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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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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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[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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the macrophage cell by hydrogen perox1de. 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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[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.
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[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.
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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.

@
R, O R
~0 Q.
Y Y

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-



formed by ozonolysis of an unsaturated al cohol, a
stabilizing solvent, netall oporphyrin, and qui none.
wabeos/1ieasention is also directed to use of thePCT/US2005/016161
phar maceutical fornulation to treat agerel ated macul ar
degeneration ("ARMD'). [0030] The peroxidic species or
give R824 E(b)gﬁxya o%g%%cfﬁ( §owPh cﬁérﬁ@b%e][ow n@gdérl%l%iﬁ Rohdifions, the 1-
reac n o ene and ozone i s generally
alkosytodpdpeeoxideatantunderge daithe nededbneegive narbbkyiveacahderoabves.
proceeds by the Criegee nmechanism According to this
nmechani sm shown in Schene lbelow, the initial step of
the reaction is a 1,3 -dipolar cycloaddition of ozone
to the al kene tgq ggve a prlqarg ozoni de (a
1,2, 3-trioxal ane}Y” ¥Re pri mafy ~ozoni de unst abl e,
and under goes a T 3- cyEI_f'eveme ontd :\gz;r bonyl
compound and a caslaonyl oxide. In the abs®nce of other
reagents or a nucl eophilic S§%Mfént, this new
1,3-dipole enters into a second 1, 3-di pol ar

cy dit t e nj .

SV ShAAP! Lhgfnn Skt B OBy 59" Ryt g v
ozorolyiscatioaydhodostainigalient &f the pte@era irdieA®6n, 1td$ teasonhlsle to expect
ve a peroxidic diner, the 1 4, 5-tetraoxane, wn
that &ﬁeeseﬁ@wpgs Afereridicpigangts i ﬂb@@éfenﬁ*ﬁ%ﬁ RoamBhoRphice ﬁ%e garbonyl
tetrab§ar@ cﬁrtn'élo 61 %ﬁﬁjawﬂef:ox?&e Cﬁﬁﬁe I%E'éﬁcb i wd?er, some of these

presence o nucl eopht Ii ¢ "speci es 5 a I's or
perowatiepjoducts mayddsoglead td melplresemﬁcd>fecugtm¢ pcraaxdsl |nt thercrude product
. togive a 1-al koxyhydroperoxi de, shown in Schenme 3
MIXYE- ow. Under certain conditions, the 1-
al koxyhydr oper oxi de can undergo further reaction to

gi Y603afr DORYE préseptinderiRhialsa inobves thellde3f a pR@iatratingRelvent such as
wanting to be bound by theor it is believed that

quihﬂismiécm%“@iz\ﬁ@ Dy sgabuhz "I lan@bn@riu%ﬂf e aroenglysisc Siailarly,
not */Erét[r&tetﬁr (rgg)%rﬁrg& 8}/ ri%{g 'ﬂ{eogg ];1t is tgregc)%e St qg@%hﬁ &810%‘??1‘&)& likely a
&mpﬂé sslemion Ibl’fbﬁomencmil Howemr,dBMsms lamubntbyﬂe 4 midlephidad its own

di_mer,  and the 1-al koxyhydr perOX| de. Int presence
rightolts Ratticipation Healsorposs] ésbevﬁ%rpélﬂ € BroeBse blirerregve species

(for eﬁﬁﬁﬂlteoag Hﬁne‘?ﬁﬁﬁﬁf&&ﬁﬁl HiEANIrRe REbAGEE DetoRidid Brotécdeand the

proa m Xt ur
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
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[0034] The present invention also involves the use of
a penetrating sol vent such as dinethyl sul foxi de

W@ 200850434t 0 "stabilize" the initial products pET/UB®OS/016161
ozonolysis. Simlarly, not wanting to be bound by any
theory, it is believed that the stabilization is nost

. Iy .
ree o e R YD A DRI ot NS T B Seutical
formpationcdtipatlates targeted apoppasss (dell suaided throapk apbppased peroxidation.

artner in stabjlizing reactive specigs (for exanmple, .
Thuf, dheyp %‘%‘G?lf%%ﬂﬁﬁ?ﬁ %raﬁ%sherapﬁ@ws? 519 in ZoRUmber of Séemingly
dispR@fOXlidbhoriPlabfade £ niiefbphhgic Ri§akdsat I PasiRibsENheOphaniiGeeutical

current pharmaceutical "formul ation are nmade from
formudatiponizast eeeg shewal toyber effiestisie dn asdusifgewholgra@Y) insylonssistance,

Anot.her. conponent of the pharmaceutical fornulatipn s, .
towd R O o Parer e R SR 8 iatng Bl gente B fhdtes is
effedtBlenéds APRERMYT didbetdsQnd ©B&itlyl Zze oxygen under

phot ochem cal excitation is well docunented, as is the

propensity of ferropof hyrins and copper porphyrins to

bi nd oxygen-contai ning systenms. [0036] A further

conmponent of the pharmaceutical formulation is an

aromati c redox conpound, such as a quinone. [0037]

