USE OF TARGETED OXI DATI VE THERAPEUTI C FORMULATI ON | N
TREATMENT OF BURNS BACKGROUND [ 0001] Thi s application
w@basiosspri ority to U.S. Provisional Patent AppdT/ostoo®on2229
Serial Nunmber 60/582,343, entitled "Use of Targeted
Oxi dative Therapeutic Fornulation in Treatnent of
Burns" filed on June 23, 2004, the entire content of
whi ch is hereby incorporated by reference. [0002] The
present invention relates to a conposition containing
per oxi di c species or oxidation products, its nmethod of
preparation, and its use. Mire specifically, the
i nvaISE QHhTABGETED QXIDATIWE THHFAREWIC FORMUBEATION N
formul ati on whi ch GREAKMENT OFBLRNS ¢ species or
reaction products resulting from oxidation of an
@afK@rOUdDMPOUnd, in a liquid formor in a solution,
by an oxygen-contai ni ng oxidi zi ng agent; a penetrating
sol vel§f0l] a diis applivetiinrelaims priotityetp &k $ Provistoatl: PaggnigApphication
%Eﬁmger%@g@?%@ %m@dnése ofﬁ%ﬁgetéa\@mahmlﬁiaﬁ&ns ﬁdrﬁm%ntl@

preparation phar maceuti cal formulation and
Ttr%atm@é of Bumgs éleémglugfe; &? 1004sthe entiye contery) of ryhjchsis dyereby
tihcdfpdRited 8% kifdrdndg from a burn. [0003] After a severe
burn or delayed wound repair with infection, scar

tiss u@O‘gﬁ Vel @RS selﬁ%v%tﬁfl ARt RYRGH o&ﬁ&&'oﬁtmﬁﬁéﬁe?ox% %?emes

mar ke exce Sive CO agen acc ation econ
tooom@@vraxyedﬂcfa,rms mgthpanf pramaatfon,tarl@ﬁﬁ us% thxwpqlfé@llba the K@P@P@

Sa&Esto @Ptﬁnﬁ‘d&enﬁ%ﬁ C&Hhp¥kibh &ffonmaﬁontwm u&nalﬂ;h BerSGAE spati\es
beyond the site of the injury ﬁrars are
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that L heY ﬂ%maﬁﬁ\}flel op beyond the site of injury or

I nci sion. pertrophic scar formation is not a part of

nor ma|
[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

-1-



wound heal ing and can devel op over tinme. [0004] The
potential use of antibody-targeted photolysis ("ATPL")
WO moboeadi ng hypertrophic scars has been i nvese¢mus®05/022229
An i mmunocohj ugate, consisting of a photosensitizer
por phyrin (Sn-chlorin e6) Iinked to a nonocl ona
anti body that binds to human nyofi brobl asts (PR2D3),
was prepared. Wien photoactivated, the conpl ex
produced singlet oxygen in close proximty to the
target cell surface. The nodel used for the
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eXcABAudRAricells a6d ndubiephi lolforteedl adod)npl ant s 24 hr
post- ATPL reveal ed the presence of a |arge number of
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I‘OWI ng culture of aureus was nonitored duri ng
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On the other. hand em n al one was. nod
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bredube digndtiesliyercpiyiinaing §.dutvesTiRedwesn etorehan 99 %pbthe niable

%\écqenrxa was nerd aggrrtlll(e p%ppgyrgn rgixm% was grgrypeﬁ §n 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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illTumnation to eradicate the bacteria. The in vivo
experinments by application of the above porphyrins in

W@ o0tbioosbz on to i nfected burn wounds in gui neaP@EI/YS2008622229
an effective way to reduce dramatically the
contam nating S. aureus. Reduction of nore than 99% of
the viable bacteria was noted after the porphyrin
m xture was dropped on the eschar or injected into the
eschar, an effect that lasted for up to 24 hours. The
deuteroporph rin-hemn conplex is suggested as a new
bact dPI&] daWhet is apedechithegsfors; is a grreangdor Rqusiog @ad Fetlviag scar

86506, artibul B Scak BLBSWRih BRiItéd R £BUm.and proni si ng
anti - St aphyl ococcal agent (Orenstein et al. 1997).
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that ozone is a serious pollutant, the "free radical"

t heor ase, ant I OXI
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reacti ve gas w th anisns of action
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at i
%ch%%?% e gongeé;ﬁ'gl{on 6P perox1dg 0 e—vz{zosm tra%fﬁu uga %r} l;lgo% c an%HgE col?

0ozoni e a n are no
tpingineep saitvidends pf dlﬂqgrbmdm@gl_actmty 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)'(ide 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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[ 0009] Hydrogen peroxide (H O2), discovered in 1818,

is present in nature in trace anounts. Hydrogen
w@esooxoxe2 i s unstabl e and deconposes vi ol ent | yp€DUS2005/022229

foans) when in direct contact with organic nmenbranes

and particulate matter. Light, agitation, heating, and

iron all accelerate the rate of hydrogen peroxide

deconposition in solution. Hydrogen peroxide by direct

contact ex vivo kills mcrobes that have | ow | evel s of

per oxi de- destroyi ng enzynmes, such as_ the catal ases,
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[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.
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cat al ase and gl ut at hi one reductase activity. Infused
hydr ogen peroxide is a generalized poi son whereas
wo a00gebsa2 i ntracel | ul ar peroxidation is a sel eE¢T/VU82005/022229

t herapeutic tool. [0011] Macrophage cells play

critical roles in immunity, bone calcification,

vision, neural insulation (nyelinization),

det oxi fication, punp strength, and cl earance of toxins

fromthe body, depending upon their site of

| ocal i zation. The ener ui rerren%s of macrophages

are n@15hy YR FPaewy Iﬂ‘blsg’g(’ 16, tg Hefpanshevy aneqptiviral composition

%dtﬂﬁl@ﬂfﬂiﬂlea and\Anto@@ﬂMéniﬂ b kePpefd. EThe kbripsisibii 14 Ghitablalfdr\gystemic
socj ated w ag% crofilament internal

5 ‘BEV%WPP@S?" ?pé?'c fol ded i nternal |ayer of the

m tochondria creates the high-energy nol ecul e ATP,
whi | 0¥ o1t % PatprgPerS, 126AT64P Hmyéeéerwﬁmho&mtopwaﬂy treat

GIvERLIKIRBiof ARGk ud¥R a8 GXUnRIS of NBiper@enptadie. per oxi des.
The outer layers of mtochondria are susceptible to

toxic ck
PR TS ARS8 SRR R YR o
[pegiiniog den-aqiioesratriseand e erehidetfa tﬂrpefmwmhqunr syyftemic injection.
m tochondria is bl ocked, the filanent architecture of
t he cbis|t enss Pﬁtentwoogwolmm@ Hegfthekettibdd@ niethoe fo fthterally
%nala i nco etencelhll na Ejl)ofgl &)e repl.icati.on, or
fedd °8'l:§’|‘ Jrpmmg! HHREA ogprKle ObA {eERPe 'R carjery
1 480 toDe Villez teaches a conposition and nethod for
t r eat O] acrt&S. Pt Neeh 360442 told¢riaretaaches p methipd tg pargniszally Hept

tha 1ﬁfecftlgﬁstlﬁgnﬁﬁxﬁﬁl ﬁMnEQn&Bm@ez&‘r&'t&SéAe Rl @fdeal derived
from ozoni zing various fixed oil and unsaturated

ester I c atty acid
Pt erp'1, P Sedl R GHAA MR Bl Bl syugye
Jizprdehma meremal bp apphyirztathe imeging bl ﬂaﬂ mannlﬁaéunlomzsle of a@ifpgepkide
Lda?van&’eaé;feaatun %rated t%%?bc%ﬁc?n Jvlgcmvﬁﬂe & &saafeae@ BoriFi R
parentera treat local and systemc viral
|waé@itwddwérowboadm;qheéﬂ@t}ongolérzS@h(F?jes of terpenes in a
pharmaceutically acceptable carrier.[0015] U S. Patent
I\Io 510089, 0716S.t RatehleNoresB66 RIS Hermandesoribesad coxpogidsi fbi be
%ﬁtnofggneglcgle}:%rrxdlt onﬁffl grig%map ﬁ'l% Qoxq osglon %on‘ia(?lgsgaecﬁ;?erox-lrc{é%r

COfT'pOSI troni1s su
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 (“DMS0”) did not show any clinical efficacy in three cases of viral

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



adm ni stration or |ocal application. [0016] U.S.
Patent No. 5,126,376 to Herman descri bes a nethod to

wWo opsoed3by treat a viral infection in a mammal POBEURYORR2229
ozonide of a terpene in a carrier. [0017] U S. Patent
No. 5,190,977 to Herman teaches an antivira
conposition containing a non-agueous carrier and an
ozoni de of a terpene suitable for system c injection.
[0018] U.S. Patent No. 5,190,979 to Herman describes a

method to parenterally treat a nedical condition in a
manmelP024%; ndhusnthers isianerd fosp safe and pifstie Phagmageptigpl forgsplation or

[chQ%o?ﬂnoMtﬁsz fth&13h px’b@uctsEfmgﬁﬁ)e oxfHatidnQf bﬂaﬂmc&@a@ﬁe What is
0]

d to parenterally tre ection
AhieieqiSh R e lorsyHitRe T ciendial Finb e g ponving
[0 881e ducttas tiRatveioh reblis fr&nHBﬁln344 to Herman shows a
nethod to treat a system c disorder in a mamual by
applying to the intestine of the marmal a tri oxol ane
or a di peroxide derivative of an unsaturated
hydr ocar bon whi ch derivative is prepared by ozoni zi ng
t he unsaturat ed hydrocarbon di ssolved in a non-pol ar
solvent. [0021] U. S. Patent No. 5, 364,879 to Herman
descri bes a conposition for the treatnment of a nedica
condition in a mammal , the conposition contains a
di peroxi de or trioxol ane derivative of a non-terpene
unsat ur at ed hydrocarbon which derivative is prepared
by ozoni zi ng bel ow 35° C the unsaturated hydrocarbon
in a carrier. [0022] Despite the reports on the use of
terpene ozonides for different nedical indications,
terpene ozonides display multiple deficiencies. For
exanpl e, ozoni des of nonoterpene, such as nyrcene and
i ronene, flaned out in the | aboratory. Consequently,
they are extrenely dangerous to fornulate or store.

[ 0023] Furthernore, ozonides of geraniol, a |linear
nonot er pene al cohol, in water or in dinethylsulfoxide
("DVMSO') did not show any clinical efficacy in three
cases of vira



Varicella Zoster (shingles) and two cases of Herpes
Sinplex dermatitis.[0024] Thus, there is a need for a
wa ados/oeasaz ef f ecti ve pharnmaceuti cal fornul ati onpOT/US2005/022229

conmposition utilizing reaction products fromthe
oxi dation of an al kene conpound. Wat is al so needed
is a method for stinulating mtochondrial activity in
injured cells and resolving scar tissue such as that
which results froma burn. SUMMARY [ 0025] This
|nvent|on is directed to pharmaceutical fornulations

¥ng peroxidic species or reaction products

resul fr.om.oxi dat | f, an,unsat ur
compoli | 778 ehif® AGriap PR Clergy e igfpisne
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unsat urated al cohol, a stabili zj g SO

st Phranqbreipiof 49 unsaipietef Habhe stagh s Plhgrosdieperehvsinad
QGuineid @disiventidris@fso Hiketep tbafsémlﬁ:lﬂmrﬁﬁ&eutﬁdar fiotnhdtion to résolve

resal ve s ularly scar tissue

ek R@g %%S%argssue IQS"E % e peroxi di ¢ species or
reacti on products are preferably formed through the
react 108%6] of Tharupyidinwedss@r Baiarprogucts pig pEr&RbIAPINpd through

aRCRR%iSFoftaR @tkeﬂehﬁd bRAE ! it (eReiINReRped tha tkéi‘ﬂaﬁctlaxﬂﬂet%ﬁ 21+
pr.oceeds b ee nechani sm Acc

i e
B ReA 1o iAo e CorReBo-PaTRSY CNGF oAl ey s
Gih Séhame eam iti@erinitidl stap 4f, the rdlicpad ias 1,8yipolaaddiodddaion of ozone to
t Ik
Ao} e ISPV R BT, RS A pce
and ulmqtteqrsg!ole%cmlon@v@melytpl acpﬂ@vml sérenoundoangd a carbdsyhgaide. In the
CRIRQUR gth@(‘?éjagéhtsccﬁ[é Qﬁ’d“éébhlﬁ&o%m thi® ndv €3 AR BEiErs Bo AbRE

reagents or nucl eophi l'i ¢ solvent, this new

1,3 lmlﬂdb’@oaéﬁtl@?t@ givaths "sprealCenqaide a3 24 tHenalipe.
cycloaddition to give the "normal" ozonide, a

1,2, 4- trloxalane SCHEME 1 [Q0Z7] In a sige reaction,
the carbo oxi de ent er ﬁﬁfﬁ’a di mérJ-2ation to
gi ve a per oki d1—c='-dlx:}J 2 4, 5-tet ra‘?ﬁﬁane shown
in Schene 2 el ow.

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.

H\fg\o o R o‘-o
R —_— B_KJ)VH
R
eo‘-%n "
®

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
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SCHEME 2 [0028] The carbonyl oxide is a strongly
el ectrophilic species, and in the presence of
wonekeapspht | i c species (e.g. al cohols or water)PpPCT/US2005/022229
under goes facile nucl eophilic addition togive a
1- al koxyhydr oper oxi de, shown in Schenme 3 bel ow. Under
certain conditions, the 1- al koxyhydroperoxi de can
undergo further reaction to give carboxylic acid
derivatives [ 0029] Again, not manting to be bound by
t heory IS beljeved that during ozonol ysi s of
t2HE aér%wdremx&erﬁhﬁﬁn 131Skhemes 3i bﬁIOWh Qn%f &%Wtcondmons the 1-
lalRéRyAy droproxide carSund@@SRARD kedction tegi@aaibotyiakeid furiegive®j or
types of peroxidic products will be present: the
normal ozoni de, the carbonyl tetraoxane diner, and the
1-al koxyhydr oper oxigle. In the presence of water, sone
of these perOX|qu}pkpduct ARy, also Jead to the
presence of organirc penag*dgiln the- crfide product
m xture. [0030] The,present i Aiventi on % so i nvol ves
the use of a penetrating seteeEAt such as
di met hyl sul foxide ("DVMBO') to "stabilize" the initia

pr odugbs) of AhR, &z @&Qing% - bostid Byl theohyY it isYRlieve@ihhi dieingd Be
be bound by any theory, it is believed that

th
Sponglysis 9kthg a&ﬁ‘rh91§°%@tlg a}llfepe%wngheareéﬁnfﬂmeéﬂ%v {7 5asogpple to expect
pﬁwmmar&rapmypdsbﬂﬁmrdw PEIVIED: Wit b prosstt: mendmalazdmimj thpidohye

B B T Ltk e ROE R eSO R Bt e

yersideprddigs mexasnlkas, to e petisemet Wrgaukfp@nudﬂ inthegalde pioduct
F tabilized peroxidic nolecule and the penetrati ng

solvent of the current pharmaceutical fornulation are

?PdG%Af@E)?Or]n E: gﬁgsee%g\teﬁt o e{s al | %Yf'é ﬁ]? gs(rgg dmge?ranng s&vent suchas
mﬁd&'ﬂm&bﬂltﬂe{?(‘abMS@’f) mats@bili2n the titial rhdicabite eymlyssusimilady,

P v%r{ﬁng {o be bounla%y %r?gee > |1tt1%/ be?ﬁveg%a?{he %Qb%ﬁ%gp 15 Ql%stthgely a

ens e oxygen-’u excl
vvahdle shbetiorepiemuhenars HosverdncDE@ premowve §o bsfa nucleophlle in ts own

r%{ gﬁﬂ%fg%ﬁbﬂ?ﬂ%‘ass%wgﬁucg O%ﬁ%%?lntsﬁbxmlﬁﬂeactwe species

al ni ng ‘systens further conponent
dfor tehaenpém ay ﬁwe@mql@wm%%aﬂml e é‘ﬁb‘l‘%ed REOXAS Mplqeple 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-



redox conpound, such as a qui none. [0033] Although not
wanting to be bound by any theory, it is postul ated

W0 bavs/ovize2 pref erred pharnmaceutical fornul ati onp@BHUS2005/022229
conbi nation of biochem cal agents that induce
recycling autocatal ytic oxidation in infected or
dyspl asti c macrophages. The pharnmaceuti cal formnul ation
stinmul ates targeted apoptosis (cell suicide) through
unopposed peroxidation. Thus, the pharmaceutica
fornul ati on creates therapeutic effects in a nunber  of

Sumplptingl stimylatep tarasted apoptasts K@Hdpacg%a@w YAQBROSTSHREEpidation.
dhSCAs 6§amio@utﬁ§lrf8ﬂnﬁl&h&f oreaked ﬁleﬁbéiﬁlﬂaﬁ@tétm £ Almber of seemingly

fornulatlon en shown t.0o be tive.in reduc
e L M A T g I
femplatieichas doch shnm @/ bengffentisg dh eedgtiog obde bpdyaikiin whsistahee,

|nd|c tiV

OB R e Fyshei: RO p e R Pl iR 0
|e§"ecavths§1abtge@armﬂlabﬁteaanéab35@ct s burn injury 18 nonths
after the injury occurred; [0035] Figure 2 is a
phot ograph of the subject's burn injury 30 days after
an initial treatnent with the pharnmaceutica
formul ation, or a total of 6 intravenous treatnents
overthe course of 4 weeks; and [0036] Figure 3 is a
phot ograph of the subject's burn injury 6 nonths after
the initial treatnent with the pharnmaceutica
formul ation, or a total of 16 intravenous treatnents
Wi th the pharmaceutical fornulation over the course of
24 weeks. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS
[0037] The current invention pertains to
phar maceuti cal fornulations conprising peroxidic
speci es or reaction products resulting from oxidation
of an unsaturated organi c conmpound, in a liquid form
or in a solution, by an oxygen-containi ng oxidizing
agent; a penetrating solvent; a chelated dye; and an
aromati c redox conpound. The pharnmaceutica
formul ati ons may be used to resolve scar tissue and to
treat individuals who have been burned. In one
enbodi nent of the present invention, the essentia
conponents of the



phar maceutical fornulation include the peroxidic

products forned by ozonol ysis of an unsaturated
w@bk@ehadsp2 a stabilizing sol vent, netall opor phyp¢TuSmNS022229

qui none. [0038] The unsaturated organi ¢ conpound,

whi ch may al so be an unsaturated ol efinic hydrocarbon,

of the pharmaceutical fornulation can be an al kene

wi t hout a hydroxyl group, or a hydroxyl -contai ni ng

al kene. Preferably, the al kene has | ess than about 35

carbons. The al kene without a hydroxyl group may be an

SRIEE DESCRIETION OF BRAWINGS ocar bon, a monocycl i c

unsat ed h dr.ocar r

o i) o0 oK SRS BB AR M e o
mpBMOGMamh unsaturated aIcohoI a nonocyclic
unsaturated al cohol, or a bicyclic unsat ur at ed

al cohyeéss) Th $1gﬂfe&&§h®h&8g&a}ﬂx|o$me HidjeCiublumiin &gl 30 dhyafibi ax ndlial
oil, at

syl i B Phaateti oy PR grg e BT oAb over o
wossehs 8 imeelspld substituted, cyclic or conpl exed

al kenes, hydrazi nes, isoprenoids st eroi ds,

qui no[bbms Figfe0t leaghdd&raph epmp ﬁ%e@d ssommm/é AbiRES after the
proteins, or unsaturated f ﬁﬁ@%ﬁérre

el reptmns yith heiphapmacptiFal fqﬂavla'moga I3 vegpys treatments
alifk @R haraActuii@DPfRNofl Sver {h Okt of HOpdeNO0i ds are found
primarily in plants as constituents of essential oils.
VWi | e many i soprenoi ds are hydrocarbons,
oxygen-cont ai ning i soprenoi ds al so occur such as

al cohol s, al dehydes, and ketones. In a fornmal sense,
the buil ding bl ock of isoprenoid hydrocarbons may be
envi saged as the hydrocarbon isoprene,
CH2=C(CH3) - CH=CH2, although it is known that isoprene
itself is an end-product of isoprenoid biosynthesis
and not an internedi ate. |soprenoid hydrocarbons are
categori zed by the nunber of isoprene (CsHs) units
they contain. Thus, nonoterpenes have 2,

sesqui terpenes have 3, diterpenes have 4,
sesterterpenes have 5, triterpenes have 6, and
tetraterpenes have 8 isoprene units, respectively.
Tetrat er penes are nuch nore commonly known as

car ot enoi ds. [ 0041] Linonene and pi nene are exanpl es of
a nonot er pene. Farnesol and

-10-



nerol i dol are exanples of a sesquiterpene al coho

Vitam n Al and phytol are exanples of a dlterpene
wabmehalzonhi | e squal ene is an exanpl e of a triPer/psmes022229

Provitam n Ai, known as carotene, is an exanple of a

tetraterpene. GEranioI, a nonot er pene al cohol, is

l[iquid in both its oxygen bound and nornal states and

is safe to living cells. [0042] Preferred unsaturated

hydr ocarbons for the pharmaceutical formul ation

i ncl ude al kene i soprenoids, such as_nyricene

OETAILERRESCRIPFION OF PREFERRED EMBORIMENTS of or 1 ed

iu 2 g gﬁ @m g ‘ ﬁ%‘g{ﬁ%ﬂ%g"%ﬁ{‘]’ﬁ p%{ﬁsglotto gharm. C %ldc%&tlcal fgm‘tu[atxons comprising
ipsrogirlie mpeciys onuqe&tmm praducis nesahmg; frem oxidatigo qu asuxtsgmpiedm erghnic

SEPRAE U Pl Ry 2P, (7SR AR i g
wn@aetmg aolecit. @ .c@%amdcdye@n‘i)w%gﬂdwomﬁ@dr Th%ha‘ﬁt‘,‘??éﬂcal
G¥frlulafions Sy MR lusedOb r&OINP k@X BHudMndRo @bl eddividRIaR Gio 88vd Ben
its configuration. The unsaturated or an conpound

fhasrech P qﬂg})o%lseﬁgttof ithe BresgaisiBYsHdon g FFynti cupponepts plhe
@h&rﬁnﬁceﬁ@:abfoﬁﬂxﬁlﬁ@n%&lﬁe tthepepokidil ﬁ’lbdl@ts&'glﬁ‘[&ﬂ by [o@ﬁh@l%l]swAﬂ an

en-¢ ns rate arbpn. ca CnH2n, one
?i‘ﬂ’lraée%‘r?zcﬁ %‘H E’%lll'flﬂg SO%’?P% til?c’pf’ 'ngné’ tﬁj"g Iqum% onds,
n=4-20; CnH2n 1, three doubl e bonds, n=6-20; CnH2n-6,
four KB e Thewestuaied@reapic commpb Whih &g alse by ashunsaturated

