wth HO2 or saline. [063]

the h@aﬂH ?&s/%ssou By eﬂfne‘ﬁ?@&e(él glae'n’érmed to examine the effect

mcr OOL, O 25 n1 o:‘ 0. 15% sol ut i on/ wound;
Ofaﬁgﬁﬂgéée?pg 5ET e lrmgg?gtg: ;ch?rpa?)edt{gaglnggtebo

i BBPE abierho fio BB il s etodanAiund E e o

i nfl uence wound m croflora. For ?et ermnatio

insets)mese plagedrat iherdorsalsifr st COr BhiGmalg frice(& W@PLﬁOLﬂ% Each of

m cronol es H2Q2/ wound, open bar, or saline, closed
the th/ar\/)/ouxa\ﬂsewaammwly(tzelat&é ehthpomthvbdu@mbrrﬂﬁlneor 20 sec
with an alginate-tipped applicator. Quantitative

[063]  Figure 3A shows low-dose of H>Oz (1.25 micromoles/wound; or 0.025
ml of 0.15% solution/wound; once daily, days 0-4, open circles, O) treatment
facilitated closure moderately compared to placebo treated (closed circles, ®) side.
*, p< 0.05.

[064] Figure 3B shows that low dose H,O> treatment does not influence
wound microflora. For determination of surface microflora, wounds (treated with
either 1.25 micromoles H,Oo/wound, open bar, or saline, closed bar) were swabbed
(24-48 h post wounding) for 20 sec with an alginate-tipped applicator. Quantitative
assessment of surface bacterial load was performed. For deep tissue wound
microflora, 48 hours after wounding eschar tissue was removed, wound bed tissue

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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assessnent of surface bacterial |oad was perforned.

For deep tissue wound mcroflora, 48 hours after
wowwaeese eschar ti ssue was renoved, wound bedP€T/5S2905/021477

under neath eschar was sanpled, and quantitative

" assessnent of bacterial |oad was perforned. Val ues
s r Ejgure &G shaws Bighodoserbigh, A%ormcromoles/wound; closed

observations.[065] Figure 3C shows high dose (high, 25
circlesj @, 002 5m| vb8%dsolatios edrais lohed, 25 microoRBestivoond3%:0.025 ml
solution, versus low, 1.25 m cronoles/wound or 0.025

of o.1fH§§/§£p&1 dipdes, QD EHh e diéil(}ﬁﬁays@-w B Pl,0giadyertaysaffectdd efosure.

adversely affected closure. (*, p< 0.05; conpared
f 0] t f t QR i j i
p<§¢9§e¥zﬂ§§%%‘é§r8ﬂw&°’% R AR R fihoh (inset)of
ted; O. f. 7.5%.s0l.uti ' C 3
H:024p5 '@H?%‘H?esi‘é{ﬁ%‘g ISP T BRSNS S B ARuna,
injury eading to death of the mice. [06 Exanpl e 4: ..
once psLIRY @mem@%icaua%aeemﬁgw@ Ha%%@ﬁ%ﬂ% e:@luf% i%ad'”g
genes, ~vascul ari zation, and wound-edge bl ood flow
to deh6aT] théddicei onal experiments were performed to study
t he nmechani sm by which | ow doses of hydrogen peroxide

i NosEIas Ekanpler 41t \Wovindvand #,094hduged [chadgeBdnrangiogenesis
exci sional wounds were either treated with pl acebo

relatgg!qe{%%s?(ragelgi_%égaiion?ﬁna"v%ﬁ’ﬁaleféfqégb%d fléws 0-4, once

. Woun ge tissue was collected at indicated

A S U, U s o

. angi ogenesis-rel ated nRNA. expressjon_in .

whiofp oS §85°% PLBYVBORB ARIOXRES liTERse bR Fate RbWPHBd galng.

H2Q2 treatment ( 1.25 m cronol e/ wound, once daily, ,

d4068)0- Hairasl exsisiaraliweunis waigeihardteaiad M&ﬁhr@ﬁ%‘%@ saline or

FIt-1 and VEG- nmRNA expressions as determ ned using
H.ORRA5 hdEdmdTe/giouads GaghOwds onlcoaiily). oaumdepdgs tigsue was

wounds performed noninvasively using a Laser Doppl er
colleBlefost-ihdienddmass afitdewbanding MRigsrer4X bhows rgitidneiclease
protection assay (RPA) showing kinetics of angiogenesis-related mRNA expression
in a placebo-treated wound. Figure 4B shows how low-dose H202 treatment (1.25
micromole/wound, once daily, days 0-4) to wounds further augmented wound-
induced Flt-1 and VEGF mRNA expressions as determined using RPA.

