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FORMULATI ON | N TREATMENT OF AGE- RELATED MACULAR DEGENERATI ON BACKGROUND
[0001] This application clainms priority to U S Provisional Patent
Application Serial Nunber 60/569, 792, entitled "Use of Targeted Oxidative

Ther apeut | ¥EIPHUOSEi on in  Treatment of Age- Rel ated MaBGIHP2PRYEHEr ati on”

filed on May 10, 2004, the entire content of which is hereby incorporated
by reference. [0002] The present invention relates to a conposition
cont ai ni ng peroxidic species or oxidation products, its nmethod of

prepar ati on, y8ROF IARCETEMOKIBRTVE THERXPE UTECIFORMULRATIOR/IRt es to a
phar maceut i cal ﬁgzmﬁﬁ N'P@)FOAGEOREEIAQ‘E'IPMA‘@UEHRWCEN@A'PRBNX' di c species

or reaction products resulting from oxidation of an ol efinic conpound, in a
liquid formor in a solution, by an oxygen-containing oxidizing agent; a
penet r at i RGCKGRONND 3 dye containing a chelated metal; and an aromatic
redox compound. The invention also relates to the pre eparati on of the

phar maceut i cal [09@d nu| Bhis @ppligation elgimpspriorify tor ded: PrRyis Peqea&é@plwam ar

degener at Sé?‘ﬂl NL:SQQr%b/s%g%ﬁeénﬁ lgcfi‘ ﬁ&%%f”r ?tg&'@ gl VIFQ%?? Mrﬂlla'tlg%}érp

| eadi ng cause 0 At~ VI sl on over age
currentl yTaﬁthentoﬂﬁggelBelatedl Maomiaﬂbregencraﬁrm” fil ARV &y t@dt)m,lt]naﬁmtlres@ntent ive

phot or ece cells and mented.epithelial cells in the macula, the
center ofgfi‘ﬁ}éc}}léthFWBYBW tfé{}&refm "% it may not cause total blindness, the

di sease destroys central vision, nmaking reading, watching TV and driving

i npossi bl e. 1 tjohexy nomknp‘rmaheaﬁuomra&s tdERmPOMEsn dhaniHisd febdxidic speeisd aneous
rem ssion, and effective treatnments are very Ilimted., [0004] .The retina is

a conpl i ceroxiiaken RefIcts fts method oFRIERasationand ik useg dore sResifically, 816 IREAYA | mpul ses
that tr aVFelatésQo%E‘lﬁﬁ@ﬁ@uﬂcé@/@@rﬁﬁosﬁtpﬁﬁr %ﬁulaﬂ&ﬁ%ﬂfcﬁkmalﬂ§ yem%ual: spedRgES: The

central part o reti na he macul a, is responsible for vision
that i s needsd ptwﬂuctseadltmg feomuioxidatiegrof deolafihie dompouad, Deantiqyed foomtonén aracul a
results in,poor, vision sease ffects the

el a1 SO oY oS BineFRE e AT Ay R R oS ERep LB R A grent

ep: It hgl l alr:]hec@égl ﬁletfﬂ dridean g atic e@oxO¥Sthpdune. CDhW ffvetions g6 Irélatey @@lthe The
ce eath an -
preparation of the pharmaceutical formulation and its use in treating age-related macular

degeneration.

[0003] Age-related macular degeneration (“ARMD?”) is the leading cause of
permanent vision loss for individuals over age 65, currently affecting 13 million Americans.
ARMD affects light-sensitive photoreceptor cells and pigmented epithelial cells in the macula,
the center of the retina of the eye. While it may not cause total blindness, the disease destroys
central vision, making reading, watching TV and driving impossible. It has no documented
cure, has never demonstrated spontaneous remission, and effective treatments are very

limited.

[0004] The retina is a complicated network of nerve cells that changes light into
nerve impulses that travel to the brain where they are interpreted as visual images. The central
part of the retina, called the macula, is responsible for vision that is needed for reading and
other detailed work. Damage to the macula results in poor vision. The most common disease
process that affects the macula is ARMD. In patients with ARMD, retinal photoreceptor and

pigment epithelial cells in the macula die over the course of several years. The cell death and
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WD 20051110484 PCT/ US2005/ 016161 gradual visual |oss usually do not begin
until age 60 or older, hence the nane age-related macul ar degeneration.
[ 0005] There are two types of ARMD: dry macul ar degeneration and wet macul ar

degenerati Qn. cul ar degeneration, although nore c jcally
results in%%oggéoggever e, nore gradual |oss of visi on.p@a%gtrﬁ/&s/ﬂ\}\sﬁo are
affected by dry ARMD have gradual |oss of central vision due to the death
of photoreceptor cells and their close associates, retinal pignented

epi t hel i agraguakpisugl less|ysuallyda rot depisdntil 2gs 69ror 91dephsnes thiaane gy dsted ni xt ure,
termed " dpUSER de g;gpattlg?.ecept ors, the cells in the retina that actually "see"
light, are essengl al or vision. Macrophagic RPE cells are necessary for
phot oreceptor survival, function and renewal. [0006] Patients with wet
macul ar degenel0885lon There pspwa bmepdfdtMPe deanagulandrgeneratipa apdwetimaculag ¢ he
phot or ece I | I d ot or

bl ood vesgé(ﬁ%rsler?tgoq]g r%;rg/n}ca?%lhaf ?%83%}%%& %glﬁgﬁ)@g%icgn I lr;l1 tyh%a@yp}%e?@ﬁﬁﬂ%ets% an
abnor mal $ever} inoire grivdtiakbdioft vison. ePdtients whbiage affeated gldryn ARMID havt gtedmel gr owt h
is called choroidal.  neovascularization ("CNV'). The abnornmal bl ood. vessels
| eak and PF%%‘{S‘FM Yisiogglue Wéﬁ%ﬁi‘iaﬂhﬁémtg(ﬁﬁéﬂt?rﬁﬁl}g aé‘éé‘i*e"‘ﬁq%%a&%‘a??& reielr e | oss
of cent r apjoilegted Bpithalal/ (“ROKOlel DA itICMpRsitivh bha CoMpleR MRy b 1@ mikiRe, but it
is responglg}t?:ee folr)l ,90%(of al)ﬁ ebI i nldnesr)? resul ting frqm yAE%D [ 0007

Dependi ngteoned ‘fisusen s dhotnrecepiarsethe celisan e rating rat achuatly"pees liglt, 4yp ossent

destroy t m%g?lraﬁaggq%%@gaﬁ'ﬁ £e%£§l'§r§ &Pgﬂéﬁ%re&?e%?sur‘%\la%ﬁhfé&;ﬁog% jhe cases

of wet A ar e ave laser treatnent ause vessel s
can not bentwglated too close to the center part of the macula. The laser is
a beamof light that is absorbed by the pigment of blood, drugs and RPE

cells, which c rts,to heat, ener that cauterizes th bnor.mal ., bl ood
vessels. Fr equ@ﬂi{ﬁy t RRUSHEY Qg\g%}lnéa%lfa%g%er?atéw?@?p g?%ﬁlé’ogﬁ%ss%lf HRSF us has
not  beentheeeinacdis the phbtbicbptdrnd RIW &1k eB% [ Picgéheru@Ntheteis haeddendyot of the
patients with ARVD, who_have very poor. vision, have lost it due to sequel ae

of neovasbklgpdyessels Fosrowdiem dhrir nasapldgration i fhe shomsidingesan shaermaa]decation no
Lreat ment payahl hl SedatTHRETBROGA | Yo RN Sk bRl i1 Fhoropfpor Ml
bl ood vessel growth that occurs 1n ARVD. [0008] e RPE cells I n the eye act
as macr opheyesnlaviiton (NGOt iThe abmdrmal blood vessels leak and bleed, causing
hemorrhage, swelling, scar tissue, and severe loss of central vision. Only 10% of patients
with ARMD have the wet type, but it is responsible for 90% of all blindness resulting from

ARMD.

[0007] Depending on the location, laser treatment can sometimes be given to
destroy the abnormal blood vessels formed in wet ARMD. Only 15% of the cases of wet
ARMD are eligible to have laser treatment because the blood vessels can not be located too
close to the center part of the macula. The laser is a beam of light that is absorbed by the
pigment of blood, drugs and RPE cells, which converts to heat energy that cauterizes the
abnormal blood vessels. Frequently the neovascularization returns, since the stimulus has not
been removed, resulting in severe loss of vision. In fact, most of the patients with ARMD,
who have very poor vision, have lost it due to sequelae of neovascularization. Current medical
opinion states that there is no treatment available that permanently prevents the cell death or

abnormal blood vessel growth that occurs in ARMD.

[0008] The RPE cells in the eye act as macrophages, which phagocytize and
recycle components of the membranous outer segments of photoreceptors. If the
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recycl e conponents of the nmenbranous outer segnments of photoreceptors. If
the -2 WD 2005/110484 PCT/ US2005/016161 mtochondria within the RPE cells
are damaged, the photoreceptor recycling is inhibited, with resultant
accurrul ati gn. of the anorphous cellular debris called drusen 0009] Sever al
studi es ha® VUL shed a 1ink between snoki ng and ARI\@F%@ES/OIQWE current
snokers are at a four-tinmes higher risk than non-snokers for devel opi ng
ARMD. The effects of snoking upon ARMD devel opnent are so strong that the
ri sk for mgechondriswitie the RPEcellearaidemaged the photdseogpladrecyebing i ighobkited, with er t he
cessation_of. snpoking...Th consi f I At across popul ations
wth di ffrgﬁlfltﬁ%t afcflflggl? E}?“e‘?‘%%ﬁ‘“é‘?ﬁ%‘g&%“s&a eﬁﬁégaﬁfﬁggh%‘a causal relationship
bet ween snoking and ARMD. [0010] This causal relationship naybe due to the
effects of cadfdesh i nSéveel ktudiasthavb esiabliskad adink betgeen smakirgyand ARMD 4R#t t i nes

hi gher bl ood cadm um concengirat.ions and 2-3 tinmes higher kidn dm um
Concent r abISHEER N HeaHblobr Umet BR ik reagsanisry Br dareoriB Rt
subst anceThAasfRAT dmokkfdugon ARMDI idvelopiiehinge 46 fstréh® tay theaisRebO fotmer OSi s,
cancer, macul ar degeneration, and enphysema. Cadmium s toxicity is related

to the dasfers canrempincelevsiedoreyprd Fud vearaafierithe sessationeeft nqkingyFThe  whose
assenbly, .| L -di | agllat.ed i Qfres all

cal cium d%‘%‘é‘%@ﬁfé’% %&é&%&?%?m gglllllgt?lg ?l%ﬁggﬁhﬁg rlrﬁlPécéRﬁegrl e%gauesse% MF
denat ur at support a ciusel relationshfp betweegsinekingdnd ARMIDed M- cl ot s or pl aques

(Dal | eDonne et at, 1997). Disruption of the MF causes a peroxidation

deficit and t ral ysis_ of hagocvtosi s. rest. .cel.lul ar debris
accurul at es agﬁ gﬁ& oi %ﬁls %uﬁgléﬁlgt&rggl éﬁlﬁg%(,?ue té@%%’ifﬁcgﬁ quﬁaddg@d? {’rfilﬁﬁ]thl%ns ue
par enchymbodyelOravefdge sntsketsliave ot ime tegiep b®od Padnsiumt contentipt@lsami 2-3

of phagocytic cells, eventually trigqers proliferatiqn, neoplasia and
neovascul WnFshghes Kidppycadmiym cgneentratipggthan neyhamekey JrongLerHba@atyre oS ef or e,

IS a meangyicQhietd] sk s BEEKIKE@ D fulAGHinMink Yefi GEHey TR RIABE;, cancer, _
responsi veness in the RPE of individuals affected with ARVMD. [0012] Ozone is

a tri at omneculgrsdegenesdtione anth émphysaimp.otGadpiign sopxicity ivsejajechto the damagede

obt ai ned b NS, ctrd cal i ar ' nse_ ul i.ol | i ght
t hr ough pll?reg%@?/ag{{@%%@ Iﬁ%ﬁolﬁlaén?en%qs@gﬂtvé%% Fgg;ﬁ'ﬂbﬁl&ﬁl%%eﬁgﬁ (li cgllag%én gotfl)f ous
pol | ut ant aretdgalatddibga namberclcalciuhrdspygndeaf factb S emmetoctiondrii. Eadatitimh oklofldent

suppl eme nct:auge%rl\i/flgglenggl\{aetio%?n re%]r?nnosfiigégllagrd?éoyd%ire%%\glF r(H?)(tjsi 0(1:' %laques (DalleDonne
et al., 1997). Disruption of the MF causes a peroxidation deficit and the paralysis of
phagocytosis. As a result, cellular debris accumulates as amyloid, drusen or plaques,
eventually damaging tissue parenchyma cells, such as the photoreceptors. Persistent dysplasia
of phagocytic cells eventually triggers proliferation, neoplasia and neovascularization (Levy
etal., 1986).

[0011] What is needed, therefore, is a means for restoring peroxidative activity

and macrophage responsiveness in the RPE of individuals affected with ARMD.

[0012] Ozone is a triatomic gas molecule and an allotropic form of oxygen. It
may be obtained by means of an electrical discharge or intense ultraviolet light through pure
oxygen. The popular misconception that ozone is a serious pollutant, the “free radical” theory
of disease, and the antioxidant supplement market have comprehensibly prejudiced medical
orthodoxy against its use as a treatment. Ozone therapy, however, is a misnomer. Ozone is
an extremely 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
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ort hodoxy against its use as a treatnent. Ozone therapy, however, is a

m snoner. Ozone is an extrenely reactive and unstable gas wth nechani sns
of action directly related to the by- products that it generates through
sel ective WA MOSt#83n wi th organi ¢ conpounds present i nPERES2008014{H1

2005/ 110484 PCT/ US2005/ 016161 plasma and in the cellular nmenbranes. The
sel ective reaction of ozone with unsaturated olefins occurs at the

car bon- caphgha sl e RONMar rgéiﬂﬁraﬁésl Mthe QERE V@G Bactioh OTDzbife Witk uisaliifated t sel f,
and its reactl on products, ozonides, are unstable and are not, therapeutic by

t hensel veQlefipnerears atihercaehon—sashandoyblebapd Zenerating ereaidest Oaonegis §0xig &Y pr esent
in nature; [ nmposes
ol ont |y o AR fenc ARt Ll e o B e Rk
particulate matter. Light, agi tatl on, heating, and iron all accelerate the
rate of hydr og[@ﬂlfﬁer OHi)’d@ng]QﬂDWde)@(inOzd,rdlSCQV@Qﬂ intl Btk is pegsemtameaturpsvtags de by

di rect contact

per oxi de- %gw}t%j—fy o%ﬁ pe rﬁégdse 1sn1]n(§tra %glid éeﬁg‘me&%g/ lOlelel\S’t e\fc?m?sé\%entlﬂduect

suc at al ases” €re is no
bact eri ci claltacehith ctgamlamrﬂbfdfe@ @it papesutaxd istter.SLi ghmigi&edn ihestingf 4nd ioh albd  of
rabbits infected with Perom de-sensitive E.. col ver i ncreasing the
concent r af4cglerase the £t6 oF yeiregen pespyide esomppgsition m %?El'ﬁ‘é’ﬁ YOEeR BAPEERPYHG E.

col i progiic®somstt 8¥ vABRAR Microtes BGL hNB Wvelevels @@ber@ﬁﬂh\ﬂ'eﬁtbbym-&%z%ﬁé‘sk of
effect of high concentrations of hydrogen peroxide is diréctly Telated to

t he pr esem ag thet datalgses. olpwevengbere ismabpctsnzipkecifeshwhembydrogentpgeoxifiggs
ani mal ' ﬁ'!ﬁ?s%l mt-g an\f(?oaan ra% t? ?r%fﬁct{Hnw]tB a;? ?erl A EllngQSE OJo hygf ?&%}

peroxi de have to be in con or S|gn| i cant peti ods of
tinme. Lar gereaaﬁpﬂiatcSn@ﬁtriit)tdlrcﬁ'@emxﬂe eoxivel i dbist ordyinmag bésodoBainirgUL bolas

catal ase, naormally present. in the 0od e if Lnpo ble for peroxide to
xi ot 1’ Blegber o tviloies of gest becrebiddecs The kol eHesiiaheopens {oge
i nt r oducegr hydrGeh fﬁerolszl&qﬂd&écﬂ?m@dtd tﬂb sﬁgéne@opﬂhe BN RIeQRsteETE dieiméli rectly

act as an extracellular germcCide in or extracellular fluids. [00141
However, Ratdpsge rﬁhfpmsbﬁilld@l élbb@dpé'lothalﬁ g&t @fchh mghecqya@ﬁt@ﬁl%ﬁi Afdydmegeeesses
of actlva a t 3 dr to the
site of h?rg)éltq? 21%\%0{1) %Ht tA@ i E& ;{)rﬁog gani s ﬁ]&kdﬁ |t%bees?wg? The

killing oﬁmbnlmas dfr}génugsmperb)aaedesp’oangemzymesieucltdseatmw apineadig pesserit irttye hydr ogen
per oxi de. ro en.per ox oxi di.zes cel | r. chlorjde t he, ch] ori ne

E ot o 1 PIoT PREE EARPomnor BRTSHS 0 0 iodd TSEATe b Pt o 1

per si st enhydrogéih(yéﬁﬁﬁieaﬂ%u@éﬂ ifitoQhe K164d sttedth b§ Hij&etif@or iRFBIoRdbés Hoddlirdctipr apeuti c

criteria for 1ntracellular
act as an extracellular germicide in blood or extracellular fluids.

[0014] However, hydrogen peroxide does participate in the bactericidal processes
of activated macrophage cells. Activated macrophage cells are drawn to the site of infection,
attach to the infectious organism, and ingest it. The killing of the organisms takes place inside
the macrophage cell by hydrogen peroxide. Hydrogen peroxide oxidizes cellular chloride to
the chlorine dioxide free radical, which destabilizes microbial membranes and, if persistent,
induces apoptosis or cellular suicide. The critical therapeutic criteria for intracellular
peroxidation are the selective delivery, absorption and activation of peroxidic carrier
molecules into only diseased macrophages, which are believed to be incapable of upgraded
catalase and glutathione reductase activity. Infused hydrogen peroxide is a generalized poison

whereas targeted intracellular peroxidation is a selective therapeutic tool.
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peroxi dation are the selective delivery, absorption and activation of
peroxidic carrier nolecules into only di seased macrophages, which are
believed to be incapable of upgraded catalase and gl utathione reductase
activity. Infused hydrogen peroxide is a generalized pqi wher eas
targeted i‘ﬁ?r’ﬁ"éﬁﬂ% ar peroxidation is a selective the&ﬁzlgﬁzf’oémtl%gﬁ. -4 WO
2005/ 110484 PCT/ US2005/016161 [0015] Macrophage cells play critical roles
in imunity, bone calcification, vision, neural insulation (nyelinization),
det oxi fi cat i off0015Linp Mearepiggéxellapldy witisalralesia immunity bers caicHieatianhwsipady

dependi ng _upo. eir, site of | . i 0 T i

of macr op%‘%‘gg&s@%}g’ 8 mS'e]E) ZﬁRlﬁP i’ggtg llﬁéﬁg)lrn’ I;sllfn}puct U e,ga'hgélleérgrgﬂ%%’fﬁg}gxﬁ%ﬁ ria.

M t ochondhé bodgy depaiditgupsh theprtsite af lbyalizatimo Thatredgyweddirehieatsiof maarbdpHagese nt
internal cytoarchitecture. The folded interngl.|ayer, of the mtochondria
creates taﬁémﬁﬁ PE‘?’F@ﬁE;lﬂf ﬁB’ICB’é‘iﬂ“éﬁ rtochppqra. tetﬂ’éocgﬂf‘ aar'%\?E?n %‘ﬁf“_éaﬁ&s

cyt ochr orRg AR vAtHARE o fiRm¥h ihidhalBhGFdHiBSuleN The ERARS iflethaPRYSOFERS. The
outer layers of mtochondria are susceptible to toxic bl ockade or danage by

endot oxi raitochgrdstaostientes tha hightepergynmelsenle t AXP.nwhilelthgyutendavey ¢patainss, and
pesti ci de [ OX] . j 1 > | & .l ed, the
filament cﬁogﬁgﬁgggﬂfggﬁp%trlﬁ%%yg Floiegﬂgés{h? Qge@%rgtse _ef%{b?.”g}één@rtgﬁ ?}r%so&:(ncor rect
si gnal s, mitshomdiaarcsasceptiblp o toRicbitickade@pddntape by endotoxifs; miyadtoxias, eedlly deat h.

[0016] U.S. t ent . 4,451,480 to De Vi.llez teaches a .conposition. and
et ot {9Fode R e BT R e RYPoPIRIIS0oE G5R BIPRGSERAFI The

af f ect ed @f&AcNrialls BIBCIEAOMNe ZiBentBcRitdcRire SRR YaTteAdsQBCREQ NI, gBRkriiigl OUS
fixed oil and unsaturated esters, alcohols, ethers and fatty acids. 10017]

U.S. Pat dngoriqet signalsoinceppetense Daappronriate replinakion or preowtuiecelf drsfloba used to
control mcrobial infections. [0018] U S. Patent No. 4,983,637 to Hernman

di scl oses a nqg((fmji F%.@?‘Pa@&h?\fo@l,h%l,&ort?% VieatacRG c%)ﬁ?;%ﬁﬁ&?an\dirﬁe?ﬁod

infections by a ni stering ozonides of terpenes In a armaceutically
accept ablfer weating eene. [TbOA@ihodirBludestopivallNueatifg G8tiffe7ted arsa Methmawzatizeads an

antiviral_conpqsiti.qn _containin carrier and zoni.d f t erpene. The
conposi ¢ IBRCAA Satied RO A e ap it msttyrafed ettt elesiCat i on.
[0020] U.faty adsent No. 5,126,376 to Herman describes a nmethod to topically
treat

[001 7j U.S. Patent No. 4,591,602 to De Villez shows an ozonide of Jojoba used to

control microbial infections.

[0018] U.S. Patent No. 4,983,637 to Herman discloses a method to parenterally
treat local and systemic viral infections by administering ozonides of terpenes in a

pharmaceutically acceptable carrier.

[0019] U.S. Patent No. 5,086,076 to Herman shows an antiviral composition
containing a carrier and an ozonide of a terpene. The composition is suitable for systemic

administration or local application.

[0020] U.S. Patent No. 5,126,376 to Herman describes a method to topically treat

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

[0021] 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 injection.



a viral infection in a manmal using an ozonide of a terpene in a carrier.
[0021] U.S. Patent No. 5,190,977 to Herman teaches an antiviral conposition
cont ai ni ng a non-aqueous carrier and an ozonide of a terpene suitable for
systemc iqg Lon.., -5 WD 2005/ 110484 PCT/ US2005/ 01616 y%. S. Patent
No. 5,190,8@g%®%9@@¥nan describes a nethod to parentera%F ggﬁéé?h% medi cal
condition in a mammal using an ozonide of a terpene in a carrier. [0023]

U S. Patent No. 5,260,342 to Herrman teaches a nethod to parenterally treat
viral infectiof823n aUdamatent NeiSsiPopi9 sy Bermepa dgscrifes emstiad te pargnterally j er |

[ 0024] U, gt BRI {aitdn F nidfiindt qsigmnﬁmma?éﬁ%fmgeaﬁeﬁt reat a

system c I'sor I'n a manm y apprying to ntestine of the manmal a
trioxol ane or a diperoxide derivative of an unsaturated hydrocarbon which
derivative is [902ar el.Paionidvo. 2i260,342te Henmandeaghestaanethgdie perentprally @as sol ved

ina hon- ?i?all?ﬁffza%lngﬁln& mP&l%%f§Ji1}ﬁUanSc?zorl?l%E 3?& teg.ki%ne ﬁi éBéS §r79 to Herman describes
a conposition Tor e reat me of "a nedic condition in a mammal , the
conposition contains a diperoxide or trioxolane derivative of a non-terpene

unsat ur at ed hy@024ar bbiS. BaiteatiNol e, 70 34# weHermap skqres exlethby tadzaaha systequibel ow 35

C the unsaturat.ed hydrocarbon i carrier 0026 spite the reports on
Che use oRSUTIFIEAEIAEL Pa gk ol BrUIREr e grEaa a PR PGP D B bene
ozoni des gérsitivy oMl LhdabiRate@ hi@roesdrewhick @eri RatiRET¢ Brep@ bydeSniding the
nonot er pene, such as nyrcene and |inonene, flanmed out in the | aboratory.

Cons equentspturatedipydregagbon disselived in aionpolas@lvens f ornul ate or store. [00271
Furt hernore, ozonides of geraniol, a |linear nonoterpene al cohol, in water

or in dinethyl gghdoxi gdes (FRMBRG) s3b4lsPto ABOMnaATYCifeb B Glposilibh $tGHe i N thr ee
cases of viral Varicella Zoster (shingles) and two cases of Herpes Sinplex

der mat i t i geatheg2g medical cohditien insa mamewd thorompasitfon conthinst4 diperoyide or
phar mceut el f 8T AL 100 RRer ERTRORILI OB, dibdabd Bl SASLION S Blegdlug s f rom

t he oxidatio a e ou al’'so neede Kod for

sti mul at i bgozonizigditseisly 35 C daf wesiemted hgtrosirbér e dasrgircal formation in RPE

cells, thereby reducing the drusen and inproving the visual acuity of

I ndividual's a{OB? t edD‘é’é}}itg tf'?éer\élt))brts- c?n the use of terpene ozonides for different medical
indications, terpene ozonides display multiple deficiencies. For example, ozonides of
monoterpene, such as myrcene and limonene, flamed out in the laboratory. Consequently,

they are extremely dangerous to formulate or store.

[0027] Furthermore, ozonides of geraniol, a linear monoterpene alcohol, in water
or in dimethylsulfoxide (“DMSQ”) did not show any clinical efficacy in three cases of viral

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

[0028] Thus, there is a need for a safe and effective pharmaceutical formulation or
composition utilizing reaction products from the oxidation of an alkene compound. What is
also needed is a method for stimulating mitochondrial defenses against free radical formation
in RPE cells, thereby reducing the drusen and improving the visual acuity of individuals
affected with ARMD.



WO 2005/ 110484 PCT/ US2005/ 016161 SUMVARY 100291 This invention is directed
to pharmaceutical formul ations conprising peroxidic species or reaction
products resulting from oxidation of an unsaturated organic conpound, in a

liquid formar in a solution, by an oxygen-cont ai ni ng e [Bv4! ent; a
penetrati n‘aoé%%oé%?‘% a chel ated dye; and an aromatic r%&&%@%bﬁg‘d. In one
enbodi nent of the pharnmaceutical fornulation, the essential conponents

i ncl ude the peroxidic products formed by ozonol ysis of an unsaturated

al cohol , SUMMBRY zi ng sol vent, netalloporphyrin, and quinone. This
invention is also directed to use of the pharmaceutical fornulation to treat
age- rel ated 18] ar Teyinventamni i;rdil(ebtﬁkwpgam{ae%@]ﬂ fommulsBersxeamptisiigeci es or
reaction products ar eferably for 0 - ' al kene
and ozon .roixf(hl? 3 eﬁ%ﬁgf g{afg}ona%rgg%ﬁtse%sgﬁtgﬁ hp {Qeol*?&e}’ggb .%gﬁ{‘ Elgfa\t}\dergtﬁd gﬁgaglgl kene and
ozone pr @ompdendyyh & hiquidrforg@e imeeblativrs by aAcxggeh-cugtditing lokslizifcigeni; am  shown

in Schene 1 below, the [nitial st of the reaction js a 1, 3-di pol

cycl oaddiRePEFiBE Shyeghe chgfatet a0 5}@%10@?4% G 8&108\???‘5‘?{

|, 2, 3- 1 1 iR BhaRMBdeutiddl FoRiul ARINY tHRZRRNHA dofpeRGialcRide tl?é‘?terbbﬂ_di@r;ﬁ&ﬁﬁtsa

1, 3-cycloreversion to a carbonyl conpound and a carbonyl oxide. In the

absence dbmndthyozensdysisnian gnsaturgedalechvhialsiabiligingselyent, mpjaHopesphyningandi pol e
t i . 3- di .11 i n "
oron de. o PRy HocReq 45} O HalrREbeh Geadbfpallon Mo o o

100311 | rrelated intheulaedegeharatjiont(HARMID'YDonyl oxi de can enter into a dinerization
to give a peroxidic diner, the 1,2,4,5-tetraoxane, shown in Schene 2 bel ow.

