USE OF TARGETED OXI DATI VE THERAPEUTI C FORMULATI ON I N
TREATMENT OF CANCER BACKGROUND [0001] This application
web@ssopsiority to U S, Provisional Patent AppCT/Csi009016185
Serial Number 60/569,695, entitled "Use of Targeted

Oxi dative Therapeutic Fornulation in Treatnent of
Cancer" filed on May 10, 2004, the entire content of

whi ch i s hereby incorporated by reference.Rl{/IOOOZ The

USESON TARGHTED OXIDAFTEVET RERMPITIC & ULATION IN

cont ai ni ngper oxi AIREXNIMEDE OF CANCERoONn products, its

mﬁt hod of preparation, and its use. Mre specifically,

the invention relates to a pharmaceutical conposition
BACKGROURNPat i on which contains: peroxidic species or

reaction products resulfing.fromoxjdation of _a C

o BOPH! ¢ Cipamisatam A BB S oPtaviioriL Se] 4ptication
Serid] )({u?rﬁ) e? 50969668 that & ‘ﬁ%e@fﬂf%e'téél%ﬁGQWe; TiRrRROEE Férinulglion in

sol'vent; 'a dye’containing a chelated netal; and an
TreamiienBifi Cartceriofiladonp dviayl . 10TR604,ntheneritive cahtspt of |veltiely i§ diereby
. the preparation of the pharnmaceutical fornulation and
1n°°1iPP$at l@fﬁ'eﬁerﬁc@ati ng cancer. [0003] Ozone is a

triatom c gas nolecule and an allotropic form of

OXp@RP] | ITHER YA iRtinfibA fllatbito BRamposiiorAontiteg peraxddic species

di scharge or ‘intense ultraviolet light throu Hure ) )
or oxodatipamprodriets, opeihad ofprepaaiers endits ¥8aMase sresitjcally the invention

serious pollutant. the "fr ' A 4 :
relatg ©aRLAR S s g LA Bhich bR ok dic species o

reacGRPoBRGH Sshikivig Brogi bgidsesh oreai oefiniocéhpetmdy incgliguid form or in a
its use as a treatment, QOzone therapy,. however, is a_ . .
solutidrs by @B Xy cRatding AXARSFENY APERETALRE SAYaNty A dY SEALanIng 2

as W.th nechani . 0 ti ife .
cnrf B e haBE s ot byt bt o e
prephiatieh af the @hamhdcbutivad) forinmlationpaod itd Sspingsmting cancehe
plasma and in the cellular menbranes. The selective
reacti on of ozane wi th.unsat ulreat ed ﬁ?l ef hns oc%ur S

t hé0Q03} borQranedd A OB CEBFMACYE AT AP PHETUYS ?rgleO%Xygen' It

S.

if ' | Lis&kibal dRBarsh 5r IneAeé hMAvIM@ dht through
mayo%%ﬁ?dl eeg,ﬁygfriéea%lsj Eg%ﬂaébllég g%d araeﬂgno¥ t her apezit@i C > OnST P

oxygene ffhe pumdar ideOuEptiydhagenngie pesiiaks peilptagt) the “frgeyradical” theory
of digleassg,oa\lll(eirt}?éj ar{tlnoxiLdSa%tS Sup%)fén{éne r?lael&tet f.larlle'?;"blﬁqﬂe%ehﬁbfyrp?&iﬁdiced 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
plasma and in the cellular membranes. The selective reaction of ozone with unsaturated
olefins occurs at the carbon—carbon double bond, generating ozonides. Ozone is toxic by

itself, and its reaction products, ozonides, are unstable and are not therapeutic by themselves.

[0004] Hydrogen peroxide (H20,), discovered in 1818, is present in nature in trace
amounts. Hydrogen peroxide is unstable and decomposes violently (or foams) when in direct
contact with organic membranes and particulate matter. Light, agitation, heating, and iron all
accelerate the rate of hydrogen peroxide decomposition in solution. Hydrogen peroxide by
direct contact ex vivo kills microbes that have low levels of peroxide-destroying enzymes,

such as the catalases. However, there is no bactericidal effect when hydrogen peroxide is
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anounts. Hydrogen peroxide is unstable and deconposes

violently (or foans) when in direct contact with
woe@aniessrenbr anes and particul ate matter. Li ghCT/US2005/016185

agitation, heating, and iron all accelerate the rate

of hydrogen peroxi de deconposition in solution.

. . ' I . [ kil'l's,,
e T TN S T—
increasitygmhs comdentiatich ¢RrOddad258in rhoMEMSumAnB6& dohtdiing E. coli

actericidal effect when hydrogen peroxide isinfused _
proqueesng syadgnice ghdigget baghasioidal petfvatyr dde lack pf effect of high concentrations

SHR 3 Rfeffectofhigh co
o AR PACR R BBy melo R sl EREF R vk el R 5, Sl cnevme

catafpise oul thedmitshamimad’s Blooglol To havechnyastoon heali eerestrafons of hydrogen
activity. The | ack_ of effect of

Pef"(%‘;i‘[ﬂe]ﬁgcvﬁﬁ@et ei{%g‘%lg% Vo Hpdvastrai foe ststifipant geripdseeft time. Large
amouBlsdr Bfrb eﬂﬂ@oﬁﬁ@%@ﬁ%@h etnﬁﬁﬁe WSLF&;QS g?t%%géﬁmﬁng%fﬂg&éesent in the

enzyme calalase Int st ani \
bloogyakefit wapossiblegior panridate etisicindlkl fayabaghm pevoxddads. Thus,
aye to be.in conf.act, wth the bacteri.a for . )
tyciS 3o PR haiRRlE bRt o e ertibn oS b onyloeompsdiecty
act BALKirHCIHES e if BIVERS exaei@s ARt Al ase,
normal |y present in the blood nake 1t 1 npossible for

peroxi de to exist in blood for nore than a few

sed¥igt. THQW?V%W peraxisleiddes participate detie bataicidabprocesses
T T A S -
or nenplasag eftddhltatheihfectsus dr@RREh atdveMBior, ahﬂ%gégllecﬁem. The killing of

.per oxi de dges participate_in the bactericid

the 1@%6%%%@%@%@%@ tk}la%%lm%%plﬁa@m@é thesnacseptiaga celtby hydrogen
r . j t f, i.nfecti.on or ..
proBE AR IS el 845 e Sl P i,
whichudestabilines nimgpbsdl mhdmebrancEhendk if lbérfigteﬂ(f, iﬁch@gé ﬁlﬁqlf]ﬁédisﬂﬁﬁ cellular
_ nat :

suiciﬁrg.g?glﬁglgtéc%i ghe%rg@giﬂ&g}rt%gae ?ng’r@g%l@@? glqgcgqli@gi@ﬁ ae;e the selective

. R . | i | 0 i 3 o) i '
e nssoion il 18k 4ty L0 LIS SO o
activigtedbmaerephages, whichpaneshaliceed o ibedincasmbip opupgiadedrcatalase and

IJul ar suici.de. ritical therapeutic cpriteria
gluta?lgphc% rne?}lgcg%q :}c&lvgy. I}{}ﬁ ilalgfq 25R ngé1 R a%p%rg{lz;e.\ylé)mson whereas
targeti@l ini@¢eflula PeRIxRIation iPdsb1ReVE Rt Bt QfooPer OXi di C
carrier nolecules into only diseased or activated

macrophages, which are believed to be incapable of .
u p[gﬂoﬁgls d AMeaenrhaee ealls plyeritie rdessin insuunity beneealdificatipn, vision,

T AN TR R —
the bedy, dependingt ipen dpit site ©f tooalization. The energy requirements of macrophages
are met by intracellular structures called mitochondria. Mitochondria are often structurally
associated with the microfilament internal cytoarchitecture. The folded internal layer of the
mitochondria creates the high-energy molecule ATP, while the outer layer contains
cytochromes and electron recycling molecules that generate peroxides. The outer layers of
mitochondria are susceptible to toxic blockade or damage by endotoxins, mycotoxins, virally
encoded toxins, drugs, heavy metals, and pesticides. When the peroxidation function of
mitochondria is blocked, the filament architecture of the cell tends to cross-link, generating

incorrect signals, incompetence, inappropriate replication, or premature cell death.
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[0006] Macrophage cells play critical roles in
i munity, bone calcification, vision, neura

wo paliason (myel i ni zation), detoxification, pRePUS2005/016185
strength, and cl earance of toxins fromthe body,
dependi ng upon their site of localization. The energy

| f ] _ _
BT r e e PR AR S CROBEISRANE AR o mkedly

redu@etdriﬂﬁfaﬁ? ﬁlahigna%ﬁ S06b8 hdvirsLinfdcha macesiabR (AMEN, et al., 1977). In
Internal cytoarchitecture. The fol ded internal |ayer

partiaflar stedies oimimdiiahtrenssenmed and sonitignsfarasdgelipbrwshown that the

. ATP. .whi.| e, t he. out.er, | - | 1S 6 0
o e e PSR ATER 0 s
of th&ReH AU BY ndrattsForafedrdetloc (Wihite] e a @933)s Clqveiabsmdies have also

~ toxic blockade or damage by endot oxins, cot oxi ns,
impligated| thy csprsbnlang tod anissolilameys HB%‘W%?%@?: g{ﬁh these tangled

T

the cell tends to cross-1ink, generating incorrect
si poaBE, iInagphoetaeiscebroad dpmr epednapassing @l Yasiety oh cansers of the

g keSS P PSSRy e

fe APh 89 3 RmHe R $diBREbn¥ihtel By tHY R ksfé and th tation of
crear?agg%%ﬁ%\ges. (Alrifl%ﬂn, et1 alh, il977e).yl n par?iééﬂal are,presenalono

the caheedovsdumbr.si m an viral -transforned and
non-transforned cells have shownthat the activity of

th .} ochondr,i al cytoghr ' e ' :
tr S8bh ¢ i ofias g GRFOP Ep AR S ¥ £ the skin. These
tumd9 BorhRAES R1s5REsd1RArly Sesidnéf it @djabént skin nitie)at riSle kerrdavelopment
studi es have also inplicated the crossl|i Pki n qf )
of theitemert i Thergsers$PPeRr#RLe0f Ramrhogids guite viriagle rfeﬁ%é( psipr) tergl to be

Lcrofi.l [ i -AC Al
smal S HHIGUHTRS o4 ER b Yo ArBElh APl SRz W the Y adies, he
overll}eﬂig'ﬂr:]lﬁﬂémml)_ apRtNge aemedyied tand el certivnenacrodis tida foul odor may be

“lynphatic system In |ynphoma, cells in the |ynphatic

obsesvestasihadgsion gradugly sHeTEsH ably to create a mal i gnant

tﬁmar. Lynphoma is differentiated by the cell type and

t ofSent Ghbindfs 4 BfnmBAG ST ADsédSRline LARR ti t

Lyt (ﬁorras (-:%}%bdevelsop In viii]@t Ja I)S/ aﬁq;ﬁrjleocat.igﬂr?pfeﬁer%ﬁleg e
twertk percerdsliagnosaoirmeoplesme nThe awerags ags of diagnesisrapges; &y 8.6 and

but ' t Ki b i f . .
i RS B o B Sl 1, 5B Rl Afy rdiaion
has ¥&di ARbIRatddadd ¥ cheSibaise FaNRet fof deeelspmbht Sfidey fringdradnd lightly

' nodul es that may be covered with normal skin. As the .
pignanteskhonges tendde be atraa increased risk. Cutaneous carcinomas arise from epidermal

cells and are often locally invasive but tend to be slow to metastasize. However, it has been
reported that the frequency of metastasis is as high as 18.6%. When metastasis occurs, local

lymph nodes are generally the affected sites.

[0011] There are several treatment options, the most appropriate one depending on
tumor location. Surgical removal is the most commonly used treatment, wherever possible.
Often these tumors manifest in locations where surgical removal is difficult or impossible.
Cryosurgery (freezing with liquid nitrogen) and chemotherapy represent alternative treatment
options. Depending on the location and size of the tumor, the chemotherapy agent might be

administered as a cream or ointment onto the surface of the tumor, or by injection into the
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overlying epidermal |ayers are destroyed and
ul ceration, necrosis and a foul odor may be observed
w@gooshes3Besi on gradual |y enlarges. [0010] LynpPoOrrES1085/e16185
commonl y di agnosed equi ne tunor, representing up to
twenty percent of diagnosed neopl asns. The average age
of . di agno ran, nd 14..6 year
base g %%ificﬁ%smﬁ Ghglre %%ﬂbﬂf% cgpusatly. e Biono o o posicive.
How¥fa BmotMechAdh@l ik 8t LiRSmARANVitlRWeRE 80mastha later.
contrlbutlng factor for devel opnment of this tunor and

lightly pignmented horses tend to _be at an increas )
' i [:0!012]Cut éf%baiwsn@dﬁ@ﬂh@ﬁ@ée as # gethoddas Entiagpaiente e&?%ed with

f | i
can SR S PO ST B e B4 O e

frequency of netastasis is as high as 18.6% Wen
%(mii&]aSI .8 Crndrs Nol. ddal 48§ toyide Vidbe seaahes agmnmoalltlloy andvaethod

cted S|tes 0] There are s r eat
for trgggr}g:ﬂ@ge ! Iécé‘bcgééﬁ nically t@ﬁgnﬂﬁﬁé}ﬁgFWE afe V¥ ozonized
matei'l %LIVQ&] ﬁoﬁ\ﬁ%e hfzfl \;aﬁgﬁé’ﬁ“ied' 0l dnf fin SR Shtcd @ERRRNAI¥ONLIE Bthers and

r possi ble. Oten these t unor s
fattyreddsf est in | ocations where surgical renoval is

difficult or inpossible. Cryosurgery (freezing wth

X ﬂﬂlg}an I \t}égglr?ag%ﬂt dfl %Eg@%ﬂo%ea %}ellbeéﬁg&sgﬁ{gzo?ﬁe of Jojobaused to

comﬂﬁﬁﬁ&b@@1ﬁﬁ&¢§hge of the tunor, the chenotherapy agent
be adm nistered as a cream or oi ntnent onto the

surface of the tunor, ection jnto th
t hEOOtlﬁ}mr U b1 Pesraigodh 3 1o g Aisclanes BEURG dapiipaterally
t i f i I [

e BEoPB RIS Sl EREE ) MEpu BRI opo bR frencs i o

phmhﬁbﬁﬁm&ﬂﬁ@iﬁbmuhabnkﬁ needed, therefore, is a method
for treating patlents affected with cancers such as

ﬁﬁggﬁe(ﬁg %éteg‘f §§%%{Oé§ f eg%%l?sbg\?léﬁﬁ a'ngr czf)énposmon
cont%mfh%aa, 1% Md dne%oﬁﬁ@‘blf'%ste@eﬂé) nﬂ%sé&ﬁﬁbﬁltﬁ)ﬁ(is Bt ReifoF §ystemic

I ng acne. e method includes topically treating
administratibh ectoedl appleatioint h an ozoni zed nmateri al derived
from ozoni zing various fixed oil and unsaturated

o e e

a vird Pin@RAYS @fla hnfe kil aflioe6wibe af a tdﬂlﬁ@etm ansrrier.

[0018] 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.

[0019] U.S. Patent No. 5,190,979 to Herman describes a method to parenterally

treat a medical condition in a mammal using an ozonide of a terpene in a carrier.

[0020] U.S. Patent No. 5,260,342 to Herman teaches a method to parenterally treat

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

[0021] U.S. Patent No. 5,270,344 to Herman shows a method to treat a systemic

disorder in a mammal by applying to the intestine of the mammal a trioxolane or a diperoxide
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[0015] U.S. Patent No. 4,983,637 to Herman discl oses a
nmet hod to parenterally treat |ocal and system c viral

WO pdosatizehs by adm ni stering ozoni des of terpePE€BFUSW0H016185
pharmaceutically acceptable carrier. [0016] U. S
Patent No. 5,086,076 to Herman shows an antiviral

derivigrpana P rEBAarR Crich deuf Rl TR SR SRy Bhofiring toe

unsa Wb @AYol dGARk ndRiPolgabiveit. [ 0017] U. S.
Patent” No. 5,126,376 to Herman descri bes a nethod to

topically treat a viral infection in_a nmanmal using a? h
0zZi9f22e ofU.8. PuepiaNe 3.8648¢hke Hermear desprpes p gompagifion for the
No. 190,977 tq. Her. £a6h TRV : di d
treat@%og’sq {Iﬁeg]ﬁalc%oﬁ]t%giaﬁ lﬁganrgahon-’g% ggﬁ@ B%ta{érﬂrl iegll?talg nd _ é%erom =
trioxSBAOHIEE a8 e 8f 4 RiTPRARNS Uhdanlrhied hpdrosarborwhichidejivativeonprepared
[0019] U.S. Patent No. 5,i98f97 to Hernman describes a
by ozemiziegibelowFar &nihe pasatyrated dyfrogaRen it a Fatghdi tion in a
mammal using an ozonide of a terpene in a carrier.
[ O@%Q%] U. $respd BlatrepRts o BEUsd 2 tehRonbldzoHbed R2 @S ed medical
method to parenterally treat viral infections in a i
indicaroms lterpeian gzandeszdispldy nofltiplet dafiséameiosn Borcexaninde,, ozonides of
[0021] U.S. Patent . 5,270,344 .tQ, .
monﬂtéfpﬁB_%} spgh ps focne e’g‘f{l@ml%ned fagrdgpt ﬁﬁﬁéff‘&@ﬁf%&%ﬁwmﬂw
they 3RPIxHRR1Y GanleBRub B RehiRR &fstdrbe manmal a trioxol ane
or a glperOX|deder|vat|ve of an unsaturated

hydr ocar bon whi ch derivative is prepareﬂ by ozonb;iqﬂ .
t hED02Ak at Urhws erajes reed fosgrath and sHfoety ciphangiageicpdpapUlation or

solvent,.,. [ 0022]. U, Pat B 1
comRH Yl Etister G T e e LA b RN, tat s
also 6&YALH t9 [Rethed for FRIRLing irfite cadpiakdedférsas agantsafresragdical formation

di peroxi de or trioxol ane derjvative of a non-terpene
and efffestively dteetingindi B eualhaieciid with SRIcFpSFRy & VEPBPRaar ed

by ozoni zi ng bel ow 35 C the unsaturated hydrocarbon in

a carrier. [0023] Despite the reports on the use of

" terpene ozonides for different nedical indications,
terpene ozonides display multiple deficiencies. For
exanpl e, ozoni des of nonoterpene, such as mnyrcene and

i ronene, flanmed out in the | aboratory. Consequently,

they are extrenely dangerous to fornulate or store.




[0024] Thus, there is a need for a safe and
ef fecti vepharmaceutical formulation or conposition

W@ G0 ri3gg) reacti on products from the oxidati oPCDUSENS/016185
al kene conmpound. What is also needed is a nethod for
stinmulating mtochondrial defenses against free

SUW?‘AR[%} formation and effectively treating individuals
affected with cancers such as | ynphona. SUVWARY [ 0025]
Thi g.ivention. i s direct.ed to pharnmaceuti cal ] o
for[ﬁ{’ﬁﬂt i offb*sc‘&ﬁﬁ‘?t}oﬁ i 1{?@}6&%@%@&%&@@ ’gﬂnﬁléﬁelilﬁ epuprising
perdXidid Upécies’ @SiehdtiohGrbaiR XLk 'fﬂ-U?n BkidHol BF 3h lﬁﬁ?aft%%ted organic

organi c conpound, in a liquid formor in a solu
compourgh 1 yylimnd dom ai il agolokon)ityi myoxygentconmimeg ekidiingggent; a
2 &, chel at dye. and an aromatic redox .
R E R I RN ——
the plarmataiticenforinimties S0etesntiSOCRANRE ihOGIIER Jdi6xidic products
an

peroxi di c products forned by ozonolysis of
formgdbytazenelytis af wbpspturaiedaleotiol, astabiliziog sevent, metalloporphyrin, and
: a i ' LS. Lhvention. s also
R SRRSO MO o B SUREM AR B ER o e
cander.eat cancer. [0026] The peroxi dic species or reaction
products are preferably forned through the reaction of

an @H&ine @?d ozoae. It is generally accepted that the
r e_zg n bet TRAENIGIT SRPREHE reatHoB PRdECts proelezabhy formed through
the (ShRACST ANBLRERI 2 0z66E OFt G ?&16?'313{ ag:'gé%gg }:IE{'E‘ me%%tﬁ)goo\@ﬂgeen an

in Schene 1 bel ow, th(_i‘lnl I a e reaction
alkepe andpzghpproaeeds Py HeeChikiger orecienimz.oAecdrding ethis thedhenit®, shown

in S(g{re?ﬁl%alflg/&%\iggiﬁrp Zr&g%lgs?%??fgtt %eéétlz%ﬁatalr}:,ﬁgéﬁla@g gglcgoa-r(ﬁ?tion of ozone to

the alkedreGy givela@yRhdry @BoriBe ta LABNABY A1) AL BH oFbnide is unstable,
carbonyl oxide. In the absence of Other reagents or a

and wgdargass#i 1,3-eyeloteyersion to i cartrompl dqBpalindaind assureimy] bxidde. In the
e . o ) h
e GO0 R s YRLERNT R 8 B Y0 g oo scond
1,3-dipf1ar¢yclandditivinde ghveakd fmal Reokias RONY 4G5k slgncan
enter into a dimerization to give a peroxidic dinmer,

the 1, 2,4,5-tetraoxane, shown i % Scheme 2 bel ow.
SCHEME 2

B R, O R
Q R Ao,
] _— - S R —_— o
R R R O‘HT{‘F*
\‘40 R
R
SCHEME 1

[0027] In a side reaction, the carbonyl oxide can enter into a dimerization to givea

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

B
oo VLN
R - —pa OKO/EH
eo‘&kﬁ

@
SCHEME 2

[0028] The carbonyl oxide is a strongly electrophilic species, and in the presence

of nucleophilic species (e.g. alcohols or water), it undergoes facile nucleophilic addition to
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[0028] The carbonyl oxide is a strongly electrophilic
species, and in the presence of nucl eophilic species

W@ 200g/11@Bxohol s or water), it undergoes facil ePCT/US2005/016185
nucl eophilic addition togive a 1-al koxyhydroper oxi de,
shown in Schenme 3 bel ow. Under certain conditions, the

. 1- al koxyhydr oper oxi de .c und o further reacti@n to
give il AR HERYIPEIdA NGV R PGS L LAy B%?ﬂ gl EorfforsVtme 1-
a]koﬂyﬂ ido Qro&RieQ:ﬁn tﬂﬁii‘é}go ByrtHeh BQENon ol gilSchibhtyiiéadid dutitvatives.
urrng the ozonoly

I's of the al cohol -containing al kene
in the present invention, it is reasonable to expect

that three major types of peroxidic products will be
present: the nornme ozonide, the carbonyl tetraoxane
di mer, and the iﬁé%kexyhydr i de. kn_ s he presence

of water, sonme of these—peroxi di cpreducis may al so
|l ead to the pres rlg,e of organipt peraci ds"f'n the crude
pr oduct nixture.ﬁ% 030] Thecgesent invention al so

i nvol ves the use of a penetrating solvent such as

di net hyl sul foxi de ("DVMSO') to "stabilize! the injtjial.

or BIREY 5 cheotmeiob 36mghg 1 e bmyaRegry. i biened Hgt fiyine the

be bo r [ ' : :
oron B P aiouB Yo B kcpLir o HEporMARUEE it Sbonable o oxpect
that tARRAGIENYPes ofipwexitic proWEDs will beymesent: thdxermaherohisispthe carbonyl

inits owm right. It artici pat.i i s al so.possible
tetrageang difnen aah el §-elkpsy e’f%l‘gt a‘B?ﬁ‘? DieRger 8£§'Pfe\rfes°me of these

RAGC ' i©BOHALIAENS BHetcide product
pero%.l@]gc }’%r?g%ét% ?{zag gff%grg %)cgfod@\é pgrréglgﬁgf:ell}?@e&%%@? he 1penet reat [ negpro e
mixteel. vent of the current pharmaceutical fornulation are

made from conponents generally regarded as safe

(" ‘). [,0031 other co .
on ERL o PR S P R TR e b Fpgperating v such s
dim@hAIRRYdd (FDMST)R6 CREHRES Yhohithprkiuep of thbyrombysi Similarly,
sensitize oxygen under photochem cal excitation jis .
not wentingdo berbenné by any theory; hlels @pb@x@ﬁghqt);h%ﬁtabl 1zation is most likely a

. ferroporphyrins an r i ' e

s SRR AR GFERE DFBIAIREARR S bkt s ovn

righQfltstpaei ﬁbﬁ&ﬁ&%ﬂﬂcﬁﬁble}‘a@ B nuctlatp}glgnsp est‘;llal'ﬁlzlatabl'q'ﬂaﬁﬁgt:rea@ﬂ/@ﬁp601es
conpound, such as_a qui none, ) ough..no

(for wasmplagas élntﬁéhbd%fﬁﬁownh?ﬁltsi-hg%gﬁ ﬂalvil%ze @e@%&lﬁ paglggyle and the

penettrt(li o & Qreﬁ)cro%ftﬁé%’ R DAL TR E I daf Mrnfu®itivn! £ hRQe ifonR components
conmbfnatron o Irochem cal agents that induce

generally regarded as safe (“GRAS”).

[0031] Another component of the pharmaceutical formulation is a chelated dye,
such as a porphyrin. The propensity of metalloporphyrins to sensitize oxygen under
photochemical excitation is well documented, as is the propensity of ferroporphyrins and

copper porphyrins to bind oxygen-containing systems.

[0032] A further component of the pharmaceutical formulation is an aromatic

redox compound, such as a quinone.

[0033] Although not wanting to be bound by any theory, it is postulated that the
preferred pharmaceutical formulation is a combination of biochemical agents that induce

recycling autocatalytic oxidation in infected, activated, tumorous and dysplastic macrophages.
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recycling autocatal ytic oxidation in infected,

activated, tunorous and dyspl astic macrophages. The
w@b@smeasesit i cal fornul ati on stinul ates target eBCT/US2005/016185

apoptosis (cell suicide) through unopposed

peroxidation Thus, the pharmaceutical fornulation

ates rapeutic effec nber, of e m ngl
e ERE LR AT SRR Pt 5r oS BERTBAAY, arougn
unopiRdskd pétbﬁﬂatldﬂ"' THAB Qﬁé‘fﬁfaﬁiﬁdeﬁﬁéal fmiAkish b&ﬂtem&aﬁ&ﬁf& effectsina

shown to selectlvely kill cancer cells, wt

numcbélr ogeeningltisnage mlitvcborsmr@swdmmronlmgwmmsmmpamcular the

dase c ase act
b o UL R B RS B Bl Eitlidhoutcotlrera
damagffj e b Belid tufior keekh tdl’(a@b idbg¢iahti YtochRfind ohTBise @h@Vhthlase activity.
These results indicate its effectiveness at treating

The phamsceEifaEforpRRtRIAT bR affecky GrRedution saporpeiuprieliferation and
' rine ASL-I

R i e T e T e T e
exanpl e of the pharnmaceutical fornulation. [0035]
Figure 2 shows the nucl eotide uptake (3H TdR) of
murine ASL-1 cells treated with different
concentrations of another exanple of the
phar maceutical formulation. [0036] Figure 3 shows the
nucl eoti de uptake (3H TdR) of nurine EL-4 cells
treated with different concentrati ons of one exanple
of the pharmaceutical fornulation. [0037] Figure 4
shows the nucl eoti de uptake (3H TdR) of nurine EL-4
cells treated with different concentrations of another
exanpl e of the pharmaceutical formnulation. [0038]
Figure 5 shows the nunber of viable nurine ASL-1 cells
cal cul ated over tine after treatnent with different
concentrations of one exanple of the pharmaceutica
formul ation. [0039] Figure 6 shows the percentage of
dead murine ASL-1cells calculated at 4 and 20 hours
after treatnent with either of two exanples of the
pharmaceutical fornulation. [0040] Figure 7 shows the
nucl eoti de uptake ( H TdR) of m togen-stinmul ated
muri ne | ynphocyte cells treated with different
concentrations of one exanple of the pharmaceutica
formul ation. [0041] Figure 8 shows the nucleotide
upt ake (3H TdR) of m togen-stinmulated nurine
| ynphocyte cells treated with different concentrations
of anot her exanple of the



pharmmaceutical fornulation. [0042] Figure 9 shows the

nucl eoti de uptake (3H TdR) of nurine splenocyte tunor
weedosa13seat ed with di fferent concentrati ons oPCDIE2005/016185

exanpl e of the pharmaceutical formul ation. [0043]

Fi gure 10 shows the nucl eotide uptake (3H TdR) of

BRI®E DISS QfF I1s treated with different
concentratlons of another exanple of the

P DUBAT i Flie, s Sl Beiitiidig haﬁs%ﬁ?ﬁéiy?hm L1 et

treatkