23 Septenber 2005 USES OF TARGETED OXI DATI VE THERAPEUTI C FORMULATI ON I N
ARTERI OSCLERCSI S BACKGROUND AND SUMVARY According to ap, as S a@ Berojo %he
present invention, there is provided an article of mafnu Hire compri si ng:
a first container containing a liquid phase, the |liquid phase conprising:
peroxi di ¢ species or reaction products resulting from oxidation of an

al kene by a m'xture of ozone and oxygen, wherein the al kene conprises
a-terpineol, wAk@FTEﬁ%ﬁDAiw&afﬁﬁhappwi@homﬁﬁmrﬂb NiRerillyl

al cohol , rret ho geranyl gerani ol or farneso a penetrating sol vent,
~wherein the penet rating sol V%TF&%EMQS!SWH hyl sul f oxi de, ster ol ,

| ecithin, propylene glycol, or nethylsul fonyl net hane; and a second
container a solid phase, the solid phase conprising: a dye containing a
chel at ed di vVBAEKGROUNDAMND 8UMMARY| | wherein the dye conprises porphyrin,
rose bengal, chlorophyllin, hemn, corrins, texaphrin, nethylene blue,
hemat oxyl i n, eosin, erythrosine, |actoflavin, anthracene dye, hypercin,
met hyl chol ant hr en&ccorséngte ap aspect of the predenomeniien, therednproddedanomat i ¢ r edox
conpound, whgy; | S&iairih

unsubsti tuted 1§%%%%§fa3§%§msgﬁﬁgg§a§%%&cOr ant Gﬁﬂdog]ﬁhﬁ%ngé wherein the

| i qui d phas digtphaseecompriging: pﬁa?s‘éw srecicdpiseastion radustmpmitos fiaout 0. 001 % to
about 30% @gg,g 99% by wei ght
of the pente)%&rngﬁn%gtaggfksltéér}? a%%%%%g%ﬁaf% 3 %ﬁeﬁlﬁ)}&%ﬁ%@%&% by wei ght of the
dye, and fr owwmpabogtte®ingd, Sirersllelboum], lm%bthJ ghaniobfpetilyd ar omati c redox
~conpound. A 0 n t.n a conposition
cont ai ni ng rE][l)e %ﬁ(% éeﬁ&&}gteelggloof&gm %B% ngn%{}gt gg()l(lgllt %I{%lsem tﬁ? hod of

pr epar at i on,peagichiing salwsmompﬁwsﬂmhybniﬁmﬂmml teeithe, @snptykanfa t wo- conponent
System of 2 BIAL IGEHLE bk ALIL AL 0 WLEDG 0T Bie BELGN! 01 C Spec es
or reaction oduc gsulti ng Tt om OXI finlc conpound, in a
1iquid formpbasecamarigiey: atijfmptamwgairchdxtygémalemontnalmtmg:tad)mhdrem ng agent; a
penetrating nt: - nt ai,ni n and an aromatic

r edox corrpouﬁé;é}ye% #p%%%g%ghﬁ% & In 39 Cﬁlop 1@%%?%% 0g”ﬂpsfepar ation of the
phar maceut i gedaphror, methgtehobiua hdnatct)s'hmsaesm,rmttm’emd, hgtofioiig pathmcene

arterioscl eré}ﬁ,' h?rpercin, 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.




1 23 Septenber 2005 Ozone is a triatom c gas nol ecule and an allotropic

. formof oxygen. It nay be obtained by neans of an. el r i S&har ge or
intense ultraviolet [ight through pure oxygen- After ?%§e@%§%88§$§ of
ozone by Christian Friedrich Schonbein in 1840, six decades passed w t hout
any interest in its nedical utilization. At the beginning of Wrld War 1,
Al bert Wl f used the gas for the first tine therapeutically when it was
adm ni stered for the topical healing of infected wounds. However,

devel opment of nedical applications was inpeded by the discovery of

ant i bi ot ¢ dpygs s S ERARANNKER AT h AERE bl Doxdfln a3 8205 al ong vi th

skeptici sm associ ate 1 the internal "applications of” ozone gas in the
field ofobhingd by means sinn clopipea) dipdanes or ipteaaltragipietlighbifropghaesr ch had been

1im ted 0. EURRRIRI; &e(y%f%z&%@?bhﬁs%aﬂ“ﬂﬁe!&ﬁélﬁ&ﬁ&lﬁ&ﬁﬁmﬁ@tsﬁri al not published
in peer-reviewed journal’s. Mreover, the popular msconception that ozone
i s a serdeendes paesed witlont any frieest fnriis medigyljugbigation. [ fepeginingiofease, and the

ant i oxi difiid WHAPABEE Vol FRiaR sl RY e FRIRRLEREAS My Ri&Iidisced nmedi cal
ort hodoxy against its use. OZone therap%/snl S a mshoner. Ozone is an

ext r enelagmingsteead; fordhotapical heplingofdnfeqiedswagndsh Heweveadpelepmett ofict i on directly
related lﬁeﬁicalgﬁpm(ﬁgﬁ%&&e&b?ﬁehﬁc&&?%fﬁiﬁ%ﬁc (;{Egsough sel ective interaction
B nt I n

W t h orgglnlc conpounds prese n the plasma_and in the cellular

menbr anésilphmppmides pednenigidling)dp éhei L80s glong withekenticism agegiatedivit ed ol ef i ns occurs
| a- 23 Seplifaial,ARARNYE Sl LiSh 4R ﬁ%f%&%@%?%x%&ea}@@mﬁ@r bon- car bon

doubl e bond, generating ozonides. Ozone Is toxic by itself, and its

react i oslipieabaeerch hadbaghlimied to Brrepagn atests| Reeclierdviiyageadefel t her apeutic by

t hensel )&ﬁ&ﬁﬂ%ﬂmﬂﬁeda%&zwﬁma , MUDCARE Rfulh 1818, is present in
nature in trace anounts. Hydrogen peroxide is unstable and deconposes

vi ol ent Imjiscoasptiog thagprenc is A s@ions podetentclbntitre radicell Freony gbdircesemenbr anes and
part | Ul fo Mok Rkut b @fint nAel 134 OfhprenBRAlY Pinai A fhedibgn 3l 1 accel erate the

rate of rtz rogen per onposition I n
' orthodoxy against its use.

~ Ozone therapy is a misnomer. Ozone is an exirervely reactive and unstable
gas with mechanisms of action directly related to the by-products that it generates
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




sol ution. Hydrogen peroxide by direct contact ex vivo kills m crobes that
have | ow |evels of peroxide-destroying enzynes, catalgggg.mﬁgg i t ance,
there is no 10 bactericidal effect when hydrogen per oxi PSR tsed into
the bl ood of rabbits infected with peroxide-sensitive E. coli. Moreover,

i ncr easi w@ khwsmoncentrati on of peroxi de ex-vivo i n p@abetie®es human bl ood
containing E. coli produces no evidence of direct bactericidal activity,
The | ack of effect of high concentrations of hydrogen peroxide was
~directly related to the presence of the peroxide-destroying enzyne, 15

cat al ase. Tg have any ef.fect i gh concent.rations .of hydr. n _per oxi de

woul d haveat(t)ﬂﬂ)e caﬁ’ nﬁq}i’%ﬂ?@iﬁtﬁ%ﬁ’t ”?rﬁt@]gﬁ’é?ﬂlg?si g)z?r&mgq yflfgglgﬁ{l‘?peri ods of
time. Lar ogs Risbbnpodedts, oftnillcs 98I unbiabie xhdiQe A WdehintbyeRén#Bes. such as

catal ase, normally present in the blood make it inpossible for peroxide to

exi st in blood for nore than few secaonds. . One myst concl ude that
hydr ogen peroxilﬁ@qgﬁ??%%é%@zgﬁrtdéﬁc?wdﬂpé%&?tPF"é%”b?/at‘?qu‘Fﬁcéction or

i nfusi on dggsmRo _yéﬂog@rgbewd&qa uEh g UlcoRBElel WoRkl PR Wl i I ood or
extracel lular flurds. wever, hydrogen peroxide does participate in the
bact éri ci dditecinovtaetswthorgania mémbraiss pndnagitulsbeomdish algighic agilaton, The criti cal

ther apeut i g ptd LEMA AOLJAUE ASEkL hiffirodDEt QXA AR ARB e sel ecti ve
delivery, Qa scﬁ’%l%lon arid Attt vation fir S AT AR e nol ecul es into
only di seag@diofiacr ophages, which are believed to be incapable of upgraded
cat al ase and gl ut at hi one reductase activity. infused hydrogen peroxide is a

general i zed poisqn whereas targeted intracell ul.ar roxidation is a
selective t helH?i’ I?Eer?’ﬂ%lE.’YC{B‘%%t.cogﬁ?téﬁf’wﬂg{usH’,’cﬁ%lle?%gﬁ%"(ﬁ% Villez teaches
a conposi tie@ik ﬁ@@roﬂﬁ&h@ﬂ‘o?ﬂg ek, ’c@ialaied OF@GRRancd, MBerdRIBod i ncl udes
topically treating the affected area with an 2 23 Sept ember 2005 WO

02/ 098623 rcipricid 2oy oden hipdsegen peroxide isinfhased getp thebipodobrabbisoni zi ng various
fixed oil iﬁf@tﬁ&'@ﬁﬂb%ﬁhggenﬁﬁggﬁ.smﬁ. RMoERVR! FBioreflillEhS c@thiffbd ¥r aci ds.

peroxide ex-vivo in rabbit or human blood containing E. coli produces no evidence of
direct bactericidal activity., The lack of effect of high concentrations of hydrogen
peroxide 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




U S. Patent No. 4,591,602 to De Villez shows an ozoni de of Jojoba used to
control mcrobial infections. U S. Patent No. 4,983, 6334t i scl oses
- a nmethod to parenterally treat |ocal and system c vi rél3 S%ﬁ{‘égg)t@?%on@ by

adm ni stering ozonides of terpenes in a pharnmaceutically acceptable
carrier. wo @ordad ent No. 5,086,076 to Herman shows anp@nisovisosd conposition
containing -a carrier and an ozonide of a terpene. The conposition is
suitable for 10 systemi c adm nistration or |ocal application. U S. Patent
No. 5,126,376 to Hernman describes a nethod to topically treat a viral

infecti i I ' i de. of [ arrier. U S
Pt ont  No. BnabRapRal el o Bans Eidh i ol AR AR & on  cont ai ni ng

anon- aqueoilsohR| étheés alfaitPatid®@zoni de of a terpene suitable for systemc 15
injection. U S Patent No. 5,190,979 to Hernman describes a nmethod to

parenterally treat a pedjcal condition in a mammal ysing an ozonide of a
terpene in a czﬁgi%ﬁt‘?nﬂﬂps‘%g%ﬁogmgﬁ\&!u%%,aﬁﬁ@%Qﬁg?JPrlﬁgPsF‘chhes a met hod
t o parent es@bh¥micFobiil infietib@l | nfections in a mammal using an ozonide of a

terpene in a carrier. 20 U S. Patent No. 5,270,344 to Herman shows a net hod
to treat a systemc disorder in a manmal by applying to the intestine of

t he -ammal a t ri-B:&atehNogh983,63d toderayn disclemsp p ;gtbiof &o parentgrallyEeat ur at ed

hydr ocar b i E | i ;] r . 34! : unsat ur at ed
v ocar bogeiAAER{atY Rl Insinh PR BRALAR YrorRERBI ElgRkail® o2 S5 500 10
Her man despinitwesutcaltpapesitle aidror the 25 treatnent of a nedical condition
ina manmal, the conposition contains a diperoxide or trioxolane

derivative of -t turat ed hydrocarbpn whi. derivative is
prepared by 02%5-%5ﬁ33?§§%@6§§8%#%%§?§¥W§% aﬁgfg}pggg? onin acarrier.
3 23 Sept egpaRini OGP aRLAD0Z38iA8 o R EIR0 2/ 96BFbsiiva s sutalilbiforr eports on the

use of terpene ozonides for different nedical indications, terpene

ozonldes dvEpminadmistiaipeotiesal aipliRioBs. For exanpl e, ozoni des of

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




nonot er pene, such as mnyrcene and |inonene, flaned out in the | aboratory.
‘Consequently, they would be too dangerous to formul at e ,gr. eéﬁeﬁ{bﬁrzcﬁ)s
Furt hernore, ozonides of geraniol, a |inear nonoterpenée altohol, 1 n water
or in DVBO did not show any clinical efficacy in three case of viral

Vari cel | wodnstsers (shingl es) and two-cases of Herpes ginpdoemoosber matitis.
Coronary heart disease ("CHD') is the single largest killer inthe US It
affects about 12 mllion people in this country. It is responsible for 1

~ out of 5 deaths, 10 totaling nearly about half a mllion a year. The

di sease i s caused .by,a narrow ng o the | arge.art.eries pl aques nmade up
of bl ood fats, ifgeﬁ@ﬁ?/tggreg%q ‘@’s%%‘%&o?te%%?@mdgi@ﬁP%}%Eegﬁp%‘g‘}%oI | agen and
ot her - pr ot jiidSions ActpEeRRorkdds AisyIty ARRDS deficieddies. For ExambRpozopideddie arteries
in turn hanper the ﬁspggply of blogd to the heart nuscle. CHD can cause

angi na, WReIPISTPERS) spel aupysawaad bmorgmedlamed opt i the WheTRIEr ease supply of

bl ood flo uld® ag Cﬁk@@ﬁt 6.3 mllion Anericans
suf f er fr%@%‘ﬁﬁ%&g%&% car?rtﬁuﬁdaagg?%&snyoca{rlﬁ?ea infarctions, commonly known

as heart attacks where tissues in portions of a heart die because of
i nadéquat e bl ommrwpzmmesoﬁg@mmiahm@nnm@we slpdob g wHiaref arteries

becomes col | | . 1 i on of

Aneri cans 1@@§§§r&tgﬁoﬁ&pﬁgﬁﬁééﬁﬁﬁéﬁﬁgﬁa§§ angge%{ce%hatiaﬁgdé 20 probl ens

punpi ng bl @hiflgled) kihd ivendakes,of Elarpss Signpteadgmsititive heart failure, which affects
about 5.6 mllion Anericans. Then, about 4.3 mllion Anericans have heart

hyt h di st , i.,ch ar, hyt hm as. . T. is, th f ,
& b 658 ng_ need RO St GCHT 18 1 Snath B Wl B g O Ui Soacoe oo 4
23’ Sept embgtecid 66u: YOAROR F&HRIN BETALLER IDESGRhRHIS N PoHJISARRI089 The

present invention relates to_conpositions conprising peroxidi ¢ species or
read@i on petstingrestly abayt hathgymilkions yoar dehieidingassis wsed b¥ AT % gani ¢

conpound, 0 lafbe arteries by plaques made up of blood fats, such as cholesterol, smooth

muscle ceils, collagen and other proteins, and even calcium deposits. The narrowing
of the arteries in turn hamper the supply of blood to the heart muscle. CHD 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




liquid formor in a solution, by an oxygen-containing oxidizing agent; a
penetrating 5 solvent; a chelated dye;. and an aromati 31 RAQX 1SP nd. In
one enbodi nent of the present invention, the essential cofrpponents i nclude
t he.peroxidic products fornmed by ozonolysis of an unsaturated al cohol, a
st abi | i zwiog2embasent , net al | opor phyrin, and qui none. H#teuseasmsur at ed

organi ¢ conpound, or the unsaturated ol efinic hydrocarbon, 10 for the
present invention can be an al kene wi thout a hydroxyl group, or a hydroxyl
contai ning al kene. Thus, the al kene wi thout a hydroxyl group may be an
open-chai n__unsat ur at ed _hydrocarbon, a nonocyclic unsaturated hydrocarbon,
or a bi cy@E@Aﬂtﬁgm Wdrocar'bon. The hydroxyl -contai ni ng al kene can
be an open-chain unsaturated al cohol, a nonocyclic unsaturated al cohol, or
a bicyclic unsghbpat@dintantivh e to cdiifositivhddomipisiag perogididispect@pound may be
| i near, branched, cyclic, spiral, or conplexed wth other nolecules inits
conf i gur atrpasion medudisTssrtiineaframonidation pEan wWssHpeied Qrasals comRAd NG exist in a
gaseous | i1gui |i j ~ i:noj b . ¢ j vat ed

oxygen. » FTof oAbt b apblyRin R HRCLAGE skot W BEnctdild 1P °T e
doubbe borsdivenina el2lafdd; dye; 'antian drodati¢ redoxionipoend dn dsg embodin®@f ofthe H2n. 4, t hree
doubl e bonds, n=6-20; ., CnH2n-6, four douhl e bond n=8-.20Q: H40,
sesterter ﬁéﬁgnt%‘ﬁpé%pﬁﬁﬁﬁm?ﬁlwmcﬁﬁ? &Spﬁtgﬂgici?ﬁ%ﬁ%g%%gyA nmonocycl i ¢
unsat ur at egoibebistFah besaiueadd AeholCa kabilizidg sobvet, @Rtlbso ahd 25 one ring,
n=3-20; CnH2n.4, two doubl e bonds + one ring, n=5-20; 2n-6a three doubl e
bonds + orf®Uopfg, n=7-20; C25H40, sesterterpene hydrocarbon; or C3oH4s,
triterpene hydrocarbon. 23 Septenber 2005 WO 02/ 078623 PCT/ US02/ 09089 A
bicyclic unsat E'%q%fm r ' : BdBooONd + two
rings, n=4-20; lﬂl(:lé}lZn-' , %ﬁ%ﬁ#@%ﬂ%ﬁhaﬁsﬁgﬁﬁeﬁ%@rﬁg%o%%5H40

sestl@r t er ferthe pissait wyention nan beran EBORSithout & hystroryh grony.dr 8 Bydrpiths .

containing alkene. Thus, the alkene without a hydroxyl group may be an open-chain

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. |




An open chain unsaturated al cohol can be: C ,H2nOn one doubl e bond, n-3-
20, nv-1-4; CnH2n.20m two doubl e bonds, n 5-20, nv-1-4; ' t hree
doubl e bonds, n=7-20, n¥l-4; CH2n-60,,,, four double %8nsggeéa-‘r?gbﬁ% ni
1-4; C2LOOm n¥rl-4, sesterterpene al cohols; or C34H480n,, n¥l-4,
triterpeweoahmedsol s. A nonocyclic unsaturated al cohol pcrmsoesossCH2N- 20m  one
doubl e bond + one ring, n=3-20, m-j-4; C'" H2,,.40m two double bonds +
one ring, n--5-20, nm=l1-4; 10 CnH2n-60m three doubl e bonds + one ring,
n=7-20, nv¥-14; C2$1400m n¥rl-4, sesterterpene al cohols; or C30H4sOm

honic | “ond otk osgemiss OB R L SR EIRL 0 55 o
doubl e bonfgs 1=4-90. CIHYS twdThbRbondd 1 twh ringt;32H400 0, HIE; bestertefRBd €1 t er pene

al cohol s; or 'C3o0H4sO m m 1-4, triterpene al cohols. 15 Usabl e unsaturated

ol ef i ni ¢ hydroesslanh orcsobay iritsepeupbyisecerbons. ed, substituted, cyclic or

- conpl exed al kenes, hydrazi nes, isoprenoids, steroids, quinolines,
carotenoids, t 2 ﬁmfmr@t@l DL 8BS0 Une dBSAL HERAL gk-fats. The

preferred unsgtﬁg’ a éehgdnhysrocar %‘g{%s ?or i%“szsni 'ﬁl’vgﬁtion ar‘g’ al kenes and

| sopf enoi @6, mFhé; Oplle,Opted dubtechondss aei+2G el - yCiheAlbh tmes dovblet hi s

I nvention,are |i r 1so nojd al cohal s 20 w.th two t repeati ng

i soprene (‘!ff”i‘)%p%_’fi']ﬁfgﬁllﬁngg Z“éhaﬂ' tﬁu‘r @H@ﬁ%%%“%g’é?'a%r %'IW?'4’ g@?ﬁ#ﬂger ani ol ,
nerol, or n=10nkaeiterpeGONERBR] GT-FLE0L, M1y, pitbrpadei dlachbl. pl ants as
constituents of essential oils. Wile many isoprenoids are hydrocarbons,

" oxygen-containing isoprenojds also occur ch as alc | s, al dehydes, and
ket ones. In a froHQPgEyc %H%Séi;urﬂtf%‘@l%ﬁ?hca%lﬁﬁ %%e&m?ﬂ%&u%g’awéﬂ%? d

hydrocar b enyi £ag9£doa Vs R bROn ', 59312@,'?@—11-4;}'2

- C(CHB) - G—gﬂ Zd,gg;aa:gieﬁo%h It ?2 ’Eﬁg\t}ﬁu that | soprenge itself is an end- product

-of 19 sopr €xB.d0bi thisy deubtesiondsrhanaring, any-20 restl rie dF26HeOmi molfenoi d .
hydr ocar bgn re ategorize h i soprene (C5H8) units they
cont ai n. f?fﬁegt,%m%%ag?oilsgeﬂlééf’“ﬁﬁg’y{?’e]%?ﬁ‘l’g{e{[s%’%ﬁ?%&o&'é’?‘?és have 3, diterpenes have