YR G Ar&afbon, Of th&phhinthcddSical fokrhi1f1oR SM®e Wﬂﬁeﬁ&ﬁﬂﬂbﬁﬂ hydroxyl

0045] A
[@zﬂqpﬁ)]r ahyd g}?fg ocg%t(é{ging algn 2 af’rg{qag ed hﬁﬁe asq gx out 3? carbons.
@ﬂhbﬁﬂtcrﬂa withom zleddeﬁ daipdsayaiachn @pén-dhhin gmsahn—‘eﬁedﬂﬁlﬁrocarbon a
lic ungah ! Lcj)?elr onb 29 gl% c?i ng sgtur?iteﬁ h T%Q hydroxyl-
&qon fzﬁ/ﬁ pene h r bon

Ses
toonthieing @H&slehtyld ﬂ)@ @a rOlpcmchaiElO@%]ratﬁbMWQIL R cnqmn@ahmw&@te@ted
ha)’c@ﬁcﬁ GRL Q%Qll&lﬁ{s]atg &UH@I” Tﬁb all@ﬁ@né}q}épteeco%ﬂgd 1@5‘ﬂxetd\6@ an
rings, CnH2n-6, two doubl é bonds and
resteig 3 fatty aqd, ppan efPr.H O, sest ert er pene hydr ocar bon, or C
OH48, triterpene hydrocarbons.

[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.
Whiie 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(CH;)-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.
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[0047] An open-chain unsaturated al cohol can be:
CnH2nOn, , one doubl e bond, n=3-20, n¥l-4; CnH2n-20n,,
wo st e bonds, n=5-20, nEl-4; CnH2n-401 , B¢T/882005/022229

doubl e bonds, n=7-20, n¥l-4; CnH2n-60n , four double
bonds, n=9-20, n¥l-4; C25H400n,, n¥l-4, sesterterpene

al cohols; or C3oH48g m n¥l -4, triterpene

al cohol s. [ 0048] A nonocyclic unsaturated al cohol can

be: CnH2n-2g m one doubl e bond and one ring, n=3-20,

mel -4: CnH2n-49 m two doubl e bonds and one ring

n=5- 28041} L&“O“@H—EH PORE are eRARpkes (ph dHTROSBRRfS Eﬁn&ﬁ% and

rnbxﬁﬁldol ﬁegxa&gles oral sesﬁmte%ﬁhlm vitdtiih AdandpRbdlarderinaof a
&ne ; alc

?ﬁﬁa@f aﬁ\bkﬁ’?&"&‘% Koty §S’adt'ltfg§{‘p_é§% ac%‘Lt ey carrlovﬁt%m m% !—E"own as

©dratene, rRReA0pIslota topnapardGdraumol raj mrgsterpnm!’al@ib,l ighiquidin both
sf 1 ngs, n=7-20,
%We‘%‘“‘m‘%‘?‘?mﬁ% aﬁgggag%tt%ggltn \ré\%es:ne al cohols; or C

OH48(Mn itef ene, al cohols 050
Uhe. (PR aSFATE RSB G PPROBL T (5 PR BRFeA, Bpotor
tiftgudahiken Bograddidd angh af mgaumeaé;;aumex& @ehl, pntre, @ bmottend @Péferred

pref er abl from 1%+t0 ab
wg}u&t%&yérog’;arrbé)ﬁ om udﬁ IIW isoprent ¢co}§158%1ﬁ1t %%gﬁg? e?:ﬁatmg
dsoygemgroumtiaiariinmg Cbam Chiughi arsgtelagecri,t mmnetldi,enerol phytol, menthol,
qulgp UL g%lﬂgl Rfa04], 8t Q8or, Whi ch oxi di zes the
nsat u <§ rocarbon, may be singlet oxygen, oxygen
|n|ts r|p t state, uperOX|d L
per | o@g 1Y ﬂ?)aw&%wateﬁ %&?ﬁfaﬁ°mpﬂ*y§?’8§n%‘ﬁm%é${%2$‘a% cyclifs Rifel
pﬁbdmmldiai wittedtizamplecyds irdsicorefigudatonz did urpmlramd ategnicgpmpound

OXqX' nﬁel')l(psfm a 5asew% @1{11 or%c&@gté% p ec;%frldé il él%sbxxdlzhng agent
bi nd "activated oxygen" to intact an isoprenoid
al coht¥P44] sy cpen-gjidinaniatyratedihydrpgarbgy g hej (Hanggne double bond,

t20PRe QHUL, 880 BEIbWARAdsOr=AQVCCi M, 4, ieedidiitie bondd, hres-ZH) SANRLE

A gt e T

thyd:pc&hoant prerrature breakdown of the products.
Al t hough not wanting to be bound by any theory, it is

bel i eppgsh)t hat mbideydidtiRhiibies hydk RakeHMAbL IC, NS one double bond

and one ring, n=3-20; C,H;,.4, two double bonds and one ring, n=5-20; C,Hy.6, three double

bonds and one ring, n=7-20; CysHao, sesterterpene hydrocarbon; or CsoHus, triterpene
hydrocarbon.

[0046] A bicyclic unsaturated hydrocarbon can be: CyHaq.4, one double bond and
two rings, n=4-20; C,Hz,.¢, two double bonds and two rings, n=6-20; CasHao, sesterterpene
hydrocarbon; or CsgHygs, triterpene hydrocarbons.

[0047] An open-chain unsaturated alcohol can be: C,H2,0m, one double bond,
n=3-20, m=1-4; C,H2,.20m, two double bonds, n=5-20, m=1-4; C,H3,4On, three double
bonds, n=7-20, m=1-4; C;H2,.60m, four double bonds, n=9-20, m=1-4; C;5H49O, m=1-4,

sesterterpene alcohols; or C30H40m, m=1-4, triterpene alcohols.
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t etraoxane peroxidic dimer byproduct of geranio

ozonation, which is not an ozonide, occurs inside of
waeebdlo®oi3n2 t he presence of superoxi de ani on. ThecT/usz5/022229

reactive therapeutic agents rel eased are hydrogen

per oxi de and acetic acid. [0053] The pharmaceuti cal

formul ation also utilizes a penetrating solvent. The

penetrating solvent, which stablizes the oxygen-bound

unsat ur at ed hydrocarbon, may be an enollient, a

liquid, a |liposone, a mcelle nenbrane, or a vapor.