RYi b0 to~ R [6030] R ﬁe plgrox%?é stIc\ages or reaction products are preferably formed through
the reaction of an alkene and ozone. It is generally accepted that the reaction between an
alkene and ozone proceeds by the Criegee mechanism. According to this mechanism, shown
in Scheme 1 below, the initial step of the reaction is a 1,3-dipolar cycloaddition of ozone to
the alkene to give a primary ozonide (a 1,2,3-trioxalane). The primary ozonide is unstable,
and undergoes a 1,3-cycloreversion to a carbonyl compound and a carbonyl oxide. In the
absence of other reagents or a nucleophilic solvent, this new 1,3-dipole enters into a second

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

® .
R 2 quo o n \T’O\
X =g — L =
R R H\%O R
R
SCHEME 1

[0031] In a side reaction, the carbonyl oxide can enter into a dimerization to give a

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

SCHEME 2

[0032] 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
-7-



O SCHEME 2 [0032] 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 -7 WO 2005/110484

PCT/ US2005/ 016161 ive a |-al koxyhydr operoxi de, shown in Schene 3 bel ow
Under cert YM2%0¥HA#%i ons, the 1- al koxyhydroperoxi de cah® Eﬁ@@?ﬂ@6yﬂrther
reaction to give carboxyllc acid derivatives. v ROO®WH RRe R-~-r 0.R
4R, HO R SCHEME 3 [00331 Again, not wanting to be bound by theory, it is
bel i eved givan lehllkqxwgyctrhmrond@rshﬁvyrsun:&b«fm@ hbelawc hnder espaingondifignsatiRdne in the

f
per oxt ai ¢ PRy beeighioe Sl SRR Fer ke FAEB alye AT ALARE (fallies TOP° ©

t etraoxane diner, and the I-alkoxyhydroperOX|de. In the presence of water,
sone of these peroxidic products nay also |lead to the presence of organic
peracids in the crude producte m xture. [00341 The present invention also

I nvol ves the use of a peneﬂk@ﬂb@g sol vgito.guch asaéginethylsulfoxide
("DVBO') to "stabilize" the $n|t|a¥—$ro ucts—e%»th ozonolysis. Simlarly,
not wanting to be bound by y. theory, itV is bel i efhed that the stabilization
Is nost likely a sinple solvé%lon phenamenon. However, DMSO is known to be
a nucleophile inits own right. Its participation is also possible as a
nucl eophilic partner in stab|I|2|ngbreact| e speci.es

(for
di met hyl sul f oxBi¥Pdm s Aegisy notrrantiag Ijpq hopad oy Lheoxy di is DR 1 CURRE o
penetrati BQon%BJsié%mhechoﬁcnecoﬁfdﬁﬁr?g@lkeﬂgﬂf tH@ﬁ%&&lt inéntlof! i kAtdrable & &pérde from
conponents generally regarded as safe S").
that three major types of peroxidic products wnll be present: the normal ozonide, the carbonyl
tetraoxane dimer, and the 1-alkoxyhydroperoxide. In the presence of water, some of these
peroxidic products may also lead to the presence of organic peracids in the crude product

mixture,

[0034] The present invention also involves the use of a penetrating solvent such as
dimethylsulfoxide (“DMSO”) to “stabilize” the initial products of the ozonolysis. Similarly,
not wanting to be bound by any theory, it is believed that the stabilization is most likely a
simple solvation phenomenon. However, DMSO is known to be a nucleophile in its own
right. Its participation is also possible as a nucleophilic partner in stabilizing reactive species
(for example, as dimethylsulfoxonium salts). The stabilized peroxidic molecule and the
penetrating solvent of the current pharmaceutical formulation are made from components

generally regarded as safe (“GRAS").

[0035] Another component of the pharmaceutical formulation is a chelated dye,
such as a porphyrin. The propensity of metalloporphyrins to sensitize oxygen under
photochemical excitation is well documented, as is the propensity of ferroporphyrins and

copper porphyrins to bind oxygen-containing systems.

[0036] A further component of the pharmaceutical formulation is an aromatic

redox compound, such as a quinone,

[0037] Although not wanting to be bound by any theory, it is postulated that the

preferred pharmaceutical formulation is a combination of biochemical agents that induce

-8-



[ 00351 Anot her conponent of the pharmaceutical formulation is a chel ated
dye, such as a porphyrin. The propensity of netalloporphyrins to sensitize
oxygen under photochem cal excitation is well docunmented, as is the
propensi t y wWif 200#1104830r phyri ns and copper porphyrins toPOT/NER2005/016161
oxygen-contai ning systens. [00361 A further conponent of the pharmaceuti cal
formulation is an aromatic redox conpound, such as a qui none. [00371

Al t hough Péékcll’n‘%%ioeﬁaltyﬁc b d AR inR%teBY dysPRM dmadrdpHagesd ThE phain@cutibdt t he
preferred pharmaceuti Cal fornulation is a conbination of biochem cal agents
t hat i ndufemulajoy\siimplts targated apaptysisSeelb syiciden bioughampppasad Pergkidatignal yt i c

oxi dati ongjn. hwif I G
fornulatigh&gpﬁﬁﬁ a e§a¥§?g@@g%§%%§5¥%§P§Q€%@F?ﬂgﬁgg}%géﬁgﬁggﬂ%q"nl%pposed
per oxi dat dsparate Thiteshohdria-dsed meecephagia ldiskasestul lat panticutar e dteepharthaceapelit i ¢
effects in _a nunber of seem ngl i sparate mtochondrja-based crophagi c
i seases. TriuBPY fesPese Sowa ek el e teucTpe RO PO AL RS own ¢ o
be ef f ect igu@ring blodd g¢hichét rédpeh®, RRIdMprovig mukcle@hicsbciiife, whidheddidags itk ood

gl ucose response, and inproving nuscle glucose uptake, which indicates its
ef f ect i vefecsiveness ptdeeaiingdigheigsand beHY obesity. -9 WO 2005/ 110484

PCT/ US2005/ 016161 DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS 100381 The
current invention pertains to pharnaceutical formrulations conprising

per oxi di ¢ species or reaction products resulting from oxi dation of an
unsaturated organic conpound, in a liquid formor in a solution, by an
oxygen-contai ni ng oxi di zing agent; a penetrating solvent; a chelated dye;
and an aromati c redox conpound. The pharmaceutical formulations nmay be used
to treat individuals affected with age-rel ated macul ar degenerati on
("ARMD'). In one enbodi nent of the present invention, the essential
conponents of the pharmaceutical formnulation include the peroxidic products
formed by ozonolysis of an unsaturated al cohol, a stabilizing solvent,

nmet al | opor phyrin, and qui none. [00391 The unsaturated organi c conpound,

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

phar maceuti cal formulation can be an al kene w thout a hydroxyl




group, or a hydroxyl-containing al kene. Preferably, the al kene has |ess than
about 35 carbons. The al kene without a hydroxyl group may be an open-chain
unsat urated hydrocarbon, a nonocyclic unsaturated hydrocarbon, or a

bi cyclic up yra hydr ocar bon. The hydroxyl - cont ai nj n an be an
open- chai nw§§r§%flﬁ(§4§?ed al cohol, a nonocyclic unsaturat erua(‘rp%@hééﬁ%ﬁff;or a

bi cyclic unsaturated al cohol. The al kene may al so be contained in a fixed
oil, an ester, a fatty acid, or _an ether. 0040£ Usabl e unsaturated

ol ef i ni ¢ PETASLEPIIESCRIDTION QISPREFERREDIEMBOBIMEN]Sd, cyclic or

conpl exed al kenes, hydrazi nes, isoprenoids, ster oi,ds&éﬁuﬂanol i nes,, .

car ot enoi ds, ti8 herBﬂ‘%%““ﬁ?‘éﬁ‘fﬂnﬁ?%ﬁf’%nétt%l.?br‘?g.?acﬁl‘t“@h HRUPNS GOMBRLNE The
pr ef er r edyngEk YpRi&br r@aeqwg)ﬁ{dh&%esmhgwpiiamwﬁtdf% Wsstutddgmiand

i soprenoids. [00411 Isoprenoids are found primarily in plants as

const i t uessnpoufid,ds adifuidaformi drgn a sghitibe, bysanyoxiygopcemainihg cxidizing dgent;aa bons,

oxygen-cont ai ni ng 4 soprenoi d | so, .occur_.su al S des, and
et ones. TR PRCA B ECHE: B Pfothe BN BmoRUl, Bira SIS bons
may be enfenfalgichs ataytbs @sddyte trogt atdiddual suffet led @ith R reltédidjculdndéidderatiad t hough
it is known that isoprene itself is an end- rod&Ft ofliogrenoid bi osynt hesi s
and not r HB anarEbodiniepi ol ks Rresepbinyeriiopotis esiern SPmpeRanse B t he

nunber of ;. 3ARCERG EorkiARh intlldd el REKIGO PRHBE BAHG byRAGHMEYREGEM have 2,
p

sesqui terpenes have 3, diterpenes have 4, ‘"sesterterpenes have 5,

triter penensatiyeaies acohghd stabilizmgsplyeriemetaboporghyrigoandapwenonni t s, respecti vel y.

Tetraterpenes are much nore commonly known as carotenoids. -10 WD 20 0 511 1

04 8 4 PCTV USA8639) 0104 unshiIAd okl OGREAATWRICRTHS ALCHEXR IRl 2

nonot er pene. Farnesol and nerof are exanpl es of “a sesqui terpene al cohol .

Vitam n Aglefimdhypdrg¢anbonqo heptanmpbcestical foamuldiiérerapdn en alkeehwathontd hydraxglial ene i s

an exanple of a frjterpene..Prqvitam , Known as. carote i s an exanpl e
of 5 robr el gon s BanEminga ket Hre bl ARE RS st eR s chbeB Lo

oxygen bouRdalRét witidila daix§p E@n}@l ma§ BeadnCogeR-chhivi ungatGRlddshydtledad, £ref erred
unsat urat ed hydrocarbons for the pharmaceutical forpulation include al kene

i sopr enoi @enocyelicunsatussiadihydisarben, o 3 bicyshis ungatyratgd hydspeashan. The hydramfene.

Pret er r edoryiAL Widhe dalS0TACHRORN Bh3Rubids R0l 1ERkod SAPLRARKAc! cohol s

with two to repeating isoprene groups in a linear aln, such as
t er pi neol alcatiol, poakicydic,unseturated alobhydl.oThe abkene may also be contained in a fixed oil, an

ester, a fatty acid, or an ether.

[0040] 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.

[0041] Isoprenoids are found primarily in plants as constituents of essential oils.
While many isoprenoids are hydrocarbons, oxygen-containing isoprenoids also occur such as
alcohols, aldehydes, and ketones. In a formal sense, the building block of isoprenoid
hydrocarbons may be envisaged as the hydrocarbon isoprene, CH;=C(CH;)-CH=CHj,,
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 5, triterpenes have 6, and tetraterpenes have 8 isoprene units, respectively.

Tetraterpenes are much more commonly known as carotenoids.
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geraniol, geranylgeraniol, linalool, or farnesol. 100441 The unsaturated
organi ¢ conpound may be linear, branched, cyclic, spiral, or conplexed with
other nolecules in its configuration. The unsaturated organic conpound may

naturally exist in a gaseous liquid or solid state pri i.nding with the
oxi di zi ng ‘ggé?iug/_nq‘t%%] An open-chai n unsaturated hydr %&b@%@s@gﬂgﬁbe: CnH2n,
one doubl e bond, n=2-20; CnH2n.2, two doubl e bonds, n=4-20; CnH2n-0, three
doubl e bonds, n=6-20; CnH2"_6, four double bonds, n=8-20; C25H40,

sest ert er pene 0431 oc drimwRencopdazinepesare examplepeha menptrSr bmesplogwe1 A

N0y ol sl E RS OEA 0 CRANAC ViGmiTA, dhd R BUBpOId and one

ring, n=3- onds and one ringd, "'n=5-20; C'H2"_6, three
doubl e bbwegenaaldoloevhilersgualenes 20 pxaBRd¢-aDs trierpere: t Rropidamain dkayar 4son; or

C30H48, triterpene hydrogcarpbon. [00471.A bicyclic unsaturated. hydrocarbon
can et Cageh A el B fens kg F rRYSerpndERbL SR WS "o
bonds andtstos®gdn bodfid amiforRidl st&teddndGs sa3emtipingasefiene hydrocarbon; or C30H48,
triterpene hydrocarbons. [0048] An open-chain unsaturated al cohol can be:

CnH2nOm one | e nd, .n=3-20, -4, C'H2n, 2 t wo dqubl e .bonds,

b 50 et 4. 1063 oo Broied Rrsbat B Cihsa o e prga RO, G
four doubhguioimeite is0mRneids, si¥hlas fiyricamel ¥ {Hehe, B¥rhL, fineneS 68lIrkdrieRe. Pesteral cohol s;
or C3oH480m n¥l1l-4, triterpene al cohols. -11 WD 2005/ 110484

PCT/ US200858uBted hydjoomho)s asoripeledelineprdsaprengtd aleahels vallleiedp fows repsating
C, 112, -2 b ing.. n=3- A t
Goubl e boRreiRrBitars BRAP AR BRE o' Bifnebt dngeldTderdy, sHGERAGRILL, (0

one ri ng, genantol 2dbranyipkrahijol Qifaldol, Onfarmesdl: 4, sesterterpene al cohols; or
C3o0H4gOn" nx1-4, triterpene al cohols. [0050] A bicyclic unsaturate al cohol

can be: CnH2n ' one.doubl e nd and two_.rings,. n=5-20 1-.4; CnH2n- 60, n,
Ca0 doubl e bor o4, o TRl BreaB RS g TP g ) B2 i i s e i i

sest er t erqgresmpkrkedhidh sthedholediddds (& configiradon. t THetudEqrerard at gaalt@bompoddd051]
Based on the total weight of the pharnaceutical fornulation, the al kene can
vary fronfn&psrally exest ina gageoxs da4id Somfid slalepapLig bindingvitizthe g dging agsnto about
5.0% and nore

[0045] An open-chain unsaturated hydrocarbon can be: C,Hj,, one double bond,
n=2-20; C,H;.2, two double bonds, n=4-20; C,Hj,4, three double bonds, n=6-20; C,Ha,.s,
four double bonds, n=8-20; C,sHyo, sesterterpene hydrocarbon; or CigHgg, triterpene

hydrocarbon.

[0046] A monocyclic unsaturated hydrocarbon can be: CpHjn.2, one double bond
and one ring, n=3-20; C,H3n4, two double bonds and one ring, n=5-20; C,H>,.6, three double
bonds and one ring, n=7-20; C;sHyo, sesterterpene hydrocarbon; or CsoHgg, triterpene

hydrocarbon.

[0047] A bicyclic unsaturated hydrocarbon can be: C,Hj,-4, one double bond and
two rings, n=4-20; C,Hzn.¢, two double bonds and two rings, n=6-20; C,sHao, sesterterpene
hydrocarbon; or C3Hyg, triterpene hydrocarbons.

[0048] An open-chain unsaturated alcohol can be: C,H2,0y,, one double bond,
n=3-20, m=1-4; C,H2,20m, two double bonds, n=5-20, m=1-4; C,H,40n, three double
bonds, n=7-20, m=1-4; C,H2n.¢Om, four double bonds, n=9-20, m=1-4; C35H4oOpm, m=1-4,

sesterterpene alcohols; or C3oHasOm, m=1-4, triterpene alcohols.
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preferably fromabout 0.5%to about 3.0% [0052] The oxygen-containing

oxi di zi ng agent of the pharmaceutical fornulation, which oxidizes the

unsat urat ed hydrocarbon, nay be singlet oxygen, oxygen in its triplet state,
super oxi de_ani on, ozone, periodate, hydroxyl radical, hydrogen peroxide,

al kyl per oAW1 phany| peroxi de, benzoyl peroxide, ¥g¥{§]g7§?8?4&6566nd to a
transition elenent, such as nolybdenum (e.g. Md(G5). [0053] The preferred
met hod to bind "activated oxygen" to intact an isoprenoid alcohol, such as

geraniol, is bip0éHonaii mpnagycliceynsatuestedraboohplecanden (H200mi enetdoablgdordin t he
absence of er of_ _59| t.~AT i " i -1 hen.

di ssol ved aré&r']\@fesr{ngb F‘I—?gg’gﬁ_ f%’ Qf%gz%a %WE‘%O ?ﬁﬁlﬁﬂ té&;éj a raE& '([3 gé {g}r?%\}1 gg tZ%’p};ne (rﬁgf ure

br eakdown Cpif,, 508, thiree dontil& bondls tHome gihg, ms7-2 Oyar 140 G, sHa (g nixd v destertegpene t heory,
it is beli eélg)g'th&t t};nca_t a%yti C brﬁa down of the tetraoxane peroxidic

di mer bypPl§9RRLE °p 305%% 5T 1-2RRPEPOHONMT ch is not an ozoni de, occurs
inside of cells in the presence of superoxide anion. The final reactive

therapeutic agmose I elWaradudatirdiy slecidesanber OXH,H0,708e @ubleibondaiddwo [ 0054]
The pharnmaceutical formulation also utilizes a penetrati ng_sgérver_lt. _The
penet r at i A§8S AT verh MuhfichdraBi Pt dpvhle SepdioAdh SR MBS BT F %t BF 14

hydr ocar b@gf%@%nbﬁ—@@est&i@één’e%ﬂb?olg or CO#. 0., 1. D ARRHRne AcMAEE! | € menbrane,
or a vapor. abl e penetrating sol vénts™ i nclude aqueous sol ution, fats,

sterols, lecithins, phosphatides, ethanol, propylene glé%qol ,
met hyl sul f ony| [#85Hane Bagaslopthaigtabyeighi of thepharmpasuiia fosnwldtiorns the alkeneag

or ot er 1 e BET ep AUl e PO I ot o e nord

pH- buf f er eekferably fiem aboeat (re%tto pbalt 810ped penetrating sol vent is DVSO [ 0055]
Based on the total weight of the pharmaceutical fornulation, the

penetrating so t C vary from about, 50% t out 99% .preferaply from
about 90%t o L@g@t 9 g OXYRIMERIAINIB oK G2 *‘ﬁe’ﬁu"gﬁ%ﬂe %ch‘@gé}g &6“‘5‘%@?}{ 98%
[ 0056] Thevhidhloiizels ARANsAdGaRY hfdrEcaBInSasY 1R saiptkt bX e @RPienad itdtfplsctagnt have

been nmade from conponents currently used_in production, regule;at ed by the

Food and BYREEPXidedanion. oeenes perpdaterpydroxyl Tadicad hydipesaipsroxideqplkyl neEoxidfvj ect of

Drug Mast ' S ' ithdal Ofyuchc

General | y%éle)ggglﬁﬁ?eéoe éig)egga@'ie@?{p% Sgr) @{y%err BoUH doMa ERRitdATINRent OfucR 8
molybdenum (e.g. MoOs).

[0053] The preferred method to bind “activated oxygen” to intact an isoprenoid
alcohol, such as geraniol, is by ozonation at temperatures between 0-20°C in the dark in the
absence of water or polar solvent. The geraniol “ozonides” are then dissolved and stabilized
in 100% DMSO in the dark to prevent premature breakdown of the products. Although not
wanting to be bound by any theory, it is believed that the catalytic breakdown of the
tetraoxane peroxidic dimer byproduct of geraniol ozonation, which is not an ozonide, occurs
inside of cells in the presence of superoxide anion. The final reactive therapeutic agents

released are hydrogen peroxide and acetic acid.

[0054] The pharmaceutical formulation also utilizes a penetrating solvent. The
penetrating solvent, which stablizes the oxygen-bound unsaturated hydrocarbon, may be an
emollient, a liquid, a liposome, a micelle membrane, or a vapor. Usable penetrating solvents
include aqueous solution, fats, sterols, lecithins, phosphatides, ethanol, propylene glycol,

methylsulfonylmethane, polyvinylpyrrolidone, pH-buffered saline, and dimethylsulfoxide
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[ 0057] Anot her conponent of the pharmaceutical formulation is a chel ated
dye. The dye preferably contains a chelated divalent or trivalent netal,
such as iron, copper, nanganese tin, nmagnesium or strontium The preferred
chel at ed n¥:005/E104840n. The propensity of chel ated dyeBCEHYEHWIHEI6161

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

por pﬂyri n@“clijMStbi)Ddﬂﬁmlyg'e:ﬂef@dﬁﬁ@itﬂiggglstSirellWe D¥80| polwﬁﬂpynrmrdodﬁ andit Iur al or
synt hetic dyes anp of these yes i nc I ins, rose bengal,

chl or ophyPHrWeredﬁé'rﬁengﬁleﬁéﬂsbee ed pefetrating s 0?"«??&'&%%@ met hyl ene bl ue,
hemat oxyl i n, e03| n, erythrosin, fI avi noi ds, lactoflavin, anthracene dyes,

hypericin, net (goks) hol ®abdar 8R&the NBtal vadight est, thepﬂiﬂdﬂﬁ\h&%ﬂé’dﬂ mm&ilmrmscel n,
eunel ani n, and pheorrel anin. Preferred d%(/)es can be any natural or synt hetr C

por phyr i npensErERGIbephean Yary EpmabeprPhe forbowt 9%, meaferably fraeabout 8%det i ve
congener s ,p Ok ofo, nlr?&%&r@g%fﬁr%ﬁ?%ﬂ%%uf@ﬁ% Plplegdeed dyes are naturally

occurring porp yrlns enat opor phyrin, and rose bengal . The dye nmay
be responsive to photon, laser, ionizing radiation, phonon, electrical
cardi ac pul se, [0856kt r dpoi‘satilized” gxnélcmp leziad itepenctrating salysuidiare kagn

excitation 0581 Based. on the tot t

formul ati gﬁd%% %S%B(meﬁs %urreflﬁr)é 8§9a‘" V\rﬁh\\%&gtro? rF%“ﬂBgd %gatglggz%?&l%hﬁo Bbout 30%
pr ef gr abl »&mmmahﬁqi‘FDA?)% Tkri])ese arlipetherﬁ%treah? sﬁl‘ﬂéo@ oﬁﬂkﬁgmtey FﬁlerDraQO:Jt 0. 8%
to about 5% [0059]. A further conponent of the p o rmul ati on
is an aro%&nioéraplilse%xfmt‘@rfﬁél%ﬁﬁﬁsp@@cw aé%a&"e(ﬁﬂlyn%‘?ﬁ’@gmﬁigkégbftﬁé (?I%:Aé gdox
conmpound may be any substituted -13 WO 2005/110484 PCT/US2005/016161 or

unsubstituted [RARZPUIARRHRY cAIIIRENATHicHARRnacalticaNfohiatioieARhelte@lwy, r ed
aromatic redox conpounds include benzoqui none, nethyl benzoqui none,

napht hoquiTherse preierabiistcaytains maghistatrddivaleni er trivalentarstal psush s rikod, 89PBRRL i C
redox Cowggegé IHE&Q%S{&%P% flﬁ}f?nel‘he[ 591@{% ?‘ﬂéﬁ@d%etﬁf‘ & alrppei ght - of

t he pharnmace Tor atron ar omat 0X corrpoun can vary from
about 0. 0pépensitgbofitch@ldtedYgdyqsr afohr a:blrlyetdlropmrphyxmst t@®. sehsitize oapgent udd¥y and

RN T OIS SO RN TR UMK A T N
donor. Usebpfer bpalfimNtodBing oxypenCdonthehind) spteats r Usatle @yés Rdfude agted at e or
synthetic dyes. Examples of these dyes include porphyrins, rose bengal, chlorophyllins,
hemins, porphins, corrins, texaphrins, methylene blue, hematoxylin, eosin, erythrosin,
flavinoids, lactoflavin, anthracene dyes, hypericin, methylcholanthrene, neutral red,
phthalocyanine, fluorescein, eumelanin, and pheomelanin. Preferred dyes can be any natural
or synthetic porphyrin, hematoporphyrin, chlorophyllin, rose bengal, their respective
congeners, or a mixture thereof. The most preferred dyes are naturally occurring porphyrins,
such as hematoporphyrin, and rose bengal. The dye may be responsive to photon, laser,
ionizing radiation, phonon, electrical cardiac pulse, electroporation, magnetic pulse, or

continuous flow excitation.

[0058] 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%.

[0059] A further component of the pharmaceutical formulation is an aromatic

redox compound, such as a quinone. The aromatic redox compound may be any substituted

-13-



ascorbic acid, NADH, NADPH and germani um sesqui oxi de. Preferred el ectron
donors include ascorbate and germani um sesqui oxi de. The nost preferred
el ectron donor is ascorbic acid in any salt form [00621 Based on the total
wei ght of wheogshasdceuti cal fornmul ati on, the el ectron PCH3P050816ary from
about 0.01 %to about 20% preferably fromabout 1 %to about 10% and nore
preferably from about 1% to about 5% [00631 In order to obtain a biological

effect i _rbrMhs\ﬁﬁstitﬁt@@b&ﬁ@éd{ﬁ&ﬁyﬁdpﬁﬂxbguiﬁ&few|aﬁihir&miﬂoﬁe.mreﬁeﬁé@hbﬁiatidfédtﬁ(ed as an
ozonol ysi s-generated peroxidic product of an unsaturated hydrocag@on,

rat her t IFmPaNds ZB¢IndRe benzaauieney mathhhengoaningnes 3phtBequigonge ARt &te
hel at ed i i T duct,
chelaie %ﬁ@h@cﬂflﬁn@r@ %f%&t‘p@e@%{)‘:ﬁ?@atc#&@o%%@k%’etﬁw%ﬂﬁgﬁ Hodnpr 0auc

or peroxi nol ecul’e, s e st zed in @ nonh- eous
stabilizing solvent and should be capable of penetrating |ipid nmenbranes.

100641 Resear d005 ofBasedorbe tosal Meighhefithephagracgyiécal faemalsfion thearem#ly known

that the_superoxi reat | } Y

or of er ent A b st TRE ok ALY 120 abiEAAOR RbIcha M LATR1Y0E,

t ypi cal | yabahitslO¥%; ahdimasseprelfefablyl fesrh abdit ONOkito abautd.52¢. t o be bound by theory,
t he catal ase-i nduced destruction of peroxide should be overwhelned in the

target cells gj r turally or t he.pharmacepti.cal fornul ation. The
bor oxi i o dt maPO61En oufts Phimsbp@eal Bl SR R REEbY BB g aye.
I ni tiati nguek etdneludRdgior OUsdf@ elddGon EindBYindidt @@lsiritgl dubient| 8t@B&Eorof

hydr ogen peroxi de and acetic acid intracellularly. The electronic
acti vat i Ascasbictasid, NADHNARIH and gernanjugy sesawoxidgh Prefpged elsstrrsy dapgls occur

t hrough i i : pul se.
The. por ox D e B s s e o B T T hi -t e

i nf ect ed avatinaphsajieforrhen tends to destroy the prenyl ated protein |inkage of
m crotubules within the cell, to destroy the infecting toxin, or to induce

apoptosis of t macg 0 hasit I i

formul ation i 48(262&()”%115, aﬁg‘#q?%ﬁleé‘gasv{eg@t8fﬁhégggg’%%%ﬁgélqg%@feﬁrﬁég%%flmennt S may
pr ef er abl donbecas vatydtbnosbodt §.0 B6ltd aboutRPK Preférhlsly &ooh dbbuapUli%bltol aboutd GYgmids i n
separate containers, which are then _pixed at the site of use. The dry solid
i ngr edi erff&re PRferply fiom ahoghhoite 80QUha”echel at ed dye and the aromatic redox
conmpound. The liquid

[0063] In order to obtain a biological effect in vivo, the pharmaceutical
formulation is preferably infused as an ozonolysis-generated peroxidic product of an
unsaturated hydrocarbon, rather than an ozonide, in conjunction with a superoxide generating
chelated dye aﬁd an aromatic quinone. The unsaturated hydrocarbon product, or peroxidic
dimer molecule, should be stabilized in a non-aqueous stabilizing solvent and should be

capable of penetrating lipid membranes.

[0064] Researchers of energetically activated dye therapy have long known that
the superoxide generating dye and the aromatic redox compound preferentially absorb into
infected and dysplastic cells, which are typically also catalase deficient. Without wanting to
be bound by theory, the catalase-induced destruction of peroxide should be overwhelmed in
the target cells either naturally or by the pharmaceutical formulation. The peroxidic dimer
should also be activated by the superoxide generating dye, initiating electron donation to the
dimer and causing the release of hydrogen peroxide and acetic acid intracellularly. The
electronic activation of the dye does not always require light, but rather may occur through

small electrical pulses provided by, for example, a heart pulse. The peroxidation reaction
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ingredients preferably conprise the peroxidic species or reaction products
resulting from oxidation of the unsaturated hydrocarbon by the
oxygen-cont ai ni ng active agent, along with the penetrating solvent.

Adm nistration is Igfr eferably intravenously. The reconstituted duct

pref er abl YWHEYSBE*84ni ni stered i ntravenously as a concgﬁirﬁléf(’«gs’&f%lrlﬁt ed in

saline. Topical, ocular, intraperitoneal, rectal and intrathecal deliveries
are al so possible routes for admnistration. Intramuscular injection is not
pr ef er r edvithirs thet infeated amaceonhege then densls dd Westrdyotbalprenytatéd profedm linkaps ad1
Adm ni strat] . har eyt f: | ari.on_j.n .yvi [ : Lve in
reduci ng nﬁ%ﬂg&%{gr gﬁ‘@?’eﬁ‘eﬁﬁm éu&égtzgorc?g{hf rlrr;E:)}Jg3 é(;ﬂ\./hlgﬁé*l ’n%lj t\gil}s{{l}}é? agélf}?{l%/gg?w

i ndi vi dushasrophigediostkteli th ARVD. EXAMPLE 1. OZONCLYSI S OF AN UNSATURATED
HYDROCARBON 10067] Ozonol ysis of an al kene nay be carried out either in a

solvent or neat. .| n i ther case,, the cooling of.the reaction m.xture is
critical in aﬁﬂ%i ng TS‘)?;PF‘B’??*\?%“%@IC{?HB%I%?% lér?gcofﬂblqaﬂgn ngtgf)(]]ed?ge ¥ucts of
the reactrhes ingr@ieftd mhherofahbiove ﬂGrcGQQ@rX%blid)fn@féﬁiiﬂfsth ﬁgt_ﬁi&lﬁﬂﬁ@iiqxﬁﬁh t he
ozonolysis of a liquid al kene. [00691 1-liter flask fitted with a

magnet i c seRarate epntpigershwhigh drehen mixed af hesite ef usqrpilee fry soly ingeedigptsar at us i s
wei ghed. J I L ceswat e f:oshce-sal t).
Cnce. t ne PhagEblytSupife IhE LAUABERh Ond (0 Ll 1EAR, G bo, e gyl o
ozone i n ingledierdx prgéamatly gpmpadel the étopiznspciesopmedod produstsglesultmg fromt ure. |t

i s advant a us di spers t he,ozpnat ed oxygen. through a glass frit, but
thi s i o iguanerele mSRehttings Bl e Gy S eonhinink Bt aknd rBRE 41

PCT/ US20Qid Péetbiing Ravén0diAdmihistrationeis refeiblyciataienotsl PP R@, reédidtifuled reaction
flask is welghed or the reaction mxture is sanpled. The gas, streamis then

r e- st ar t @RIUPORrPiyIbiN BBY e dmiriglersd intrreRqualyrasheqneeRiTels S§fingi ent
wel Ot 98oBical boltiiCfitrapdfioiRh 4t BROMEMECa] SARBARGRE bis BoddME wouRtR ! Fum Of

the reacti on m xture shows t desired reduction in the intensity of the
ol ef i ni c agmartigratisslotramusslaf ingastibh is natyoeferr&d) %4 it hasedendgaey tolppaduicslosalopped.

[0071] The. qzonol ysis may be carried out as above, substituting a solution
of the 1rtitation.

[0066] Administration of the pharmaceutical formulation in vivo is effective in
reducing macular drusen buildup and improving the visual acuity of individuals affected with

ARMD.

EXAMPLE 1. OZONOLYSIS OF AN UNSATURATED HYDROCARBON
[0067] Ozonolysis of an alkene may be carried out either in a solvent or neat. In
either case, the cooling of the reaction mixture is critical in avoiding explosive decomposition

of the peroxidic products of the reaction.

[0068] The following general procedure is typical for the ozonolysis of a liquid

alkene.

[0069] A 1-liter flask fitted with a magnetic stirrer is charged with the alkene (2
moles), and the apparatus is weighed. The flask is surrounded by a cooling bath (ice-water or
ice-salt). Once the contents are cooled below 5° C, stirring is begun and a stream of ozone in
dry oxygen (typically 3% ozone) is passed through the mixture. It is advantageous to disperse

the ozonated oxygen through a glass frit, but this is not necessary for a stirred solution.
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al kene in a solvent non-reactive towards ozone such as saturated

hydr ocarbons or chlorinated hydrocarbons. The ozonolysis may al so be
carried out as above, with or without solvent, substituting an al kenol for
t he al kenewaphéddquissaf fecting the reaction in any subst aatvoseossamer . 100721
The reaction mxture is then poured slowy into the cool ed penetrating

sol vent. EXAMPLE 2. PREPARATI ON OF THE PHARMACEUTI CAL FORMULATION [00731 A

preferre j ' g OB Pthe rERHHT BE&s WAl ARe ¥aStionP" epar ed
as foll O\C/\b;se%?l[f%gﬁ%a%%ge%ﬁ lé(;rg%ﬁﬁeéfib%lre gxygeﬂr;:'E gas m xt%lfeg (gf 120 ;%l/L up
t hr ough amixtuat lsadnpled. he gdsclrear jstheh reestangl- 2, 6- oct adi en-1-0l (geraniol), at
1 Liter of gas per hour; (2) Maintaining the tenperature of the reaction

around 5C; ( 3)#'0@%“0'\/\&' (?%;g%%hss%lf ih%lilga}cﬁ?rﬁéasg%WJ s&?%c%sngg}éé? ht DAKTdr ¥n@Nd

measuring by nati1on o er oxl Ies®or’ reaction
product s;thé Aotd mpgietig résorarice ACH| NMRUepectrameoft thaneaation mixtofo shbws fte

avai | abl e unsaturated  bonds. ha been, reacted; (5) Dilytin roduct

m xture viesredfedisting Indthe f%?ﬂsﬁéo%{‘i‘?? 1n1[c(9r%}pq,1é¢s%paébe¥slgpqua ya tg&g})g‘?"si on; (6)
Prior to y3folis ibspdaar get biol ogical system a mxture of hematoporphyrin,
rose bengal, and nethyl-napht hoqui none dry powders was added to the
solution or dispersion in sufficient quantity to create a concentration of

20 ni cronol ar [8971] eachhecspprenmayibagaaiadoyt as78p s, pubgHREngasqlytigni theo t he
bi ol Qi . . |
target bigyogd ﬁrfaaéolvenﬁﬁ)&om&%ﬁ%}&;ogg%eﬁgﬂ k%%ﬁ&%éﬁgﬂog%ﬁggy&{c@%e@a I ne

i ntravenous 1 nfusi on. tironally, te coul
f or mul at i lgrdrgeaibons. (The wgenol ¥SicAlEPy Bls@ be BatAkP B2 sCIB o T¢; iRV i PHARNMGRILTO1GALL,

. ) 0
F@Aélbﬁé:\f%stit&%%éﬁ ]alklh"ﬁ f(‘))rrtﬁclac zﬁﬁén%(é)vi{hgﬁtgwe&fnlg ﬁlrésrea%{ign i%%n)f' s(%llblstgnvylsv'e m%.hné/\r.E L GHT %

[0072]  The reaction mixture is then poured slowly into the cooled penetrating

solvent.

EXAMPLE 2. PREPARATION OF THE PHARMACEUTICAL FORMULATION
[0073] A preferred pharmaceutical formulation of the present invention was

prepared as follows:

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

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

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

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

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

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

each component dispersed therein when delivered to the target biological
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0. 54* Tetraoxane diner of acetal peroxide from ozonation of geraniol 98.00
DVBO 0.83 Hemat oporphyrin 0.24 Mt hyl napht hoqui none 0. 39 Rose Bengal

*Det erm ned by mass spectroscopy. B. WEI GHT % | NGREDI ENT 0. 54* Tetraoxane
di mer of arerels/1pE@soxi de from ozonation of gerani ol 9CWISOI6IPL 83

Hemat opor phyrin 0.24 Mt hyl napht hoqui none 0.39 Chl orophyllin Sodi um Copper
Salt *Determ ned by mass spectroscopy. EXAMPLE 4. EXPERI MENTAL PROCEDURES
[0075] To test theéﬁsia‘nesy §a1ig0 aeavéaiout MtusRMAIOPEGRAILY 8s2brbhRIcBulddk a@dedi N
reduci ng macul ar drusen buildup and restoring visual acuity, 23 patients
with docunent ed dr o hRimmuiatign AEOHPEH-ous hi story of neovascul ari zation or

| aser treatnment were adm ni stered an exanple of the pharnaceuti cal

fornmul atio j r ' j S K\on,

ol asmapher AV ERSMPLESHIE THE ARSI BIEALHIRMUERTIONCD.
-17 WO 2005/ 110674 PAWAREMRH Gdrtibfationpat hefollowsad a mi ni mum t en-year

hi story of snoking at |east one pack per day. Al were told to stop snoking
for the trial and a one-year followup period. Each of the patients had
document € at heroscl erotic cardiovascul ar di sease. As a pre-clinical
consensual pilot twWEIGHT @4 hi cal concer nENGREDEBNAd t he use of a pl acebo

control | ed "bli pded"—poputation—fF00761+tntraveneus—afusienof the

phar maceutical for rruld)éﬁ'*on hayi ngetﬁabﬁne_ﬁﬁﬁmlfaﬁdtallp?ﬁxfdre(fmnExanpl e 3 above
(diluted 1 cc ipto 1 cc of nornmal sabidiRfion&Sgeraniol

98.00 DMSO

0.83 Hematoporphyrin

0.24 Methylnaphthoquinone

0.39 Rose Bengal

*Determined by mass spectroscopy.

B.
WEIGHT % INGREDIENT
0.54* Tetraoxane dimer of acetal peroxide from
ozonation of geraniol
98.00 DMSO
0.83 Hematoporphyrin
0.24 Methylnaphthoquinone
0.39 Chlorophyllin Sodium-Copper Salt

*Determined by mass spectroscopy.

