WD 2006/ 002302 PCT/ US2005/ 022229 USE OF TARGETED OXI DATI VE THERAPEUTI C
FORMULATI ON | N TREATMENT OF BURNS BACKGROUND (0001] This application clainms
priority to U S. Provisional Patent Application Serial Nunber 60/582, 343,
entitled "Use of Targeted Oxidative Therapeutic Formulation in Treatnent of
Buns" fil edWéh2006/9&3023, 2004, the entire content of whi cRCT/YSHeYWRIR9

i ncorporated by reference. (0002] The present invention relates to a
conposition containing peroxidic species or oxidation products, its nethod
of preparation, and its use. Mire specifically, the invention relates to a
phar maceuti cal conposition or formulati on which contains: peroxidic species
or reaction products resulting fromoxidation of an olefinic conmpound, in a
liquid formor in a solution, by an oxygen-containing oxidizing agent; a

penetrating solv : ,g%ﬁfﬁyﬁ i N h SR n aromatic
redox conpound. ﬁ*ﬁ%ofra\rven 1on agg%f gg%ﬁ@ prgkﬁé}ra |%)1\?11 of the
phar maceutical formulation and 1ts use 1n resolving scar tissue,

particularly ag%&?we resulting froma bum (0003( After a severe burn
or del ayed wolt alr with infection, scar tissue develops, Keloid and

hyper t1ophi ¢ scar qoggfie MideicBln SEARSAbNE LO5! AQHbACAILARLAG  secondary
f1brob i S [ ol d

to neovascul ari zat1 on and robl asf plasia. Kelold scars are an

over growt h of Serigkbmbe; QOSgR3I43antitled cHse °§¥"6&R}§d Peigasivg Theppgeusip Famplptionfe  nj ury.
Kel oi d scars @re@msRIoEtBut®S fiv@ron Juhodd) 2804, itke éhaiteUdoRtentadTOwHidhey mafey Of t en
darker in color thqn‘§urrounding skin. They occur when the body continues
to produce tolf§HPOFTHYEULEE| | agen after a wound has heal ed. Hypertrophic
scars are red, thick and raised, but they differ fromkeloid scars in that
they do not devel ¢}02lbeyBdreteRidnvaptiorrelates t #gompasitigh contaiging pesrxidicispesies t r ophi ¢
scar for mat i 0Brdxfdlatit roducRfifsimethbd dTPfepaRdtion, WS Ghe NG ba@ifiaingl iHe @Rertlr €l Op over
time. (0004] T?e gptﬁg%iah. se of.ant}bqgg-t Lgfted ghoto. sis ("ATPL") in
treating hypSrEs SERPEMAEL Y CHHROSTHRRR MR ’§?% BURIMARTPHHLRELBR] ugat e,
consi sti ng of reactiopproduos essdiing feroxjplatiop kfaniokfifiSrpmphindrin alighd foim evlred t 0 a
monocl onal a”EdeBQ‘,B{)y ngfgemc&gﬁniﬁgcbxidizing agent; a penetrating solvent; a dye containing a

chelated metal; and an aromatic redox compound. The invention also relates to the

preparation of the pharmaceutical formulation and its use in resolving scar tissue, particularly

scar tissue resulting from a burn.

[0003] After a severe burn or delayed wound repair with infection, scar tissue
develops. Keloid and hypertrophic scars are marked by excessive collagen accumulation,
secondary to neovascularization and fibroblast dysplasia. Keloid scars are an overgrowth of
scar tissue. The scar grows beyond the site of the injury. Keloid scars are sometimes very
nodular in nature, and they are often darker in color than surrounding skin. They occur when
the body continues to produce tough, fibrous collagen after a wound has healed. Hypertrophic
scars are red, thick and raised, but they differ from keloid scars in that they do not develop
beyond the site of injury or incision. Hypertrophic scar formation is not a part of normal

wound healing and can develop over time.

[0004]  The potential use of antibody-targeted photolysis (“ATPL”) in treating
hypertrophic scars has been investigated. An immunoconjugate, consisting of a
photosensitizer porphyrin (Sn-chlorin e6) linked to a monoclonal antibody that binds to
human myofibroblasts (PR2D3), was prepared. When photoactivated, the complex produced

singlet oxygen in close proximity to the target cell surface. The model used for the studies
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human myofi brobl asts (PR2D3), was prepared. \Wen photoactivated, the conpl ex
produced singlet oxygen in close proximty to the target cell surface. The
nodel used for the studies -1 WO 20061002302 PCT/ US2005/ 022229 consi sted
of hypertrophic scar tissue inplants in athymc mce. The hypertrophic

i nmpl ants  wicioeasesh220-fol d in volume over a period of pASrEees02ERYr days
after inplantation inmmunoconjugate was injected directly into scar inplants
allowed to diffuse throughout for 24 hr before inplants were illum nated
with laser light at 630 "m (120 J/cm2). ATPL treatnent caused a
significant reduction in total growh conpared to the untreated controls (P
<0.05). No effect was observed when an irrel evant conjugate
(anti - Pseudononas_ aerugi nosa) was used. Histqloq!cal exam nation of the
ATPL- t r eat ed QP BRpeDwply scprgistue mpiants inafymicapice. tThehyperrertitderlat’s a | ar ge
nunber of |i picased o@fort &, voluidi svart d y@lo@f)f apagak. 0%1& dM hftek hpldntatiad | on by
nmononucl ear cells and neutro The

assessment of HENPEMES ‘Y?WFFW"W&%WOECMP%&S aélgw%dﬁo ggt}é%ﬁtm?uégouf e treatnent
of bum wound24 hmifetoes igghlawss tware allumihateid ptith lad¢r dightrag 630gtma (120 $/tm &). nATEL

St aphyl OCOCCHEm&Wa@ééa J’g’i\mcﬁh é@uch&ﬁﬁ‘toﬁﬁg’ré“%&ﬁn aredTQﬁ"le Gluk&dcoftloiskire por phyrin
on the survival of the infectious bacteria first assay ea in cul ture,
and | ater te&§089. la%effﬁﬁmasqbﬁpnaﬁwhW@wlswané@(aatrlrfwomomer@gmosphe addi ti on

of deut er opoka\¥éd. Ristgichl@xinnati&PAE At El-ead mtpﬁﬂt@ﬁhﬂhos( -ASPlGree@eP| €X) to a

growing cultyre of S. aur eus duri.n s found that
deut er opor phy'ﬁﬂlpﬁseﬁ'fecﬂqé afge gurabef 'Q{E&NBQEI'% fRye g?p%BtﬂT'i/w‘ ‘P@Fatw“g\a

phot osensi t i mabdnodtear ¢Blis 4k @eutrbidls (Wdifanek,al. h12%6pi N al one was noderatel y
bactericidal but |ight independent. A conbination of both deuteroporphyrin

and heroin was eX§oo nE'%eQQEs@rBént &Va%ﬁlerbﬂ%rﬁh rQﬁaH%oﬁ\Bl@x ghid agbaf fof gauire
illumnation to er cate%aﬁﬁﬁs rla i vO experinments by

appl i cation Hfa"f“ﬁ‘é §“1”h‘pl5 “‘T’?ﬁ'ﬂ“éﬁalf §9RMECEH bum wounds
in guinea pi g@eahssaobed f)&ﬁbtxﬂeﬂe’f'}wafjfectaﬁthe p@phyﬁmxdlieamtvalmaﬁxé ifettivas _
contam natin ac?erl ﬁ'%ls fﬁ'&%ss Rﬁ?n&xtur?@nglatem&e% E alpm g%ffec}eﬁ% VI al?al .ba.Ct eria
was not ed af ¢ & opp&d” ¢ esc ar or injected
into the esehénl Thaﬁidélpﬁ @sutqrmwhyrm@n@@mfnmepawlmtozetheh@m epmplEijdo

deut er opor phyr r&vlllikemltﬂrec&fng)lrﬁ?%ué Was %UHQ;F‘e’étdﬂﬂng% HRurfl €V RAE k&ihd Glaflal treat ment

of S. aureus |nf ected burns since it was found to be
deuteroporphyrin alone was strongly bactericidal only after photosensitization. On the other

hand, hemin alone was moderately bactericidal but light independent. A combination of both
deuteroporphyrin and hemin was extremely potent even in the dark and did not require
illumination to eradicate the bacteria. The in vivo experiments by application of the above
porphyrins in combination to infected burn wounds in guinea pigs was an effective way to
reduce dramatically the contaminating S. aureus. Reduction of more than 99% of the viable
bacteria was noted after the porphyrin mixture was dropped on the eschar or injected into the
eschar, an effect that lasted for up to 24 hours. The deuteroporphyrin-hemin complex is
suggested as a new bactericidal treatment of S. aureus infected burns since it was found to be

a potent and promising anti-Staphylococcal agent (Orenstein et al. 1997).

[0006] Keloid scars are currently the most debilitating long-term complication of
the surviving burn or wound patient. One of the most troublesome aspects of keloid scars is
their tendency to recur, sometimes requiring repeated treatment. At present, there is no
routinely effective form of therapy, which currently includes cryo-destruction, steroids,

radiation, and plastic surgery.
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a potent and prom sing anti-Staphyl ococcal agent (Orenstein et al. 1997).
100061 Keloid scars are currently the nost debilitating | ong-term
conplication of the surviving bran or wound patient. One of the nost

troubl esone_aspects of keloid scars is their tendency to recur, sonetimnes
requiring rg%E§W$EZWFeatnent. At present, there is no rBEFVSREIN2NY ecti ve
formof therapy, which currently includes cryo-destruction, steroids,

radi ati on, and plastic surgery. -2 WO 20061002302 PCT/ US2005/ 022229 [00071
What is needed, therefore, is a neans for reducing and resol ving scar
tissue, particularly scar tissue which resulted froma bum [00081 Ozone is
a triatomc gas nolecule and an allotropic formof oxygen. It may be

obt ai ned by neans(o§7) an wedaes thkdds khefdfoiC RArB@nOfor lelllcRPSRd Hbdividvdca! et i ght

t hrough pure .oxng};‘en.l The goEuI ar m 588,”‘398“ on that ozone is a serious

pol lutant, t HESUCFRREulplyfracysie Yidgpsyled fpmAPWBase, and the anti oxi dant

suppl ement mar ket have conprehensi bly prejudi ced nmedi cal orthodoxy agai nst
its use as a trealOftSht . Ozpusriea tripfernis 835 masWe gadran allafrogic farmg gberggen. Bzone is  an