Usabl @048k netA menosyslic wrsotisied 2loshol s ke abnibes- %Ida‘tbilerﬂ‘?nd
faﬂ& §ne rink &=0128, mJ=1€4: [e¥: THAC t»ﬂh&b%ﬂb 8bridd @& one tih@nes-20, m=1-4;

4’%3}‘?@%@? ‘?Oas%ﬁfe Gl 'péc’ﬁlﬁ ?@‘e& gﬂa\qﬁ‘ém’“bdé sesterterpene

dlcnnilshyﬂ GbHLE @ incke 4, oyl alcobble preferred penetrating
sol vents i nclude DVSO, pol yvinyl pyrrolidone, and

pH- bufobsdjed (gcfkeunsamﬁe ABshb1 R RS @%H2n4@mﬂﬁ9@u51@t)dnﬁgnd two
sol vent i s DMS Based on _the total wei ht of

4
trgs: g fe@sbfi CdirdOor A 42udlsnbonds, and,Mioatingst Piged: m=1-4;

WO, mEeBA, ¥adriérpkietiBobdlq b CHRN0 L, m=abiothiter2894lcohols.
preferably from about 90%to about 98% and nore

pr ef e Oﬁﬁig fﬁa?e@oﬁﬁlg Ealxg rﬁ&@he%%&cg&ﬁéf’forhglgéoﬂ the;rzm@ne can

"st ab per OXI ecul Its penetratin

svety\f@mabﬂa()@oWe@wbmw,wfﬂﬁab&ff?ﬁmb@ﬁ@é %dm?hoefrﬁ(}"/y

K%f&ﬁ@ﬁﬂ&hh&ﬂtdfwwa%&@ow the Food and Drug
mnistration ("FDA"). These |ngred| ents are the

bj t .

fsgujn gﬁ)llsﬁ q’hfj%a/gf\lﬁcmel{ammg oxﬁla_g%aé? Iof\@ %‘Eng%ﬁt?c?legﬁnilsanon,

Setfich ofitiZRAB! Unsatfr9 @B firogutn veay b@mgiyofmmn qfgen ngts triplet state,
&?m%ﬁﬂ)l‘n Cdbne! n'gagt@'h yl édi@alCMogsneﬁérd;Ycﬁ al )h?erg)\{@e

erab ‘cont al ns el'ated dival ent or trival ent
rpetbeml P§{%1ﬁ‘e al@naowlowrox&epge}xygenﬁ)ﬁwrfeéérapwn TR STt

QholdbRit k8gModfe preferred chel ated netal is iron.
The propen3|ty of chel ated dyes such as

t al
08 10 S BRI ko R s
pdqop@rsscltay geranifleis byoprongtinyat |tqn9>elaw¢8 bespypra0- 2;96? ipiRerdarkgn the
TN aTs RN QYA TSI ﬁ&ﬁ'ts@lkléﬂt nﬂle %&%& ASzonidiS el ﬁlelqm%glvbcﬂaﬁlh 's'tglﬁhzed

natural or synthetic Exanpl es of these
iip é(pqm@MéQrub pqr]ﬁ§> prqvg)tg éreglé%geakq_gwp S tgbpfgqiqc}sn élthough 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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hem ns, porphins, corrins, texaphrins, nethylene bl ue,
hemat oxyl in, eosin, erythrosin, flavinoids,
wo a@bobizavi n, ant hracene dyes, hypericin, PCT/US2005/022229
met hyl chol ant hrene, neutral red, phthal ocyanine,
fluorescein, eunelanin, and pheonel anin. Preferred
dyes can be any natural or synthetic porphyrin,
hemat opor phyrin, chlorophyllin, rose bengal, their
respective congeners, or a mxture thereof. The nost
preferred dyes are naturally occurring porphyrins,
é‘tRMSQs) Iesniefeprimprejrating solyens inchude Dc%ﬂgaP Wlmmi)@nﬁsﬁyd
D1 Buersie@ SiSihe/ erhk thotpRkQrRd pdndsing solvehd iz bRGor adi at i on,
phonon, electrical cardiac pulse el ectroporati on,

magneltl)bgﬂ ICH’”Bsafe’d 0 th%ot% a r»]vlélo 1 {llth% h%él?acsu%g lofgl‘nflllaqgé 7t11e

Based ota arnmaceu
fpotrelmﬂuutspl@cmt om V@mfp@sabwtéﬁ% to #t@utc%?&ﬁ praferablyrfyonf sbowh 90% to

%p&hlt'bS"/Q aﬁ%&éﬁ@@éﬂ&bl%ﬂq bRk A e Rlo¥t Jsbom about 0.5%to

a bout 5% and nore ‘preferably from about 0.8%to about
. 5% 58] . A.f rther CO en the har

f or mﬂoh%?on |h§ EH ilizyd oﬁ%?’?“gy?]glﬁ%'i? aB% tmggaaﬂl?gge &

Gutide dios. cofiipeneats cnadntlg useddiopraiodpo uegﬂ:lamybyhbe &mod and Drug

AL&]’]‘% tltaHI)n QBA%nSHlQS%tl %&&e%g apeeﬂg (S)lgf)gé ?lnﬁru%g/[aster F11es Drug

qu| one,” or anthroqui none aromat’i
rl\éfemgramrmfisrwdisn the SISBANE, grarefesgerpihvotreognized As Safe (“GRAS”).
met hyl - benzoqui none, napht hoqui none, and

met hyjoosgpht h@ﬂmbmmgonefﬁmthapﬁatrmmlafcarfasraﬂlaammtﬁemed dye

d t
L e
tMgaamenm inggmesidox o gropwn d The prefeared chialatath mésgus 10n. 0]1%

Qut 2 f t,,0
f8 of gieBt/ A c§{e§ S&(glaQJ ﬁefaﬁ%ﬁ&g to se]'xd/‘h{e O%Q{Jttmder

d nor e era rom 1% t o about
@hgt%he{n@@laf@}naﬂrﬁels e, ﬁﬁ%‘é’éﬁ?q asls thechropghsify iobferrpromRiiysns and

ROETeE bBhy¥inf 6t biNab erb%nﬁﬂmfgrk?{tgﬂs Sgbbbﬁaiy@sf in@de natural or
el ectron ‘donor. UB el ectron donors

d
SvRipstiedyest Fpplentl thea% (67 Bl BPRER Rt Bt SOpRRS
)RS ﬁtﬂﬂm@ﬁ ESTHIY, tXaheEisg umemylede bluBr ldhatok dh, ebsectemmosm
r de ascor bat ger mani u esqui OXI
e RS, PRARRPELFr SRl BRI Helf .
gnhthaloeptahing, Gnerescein, eumelanin, and pheomelamn 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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[0061] Based on the total weight of the pharnmaceutica
formul ati on, the el ectron donor can vary from about
wW@208p021302 about 20% preferably from about 1% poOr/a8bmos/022229

10% and nore preferably from about 1% to about 5%

[0062] In order to obtain a biological effect in vivo,
the pharnmaceutical fornmulation is preferably infused

as an ozonol ysi s-generated peroxi di c product of an

unsat urat ed hydrocarbon, rather than an ozonide, in
conjunction with a superoxi de generating chel ated dye
repsehstityied hepeoquingns, RrRRBoquIpRRS: QFFathtognang ﬁwﬁerea?tt%?ﬁiox
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absorb into infected and dysplastic cells, which are

tahpyt 40yp.|apd mpre prefesgbly famabqusl; lc/i’ ©about WPhout wanting to

be bound by theory, the catal ase-induced destruction
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deunak bRBrbitOarddREmEhiiR kesguiskide i diBt Jréterrdd@leBirds Borf is ascorbic
hydr ogen peroxi de and acetic acid intracellularly. The

e P¥ 5ot i vation of the dye does not al ways
require light, but rather may occur through snmal
el ect ODE piﬁb@e)g thertatal iwdight of the piiagmacewtigahformulation thg electron

