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PCT Gazette. M N OD N (54) Title: USES OF TARGETED OXI DATI VE

THERAPEUTI C FERKGROUNN AN ARVIMARECI EROSI S (57) Abstract: The use of a
pharmaceutical fornulation in treating coronary arteriosclerosis and a

t wo- conponent pharnmaceutical fornmulation. The pharnmaceutical formnulation
cont ai ns per oxi di dccepsingtesn gpeat é%tb‘ti’r@#?nfdnﬁﬁjﬁmﬁleﬁésnﬂoﬁﬁwgﬂﬂf rom oxi dati on of
an al kene,  2HGBofAREAR Bhnpritils: 8:Pa %&rs&& %‘&%”9 agent, such
as ozone; a penetrating sol Fvent - such OXI a dye

cont ai ni ng aiaiknbasecdmprting: Pe@uélh Smlehmcép‘bwrpW?serﬁUItlaaﬁomn aromatic redox
conpound, sughi, NBixtulehf =Ta11]=Ys ARGETED

OXI DATI VE THERA%‘E“{#Fa %%FOQI\%%ATI A R S G Mo B e SOND. AND
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penetrating solvent comprises dimethylsulfoxide, sterol, lecithin, propylene

glycol, or methylsulfonylmethane; and a second container a solid phase, the solid
phase comprising: a dye containing a chelated divalent or trivalent metal, wherein
the dye comprises porphyrin, rose bengal, chlorophyllin, hemin, corrins,
texaphrin, methylene blue, hematoxylin, eosin, erythrosine, lactoflavin, anthracene
- dye, hypercin, methylcholanthrene, neutral red, or fluorescein; and an aromatic

redox compound, wherein the redox compound comprises substituted or
unsubstituted benzoquinone, naphthoquinone, or anthroquinone, wherein the
liquid phase and the solid phase in combination comprise about 0.001% to about
30% by weight of the alkene, from about 50% to about 99% by weight of the
penetrating solvent, from about 0.1% to about 30% by weight of the dye, and from
about 0.01% to about 20% by weight of the aromatic redox compound.

An embodiment of the present invention relates to a composition containing
peroxidic species or oxidation products, its method of preparation, and its use.

. Another embodiment relates to a two-component system of a pharmaceutical
formulation which contains: peroxidic species or reaction products resulting from
oxidation of an olefinic compound, in a liquid form or in a solution, by an oxygen-
‘containing oxidizing agent; a penetrating solvent; a dye containing a chelated metal;
and an aromatic redox compound. Yet another embodiment relates to the preparation

of the pharmaceutical formulation and its use in treating coronary arteriosclerosis.




| i qui d phase conprising: peroxidic species or reaction products resulting

. from oxidation of an alkene by a m xture of ozone and XUEH ein the
s . ; .Z?ﬂ’bﬁ

al kene conprises a-terpineol, citronellol, nerol, |inal oo phytol,

geraniol, perillyl alcohol, nethol, geranylgeraniol or farnesol; a

penetrating sol vent, wherein the penetrating solvent conprises

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

met hyl sul f onyl met hane; and a second contai ner a solid phase, the solid

phase conprising: a dye containing a chelated divalent or trivalent netal,
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conprises”substituted or unsubstituted benzoqui none, naphthoqui none, or
ant hr oqulcerdesdassodhwitlpiany frgerest indig medigH aikizaiond At e begiaing ddhase i n conbi nati on

COMP i 5 Gy oW 10K RCHWHr 130034l for B0 HeimiBl-hbuidly W iddene. from about

50% t o about 99% by wei penetrating solvent, fromabout 0.1 %to
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~veight %edkm%p@fmwsiﬁlsm&bmgm@m&yomﬁﬁe@@ﬂﬁg@m of the present

invention relates to a conposition containing, peroxidic species or
oxi dat i dvinbersenides and pepisillingkin gy 1840s ploapwithikersitismaprgciptedwitse.  Anot her
embod’ MeRtinkiaabARaldls o ¥ AORRRRI of MEFHAL 10 iRy RORY BRGEUL ! Cal

formul ati on wn contal ns: “peroxidic species or feaction products

resul t i hnieal eavamkihadbden mied ta Ruropesn prvaée peesfigrotifiineddefala |iquid formor in a
SO|Utl0ﬂmkhmlﬁpmﬂg%%ﬁﬁpa&QQH&hﬂhﬂﬁmﬂgﬁgh%hﬁghéﬁgﬂmﬁ a penetrating sol vent;

a dye containing el'ated netal; an aromatic redox conmpound. Yet
anot her ndsebengptipaithat ezeheis 8 serions poffutayy thp Hreg radisal” thgpryhdisegssar maceut i cal

for mul aty, i1 sdSembd? nlafiealal QUL AR d&hiRgeherosis. 1 23
Septenbe#ggg%@QE?ong$Psma trlatoﬁ?%ﬁgas nnﬁégﬁ?e and an allotropic form of

 oxygen. orthodgxxagpiastitghicai ned by means of an. electrical discharge or intense
ultraviolet Iight through pure oxygen- After the discovery of ozone by

- Christian Frofgs ihedpySs hoiashe. Dhonbdi exGdnely dRGBE uRdSsRed W t hout any
“dnterest inits ne |cal_utLI|€%%ron. At the_be |nn|ng of World war I,

Al bert B it yacelniss ofaetion pecitielated fadthe by-praducts Bt |1y when .it.was

through selective interaction with organic compounds present in the plasma and in the

cellular membranes. The selective reaction of ozone with unsaturated olefins occurs

la




adm ni stered for the topical healing of infected wounds. However,

devel opnment of nedical applications was inpeded by th %i scover f
antibiotic drugs (sul phonam des and penicillin) in thg3 5&6?%57%9103 W th
skepticismassociated with the.internal applications of ozone gas in the
field of woadiomsssse. For sixty years, ozone clinical repsgesieheokad been
limted to European private practice with anecdotal - material not published
in peer-reviewed journals. Mreover, the popular msconception that ozone
.1s a serious pollutant, the "free radical" theory of disease, and the

ant i oxi dant, .suppl enent rket have conprehensibly .prejydi. di cal

or t hodoxy %{(ﬁﬂ ‘ﬁg’l"nﬁa@oﬁg‘g‘%blf%?g SPW@WOIP%S:A Obﬁ?lgﬁr}g@c%yééglﬁém s an
extrenely feRsdion Prodisds, BABIRE lafs ungiable whd dte AR GRRPeBThOherBlven directly
related to the by-products than it generates through selective interaction

wi th organic cqoppounds pr, sen{) in the plasma, and in the  cellular

menbr anes. The Qgen perexidetlpa).dliscoyeresdan L1 Saisrese 41 0alWs ilRCE| of i ns occurs
la 23 Septghdhfts. ?ﬂ%gﬁ@e%&ﬁ%@%&b%z%é h&@%%@%le%ﬂy iheng HhBPR- car bon

doubl e bond, generati ozoni : one is"toxic by rtself, and its

reactsi on plitedisentact vothomgaissmenbrancs At paicylatadatter.cLighbt, agilaberapeut i ¢ by

t hensel ves, drogen peroxi 0 Il scoverl.ed, | 18, .1s present in
nature i nslfera QY amgirn%lua@tagtfe)f qgtrh(%g%%g%h Flgo)%?bger?)é&udr%{'}g%‘f%én%}ér% deconposes
violently fohmiens) when in 5 direct contact with organi c nenbranes and
particul ate matter. Light, agitation, heating, and iron all accelerate the

rate of hydrog er oxi de, dec osition jn. . solution. drogen peroxi de by
direct contact %B’QP%FQ/WIW@QC{?’ ‘ﬁﬁrg’gtr"%t@%tefﬁ%{? %%CI?%%&F E%’g Il%“gpf _

per oxi de- dggdld bﬁﬁid@ﬂé@ﬁ%ﬁﬁ ehAhRE, 38 Rses FPor ihdbfld Tke ishBere is no 10
bactericidal effect when yﬁrogen peroxide is infused into the bl ood of
rabdift s iberlegeidd effpat wherehysikogse perexide isinfaset inte Bieibloofief bbiés | i ncreasing t he
concent r at;] . g - Wi ' ' : gg? ntai ni ng E.
coli pr odu%%gte%gnﬂé@l %ﬁ%g&g e “|°¥’ie3'c 5%29@@?%?%%“ ac |°V|n@§§h%ﬁe | ack of

ef fect of perayidecwwhe i rabbit arlsmeh blopd cantpimng Beaoti prafincesas ediderwefy rel ated to

the prese n(ﬁr%cﬁfacttelti]{gdag gét%tly.d'?ﬁedlgc torf%}éflecq de l%rgll% {oncentrations of hydrogen

peroxide was directly related to the presence of the peroxide-destroying enzyme,

15 catalase. To have any effect, high concentrations of hydrogen peroxide would have to
be in confact 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.
One must conclude that hydrogen peroxide introduced info the blood stream by

20 injection or infusion does not directly act as an extracellular germicide in blood or

extracellular fluids.

| However, hydrogen peroxide does participate in the bactericidal processes
within activated macrophage cells. The critical therapeutic criteria for intracellular
peroxidation are the selective delivery, absorption and activation of peroxidic carrier
25  molecules into only diseased macrophages, which are believed to be incapable of
upgraded catalase and glutathione reductase activity, Infused hydrogen peroxideis a
generalized poison whereas targeted intracellular peroxidation is a selective

therapeutic tool.

U.S. Patent No. 4,451,480 to De Villez teaches a composition and method for

30 treating acne. The method includes topically treating the affecied area with an
2




15 catal ase. To have any effect, high concentrations of hydrogen peroxide
woul d have to be in contact with the bacteria for Sigﬁhﬁ%@ﬂﬂﬁm Q%Bods of
~time. Large anounts of hydrogen peroxide-destroying enzynes, such as
catal ase, normally present in the blood make it inpossible for peroxide to
exi st i nwo @adkstor nore than a few seconds. One nust pepowbadee t hat

hydr ogen peroxi de introduced into the bl ood stream by 20 injection or

i nfusion does not directly act as an extracellular germcide in blood or
extracel lular fluids. However, hydrogen peroxi de does participate in the
bactericidal processes, .wi.thin activated cyophage cells.” The critical
Chor apeut | SPoBPPEBRREN Fgh A4 LB iRE Qo) BE G ORFAPES YR  oel cot | ve
delivery, abaIspith@damaitpsdidsvyation of peroxidic carrier 25 nolecules into
only di seased nacrophages, which are believed to be incapable of upgraded

catal ase and glutathione r_eductase activity. infused ,hydrogen peroxide is
a generalized Iﬁéi%wtwﬁe%"éé%ﬁaq@%? z?hﬁ”ﬁéﬁ@??‘lﬁéé&qﬂgg%w ionis a
sel ective  dnhsraRfmtad miicAghs. U S. Patent No. 4,451,480 to De Villez teaches

a conposition and nmethod for 30 treating acne. The nethod includes

topically treatin%the affected area with an 2 23 Septenber 2005 WO
02/ 078623 PCT/ UEB2Tatmmb 9. 498337 bt erae diselpses e methed t9 paseatesallyiteat ng vari ous

fixed oil : ot o6l : d'ﬂ{”&%ﬂ FS HJatty acids. U S
Pat ent m.ﬁ%ﬁ%}i}gﬁ'ﬁg@?@?ﬁ%gas owWs ahﬁ%)ozngénelpge BD?H%(])J} oba used to
control m pinnbicalticeldy actptahkscardidrS. Patent No. 4,983,637 to Herman di scl oses
a nethod to parenterally treat |ocal and systemic viral infections by

adm ni stering | des,.of r in har maceut i cal.l.y accept abl e
carrier. US. gg?’?rfi‘?en o 556%59288’?%61?18‘1 %’P‘prsrﬁ?la% %cog}?ogl%%ﬁ} viral conposition
cont ai ni NGconfind@ d datiier adlarbekoNide f Lherpeite. Aht espEuRGion Thaitdeesi tion is
suitable for 10 system.c admnistration or |ocal application. U S. Patent

No. B, 126, Bvemicodmanististiogesiesal mrpdicafioRet hod to topically treat a

U.S. Patent No. 5,126,376 to Herman describes a method to topically ireat a

viral infection in a mamimal using an ozonide of a terpene in a carrier.

U.S. Patent No. 5,190,977 to Herman teaches an antiviral composition
containing a non-aqueous carrier and an ozonide of a terpene suitable for systemic

15 injection.

U.S. Patent No. 5,190,979 to Herman describes a method to parenterally treat

a medical condition in a mammal vsing an ozonide of a terpene in a carrier.

U.S. Patent No. 5,260,342 to Herman teaches a method to parenterally treat

viral infections in a mammal using an ozonide of a terpene in a carrier.

20 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.

U.S. Patent No. 5,364,879 to Herman describes a composition for the
25 treatment of a medical condition in a mammal, the composition contains a diperoxide
ot trioxolane derivative of a non-terpene unsaturated hydrocarbon which derivative is
prepared by ozonizing below 35° C the unsaturated hydrocarbon in a carrier. -
3




viral infection in a mammal using an ozonide of a terpene in a carrier.
‘U.S. Patent No. 5,190,977 to Hernman teaches an antivirabgﬁya%§%§¢ﬁ§1
cont ai ni ng anon-aqueous carrier and an ozoni de of a terpene suitable for
systemic 15 injection. U S. Patent No. 5,190,979 to Herman describes a
met hod twomanemeiseral ly treat a nedical condition in pcreswedesuusi ng an
ozonide of a terpene in a carrier. U S Patent No. 5,260,342 to Hernman
teaches a nethod to parenterally treat viral infections in a mamual using
- an ozonide of a terpene in a carrier. 20 U S. Patent No. 5,270,344 to

Her man shows a t.hod to tre a systenic i sEr in a.manmal by applyin
o he T heee: Pt ithe oY Rirkt Saon'des L et e Ger Lvary v of
an unsat urpiigshiony, déparRIdRendetisplay afltipkadefiviendics. Foepampl, gnidezdni zi ng t he

unsat ur at ed hydrocarbon di ssolved in a non polar sqlvent. U S. Patent No.
5, 364, 879 BendiEpenRgsugl avpyises 2ad Hpansas, flamsa optgn thedebomloryy eat nent of a

edi cal _ copglel iy, fueh wRITRloo daiEx SRR 6@ a6 ns @ di per oxi de - or

tri oxol ane vat’ve’of a non-terpene unsaturated hydrocarbon which

derivative is 3_‘pr epared by ozoni zing bel ow 35 C the unsaturated hydrocarbon
in aScarrier. MmewSMW@mWMQWE@Wrmspi te the
reports on. t . ; i I ﬁﬁ'ﬁf"t’ el i ndi cati ons,

t er pene ozlgr]lfligsedsﬁgll@%F@?%&Eﬁ?%%@ﬁ%?@%&%@ or exanp dg’{,erozoni des of

monot er penghingles) AndBvonassof temesiSiptor demerfitif.| amed out in the | aboratory.
Consequently, they would be too dangerous to fornulate or store, 5

Furth , id f i ol ' t el hol , i t
or | in DNBO di & Hehegt s LI 2 B PR g i BEURadE of viral
Varicel |l a £pgis@bout ﬁé%ﬂ%%@ﬂﬂﬁéé@nﬁﬁsﬁﬁ r&porsIPRS 1 Sitrh athlgr mat i ti s,

Coronary heart disease g is the single largest killer ip the U S It

af f dét s~ abletaiingnearly pbaub halpeeiflien 3 Yeat nihs dissensds GpuseH DY e an@epeAsi bl e for 1
out of 5 %@%@eﬁ3§W%mgﬁ lo?bl@?cﬁfﬁs 83h bs Gholtstelol YRosmyear . The

di sease is ¢ narr ow ng’ o e large arteries by plaques made up
of bl ood fratsle cslls; holager wl otiet protding, axdwytrhcalams dépesitse [The parswlingagen and

Ot T O o tn T Rarier the STy BRGS0 the Har? Abcl¥! (M can cause

angina, which involves episodes of chest pain due to decrease supply of blood flow

15 and oxygen to the heart muscle. About 6.3 million Americans suffer from angina.
CHD can lead to myocardial infarctions, commonly known as heart attacks where
tissues in portions of a heart die because of inadequate blood supply. This occurs

- when one of the coronary arteries becomes completely blocked. Heart attacks affect
over 1 million of Americans each year. When the heart muscle is damaged, it has

20 problems pumping blood efficiently, causing congestive heart failure, which affects
about 5.6 million Americans. Then, about 4.3 million Americans have heart rhythm
disfurbances, which are known as arthythmias.

There is, therefore, a pressing need for new and curative treatments for these

diseases.

25




of the arteries in turn hanper the supply of blood to the heart nuscle. CHD
can cause angina, which invol ves epi sodes of chest pai %ﬁﬁgease
supply of blood flow 15 and oxygen to the heart nuscle?gsggﬁ?h%? mllion
Anericans suffer fromangina. CHD can |lead to nyocardial infarctions,
commonl ywiknomrssss heart attacks where tissues in porpeooszodisa heart die
because of inadequate blood supply. This occurs when one of the coronary
arteries becones conpletely bl ocked. Heart attacks affect over I mllion
of Americans each year. When the heart nuscle is damaged, it has 20

bl ood efficiently, causing congestive heart failure, which

probl ens pun,El ng
affects % LIy DESORIBEION . i cans. Then, about 4.3 mllion Anericans

have heart rhythm disturbances, which are known as arrhythnias. There is,
therefore, a pmespichat Meafioh MlattavcangbsiohdédnyRising paroriiisbeciddior t hese

di seases. 25 4 23 Septenber 2005 WO 02/ 078623 DETAI LED DESCRI PTI ON

PCT/ US02/ Ge®ton meduqty iesdiing fromyexidation of & ypsituraied opganis §aMP9uBf< @onpr i si ng

s0: . megre Bl eopr i
msat ur at AR R0t 2 SRR Kt BLACHFIAUAAS MU RR bk TR 07y "an

0Xyg6én- corsbhvemi nchelutdddive; and aagemitic mdpecvatpoatd. iy ofe eubodimrent ofthe chel at ed

dye;. and an agr.omatic .redox.conpound.. | n.one _enbqdi nent. of t pr esent

i nvent i on,pr?sﬁ%”%‘?gté% fhg essgry 8%3%“5&7‘ Wﬁﬁﬂ% epﬁgxﬁjé;_rp&d&fﬁ gorﬁlF%g%cts f or med

by  0zonolggghctysiforan unkafdied AdoR6l, abiekifisthg solvent, aletallbgdrplgrifdndent ,

met al | opor phyrin, and quinone. The unsaturated organic conpound, or the

unsat ur at eU9PRef i ni ¢ hydrocarbon, 10 for the present invention can be an

al kene wi thout a hydroxyl group, or a hydroxyl containing al kene. Thus, the

al’kene wi t hout fe | or SRR b&: RSuRRsAAEMRIc HyiPadbEAt ed

hydr ocar bon, a nonocycl corunsatﬁ1 at g’d. hydr ocar bon, orCHg bi cyclic

unsdbur at €dr thy pressnbinbention Tincbelap dikengwithouha bydwngsuikonehydexe an

open-chai n__unsat yr at al,.cohol n .C Q hol, or a

bi cyclic Lﬁ:ﬁgt&l[uﬂggﬁ(gae. eﬂms, e znﬁenb without a%%%ﬂrl gx‘o'*ﬂﬁ%?agrl’l)re% Sgenaéhgﬂn
unsaturated hydrocarbon, a monocyclic unsaturated hydrocarbon, or a bicyclic

unsaturated hydrocarbon. The hydroxyl-containing alkene can be an open—chajin
unsaturated alcohol, a monocyclic unsaturated alcohol, or a bicyclic unsaturated
15 alcohol,

The unsaturated organic compound may be linear, branched, cyclic, spiral, or
complexed with other molecules in its confignration. The unsaturated organic
compound may naturally exist in a gaseous liquid or solid state prior to binding with

the “activated oxygen.”

20 An open-chain unsaturated hydrocarbons can be: C,Hag, one double bond,
n=2-20; C,Hzn., two double bonds, n=4-20; C,Hjn4, three double bonds, n=6-20;
C.oHan.s, four double bonds, n=8-20; CysHag, sesterterpene hydrocarbon; or CspHuag,
triterpene hydrocarbon.

A monocyclic unsaturated hydrocarbon can be: C Hapo, one double bond +
25 one ring, n=3-20; C,Hay.4, two double bonds + one ring, n=5-20; C,Hyys, three
| double bonds + one ring, 1=7-20; CysHug, sesterterpene hydrocarbon; or CapHug,
' triterpene hydrocarbon. |




15 al cohol. The unsaturated organi c conpound nmay be |inear, branched,
cyclic, spiral, or conplexed with other nolecules in iZB%eﬁf%&fbielg%(Bt I on.

The unsaturated organic conmpound may naturally exist ih a gaseous |liquid
.or solid state prior to binding wwith the "activated oxygen." 20 An

open- chawo ozmmedsur at ed hydr ocarbons can be: C , H2,,, mreusiouwse bond,
n--2-20; C' H2,1.2, two double bonds, n=4-20; C' H2n.4, three doubl e bonds,
n=6-20; CnH2n-6, four doubl e bonds, n=8-20; C25H40, sesterterpene

hydr ocar bon; or C30H45, triterpene hydrocarbon. A nonocyclic unsaturated

hydr ocar bon can be: C'H2, ,. ne double b + 2 ring, n=3-20;
ChH2n. 4, two dé&b?yéh‘b'&%}gfa@%@ﬁ&“?%ﬂ?f&caﬁ_ - ,ZH@P%E%’g{ét%H?%ég‘%ubl e bonds +
one ring, rigd n2420,CRFHH0 tws SR HoRIPLHR e ReB0DOH Ottt triterpene
hydr ocar bonfg 23 Septe gr 2005 WO 02/ 078623 PCT/ U8032/ (9089 bi cyclic

unsat ur at dgdiegaibase e Gotsscititernsae hydregarbons. one doubl e bond + two rings,
n=4-20; CH2n-6, two doubl e bonds + two rings, nn6-20; C25H40, sesterterpene

hydr ocarbon; o : | nQc OAS. i1 unsat ur at ed
al cohol can be%@%&#ﬂg%ne gglg 02¥ o%d%ﬁ%“gwé’é?“@rgi@%@?@émn. 20m two

doubb e borfsn=h4:5CH), O 1o doubl@Hddds, n:4509, m+r4 C.dauibhe thrésoledble n=7- 20,
nm=1-4; CH2n-60, .., four, | & bond n£9- 20 I~ -4, nmel- 4,
sesterter 38?:%’ BB 4% g?’ﬁb@ég’i‘%@%d,%}lb@% iﬂ?ﬁot %‘r_iﬁng%]?@é]ﬁol s. A

monocycl i en=104 éstifetpest ddhoROdr gl Bg m=THE riteéPeie alidooubl e bond + one
ring, n=3-20, m-j-4; C'" H2,,.40m two doubl e bonds + one ring, n--5-20,
"nrl-4; 10 CnH2n-60m t.hree doubl e bonds + e ring,.n=7-20, nv-14;
C2$1400m nrljﬂ,m‘mg BFRsE 1@%‘%?’@;@%&&@ lehond 004 ¢ { or pene
al cohol s. 1 Bi-8y0| fngxwggtxgs@t,%abmwndwan%g, £03804621.4;, one doubl e

“bond + two ~rings, n=5: Me1- 4; _C'H2n-60,,, two _double bonds + two rings,
n=7120, mErHA;OmnCREeO DI, bonedsl+ dne ringsa-ik mpydrie GiloBelm=1-6r C30H4SO m

lronelhﬁzsu':);itsés?%@@nee ag%}gjg{g;ﬂ?i? E;Onubslggi_g’ M@%&J&%h%ﬂ_ ol efinic hydrocarbons may

A bicyclic unsaturated alcohol can be: CyHzy4Oy, one double bond + two
rings, 1=5-20, m=1-4; C,H,50n, two double bonds + two rings, n=7-20, m=1-4;
CasHagO, m=1-4, sesterterpene alcohols; or CsoHugOp, m=1-4, triterpene alcohols,

15 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. The more
preferred unsaturated hydrocarbons for this invention are linear isoprenoid alcohols

20 with two to four repeating isoprene groups in a linear chain, such as geraniol,

geranylgeraniol, nerol, or linalool.

Isoprenoids are found primarily in plants as constituents of essential oils.
While many isoprenoids are hydrocarbons, oxygen-containing isoprenoids also occur
such as alcohols, aldehiydes, and ketones. In a formal sense, the building block of
25 isoprenoid hydrocarbons may be envisaged as the hydrocarbon isoprene,
CH,=C(CHs)-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 (CsHg) units they contain. Thus, monoterpenes

have 2, sesquiterpenes have 3, diterpenes have 4, sesterterpenes have 3, triterpenes

6




cyclic or conpl exed al kenes, hydrazi nes, isoprenoids steroi ds, quinolines,
car ot enoi.ds, tocopherols, prenylated proteins, unsabg%%p dB%?&iﬁ The
preferred unsat ur at ed hydr ocarbons for this |nvent|on AreParkenes

i soprenoi ds. The nmore preferred unsaturated hydrocarbons for this

i nvent i owoar@ssisnear i1 soprenoid al cohols 20 with two pEr/iuvesepeati ng

i soprene groups in a linear chain, such as geraniol, geranyl geraniol,
nerol, or linalool. Isoprenoids are found primarily in plants as
constituents of essential oils. Wile nmany isoprenoids are hydrocarbons,

oxygen- co a| ren |ds al so Qee al. cohal s | dehydes, and
et ones. - TS eBErRRERETar s SR ronfiii o TSRy aflef

hydr ocar boﬂmmmhaalﬂaﬂmamdxmoﬂhe hydrocarbon isoprene, CH2
'C(CH3) - CH=CH2, although it is known that isoprene itself is an end- pr oduct

of isoprenoid bIOS nt hesi s and not an internedi l.so
hydr ocar bons aFEnODE areﬁwm%*qgam&fﬁe@rm‘? 2%8’(3@?4@“ {‘% un| ts they

contai n. TisampRE Qﬁﬁkﬂgﬂ%@ ol Vi BSfIN] s@phS0ESe kgofglterpenes have
4, sesterterpenes have triterpenes 6 23 Septerrber 2005 WO 02/078623

PCT/ 61502/ Glilewenerispbolovhilgmaualencisancraaple of nixijapaei Byitana Ainkosn

respectiv car ot enoi ds.

Li nonene gahéargt;gﬁt%;}sgaﬁlger&e @ggf@{eﬁatgﬁgg a%@g"t@aﬁ%@ﬂé@ grgfr%éﬁsbtl)’ﬁéand ner ol i dol
are exanpl]qmdoﬁbothstesmgehbomﬂmndmimzammesa\{dtsaaafertoliymgneﬂsphytoI are exanpl es
of a 5 diterpene alcohol while squalene is an exanple of a triterpene.

Gerani ol . o moRbEaPBaacaf BRMRY B bR Bt B8 "houna and

nor nal starta@s&@ﬂﬁbousoewﬁtd&oﬁﬂmvmgrefeﬁbtysﬁo@a&swomtbtaaodtemd wei ght of the
phar maceutical forpul ation, the ene can vary from about 0.001%to about

309%10 pr ef @némOE preterblyiftom atouh0s% & doBid0%. 0% 10 and nore preferably from
about 0.5%to about 3.0% The oxygen-contai ning oxidi zing agents for _
reaction to the,dRsatdltchasin B‘Mﬁéﬂgﬁééﬂ%@oﬂ%&(eﬁ@ﬁtoﬁh@ﬁﬁsﬁﬁ;ﬁ@éﬁyge” oxygen 1 n
its triplet state, "Superoxi de anion,  ozone, periodate, hydroxyl radical,
hydr ogen o@dmarbm majt hesinglas pmgem@xymmémlet state, S“Pﬁ’afmﬂde amon,

ozone, periodate, hydroxyl radical, hydrogen peroxide, alkyl peroxide, carbarayl

peroxide, benzoyl peroxide, or oxygen bound to a transition element, such as
15 molybdenum (e.g. MoQs).