4, sesterterpenes have 5, triterpenes 6 23 Septenber 2005 WD 02/ 078623
PCTI US02/ 09089A bicyclic unsaturated alcohol can be: CpHzu4Om, 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
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have 6, and tetraterpenes have 8 isoprene units, respectively.
Tetraterpenes are nuch nore comonly known as carotengb%§.e%hgpﬂﬁﬂ§ and

pi nene are exanpl es of a nonoterpene. Farnesol and nerd i~gBIeTIsT & exanpl es
of a sesquiterpene alcohol. Vitamn A and phytol are exanples of a 5

di t er penwoakowenl whil e squal ene is an exanpl e of a tpdiesopesnss Provitamn
Al, known as carotene, is an exanple of a tetraterpene. Ceraniol, a
nonot er pene al cohol, is liquid in both its oxygen bound and nornmal states
and is safe to living cells. Based on the total weight of the

phar maceut,j cal f | ation, the al kene can .vary..from about -0..001%to about
505 " or of e p g eRshbant § Softr 3R Bect Y Tor AR L  er bl y 1 rom
about 0. 5%mére cabqorily Bnd¥bh asaotuigen- cont ai ni ng oxi di zi ng agents for
‘reaction to the unsaturated hydrocarbon nay be singlet oxygen, oxygen in

its triplet state, superoxide anio ozone, periodate, droxyl radical,
hydr ogen peroxiH’é?ne%? ?“ﬁ?é‘?Wieﬁ@pqé%fﬁmwerpﬁ’é‘?‘oé%Wéﬁaﬂgﬁeﬁﬁlﬁﬁ/peroxi de, or
oxygen boupdexa@pRs bf ARSdufiteDBnLdI OB VitafkiC A, A9 phtolRé ¥hgPldRrse. 9. MDD) .
The preferred oxygen-containi ng oxidizi n? a%ent s for_this invention include
ozoné, si n@e@m&@bﬁwmbﬁau@me&wa@plan ofiliermngn BraviamRa\ungwiipr ef er r ed
oxygen- ¢ Wall i.dl zi Ol TR Le] t:ur at ed

hydr ocar b%ﬁ%ﬁ*}t{éﬁ%%a%?%g%ha@ggﬁa@?% B%efe oxyg’eér}.ﬂoﬁfge%g?%un % hat the best
met hod t o Hapiddn beth itk veggen bonnygediortnal stattsepnt ispafedoiiving icdls. by ozonati on at

t enper atures between 0-20 Cin the dark in the absence of water or polar
sol vent. The geraniol, "ozoni.des'.were the i.ssol ved .and stabilized in 100
% di net hyl sul ?B%?BHE e‘&'ﬁ“{%l’m" g‘“’gf"é%‘ orbtt%er?g{eﬂ?‘émb_reakdom of

t he produGis; froth 403atQB0 190 to ABHIONY picferddly et BELURY. 19 bOROIOY,, i1t IS
believed that the 25 catalytic breakdown of the tetraoxane peroxidic diner

bypABduct 8¢ mgesrpiefpiably fioppabopt Ge phort3.9%- not an ozonide, occurs inside of

cells in the presence of superoxide anion. The final reactive therapeutic
agent s rel easeqha5:8o8Y irRGRRs oRELRY hgt%ts%‘&%éc%ﬁ \Ftheahdrated?23 Sept ember 2005

hydrocarbon may be singlet oxygen, oxygen in ifs triplet state, superoxide anion,

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.




WO 02/ 078623 PCTI US02/ 09089 Al t hough not wanting to be bound by theory, it.
i's believed that, in general, the reaction between anggl)gsepe angoq) one in
this application proceeds by the Criegee nechanism ACCOFRITP is
mechani sm the initial step of the reaction is a 1,3- dipolar cycloaddition
of ozonewom2rss2ial kene to give a primary ozoni de (a 1lp@rBsoztesoxal ane). The
primary ozonide is unstable and undergoes a 1, 3-cycloreversion wwth the
carbonyl compound to give the "nornmal" ozonide, a 1,2,4-trioxalane. 0 "
FI+Q ai I 'r FI SCHEME 1 In a-side reaction, the carbonyl oxide can enter
into a dinerizg,hon.to, give eroxidic di.nen ..the.1 2 4 5-tetraoxane. R
SCHEME 2 10 Thethdlighuidt 3%%“#3%"?0%0@(1%’?{?%%1 I Dpleed e it genstgh el 0" Ay
t he presenestion betivee aciiithd ikl GmRGh €8s dppligation podeds By the Criageer ) , it

~undergoes facil.e nuclegphiljc addition .to.give 1-al kox dr oper oxi de.
Under cer tBFHatBRafpGonHas tofjgmec @x‘}‘ﬁ}"éﬁ%g@&ﬁ@gﬂ@aﬁtﬁ’ﬁﬁ%gé‘rgof n-t er
reaction t%&r\é?clﬁeﬁfdﬁﬁh%f boné the AR Y@LV £Briméd oRiRdeAR©r3-2005 WO

02/ 078623 A " PCTI USO02/ 09089 SCHEME 3™ Agal n, hot wantihg to be bound by

theoly, i ttipxalise). i Bwedmarynzonide is ngstatieeandandergtey gil -cyklordversion with
al cohol - cqpt gl 0o s aRfo ol WL B EPHbaiil 43S 4 Blbxalle, | S " eaSONADI €

@
A A "
y — I Gbr — ‘;fo*oe Pup 2,
R R \FO A :

R

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.

@
o R
e A
N A
60¥;ﬂxn
SCHEME 2

10

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.




to expect that three major types of peroxidic products will be present: the
normal ozoni de, the carbonyl tetraoxane diner, and th

1- al koxyhydroperoxide. In the 5 presence of water, son§35F?Fﬂg§%zgg%oxidic
products nmay also |ead to the presence of organic peracids in the crude
product mwaobaares23 The present invention involves the user/foiodso to
"stabilize" the initial products of the ozonolysis. Simlarly, not -wanting
to be bound by any theory, it is believed that the stabilization is nost

i kely a sinple salvation phenonenon. 10 However, dinethyl sulfoxide is
known to be a nucleophiie inits ow right. Its participation is also
possi ble. as a nucleophilic partner in stabilizing reactive species (for
exanpl e, as di ngt h§l sul f oxoni um salts). The penetrating solvent for the
oxygen- bound unsaylr& ed h ar bon . be an enollient, a liquid, a
nmenbrane, a nicelfe, a“prasmajor & vapgr. 15 Usable penetrating solvents
are water, fats, wsterols, lecithins, phdsphatides, pH buffered saline,

et hanol , propyl ene gl ycol, S&F¥&ét hyl sul foxi de, nethyl sul fonyl net hane, and
pol yvi nyl pyrrolidine. The preferred penetrating solvents include

~di met hyl sul f oxi gde; I el ] gﬁ@% | i ne. The nost
preferred penetr |ﬁg¥vg%n%dﬁ?¥:b%c d&?&%%a’ﬁe%e@&e@ﬁ%m .tﬁgo Based on the

total wei gbonaliysis bftheilechohoomtairingdikdne imthé piesentinvédtien,fEnstasaiblag  sol vent
can vary from about_ 50%t o _abouyt 99. % eferably from about, 90% t o about
589% " ant nSrBDRF GRS ICF BB CLRESEI S IREES SHD Bt Pt TRk abs | | 5ed-

per oxi di ¢ sRhRiethEcattityl thiPaoR/RWHE! anﬁ%espiﬂk@@h){cﬁ?éﬁ)xhﬁ?%th@f&de from
conponents currently used in production regulate béatilhe Food and Drug 23