[069] Figure 4C shows blood-flow imaging of wounds performed 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 shown. Data of the blood flow is presented as mean x SD (bar
graph). The mean represents the arithmetic mean of all valid blood flow 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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bl ood flow (right panel) and a digital photo (region
of interest; |left panel) from postheal tissue are
W@ bawo9sElt a of the blood flow is presented asPOPER2003121477
(bar graph). The nmean represents the arithnetic nean
of all valid blood flow values for pixels wthin \tl\;we
r §fQin Flguratdl shews theressidisifiom gay® ROstwqUKling. Wound-edge
treatnment resulted in increased blood flow, a
was dryosddtionatl matvascalavizaton aresezstiatajed dyrataining for GD31 (red,
Fi gure 4D shows the results fromday 8 post-woundi ng.
JSAPRGIES, YRERS): highes sbaeduase uf @03 aedmtainds section
rhodéﬁﬁﬁéﬂgtﬁgd b@p@t ai ni ng %or CD31 (red, rhodam ne) and
i Y itle [ s control
obtaiffBtron? L0, KR le (B e ey R e
(bottom reflect better vascularization vs control
(t°p)'(top). [071] Exanple 5: H2M2- nduced phosphoryl ation
of focal_adhesion kinase (F in mcrovascyl ar .
o bt heIEXaMBiE SHamasisast BhgsPhpbIaion o5 fofhl aghgsion
m crovascul-ar endothelial cells (-IHI\/EC- 1) were treated
kinase (PAKR R nficrovassiulan eadotheliahaellg angk wennd-edge tissue.
Phosphoryl ati on of FAK was detected using Wstern blot
agd?:@]h oHlvaak nstiovassuibe eagethiefialocalin t(HMEC €9 weraitrested with
FAK. Native FAK or/?-actin was blotted to show equal

| RflidiChted @43k ddairatich PReushdrpRitishfefCAIOvagaldtetted using
HzOzd@EQ{sd%eéletrgat msrnt on thgﬁphrgsphoryl ation (Ty 925)

Wesﬁqtrﬁ‘ﬁog%“ggr @f%gpﬁ@ﬁ,{l‘%@éﬁté&ﬁé@ﬁ%Bﬁti@cn&é bgsinet FAK. Native FAK

I on phosphorylation”of FAK

HVEC cells fop]lowi ng H2 0.1 M) treatnment. [074] In
OrB‘ﬁP@{l‘JW@Sﬁ@ﬁ‘ﬁg*C’rgbovég(gp@%ﬂéﬁng\munds were either

treated with placebo saline or HZO2 1.2

mi [67 3hol Féigumgld)shomdha eliggkot yarqys 4&%363 H2QertEgptagnt on the

m nutes after woundi ng. FAK phosghor ylation in wound .
phosptioeylaticrs (y 925) sletecofi A6dF igurengB \sbowsrthe thingtics pi siie-specific

fromthree animals (#1-#3) are shown.[075] Exanple 6:
activifibn hhasghadiasbaofdK H BEMBC celisfaliowitey HBO, (R4lmb treatment.

[074] In Figure 5C, paired excisional wounds were either treated with
placebo saline or H,0; (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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[076] By attracting hydrogen-peroxi de producing
macr ophages, nonocyt e/ macr ophage

W@ b@aoedssy act ant / chenot actic, protein-1 ( MCP- 1PQT/pERYS021477
a key role in the devel opnent and resolution of the

acute infla [espon woundj ng. P47phox js a

7Bt Bht JErATERI AT WICH-TROTSPRACRN AR S Tcighicy imBai s iz

in ROS production. Because of the inportance of these
healfregst ors in ROS production and in wound healing, tests

were perfornmed to exam ne how hydrogen peroxi de

af[oee{ s Bwatirketing rydrogerspé@sidengrodbeing racrtophage$,077]