Al t hough not wanting to be bound by any theory, it is

postul ated that the preferred pharmaceutica

formul ation is a conbination of biochem cal agents

that inducerecycling autocatal ytic oxidation in

i nfected or dyspl astic macrophages. The pharnaceuti ca

formul ation stinulates targeted apoptosis (cel

sui cide) through unopposed peroxidation. Thus, the

phar maceutical fornulation creates therapeutic effects

in a nunber of seem ngly disparate m tochondri a-based

macr ophagi ¢ di seases. In particular, the

phar maceuti cal fornul ati on has been shown to be

effective in reduci ng whol e body insulin resistance,

| oweri ng bl ood gl ucose response, and inproving nuscle

gl ucose uptake, which indicates its effectiveness at

treating di abetes and obesity. DETAI LED DESCRI PTI ON OF

PREFERRED EMBODI MENTS [ 0038] The current invention

pertains to pharmaceutical fornulations conprising

per oxi di c species or reaction products resulting from

oxi dation of an unsaturated organic



conmpound, in a liquid formor in a solution, by an

oxygen-cont ai ni ng oxi di zi ng agent; a penetrating
weoloseni4g4 a chel ated dye; and an aromati c r edoRCT/US2005/016161

conmpound. The pharnaceutical fornulations may be used

to treat individuals affected with age-rel ated macul ar

DEELASS T S CRIPTIIN O PREFIRRED BB OBIIENTS he

present i nventi on, ]?;e essentl al conponents of the

r Z%Ul?gf eut Tﬁ:@(!ualr gf ifWritfoh PRrdif€lo #ﬁ’la Grrhdieu & ﬁ:?ﬂnqga?ions comprising

s forme ozonolysis o n unsaturate
peroaidi@ bEcies ar staddioh |pmdmgtsse$ulmng fronemadatmnorrfmmyunsaturacdj organic

The t d or anl C co
comfith T o BrmordR s BY GO YR FrRaAy Gidirige pent; o
penéﬁfatlhﬁ SolPER! ﬁ@l’i‘e@é&&d &9d; ah®iiofakie @e&%rbogﬁ)oﬁﬁ‘d al ke rmaceutical

hout a hydr oxyl group, or a hydroxyl-containing
fommlateme mawoeﬁeadatb hyat indieidablk effectédhwith egesrel dtedhmagidutdegeneration

SRR T o EmBhdERL bR Psef RSN 8 g HsHB BtapdSertlof the

phartiagaitica B f@ehulytidhoigalubethe féroridi piodutts fofibél by dzBfblysis of an
hydr ocarbon. The hydroxylcontalnlng al kene can be an

unsaétgéwd@kahﬁl asteatliziig selvent msallopomhypRggquinone.
unsaturated al cohol, or a bicyclic unsaturated

2: ;fﬂﬁg% Thg ﬁ’ﬁs‘éﬁl ﬁeWgaﬁth&ngﬁuﬁ@n&l y’[ ;g%cig% b @flsaturated

, ester, at t an e
olefingabideocartons ofithe pithrmhmutlczd fd)’(yxdﬂattumrdan bs a.mml}(el’mevithout a hydroxyl

grougrniru gllrg)% ggtggilsr’lUbS ﬁ%ngggqﬁgq{%% g %lggélreglgggss%ﬁa%dabout 35 carbons.
The QHitene WiflRd%t aQ@rHEH ?n gtdﬁﬁ,mi}%@ﬁﬂ%?@ﬁéhaxﬁ ﬁa@athateedhydrocarbon a
protelns unsafurated f referred

mom%mwnaat@rdteﬁwdmarbbmm afomyctlmmssattmatechhycbﬁcaab@ The hydroxyl-
contglmnrgggllls(?ﬁaen gan E? glrﬁfcg)%l cﬁaln Eulate §f)08$5]lg gglilﬂ{??rcglf)fl% iupgaturated

as COﬂS uen

alcoWlL biea BigyeYic uasudireR0 ashéll €hé Mﬂél@@rﬁﬁﬁaﬂ@@be contained in a fixed oil, an
gen- contalnlng I soprenoi ds al so occur such as

eSteraPé@)tﬁb@% o5ap&H¥Hes, and ketones. In a formal sense,
t he bU|Id|ng bl ock of isoprenoid hydr ocar bons nmay be

%&%@gﬁg)@ﬁé&&nﬁng#ﬁ ﬁﬁt?lbsﬁngSE‘aﬁ'bons may . be unsubstltuted

known t hat” i sopre
substitwed, fcyckc am @ngplpred calk:etneaf hydsmqim%n msoqtrdmlotltsy stehads, squmolmes

Caro@g?’éiégt%?oi’gl }OE%, %{q@%ﬁ%gﬁnﬁfﬁr B rgﬁe yfatr&g rprgﬁerreg 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=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 5, triterpenes have 6, and tetraterpenes have 8 isoprene units, respectively.

Tetraterpenes are much more commonly known as carotenoids.

-10-



units they contain. Thus, nonoterpenes have 2,
sesqui ter penes have 3, diterpenes have 4,

wGeemsaIl4es penes have 5, triterpenes have 6, aneCT/US2005/016161
tetraterpenes have 8 isoprene units, respectively.
Tetraterpenes are nuch nor e connDnIy known as

can (o] I

o 0T or pEmdHRE lnd HRAE R, EXmALIENS TGP  Sinlol and
neroiidel%q elxarmrlpsewfea sakcpmleqiene Micolanti NitAmimAgandytiyodl ase examples of a

exa di terpene al cohol . whil e squ Iene S a%nownas

diteGR o AF e il R RO e, D LeiritHemREne: | RRaWHamn At
carofeE Ok @R 8xarhSle 8Pa %@@ﬁ&eoteﬁnkﬂ td ﬁbﬁ(’it%@ﬁc alEBRANS Abuid3dn both
nonot er pene al cohol, 1s liquid in both its oxygen
its olygencbound anbnoraial states end wredfei to livirtaecells. | i vi ng cells.
[0043] Preferred unsaturated hydrocarbons for the
ph eut ' ' r.en .
i(?{ﬁ%g I!r’rI%gegTﬁg q{ng}{l.\ﬁﬁdﬂ@%&%la%grg gﬁj’ thg 'i])ﬁxgxlrr]% %tlgcai) %oq%fulatlon
inchideﬂiﬂ{eﬁé\ Bopﬁhefde,r suelilagmngitdene afteitlely dital; @fd@ﬂé} $r hBfkne. Preferred
inch?}elln i.soprenoid alcohols with two to four