The preferred oxygen-containing oxidizing agents for this invention include
ozone, singlet oxygen, and superoxide anion. Ozone is the most preferred oxygen-
containing oxidizing agent for binding to the unsaturated hydrocarbon. It is prepared

from pure oxygen.

20 We found that the best method to bind “activated oxygen” to infact geraniol is

by ozonation at temperatures between 0-20° C in the dark in the absence of water or
- polar solvent. The geraniol “ozonides™ were then dissolved and stabilized in 100 %

dimethylsulfoxide (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

25 cafalytic 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.




per oxi de, benzoyl peroxide, or oxygen bound to a transition elenment, such
as 15 nol ybdenum (e.g. Mo(B). The preferred oxygen-contgaii oxidi zi ng
agents for this invention include ozone, singlet oxygezﬁ,él‘aﬁ%’ ﬁg@%xi de
anion. Ozone is the nost preferred oxygen- containing oxidizing agent for
bi ndi ng w® ®hesszinsat ur at ed hydrocarbon. It is prepareBcT/isoemopur e oxygen.
20 W found that the best nethod to bind "activated oxygen" to intact
geraniol is by ozonation at tenperatures between 0-20 Cin the dark in the
absence of water or polar solvent. The geraniol "ozonides" were then

di ssol ved and sgahi lLi zed i.n 100 % di ngt hyl.sul.foxi ip the dark to
prevent premat lﬁ@g%%hené’ g%nvﬁ%lgiq Q%}f'noém %%g%ﬁ%&slflsﬁ ‘?‘?%’8@%#%93 hting to be
bound by alyctiohbeitwen dnfalkete el dzenedd tidwpipliédiion pidbeedabpihy Criegdsr eakdown of the
"t etraoxane gcgr Qxi di c di.ner éﬁyg)r@ duct of .geranio ozopati og whi ch i s not
an ozoni demehRRsTR-sArGoedipgiodhis meghamismyth jdial step at fheregetiond§mbioxi de ani on.
The fi nal -ﬁﬁ,&}t' dahg) L I per oxi de and
acetic acidl. 7°Z§8a8ept gﬁggér&%%&g&%\%éngg%%%E%g%%%%ﬁ%%g%gg%Q Al t hough not
want iSng t dripealase)s nkhelpyimatyengonide isunstible andlvndsrgers e dtcyclorevesivamath, t he
reaction I Q o hi ' i on proceeds by the
Cri egee lr}g%:%}%% gﬁ&@glé%dr}gigﬁ’gg%}coﬁg%%% %%%%IZ%H%@%&;N tial step of the
~reaction is a 1,3- dipolar cycloaddition of ozone to the al kene to give a
primary ozonide (a 1,2,3- trioxalane). The primary ozonide is unstable and
undergoes a 1, 3-cycloreversion with the carbonyl conpound to give the
"normal " ozonide, a 1, 2,4-4rioxal ana\lﬁbé" FI +%¢aé Il r FI SCHEME 1

— ,‘0

x — :ﬁl;jo T H;o O\F';LR

SCHENME 1

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

péroxidic dimer, the 1,2,4,5-tetraoxane.

@
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SCHEME 2
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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 give a 1-alkoxyhydroperoxide. Under certain conditions, the 1-

alkoxyhydroperoxide can undergo further reaction to give carboxylic acid derivatives.




In a side reaction, the carbonyl oxide can enter into a dinerization to
give a peroxidic diner, the 1,2,4,5-tetraoxane. R SCH 2.1 T ar bonyl
oxide is a strongly electrophilic species, and in the ?BE? F@gmﬁgﬁxf

nucl eophilic species (e.g. alcohols or water), it undergoes facile

nucl eophiwd aymekdsti on to give a 1-al koxyhydr oper oxi degr/ikwgsoseert ai n
conditions, the 1 al koxyhydroperoxide can undergo further reaction to give
carboxylic acid derivatives. 23 Septenber 2005 WO 02/ 078623 HO A

PCT/ US02/ 09089 SCHEME 3 Again, not wanting to be bound by theory, it is
believed that during the ozonolysis of the al cohol-containing al kene in
the present invention, it is reasonable to expect that three nmjor types
of peroxidic produ@s will he present: the normal ozonide, the carbonyl

t et raoxane di ner, t he Isatdexyhydrngperoxide. In the 5 presence of

wat er, sone of th%se pETOXi deg, productg may also lead to the presence of
organic peraci ds wbiy t he crude product m"ture. The present invention

i nvol ves the use of DMSO t 8 3abili ze" the initial products of the
ozonolysis. Sinmilarly, not wanting to be bound by any theory, it is

bel i eved that t ]]B;qﬁeg: %]&ﬁﬁé vation
' phenonenon. @%ﬁéé@tﬁbﬁﬁﬁ@ébﬁ% sul’ f oxi dglfﬁée\ﬁ f]eé%a@ 0 Ue a nucleophiie in

its own ri @unolysls af thqnaicdhobcqntnﬁmmﬂ:meai me)pqasmsmélm,:m,aﬂs a—;ammbleophl lic

t t ab f
S?Letnﬁ;/l 55310?5%5’“]’6% 4 rea%’pqsrfg‘pﬁg’?‘r@"rpé?‘}“fg L n?'&]?e‘f‘f’?@a]oxygen bound

unsat ur at e&oﬁ:ﬁd@ﬁﬁ&@a&%ﬁﬂta%xadéw Sid 1-8Rdx h b fixidé, Iathgenbrane, a
mcelle, a plasna or a vapor. 15 Usabl e enetratl ng solvents are water,

fats,? st erpesency ofgyaten; saae omhw;vn@tqdmoducﬁsmﬁ@kwéqa tp thepresrace @f hanol |
pr opyI ene &J ﬁ) acgdsqﬂPEﬂudgg}rﬂ .. met hyl sul fonyl met hane, and
eé erre i '

ponV|nyIpy I ne. e pr penetrating solvents

The present invention involves the use of 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 sirople solvation phenomenon,

10 However, dimethyl sulfoxide 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 salis).

The penetrating solvent for the oxygen-bound unsaturated hydrocarbon may

be an emollient, a liquid, a membrane, a micelle, a plasma or a vapor.

15 - Usable penetrating solvents are water, fats, sterols, lecithins, phosphatides,
pH-buffered saline, ethanol, propylene glycol, dimethyl sulfoxide,
methylsulfonylmethane, and polyvinylpyrrolidine. The preferred penetrating solvents
include dimethylsulfoxide, polyvinylpymrolidine, and pH-buffered saline. The most

‘preferred penetrating solvent includes dimethylsulfoxide.

20 Based on the total weight of the pharmaceutical formulation, the penetrating
solvent can vary from about 50% to about 99 %, preferably from about 90% to about
98%, and more preferably from about 95% to about 98%.

The “stabilized” peroxidic molecule and its penetrating solvent have been

made from components currently used in production regulated by the Food and Drug

9




.- synthetic "porp

i ncl ude di net hyl sul f oxi de, pol yvi nyl pyrrolidine, and pH buffer ed saline.

The nost preferred penetrating solvent includes dinet % %;(] 9&)5 20
Based on the total weight of the pharnaceutical formula |oH e

penetrating solvent can vary from about 50%to about 99 % preferably from
- about 90Wontwnabmut 98% and nore preferably from aboetr/ShYedosy about 98%
The "stabilized" peroxidic nolecule and its penetrating sol vent have been
made from conponents currently used in production regul ated by the Food and
Drug 23 Septenber 2005 WD 02/078623 PCT/ US02/ 09089 Admi ni stration ("FDA").

arc. T ound ATREREORATRA o Thab Gecedtor A4 o MEESCHT TN Bl (" GRAs ). he

super oxi dep@g M lsm &Y eouadd ¢th REUBPNFRb di*QGaﬂﬁl'f?'Read:@&ebA@S@ﬁl cally
conpati bl e, oba y conveniently form a nol ecul ar conpl ex The ot her
conponent & @EA BngEeKis ErReRting dyeandperrsiaiing peenicalepdiolpgieally

sensitize excitatron is well docunented as is

the propensity of ferroporphyrins and copp orphyries to bind
oxygén- cont ai nﬂ‘hgotbglmompsnenﬂsgé@nﬁmsﬂlﬂfsal@rmg?dymmmclﬂdﬁéh%py have known

that the su OXI and 1 %I ﬁ&’l bsorb into

i nfected é’ﬁ %/’%rﬁﬂ qc“mfnlle Qgsrﬁgéglgtte po tlg{\ré%ls ér?tw tously both

cat al ase dalpeivadér phbrthmeﬁh@céxmﬁan iewtll davtineitedds it the pthpensitydf per pet uat or

~simply requires a nmlli volt AC pulse. This re ui.site pulse is conveniently
provi ded % QpopbixFiRs Apd ﬁ%@}e{por@gpg% {pehind QryRepsgon %Syéths 'not harnmed. Usabl e

dyes, incl ude natural or synthetic dyes. Exanples include porphyrins, 15

rose bengal , CkaMbmmtodm@merap?ﬁmlmm S8 thé Siperokids pfundns
net hgl ene bI ue, hematoxylin, eosin PF@%/ hrosin, flavinoids, |act of | avi n,

~anth acenéhmpa@tualw p@?qﬁé’ﬁlﬁ absorfpinigyinferfed ansdysalastic cellsy These diseased and
- Tl uorescei gy, ﬁ@ﬁrﬁlﬁb&l}‘ %YIF{LHI%Q d%ﬁctﬂe%t pflﬁf c&&ﬂ%%@%&% tﬁ%eﬂ Byg natural or

rin rin, rose engal their
respecti V@e@ﬁﬁ@ﬁﬂﬁﬂ@lyrequuﬁﬁ)amﬂh%ﬁlﬂihﬁul&n Thiseecpcsitepﬁlh@lsrmst preferred dyes

are naturall urr| or ri uch as h r . and rose
bengal . B&SE vﬁ%}l& '\%@ﬁﬁheaﬁf oﬁe@vﬁrh%?% g‘ rn?ul ation or

conposition,

met al | oporf net al | opor phyrins to
iti H]éé%ﬂgeﬁig}ﬁaﬂ y pﬁot ochem ca#lg%&ﬁht(% e

Usable dyes, include natural or synthetic dyes. Examples include porphyrins,
.15 rose bengal, chlorophyllins, hemins, porphins, corrins, texaphrins, methylene blue,
hematoxylin, eosin, erythrosin, flavinoids, lactoflavin, anthracene dyes, hypericin,

methylcholanthrene, neutral red, and fluorescein.