Rish 3 €an vl.{mm&%aﬁb@%o%o& Q@Etpke‘?e%“l)lfm“nabbtﬁ%tyib%&tl@% and

Macr op g hen tends to destroy the prenyiated
p’f“lﬁf@’Ffiﬁim Iy femgpdows  “orte ehowtXibul es Wi thin the cell, to

destroy the infecting toxin, or to induce apoptosis of
t he NEs062) p h dg eorfitotd aberin a t{icﬂW} efftve ip Ivammmepltatmvaéutical
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dimer mo){ecule should bg 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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preferably conprise the chelated dye and the aromatic
redox conmpound. The liquid ingredients preferably
W@ ooupn0se2 t he peroxi di c species or reaction prednus®05/022229
resulting from oxidation of the unsaturated
hydr ocarbon by the oxygen-containing active agent,
along with the penetrating solvent. Admnistration is
preferably intravenously. The reconstituted product
preferably may be adm ni stered intravenously as a
concentrate diluted in saline, Topical, ocular,
ivithinathe infectsd avacrophage thp tepdgto; Wfoattheeerarylw Protein; linkagg of
aﬁl&etupmesswlblnethé &Ik, @Sdebtidy tROiffettingtéxad, iop B indudt bsuptesis uf @e
Jﬁectr oF 1not preferred as it has a tendency to
toRhage ?ﬂ:%ff irritation. [0065] Administration of the
pharrraceutl cal formulation in vivo is effective in
resol 8064y s e pharmyangeticalfamiujagion iga|cgmbipation of sahlgingredients.
r@eddlidokddfinds ﬁﬁ%x@feQEf%Ae st@@@as'dﬂf SB%%%%&QM and ll%h&ﬁé’le(ﬁen\ﬁhﬁ’

have been burned
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eact
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f alyaif;
Otgéoh %%agil % g(ﬁ?lﬂ:%{ {\I Gl gﬁgﬁ eﬂk%ré:%%/ggtg?knofum} tﬂl@ rec?rrstltuﬁ:d
foreduetchrefpratly mayrhgpdoninigtered infravepoysly ag HéP@fé’@FaW ‘ilhtefi figgsaline.
?ﬂ' opRAEocuRr, MafSilonedlHektdl B 1ﬁ}§ﬁﬁéafﬂﬁéi§erie§ afé’ﬁls&ﬁﬁgble Idﬂ%s for

sk is surrounde by a cooling wat er
.aéengsgrtmn IS A iR ISP LT e%b*raéate BEneKip B smdle’— local
Stritdtioh.ng 1 S begun and a stream of ozone in dry oxygen
(typically 3% ozone) is passed through the mxture. It

s adm@é a9€4Mni tg\tlgd éfﬁﬁé}ﬁl@ml’a%ﬂ&? RRALSDOXVAED effective in

- through a gl ass %rrt but this 1s not necessary for a
srpsrorvrredcas BisuR pastiruedy rce@rsearqsg)tm&fwe P, adindggfiyedndividuals

SR eetgheihe reaction flask is weighed or the
reaction mxture is sanpled. The gas streamis then

re- ShANPFE 1. 0ZONOLYSIS 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. Itis advantageous to disperse

the ozonated oxygen through a glass frit, but this is not necessary for a stirred solution.
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[0069] Once the mass of the reaction flask shows
sufficient weight gain, or once the proton nmagnetic

shows the desired reduction in the intensity of the

ol efinic proton resonances (usually about 50%, the
gas flow is stopped. [0070] The ozonol ysis nay be
carried out as above, substituting a solution of the
al kene in a solvent non-reactive towards ozone such as
saturat ed hydrocarbons or chlorinated hydrocarbons.

Prodipalbn dheyass sreamyis siprped. 3ad thy reartiog figsl s éf@*%a?ﬁo%he TRpdtipn

Qrkixtie i @Mpled® O ikl streaihid Heh felktdrtsg an al kenol for the
al kene wi thout affecting the reaction in any

subst @g{ﬂ d}{?@t V\fﬁ,ass LAY, 1%%] na—xb@aslié ﬁlgsvg §u%1em \551%& Ealﬁ Jr once

t hen e Coo pene rati
dlas! Tveton mawwa@e (ﬂﬁEWAwe@m@f trlﬂlr_eafﬁmmuwwe

RERM LA SN n 1R2G &dsity otk @infc YA o ARES Wishfl B labout 50%), the

formul ati on of the present invention was prepared as
123} flayis stoRPeY- Spar gi ng an ozone/ pure oxygen gas m xture
of 120 ng/L up through an al kadi ene al coho

3, 7- diof] hy IThe o8nalpsisenatiydm cdrriedlout(ag elroam 'slé’lst)'tutirma sdlutionef the

% ke@A% 2 BRlentAOM feact&@?owm &%@e smhndg samﬁeéh@&a@a&&hwraﬂ&tmd

e reaction around (3) Renoving small aliquots
élfvdrp@dﬂ@m dhe proaelyiis mwmywby carpgd %a&eh% gv“wr Hlth%f\/F?l‘feH%

fsQ8sHRLiAR aREnol REHPAKAX Wikioht HBBRS BSreior if @ lsibStantive manner.
products; (4) Stopping the reaction when nore than

about o of .t he aval.l.ahl.e I d
r eact lélg‘pl ( 5)ThE)| elact on n!n elS %%{poép%}e s%&@ﬁﬁt?gﬂkw&oﬁ&‘}é&e%ﬁ&‘
agolvetthyl sul f oxi de (1 10) to give a solution or

di spersi on;

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

prepared as follows:

) 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;

“® 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

-17-
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(6) Prior to use in the target biological system a
m xture of hemat oporphyrin, rose bengal, and

waoredobyb2sompht hoqui none dry powders was added teCt/082005/022229

solution or dispersion in sufficient quantity to
create a concentration of 20 m cronol ar of each
conponent di spersed therein when delivered to the
target biol ogi cal system by saline intravenous
infusion. Optionally, ascorbate could be added to the
formul ation prior to use. EXAMPLE 3. EXAMPLES OF TH
PHARMACEUSYStEm bysehingatraveness ifesiers Priepglly, psspristy gyld be added
formul at i ege fkGuladn badrows. A WEI GHT % | NGREDI ENT
*Det erm ned by mass spectroscopy. B. VEIGHT %

s EaR 3 AR el FRORUERAG PSR Ao

was bigpT8d iTwogprefesid demtlptdns are es idéows: r esul ting from
spont aneous conbustion of bedtinme clothing while
gpeni ng and renoving food froma heated oven. Severity
of the bu ed fromfirs j degr ee,
covering g&ﬁgbgggfron1the Dat#g%gbéﬁﬁgsel to chin

Heat fromthe burn WasregihhfeMind BRMEAR feRxidalsh the

ext rusion of)-3BF east |i npl ant gyonRaHnio€ Rrad@s hospi tlal i zed
and treated in a professional burn center n Arlkansas,
andover theogoeirse of 18 nont hs pM$@r the burn was
adm t t eg—For—FH-vre—t+feirdents—of—sepsis—buring—tHi s 18
mont h peri od)-83pri or [t o RACO tHematopasphtyrinpr onounced
kel oi d[starring ttad [devel oped_at several sites
t hroughout tH& burn|fiel d. YebyisPhaduinedsnous i nf usi on
of Formulati B (difTuted 1cc n%@m&go cc of nor|ma
sal ine) was dcconplished over m it es, for altota
of six treat nent s*Deteenined @ @nagdespeqrescopyd .

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 burns ranged from first to third degree, covering an area from the patient’s
navel to chin. Heat from the bumn 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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No proximate or |ate adverse effects were noted.
Subsequent treatnents totaled 16 treatnents over a six
wobhoper i od. [ 0076] Phot ogr aphi ¢ docunent at | por/Dy200$1622229

Arkansas burn center showed evi dence of rapid

resol ution of the keloid scar tissue. Figure 1 shows
the patient's burn injury 18 nonths after it occurred.
Figure 2 shows the injury after the first six
treatnments over a 30 day period. Figure 3 shows the
injury after the subsequent 16 treatnments over a 6
rpertthe cpierpd b 48 marHlks aferith vrag pripitteddoriive ingidentsof pepsiei dHEiRS

RS cahsieh RAGK, Sric? WARED @dafmeRl fronduhd¥8 kel ST RAirAg Ridtdeveloped at
contract d dertn'tﬁ%l?he | ing with intact surface

Spyerahdfes 4% Yled for four years, allow ng
successful secondary plastic surgical _
r econi907Slct ilutragerREAFRENGHE Sor@ulpEom Adduted] ¢cantp HY ceoformal

P%xﬁmasq&ﬁhﬁgﬁs‘%@ov@ﬁ@ nitRdsi 64 thiQinbe sid &@auﬂ&ﬁs‘%%’r a 30 day perlod
i ncorporated by reference. U S. Patents U S

N proximasg or degepdyegseoieaty Weéezw@dssllbﬁ%t'@meamnts '@talsé 16 ‘696‘?‘6?‘6
[edal six@Ronth perioPat ent No. 4, 983,637 to Herman U. S.
Patent No. 5,086,076 to Hernan U. S. Patent No.