unsafyrgled fydrgot Bﬁb%%?ﬂemﬁlr“éﬁl Haear isopranpilalroholsay i tvg torfosrepeating
1sop¥e?15 ?x&%{%l in §'llhéé?rt‘ﬂaln0|suc}r &l ?Er% P&yt:f?llonef@mh@l% o;fhytol menthol,

ger anyl gerani o ool arnes
gerap@d)zge:}an‘ﬂgramn’(ﬂahmulmlemi famgsuh c conpound nay be |inear,

branched, cyclic, spiral, or conpl exed wi th ot her

nol es nltsc WM|m at ur.at e
o} G} °S 0 A ea aurell o0, The MasaLIralet i s
or cdrhﬂ@kéﬂl Witth §t@bﬂ MoRt@EEinAfsicOhfifi@atid) dFH%QmYMtﬁﬁtédhﬁgamc compound
oxi di zi ng agent. [0045] An open-chai n unsat urat ed

may ot J 5B i 2gaseris liqaiser solidside gooisp dinsorgivith the-oxglizing agent.
CnH2n-2, two doubl e bonds, n=4-20; CnH2n-4, three

do bon e
Qo3 2008 gt s I Rl an ke gypions,
n—2420; Cﬁﬁg@nwomwblmdmnbs;m—qmoérﬁﬁzﬁ nhoree dyudle bonds n=6-20; C,Hzn,

S R R A T N e

hyd@Bgdbeqe ring, n=5-20; CnH2n-6, three doubl e bonds and
one ring, n=7-20; C25H40, sesterterpene hydrocarbon;
or C30H48, triterpene hydrocarbon. [0047] A bicyclic
un&MM46l at ed mepaeysdigupsatureted hydrocaghepeantbe: EhBacoohs double bond

and Q¥ WhePR93-20; C,Hyns, two double bonds and one ring, n=5-20; C;Hapg, three double

bonds and one ring, n=7-20; C,sHa, sesterterpene hydrocarbon; or C;oHgg, triterpene

hydrocarbon.

[0047] A bicyclic unsaturated hydrocarbon can be: C,H3,.4, one double bond and
two rings, n=4-20; C,Hzq.6, two double bonds and two rings, n=6-20; C,5Hao, sesterterpene
hydrocarbon; or C3oHas, triterpene hydrocarbons.

[0048] An open-chain unsaturated alcohol can be: C,H;,0.,, one double bond,
n=3-20, m=1-4; C,H1,.20, two double bonds, n=5-20, m=1-4; C,H3,4O0m, three double
bonds, n=7-20, m=1-4; C,H,40n, four double bonds, n=9-20, m=1-4; C,5H4¢Orm, m=1-4,

sesterterpene alcohols; or C30H43Om, m=1-4, triterpene alcohols.
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two rings, n=4-20; CnH2n-6, two doubl e bonds and two

rings, n=6-20; C2 H O, sesterterpene hydrocarbon; or
wE3@sdd484 rit er pene hydrocarbons. [0048] An opeCF/UEBNF016161

unsat urated al cohol can be: CnH2nOm one doubl e bond,

n=3- 20, m:I-4 CnH2n-20m two doubl e bonds, n=5-20,

Lz(ﬂwg dcéfl?b n@ﬁg l@oﬂgg Q%be nC7Hz§f9 il dbuble bond

and omsnu@cms 20;141—144 @‘é’&ﬁﬁrﬁ,GWpehablalhmh@hm o rifg3 AHA20M=1-4;

CoH i S A YRGS F OB AB~TCHHEH 2t > R e SEisfgrpene

1 ﬁm@l& BF3r, Bterpdid alfohdH2n- 40 111 , two doubl e
e bond smg%%‘lsg%;emrl ng, nrg@i_f O, m:I -4; CnH2n-60m three

doubl e bonds + one ring, - 20, el -4; C2SHA00Om

ne10050] sesh éwelncp@ﬁétuéﬁtwhdmé carghe: @Hm@awnerﬂsubm bond and two
bt eneg.c [ I nsat ura
ringd, - SEA R % ST m e byl Ui ot SRS Y20, metee
CosHab @@ an=nabsedtertetpehe dlcokdis; dn 5P Of, wa=0-ay titerp bl oty

tvvo rings, n=7-20, n¥l-4; C2 H400m n¥l -4,

er pene al ohols OH480Om n¥l-4, triterpene
o Tl < pf? g49n{ hegstabteig of e gﬁmpe%?lgfﬂmwwph@e alkene can
varygﬁﬁﬁ e Ut()b‘?%l to a%d@b% Bfé@eralslp?roffﬂ 5&}@@0 G95%0\4BbY: 548! rﬁnd more
about 0.001%to about % préeferably from about O.

preferablafimum atioud 95 % trdaboot .04 ef er ably from about 0. 5% t o
about 3.0% [0052] The oxygen cont ai ni ng oxi di zi ng

t h ar rrac utica mul af |
cofitisabe T BEAER bRyt Mt el ormulation,
whldl’%y@kﬁibs tReigetrdted lh}f(ﬁodafboﬂl 1Bhy 54 s et oiyl@efhr Mg@l@uﬂﬁlngﬂet state,
ozqQne, periodate, hydrox r adi cal ydr ogen per oxi

SUPEEQNIYq AHER.HZOHS, pe@@rieianlw r@@fl aadigal, hﬁ&ﬁg@ypergélﬂ@.xalbﬁé peroxide,
carb%%yfié%gﬂae b?éﬂ%gylt [%‘b%glé a&s%{%gl? b krg 5e ftrea:r?igigl n & ni;]ecr)l(t], such as

molyhaletimde.gadbOyat ed oxygen” to intact an isoprenoid
al cohol , such as geraniol IS by ozonation at

t e[%%%]at ur,lehse pt%g erre e?hozd blnnd tactlvatec[ cl)<x31gre]:n’t trz)emtact 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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absence of water or polar solvent. The geranio