For this invention, the preferred dyes can be any natural or synthetic
porphyrin, hematoporphyrin, chlorophyllin, rose bengal, their respective congeners, or
20 2 combination thereof, The most preferred dyes are naturally occurring porphyrins,
such as hematoporphyrin, and rose bengal.

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 %.

25 The dye may be responsive to photon; laser; fonizing radiation; phonon;
electrical cardiac electroporation; magnetic or plasma pulse; or continuons flow

excitation.
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t he dye can vary fromabout 0.1 %to about 30 % preferably from about 0 5
%to about 5 % and nore preferably fromabout 0.8 % %
- The dye may be responsive to photon; |aser; ionizing rggsa Fgﬁmr%ﬁ]non

el ectrical cardiac el ectroporation; nagnetic or plasma pul se; or continuous
flow exwotanisezs. 10 23 Septenber 2005 WO 02/ 078623 Padr/Lk089080089 The
aromati ¢ redox conpound includes any substituted or unsubstituted

benzoqui none, napht hoqui none, or anthroqui none. The preferred aromatic
redox conpound i ncludes benzoquinone met hyl - benzoquinone napht hoqui none,

and net hyl t hoquj.none. St ref err | X conpound
i ncl udes subsﬁﬁ11 &91%1[;3 %Oﬂjopﬁ)ﬁfl &8}’1%’3 ﬁg%n%n{uge%ﬁt hoqui none.
Based on the@zdg@inghe, neihghvlquiabne &@nﬂﬂ@l’u@ﬁeul‘he(lﬁéfefrﬁwfwnﬂidredux the aromatic

redox conpound cgn varyﬁ from about 01 %to ab%lilt 20. 0% pr eferably from
about 0. Towpewdindudes berzogungng, lﬁiﬂaﬂ bsnzoduingis PADEAIEMNSA1%. 1 %t o about

0.5% Usefyjlaly rtﬁ&hﬂuﬂﬁé‘of& & feﬁi-réd hrOEHY deBfk éo%fﬂoﬂﬁlﬁn&hc?é”ﬁ an

el ectrical curre ascor bat e ger mani um sesqui oxi de. Preferred
el ecbron cﬂ@bﬁtntléedlenﬂdbetﬁawdbMJa@emmndmb@Ph&mmmmesqw oxi de. The nost
‘preferred el ectron donor is ascorbate in any salt form Based on the total

wei ght of the I can vary from
about 0. 01 %t%la S S e %J"‘gﬁb"ﬁﬂt%??fé&% Ag{aﬂerugh]ﬁg ?&1%’0%9?% out 15 10 %,
and nore p-eckﬁ(e:bmbbqndfcammlﬁomtabbut%md/u adabotit 2. G%, piwfemblgt@rom apowbt ai n a
blologlcal ef fect ssa nf use ozonol ysi s

peroxi di ¢ & 38%20%‘* ?reafe {{lﬁ%ﬁ r‘i‘églﬁ%gdﬁé‘i’? ‘Wﬁ'ﬁn‘é’r t han an ozoni de,

in conj unctl on wi th a superoxi de generating netall o-porphyrin dye an

aromatic qui NPRER! eletoddbied @b thikdhventiod Reluloplbend) aneleciival aibent, heory, it is
postul ated that the preferred pharpaceutical fornul afl on is a conbination
of BPocherseosbaic, gathgesmanwn sesapigride Prefoyred plpgiron dones inglude pxoBiedat i on i n

infected gfqdysRhiam!dsuiRdORIEHES prefitfed electron donor is ascorbate in any
salt form.

Based on the total weight of the pharmaceutical formulation, the electron -
donor can vary from about 0.01 % to about 20 %, preferably from about 1 % to about
is. 10 % , and more preferably from about 1 % to about 5 %.

In order to obtain a biological effect in vivo, it is necessary to infuse an
ozonolysis peroxidic tetraoxane product of a terpene alcohol, rather than an ozonide,
in conjunction with a superoxide generating metallo-porphyrin dye an aromatic

quinone.

20 Although not wanted 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
recycling autocatalytic oxidation stimulates targeted apoptosis (cell suicide) through

peroxidation.

25 The pharmaceutical formulation of this invention as described in Example 3B
(“Terphorone™) was utilized to treat patients with coronary artery disease. For the
patient studies, the dose was case specific. Generally, it was 1.0 cc of Terphorone per
70 kg of body weight. The schedules could be 2 infusions monthly for 6 months, then
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recycling autocatal ytic oxidation stimnmulates targeted apoptosis (cel

sui cide) through peroxidation. 25 The pharnmaceutical far at.l o this
invention as described in Exanple 3B (" Terphorone") mé§:%¥# ”%%20¢% treat
patients with coronary artery di sease. For the patient studies, the dose
was casewspperdkic. Cenerally, it was 1.0 cc of Terphoperesmesose 70 kg of
body wei ght. The schedul es could be 2 infusions nonthly for 6 nonths, then
11 23 Septenber 2005 WO 02/ 078623 PCT/ US02/ 09089 2 infusions every 3 nonths

for 2 years, and the route of adm nistration-was preferably i.v., although
ot her routes_.of adm nistration were ssible. EXAVPLE 1 Ozonolysis of an

o Kene' my? BASIoR PIESh Birs o Aar. snditg S fhadiiinteton W pragomd; hor cace,

t he cool i nigy. Qfithéddd ofiRAfduted Of Mmikiki¥Rioh Sefipobdilal i n avoi di ng expl osi ve
deconposition of the peroxidic products of the reaction. The foll ow ng

general procedure is typical for the ozonolysis of a liquid al kene. A
1-liter flask fitted with a nagnetimppeﬁ/ is charged with the al kene (2

10 nol es), and the apparatys is ighed. The flask is surraqunded by a

‘cool i ng bat h (i(??@n"lﬁ%?%rran @%@%%Weg@%%%%aé ?@ﬁ’f%ﬁabﬁé cool ed bel ow 5
C, stsi 11 NGthixoalle SRt of the$barRH M furO&QRRCAl th AoMirPekgBgvé t ypi cal ly 3 %
ozone) is passed through the mxture. It is advantageous to disperse the
ozonat ed d%?@@@stﬂﬂn@ﬁ@hpaoglﬂ&wdmtbpf,thbmacﬁdms is not necessary for a
stirred solution. Periodically, the gas streamis stopped, and the 15

ti flask [ [ ' ' d. Th
Ctroam s t hon 1t SHEDEREAAA FREAFRS R i bl AT "Chove
or

suf fi ci entalkeae.ght gai n, once the proton magnetic resonance ("H NW'")
spectrum of the reaction m xture shows the desired reduction in the

intensity of the el ni rof on resonances (usual. abo 0 50%, the gas
flowis st oppeg‘. Iﬁﬁghgﬁgﬁtgﬁyﬂflgn}w%g TEErs e mﬁi@e@gﬁ% " substituting a
sol upi on aholtd)eand WdaPpRatuisaveighbd ETHe MackiscRRGINHMED) DMRBLAShaAZ R Such as

sat urated hydrocarbagns_ or L
witer 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. Periodically, the gas stream is stopped, and the
15 reaction flask is weighed or the reaction mixture is sampled. The gas stream is then |
re-started.

Once the mass of the reaction flask shows sufficient weight gain, or once the
proton magnetic resonance (“H! NMR™) spectrum of the reaction mixture shows the
desired reduction in the intensity of the olefinic proton resonances (usually about

20 50%), the gas flow is stopped.

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 ﬁydrocarb ons.

The ozonolysis majr be carried out as above, with or without solvent,
25 substituting an alkenol for the atkene without affecting the reaction in any substantive

manner.

The reaction mixture is then poured slowly into the cooled penetrating solvent.