5,1 26 t vidence
Her rrawgﬁ? S. %&@%{@Rﬂ%ﬁgm{%& ?@)@%S%gﬁng%n%z zhgkgd ea de nt

N6 rapBl @dntigu of the kelpid peantissues Figwag b phownihe patient’s bun anjyry 18
HedniR Rrtdeit Secufred. €1pbireMRhowR thd QffurP 418er 1he fitsedi N eRAmiehd 6¥er a 30 day

Publ i cati ons
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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Orenstein, A, Klein, D., et al., The use of

por phyrins for eradication of Staphyl ococcus aureus in
wdooosovasond i nfecti ons. FEMSI nmunol MedM cr obi obCT052005/022229

19(4), pp. 307 - 44, Dec 1997. Wlfort, S.F., Reiken,

SR, et al., Control of hypertrophic scar growth

usi ng anti bodyt argeted photolysis. J Surg Res vol.

62(1), pp. 17 - 22, Apr 1996.WHAT IS CLAIMED IS: 1. A

met hod for resolving scar tissue in a patient

conprising: admnistering to the patient an effective

anmount of a phar macegiFERENERS OUTEY I ONn conpri si ng:
per oxi di c species or reaction products resulting from

oxi datj o f. t - :

0X getﬁi}ec%%%?%?'ﬁgpag%(nf |C§u|% Er}]ésaiélg gg@t&&ﬂ%}g Peﬁewrécora%ofgée rqll é) Y
cessnéeses terpineol, citronellol, nerol, linalool,
phytol, geraniol, perillyl alcohol, nenthol,

ger anyl gerani ol or farnasslPateatsd wherein the peroxidic
species or reaction products resulting from oxidation

ofy. s"BRLhA. 4951 4906, BLwgye is from about 0.001%to about
W.%Mnﬂﬁ&.gbbl,afz td bevipdar maceuti cal fornul ation; a

PE B Statedit 19,9806 ermadner €i N t he penetrating sol vent
COBHatesi 0. 3j08®076Yd Hethhoxi de, sterol, |ecithin,

pU.S MBatedt1éo. §J19& 16 to HeErmart hyl sul f onyl net hane, and

V.81 Ratent N1 8, 1p@9G 16 Hérimag sol vent i s from about 50%to
abh.S LRate8Y6. Byt OWRI9ghHerokn t he phar maceuti cal fornul ati on;
aU yRatepiie- 2i260,343 taHedmeh at ed di val ent or trival ent

nief altatentitie b 27 h34deHeyan conpri ses por phyrin, rose
bléAgRarent N P3p6PIe Herman hem n,

Other Publications

Orenstein, A., Klein, D., et al., The use of porphyrins for eradication of Staphylococcus
aureus in burn wound infections. FEMS Immunol Med Microbiol vol. 19(4), pp. 307 -
44, Dec 1997.

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.
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corrins, texaphrin, nethylene blue, hematoxylin,
eosin, erythrosin, |actoflavin, anthracene dye,
woy@enoxson, et hyl chol ant hrene, neutral red, PCT/US2005/022229

pht hal ocyani ne, fluorescein, eunelanin, or

pheonel anin, and wherein the dye is fromabout 0.1%to

about 30% by wei ght of the pharnmaceutical fornulation;

and an aromati c redox compound, wherein the redox

conmpound conprises substituted or unsubstituted
%C}Ollél(?:g e gPht hoqui none, or ant hroqui none, and
erein e aromatic redox conpound is from about

0. 01%to aﬁ qut _ 20% ht of the pharmaceuti cal

flor mupdpsthgA fos resqlying ﬁ“)éftllfé‘t? B PRUFSCHTA S Gher ei n t he

al kene is adnnmatehngm dhef patiant anneffecsa@l srnoudn of @r plafmageutical

di spe;ormfﬂnnonc - r1e met hod of claim 1, wherein the

al kene '1's At ned in a fixed oil, an ester, a fatty

acid, or an etmldmsmﬁﬁeormmwrgﬁucelr@mting fromjrasidetion of

the oxygen-cont ai n'n{agth&mf&Iaﬁ&&%y%gs@%encceﬂaﬁmgmmgagem

singl et oxygen, oxygen in its tiiplet state

super oxi de” ani on, g?fF‘Bdhet alkengrmppisgs termiggob gitronellol, nerol,

Eydr oglen per OXId de, nadldroyl plﬁ?tbloxg&ﬁnolcaﬁeﬂﬂﬂ}”aldaﬁdloxrhaﬂml
enzoyl peroxide, or o en tra

o oot .5, “The. e EHENESRE| o AHFE! kst e paoxie species
oxygen-cont ai ni ng oxdeattian mgluetg&mﬂtmdmmomlmnoﬁomckﬁthe
The method of cl ai . GH G § foPEELE 3ok BO SR PR
is aliquid, mcel posone, envol1ieft, or
vapor. 7. The met hoham#cegicdufm!atIMergi n the
penetrating so} YEidtrating sgllvm?,t Whekei ltlfeoﬁ%hgﬁting 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
formulation;

a dye containing a chelated divalent or trivalent metal, wherein the
dye comprises porphyrin, rose bengal, chlorophyllin, hemin,
corrins, texaphrin, methylene blue, hematoxylin, eosin,
erythrosin, lactoflavin, anthracene dye, hypericin,
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, naphthoquinone, or
anthroquinone, and wherein the aromatic redox compound is
from about 0.01% to about 20% by weight of the

pharmaceutical formulation.
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("DVsO'). 8. The nmethod of claim1l1l, wherein the dye
conpri ses porphyrin, rose bengal, or a m xture

wo b@omafzo2 9. The nethod of claiml, wherein thecesmans22229
conprises iron. 10. The nmethod of claim 1, wherein the
netal conprises copper, nmanganese, tin, nmagnesium or
strontium 11. The nethod of claim1l1, further
conprising an electron donor. 12. The nethod of claim
11, wherein the el ectron donor conprises ascorbic acid
or a pharmaceutical salt thereof, 13. The nmethod of
A-ai mrhe metkndrod Flaim h hereintheraikeng je inadigidfrm, myasaiution, ofrip 2
to thegspatdnent. 14. A nethod for resolving scar tissue
in a patient conprising: admnistering to the patient
an effective anount of a pharnmaceutical fornulation
conpr Tk meghodjpbelaini | vkereipthedlkese tscontaingd inf adixegoib angstes a fatty
resul §didgr {rep oxi dation of geraniol by a mxture of
ozone and oxygen; di nethyl sul foxide ("DVMSO'); a dye
containing a chelated divalent or trivalent netal,
wher eilie métkoddhf elago hprhiesgsthaoxygon-wneingf okidizing gt gimprisas
and r I I, X f '
et or o TR oxertaif it Sal pEIRL A Bl 20k
met hothdistl ydeien peepxidpvliyknerpxidpsarbamyl perpide, kenzybRArexids, or
from gyt tbubdo b A8nsiRh bRMEnt. 16. A nmethod for treating
a patient with an injury resulting froma burn
conprising: admnistering to the patient an effective
afrouniThemethodyi glaimn d.exhteretrathe prygendontaining ogidiFe iaginhepmprises

ozone.