extrenmely reagdyiby eoraidd byMednadrlafelgbafaldistargdBiGktaRd BifdvioRt lighEthioQgh pilier ect |y
related to the b -_{n%r oducts that it generates tlﬂlr OUﬂh‘,‘%gl gctl,j ve interaction
with organic (B‘Eﬁ%’o nguﬁfrgg‘é)ﬂ?epti'%ﬂiah one I5,2 SEiows PARtEA}: B tRe e | HPYr  menbr anes.
The sel ecti veofdb®med, érxdme(aﬁtiowizlmelpp%rpdnt mavkehbaye mdhetﬁbbmejwicehmd'rcs at t he

car bon- car bo”orﬁl&’&&?)'; % Q0 use Qs%rh%&%'glst.”@zoﬂétﬂé}%fgf}%mv% %%gnién%m&%&&]e y itself,

and its reaction products, ozoni , are u e and are not therapeutic by
t hensel ves. 1DGYFRehyRactiygan upwabdlsepgthmapiepyms o patigpdiesetygelpted tetheBy- i s present

in nature in gré@eethat}FBHRALeS throlihHAE OGO intBr@dtioX wiltPorgafiic bisodiab Reserd 4 EECOMPOS ES
violently (o ect _contact wtitgqrj'afoqrzgam_ menbr anes and

r foanms). when in di
particul ate n‘ﬂ"lsf"élal.‘d) lﬂz{%ﬁ?{lula&&e?‘é‘?‘?ﬁ&n-,rhehsélﬁ‘i"ivﬁﬁ?c B yosatiglel erat e t he
rate of hydr odeims pensxi thkecatber-oaposiottloind, gerseling dzandes. Hpzmo asxiqier oxi de by
direct cont aCiEsel?,%nd\ﬂsYegcti%%rjgcﬁlc@o%n sae,ére !%xﬁél;le J?BX:IQ nétgx\é{'abﬁgﬁ%éhemselve

per oxi de- destroyi ng enzy suc e catal ases. er, {here is no

bactericidal effe %\ﬂ,he g dr ogen r c;x'. de is. | r§f.used into the blood of

rabbits infected 6&5? p&'y 'é?eé}@- g’g?fgﬁ’cof \fJésc‘E’.ereil(‘)‘Il%l. - NBFEB LU B Er easi ng t he
concent r at i onangluntp dtydropai@erexidads unstablennd ddodyngioses violantlydor fdamg)diercinditeeti Nni Nng E.

col i contact with organic membranes and particulate matter. Light, agitation, heating, and iron all
accelerate the rate of hydrogen peroxide decomposition in solution. Hydrogen peroxide by
direct contact ex vivo kills microbes that have low levels of peroxide-destroying enzymes,
such as the catalases. However, there is no bactericidal effect when hydrogen peroxide is
infused into the blood of rabbits infected with peroxide-sensitive E. coli. Moreover,
increasing the concentration of peroxide ex-vivo in rabbit or human blood containing E. coli
produces no evidence of direct bactericidal activity. The lack of effect of high concentrations
of hydrogen peroxide is directly related to the presence of the peroxide-destroying enzyme
catalase in the host animal’s blood. To have any effect, high concentrations of hydrogen
pero;cide have to be in contact with the bacteria for significant periods of time. Large
amounts of hydrogen peroxide-destroying enzymes, such as catalase, normally present in the
blood make it impossible for peroxide to exist in blood for more than a few seconds. Thus,

hydrogen peroxide introduced into the blood stream by injection or infusion does not directly

act as an extracellular germicide in blood or extracellular fluids.

[0010]  However, hydrogen peroxide does participate in the bactericidal processes
of activated macrophage cells. Activated macrophage cells are drawn to the site of infection,

attach to the infectious organism, and ingest it. The killing of the organisms takes place inside
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produces no evidence of direct bactericidal activity. The | ack of effect of
hi gh concentrations of hydrogen peroxide is directly related to the
presence of the peroxide-destroying enzyne catalase in the host animal's

bl ood. To haoeeamgz®hf ect, hi gh concentrations of hydrogeor/upsogichte have to
be in contact with the bacteria for significant periods of time. Large
anounts of hydrogen peroxi de-destroyi ng enzynes, such as catal ase, normally
present in the blood nmake it inpossible for peroxide to exist in blood for
nore than a few seconds, Thus, hydrogen peroxide introduced into the bl ood
stream by injection or infusion does not directly act as an extracellul ar
germcide in Iood cel lul ar, fl uids . Howeyer , hydrogen

er ox' de. doesparTIPRTER LY PYirEHPkr dDHER 2 op e SR Fy ot e

macr ophage cetht chloridedionidztfecradiedt,maieh dg@bibzs ingrohiabnalbeanes ahd) ifplrsistsnitt e of

i nfection, & S e killing of
t he organi sns %gﬁ g%g?acg(%ﬂ£?§£kﬁy 1@%%%%? y%%%%gfh%%§?%§?%guq 22229 the
macr ophage cePFoxisytioyae dgepleqsive dxlivers. absaRiion Jah agiution of @croxifigice®e cel | ul ar

chloride to thgledulth RfdoRs ddha@eahﬁkemﬁtragee whdHlia Bklievaatib Eehndﬂﬁbte%bhdgtaa@is m crobi al
f ent | ul.ar, sui ci de. The

menbr anes and Si osi s or, cel

Criti calt nor R PEMERRp R PR P RBRRE ol SRR B | e

sel ecti ve del whesmaytargetbdionrgsellubnpeagxdiationtis aseleqtiontherfipegenanki di ¢ carri er

nol ecul es into only di seased macrophages, which are believed to be incapable

of upgraded cat atmﬁ a%c@buga&hupwmwﬁmmmb{bn\é'bawﬁcatkoﬂf\mﬂd hydrogen
peroxide is a | 1.ul ar

eneral.i zed poi s ereas targeted.intrac
per oxi dati on P<™ E’"?@P‘&‘P‘P’ "r?&’ %fff’m@ﬁ“(?“ Py st e obiHE @ el 1 s pl ay
critical rol etebady,ideprndingupon theinsite of Bladiedtion The awrgy repsiements of mempbdges nsul at i on
(nyelinizati O;Qg met%?h@ééeflﬁl&'@&ﬁc%s cﬁﬂé&'ﬂlt&hgn%lagtbhtocl%ﬂ&i’na%l‘e%gmrﬁ&urm toxins from

t he body, depend |ng hei r l ocal i zat 1 on. ener%y reqU|renents
of macr ophage¥socite WH’E@W BV’@HW‘&H@W"MY&F‘C'&‘F‘?W& U}eé‘éd"ééﬂtqﬂé‘@ﬂa}‘ﬁ eidkehondri a.
M tochondri a alt@heitie Brestts the thigh@hdryy mals@RCADR, e@hlw thd) olitb¥elayer Godiad ament

internal cytoarchitect The ol ded .i rnal chondri a
croat on t e PEAEREAY HEsPLE Y et s P o piF 1 Bhe0, e

cyt ochrones amilocbngns arcmusceibied toxichlavkdde ondhraage byeatotgamanyaotexipevialyi des. The
outer layers gf. i€ hﬂ@grh'c Y eB1sS HAGERELR! FnbCimd Pb GOkl 0" damage by

endot oxi ns, nycot oxI ns fY
mitochondria is Blocked the filament architecture of the cell tends to cross-link, generating

incorrect signals, incompetence, inappropriate replication, or premature cell death.

[0012] U.S. Patent No. 4,451,480 to De Villez teaches a composition and method
for treating acne. The method includes topically treating the affected area with an ozonized
material derived from ozonizing various fixed oil and unsaturated esters, alcohols, ethers and

fatty acids.

[0013] U.S. Patent No. 4,591,602 to De Villez shows an ozonide of Jojoba used to

control microbial infections.

[0014] U.S. Patent No. 4,983,637 to Herman discloses a method to parenterally
treat local and systemic viral infections by administering ozonides of terpenes in a

pharmaceutically acceptable carrier.



encoded toxins, drugs, heavy netals, and pesticides. Wen the peroxidation
function of mtochondria is blocked, the filanment architecture of the cel
tends to cross-link, generating incorrect signals, inconpetence,

i nappropri aw® 0eqoRat i on, or premature cell death. 1001edr/us2Bos/Rat2ent No.
4,451,480 to De Villez teaches a conposition and nmethod for treating acne.
The nmethod includes topically treating the affected area with an ozoni zed
mat eri al derived from ozoni zing various fixed oil and unsaturated esters,
al cohols, ethers and fatty acids. 100131 U.S. Patent No. 4,591,602 to De
Vill ez shows an ozoni de of Jojoba used to control mcrobial infections.

o Pateng?hﬁbcgfggﬁgg%&L%ﬁ&ﬂﬁgq?ﬁgﬂ&?%%gggfgﬁzﬁ%%aggﬁbﬁﬁstering

parenteral ly trec ' system'c vir ectl [

ozoni des of t&n3Eings cirrerand arpzpnidecbytetpens! The cempesision sl seitablg forjsystemic. 4 WD
2006/ 002302 Ptdhfidikedfia%r 22 dppHcatid0151 U. S. Patent No. 5,086,076 to Her man
shows an antiviral conposition containing a carrier and an ozonide of a

terpene. The conpgaidii On & i t.enm. 1,01 .St I or |oca
appl i cati on. 1001BDY S UzpBNbRNabycRly B AR U R 0T L PR0
to topically #yiahinfectipnyjampammahpsingen eaenifeof  teFpgphiak calirng an ozoni de of a
terpene in a carrier. [00171 U. S. Patent No. 5,190,977 to Herman teaches an
antiviral conposi (6ot} doSitPaiemi NvgS5,a9096N todfpnemucackea s beivird Remmsitioz oni de of a

terpene sui taPJn{%nggBgﬂﬁéﬁﬁglﬁfdg%ﬁ’%&z@“de oﬁ]tg'gejx\@guitg#lé’gr Hat | lggl_ie(l:\!%h. 5, 190, 979

to Herman descri arentera tre condition in a

manmmal usi ng an ozonj.de aterp in carrier. [00191 U.S. Patent No.
5,260, 342 to Her 14]eaclﬁ%'§) at&“t%t'ﬁ@(g’g%g& E‘éﬂné% € fS|a;F‘€3P§é9tPafewa‘ i nfections
in a manmal uséangmalivalcoaditicdién hanand esirg@mezohide f atampent @i cardiéf0201 U. S. Pat ent
No. 5,270,344 to Herman shows a nethod to treat a systemic disorder in a

manmal by applyi ngoi® t hes.ipak® Mol 5280, 91 tolHEnaA REGKEYa ndthbd tb pr@lepilIPrddl a
di per oxi de derhxgulve.of an Pnsaturalfdfhydrocarbon whi ch derivative is
prepared by o2BhiREf Was ipg gammal using an ozonide of a terpene in a carrier.
{0020] U.S. Patent No. 5,270,344 to Herman shows a method to treat a systemic
disorder in a mammal by applying to the intestine of the mammal a trioxolane or a diperoxide
derivative of an unsaturated hydrocarbon which derivative is prepared by ozonizing the

unsaturated hydrocarbon dissolved in a non-polar solvent.

[0021] U.S. Patent No. 5,364,879 to Herman describes a composition for the
treatment of a medical condition in a mammal, the composition contains a diperoxide or
trioxolane derivative of a non-terpene unsaturated hydrocarbon which derivative is prepared

by ozonizing below 35° C the unsaturated hydrocarbon in a carrier.

[0022]  Despite the reports on the use of terpene ozonides for different medical
indications, terpene ozonides display multiple deficiencies. For example, ozonides of
monoterpene, such as myrcene and limonene, flamed out in the laboratory. Consequently,

they are extremely dangerous to formulate or store.

[0023] Furthermore, ozonides of geraniol, a linear monoterpene alcohol, in water
or in dimethylsulfoxide (“DMSO”) did not show any clinical efficacy in three cases of viral

Varicella Zoster (shingles) and two cases of Herpes Simplex dermatitis.



unsat urat ed hydrocarbon di ssolved in a non-polar solvent. 100211 U. S. Patent
No. 5,364,879 to Herman descri bes a conposition for the treatnent of a

medi cal condition in a mammal, the conposition contains a diperoxide or

tri oxol ane Wér300@@0232 of a non-terpene unsaturated hydr oeer/bsreoviezh
derivative is prepared by ozonizing below 351 C the unsaturated hydrocarbon
in a carrier. [00221 Despite the reports on the use of terpene ozoni des for
different nedical indications, terpene ozonides display multiple
deficiencies. For exanple, ozonides of nonoterpene, such as nyrcene and

| i ronene, flanmed out in the | aboratory. Consequently, they are extrenely
dangerous to for e spore. 100231 .F e, _ozonides.of geraniol, a
| i near nonot er pemog{]coﬁrohﬁ’ E’?rﬁlsﬁ/geteggm%Fe#%h%%@mcsemc% gg(m étm(' prDl\/BC)') did
not show any edmippsition utilizingreagtiop ploguctsifom the exidatian offan glkangfompyund Waitlisa Zost er
(shingl es) angsdndiedd s Betmsd fof daMmMBng 2litodhbRiKial dQIVIRnlidjirsd cenPan¥schfo/ 002302
PCT/ US2005/ 022229 ﬁ%?OZﬁéﬁTgus, hgre $s a need fora safe and effective

phar maceut i cafF5HAtHE A “’*hﬁﬁhﬁ SPEYEh utilizing reaction products from
the oxi dation of an al kene conpound. What is also needed is a nethod for
stinmulating mtochondrial activity in injured cells and resolving scar

ti ssue such as that which results froma bum -6 WO 2006/ 002302

PCT/ US2005/ 022229 SUMVARY 10025] This invention is directed to
pharmaceutical fornulations conprising peroxidic species or reaction
products resulting from oxidation of an unsaturated organic conpound, in a
liquid formor in a solution, by an oxygen-contai ni ng oxidi zing agent; a
penetrating solvent; a chelated dye; and an aromati c redox compound. |In one
enbodi nent of the pharmaceutical formulation, the essential conmponents

i nclude the peroxidic products formed by ozonol ysis of an unsaturated

al cohol, a stabilizing solvent, netall oporphyrin, and quinone. This
invention is also directed to use of the pharmaceutical formulation to
resol ve




scar tissue, particularly scar tissue resulting froma bum 100261 The
peroxi dic species or reaction products are preferably fornmed through the
reaction of an al kene and ozone. It is generally accepted that the reaction
bet ween an wal em@2@rd ozone proceeds by the Criegee nechenusms/aererding to
this mechanism shown in Schene 1 below, the initial step of the reaction
is a1, 3-dipolar cycloaddition of ozone to the alkene to give a primry
ozonide (a 1,2,3-trioxalane). The primary ozonide is unstable, and
undergoes a 1, 3-cycloreversion to a carbonyl conpound and a carbonyl oxi de.
In the absence of other reagents or a nucl eophilic solvent, this new
1,3-dipo|e eng ﬁ&iﬁhﬁﬁo a second 1, 3-dipolar cycloaddition to gi ve the
"nornmal " ozoni 2,4-trioxalane. 0 f~QOR-00RQ R~R R R SCHEME

1 100271 In a si d%OﬁﬂaCtTh%r\nvehm 19%43&5‘3(& glﬁﬁﬁa@éﬁn&@%mﬁﬁlstﬁ)ﬁs bdmipRsife
dinmerization to give a peroxidic diner 4, 5-tetraoxane, shown in

Schene 2 bel owm%c Spegigg or %C“QRP@@‘:EIVEUIE“&%’Z‘B‘F“W @2 M5 led 8 i s a
strongly el ectdnfppinid] inG 1jPia CorSor iro$hluition, bhaa mym&&aﬁmnpéxlmuﬁd &ephd | i ¢ speci es

(e.g. alcohols, or der ao ihe nucl e dditjon to -7
WD 2006/ oozso%"“ﬁﬁ‘?%%@ﬁ%&@fb%g “@. vaé°"éa%§ ‘f"k°8% “““3?0%‘%?”‘8??? g ‘°§ hown in
Schenme 3 bel othe Pumtseuticd fermivkatiano thel pss¢nti#l Sompanents]inclyge Mh{}dﬂd}»@ﬂ@m de can
under go f urt Ngméd®6doh@fsisloParlintfurdtelaleoho), b sisbilRmb ShIARY mMATobdtFirin, dnd

quinone. This invention is also directed to use of the pharmaceutical formulation to resolve

scar tissue, particularly scar tissue resulting from a burn,

[0026])  The peroxidic species or reaction products are preferably formed through
the reaction of an alkene and ozone. It is generally accepted that the reaction between an
alkene and ozone proceeds by the Criegee mechanism. According to this mechanism, shown
in Scheme 1 below, the initial step of the reaction is a 1,3-dipolar cycloaddition of ozone to
the alkene to give a primary ozonide (a 1,2,3-trioxalane). The primary ozonide is unstable,
and undergoes a 1,3-cycloreversion to a carbonyl compound and a carbonyl oxide. In the
absence of other reagents or a nucleophilic solvent, this new 1,3-dipole enters into a second

1,3-dipolar cycloaddition to give the "normal” ozonide, a 1,2 ,4-trioxalane.

®
A 0. R
o R?f e R o‘o
X o — —
R R R R
\f"

SCHEME 1

[0027] In a side reaction, the carbonyl oxide can enter into a dimerization to give a

peroxidic dimer, the 1,2,4,5-tetraoxane, shown in Scheme 2 below.

e %@
eo\g\n i

SCHEME 2

[0028] The carbonyl oxide is a strongly electrophilic species, and in the presence
of nucleophilic species (e.g. alcohols or water), it undergoes facile nucleophilic addition to

1.



ROOOM™MHR-~-a R HOR SCHEME 3 [00291 Again, not wanting to be bound
by theory, it is believed that during the ozonolysis of the

al cohol -contai ning al kene in the present invention, it is reasonable to
expect thaWa0€w23oaj or types of peroxidic products w | PCheSDPOZRENY: t he
normal ozoni de, the carbonyl tetraoxane dinmer, and the

1- al koxyhydroperoxide. In the presence of water, sone of these peroxidic
products nay also |ead to the presence of organic peracids in the crude
product m xture. 100301 The present invention also involves the use of a
penetrating sol vent such as dinethylsulfoxide ("DM5O') to "stabilize" the

it 2l Pr Odugts Pl RERRRl R in St £6dok, UnBRLRbl et B be_Dound by

any theory, sta zation i s nost sinpl e
sol vati on pheﬂb‘ﬁ‘é‘ﬂéﬁ’?ef%%‘é‘#‘def ef iackoIQaIve riewylis afididarizaiivet e in its own
right. Its participation is also possible as a nucleophilic partner in
stabilizing reactive species (for exanple, as dinethylsulfoxoniumsalts).
The stabilized peroxidic nolecmie and the penetrating solvent of the
current pharnaceuti cal f or mul™atasn ar e fro nponents generally
regarded as safe ("GRAS'). 100311 Andt hexy conpdne 9 of the pharnmaceuti cal
fornulation is a chel ated dyew-rsuch ag, porphyrln The propensity of

nmet al | opor phyrins to sensitize oxygen under photochem cal excitation is
wel | docunented, as is the propensity of ferroporphyrins and cop

por phyrins to bi ndf03%y getsainoiat ¥aniinglg be beund hxtheory s dbelioved thatdyeing tli‘brrponent of
t he phar n’HCeubioﬁc&lj/s1sfoﬁﬁxéﬂl&oﬁ$llc&ﬂanhﬁga&d&neﬁﬂitﬁé’@&shr&mvérﬁdf)x1s€éi§6ﬁmm6hxpé&UCh as a

Bost ul ai ed 1 Rar B Fir B rr e R B e Peporte 2Ptk renel o nat i on
of bi ochem catetr@gsntdsnet,hacttm hdmhydmwgmdel hgheqreserse blaaper, somosfitickset i on i n

infected or dysPhidSHbduclRE) ARNAGS the Fa&ndRRLERGSHLiESh the crude product

mixture.

[0030]  The present invention also involves the use of a penetrating solvent such as
dimethylsulfoxide (“DMSO”) to “stabilize” the initial products of the ozonolysis. Similarly,
not wanting to be bound by any theory, it is believed that the stabilization is most likely a
simple solvation phenomenon. However, DMSO is known to be a nucleophile in its own
right. Its participation is also possible as a nucleophilic partner in stabilizing reactive species
(for example, as dimethylsulfoxonium salts). The stabilized peroxidic molecule and the
penetrating solvent of the current pharmaceutical formulation are made from components

generally regarded as safe (“GRAS”).

[0031]  Another component of the pharmaceutical formulation is a chelated dye,
such as a porphyrin. The propensity of metalloporphyrins to sensitize oxygen under
photochemical excitation is well documented, as is the propensity of ferroporphyrins and

copper porphyrins to bind oxygen-containing systems.

[0032) A further component of the pharmaceutical formulation is an aromatic

redox compound, such as a quinone.

[0033]  Although not wanting to be bound by any theory, it is postulated that the
preferred pharmaceutical formulation is a combination of biochemical agents that induce

recycling autocatalytic oxidation in infected or dysplastic macrophages. The pharmaceutical
-8-



-8 WD 2006/ 002302 PCT/ US2005/ 022229 formul ation stinul ates targeted
apoptosis (cell suicide) through unopposed peroxidation. Thus, the
pharmaceutical fornulation creates therapeutic effects in a nunber of

seenm ngly wispew@emw2m t ochondri a- based macrophagi ¢ di seesess20bsm2papti cul ar,
t he pharmaceutical fornulation has been shown to be effective in reducing
whol e body insulin resistance, |owering blood glucose response, and

i mprovi ng nmuscl e gl ucose uptake, which indicates its effectiveness at
treating di abetes and obesity. -9 WD 2006/ 002302 PCT/ US2005/ 022229 BRI EF
DESCRI PTI ON OF DRAW NGS 100341 Fi gure lis a phot ograph of a subject's bum
injury 18 non ft 51 F| re 2. a phot ograph
of the subj ec{OHnUIa%ﬁl}%l I napc"lsjrtar e% tOS'S gc:'él gumde?_l gl} géérpég’ lst%P with the
phar maceut i caThuf, d}emhiiral@qemal fmnuathmﬁes tbffrarﬁutlcmffw&vemmu@et ofecemingiyt s overt he
course of 4 wagkSe rﬁfb@hoﬁ%ﬁled%&l%&gn@ distas@. m%ﬁﬂﬁlﬁpﬁe%m%@&ut&hhbl ect's bum

injury 6 nonths after the initial treatnent. wth the pharnaceuti cal

formul ation, §pmulptipn,pag beesy sheyn f%‘fereﬁﬂ‘i%‘l’i?)H‘s’e?‘ﬁc@&t‘”ﬁ%‘ﬁtbgdy ipfufip resiiance,

phar maceut i callowérmg Blabdglicose rapanke, ind @mpotitg sl ghiddse wEateSwhichifticdes 006/ 002302
PCT/ US2005/ 02 egnveness ;I'Aeahljgligllalgﬁésg?é g’gm OF PREFERRED EMBODI MENTS 100371 The
current invention utical fornulations conprising

per oxi di ¢ speci es or reaction product s resulting from oxidation of an
unsaturated organic conpound, in a liquid formor in a solution, by an
oxygen-cont ai ni ng oxidi zing agent; a penetrating solvent; a chel ated dye;
and an aronmatic redox conpound. The pharmaceutical formulations nmay be used
to resolve scar tissue and to treat individuals who have been burned. In
one enbodi nent of the present invention, the essential conponents of the

-9-



pharmaceutical fornulation include the peroxidic products fornmed by

ozonol ysis of an wunsaturated al cohol, a stabilizing solvent,

met al | opor phyrin, and qui none. 100381 The unsaturated organi c conpound,

whi ch may aMap20b&oasnzunsat urated ol efinic hydrocarbon, pETab®os022229
pharmaceutical fornulation can be an al kene wi thout a hydroxyl group, or a
hydr oxyl - cont ai ni ng al kene. Preferably, the al kene has | ess than about 35
carbons. The al kene wi thout a hydroxyl group may be an open-chain

unsat urated hydrocarbon, a nonocyclic unsaturated hydrocarbon, or a

bi cyclic unsaturated hydrocarbon. The hydroxyl - containing al kene can be an

open-chai n un cyclic unsaturated alcohol, or a
bi cyclic unsa@g&§?®%ﬁg?gtﬁgyak?ﬁ%“gﬁggne may al so be contained in a fixed
oil, an ester, ajdosdity mgkdl is@phdddrdph BES subjd 9B inklsR g BoMiiSRbUrat €d

ol efinic hydrocarbons may be unsubstituted, substituted, cyclic or

conpl exed al kBRES“N¥%r azi nes, isoprenoids, steroids, quinolines,

carot enoi ds, tocopherols, prenylated proteins, or unsaturated fats. The
preferred unsatur #08Y HysHrecdsa Abetagraphofthashbiect’s bmdipiniydh days alteran ities  and

i soprenoi ds. #Q04RMihSIRPhAREeEHRal RrRulhtdb ek Bl ofBihirdvEndultradinRfts Svele
constituents of eg&gnt#&l oils. Wiile many isoprenoids are hydrocarbons,
oxygen- cont ai FURG°i%SYE Mg ds al so occur such as al cohol's, al dehydes, and
ketones. In a formal sense, the building block of isoprenoid hydrocarbons
may be envi saged #93¢lhe Higueh b aphnsraps effhecsigiect’ chrm-njuoHB morths he  al t hough

it is known tQafl te@RiefitHNE the bi@thdceutiSal fRnR4toh, B 2A6tbIGE 160htrav SR R ALk
bi osynthesis apd not an .i di at e noi d hydrocarbons are

er | sopr
cat egori zed by‘ﬂmﬁpm’ﬁﬁ%‘?‘caﬁ""f‘ %‘B?%Vﬁbth?‘égrﬁg‘)f%“ﬁﬁ? ‘s they contain. Thus,
nonot er penes have 2, sesquiterpenes have 3, diterpenes have 4,
sesterterpenes have 5, triterpenes have 6, and tetraterpenes have 8 isoprene
units, respectively. Tetraterpenes are nuch nore commonly known as
carotenoids. |l _ WD 2006/ 002302 PCT/ US2005/ 022229 (00411 Li nonene and
pi nene are exanples of a nonoterpene. Farnesol and nerolidol are exanples of
a sesquiterpene alcohol. Vitamn Al and phytol are exanples of a diterpene
al cohol while squalene is an exanple of a triterpene. Provitamn A, known
as

-10-



carotene, is an exanple of a tetraterpene. Geraniol, a nonoterpene al cohol,
is liquidin both its oxygen bound and nornmal states and is safe to |iving
cells. 100421 Preferred unsaturated hydrocarbons for the pharnmaceuti cal

f ormul ati onWO 20e/098W2al kene i soprenoi ds, such as nyri cenecT/o$os/dzbane,
citral, pinene, or linonene. Preferred unsaturated hydrocarbons al so

i nclude linear isoprenoid alcohols with two to four repeating isoprene
groups in a linear chain, such as terpineol, citronellol, nerol, phytol,
ment hol, geraniol, geranylgeraniol, linalool, or famesol. [00431 The

unsat urated organic conpound may be l|inear, branched, cyclic, spiral, or

conpl exed w tﬁsfm%bq%ﬁ 561 s bppkﬁﬁElﬁ%k qumﬁﬁTsThe unsat urated organic

conpound nmay natural a gaseous of "solid state prior to

binding with the ﬁ%!‘gj zmnlc@gﬁmvennw&ﬂé}asteﬁmm%&nn&hawau&féw% d
hydr ocar bon ca doubl e hond (g , two doubl e

bonds, n=4- ZOPGIW‘CI—TQ?C}CAN ??W‘%’éprﬂ%‘ﬁtﬁfeé“l%rfﬂ’g‘ °"Hi“t6°“2’63" E‘si‘—“lfate organiSs 1 doubl e
bonds, n=8- 20¢ompind.-ih 4 Piquié &sther inar oltia, by dr xggenbamining oxtBdddgenttar i t er pene
hydr ocar bon. - v I Ge- r C C' Hz2n-2,
one doubl e bo%eg%a#cféo%g q??"){nﬁ%“ dge gﬁh%gta}d%éﬁc%hpbéfoq{p%ﬂ ?Qe[}% nﬁg%gt% 1s and one
ring, n=5-20; fognulgtpnsgnaytbsused tolsrselveescarsisig anduin dres rirdividualy wha d7vegen C25HA0,

sest erter penepmedr @@aﬁeb&ﬁbodmm@@le plé&@n lx{vsdtls.eru&eda@ntldnxslﬁ&ﬁaﬁsbanhe (00461 A
bi cyclic unsaturat ed car ho oub] e bond and two

n

e, i 3 P eal Fmilin A B EETIAS AR BTIER Ty SooRLES SO CoBriao,
sesterter peneunsma-atedm:&hdﬂm;abmmn@&MAmmllbyomhmxpmdehmdr ocarbons. [00471 An
open-chai n unsaturated al cohol can be: CnH2nOm one doubl e bond, n=3-20,

lr)lrplal; C' Hgn.zgom fooss) doupt @nshranes orgmnécoa.geunméc,b gnﬁlal@gﬂ%n unEJMrﬁ? d(&ugll{emo
onds, n=7- onds, n=9-20, n¥l-4. m
nmel-4, sest e?lfypﬁé‘é?fgca%%%%%pmﬁeu&% '[“Hﬁ%‘ﬁﬁnq’ﬁgia-uif,“e Y’ﬁﬂ‘t&hb‘éﬁ‘él al cohol s.
-12 WD 2006/ 08280 a RedfdxyIS200iping AR Pref§rB4Bdaldnatvsiess thar about Biredbnsr at ed

al cohol can b?ﬁe agekézwi’thogtomydgglﬁ gquli)l ma? bp 81ncqwen-chain unsaturated hydrocarbon, a

monocyclic unsaturated hydrocarbon, or a bicyclic unsaturated hydrocarbon. The hydroxyl-

containing alkene can be an open-chain unsaturated alcohol, a monocyclic unsaturated
alcohol, or a bicyclic unsaturated alcohol. The alkene may also be contained in a fixed oil, an

ester, a fatty acid, or an ether.

[0039]  Usable unsaturated olefinic hydrocarbons may be unsubstituted,
substituted, cyclic or complexed alkenes, hydrazines, isoprenoids, steroids, quinolines,
carotenoids, tocopherols, prenylated proteins, or unsaturated fats. The preferred unsaturated

hydrocarbons for this invention are alkenes and isoprenoids.

. [0040]  Isoprenoids are found primarily in plants as constituents of essential oils.
While many isoprenoids are hydrocarbons, oxygen-containing isoprenoids also occur such as
alcohols, aldehydes, and ketones. In a formal sense, the building block of isoprenoid
hydrocarbons may be envisaged as the hydrocarbon isoprene, CH,;=C(CH3)-CH=CH,,
although it is known that isoprene itself is an end-product of isoprenoid biosynthesis and not
an intermediate. Isoprenoid hydrocarbons are categorized by the number of isoprene (CsHs)
units they contain. Thus, monoterpenes have 2, sesquiterpenes have 3, diterpenes have 4,
sesterterpenes have 5, triterpenes have 6, and tetraterpenes have 8 isoprene units, respectively.

Tetraterpenes are much more commonly known as carotenoids.

-11-



and one ring, n=3-20, nrl4; C'H2"40m two doubl e bonds and one ring, n=5-20,
me1-4; C'H2,,.60m three double bonds + one ring, n-7-20, nel-4; C2sH400m
m=1l-4, sesterterpene alcohols; or CrOH480m n¥el-4, triterpene al cohols.

[ 0049] A biwgchiemozsasat ur at e al cohol can be: CH2,,.40m wreustossahe29ond and
two rings, n=5-20, n¥l-4; Cl12n-60m two doubl e bonds and two rings,

n=7-20, nrl-4; C25H400m n¥l-4, sesterterpene al cohols; orCsOH480m n¥l-4,
triterpene al cohols. (00501 Based on the total weight of the pharnaceuti cal
formul ation, the al kene can vary from about 0.001%to about 30% preferably
fromabout 0.1 %to about 5.0% and nore preferably from about 0.5%to
about 3. 0% [0051fdhe oxugen contalnind euldial ag.adent of.lhe
pharmaceutical fo 1Iatl on, ot EREEA a2 hié TNSaPatat é’H‘eT‘lyanrocar bon, may
be singl et oxnepdidol argRyagnples ofia s¢stiwitetperiepleetiol. Mitamia A andiphisel eseieskanpienpfon, ozone,
periodate, hyg{e{?}gﬁélalcﬁﬂﬁj\vﬁ@ squmgfsqggﬁnngﬁropi(h%enél}'lletarHﬂrAqxﬂng\en as carbanyl

per oxi de, benzo¥ per oxi de ound to a transition elenent, such as
nol ybdenum ( e e“f\/ﬂf(?@f“"?h@%?‘i“ﬁ%%@?@?'r LRORSTPARS G lcphpb s laidingothi v at ed
oxygen" to i nisagygembouhdadhemai sthtes aldiodafaltq livinigekllsas geraniol, is by ozonation
at tenperatures between 0-20C in the dark in the absence of water or pol ar

sol vent. The gerapmo®d) " ®&PMedG%a mﬁ{e@hmﬁwﬂg%sqle\s%m&@alcgtf&muiah&ed in 100%
DMSO in the dark to prevent premature breakdown of the products. Although

not wanting PHud5AKENSGARTEGIS SHRD 24 REISF cithilieng, "é"%@l“?‘@\f’éﬂf“?‘ﬁ%ﬂ PrefsRedeat al yt i c
br eakdown of ﬁda&uratéatymaammuaefcme lthe a2 1sdprmard abyrmsodmwo tﬁffougepeamgol

ozonation, which is not. an, ozog QEGuULs | LifslAg 2 % i Hhe presence
. 1SOprenc ﬁroup|s in a_ linear chain SﬂP l.l‘ﬁol cironello nerol 0ol, men 0
of superoxi de ani o He % IMhal” e dctitve etapeuti’c agent's’ released are

hydr ogen per oseradiol, gerehylgeraniplclingloplcer ffn@9®.3] The phar maceutical fornul ation
also utilizes a penetrating solvent. The penetrating solvent, which
stablizes the Oxqum}]bOU]hduﬂdﬂ&&Edh’r@hEdonﬁppdfd@ﬁﬁbd)ﬂm,bimyxed)@cmﬂ%pirﬂ,rml lient, a

liquid, alip el . I Jating
solvents i nc%%%@%e‘ﬁ\glgﬂuogh s%ﬁu{'m t§§5§¥%‘?a tigf %@Qamr?té%o? | ns B LLI%msphatl des,
et hanol , pr oply#xm@raéf gxistin a gasepys llfﬂ}dd@moh@*ﬁyﬂlmefttwm@g “p&blﬂvvmﬁlyllﬂmaemol i done,
pH buffered saline, and di nethyl sul foxide -13

[0044]) An open-chain unsaturated hydrocarbon can be: C,H,,, one double bond,

n=2-20; C,Ha,.2, two double bonds, n=4-20; C,Ha,4, three double bonds, n=6-20; C,Hj,.¢,
four double bonds, n=8-20; C,sty, sesterterpene hydrocarbon; or CsioHus, triterpene
hydrocarbon.

[0045] A monocyclic unsaturated hydrocarbon can be: CnHjq.2, one double bond
and one ring, n=3-20; C,H2p.4, two double bonds and one ring, n=5-20; C,Hz,.¢, three double
bonds and one ring, n=7-20; C,sHa, sesterterpene hydrocarbon; or CioHys, triterpene
hydrocarbon.

[0046] A bicyclic unsaturated hydrocarbon can be: CyHan4, one double bond and
two rings, n=4-20; CyHa,.6, two double bonds and two rings, n=6-20; C;sHao, sesterterpene
hydrocarbon; or CyoHys, triterpene hydrocarbons.

[0047] An open-chain unsaturated alcohol can be: C,H2,0p,, one double bond,
n=3-20, m=14; C,H.20m, two double bonds, n=5-20, m=14; C,H2,40n, three double
bonds, n=7-20, m=1-4; C;H2,.40m, four double bonds, n=9-20, m=1-4; C35H4O,, m=1-4,

sesterterpene alcohols; or C30H4sOp,, m=1-4, triterpene alcohols.

-12-



WD 2006/ 0 0 230 2 PCT/ US2005/ 022229 ("DWsQO'). The preferred penetrating

sol vents i nclude DMSO, polyvinylpyrrolidone, and pHbuffered saline. The
nost preferred penetrating solvent is DMSO 100541 Based on the total weight
of the phar WE280W108WP formul ati on, the penetrating sol veet/usans/ozzny from
about 50% to about 99% preferably fromabout 90%to about 98% and nore
preferably from about 95%to about 98% 100551 The "stabilized" peroxidic
nol ecul e and its penetrating sol vent have been nade from conponents
currently used in production regulated by the Food and Drug Adm nistration
("FDA"). These ingredients are the subject of Drug Master Files, Drug

I\/bnographs ar e f@'djbﬁlhl r)\rrhg'n%c LcJ]%:)/ N!: tedg%c%ﬁo?ﬁa pe %{li Rec?&%fe%?% As Safe

("GRAS"). 100561 one ar macedts @al  formiration is a
chel at ed dye. andwwyﬁﬁpeﬁ@ﬁa&wzn«%mﬂa|dﬂ§?'eé?°'ehe#%ﬂnednainﬁﬁaloemfl-&r trival ent

metal , such a@HZnGQQ,ﬂHEéHBWbonds%ﬂQ%eﬁ 20 i1 4TBGAKS ], WB) 40dkst&efplidt | um  The
preferred chel a ran. i’]ﬁ opensrty of chel at ed dyes such as

ah e o8 t !
met al | opor phy#f 0% %‘? f“i‘ & 85??8’@ﬁ° phot ochemni cal excitation is
wel | docunented, as is the propensity of ferro orphyrins and copper

porphyrins to bi n#08ty g evhieyelivtuasanirategicalipbeanbes Co {ope dppldebondand twpe nat ur al  or

synthetic dyegngsEanp ﬂsl-ﬁﬁct}ﬁ;&@ﬁ % ERublé) Sdndél enddAVoPIBEL | 15,201 ASR4beNgal
chl orophyl I'i orrjns, texaphrins, nethylene bl ue,

n em ns,
hemat oxyl i n, ‘3’6’%‘!’&" mat tsﬁ ﬁ%ﬁ“e aﬁ?}P VA eaFietOm % BHamsRs Acoheli hr acene dyes,

hyperi cin, met hyl chol ant hrene, neutral red, phthal ocyanine, fluorescein,
eunel ani n, and phi9gsfk arﬂaPFdO‘Phetp@me&shw&?@%lawmwe‘fmylatwaxth}ra&imecelr synt heti ¢

por phyrin, her@mahybormtoﬁmgmﬁm rablPiront B3& 008wt slokeidd oS pect i ve
congeners, or ure ther nost preferred dyes are naturally

occurring por® '?l?‘réma'%"ﬁtc &?a%hﬁ&/{’rpor phyrin, and rose bengal. The dye may
be responsive to photon, laser, ionizing radi atr on, phonon, el ectrical
cardi ac pul se, el (884 opJmavﬁym-comgmxid@mgeaestefthmharmwmcplmustwn| ow

exci tation. [Qﬂé?&m&@ﬁ&dmgmuat@a@ry&&wm meybgmgl@éxygéaeoxﬁéaaﬁlmawsb@ al
formul ati on or osi tion, dye from abo %to0 about 30%
preferably f r%‘ﬁ?r%i‘b (FPiopy 9BoRe R9"°<§Bo‘ir€f°@3rad&§d Wipee RfF°é1d&ra§‘@ﬂ BErPH5m about 0. 8%
t o about 1. 5%arbamyl peroxide, benzoyl peroxide, or oxygen bound to a transition element, such as

molybdenum (e.g. MoO:s).

[0052]  The preferred method to bind “activated oxygen” to intact an isoprenoid
alcohol, such as geraniol, is by ozonation at temperatures between 0-20°C in the dark in the
absence of water or polar solvent. The geraniol “ozonides” are then dissolved and stabilized
in 100% DMSO in the dark to prevent premature breakdown of the products. Although not
wanting to be bound by any theory, it is believed that the catalytic breakdown of the
tetraoxane peroxidic dimer byproduct of geraniol ozonation, which is not an ozonide, occurs
inside of cells in the presence of superoxide anion. The final reactive therapeutic agents

released are hydrogen peroxide and acetic acid.

[0053]  The pharmaceutical formulation also utilizes a penetrating solvent. The
penetrating solvent, which stablizes the oxygen-bound unsaturated hydrocarbon, may be an
emollient, a liquid, a liposome, a micelle membrane, or a vapor. Usable penetrating solvents
include aqueous solution, fats, sterols, lecithins, phosphatides, ethanol, propylene glycol,

methylsulfonylmethane, polyvinylpyrrolidone, pH-buffered saline, and dimethylsulfoxide
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10058] A further conmponent of the pharmaceutical formulation is an aromatic
redox conpound, such as a quinone. The aronmatic redox conpound nmay be any
substituted -14 WO 2006/ 002302 PCT/ US2005/ 022229 or unsubstituted
benzoqui noveQ p@phazBqui none, or ant hr oqui none. Pr ef er r ed PaETM@ISA05/6222d0X
conmpounds i ncl ude benzoqui none, nethyl -benzoqui none, napht hoqui none, and

nmet hyl - napht hoqui none. The nost preferred aromatic redox conpound is

met hyl - napht hoqui none. [00591 Based on the total weight of the
pharmaceutical fornulation, the aromatic redox conmpound can vary from about
0.01 %to about 20.0% preferably fromabout 0.1% o about 10% and nore

preferably fr about ‘@0 ceut i cal

formul ation it %“fqgg%&e eﬁenéagxfglsvlé?"gdn% Bﬁgéh@?)agp%g&od Y& B an el ectron
donor . Usef ulpHéuffged salined Gronest Areforted deneteatingdobyentt isi$O.cur rent , ascor bate or
ascorbic acid, NADH, NADPH and germani um sesqui oxi de. Preferred el ectron
donors include qeosar baBged sl t@efotmmetgm &e&qtﬂlm&alcaﬂmnmm peeferred