12




- chl orinated hydrocarbons. The ozonol ysis maybe carried out as above, with
or wthout solvent, 25 substituting an al kenol for the2§kﬁgﬁgﬁ%4ﬁaﬂyt .
affecting the reaction in any substantive nanner. The FeaEtIon mxXture is

then poured slowy into the cool ed penetrating solvent. 12 23 Sept enber

- 2005 WO G/ Ri6en3 EXAMPLE 2 PCT/ USO2/ 09089 A pr ef er r es-piiasigeut i cal
formul ati on of the present invention was prepared as follows: (1) Sparging
an ozone/ pure oxygen gas m xture of 120 ng/L up through an al kadi ene

al cohol, 3, 7-dinethyl-2,6-octadien-1-0ol (geraniol), at 1 Liter of gas per
hour; (2). Maintaining the tenpera the reaction around 5 C, (3)
.Renmoving smal | aliquots of reactiohﬁéﬁgﬁ hourly and neasuring by H NWR
the formation of the r oxi di ¢ eci.es or, reaction products; 1Q (4) :
St opping.t he.  cee gAY HERRtcal DR B e Baos AE RS g
unsat ur at eg fhippes have been reacted; (5) Diluting the product m xture

di net hyl sul foxide (1:10) to give a solution or dispersion; and 15 20 (6)
EXAMPLE 3 Two preferred formul ations are as follows: Prior to use in the
target biol ogi 6B SYRYERS HOZRNSHYIF BXYEED Z95aRIER RS A0 Re(lup teoggh bengal , and

et hgl - napht hogui noResestens PRYILE sy MR HAHSIE Aol fich 121 BRkitIoOR 107 di sper si on
in sufficient quantity to create a conCentration o 0 m’Cronol ar of each
conmponent Liter of gas per hour;

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

(3) Removing small aliquots of reaction product howrly and measuring by

H' NMR the formation of the peroxidic species or reaction prodncts;

10 {4)  Stopping the reaction when more than about 50% of the available

unsaturated bonds have been reacted;

(5)  Diluting the product mixture dimethylsulfoxide (1:10) to give a

solution or dispersion; and

(6)  Prior to use in the target biological system, a mixture of
15 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 system by
saline intravenous infusion. Optionally, ascorbate could be added to

20 the formulation prior to use.

EXAMPLE 3

Two preferred formulations are as follows:

A,
WEIGHT % INGREDIENT
0.54% Tetraoxane dimer of acetal peroxide from
ozonization of geraniol.
98.60 DMSO

13




di spersed therein when delivered to the target biol ogical system by saline
i'ntravenous infusion. Optionally, ascorbate could be a% {emberﬂg)s

formul ation prior to use. A WElI GHT % | NGREDI ENT 0. 54* dtTRoxane  dimer
acetal peroxide from ozonization of geraniol. 98. 00DVMSO 13 23 Septerrber
2005 WO QY R4%en3 PCT/ US02/ 09089 0. 83Hemat opor phyri n pet/usez/o0089

0. 24Met hyl napht hoqui none 0. 39Rose Bengal *Determ ned by nass spectroscopy.
B. VAEI GHT % | NGREDI ENT 0. 54* Tetr aoxane di mer of acetal peroxide from
ozoni zation of geraniol. 98.00DMSO 0. 83Hemat opor phyrin

0. 24Met hyl naphthegui-nore—-0-—-39Chi-erephy-Hn—Sedi-um-Copper—Sgl t *Det er m ned
by mass spectrqscopy ).88XAMPLE 4 5 The HbRLP hisfrinc al forrrul ation of the
present inventifen-can—be incorporated-intoa—premxed—soelyent. This

formul ation isjvery gtable and exhi bIM@@rlﬁabﬁth nem ni mal [toxicity profile
and clinical efh_cacaL-aii_euu;Le_t—ha-n—a—yea-ﬁ-—m—epage.—

0.39 Rose Bengal
*Determined by mass spectroscopy.
B.
WEIGHT % INGREDIENT
0.54% Tetraoxane dimer of acetal peroxide from
) ozonization of geraniol.
98.00 DMSO
0.83 Hematoporphyrin
0.24 Methylnaphthoquinone
0.39 Chlorophyllin Sodivm-Copper Salt
*Determined by mass speciroscopy.
EXAMPLE 4
5 _ The pharmaceutical formulation of the present invention can be incorporated

into a premixed solvent. This formulation is very stable and exhibited the same
minimal toxicity profile and clinical efficacy after more than a year of storage.

. Moreover, to avoid the stability issue entirely, the formulation can be packaged in a
two-vial system. More specifically, the package consists of a small bex containing

10 - the following;

(1)  Vial of liquid phase containing: (a) the peroxidic species or reaction
products resulting from oxidation of an alkene in a liquid form orin a

solution, by an oxidizing agent; and (b) a penetrating solvent.

‘ (2)  Vial of relatively dry solid relatively dry phase containing: (a) a dye
15 containing a chelated divalent or trivalent metal; and (b) an aromatic

redox compound.
(3)  An optional mixing needle.

(4)  An optional package insert.
- 14




 patient vva;sroa@tvua@@nrbmasmaﬁ(‘t@ﬁ&G@mai&%h"@HO\w@tb'lr

Moreover, to avoid the stability issue entirely, the fornulation can be

packaged.in a two vial system More specifically, the I sts of
a'small box containing 10 the follow ng: (1) 15 Vial 35%% %8\%?%@;

containing: (a) the peroxidic species or reaction products resulting from
oxi dat i owgodzo@ezzal kene in a liquid formor in a sol updgwgseztsan oxi di zi ng
agent; and (b) a penetrating solvent. (2) Vial of relatively dry solid

rel atively dry phase containing: (a) a dye containing a chelated dival ent
or trivalent netal; and (b) an aromatic redox corrpound (3) An optional

- m xi ng needl e. tio S er 2005 WO
02/ 078623 PCT/ 6@%%9"6@5%@8 ‘%@“ﬁ Bﬁa@E folid phep ﬁfﬁ‘& %?‘?EBCEhe vial of
sol i'd pha&ﬁxaﬂfﬁ%ﬁﬂ%ﬂﬂa&ﬁ@éﬁﬁnﬁﬂaﬁdﬁ‘o’f&e'ﬁfbﬁe@Bﬁéﬁlﬁﬁﬁyﬂlh@ﬁbonfsﬁmﬁﬂlhﬁt ion of the
present invention is thus reconstituted at the patlent s side. Thus, the

st abi | i ty thepafipa’smidend s thestapilityefdhe oynulation iogrentlyesdiqoptds 5 5 A 63-year ol d

Caucasian female with a nedical history of a two-vessel coronary artery
‘bypass graft ("CABG') in 1996, fol gguwagppl srepeat of mammary artery graft
in March 2000. Her left main coronary artery stenosis could not be

addrfssed at tE\%styeapo19ba&daam§feﬁﬁm%ﬁfmﬂaameténhﬁws%s@éls were deemed too
snal bypass or stent. hin si x weeks of b&y artery graft, the

gsgeAyary ‘to "scar

S rrad actey SRR RS EL S S o RP O o Tr pacent 1

a known keli¢iegdedsatalie thns ofthe seddid sukty, grhat vesshiodre dd:eh&dftdmﬂlttthe | ef t

. forearm had formed e ﬁ't vaeelgglé)ld fromvvrlst élg el bow, roxi mately 10.5
cm  x 1.5 D¥PASS qend A Vit oe R?‘Ef&ﬂ"%“é ~i nvasi ve

tregd Ment .that this graft had re-blocked secondary to “scar formatlon”. The patient was
| scheduled for internal and external X-irradiation of coronary grafis to control scar
formation. The patient is a known keloid scar former. The vein graft donor site from
the left forearm had formed extensive keloid from wrist to elbow, approximately 10.5
cm, x 1.5 cm. The patient opted to consider bio-oxidative non-invasive treatment.

15 Prior to infusions of the Terphorone, the patient reported using up to 30 sublingual
liitroglycerine (“NTG”) sublingual tablets per week. She averaged a trip to the
émergency room every two to three weeks for i.v. NTG infusion to resolve angina.
These trips included three to four day follow-up stays in the 1.C.U, Since about 8
months ago, the patient has received six doses of the Terphorone. The dose was 1 cc

20 of Terphormone diluted in 100 cc of sterile normal saline, infused over 20 minutes.
Her sublingual angina therapy was down to one per week, with most weeks requiring
no NTG at all. She has not been to the hospital for i.v. anti-angina NTG infusion
since receiving her first infusion of the preferred formulation described in Example
3B. Moreover, the patient’s keloid from her graft donor site on the left forearm

25 ﬁrtually disappeared following her first two doses of the Terphorone.

EXAMPLE 6

A 62-year old Caucasian male with a medical history of muliiple-
vessel coronary artery bypass graft (“CABG”) surgery twice in 1994. Increasing
angina brought the patient to treatment in October 1999. The patient required an

30 NTG patch (0.4 mg/hr) daily to relieve both stable and unstable angina. Physical

15




.15 Prior to infusions of the Terphorone, the patient reported using up to

30 sublingual- nitroglycerine ("NTG') sublingual table e e he
averaged a trip to the energency roomevery two to th?gesoeagg%r?%orssi V.