Sept énber PEEECAROVOIELGPRE 2BhEEPRIORTRE rotyel may Hsp lead Foethe Biesquee A" ) . These
i ngr edi ent%&%ﬁ@ﬁ%@e%ﬁ&%ﬂ% tMaster Files, Drug Monographs, are

found in t are neral Iy Recogni zed As Safe ('"GRAS ). The
super oxi de generating dye and perpetuating agent, also biologically
conpati bl e, pr dibaiptegent orvemion énvolvgs the nse of DS @ taffstebiliceithe mitial 5 The ot her

h h ical, f | at i incl h
et ol | opor BIERESRA i s w1 B B BRRAY Sl iBeb gl i ns 1o

sensi ti ze believed that the stabilization is most likely a simple 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
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oxygen under photochem cal excitation is well docunented as is the
propensity of ferroporphyrins and copper porphyries t in
oxygen-cont ai ni ng systens. Researchers of photodynanicgéﬁgpgg§mﬂ%¥g known
that the superoxide dye and 10 the perpetuator selectively absorb into

i nf ect edwandogyspl astic cells. These di seased cells ergudogodosn t ously both
catal ase deficient. The electronic activation of the dye and perpetuator
sinply requires a mlli volt AC pulse. This requisite pulse is conveniently
provi ded by a beating heart. Mreover, normal cells are not harnmed. Usable

dyes, inclyude natur ~SyNt hetic. dyes. . Ex in de_.por phyrins, 15
fose beng #&%ﬁ?@”&?@% ﬁs éfg‘?‘f'g Fﬁgff'@,mﬂ%&fepth? ﬂ@’%t%ﬁrl“% QW%FSQ%% rins,

met hyl ene b ®ionb Oat¥ ¥duhd 1286 USP/NET, Wit 43¢ GShefullyRedydnitel @s Safeact of | avi n,
ant hracene dye pericin, nethylchol anthrene, neutral red, and

S a » []
f1 uor escei(GRASY). {The superovisiesresating Hie idprmenainepped. dsabidjesietly natural or
synt hetic Ly bl gg@% ] Ryl lin, rose bengal, their
respecti vecocgngéﬁ@t@?blgr ﬁ%ﬂe@%%&o}eﬂ%@?eoﬁ The nost preferred dyes

are naturally occurring porphyrins, such as hematoporphyrin, and rose
bengal . Based @he tther compenentsef fistpharmapévtics] fermulstienicandagindedherul at i on or

conpositiaqn t he, dve can. var y.from o . % preferably
from aboutm%?u‘gpg}ﬂl%% a&g&ﬁm%e'%%heggo@ e%'ﬂ?g%rgg‘%ﬁ%)ro @bwgg%%sg{%%ut 0.8 wto
about 1.5 difygedandéi®holychermival BititRmiowsll deuinentphatiothe phapessity of oni zi ng

~ radi ation;_ phonon; electrical cardiac el ectroporation;, magnetic or plasm
pul se: or feEPeRYHRRAnd corper prpinrins jodynd opysescoy 88005 WO 02/ 078623
PCTYUS02/ 09089 The aromati c redox compound includes any substituted or

unsubstitut ed RBRAZAGHYbIHIRIYRARETHIAHY hiR RBowPtha@thé Qipefide @feandThe
preferred aromati c redox ound i ncl udes benzoqui none,

ot B - bertbampmmelsis selvmistly Mbtoth ibriatecisdand drengr ol HRediRatshe. The most
Bt e o0 o OB R FORRUR A SR GHOR b G RRDS1 1 1 Ut o0

.- benzoqui none an

perpetuator simply requires a milli-volt AC pulse. This requisite pulse is

conveniently provided by a beating heart. Moreover, normal cells are not harmed.

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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Based on the total weight of the pharmaceutical formulation, the aromatic
redox conmpound can vary from about 0.01 % to about 20.%? B efer/ﬂﬁu y from
~about 0.1 %to about 10 % and nore preferably froma Lﬁe %_mjl_)ego 3 about
0.5% Useful electron donors for this invention include plasm, an

el ectricwloogurss®nt, 10 ascorbate, and ger mani um sesqedpisdesosdr ef erred

el ectron donors include ascorbate and ger mani um sesqui oxi de. The nost
preferred el ectron donor is ascorbate in any salt form Based on the total
wei ght of -the pharmaceutical formulation, the electron donor can vary from

about 0.01 %tq.about .20 % preferably fro L. % ut 15 10 %,
and nore prefe %W@P%ﬁdg%gﬁpoﬁ%n?lgéfeg%%@bgﬁﬁzéﬁ%ung}l%@}m%@g obtain a

bi ol Ogid_(la|beﬁidq&'@lbnd, ﬁaphithbguinbﬁe, ?mnﬂe@@aﬁ)aé.ynlt@rtfelfrwa&omﬁﬁc remhnol ysi s .
per oxi di ¢ tetraoxane_ product, of a ferpene al cohol, rather than an ozoni de,
N conj uncCRBANIHEFHdES SensanEIeTadng R BoANgone A IaWBMSNIAG n dye an
ar omati ¢ eihi9Bghoqafho. 11U ReferdPRbRSd RabiC.ABuRsl Mndly theory, [t is

post ul at ed t hat e preferre 1armaceutical formilation is a conbination
of bbochersubsituteienmseubstituted bénzdpdmone andmAphthgquwangcat al yti ¢ oxi dation in
‘infected or dysplastic macrophages. The recycling autocatal ytic oxidation

Sl at es. ¢ ar gt ad AABLORL IRl SAIEN (O mPEERMAA fon. 25 The

pharmaceutical Ttornulatiron of t I nventi on as I'n Exanpl e 3B
(" Ter phor aadsk)compsundtcan varg drommbbutedel] % &d dbent 20.08.tpireferably fi@myzbauit ery di sease.

For the npatjent studies, the das s case specific nerally, it was 1.0
cc of Ter 8}]1]0‘1%5%@})%1&r&!%?gnqggorgpmg%@%dﬁ@t O'Sllr;é%%ﬁl??gtj?l%s coul d be 2 :
i nfusions nonthly for 6 nonths, then 11 23 Septenber 2005 WD 02/ 078623