el ectron donor_|s. or bi c ] on the total
wei ght of thé’erﬁh'ﬁ et LY %‘3’? ?Pﬁ&é?‘pé%ﬁ’mfth% A: er?llrly ﬁomé’ ggr?)@(c:l%n vary from
about 0.01% @bcalbiﬁ&’t ari0nére preferbldy fudoh ybohit96Yhtedbout ©8%9% t o about 10% and nore
preferably fromabout % to about 5% 100621 In order to obtain a biol ogical
effect in vivo, t|b655phammmtzie&’@kmmaioﬁmdueudo@ pénswhgg‘oeelabivybéemf used as an
ozonol ysi s-gen t ed peroxi ro uct ocarbon

ot her  han” S carone i Brgts Bk AT wsdEE P IR S8 DR g

chel at ed dye Asiméhisaatioa r(GiRgy")- chqsn lnm;bentS‘ﬁrﬂethumbmtmf@m@cMﬁ;edeaEﬂg@n pr oduct,
or peroxi di ¢ pdibgPhs, mlf&ﬁwln%e xﬁsﬁfm# &areeseﬁérﬁigmeéo%egedwa S&¥e PRfRAREUEOUS

stabilizing solvent and should capabl e of penetratlng I|p|d menbr anes.
100631 Researcher ener etlca I ctivate R ong known
that the super oAl cfg geﬁ“é ﬂ%f fomé’or%fn%/(’fg'n & g'?a(ii H%‘“r‘g )é?(ela?egnﬁe

pref erent i al IThe dizsweftyatilntantains @fchatateddlivalent od yrovplentsueitat, saehl ds dron,hppeh ar e

typically al %ﬁnéﬁﬂés@ltlﬁsﬁa%igﬁdnp Iof Ghontild t Wﬁreféﬁ&lt dhBGted PhetaPR RAUNE DY theory,
t he catal ase-1 nduced destruction of peroxide should be overwhel ned in
propensity of chelated dyes such as metalloporphyrins to sensitize oxygen under

photochemical excitation is well documented, as is the propensity of ferroporphyrins and
copper porphyrins to bind oxygen-containing éystems. Usable dyes include natural or
synthetic dyes. Examples of these dyes include porphyrins, rose bengal, chlorophyllins,
hemins, porphins, corrins, texaphrins, methylene blue, hematoxylin, eosin, erythrosin,
flavinoids, lactoflavin, anthracene dyes, hypericin, methylcholanthrene, neutral red,
phthalocyanine, fluorescein, eumelanin, and pheomelanin. Preferred dyes can be any natural
or synthetic porphyrin, hematoporphyrin, chlorophyllin, rose bengal, their respective
congeners, or a mixture thereof. The most preferred dyes are naturally occurring porphyrins,
such as hematoporphyrin, and rose bengal. The dye may be responsive to photon, laser,
ionizing radiation, phonon, electrical cardiac pulse, electroporation, magnetic pulse, or

continuous flow excitation.

[0057] Based on the total weight of the pharmaceutical formulation or
composition, the dye can vary from about 0.1% to about 30%, preferably from about 0.5% to
about 5%, and more preferably from about 0.8% to about 1.5%.

|0058] A further component of the pharmaceutical formulation is an aromatic

redox compound, such as a quinone. The aromatic redox compound may be any substituted
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the target cells either naturally or by the pharnmaceutical fornulation. The
peroxidic dinmer should also be activated by the superoxi de generating dye,
initiating electron donation to the dinmer and causing the rel ease of

hydr ogen peWORP&03Mt acetic acid intracellularly. The RITAC2005M022229
activation of the dye does not always require light, but rather may occur
through small electrical pulses provided by, for exanple, a heart pulse.
The peroxidation reaction -15 WD 2006/0 0 230 2 PCT/ US2005/ 022229 within
the infected macrophage then tends to destroy the prenylated protein |inkage
of mcrotubules within the cell, to destroy the infecting toxin, or to

i nduce apopt osi . : - . ceuti cal
formul ation i@@“@gﬁﬁ?ﬁﬁﬁﬁ&gg‘g@ﬁ LFrfez)ﬁ%’ (r)lr%r%enl F%#Bg%}ﬁgg%&?%%di ents may
preferably beogpepddingudechepzogyingng; methyl-bearagyipae.asphthqauinens. ndgpeiifi-ent s in
separ at e cont mpHiRkSinonédTHz AoRpe:fdrB@ftoritis Rdoxbompdagd § e@yifapHiQuinohbe dry sol i d
ingredients preferably conprise the chelated dye and the aromatic redox

conpound. The Ii gy =) i 1 ¥ CRRR 4 . {.di ¢ species
or reaction prod utgt %l res u{eg |gﬂntg‘l:|t%tr§ o%fgﬁ%gﬁg%ﬁ{ng n g’?%ﬁ%“&ﬁl@g‘?g{o@?gd

hydr ocar bon bydox kemrgyidsamvasdamabent 8! “atorbape2 0 preferably ag abgut 1% tohe
penetrating Sfby e, and¥lére PicfetabBiloMAbdus0. D% Bfa65ualbyg. i Nt ravenously. The
reconstituted product preferably may be admi nistered intravenously as a

concent rat e di | Ut Afeg) N Sl idracent@blitlaiordbilBlererde Db AREA b QBRRL, Tectal and

intrathecal deliveries are also poss e rout . strdation.

| nt ramuscul arSoprg 8 ek qlestion dgnag g sefyt edacserdarprs incdudp 4n elpgtgicahcumanidecadbyte fo pr oduce
local irrit faetfsj:dﬂﬂq acld) %D, Mmipni Sl lgéHnbiin SsquidiRle PIPRIHRE elbl&u:oﬁ @bnofsor mul at i on
invivo is effective in .resolving scar . tissue rticularly scar tissue
esul t1ngf r oS BT PRV PR RGH A Ot 915 S IR bur ned.
EXAMPLE 1. OZCONOLgk4 faim. AN UNSATURATED HYDROCARBON 100661 COzonol ysis of an
al kene may be carried out either in a solvent or neat. In either case, the
cooling of the remeéion Baied biih@rolabweight dfitie PharthdtediA Kok gtioR %R «RSkoAE

deconposi t| Cmdong'fcant vgr?/ fr%t%ra gﬁlt (%lgﬁt gb%utlig"tﬁ,s pre?efrabﬁy %mra (?ix(t:E"I/o?onabout 10%, and

more preferably from about 1% to about 5%.

[0062] In order to obtain a biological effect in vivo, the pharmaceutical
formulation is preferably infused as an ozonolysis-generated peroxidic product of an
unsaturated hydrocarbon, rather than an ozonide, in conjunction with a superoxide generating
chelated dye and an aromatic quinone. The unsaturated hydrocarbon product, or peroxidic
dimer molecule, should be stabilized in a non-aqueous stabilizing solvent and should be

capable of penetrating lipid membranes.

[0063]  Researchers of energetically activated dye therapy have long known that
the superoxide generating dye and the aromatic redox compound preferentially absorb into
infected and dysplastic cells, which are typically also catalase deficient. Without wanting to
be bound by theory, the catalase-induced destruction of peroxide should be overwhelmed in
the target cells either naturally or by the pharmaceutical formulation. The peroxidic dimer
should also be activated by the superoxide generating dye, initiating electron donation to the
dimer and causing the release of hydrogen peroxide and acetic acid intracellularly. The
electronic activation of the dye does not always require light, but rather may occur through

small electrical pulses provided by, for example, a heart pulse. The peroxidation reaction
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10067] The follow ng general procedure is typical for the ozonolysis of a
liquid alkene. 100681 A l-liter flask fitted with a magnetic stirrer is
charged with the alkene (2 noles), and the apparatus is weighed. The fl ask
i S surroundwd 2mg/oee3enol i ng bath (ice-water or ice-salt)pct@meosiob22cont ents
are cooled below 5 C, stirring is begun and a stream of ozone in dry oxygen
(typically 3% ozone) is passed through the mxture. It is advantageous to

di sperse the ozonated oxygen through a glass frit, but this is not
necessary for a stirred solution. -16 WO 2006/ 002302 PCT/ US2005/ 022229
Periodically, the gas streamis stopped, and the reaction flask i s wei ghed

or the reacti o trea i.s the arted.
(0069] Once t g“nnéleséntfeocegt"ﬁm?ééc%‘entndFItOd "°§' V\Bre E%ijlpé?t%? stht gain, or

once the pronigntubdengthincthy edotaestrey (e HfectiilgRxn, sp@ondumnpoﬁtosnshé theeactl on
m xture showspifBnagdfiidefd reduction in the intensity of the ol efinic proton
resonances (usua Iy about 50%, the gas flowis stopped. (0070] The

ozonol ysi s may be ut as _.above, substituti.n l.ution of the

al kene in a sol veW@%onﬂ%@?ﬁi\?@“f gg@&?%as"o%fc?nc mg 3@“@%‘%??@8

hydr ocar bons Blesecirkgtadiehtnalmemteferh!;mbecwmdb&dmssollciI‘Mgemm Nguidgngredientalnso be
carried out z@é?@é/o%tam‘é\‘st\bhl&rarwh@mﬁugd AUV RObs useSbmiwtytsuﬁd RAgrediisal kenol for

t he al kene w t%out affectin e reaction I n an antive manner. (0071]
The reacti on RiffseRly sompgisg H‘Srfhﬂﬁiﬁr &6 8¢ Gl Jomafis &dPhéO‘ER?B‘PdedT*pfe‘H@tdr ating

sol vent. EXAMrjdieats pFRERSR%THpﬂU tKeFperbkilic Bﬁd&%@&%n%du&ﬂ%&dﬂh@ﬂo@\l (0072] A
preferred pharrEa l,at i.on ion S prepared

ceu for
R e T o R R i

t hrough an athkafdrmmeg sdleoth ohdmi@stiatioh imwtefeybly2ntveroushdi Ele- lecondtitteger ani ol ), at
1 Liter of 0g8%oquRGhefbtMiy may Bo) adiHishtediittaRodslyGs b SORERAe Wikte?h shifie " eaction

around 5C,
Topical, ocular, intraperitoneal, rectal and intrathecal deliveries are also possible routes for

administration. Intramuscular injection is not preferred, as it has a tendency to produce local

irritation.

[0065] Administration of the pharmaceutical formulation in vivo is effective in
resolving scar tissue, particularly scar tissue resulting from a bum, and in treating individuals

who have been burned.

EXAMPLE 1. OZONOLYSIS OF AN UNSATURATED HYDROCARBON
[0066]) Ozonolysis of an alkene may be carried out either in a solvent or neat. In
either case, the cooling of the reaction mixture is critical in avoiding explosive decomposition

of the peroxidic products of the reaction.

[0067]  The following general procedure is typical for the ozonolysis of a liquid

alkene.

[0068) A 1-liter flask fitted with a magnetic stirrer is charged with the alkene (2
moles), and the apparatus is weighed. The flask is surrounded by a cooling bath (ice-water or
ice-salt). Once the contents are cooled below 5° C, stirring is begun and a stream of ozone in
dry oxygen (typically 3% ozone) is passed through the mixture. It is advantageous to disperse

the ozonated oxygen through a glass frit, but this is not necessary for a stirred solution.
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(3) Renoving small aliquots of reaction product hourly and measuring by H
NVR the formation of the peroxidic species or reaction products; (4)

St oppi ng the reaction when nore than about 50% of the avail abl e unsat urated
bonds have Weemo6ezwot ed; (5) Diluting the product m xt urrET™MIS2b05/022229

di met hyl sul foxi de (1:10) to give a solution or dispersion; (6) Prior to use
In the target biological system a m xture of hematoporphyrin, rose bengal,
and net hyl - napht hoqui none dry powders was added to the solution or

di spersion in sufficient quantity to create a concentrati on of 20 m cronol ar
of each conponent dispersed therein when delivered to the target biol ogical

17 Y0 20061 002302 PGL L0000 UREEA S SHSER S LB DU AURARUS | 1 S on.

Optional ly, ascorbate tot ormul a n prior to use.
EXAVPLE 3. BEXpixpepSampeds e gasjsrmmapheniraarteORMULATI ON 100731 Two preferred
formul ations are as follows: A WEIGHT % | NGREDI ENT 0. 54* Tetraoxane di nmer
of acetal peroxi d@0d9% o MOnGZketedss i the ddactigefl@ak sholvs dfficRot wiahdh(dainQorBoce

Hemat opor phyrjn .0, 3‘@@*%%}1# )1 h by q % e_lf?{g_‘%gnl%g&ggﬁ <Heterm ned by
mass spectrosco%?. . I aﬁoﬁhﬁﬂﬁglﬁ%ﬁwa_g 8r etraoxane di mer of aceta
peroxi de fr orflesired reduction in the intensity of the olefinic proton resonances (usually about 50%), the

gas flow is stopped.

[0070] The ozonolysis may be carried out as above, substituting a solution of the
alkene in a solvent non-reactive towards ozone such as saturated hydrocarbons or chlorinated
hydrocarbons. The ozonolysis may also be carried out as above, with or without solvent,

substituting an alkenol for the alkene without affecting the reaction in any substantive manner.

[0071]  The reaction mixture is then poured slowly into the cooled penetrating

solvent.

EXAMPLE 2. PREPARATION OF THE PHARMACEUTICAL FORMULATION
[0072] A preferred pharmaceutical formulation of the present invention was

prepared as follows:

4y Sparging an ozone/pure oxygen gas mixture of 120 mg/L up through an
alkadiene alcohol, 3,7-dimethyl-2,6-octadien-1-ol (geraniol), at 1 Liter of gas
per hour;

(2)  Maintaining the temperature of the reaction around 5°C;

(3)  Removing small aliquots of reaction product hourly and measuring by H'
NMR the formation of the peroxidic species or reaction products;

(4)  Stopping the reaction when more than about 50% of the available unsaturated
bonds have been reacted;

(5)  Diluting the product mixture with dimethylsulfoxide (1:10) to give a solution
or dispersion;

(6) Prior to use in the target biological system, a mixture of hematoporphyrin, rose
bengal, and methyl-naphthoquinone dry powders was added to the solution or
dispersion in sufficient quantity to create a concentration of 20 micromolar of

each component dispersed therein when delivered to the target biological
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ozonation of geraniol 98.00 DVMSO O0.83 Hematoporphyrin O0.24

Met hyl napht hoqui none 0. 39 Chl orophyl li n Sodi um Copper Salt *Determ ned by
mass spectroscopy. EXAMPLE 4. SCAR Tl SSUE REDUCTI ON I N VI VO 100741 The

subj ect wasWowosr@230n a resi dential accident resulting fronuspenianeous
conbustion of bedtine clothing while opening and renoving food froma heated
oven. Severity of the burns ranged fromfirst to third degree, covering an
area fromthe patient's navel to chin. Heat fromthe bum was extrene enough
to cause the extrusion of breast inplants. Patient was hospitalized and
treated in a professional burn center in Arkansas, and -18 WD 2006/ 002302
PCT/ US2005/ 022229 ov u f 18 . er.the admtted
for five incidents of%%g%gsgggﬁkﬁgﬁgmféﬁgg?ghﬁéﬁﬁ%g%%P?%ﬁ?Bég%%géto RACO
treat ment, pronounced tk&p frmulationpriarfpgsthiad devel oped at  several sites

t hroughout the bumfield. (0075) Intravenous infusion of Formulation B

(diluted 1 cc imtovi0P3CcexQlpies BRITHERIAIMACREBICACRORVUSAROOVEr 20

m nutes, for a to%@z3of,§%% %regtneqts over ﬂ 30 day period. No proximate
or late adverse eff&ts WOPETHEE BuLIRLLFEBHPYS r eat ment's total ed 16
treatnments over a six nonth period. 10076] Photographi c docunentation by
t he Arkansas Bum center showed evi dence of rapid resolution of the kel oid
scar tissue. Figure | wlIGHT %he patient' INGREDIENTUry 18 nonths after it
occurred. Figure 2 rshows—the—itnjtry—after—the—f++st—st—t+rgatnents over a 30
day period. Figured 3 shows theli Aptaoxanedimenof achial psioidefierent| 16 treat nents
over a 6 nonth perijod. The patient repeeraserafiseratielars reddened, har dened
and sl oughed off ovyer ti Snopt h but coﬁﬁ&g ted dermal healing with

i ntact surface epitheli@ %as mai ntai ned fo ur years, allowng

successful secondany plaggj c suygical regonsbifyshons.

0.24 Methylnaphthoquinone

0.39 Rose Bengal

*Determined by mass spectroscopy.

B.
WEIGHT % INGREDIENT
0.54% Tetraoxane dime‘r of acetal pe_:roxide from
ozonation of geraniol
98.00 DMSO
0.83 Hematoporphyrin
0.24 Methylnaphthoquinone
0.39 Chlorophyllin Sodium-Copper Salt

*Determined by mass spectroscopy.

EXAMPLE 4. SCAR TISSUE REDUCTION IN VIVO
[0074] The subject was burned in a residential accident resulting from spontaneous
combustion of bedtime clothing while opening and removing food from a heated oven.
Severity of the bums ranged from first to third degree, covering an area from the patient’s
navel to chin, Heat from the burn was extreme enough to cause the extrusion of breast

implants. Patient was hospitalized and treated in a professional burn center in Arkansas, and
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-19 WO 2006/ 002302 PCT/ US2005/ 022229 REFERENCES CI TED The follow ng U. S.
Pat ent docunents and publications are hereby incorporated by reference.

U S Patents U S. Patent No. 4,451,480 to DeVillez U S. Patent No.

4,591, 602 twoRmvishsez U.S. Patent No. 4,983,637 to Her meiyuskhoSoZat ent No.
5,086,076 to Herman U.S. Patent No. 5,126,376 to Herman U.S. Patent No.
5,190,977 to Herman U. S. Patent No. 5,190,979 to Herman U. S. Patent No.
5,260,342 to Herman U. S. Patent No. 5,270,344 to Herman U. S. Patent No.
5,364,879 to Herman O her Publications Orenstein, A, Klein, D, et al., The
use of porphyrins for eradi cati on of St aphyl ococcus aureus in burn wound

i nfections. FEMS mmunol crobi ol vol . 307-_ 44, Dec 1997.

Wl fort, S F. °Verlﬁ§|ck‘éﬁ°f§’¥?nmséqe"§f “m‘@éﬁdt"?"mdf%ﬁ“ﬁ?% pis piERsiscD wing, grow h
using anti bOdMsl&rﬁd’ng@Exﬁﬂ g@.laabnhgzelusaumh pdficinde@keloidscarrifptad develpedat 17 - 22, Apr

1996. -20 d ains di cspecies or reaction products resul ti ng
from oxi dati osﬁve(r)a% Sltes“ﬁ"ﬁ%f)&the 1dkene by an oxygen-cont ai ni ng oxi di zi ng
agent, wherein the al kene conprlses terpineol, citronellol, neraol, linalool,

phytol , gerani ol , 0%} i | IRfeverpys gfision of Fagpatien B (difsddieg intpd PAeRiobRorsl £ ar nesol
and V\/ner ein tshl&nep% accbifplished P& 2EBinaiEs, foLat6thli oOsix Poatrbtins bger & B5da) pering f r om

oxi dation omF rpaQe or B[e a&vgﬁ %eiét?\wfr %o%edf §u%@q&981%ﬂn9msqggl &) l%%ea%nen{‘ét 30% by

wei ght of the armaceutica
over a six month period.

f0076]  Photographic documentation by the Arkansas burn center showed evidence
of rapid resolution of the keloid scar tissue. Figure 1 shows the patient’s burn injury 18
months after it occurred. Figure 2 shows the injury after the first six treatments overa 30 day
period. Figure 3 shows the injury after the subsequent 16 treatments over a 6 month period.
The patient reported the scars reddened, hardened and sloughed off over time. Smooth but
contracted dermal healing with intact surface epithelium was maintained for four years,

allowing successful secondary plastic surgical reconstructions.
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a penetrating solvent, wherein the penetrating solvent conprises

di met hyl sul f oxi de, sterol, lecithin, propylene glycol, or

met hyl sul f onyl met hane, and wherein the penetrating solvent is from about 50%
to about 99wwiRgoameright of the pharmaceutical formul ati orgT/es2dysmeent ai ni ng
a chelated divalent or trivalent netal, wherein the dye conprises porphyrin,
rose bengal, chloro- phyllin, hemn, corrins, texaphrin, nethylene blue,
hemat oxyl in, cosin, erythrosin, lactoflavin, anthracene dye, hy- pericin,

met hyl chol ant hrene, neutral red, phthal ocyanine, fluorescein, eunelanin, or
pheonel anin, and wherein the dye is fromabout 0.1%to about 30% by wei ght
of the pharmaceutical formulation; and an aromati c redox conpound, wherein

t he redox conpound conpri ses SulREERRENEESEHTEMsubstituted benzoqui none,
napht hoqui none, or anthkoqui none, and wherein the aromatic redox conpound is
from about 0.01% tThe phewiig @8 %atehtydoviefits tndpublichidnire hdiery entbip6rated byor mul at i on
for the manuf agldre of a pharmaceutical fornulation for resolving gear
tissue resultr ng froma burn. 2. The use of claim1l, wherein the al kene is
inaliquid form in a solution, or_in a dispersion. 3. The use of claim1,
wherein the alkene is contained in ¥5PyeM oi |, an ester, a fatty acid, or
an ether. 4. The use of claim1, wherein the oxygen-containing oxidizing
agent conpri s&$- Biten ‘ét44 é’rpevd gen inits triplet state, superoxide

ani on, period#tSePaq &bﬁ"‘é’é.'lez hydr ogen peroxide, al kyl peroxide,
carbanyl per oylsdleate“ ’637 e, or oxygen bound to a transition
element. 5. T “Wﬁ’er ei n the oxygen-containing oxidizing
agent is pred 2Xa)! to e ®he use of claim1, wherein the penetrating
solvent is a [jig ane | i posonme, enollient, or vapor. 7.