6. The method of claim 1, wherein the penetrating solvent is a liquid, micelle membrane,

liposome, emollient, or vapor.

7. The method of claim 1, wherein the penetrating solvent is dimethylsulfoxide
(“DMSQ”).
8. The method of claim 1, wherein the dye comprises porphyrin, rose bengal, or a

mixture thereof.

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

10. The method of claim 1, wherein the metal comprises copper, manganese, tin,

magnesium, or strontium.

11.  The method of claim 1, further comprising an electron donor.

12. The method of claim 11, wherein the electron donor comprises ascorbic acid or a

pharmaceutical salt thereof.

13.  The method of claim 1, wherein the scar tissue resulted from a burn to the patient.
22-



per oxi di c species or reaction products resulting from
oxi dation of nenthol or an al kene by an

WwW@z200gem3epnt ai ni ng oxi di zi ng agent, wherei n t heCBURB0®022229
conprises terpineol, citronellol, nerol, linalool,
phytol, geraniol, perillyl alcohol, nenthol,
geranyl gerani ol or farnesol, and wherein the peroxidic
species or reaction products resulting from oxidation
of ment hoI or the al kene is from about 0.001%to about
30% b ht of the pharmaceutical formulation; a
pénet é&eflﬁ fag gRsQRiRg Scarfisenedn HPAIFRS CHBATSE At | ng sol vent
conpri ses adinBiehyd $dilHeopatiel, anSéfRicile, arh@@i bhianpharmaceutical
pr opy%0 eltgl col o_r nmet hyl sul f onyl net hane, and
wher el’fH"tHE % P8ting solvent is from about 50%to
about 99% by werqhiic spci¢shre rgabtaomnmodacts iretsaltiné eormeokidatioo rof
a dye containing a %MAI%?%;&WG&J&&E %é val ent
netal, wherein t he® rises porp yr| rose
bengal , chl or ofgthylsufoxideWMSODpr ri ns, t exaphrin,

met hyl ene bl ue, dﬁ%amlmyh kilate@QUBJaldnt &w@t&m&m, wherein the
| act of | avi n, ant'hracene dye

hyperi ci n, met hyl ch8Ye£APRR Wem‘xﬂ‘é"lﬁflh%{’f‘at?péﬂ’hy“n and rose bengal
pht hal ocyani ne fI umreﬁmmdﬁhexﬁamse}payﬂnmnd ctlorophyllin; and
pheonel ani n, h 1 ﬁtgo rl}ngrge dye is fromabout 0.1%to
about 30% by WGI g’h’f POTOYHE pharmaceutical fornul ation;
and an aromati c redox conmpound, wherein the redox

CIGNP OO SRVARRDE £18E:S] 4 SWikkedinl thelicaidtistile réstised Bhnl al bukn@6l the patient.
benzoqui none, napht hoqui none, or anthroqui none, and

wherein the aromatic redox conpound is
16. A method for treating a patient with an injury resulting from a burn comprising:

administering to the patient an effective amount of a pharmaceutical
formulation comprising:

peroxidic species or reaction products resulting from oxidation of
menthol or an alkene by an oxygen-containing oxidizing agent,
wherein the alkene comprises terpineol, citronellol, nerol,
linalool, phytol, geraniol, perillyl alcohol, menthol,
geranylgeraniol or farnesol, and wherein the peroxidic species
or reaction products resulting from oxidation of mentho!l or the
alkene is from about 0.001% to about 30% by weight of the
pharmaceutical formulation;

a penetrating solvent, wherein the 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
formulation;

a dye containing a chelated divalent or trivalent metal, wherein the
dye comprises porphyrin, rose bengal, chlorophyllin, hemin,
corrins, texaphrin, methylene blue, hematoxylin, eosin,

erythrosin, lactoflavin, anthracene dye, hypericin,
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from about 0.01%to about 20% by wei ght of the

phar maceutical fornulation. 17. The nethod of claim1,
wob@sm0230t he al kene is in aliquid form in a BOI/US2005022229

or in a dispersion. 18. The nmethod of claim1, wherein

the al kene is contained in a fixed oil, an ester, a

fatty acid, or an ether. 19. The nethod of claim1,

wher ei n t he oxygen-contai ni ng oxi di zi ng agent

conpri ses singlet oxygen, oxygen in its triplet state,

super oxi de ani on, periodate, hydroxyl radica

hydr ogen per oxi de, “‘eﬁthkl)?mlaﬁé\f@ﬁ»lnd‘éfal i Phh#gIyanies: Buaresesin,

benzoyl peroxi de, hm{éﬁﬂmta@dﬁhérélﬂiﬁSd)tehmbmabout

el ement. 20. The t hod of cl ere
oxygen-containingngﬂ F%lB égéﬂ#ycﬁ i egwogﬁﬂg?mffﬂ
The net hod of clalﬁn&uhmn@mﬂln the penetrating sol vent

is a liquid, I’r%lm ar, nﬁﬁc{!ﬁ c[)li%goeuhd fhprgﬁmddoP%thﬁggmpnggs

vapor. 22. The ne
penetrating sol vensubstiuidd eransubdtigiedbenzoqimore; IRREYpinorR 3r

The nethod of clai gﬁtﬂquﬁ\({b%é eclh&]wﬁé?&n Y SromMBHE Aoz €8mpound is
por phyrin, rose bengal, or a mxture thereof.24. The

met hod of claim 1, figmerkquh GH& ﬁ%taé’l"“tca%r%é%elghfo‘ﬁ the

25. The nethod of @ghamiBedticaMb@iutioh.t he nmetal conprises
copper, nmanganese, tin, magnesium or strontium 26.

The method of claim1, further conprising an electron
dfnor Thermethops clevst hadiersih thel allens it In a gyisfesmy inarpelution, or in a
el ect gfGnor conprises ascorbic acid or a

phar maceutical salt thereof.

18. The method of claim 1, wherein the alkene is contained in a fixed oil, an ester, a fatty

acid, or an ether.

19.  The method 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.

20.  The method of claim 1, wherein the oxygen-containing oxidizing agent comprises

ozone.

21.  The method of claim 1, wherein the penetrating solvent is a liquid, micelle membrane,

liposome, emollient, or vapor.

22.  The method of claim 1, wherein the penetrating solvent is dimethylsulfoxide
(“DMSO”).

23.  The method of claim 1, wherein the dye comprises porphyrin, rose bengal, or a

mixture thereof.
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28. A nethod for treating a patient wwth an injury
resulting froma burn conprising: adm nistering to the

w@adosmonzoan ef fective anount of a phar maceuti ced'T/US2005/022229

formul ati on conprising: peroxidic species or reaction
products resulting from oxidation of geraniol by a

m xture of ozone and oxygen; dinethyl sul f oxi de
("DVBO'); a dye containing a chelated dival ent or
trivalent netal, wherein the dye conprises a m xture
of henatoporphyrln and rose bengal. or a m xture of
Fémat Srorgindof Haimnle wheteip the prstpl qorm?nsea Hen-

nmet hyl napht hoqui none.
25. The method of claim 1, wherein the metal comprises copper, manganese, tin,

magnesium, or strontium.
26. The method of claim 1, further comprising an electron donor.

27. The method of claim 11, wherein the electron donor comprises ascorbic acid or a

pharmaceutical salt thereof.

28. A method for treating a patient with an injury resulting from a burn comprising:
administering to the patient an effective amount of a pharmaceutical
formulation comprising:

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

dimethylsulfoxide (“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 chlorophyllin; and

methylnaphthoquinone.
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