PCr / US02/ 09089 (BefuldlétiioR donddy/RE thisdnveatibdiaclids pladmy£ ai slectddicirfeat,r out e of
adm nistration was_preferably _i.v., although other routes I%f
adnilfi st r@ﬁq%wtwdeg%%m|@.qu§/@@6¥6@1®$@>¢§#@$ elude asgpibaiie may be

carri ed oufq 8kififim BsRiciRleY $8E mBE: pRE&ted elddtron 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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5 either case, the cooling of the reaction mxture is critical in avoiding
expl osi ve deconposition of the peroxidic products of t%gee%ﬂeoaoosThe

foll owi ng general procedure is typical for the ozonol ysi's G qgui d

al kene. A 1-liter flask fitted with a nagnetic stirrer is charged with the
al kene (®olfmetes), and the apparatus is wei ghed. Thecfi@skeoss surrounded
by a cooling bath (ice- water or ice-salt). Once the contents are cool ed
‘below 5 C, stirring is begun and a stream of ozone in dry oxygen
(typically 3 % ozone) is passed through the m xture. It is advantageous to
di sperse the_.ozonat ed,oxyge hr ough | ass, f.rit ut this_is. not
necessary BFSEHEFYW%B“‘%@FfPE?é’ﬁ%fsngaﬁBg?‘@%?ﬁ%}Eﬂ’%‘%Ea%’%sﬂf?fS% i s stopped,
and the 15 v enBighiier Aales ofadtBhiBiiaign Ferdlpassisleact i on nmi xture is sanpl ed.
The gas streamis then re-started. Once the nass of the reaction flask
shows sufficient weight gain, or onﬁg thi&lﬁroton magneti c resonance ("H
NVR') spectrum of the reaction m xt the desired reduction in the
intensity of the olefinjc proton resopgnces, (usually about 20 50%, the gas
flow is stoppedZon¥sit éﬁs?eﬁ@ashwag@geawﬁh@anaa?lvag%%b I sybstituting a
sol utsi on ofjintN@se, BlefcBNg oF i1 r&RliNERENROR cFiRSE td MBidpMapEsvozone such as
saturated hydrocarbons or chlorinated hydrocarbons. e ozonol ysis nmaybe

carri ed oulecempasisionof theiperaxidic prdupis of the tagtiomt , 25 substituting an al kenol
for the al kene without affecting the reaction in any substantive nanner.

o vent. 12 25 ot En SRR RO 0Tt or d QpbdIR BRI D080 A
g;e;g{{g\?\s@me.naceuti cal formulation of the present invention was prepared

A 1-liter flask fitted with a magnetic stirrer is charged with the alkene (2
10 . moles), and the apparatus is weighed. The flask is surrounded by a cooling bath (ice-
water or ice-salt). Once the contents are cooled below 5° C, stirring is begun and a
stream of ozone in dry oxygen (typically 3% ozone) is passed through the mixture. It
is advantageous to disperse the ozonated oxygen through a glass frit, but this is not
_ necessary for a stirred solution. 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.
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- (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-I-ol (geranigl £ Liter
of gas per hour; (2). Maintaining the tenperature of t%gsggg%ggg%&%}ound 5
C (3) Renpbving small aliquots of reaction product hourly and neasuring by
-H NMWVR twe hersgmti on of the peroxidic species or reacpi-Risophdgyicts; 10 (4)
Stoppi ng the reacti on when nore than about 50% of the avail abl e

unsat urated bonds have been reacted; (5) Diluting the product m xture

di met hyl sul foxide (1:10) to give a solution or dispersion; and 15 20 (6)

EXAMPLE 3 Two preferred fornulatiogﬁgghg @S follows: Prior to use in the
target biological system a m xtur k ﬁhtoporphyrin, rose bengal, and
met hyl - napht hoqui ngne ;dr owder s s added to the solution or dispersion
o ooy ot QuBRTE DrpacBiial ot R D e PR A GPACPO PP ar of each
conmponent as@hisqf sed therein when delivered to the target biological system
by saline intravenous infusion. Optionally, ascorbate could be added to

the formul ati 02 prigr to use. A WEIGHT % | NGREDI ENT Q. 54* Tet r aoxane di ner
of acetal perobde PPasEn®HILOPYSPXYEEN gRsminuE of 18@mglpmstyorgh 23 Sept enber

20055 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 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




WD 02/ 078623 PCT/ US02109089 0. 83Hemat opor phyrin 0. 24Met hyl napht hoqui none

0. 39Rose . Bengal *Determ ned by mass spectroscopy. B: %, | DI ENT

0. 54*Tet raoxane di mer of acetal peroxide from ozoni zay\%ng%?emzbggg@%ol .

98. 00DVSO 0. 83Hemat opor phyri n 0. 24Met hyl napht hoqui none 0. 39Chl or ophyl | i n
Sodi um Copglsesd t *Det erm ned by mass spectroscopy. R¥dbmoege 5 The

phar maceuti cal formulation of the present invention can be incorporated
into a prem xed solvent. This formulation is very stable and exhibited the
same mnimal -toxicity profile and clinical efficacy after nore than a year
of storage. Myreover—to—avoid—thestabityissue—enti+rehy, the

fornul ation carj be paggaged iin a two Hemhtopatphiyeitn More spgcifically, the
package consi stis—of -a—smalllox—containing—1o0-the-foHewHg: (1) 15 Vial
of liquid phasg contaizai ng: (a) the pasigaphbogdedees or rgaction products
resulting fromioxi ' ' f—GHLH Hn a solution,
by an oxi di zi ng /i al of

dye containing

agenf,39and (

relatively drylsolid. relativély dry phase contalni-hg:

) a penetr adspBesdal vent. (2
i [~

a chel ated divalent or tri® g@ﬁ?ﬂ@fﬁ% SPRSHOARY- an ar omat i ;:
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




redox compound. (3) An optional mxing needle. (4) An optional package
insert. 14 23 Septenber 2005 WO 02/ 078623 PCT/ US02/ 092§§ T%ebleW5d phase
is introduced into the vial of solid phase and then sh PR -~ The
pharmaceuti cal fornulation of the present invention is thus reconstituted
at the paidz@meiss side. Thus, the stability of the fopoubabiossm is greatly
enhanced. EXAMPLE 5 5 A 63-year old Caucasian female with a nedical history
of a two-vessel coronary artery bypass graft ("CABG') in 1996, followed by
repeat of mammary artery graft in March 2000. Her |eft main coronary

~artery stenosi g, coul.d not. b addressed. at . t tine t second surgery,
as her vessel s%‘éﬁ‘@“@%’&@@@%ﬁé‘ﬁ?a’?éfla?mgggh%? ﬂgﬁgﬁ]ts?ﬁwg%i n six weeks
of - manmar \midl TRE Yhadth@bhtical HEmBaionAthe pRsSerd kA idBué Radnshithiesagr af t had re
bl ocked secondary to "scar formation". The patient was schedul ed for

&

i nternal AbRpagsat@sids Thus, the sablify of thedproaation iy greaiy spkaceds control scar
formation. The patient is a known keloid scar former. The vein graft donor
'site from the left forearm had fopgadreiignsi ve keloid fromwist to

el bow, approximtely 10.5 cm x 1.5 cm The patient opted to consider
b'-o-ﬁx' dative Ry a&m&asi&?ﬁi&ﬁﬁ%ma%eﬁal Rtoh®flatslebeqs of the

Ter phorone, the pdtient reported using up to 30 sublingual nitroglycerine

~ ("NTG') swhioharyaerybsipise goft (EFARE DN 19kaiolowsdhyaapeat efmgmmasy t he - ener gency

These &1 St melEh Ko B et AR A8 o1 U S nce
- about S nEdreded &gk tithd6f (Redet@idisuipary, dsdrevosals wir debased fooafnalie Ter phor one.
aaline. i WL b WA UGGS Of EERAE B e B REREby v down € o
e Pospi el o Ly T Bt v ng her first
i nfusi on ethediled for éftenaland éxdernal Mairiadiatieheef cpiobary grafis Bxeoniplscar
| 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
nitroglycerine (“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




- 3B. I\/breover,. the patient's keloid fromher graft donor site on the left
forearm 25 virtually di sappeared following her first t 0ses. o e

Ter phorone. EXAMPLE 6 A 62-year old Caucasian male w tﬁggdeﬁt%@%glééoﬁstory

of multiple- vessel coronary artery bypass graft ("CABG') surgery twice in
1994. | ngioaR®tsess angi na brought the patient to treat pepisehooket ober 1999.