Briefly, two excisional wounds were placed on the

mon%@@éﬁﬁa@rbbﬁag% cRbgbbrRfiantdHéniStaBlid SrotdlkPr (MGP-1) plays a key

phox knockout m ce. Each of the two wound

ole ﬁirtﬂ@toee@remsp}ﬁb éjae%gsmugﬂ%f%? E@% Eflégfnr?rgat response to

woufRae PP & BB ER R snBO UL APt A6t njaygived
expression_in pl acebotreat ed wounds

ROSapog)clipbeBeraura of 8 IW%%@%G&%&M@ in %@%PF@WOH and

(closed circles, ) treated wounds of C57BL/6, and
in woi@h¢allngs éebts mese gledormad Yo exagneg h@w(hygéwgen peroxide affects
O treated MCP-1 knockout m ce are shown as percentage

wourds & @fin@is iatkingahevotadors(* p< 0.05; conpared to
C57BL/6 saline treatnent. #, p< 0.05; conpared to

@ fUtBﬁéi’IyS gﬁotéx%%‘idﬁﬂlvwnﬁ's%r@ dhécesoMBheVBeRAI skin of eight-

Ine (closed circles ) treated wounds

wee%) 8@%?'3?’% iﬂéPg‘fS)?P&?‘ih ckéhﬁrr\%eesEaJh Of e 3 WHEnds was

p47phoX knockout “m ce are shown

trea@guilt Sl SbmR Y Fe e 'ei{ohé%?””d%d B

corrpared to KO saline treatnment.[079] Keratin, 14

sulfF8t t sFigpreiBAmiovs an BNasei piotestionesak §bAWINg therkinetics of

and its expression is triggered by dermal wounding.
monBigte/rmaéphhgeshiemaiadtic irétdig related niRiMA sxprassjon in placebo-

expression in skin of p47phox knockout m ce harvested
treafetQUBDYRIGF wild-type (C57 BL/6) mice. Figure 6B shows wound closures in
saline (closed circles, @) treated wounds of C57BL/6, and H2O; (closed triangles, V)
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 wounds of C57BL/6 and H20 (closed triangles, ¥ ) or
saline (open circles, O) or p47P"°* 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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sites after closure on day 18 post-woundi ng. Note
hi gher expression of keratin 14 in control side

W@ ovparssd t o H2O2-treat ed side indicating thatPCTUS1965/021477
control side healing is ongoing and inconplete , while
H2 2-treated side shows that keratin 14 expression js )
c §ORIr alidesatin 14 eupaPrts iepidarm@l iftareriiationA ©aspsratioy and its
[080] O her enbodinents of the invention will be

expregsimt Britigyercdinsdesial waddimg.t Riguse 60f shows keratin 14 (green

consi deration of the specification and practice of the

fluorddEERBE] BXprdbSiohas sRins I khotitout mhiea thedvdsted frolrewound
speci fication and exanpl es be consi dered as exenpl ary

sites %El!leyn SIQ:Q’H@OFF dtaguIEByﬁctSﬁgﬁ?lgﬂpﬁ% PNotd h%fhr?g B{R/\%é%%i%}g dfQ&ratin 14 in

cate ng cl
L. h £ j , .
consSL kRS0 PRl il RRTh Sl ey o haing
s onBoBSHNGETBH e LR Keir eoieB A Shewe STa Kegr i 142,
g

The -met hod according to claim1; ceonprising applying
expresdsion islcaropalsble tasnonimal skiroindisating lspatdefertiasdingxi de
per square centineter of |lesion. 3. The nethod _
aqoeopi n@thiep epttaidim2ntscofrtheiisvemgioapyill ierappaivent tothose skilled
about 10 micronoles of hydrogen peroxide per square
in th%%ﬁtﬂdfﬁtc%hs%rétﬁﬁi SMthepetificatih Bad practivedifibe irveptiohm
, conprising applying about 1 to about 2 m cronol es
' R ' i 4 fes! RsESMBIdered as
disciBse HEFFRT |48 FUEHATHRE tnS SHPL BN AEL Gimples (REESHbider
hydr ogen roxi de applied to. t | .esj [ A
oxerulgeay B eremacnee 4t soRbhf i A itul Bomg TRYEERd by the
met hod according to claimb5, wherein the source of
followipgralgigrs.- per oxi de i s chemical, and the source is

hydrogen peroxide. 7. A nmethod of increasing the rate
of lesion healing in a mammal
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conpri sing appl yi ng hydrogen peroxide to the | esion at

a rate of about 500 nanonol es to about 50 m cronol es
woRookparssyien per oxi de per square centineter of PCEESING/021477

over a period of from about 12 hours to about 24

hours. 8. The nethod according to claim7, wherein the

hydrogen peroxide is applied at a rate of from about 1
WH lel_ 2 Mvvh l$:cronol es. 9. The nethod accor di ng to

claim7, erein the hydrogen peroxide i.s applied in a

pHlar mackOtatied P§/'n§&ﬂ§ﬂ{gameeraé%ﬁ'g[?§m Ia)(?ﬁhngdﬁe'qﬂrgmals

met hod according to claim9, wherein the )
compisingrapplyingdalthe lesier pbavt 20@ sapewptasda about ROAnicsmples of

chosen fromgels, lotions, ointnents, creans, pastes,

hydr%% bémukidéspdrisquBine cantiimeterafdesionng to claim 7,
erein the hydrogen peroxide is applied in a

phar meceid ketdd aécsramigabl aifley) smpriging BRpBlyirR] dlosut 1 to about

according to claim 11, "wherein the pharnaceutically

50 mﬁr@ﬁ@:ﬁ%@@h%ﬁ@é@ Plegoaﬁégﬁégs@iéf@c%ﬂﬂm&%f I?éﬁbﬁi cal

rrps, surgical staples,

clips, Jhenostat i ntrauteri.ne.,devi f
Crboar sl e R pecor (s B GG fifiag i about 1 to about
met hod according to claim 12, wherein theij | ant is

10 migronwhes pbYBPOER Pepaide Per SqdRe, Capamster o dfggleg; and
tablets. 14. The nethod according to claim 11, wherein
t he devTle mstingd Bsesrdingtol glaisr Bccompuesinglappiyng #heut 1 to about
met hod according to claim14, wherein the polyneric

2 midinfileabf Bpdieheh perexide pepshakeccaminesterntt lesidn. The

nmet hod according to claim 15, wherein the absorbable
e er i afn & AEhb S S8cramyg o @hint 1 WhBFdiRkthe hydrogen peroxide
applied to the lesion in a source chosen from enzymatic and chemical sources.

6. The method according to claim 5, wherein the source of hydrogen
peroxide is chemical, and the source is hydrogen peroxide.

7. A method of increasing the rate of lesion healing in a mammal
comprising applying hydrogen peroxide to the lesion at a rate of about 500
nanomoles to about 50 micromoles of hydrogen peroxide per square centimeter of
lesion over a period of from about 12 hours to about 24 hours.

8. The method according to claim 7, wherein the hydrogen peroxide is
applied at a rate of from about 1 to about 10 micromoles.

9. The method according to claim 7, wherein the hydrogen peroxide is
applied in a pharmaceutically acceptable composition.

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

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

pastes, and liquids.
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17. The method according to claim16, wherein the
synthetic material is chosen fromcellul osic polyners,

w@bkope0b4863 aci d pol ymers, nethacryl ate pol yner sPCT/US2005/021477
et hyl ene vinyl acetate polyners, ethylene vinyl

al ¢ohol —copol rs, | yveapt tol-act. am. npl etate e
copdl S TBethpd ateqliing 56 By gy i tipdfio i aiadisheroxide is
ol ygl actin, poliglecaprone, polyglyconate,

appyrfl Y gbamareeutically aseentablei daYica-her eof . 18. The
nmet hod according to claim 15, wherein said absorbabl e
mafl@r i alTheangthodescardiog s glairhdtli, wheseisrthalphampacauiically
nmet hod according to claim 18, wherein said

accéstabydevied iscchuskafiomh baadages surdicalndressiogs, gaaeg, hdhesive
menbrane, fascia lata, gelatin, collagen, and

strip%‘,)g@@?él ispiHied, P& HherBstald)intiRiteANe BECRES) Slftuled, Godhrs,
14, ereint

he polyneric nmaterial conprises a

Cath%‘@?%@%}??%&irg@%ﬁ[' al. 2 1. The method according to

wher ie nonabsorbabl e nmaterial conprises

a nt hetic terial. .22, The thod accprdin 0
o1 38m 2 The TuRBPE 4rCPIRING o PRIRT 2 HARER h P B ERb Gephosen from
fromnylons, rayons, polyesters, polyolefins, and
pillsc pelataaiodsnwataisr dises, angl tablgs. et hod” according to
cl aim 20, wherein the nonabsorbable material conprises
a ndn- sThemseihodrexticerding fo 2kimTHe wherdiodhadeyiogi camprises a
clai m 23, wherein said non-synthetic material is
oh@rﬁ&ﬁﬁﬂﬂaférmm silk, dermal silk, cotton, |inen, and
P conbi nations thereof. 25. The method according to

cl gsm 757 gﬁfg’ﬁ%ﬁlioﬂ éd&%&!iﬁéﬁé’@le\iirﬁ Mt‘%f;erﬂeihrtﬁg‘gb%”ﬂ@ﬁe material

ul cers, ur ns. he net hod according to claim

conﬁiae%hﬁﬁgfﬁsgr@{ﬁﬁﬁ@é*gﬂgl-are chosen from acute wounds

16. The method according to claim 15, wherein the absorbable material
comprises a synthetic material.

17.  The method according to claim 16, wherein the synthetic material is
chosen from cellulosic polymers, glycolic acid polymers, methacrylate polymers,
ethylene vinyl acetate polymers, ethylene vinyl alcohol copolymers,
polycaptrolactam, polyacetate, copolymers of lactide and glycolide, polydioxanone,
polyglactin, poliglecaprone, polyglyconate, polygluconate, and combinations thereof.

18. The method according to claim 15, wherein said absorbable material
comprises a non-synthetic material.

19.  The method according to claim 18, wherein said non-synthetic material
is chosen from catgut, cargile membrane, fascia lata, gelatin, collagen, and

combinations thereof.
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27. The nethod according to claim25, wherein the

wounds are chosen from full thickness wounds and
W@2006/084853 hi ckness wounds. 28. The net hod accordi/niso®021477

cI ai m 26, wherein the acute wounds are chosen from

wou penetra | si on inj .
i e AInge BRORING Aeimad, waaret Hhe Bplmetc terial
Iaceratl on, and bite wound. 29. The net hod accor di ng
comptises ainenabsorhableemateriah. chroni ¢ wounds are chosen
fromarterial ulcers, venous ulcers, pressure ulcers,
angi1 di ablé¢ nwethod alcsordmg to’claiyal Qnghep&im the denalesarbable material
device for admnistration to a | esion, conprising

combﬁgégag&\\,pnm@h@xﬁg@nand a carrier material, which device
rel easeS said hydrogen peroxide for a perlod of tine

wWhheh | ‘fhé‘%étﬁ@&%c?@ it %)Zc EW b%, wHBRIif the Eﬂﬁpéﬁé ARErial is

per oxi de rel ease evice I's Inins I cl ent

ol A RIPbl L5eFe fkor

cl a|m30 wherei n the device | eases .from about -

t 0280 @hem@hega@cwwr%@? Deb gt 3hPopebsasgaple materia

0.5 to dO nol hydrogen peroxide/cn2 wound /24 hr. 32.
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27. The method according to claim 25, wherein the wounds are chosen
from full thickness wounds and partial thickness wounds.

28. The method according to claim 26, wherein the acute wounds are
chosen from surgical wounds, penetrating wounds, avulsion injury, crushing injury,
shearing injury, burn injury, laceration, and bite wound.

29.  The method according to claim 26, wherein the chronic wounds are
chosen from arterial ulcers, venous ulcers, pressure ulcers, and diabetic ulcers.

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

hydrogen peroxide for a period of time which is at least about 12 hours, wherein the

26



wound. 36. The conposition according to claim 35,
wherein the carrier conprises a gel material. 37. The
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conprises a liquid material.

hydrogen peroxide released from the device is in insufficient concentration to
produce necrosis of the lesion.

31.  The hydrogen peroxide delivery device according to claim 30, wherein
the device releases from about 0.5 to 50 ymol hydrogen peroxide/cm? wound/12 hr
to about 0.5 to 50 #mol hydrogen peroxide/cm? wound /24 hr.

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

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

34. The hydrogen peroxide delivery device according to claim 32, wherein
the polymeric material comprises a synthetic material.

35. A composition for treating lesions in mammals comprising: hydrogen
peroxide and a pharmaceutically acceptable carrier, wherein a unit dose of the
composition comprises from about 0.5 to about 50 ymol hydrogen peroxide/cm?
wound.

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

37.  The composition according to claim 35, wherein the carrier comprises a

liquid material.
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