EXAMPLE 4. EXPERIMENTAL PROCEDURES
[0075] To test the effectiveness of the pharmaceutical formulation in reducing
macular drusen buildup and restoring visual acuity, 23 patients with documented dry ARMD
and no previous history of neovascularization or laser treatment were administered an
example of the pharmaceutical formulation. None of the patients were taking zinc

supplementation, plasmapheresis or vitamin therapy during the trial or 3 months prior. All
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acconplished over 15 mnutes, daily, in sets of three nonthly infusions, for
9-12 planned treatnents. Follow up testing of individual eye, best
corrected visual acuity was perforned at 3 nonths, 6 nonths and 1 year.
EXAMPLE 5.wORMSEN4SEDUCTI ON [ 0077] Phot ogr aphi ¢ and angoagrsaghioosiel
docunentation during and after the treatnent period did not express any
regeneration of cell conponents, closure of voids, or |ate devel opnent of

heovascu Ipaﬁémauqranminﬁurmehe}reamgteﬁ of@xﬁ@ﬂné’ﬁ'léa&t &Ieeg)xadpéiaaﬂ ANdep telae nt

cl unpi ng was unchanged. Drusen, however, disappeared within weeks,

evi dencedo Bipp smo&mgefgw\@ctsalcmnagerse -Yeap fellomov periad. aEach of| tb@p@tse@w@é by
drusen t o&lxﬂéﬁ? tﬂelﬂ&fc &?c"bg lov u'i%ﬁ%Y%er%f aSh pr &Eﬁﬁ&g@ or¥nduBfpitbP trfhi

Photograp I'c evidence al sO eSseni m I sappearance df drusen
from t he ethical barcerns lpeeventsdi thie uacuf apda@bangﬁroﬂem“mwed?mapelaabm with any
phot ographi ¢ or angi ographi c appearance. Despite the najor acuity

cl i ng.wer o @PAFTC A S RaRy. ShpRomarmiEn) debRRb R BT ey

t he phar %ﬁﬁhﬂhﬂl&ﬁ%&fr\/@ﬁ rﬂﬂaﬁi[p(l)egm gb&veegilﬁlﬁtégllvecbmlﬁ?d IO@GU@fﬁ@rrdﬁlUs‘iﬁﬁb) Ve¥AVPLE 6.
VI SUAL ACUI TY | VP ENVENT 781 Tabl e 1 bel ow summari zes. t he n return
of vi sualacersplishedpuer 9 mindes, dpiby, 1 §thef thres Zpopthly Intysionsy fIP-15p |

( non- SnelygientsOFBMoWASp fIBNE o ik iB6al E?@ bést cc;r}'é@ted PRLAI 8O W pURAmRd AFE
o

48. 05% i nprovenent I n visual acuity 1 year after treatnmént. Table 6 - 1 Mean
Vi sual Adunenthfbenchtlsaanddnead Mont hs 6 Months 12 Months  First eye 0.27 0.63
0.66 0.72 Second eye 0.22 0.63 0.65 0.73 Both eyes 0.24 0.63 0.65 0.72

Ceor oLl conL a0 920 paby SR IROY D V0 2005 11001

publ i cations §8097her dhptdgraphicpendtaeglogrgphic elfoeureertaion during and after the
treatment period did not express any regeneration of cell components, closure of voids, or late
development of neovascularization. In other words, dead cells stayed dead and pigment
clumping was unchanged. Drusen, however, disappeared within weeks, as evidenced by
fluorescence changes from choroidal autofluorescence by drusen to a hyperfluorescence
“window defect” created by the void. Photographic evidence also showed the lessening or
disappearance of drusen from the maculas. The visual acuity change did not correlate with
any photographic or angiographic appearance. Despite the major acuity improvement,
morphological changes of previous cell death and pigment clumping were static and
permanent. However, the results do indicate that the pharmaceutical formulation is effective

at reducing drusen.

EXAMPLE 6. VISUAL ACUITY IMPROVEMENT
[0078] Table 6-1 below summarizes the mean return of visual acuity performance
following treatment, as noted in decimal (non-Snellen) form. As shown in the table, the

patients showed a mean 48.05% improvement in visual acuity 1 year after treatment.

Table 6 — 1. Mean Visual Acuity

Pre-Treatment | 3 Months 6 Months 12 Months
First eye 0.27 0.63 0.66 0.72
Second eye 0.22 0.63 0.65 0.73
Both eyes 0.24 0.63 0.65 0.72
Overall percentage gain | --- 38.95% 41.30% 48.05%
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- 71, 1986. gfﬁqg Pejeat um&“% %R‘i‘sbd‘lcﬁt‘%éfﬁlé"ée rm?%‘?fﬁeéﬁg'products

resultingd&@mmj»ackulon of ment hol or an al kene by an oxygen-contai ni ng
oxi di zi ng agent, wherein the al kene conprises terpineol, citronellol, nerol,
| i nal ool , phytol, geraniol, perill al - cohol, nenthol, geranylgeranlol or
farnesol; a penetrating sol vent, d%ﬁf Ratents he penetratlng sol vent conpri ses
di met hyl sul f oxi de, sterol, lecithin, propylene glycol, or

met hyl sultf 9rpakeeNBangs1 @m@mr[gzal ning a chel ated di vaI ent or trival ent
nmetal , WREeEepient NS. 415'@1 6B DesfezP0r phyrin, rose bengal, chlorophyllin,

hem n, C(Uglmem X298 63 10 ¥l ene blue, hematoxylin, eosin, eryt hr osi n,
| act of | ayk a§6§@076‘£¥?~1 ypericin, nethylchol ant hrene, neutral red,
pht hal oc 'IEL? 55 £6 msl anin, or pheonelanin; and an aromatic
r edox coq}) gﬂ ﬁg 619‘} x corrpound conpri ses substltut ed or
unsubst i g hthqu|none or ant hroqui none, in the
manuf actigl 2%?% orj | ation for treating age-rel ated macul ar
degener at to! erma“
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wherein the peroxidic species or reaction products resulting from oxidation
of nmenthol or the alkene is fromO0.001 % to 30% by wei ght of the
pharmaceutical fornulation, wherein the penetrating solvent is from50%to
99% by wei ght of the pharnmaceutical fornulation, wherein the dye is from
0.1 %M 30% by wei ght of the pharmaceuti cal for mul ati on, and wherein the
aromati c redox conpound is fromO0.01%to 20% by wei ght of t he pharnaceutica
fornmll ¥s¢dn. 2. The use of claim1l, wherein the alkene is in a liquid form
in a solution, or in a dispersion.. 3. The use of claim1, wherein the al kene
i s cont aiape@xifigspecigsionengtion ploductsresitingépm oxigafioapimentiel prn alkane BirpnexvagrCconginingrhe  use
of cl ai moridizipghegeti whetejndheteprreaemerisas wipERGirenelldingioh tpalagjerytolcgsmpiol 88wy 8% ngl et
oxygen, oryyERNhe) dererylgeraniploefernesst at e, super oxi de ani on, peri odate, hydroxyl
radi cal , dngoRteigesolysel wharaiethe panRiplingselrenksomerises dimeibiaplfoxige sissdl. dpaithinprepryts)e

per oxi de, e, coxsttpanifdoymeitereio a transition el ement. 5. The use of claim1,
wher ei n tahdye exaieng-acheietad divarent Gxivaletimets!. aheeit the Inprampesss 8yBhYEN. 'Ge bagal use of
clai m 1, dikephyiim hemie coransetexaphirin methylgdakdustheingtoxylin, pagini athrepingladtefiavimariyregnte,

| i posome,dysmefidnemethylahplanizigngr neutrayred, phibalesyaning ffiugrpsgpipneqmelaiteprehepmelaain: and

penet r at iangrogeticyedat compouf.yheraip ths tdapxosemdeund CampEEs jubstuted phignsustituted bepkegbim 1,
wher ei n triaee, dapbtheqyingiei we@gthrp@inpteyri n, rose bengal, or a m xture thereof. 9.
The use df theinaiufactire ofdhrdrwiaceutidadormelatioh for tieativd age-tplated gnacular GegeMnasion ARNY"). | ail m
1, wherein the netal conprises copper, manganese, tin, nagnesium or

St r ont ibeTein thd deroxiila epegisor esfactioh prbamcty reStﬁlangtrbrepxidatbmmfm®ihnlgr tnalne stfremA.0eiGnor .

12. The 30%ey weight bfalierphdrhacewfivelf@inpiatome el ect ron donor conpri ses ascorbic acid
or a pheareimibepanetatitg LEent isfrbre feot 99% bRweidhbef traebamatievtigalfayngdtan.m 1, wherein the
phar maweangin toatyefigromel 18¢ tb 89 eyoremhi ob ths phagmageyticst fodmutatinpaeli es or reacti on

pr oduc whergiretg e aroratig relpaompoundiia frono H0 164 to et anweaidht ¢fjheaharnadevtice farhuldzone and
oxygen; dinethylsulfoxide ('DMSO ); a dye containing a chel ated dival ent

or t r3. vatieeus¢ ofglaimal, whapgrethedlkene k@ adiged foomoraissleton gor imiaxiispareonof hemat opor phyrin
and rose bengal or a m xture of hematoporphyrin and chl orophyllin; and

met hy| ﬁlaph@ ﬁ@tq'm' nhehapein th@8)kene is contained in a fixed oil, an ester, a fatty acid, or an ether.

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

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

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

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

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

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

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

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

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

13. Use according to claim 1, wherein the pharmaceutical formulation comprises:

a peroxidic species or reaction products resulting from oxidation of geraniol by a mixture of ozone and oxygen;
dimethylsulfoxide ("DMSQ*);
a dye containing a chelated divalent or trivalent metal, wherein the dye comprises a mixture of hematoporphyrin

and rose bengal or a mixture of hematoporphyrin and chlorophyltin; and
methylnaphthoquinone,
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