The patient required an 30 NTG patch (0.4 ng/hr) daily to relieve both

st abl'e and unstabl e angi na. Physical 15 23 Septenber 2005 WO 02/ 078623
PCTI1 US02109089 activity was limted to nearly zero at that tine. The
patient's cardi ol agist,. recommended another repeat , bypass at that tine.

Si nce Oct ﬁﬁﬁ%ﬁ@@ﬁgﬂjﬁfﬂéﬁ B%Flp’éﬁrf) aﬂ@gt tm!"eebg'le. @tlfngﬁ)cﬂr‘.i@%g'@t. 5 cc doses of the

Ter phor onerc¥ddhfithdb® hiitlcfidpea bisaselQ 315k tile dSinke OESRIMO®D, BBpatiithaosage was

0.5 cc progressing to 1.0 cc In 0.1 cc steps, diluted in 5 100 cc sterile

nor mal saIfF‘P?é‘{edizﬁf?-ﬁsféﬁc‘b%F‘S_ oftheFemporcse whisd feraiation isglesoiBedi@ has total |y
subsi ded bé%{aﬁg?éy,ﬂ. d%&%%%6.5%@&&5%%@?1%%&0.&*%?g&%;rs',a&%ﬂfinfequ' res an

NTG pat ch. now plays golt a e course to six times per .
week.5 The Mflcy siedlelmankal silinesinfusddi cvat 20haisutss dltskpatieny’s higindes tdgalyof oxi dative

t herapy cang. n.his cardi.gl ogist diagnosed himwth lal .fibrillation
o now oncupsife B 4 esE SO R R xerbi: S S one FobkesoRiTS B ent | on
Counmadi N (Rethdvepiagsdoltingl walks tRIvete RuE foedd tifdRtperweck! Q‘hﬂbﬂl%ﬁ@ﬁhckff enmporarily,
due to its contralndication with Counmadin therapy. Wen the atrial

fibrill atith ppiieabhasdad dyring higroress of edative Baapy eAne wghendis sadinlegising

Ter phor oney; . E]g&g][ T ' | ree with a
" nor nal car%%é&a%%@taﬁﬁlﬁgﬁﬁﬁ I'S ei‘%@%@?@%ﬁ%?@%ﬁg{%&ar ol d
Cauddsi an plmedtheipatdnt e Eourhaiit (asticeapiadin Csrphaom twattentwasdermipddn i n 1996.
The EKG showed nonspecific, ST-.T wave anges.. The tient s schedul ed
f or corona'?@p‘gﬂap'ncg'ﬁﬁ?“ﬁ%ﬁgﬁ@?%f‘%q‘ ,O“B‘E’Snﬁ&rapgf ﬁ@@ﬁﬁtﬁﬂ@‘%r ocedure. The
~subj ect i veigidERInAeMlvedRte pRknt W weahddH o MRSmAdih BB Téphdgeneer € chest pain on

exertion.
treatments were resumed. The patient is symptom free with a normal cardiac

conduction at this time,

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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20 Hs job required clinbing | adders up three story buildings for the

I nspection of air conditioning equipnment. The patient @P bgle (ﬁh
chest pain was so severe upon reaching the top of the di ngs at he

woul d have to rest in a supine position for varying anounts of tine before
resum ngowdsis2z The angi na was relieved with sublingualyddgsesgeSi nce about 11
nont hs ago, the patient has received six intravenous 25 doses of

Ter phorone. 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 m nutes. Angina
has conpletely subsided, even on extrene exertion. The patient continues
to acconplish the same work he was doing prior to treatnent, now w thout
i'ncident. He has not required sublingual NTG since initiation of

Ter phorone therapy. 30 16 23 Sept extaviPRB@> WO 02/ 078623 PCTIU802/09089
EXAMPLE.8 A 47-year old Caucasian nmale had a history of multiple M1I. He

“reported haviAng- 3&@;mcm@nmmdsmm%ﬂsofhmtmewmm&ggor&be five years
| eadi ng %g ,to is 5 CABG (x4) in 1996. Th atient was discharged fromthe
mlitary FVeryLs BpRthf ngé’%ﬁ%é]i“if‘tedm?rﬁéea@’égﬁpgb higondi ti on. The

patsent r@&&gﬂ m'\iﬁ%p@%éﬁnaﬁmb&sc 1ahRa oflhd ﬂsﬂ.}té?)ﬁn&e?%gl ng up to and
follow n sur fore bei ng 'exam ned this experinent, the

pat i ent ' gisglilitiseton ttO the ceadlh@qmdtban Wb&bﬂhwamw(@aﬁeanhs transpl ant
Hehadfl r nhmln he year
precedi ng % pgrs%("l-gp a%llipgﬁma?&fo ﬁth(?' %%gf W& FEHE wer e p05| t I ve
for mult tqurlths emﬁmeht, thie pateats cﬂtﬂbgsaiwﬂibspita&a&e@bm&ﬂbdam&m patient has

Eeéetﬁe?ﬁe' Pl 0, oer SR e 5 peTHGH P} BIHBAOAE Sl | . 1 nf uscd
ovey 20 iﬁgf‘fm s FticifatioR HORIs u&ﬁqmr&%ew&tswa%?smw fffs]ﬁ“%@st He is able

now to do e ion, such as nowing his |aw, W pain. Hs
car di ol ogesse! disease) Simas #hoxt h@Yttalfmgotﬂlepmmri@ewelaedmslﬂtdosasaﬁspI ant. The

Pt et T BN 8 ot B 5 158 oo |2t oree

100 cc sterile normal saline, infised over 20 minutes. Hc 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

17




EXAMPLE 9 An 89-year old Caucasian nmale had a history of transient ischemc
attacks. He 20 had right carotid artery arterioscleroshs, to be
an 85%. bl ockage by direct inaging. The patient had bee%biss'ﬁp%ﬁﬁllggﬁg
fibrillation for approxi mately one year and was taking Rhythnmol. He al so

report egoaxprsenye | ethargy on a daily basis. He repopédfasesaiiss

di sorientation on occasion and had had sone falls in the past. The _

vascul ar surgeon reconmended i nmedi ate carotid endarterectony. The patient
opted 25 for alternative non-invasive treatnent. Since Septenber 2000, the

patient has ., receive ose f Terphqrope. .The dos was. 0.5 cc

pr ogr ess%ﬁi.ﬁﬁa@% éﬁ%&%ﬁl&g@%‘f@&,& paheR a??Pt%g‘ga EeSKPeri | e nor mal
sal i ne, iigdhdfmechttadesincd thiflitivn o€ Terphliron ABARSA T efhyAWbRADBAMOD, el €ased by at

| east 50% accordi na to his_caretaker. The patient was placed on a 24 hour

Hal t er no¥DE 87 2 PEVED ¢ with Bisifsrgibhwighopt ingideatno  Ter phor one 30. i nf usi ons.
Hs atrial fibrillation had resolved. Although he was weaned off of his 17
23 Septenber 2005 WO 02/ 078623 PCRxUNPR£9689 Rhythnol, the atrial
fibrillation had not returned. The patient has not had a transient

h . tt . S . | Novenbh
i schemi ¢ att aggofd ﬁ@%oﬁdeh&%tghbpmwﬁcgﬁrﬁhmgﬂa%g%%@%%@rﬁgﬁ y November

2000, he went on a seven-day cruise with his out ~T nci dent .
EXAMPLE 11@0@@%0%%0@@@11@“3?@{’ Comndghe vapor wasgillowedito ente8thel mi n was spar ged

0 ent or pesiderefl AledhetyBhf B Bpenf ooty Sl ERne I S et ot an

expl osi verapdrane in the vapor. Ozonated |inonene was created by the sane
met hod with precautions against 10 spark generation. The ozoni de product

was stored ina claset at room rature i.n.a.seal ed. brown bottle
ovor ni ght . Th o2 IR R e e oA A st iods 8ihe. g1 ass
powder anfarR geierdtiod. Theddosk Fﬁﬁh@wﬁweﬂﬁ 8l8lodch @ 16618 &Riperabf®MRLE 11 Ozone

(120 m'crograms/rﬂ) was bubbl ed up throutgh 1 L of neat 'gerauiol at 5
se e che

ed brown bottle overnight. The next morning mist and pharmacist saw fine

glass powder and a syrupy chemical splashed inside 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.

18




15 C for 48 hours. The reaction products were diluted 1:9 with DVSO to give
a product mxture. The m xture at 3% was adm ni sterein_,’ Lravenoysly to a
patient suffering from Herpes (Varicella) Zoster daily o “HPonsecut i ve
days. There was no observable effect or inprovenent on the patient's
Herpes (Varicella) Zoster. 20 The invention may be enbodied in other
specific forms without departing fromthe spirit or essential
characteristics thereof. The presenti%nbodi ments are therefore to be
‘considered in all respects as illustrative and not restrictive, the scope
of the Clamsiti on bei ng i ndicated by the appended clains rather than the

f.oregoi ng d.%?{a&iaéio?gr?ngfb@,glﬁélcoﬁlgﬂg‘g&s whi ch come within the neaning and

range of ‘equi val ency e clains“are therefore intended to be enbraced
therein. 18 2z&firSapmntaihercopGiring 8 liQhidiphese, the liduid phasectampisinganuf act ur e

conprising a first_contajner containin l,Lqui d. se, the liguid phase
conprising:. per oE??rc?%@csﬁ%eﬁeéssororPg?téoé'c‘?rP§HCtB?%%ﬂgﬁgf?%é)_ﬁﬂd?ﬁ Ot??'bm

oxi dat§ on of an Glkeh&ene abyniduias ¥f Wrenefarelz OREIeANdvivxyiaehe WREREi N t he
al kene conpri ses a-ter{%ﬂeol , .citronellol, nerol, |inalool, phytol,

gerani ol , peril | GPMBNLESHh O rﬂ‘fﬁ’i’!-hﬁ'ﬂ?“ﬂ@l’aﬂ?’l"be“%'ﬁ%l Phytok ;G%%BQJI ;a
penetrating sol vepbiyaeskd mbigoP §8Rh Bk} I%P*a‘\‘l‘?é%tof;co”p” S€s

di met hyl sul f oxi de, sterol, lecithin, propylene glycol, or 10
met hyl sul f onyl met Aaprnetrakiog sobeobnuheretst tien penelatingi solvegt aosprises phase, t he

sol i d phase conpr sl Bd; vie co [ni n .chel | val ent, or trival ent
metal, wherein thgﬁ*e@%s@fgg%ﬁ% seéktegd(%‘r ph%?&r{f"\’ ro@ésﬁ%'ﬂegal 9@8?!1 or85hy| lin,
hem nio corrins, metsfsuiforyimetiang) @ane bl ue, hematoxylin, eosin, erythrosin,

~lactoflavin, 15. anthracene dye, hyper.icin, t hyi chol ant hrene, neutral
red, or fl udrsecend ﬁ?ntﬁ'ﬁﬂr contzmmg ay go?ad p?lase. ﬂqgstr)]?(/i phase comprising:

a dye containing a chelated divalent or trivalent metal, wherein 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.




an aromati c redox conmpound, wherein the redox conpound conprises
~substituted or unsubstituted benzoqui none, naphthoqui

ant hr oqui none, 20 wherein the |iquid phase and the sol ?(Sj)%gﬁtgsg)erlznoos

conbi nati on conprise about 0.001%to about 30% by wei ght of the al kene,
from about 50% to about 99% by weight of the penetrating solvent, from
about 0.1%to about 30% by wei ght of the dye, and from about 0.01%to
about 20% by wei ght of the aromatic 20edox conpound. 25 2. The article of
- manufacture of claim1, wherein the alkene is in a liquid form in a

sol uti on4. or The artidiesgfenan@actui® off blainart, wHegein fthammidtias biibgord agdai m 1,
wherein the al kene, conprises a fixed 0il containing the al kene, an

_ 30 .
ester cofYSRRi FRRISES SN VECR aPHFRACT disc BiRledi Stag SURRIOXER 1Y, or a
et her cOﬁé:?ddateq9P,&Ja§yz%dﬁean,eper_aﬁd§,e&t&9@&f b&%ﬁo%qffnsat%h?n@ﬁém.cl e of

manuf acture of clfaim 1, wherein the miXture of ozone an oxygen conpri ses
singl et oxygen, oxygen in its triplet state, superoxide anion, periodate,

hydr oxy!| gr adi-gal . cper .oxi 0 0 ; . it nt. 5 5.
The arti o or eratBE g il 8 B RoMBErciR s WAIK b B! 8881 ang
oxygen caxygensespdzemarofe. The article of manufacture of claim 1, wherein

the penetrating solvent is a liquid, mcelle nenbrane, enollient, plasna

~or vapor. 10 7. The article of manufacture of claiml, wherein the

penetraté.ng SHev&Hitle iob matiufeRiuis | of el X, dtherdin (1 peddtidtin Soflent®naf act ure of
claim1, wherein the dye can be activated by 15 an energy. 9. The article

~of  manufligeids micelle ragrabrgne, emiplliend; plaga oRYaPUonpri ses porphyrin or rose
bengaj, ‘

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.




20 10. The article of manufacture of claim8, wherein the energy conprises
photon. 11. The article of manufacture of claimS8, V\herzgigap{e ENRISIY
conprises laser or ionizing radiation. 25 12. The article of manufacture
of ~claim 1, wherein the netal conprises iron. 13. The article of

manuf acture of claim1, wherein the netal conprises copper,. nanganese,
tin, magnesium or strontium 30 14. The article of manufacture of claim1l
further conprising an el ectron donorgj 23 Septenber 2005 21 15. The article
of manufacture of claim 14, wherein the electron donor conprises ascorbic
aci-d or aspharhacatidle Cafl nfedufactiter 80 claik6 14 Theheadih | fle eRlctrBRNYGRFL Ur e of
claim 14, wherein the electron donor 5 conprises electrical. current or.
ger mani ufPERERRA asepthic acid or a pharmaceutical salt thereof.

16. The article of manufacture of claim 14, wherein the electron donor
5 comprises electrical current or germanium sesquioxide.