NTG i nfusion to resol ve angina. These trips included three to four day
fol | ow upoab@wszs N the T.C. U Since about S nonths agepudsheeRati ent has
recei ved six doses of the Terphorone. The dose was 1 cc 20 of Terphornone
diluted in 100 cc of sterile normal saline, infused over 20 m nutes.  Her
subl i ngual angi-na therapy was down to one per week, w th nost weeks

requiring no,NTG.at. all. She has_.not been to {,he hospital for i.v.

ant - angi fETRIPCIP bt R heathy e 3 BRidig. B metent | SOl ST on of 1 he

preferred fainiHéndbd Rbide fpbdt Beshsd £ tHax 8MB! Since’Getoddp1 SV Bk patidichaat i ent' s
kel oid from her 2graft donor site on the left forearm25 virtually

di sappear egcai28WvrlyS pedoses ofshe Tepphornng adichfornpylativn fsslserribetbin EXAMPLE 6 A
62-year ol i ] L& i | &4 - vessel
coronary a%ag?y Eyp'lgisésdgg=J gﬁ%?'gwgﬁtagiﬁggwdégftgfkiggﬁédqﬁlncreasi ng
angi fa br olffiet stetile npatal ealinef infusedesbrddnhinites. (Ceglotent’s 88na hkk &igdbt | ent
required an, 3 atch (Q,.4 ng/ hr) .dai to relieve b stabl e and

nat bl e T Do et s il o i S S S BRI Y, Us02) 09089
activity V@éndvw playshlit-md RS e cotsOfoaf tolsbtimdsipdEweekh Ehpaiily Sdthack

cardi ol ogi st reconmmended anot her repeat bypass at that tinme. Since Cctober

1999, t he thiappiiont hashad dyringdiiscogrse of exidativetherapy: camsslien dis cepdiolagist phor one

whi ch for QRIS : | :] =€) 0.5 cc
' progressi %&@é&@%ﬁ@ﬂﬁ%&gﬁ%ﬁgg@%ps ﬁt&%@gzﬁg@éﬁ%gﬁé@e” | e nor mal
sal itde, i nflacsdthe padant 3)Commadie@ntichhgnlpwlt Tenbdreucdregimeat wasdemonadd y  subsi ded
both at rest an 1 th routine.exerci. He..nq | ong requjres an NTG patch.
He. now pl d7EPXBR: it R FoRrpdiEaten G Lopgin thsrady', Wreh B o5l week. The onl y
“setback  tfiriSlagii re@iMNed @S pAtig: WhéwoRedWfSofCHuinadin @hd Desplitadreve therapy came
when his cardiol ogist diagnosed himwth atrial fibrillation of new onset

in early Jetnentsyerererumes ddp paticntis pympten fep with aopawal c¥fieCoumadi n
- (anticoag : : rone treatnment was termnated tenporarily, due to
its contrgoﬂlﬁ#é%%%%paﬁ?h Coumadi n t herapy. Wen the atrial

15 ' EXAMPLE 7

A 50-year old Caucasian male first seen in the emergency room with chest
pain in 1996. The EKG showed nonspecific ST-T wave changes. The patient was
scheduled for coronary angiogam with angioplasty, but he refused the procedure. The
subjective complaint made by the patient was primarily severe chest pain on exertion.

20 His job required climbing ladders up three story buildings for the inspection of air
conditioning equipment. The patient complained that chest pain was so severe upon
reaching the top of the buildings that he would have to rest in a supine position for
varying amounts of time before resuming work. The angina was relieved with
sublingual NTG. Since about 11 months ago, the patient has received six intravenous

25 doses of Terphorone. The dosage was 0.5 cc progressing to 1.0 cc in 0.1 cc steps,
diluted in 100 cc sterile normal saline, infused over 20 minutes. Angina has
completely subsided, even on extreme exertion. The patient continues to accomplish
the same work he was doing prior to treatment, now without incident. He has not

required éublingual NTG since initiation of Terphorone therapy.

30
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fibrillation resolved, the patient was weaned off of Coumadi n and

Ter phorone treatnents were resuned. The patient is sy h a
normal - cardiac conduction at this tine. 15 EXAMPLE 7 2BE%£&LﬂEF2qQ§
Caucasian male first seen in the energency roomw th chest pain in 1996.
The EKGvehbhpwwestsnonspecific ST-T wave changes. The pagdmaidozwags Schedul ed
for coronary angi ogam w th angi opl asty, but he refused the procedure. The
subj ective conplaint nmade by the patient was primarily severe chest pain on
exertion. 20 His job required clinbing |adders up three story buildings for
the inspection of air conditioning equi pnment. The patient conpl ai ned that
‘chest pain was so severe upon reaching the top of the buildings that he
woul d have to rest in a supine position for varying anmounts of tinme before
resum ng work. The angi na was rel EXAaMPRERh sublingual NTG Since about 11
nmont hs ago, the patient has received six intravenous 25 doses of

~ Ter phor one. TA@?%meml&ﬁalehacpim%g&ﬁmmm@Nm@Ireqepdittee 1 cc steps,
saline, infused gver 20 m nutes. Angina

~diluted in 100 sterlle
has . conﬂ?@f‘%%ﬂ@%@ﬁ’m W%ﬁy@(@{éhﬁsﬁ‘@)a@?rﬁlle@ﬂmgwgﬂﬁﬁtlent conti nues
to ﬁCCOmdAE@ 45131619@@”?@3%&%5&@@1 %Qnﬁﬁéﬁ;htﬁrguh&e‘?%ﬁlﬁem now wi t hout

i nci dent . as not I red sublingual NTG sinCe initiation of
Ter phor oﬁ@ablh@rﬁmdafs@ fh@c@@atsgmdéwbe?hﬂw&tmumd DTSaRse PCHSUS02/ 09089

repor toa s SFRE B efiife SR SAE AR ARE oot BblobeRe b R® o0 yoars

| eadi ng wm@ememrﬁnmeﬁaﬂmﬁa cardiolb@igﬁt aﬁb@ltﬂ&fadmbmﬂt&ﬁdddla%mr ged fromthe

mlitary under f |sab| secondary o the cardiac condition. The
pati ent Fé‘éf@ﬁ% 88’6%" 78 stresh stp b oz NBEAH up to and

fold owi ngyd Iﬁyﬁﬁﬁcﬁ o oﬁﬁ:fﬂs%ﬁeﬂ%f%%ﬂﬂereg%ltﬁﬂbﬁm fér' ment, the
patient's cardiolo at a hospital had reco nded a hea transpl ant .

He had f vessel@iseasex th%liﬂflouw SQalf%QgQ thesat@nl;i@s f@pwecﬁeldﬁ dhsemt)f n the year 10
pr ecedi n@‘eﬁ%iélgroﬁ)ea}r‘f‘he(ﬂ'oga%% 'wgisn()k grses tgll 0 O? cc steesgﬂutec?'t S were positive

for mult
100 cc sterile normal saline, infused over 20 minutes. He no longer requires NTG

paste during sex. He is able now to do exerfion, such as mowing his lawn, without
15 - chestpain. His cardiologist still maintains that the he needs a heart transplant. The
| patient’s only medications at this time are a long-acting vasodilator once a day by
mouth and a low dosé ACE inhibitor once daily.

EXAMPLE 9

An 89-year old Caucasian male had a history of transient ischemic attacks. He
20 had right carotid artery arteriosclerosis, reported to be an 85% blockage by direct
' imaging. The patient had been in atrial fibrillation for approxixhately one year and
was taking Rhythmol. He also reported extreme lethargy on a daily basis. He
 reported some disorientation on occasion and had had some falls in the past. The
vascular surgeon recommended immediate carotid endarterectomy. The patient opted
25 for alternative non-invasive freatment. Since September 2000, the patient has
| received 4 doses of Terphorone. The dosage was 0.5 cc progressing to-1.0 cc in 0.1
cc steps, diluted in 100 cc sterile normal saline, infused over 20 minutes. His general
stamina has increased by at least 50%, according to his caretaker. The patientwas
placed on a 24 hour Holier monitor two weeks following his first two Terphorone
30 infusions. His afrial fibrillation had resolved. Although he was weaned off of his
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vessel disease. Since about 1.5 years ago, the patient has received eight
doses of - Terphorone. The dosage was 0.5 cc progressin i< 0.1 cc
steps, .diluted in 100 cc sterile normal saline, infusga%%B%Fﬂﬁgﬁ%Fnutes.
He no longer requires NIG paste during sex. He is able now to do exertion,

such aswomwoneshi s | awn, w thout 15 chest pain. H s gafgi@bsgs St still

mai ntai ns that the he needs a heart transplant. The patient's only _
medi cations at this tine are a |ong-acting vasodilator once a day by nouth
and a | ow dose ACE inhibitor once daily. EXAMPLE 9 An 89-year ol d Caucasi an

mal e had i sto af, transi ent. i schem c_attacks. He 0 had right carotid
artery ar%@t‘i‘é?@gﬁ@nﬁﬁéﬁpé@’?ﬁ%@ : @@%@F‘Bﬁ%éﬂ@‘i"ﬁ?ﬂs@m ect i maging.
The pat i eigdheRachtiaciedinde ni@dtiond Térphdrbad térkR) Th Al AVeHEMR0E/ ¢ One year and
was taking Rhythnol. He al so reported extrene |ethargy on a daily basis. He

repor t ed E@HRL gpesr-deheuies with bis feeibawitoyt impidentad had sone falls in the
past. The vascul ar surgeon recomrended i mredi ate carotid endarterectony.
The patient opted 25 for alternat gxanprghpvasi ve treatnent. Since

Sept enber 2000, the patient has received 4 doses of Terphorone. The dosage

0.5 i ; 1 : i La 100
was s cc pr @Ebﬁ‘éﬁ'a@gnéeﬁ?ajaoﬁ oPPZUﬂc%nﬂat_l%ﬁﬁﬂﬁ ?mgg%iéﬁr %ﬂm@ﬂ cc

sterile normal saline, infused over 20 m nutes. st am na has

i ncr eased08ynlaf 1¢@amyroseeliquidd df 6 mg thovappewesallewektorenteTthe pati ent was

pl aced o Ol .: \ | kor, t s fol l.owyng his first two

Ter phor onn‘lgg g;éﬁer?.ﬁ%%{%%éﬁ&%%{hgf% M@isvﬁﬁk@a?ﬂ(gﬂv%gﬂg? lélé%f ved. Al though he
was weanedp@ff of his 17 23 Septenber 2005 WO 02/ 078623 PCT/ US02/ 09089

Rhyt hmol , the atrial fibrillation had not returned. The patient has not had

a transient ischeni.c attack si i,nitiatign_ of Terphorone.therapy. In
early NovenbePZ%S%SIIDWéwn%?ﬁ“%%%;Y%w&W?H’_ﬁg’c’éﬁ"ﬁhé’é“\%‘tﬂ‘?s St ani [y wi t hout
i n¢pdent .sp&EkKpbRkdtiod OTEFSBRIdI broBudt WAS §iDfcl &f 4 §18scDit rdctf tdig@taflre Afa 118 LI nmin
was sparged up through 100 of 100% n%rcene liquid at 5 C, and the vapor

i
was al | oweded bown beftle ovranighit the pere merming fae shermist aud phashagst savofme he cheni st
~set off %?M&%?hﬁﬁ% M%héﬁcﬁl@ﬁash\é@ﬂﬂfde the closet.