"ozoni des" are then dissolved and stabilized in 100%
wkBO110384 he dark to prevent premature breakdorgm/of200hei6161

products. Although not wanting to be bound by any

theory, it is beIieved that the catal ytic breakdown of

D TR ARt e Sl Ry OIS Bl B ldone, and

pH-lodfdrad satine.h®h@mesigpreferred pengrating saleerans DPMSOhe fi nal
reactive therapeutic agents rel eased are hydrogen

P ot cmsef 3 e MFLEielloRt 9 phRg g ofRyation, the

pend@aﬂﬁ EaléM@as Qh MRS m alﬁmt@@%{oa&ﬂoh?%%t F.ef&aw ERnPBHUE 90% to
unsat urated hydrocarbon, may be an enollient, a

aboyt 98 i, and morg prefoahdy frgmmabout 9% e AbuaA8%. or a vapor .
Usabl e penetrating solvents include aqueous sol ution,

prl t erﬂ+ Ssstab Ak *‘k#%}/lﬁ,g ony’"Jlj rﬁgﬁ:g’eﬁ&ﬂ%glsowent have been

ne glyco
maded‘rqmlcbmppwrrtolcuﬁan@ uged- huplodueibnsrdgulaesd Byndhe Food and Drug

Adng%lpn\?gfgnls? H:,’ QXI g %@}The rﬁ%{lgrgheg%ﬁglnge&{ragtteir %qes Drug

t ‘ ’
B S Y, Sk g e

the pharmaceutical fornulation, the penetrating
sol@0sdt ¢ afhnqthr:qnompomra@éthe r&@%laceutmd) ferm@daion 1s a chelated dye.

refe m about %.1 8% more. .
The D€ PEVERPY odrind § SHbtaBa iyl 8 fivelgs mBBE R S5 dron. copper,
mang&ied®itin] aREneP@nOBH Sir6ntiteh. eCH{eepﬂMTddt ShePpREE A1l Tron. The
sol vent have been made from conponents currently used

propepsifyr @fuchelasedl rdyghil wiel dasoynatalioppariyrian dopsengitize” oxygen under

phot'(%ﬂ;@ng flte&?ltt%r%'ﬁ i R?g ?éc)rcutg-g eé easBrQ gﬂee%bﬁé%s?tg%ﬁeﬁgforphynns and

copp‘ef) lpbfbhyﬂnt he bhiﬂ:’bk\j}_-gen&bnahﬁnﬁemrﬂi | )Us%]@?@?ﬁ dreluds natural or
L onent o e

syn%?tl&r%ée xraezg esf@rtﬁi&% é@’gg aclude porhiayTy etpsapensatnehlegpghyllins,

hemfs€ gsrp@msy c6RMs2kXap i) ShhRehd biR! %@ltnafb&yflﬁ' Y&¥ie r@rﬁ%mosm,

such as |ron copper,” manganese tin;, nagnesiu
ﬂaVlomds,t Aapteflaym, Emhrapcrwf elrycaedhmwlcalt emetrimtchblan%lreneo meutral red,

The propensity.of chel ated
P i B egeeith £ P6 e B ST TE R e ) o AT} dyes can beany natural
or sPRBERS HRFFHSSh, %ﬁt‘aﬁo@bf;fhﬁrlhs clﬂ@fdph?ﬂi(ﬁu TBEY ®EngalS tHefr Fdifective
propensity of ferro orp yrins and
congeners, or a mixture thereof. he most preferred dyes are naturally occurring porphyrins,
such as hematoporphyrin, and rose bengal. The dye may be responsive to photon, laser,
lonizing 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
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copper porphyrins to bind oxygen-containing systens.
Usabl e dyes include natural or synthetic dyes.
waexaspless of these dyes include porphyrins, roBer/US2005/016161
bengal , chl orophyllins, hem ns, porphins, corrins,
t exaphrins, methyl ene blue, hematoxylin, eosin,
' L-avi noj f r :
oru )[/1%%?%%?%%3&&1@%% ﬁ%{ﬁﬁ cirl]l?ffegrr]mg dr%}éflljl?or ui'iHbtrnE d;ﬁl‘%?&?l%d%%‘tlc redox
compdntndalindydm Ibmazoqﬁirlone emethiyhbereroqeheaund, rnaphtlhdquinone and methyl-
pheorel anjpn. Prefe dyes. c be any natur
napH Y P B FGRGHTEen BRSO mpf%ewsm Myhaphfhoquinone.
rose bengal, their respect i ve congeners, a mxture

t hegosof - Med@ﬂhe%tﬁf@élgﬁﬂ)f%ﬁﬂlaﬁﬁ&eﬁﬁédﬂ f(ﬁfh{datlon the aromatic
occurring porphyrins, such hemat opor phyrin, and

redok gemppicpan va Idy?lbOlmQyMB@tq aéagpbzfg@%epm&rmmfrom about 0.1% to
n. el rical cardiac
sbouy 1% and AULIBRARIKBH Bl B Ipal B8 C2 O3 T e

fl ow excitation. [0058] Based on the total weight of

t he0osh pr meliRphiaaAdceliticalfdratulaion o alsopiefesatily adtivatdd® ydyi@nergy
can va%y from about 0.1% o about 30% preferably from
sourggRy# s op fdenosh sefubgsctrondloness inghideran elasincal sustenh pssgrbate or

ascog%g é%ﬁdo N@H?Ht Nﬂ%ﬁwaka%@%a@uﬁl%eggﬁ&lﬁ@ nﬁ’?@t@ d bd YectBE donors

arnmateuti ca on 1S an omati c re
1nclud©rapcmnbwi¢ argigehmansiue sgsijuiexide. Theenast pretdried eieetfmx donor is ascorbic

may be any substitutedor unsubstituted
ac}db‘égllkjyoifﬁdfﬂ napht hoqui none, or ant hr oqui none.

Preferred arormti c redox conpounds i ncl ude

befgsapi n@ed Hﬁt}ﬁubmb@&gﬁmtmma@@hbﬂmmm tilectron
met hyl napht hoqui none. The npbst preferred aromatic

donar sap¥ariy @rﬂpbahwt 0.91%mde phaut AQYShpngtesahly Gam abpaiolsoTo #eyet)%, and
mor e%é??ol%,glloﬁ’l abvc\ﬁ't g‘bttoqit)oﬁt%e/ pharmaceuti cal fornulation,
6‘()ﬁre aromat | ¢ redox

can vary from about 0.01%
to about 20.0% preferably fron1about 0.1%to about
109406ahd rar erdpr ab emlﬁhihyafbiolmg'&lableffe& oo, ahe)qiharmaceutical

5% [006 rmaceuti c formul gtion is al so
formgalicn, s MEeEibly VARECH By oy OEReDGy EBHAY. piogidic product of an
unsaﬁ]r%@l hdroSRPEY, rathkr@ha anz8R1dE QR cSH B RnivAH a%iﬁer@ﬂd%ﬁeneratmg

el ectrical current, ascorbate or ascorbic acid
chelatedby @rrddang%omam: guinges qlheoxisdtratet leydsocaghbnepreduat oot peroxidic

aiméSRue. ol SATLARL R, SROwETISP ARG S5 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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acid in any salt form [0062] Based on the total
wei ght of the pharmaceutical fornulation, the el ectron
walgnsnimasn vary from about 0.01%to about 20%PCT/US2005/016161
preferably from about 1% to about 10% and nore
preferably from about 1% to about 5% [0063] In order
- b
withgf 4 ek mal Bp il by Frd¥ b defodh ¥R, prkliflaten projein likage of
micmﬂxbnmbmtlﬁn glemeernawdesmyahe Ghi fectingod ki, oﬂfo @duce apoptosis of the
aturat ed hydrocarbon, rather than an ozonide, in

maC’if’@ﬁ Lwith a superoxi de generating chel ated dye

and an arorrati c qui none. The unsaturated hydrocarbon

Pr 8068} .  OrhePsarhcbuticsl! BEAIFRAEEY &mﬁﬁ&iﬂndof%@able ingredients.

stabillzed in a non-aqueous stabilizing solvent and
Thesstingrediehis nypafermblyf bentored andryrsglid ingrefientsinddigued ingredients in

Researc ers .of energetically_.activated d . .

sepaf e SRy SO U RTERaE e pdbt e b ingrgcients
preféielyadingrive tae Qﬂliatatd@i dpsexd edmarndicPredbe®iipoahd.yY The liquid

absorb into infected and dysplastic cells, which are
ingredjente, arefsrably sempaise theskerepalicospesies onyeapiénn pPignets mesulting from
ox1dg$0rp(gf:‘lg§}1%\é % fl%drgéeﬂgc\)}{émg AR nné%ﬂfaﬁrﬂng gt vre%%gﬁt ong with
the periehemng adluert! | Xdminidyatibhds rplnetbnhl;euitnaeaioufsl@rr nmhatrecmnstituted

The rgxi dic dl shoul d al so be activated by, the
Prodga*p%@@ﬁqﬁ)é AR W&“H?A: IntfaxERqualyi 452 EPREERTTHIR diluted in saline.
Topial @EdlﬁnlrﬁﬁPEﬁ%nQJI eEra P iRAMALRY AR HEELRARD a{ﬁrsillble Fputes for

hydr ogen peroxi de and acetic acid 1 ntracell ul
admaligtionnintramesiulatinjectiapfis néterefpeed @e # hans teallemey $o produce local
require light, but rather may occur through small
irritao gctri cal pul ses provided by, for exanple, a heart
pul se. The peroxidation reactionwthin the infected

NMB.p00BB ageA diikistiab6a of tHe phafhicRMtidd Cordfigaionak 88bo is effective in
protein Ili nkar%;e of mcrotubules within the cell, to

redugiag masylar draseriruildip apd mapepying dhe visyal asgity of agdiyidusls aﬁeeﬁd with
ARI?BG macr ophage host cell. [0065] The pharnmaceuti cal
ofmul ation is a conbi nati on of stable ingredients.
These ingredients may preferably be stored as dry
MAMHI@IE&MN@IWSIOEMUNSQ&’EHRM iHYBRp)ﬂAaRBON
en m ed at .the.site of us

@03:7{;6 ;2@%%}0 yﬁ{jro ap gﬁf?&ge may e carried out elt?ler ina 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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preferably conprise the chelated dye and the aromatic

redox conmpound. The liquid ingredients preferably
waeowpniees t he peroxidi c species or reaction preduus®o0s5/016161

resulting from oxidation of the unsaturated

hydrocarbon by the oxygen-containing active agent,

Perté’t!hf?{]g/F ‘ﬁk{%‘a téﬁ%aﬂeig &ld; l@%&l T‘QL?StHé Y& kion @g%ﬂu{é Wi d QP Hesreactlon

pre intraveno he recons
mixtorecik aarapley. Thy ghesteedm in nlsetneeedtrtlem.t ravenously as a
concentrate diluted in saline. Topical, ocular,
eliveries are

r rect and. i ec aI
PP L P The megeo e Adiamhs R SR e G gafinr once
the ﬁrﬁidﬁ%h@[&tlb SeddbndRr @t 'N'Mﬂ”) ctrhmrtﬁsth@ réRN6E 'i‘ﬁi)(tutr@ shows the
produce |l ocal irritation. ﬂg Admi ni stration of the
1

deswldacdmbem iri thaintensitynolf the definie pmtmorescmaewse(osuat/le apout 50%), the

educi.n cul ar drusen buildup and i nproving the
gas é(i)‘guasfw}%’cgﬁty of individuals affected with ARVD.

EXAMPLE 1. OZONOLYSI S OF AN UNSATURATED HYDROCARBON

[ 0Qu071] Oz oTted azehelysik nawy balckieize oteas abeves atlib"stlﬁdmglatsolutlon of the
either_in a solvent or neat. In either case,
alkeRQ,g|2iSALy CBNONHEAGYS P WHHS AFORE Bcd 38 Satirated hyérocatbons or chlorinated

hydlﬁyﬁbgﬁan“hQ)é%xﬁgyé@nﬁ s %ﬂtﬂgélf @ tdf%vfev(lﬁﬁ(btdbv‘fthout ﬁolvent

product s of reac OW ng genera
subspruingdu rikend fonthe alkbnd\mnhwhﬁfwnnglthley@mom aay $ubgtantive manner.
aIkene [0069] A 1-liter flask fitted with a nagnetic

bRl oo T Gartinatibieted® el b iRE SGPnRabs Bgfed pRReraring

so1v@1ﬁol ing bath (ice-water or ice-salt). Once the
contents are cooled below 5 C, stirring is begun and a

Exétaigeli‘é” 2 RIGBARAEIN DICT HE PR AG T UGAD O RMUL ATION
eth réRAig % &?&1 M fon%of h%sﬁege'nt tlnveBHIm was
S | lrre

not ‘necess
pwpwaﬂmtﬁﬂhw@erlodlcalIy, the gas streamis stopped, and
the reaction flask is weighed or the reaction m xture

(PSSl SRR MR L PR b n
wei ght  gihdien®4lcHE.S,7 -dimethyl-2,6-octadien-1-ol (geraniol), at 1 Liter of gas
per hour;
2) Maintaining the temperature of the reaction around 5°C;
(3)  Removing small aliquots of reaction product hourly and measuring by H'
NMR the formation of the peroxidic species or reaction products;
(4)  Stopping the reaction when more than about 50% of the available unsaturated
bonds have been reacted;
(5) Diluting the product mixture with dimethylsulfoxide (1:10) to give a solution
or dispersion,
(6)  Prior to use in the target biological system, a mixture of hematoporphyrin, rose
bengal, and methyl-naphthoquinone dry powders was added to the solution or
dispersion in sufﬁcient quantity to create a concentration of 20 micromolar of

each component dispersed therein when delivered to the target biological
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the proton magnetic resonance ("HLNVR') spectrum of
the reaction m xture shows the desired reduction in
wo b@siini4ensi ty of the ol efinic proton resonanceST/US2005/016161
(usual Iy about 50%, the gas flow is stopped. [0071]
The ozonol ysis may be carried out as above,
SUbSt { Wt b3 safleihirRRn8ls hARIGH, K5iBnbifl, AsMaleBuid be added
non-reacti ve ovvar s 0ZoNe SUCh as 'satur
hydr ocatdthedomulatidnqsrianad est. hydr ocar bons. The
ozonol ysis may al so be carried out as above, vvith or
W t hout solvent, substituting an al kenol for th

Epdt BXAMBLESOFAHE AB%&CEMW%FORMULATION
tiw n mxture is
Eur eﬂgwg?m\/\%eqi%%}g&ﬁwe coo?gg’(ﬂ%{ggetratl ng
sol vent. EXAVPLE 2 PREPARATI ON OF THE PHARMACEUTI CAL
A. FORMJLATION [0073] A preferred pharmaceuti cal
f or mul he present iny j prepared as
fol |l ows awlﬁ%ﬁrgpé{r gi ng an ozonmﬁémkn gas m xture
of 120 ng/L up throug an al k dl en
3, 7-|di met hys4%2, 6 od adrEiEne q% qgroxaclefiore.t
of gas per hour; () Mintai% erature of
the [reacti1on around 5C; (3) Renbvi n small aliquots| of
reacgtion p%&%ct hqurly and nmeasu? §)by HL NMR t he
formation of _the pgroxi di c Speci es or reaction
products; 983 Stopging the reHemagpowAnmor e t han
about—50% of the avai  abi e unsaturated bonds have been
reacted; (824D uti ng the pmhndnaph”fhaqurr@nw th
di methytsotfoxrde (i 10)to girvea sotutionor

di sper si onO._3?6) Pri or to use i nR¢>st¢£emgalget bi ol ogi cal

system—arxtufry c L O uc phytit—rose—bengal; nd
nmet hyl - napht hoqup{% f SéPéCtWﬁ%Opgdded to the

sol uti on or

D

r

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

-17-



di spersion in sufficient quantity to create a
concentration of 20 m cronol ar of each conponent

walce@paimed therein when delivered to the targepCT/US2005/016161
bi ol ogi cal system by saline intravenous i nfusion.
Optionally, ascorbate could be added to the

patidy fﬁfREdM&CEW%g&é@mﬁ?W%l i kpet &y, WiFwere told

to stbp rsmmlkatgl fonsheatrial and facddeoyear foNBWGEHT p@fndeGREdibl Ef\lﬂhe patients had

* De d.b
Qoo S Bl B iR Aoh P RSRaY AS GBS LBy comseapitl gilot tial,
ctich] cdRUBRRIONENR o (RREETRUES chIHRlo1 2 b Bpulation

ef fectiveness of the pharnaceutical forrmulation in
reduci ng macul ar drusen buil dup and restoring visua

aclfd79] 23 Ipsaveanes infusian cnfcnhnmhagaa@uyca&\mmahdom diaving the
Fon{?lﬁlgt\fé ogsgrgﬂnsﬁ)?a{’r%pég f3 Qb ra(ggﬁ'ée(‘?” 5caErltﬁ9 riog £% (ﬁfZl%’rmal saline) was

wer e m ni S an exa

accoptplishaC®ter i16 ahinfies,nddilg inogets d\ﬂhﬁ:eQﬁoﬂth@ ipfusioaRt for EReplanned
taki ng zi nc suppl enent ati on, gl asmapheresis or vitamn
treatmeRisg %911%1uipﬁ%stlpg ef Jtnfl}vthluag)@yes ?ﬁgpﬁr@teﬂmsgpl acuity was performed at