Ci

The use of cl @lsrq, grzgdﬁzg},@mgg,net rating solvent is di et hyl sul f oxi de
("DvsO'). 8. tgepa%gpN@fsz ﬁu;gﬁemgmherel n the dye conprises porphyrin, rose
bengal , or a QisxbaheNs. bemtoﬂ&naﬂThe use of claim1, wherein the netal
conprises iron. 10. The use of claim1, wherein the netal conpri ses copper,
manganese, tin, magnesium or strome'rnimicatibiis The use of claim1l, further
conprising an electron donor. 12. The use of claim11l, wherein the el ectron

donor conpri Segndst . huana@laaormeusmrpeasﬁugfoealad@a&{oftd?@v.ﬁ&foecus 13. Use of
per oxi di c species or reaction 8 oduc resuItI g‘n) ék%%tl %n of gerani ol
by a mixture of oZYRE LM ByBkctony I’"é"uf"f ’F’(f? Vo I dye

contai ni ng a chel agdgcwal ent or trival ent net al , wher ein the dye conpri ses

a m xture of hematoporphyrin
Wolfort, S.F., Reiken, S.R,, et al., Control of hypertrophic scar growth using antibody-

targeted photolysis. J Surg Res vol. 62(1), pp. 17 - 22, Apr 1996.

lt:l
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and rose bengal or a m xture of hematoporphyrin and chl orophyllin; and

nmet hyl napht hoqui none, for the manufacture of a pharmaceutical fornulation
for resolving scar tissue resulting froma burn. -21 14. The use of claimB,
wherein the scar tissue resulted froma burn to the patient. 15. Use of
per oxi di ¢ species or reaction products resulting from oxidation of nenthol
or amaidskene by an oxygen-contai ning oxidizing agent, wherein the al kene
conprises terpineol, citronellol, nerol, linalool, phytol, geraniol,

perii.l yke @peohidi specigamteaction p@eucinyduljed feom cxldativn baane® i an Biede wabigen-tdatining
per oxi dkidizispEeheehdéin ealdknhodonpriad tepised, egoreliolTgrd, licatoaphgtalt gevaniol, @erilprarbha)
or t he nghtkerngerangigérationostamesol, @ndteréin thepadalitspedobigastien prlotiuotsf reduhieg from oxidation
phar maeaudérti@adr theodlkank atfiodngboat GBNBItE atolP%Syl wedjit of thetpha@iade dtibe fq@uaionat i ng
sol vent perdirptingSasent| wierein yepehdt@igdelvers tdiptibes dintHylstifoRide, 3teeq yd ot progyisrelycol,
or net Bymstiduienylmeidnaned wasdinwiesebiratibdiveatnetréra hibdug5®e tovaaitn da% Hyrwighedd st
50% t o prdI0Edeu@AMoyLIatieh;ght of the pharmaceutical a dye containing a

chel at @dysléontireiata dhelafoti idwalb@rdk trin@ém metaVaRér6in thetdye cehyiRis €Oty A1 Sos BERYAY EHide-
rose beR@al henfidlcorifs, tarBpHrih] MethydBiblue, Hatiatokyhh, cobif XeRMTbdin) JactRBVIY aRRcdAk Ugs, hy-
henat oxydcinNmetBASHoRNthRNY IHRGIPS 9a, prirRAkERINNE \lbrescBin! duiRAIA Sor @eomeltim, #Mwh6rbiA the
net hyl ek asth BERNE.1 %N BEJuB30% Bflweight biliRd ghadadbiigal (drhu@ioRS4i n, eunel anin, or
pheomebagomaticdBdbx WhrRssting, whBRin thE/@ddxTompstil eiipiabesGulstiuted oab»%ussu&%%bbaaomogbt
of t he nphdHRERE! dr Gathioh@hdRe] #divhBicindRelaramat R Lo lRAS Kork ABRPY.OTH 10MBEH LA
t he regpwe@qmﬁy%,ﬁmﬁdaﬁgﬁmﬁﬂmtl tuted or unsubstituted benzoqui none,
napht Qe MRRGractde oﬂ&'% e RELRAIErmufiich MELRANY gkﬁqlséifqugékuh?fr&rﬁggmncOWDOUnd i's
from about 0.01%to about 20% by weight of the pharnmaceutical formrulation,

for 2 NendRaut Ay Qh&éun%e@]@ﬁé@%ﬁé‘lﬁhﬁ%m n%@HLtﬁ%'&ﬂw { @peldighating an injury

resulting froma burn. . The use of claim1l whereln he al kene is in a
I quj dyf o s'glof+ﬂmal %Rérb‘ik':r%r&me%. loBrt@nddlis PRLES ! fP"a\n edidr, a%‘ilgaéfé%r ?rf el m 1,
vvherelnt ene 1s contalneélnaflxeg , an'est ? ty acid, or

an ef hep, 8y o Jhey 3R re?\f &b Jﬂc]o alif o?h.ﬂn él,-s%?\” BLOLAIo Q%) 7d e
agen gtggpsl:ugé é)% desé i i e |ot§)%i )g Brtxg %%rﬂédr eng rog ] Ox:fy? éeroxnk a}érga ;Ege%om e b%lniytl
O

car bar‘rﬁ? X'de oroxéﬁ% "an ﬂmeem&e or oxygen bound to a tran5| t| on
I ein.th . di
Sgert i%%srei%%@m zgﬁ%e'% Hrer<pthgs °"|é‘i?zé'igrﬁ%i']q)'(%92%438‘?"%%??:5%22e? Fat ﬁg”g
I nb . |1 posone, 1.
?ﬁevﬁue 0 e spifh o ey Ao RN B G, BT arrorace ot PR
("

7. TIZe use of claim 1, wherein the penetrating solvent is dimethylsulfoxide ("DMSQO").

8. The use of claim 1, wherein the dye comprises porphyrin, rose bengal, or a mixture thereof.

9. The use of claim 1, wherein the metal comprises iron.

10. The use of claim 1, wherein the metal comprises copper, manganese, tin, magnesium, or strontium,
11. The use of claim 1, further comprising an electron donor.

12. The use of claim 11, wherein the electron donor comprises ascorbic acid or a pharmaceutical salt thereof.

13. Use of
' peroxidic species or reaction products resulting from oxidation of geraniol by a mixture of ozone and oxygen;

dimethylsulfoxide ("DMSO");

a dye containing a chelated divaient or trivalent metal, wherein the dye comprises a mixture of hematopomhyrin
and rose bengal or a mixture of hematoporphyrin and chlorophyliin; and methylnaphthoquinone, for the manufacture
of a pharmaceutical formulation for resolving scar tissue resulting from a burn.
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22. The use of claim1, wherein the dye conprises porphyrin, rose bengal, or
a mxture thereof. 23, The use of claim1l, wherein the netal conprises
iron. 24. The use of claim1l, wherein the netal conprises copper, nanganese,
tin, magnesium or st ronti um 25. The use of claim1, further conprising an
el ectron donor use of claim 11, wherein the el ectron donor
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resul t @ﬁg‘aefrgt@ﬁfcéve@ Whereinshe penetrating solvent comprises dimethylsulfoxide, sterol, lecithin, propylene, glycol,
or methylsulfonylmethane, and wherein the penetrating solvent is from about 50% to about 99% by weight of the
pharmaceutical t
a dye containing a chelated divalent or trivalent metal, wherein the dye comprises porphyrin, rose bengal, chioro-
phyllin, hemin, corrins, texaphrin, methylene blue, hematoxyiin, eosin, erythrosin, lactoflavin, anthracene dye, hy-
pericin, methylcholanthrene, neutral red, phthalocyanine, fluorescein, eumelanin, or pheomelanin, and wherein the
dye is from about 0.1% to about 30% by weight of the pharmaceutical formulation; and
an aromatic redox compound, wherein the redox compound comprises substituted or unsubstituted benzoquinone,
naphthoguinone, or anthroquinone, and wherein the aromatic redox compound is from about 0.01% to about 20%
by weight of the pharmaceutical formulation, for the manutacture of a pharmaceutical formulation for treating an
injury resulting from a burn.

16. The use of claim 1, wherein the alkene is in a liquid form, in a solution, or in a dispersion.

17. The use of claim 1, wherein the alkene is contained in a fixed oil, an ester, a fatty acid, or an ether.

18. The use of claim 1, wherein the oxygen-containing oxidizing agent comprises singlet oxygen, oxygen in its triplet
state, superoxide anion, periodate, hydroxyl radical, hydrogen peroxide, alkyl peroxide, carbamyl peroxide, benzoyl
peroxide, or oxygen bound to a transition element.

19. The use of claim 1, wherein the oxygen-containing oxidizing agent comprises ozone.

20. The use of claim 1, wherein the penetrating solvent is a liquid, micelle membrane, liposome, emollient, or vapor.

21. The use of claim 1, wherein the penetrating solvent is dimethylsuifoxide ("DMSO")

22. The use of claim 1, wherein the dye comprises porphyrin, rose bengal, or a mixture thereof.

23, The use of claim 1, wherein the metal comprises iron.

24. The use of claim 1, wherein the metal comprises copper, manganese, tin, magnesium, or strontium.

25. The use of claim 1, further comprising an electron donor.

26. The use of claim 11, wherein the electron donor comprises ascorbic acid or a pharmaceutical salt thereof.

27. Use of
peroxidic species or reaction products resulting from oxidation of geraniol by a mixture of ozone and oxygen; dimeth-
yisulfoxide ("DMSO™);

a dye containing a chelated divalent or trivalent metal, wherein the dye comprises a mixture of hematoporphyrin

and rose bengal or a mixture of hematoporphyrin and chiorophyllin; and methyinaphthoguinone, for the manufacture
of a pharmaceutical formulation for treating an injury resulting from a burn.
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