EXAMPLE 11

Ozone (120 micrograms/ml) was bubbled up through 1 L of neat geraniol at 5°
15 C for 48 hours. The reaction products were diluted 1:9 with DMSO to give a product
mixture. o

The mixture at 3% was administered intravenously to a patient suffering from
- Herpes (Varicella) Zoster daily for 3 consecutive days. There was no observable
effect or improvement on the patient’s Herpes (Varicella) Zoster.

20 _ | The invention may be embodied in other specific forms without departing
- _fmin the spirit or essential charécteﬁstics-thcreof. The present embodiments are
" therefore to be considered in all respects as illustrative and not restrictive, the scope of
the invention being indicated by the appended claims rather than the foregoing
description, and al changes which come within the meaning and range of equivalency

- 25 of the claims are therefore intended to be embraced therein.
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Ozonated | i nonene was created by the sanme nethod with precautions agai nst
10 spark generation. The ozoni de product was stored inQ?S%I t%ﬁ‘a%%rftiogr oom
tenperature in a sealed brown bottle overnight. The neX FOF NI ng e

chem st and pharmaci st saw fine g¢lass powder and a syrupy chem cal

spl ashed i nside the closet. EXAMPLE 11 Ozone (120 m crograns/ m ) was

bubbl ed up through 1 L of neat gerauiol at 5 15 C for 48 hours. The
reaction products were diluted 1:9 w%h DVBO to give a product mixture.
‘The m xture at 3% was adm nistered intravenously to a patient suffering
from HeP|38sitvaricella) Zoster daily for 3 consecutive days. There was no

observabJ&_g Tﬁ{eﬁg'%'ewr’iémf?%\;‘ﬁ%ga@ﬁﬁﬁﬂﬁhe patient's Herpes (Varicella)

Zost er. I nvention ‘ed in other specific forns without
departing f raoiitst ¢comtaperrdontaining e dignidiphlase,Hae figwid phasd omnprisergeof . The

present enbodi men I her ef or be idered in all, respects as
illustrative and h%rt&lrdics%qqc&e[sl Qfer, a{:t%é' %‘8@@@3 (5$sult[qqefrqrﬂ\%ﬂ?ft%8€@ ng
indicat ed by the appeadadachiitoR bhtdzehe tdiah okffen] AR@EhNBe SRERS | Ption,
and all changes which conme within the nmeani ng and range of equival ency 25

of the clainms areSORBFASoPECTNESh el oBjioheneivhr ialnpl Rhyteh meraniolp3
Septenber 2005 19p&Hi81 ABohol Ime Of?bélia’ﬁk@efé{nidmpfgrﬁé\stowe conprising a first

container containing a l'iquid phase, thé Iiquid phase conprising:
peroxi di ¢ speci esadpenedating eelventb dukersinr theu penetepting salent dampdsesf an 5

al kene by a m xtu ﬁﬁfg and gen rei al kepe compri ses
a-terpineol, cit réﬁ"'eel%ﬁy(% ) g@?bl ,Stf%i%fn‘al o'gFm'S’hyt%P%)ﬂ%%? anf-’&fx,’l’ p il yl
~alcohdl , nent hol , mgthytsujfomathiank; and f arnesol ; a penetrating sol vent,

wherein the penetrating sol vent, conprises djmethylsul foxide, sterol,
leci thin, pr GFCRRCYTIFBET conianing T RpRss (Po RYITRRS SBTPEHRS:A. second
contal ner contal n Qﬁ}eﬂ:o‘ﬁt%iihiﬁg Rh@wetated IR/ afM I tRMRSR nY& AP Whetditd the

dye comprises porphyrin, rose bengal, chlorophyllin, hemin, corrins,
texaphrin, methylene bliue, hematoxylin, eosin, erythrosin, lactoflavin,
15 anthracene dye, hypericin, methylcholanthrene, neutral red, or
| fluorescein; and

an aromatic redox compound, wherein the redox compound
comprises  substituted or  unsubstituted  benzoquinone,

naphthoquinone, or anthroquinone,
20 wherein the liquid phase and the solid phase in combination comprise about
0.001% to about 30% by weight of the atkene, from about 50% to about 99% by
| weight of the penetrating solvent, from about 0.1% to about 30% by weight of the
dye, and from about 0.01% to about 20% by weight of the aromatic redox

| compound.
25

-2 The article of manufacture of claim 1, wherein the alkene is in a liquid form,

in a solution, or in a dispersion,

3. The article of manufacture of claim 1, wherein the alkene comprises a fixed
30 oil containing the alkene, an ester containing the aikéne, a fatty acid containing the

alkene, or a ether containing the alkene.




a dye containing a chelated divalent or trivalent netal, wherein the dye
~conprises porphyrin, rose bengal, chlorophyllin, henin %ﬁ%ﬁﬁ%?

t exaphrin, nethyl ene blue, hematoxylin, eosin, erythr03|n act aV|n, 15.
ant hracene dye, hypericin, methyichol anthrene, neutral red, or .
fluorescein; and an aromatic redox conpound, wherein the redox conpound
conprises substituted or unsubstituted benzoqui none, naphthoqui none, or
ant hroqui none, 20 wherein the |iqui d¢dgphase and the solid phase in -

- conbi nati on conprise about 0.001%to about 30% by wei ght of the al kene,
from abod4t 50Phet amaleoaftmanwabmre oEckinh 1wartéi@n RRS Shikiatd b osonevang, from
about 0.1%to about 30% by wei ght of the and frontabout 0.01%to
about 2099FMEFYHISes Singd %ﬂ%ﬁt PYIPRJBKLS %@i@éoﬁ!ﬁiﬁ sopproXidg @ioftj cl e of

manuf act péfodafe, %wow: Jfadz&\éte;s&oﬁdé hét oatytf&nsomfa tP'?—:t t?ads;tﬁwe%rﬁ&ﬂm ina

solution, or in a dispersion. The article manuf acture of claim1,
wher ei n the al kene conprises a flxed 30 oil containing the al kene, an

cther ont ai mr R HE & ETecte & Hhrf, Brbidl BE iRl fr oPnkERfa " °

manuf act oxygeofconipdsaen dzoneher ei n the m xture of ozone and oxygen conprises
singl et oxygen, oxygen in its triplet state, superoxide anion, periodate,
~hydroxyl radical, peroxide, or oxygen bound to a transition elenent. 5 5.

The artigle qfhermﬂuéaﬁwrﬁfa&uréloalcm:rﬁ 1, Wi 6ih thé Pené&atmgrs%heht pzgne and
oxygen conpri ses ozone 6. The article of manufacture of claim1, wherein

the pendiduid nHgelleanenahiane senolligntopipema e ¥adle nenbrane, enol |ient, plasma
or vagpr. 10 7. The article of manufacture of claiml1l, wherein the

penetrating solvent is dinethyl sul foxide.
7. The article of manufacture of claim 1, wherein the penetrating solvent is

dimethylsulfoxide.

8. The article of manufacture of claim 1, wherein the dye can be activated by

15 an energy.

9. The article of manufacture of claim 1, wherein the dye comprises porphyrin

or rose bengal.

20 10. The article of manufacture of claim 8, wherein the energy comprises

photon.

11. ‘ The article of manufacture of claim 8, wherein the energy comprises laser

or ionizing radiation.

25
12.  The article of manufacture of claim 1, wherein the metal comprises iron..
13.  The article of manufacture of claim 1, wherein the metal comprises copper,
manganese, tin, magnesium, or strontium. |
30 '

14..  The article of manufacture of claim 1 further comprising an electron donor.




8. The article of manufacture of claim1l1l, wherein the dye can be activated
by 15 an energy. 9. The article of manufacture of cl ai iqz t he dye
conprises porphyrin or rose bengal. 20 10. The articl ezglg%ptﬁgrqjg{%@ure of
claim8, wherein the energy conprises photon. 11. The article of
manuf acture of claim@8, wherein the energy conprises |aser . or ionizing
radi ation. 25 12. The article of manufacture of claim 1, wherein the netal
conprises iron. 13. The article. of mgnhufacture of claim1, wherein the
netal conprises copper, nmanganese, tin, magnesium or strontium 30 14.
The articlse ofhdaredidlacofleanfactiral BF kiditdr WA wHRLRT ihel BRcBBn Sdéfoyr on donor .
23 Septenber 2005 21 15. The article of manufacture of claim 14, wherein
the el ectCPBRIBRSRRCORIGRAHE PE2 phamranestieal salt thesgofa phar naceuti cal sal t
thereof. 16. The article of manufacture of claim 14, wherein the electron
donor 5 conprises electrical. current or. gernani um sesqui oxi de.

16. The article of manufacture of claim 14, wherein the electron donor

5 comprises electrical current or germanium sesquioxide.