3mﬁ4tﬁﬁ0@%&ﬁﬁ§aﬂaqdy% m ni mum ten-year history of snoking

east one pack per day. Al were told to stop
snmoking for the trial and a one-year follow up period.
Each of the p&XAMPRLES&dDRUGSENRERUSTIONSC] erotic

catdi-ava I di,seas As a e-clinical cansensu
ey 2o g otugries 2 ey dogimeriaon dhdas A after the
treatﬁieﬂﬁ;iﬂ?@d@ﬂiﬁdt@kﬂ@ﬁ ?'régéq@dtlolp@ﬂﬂéll@bin BnenﬁsO@lzﬁire of voids, or late
I ntravenous i nfusi on of the pharnaceutical formulation

chaprany of Reovasewanizationn I othes yamsds idsad calsatianed qeail land @dgment
clun'%tmg%?whlghgchjagg &£ ise Oﬁcf@évels%l éaB@%ar%Qﬁémﬁ‘%C\%%1 y g\%denced by

m nu In ée Fee non

fluotdesdensd Oaiges ﬁbnﬂeﬂ&oﬂhﬁﬁmeﬂudréﬁaﬁwbﬁ drusk® td @Vltytpﬁrﬂuorescence
| vi dual best. corrected visu

“winggid e?ﬂ%%f@%@? by heepids PhotagHpHiS oviengsrlsesshangd 1hey1@§ﬁenmg 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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EXAMPLE 5. DRUSEN REDUCTI ON [ 0077] Phot ogr aphi ¢ and
angi ogr aphi ¢ docunentation during and after the
woe@atinest period did not express any regener ab¢DOSBNS/N016161

cell components, closure of voids, or |ate devel opnent

of neovascul ari zation i other words, dead cells

stayed dead and- pi nglﬁiNgﬁd ¥@p unchanged.

Drusen, however, di sappeare MAthln weeks, as

eV|denced by quorescence changes fron1chor0|da

auflbe fellnveng éh&ePa@wtdiog@mmts end\pullisetions ase dsrsby decorporated by
rakﬁﬁéndOM/defect created by the void. Photographic
svidence al so showed t he | esseni ng or di sappear ance of
drusen fromthe nmaculas. The visual acuity change did
not correlate with any phetRgesehi c or angi ographic
appearance Despite the najor acuity inprovenent,

of previ ous cell death and
qigﬁﬁgg Eggggiggz étatic and permanent. However,
é that the pharnmaceutical
f(?l‘%N&tf"a8§3i6§ é‘é‘%qnve at reduci ng drusen. EXAMPLE
USé’atews{LgAﬁ,Oﬁ@@Vﬁrtp HemrRoOVEMVENT [ 0078] Tabl e 6- 1bel ow
U.S.RatantNoz 84 26,826 teeermast urn of vi sual acuity
U.S.Ratdnd Noa £,d 80,087 tcoHemgant r eat ment, as noted in deci nmal
U.S.(Patont Soeb 180979 e Hernf® shown in the table, the
U.S.[Raitdn€ Nos 5,2608282 teHefmam 48. 05% i nprovenent in visual
US%&HnENols,W@M@fJﬁénﬁdheat nment. Table 6 - 1. Mean
%%&%? gb&xaﬁ&ﬁﬁgﬁﬁﬁs CI TED The follow ng U S.

Pat ent docunments and publications are hereby
i ncor por ated by referﬁpi S Patents U. S. Patent
No. 4,451,480 to DeVi § atons.t No. 4,591,602 to
DeVillez U S. Patent No. 4,983 637 to Fbrnan u. S
Dallélavmaref 1. Ndilzdni 08 6COI6EbopR Heetirpassembly by cadmium ions. Biochim Biophys

Acta vol. 1357(1), pp. 5 — 17, 1997.

Levy, L., Vredevoe, D.L., Cook, G. In vitro reversibility of cadmium-induced inhibition of
phagocytosis. Environ Res vol. 41(2), pp. 361 — 71, 1986.
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U S. Patent No. 5,126,376 to Herman U. S. Patent No.
5,190,977 to Herman U. S. Patent No. 5,190,979 to
woieoosam4kl S. Patent No. 5,260,342 to Herman U. B T/Bsioenticiet
No. 5,270,344 to Herman U. S. Patent No. 5,364,879 to
Her man Ot her Publications Dall eDonne, L, MIzani, A,
Haat i n assenbly by cadm umions. Biochim
W Bl op ygﬁﬁ%ﬂggf. 1357(1), pp. 5 - 17, 1997. Levy, L.,
Vredevoe, D.L., Cook, G In vitro reversibility of
1. cadwningthodfautredtingrenpdsient with ege-pélaigd enacokir degaparationf“ARMD”)
Reg 1¥1°|ri" 41(2), pp. 361 - 71, 1986.WHAT IS CLAIMED I S:
1. “K"REY"®d for treati ng a patient with age-rel ated
macul ar a@egfistensd itonthé " pytvht’ an CeffaRtive i dad@ount of a pharmaceutical
adm nistering to the patient an effective anount of a
ph &QTHEBE9N| CORIPTISBEul at i on conpri si ng: peroxi di ¢
speci es 0r T Gl 0 SHIAAUG! RalRSUbbIRGS T4k A 88ation of
of menthol or an al kene by an oxygen-contal ni’ng
oxi di zi ng agent, weatlei or ddedkankbgrae oxypeprcos@ming oxidizing agent,
terpineol, citronellol, pergl, |inal.ool hyt ol ,
geraniol, perill yIWhﬁf%ﬁg a %Fﬂﬁﬁpf‘sﬁefegﬁﬂ}%/‘ﬁ’ef”é’i‘?%lllo}’ nerol,
or farnesol, and ‘Nﬁ@l’bsl,n_ﬁh%l,pegé}éﬁigl,c peRf§l €3lcBhol, menthol,
reaction products resul'ting from oxi dation” of nent hol
or the al kene is fgeranylgbwaotol or 20reel andabhmntein B@peboxidic species
wei ght of the pharmaceutical formyl.ation; a ..
penetrating sol veRt fea%o&pcg?%ucltsr{gsr{g{%%ﬁ?lgtoﬁgﬁu%f’%mtml or the
conprises alkene is from about 0.001% to about 30% by weight of the

pharmaceutical formulation;

a penetrating solvent, wherein the penetrating solvent comprises
dimethylsulfoxide, sterol, lecithin, propylene glycol, or
methylsulfonylmethane, and wherein the penetrating solvent is
from about 50% to about 99% by weight of the pharmaceutical
formulation;

a dye containing a chelated divalent or trivalent metal, wherein the
dye comprises porphyrin, rose bengal, chlorophyllin, hemin,
corrins, texaphrin, methylene blue, hematoxylin, eosin,
erythrosin, lactoflavin, anthracene dye, hypericin,
methylcholanthrene, neutral red, phthalocyanine, fluorescein,
eumelanin, or pheomelanin, and wherein the dye is from about
0.1% to about 30% by weight of the pharmaceutical
formulation; and

an aromatic redox compound, wherein the redox compound comprises
substituted or unsubstituted benzoquinone, naphthoquinone, or
anthroquinone, and wherein the aromatic redox compound is
from about 0.01% to about 20% by weight of the

pharmaceutical formulation.
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di met hyl sul f oxi de, sterol, lecithin, propylene glycol,
or net hyl sul fonyl net hane, and wherein the penetrating

weolosenuss s from about 50% to about 99% by weiegt/USH005/016161

10.

11.

12.

t he pharmaceutical fornulation; a dye containing a
chel ated divalent or trivalent netal, wherein the dye

COFRL hise%dpoq'rcﬁm%rll I’\]Nhe St ﬁlebﬁl%%ll 1nCJ]il 18 @M lllll Q’solutlon orin a

hem n, corrins, téxap rin ene

hednpmx@hin, eosi n, erythrosin, IactofIaV|n

ant hracene dye, hypericin, nethylcholanthrene, neutra

red, phthal ocyani ne, fluorescein, eunelanin, or
phehemlethodof chitfl 1yWRéreinthé fRendyie corgaihédin afinadtoilQarl &stdrpa fatty
about 30% by wei ght of the pharmaceutical fornulation;
an&IGPTAGHAT ¢ redox compound, wherein the redox

conpound conprises substituted or unsubstituted
benzqu|none naphthqu|none or ant hr.oqui none, and
whéhemethadeofglaimni ¥ hereigghe exYEsaseataining pyidizngagent comprises

0. u t r
]
al keglioal |h§rdrorgeapbnoq1d|edalkyirpmoxude earbarhyit peeoxide) benavoyhperoxide, or
di spersion. . 3. The net?od of claiml1, wherein the

al REYEENPOURG IR 2 isiianFlementyed oi I, an ester, a fatty

acid, or an ether. 4. The net hod of claiml1l, wherein

t he, oxygen-cont.ai ni n OX|d|2|ng agent .conprises
si hgF gte%&%féﬁambky\@ﬁqemﬁ ? P¥YgeRIIPINing qYidizing agent comprises
suggﬁgxide ani on, periodate, hydroxyl radical,

hydr ogen peroxide, al kyl peroxide, carbanyl peroxide,
benzoyl peroxide, or oxygen bound to a transition

el ¢fBRfethod of claim 1, wherein the penetrating solvent is a liquid, micelle membrane,

liposome, emollient, or vapor.

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

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

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

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

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

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

pharmaceutical salt thereof.

21-



5. The nethod of claim1l, wherein the
oxygen-cont ai ni ng oxi di zi ng agent conprises ozone. 6.

wa b@smeiskod of claim 1, wherein the penetrati nBCHOB2085016161
is aliquid, mcelle nenbrane, |iposone, enollient, or
vapor. 7. The nethod of claim1, wherein the

. BT DAY oI o e (I o

pocgidaprising: r ose bengal, or a m xture thereof. 9. The
met hod of claim1, erein the tal conprises iron.

10. The 3AR{HYErRE 1@ e rhafient R eifseliv | 9T Brijrargaceutical

CORRRulatiRANIMIERMg: L1 N, Magnesium or strontium 11.

The nmethod of 'clairm 1, further conprising an el ectron
donor. 12. Tiperomatihiepkcads arl rzaetionlprodinds egspltinigefrom oxidation of
el ectron donor corégri szﬁ ascorbic.acid 04 a .

phar maceuti cal sal 2P %81“.1%.“%0%%%0??88“ 8P V&eat i ng a
patient wt hdﬁﬁ&hylelhw&@&le rrBsgs@r); degener ation (" ARMD")
conprising: admnistering to the patient an effective
anount of a piiyeraeIRg alchelatedivalens or ddyalent sneigl; wherein the
per oxi di ¢ speci es o . ' f.r

bt dat i on of _ger atyof s ARG PEUE SR ok 68 bengal
oxygen; di met hyl sk b eikuies ¢ Hobatdporplyridyand chlviephyilitg aad
chel ated divalent or trivalent netal, wherein the dye
conprises a MSIRPhEOIERES opor phyrin and rose bengal

or a mxture of hematoporphyrin and chl orophyllin; and

met hyl napht hoqui none.
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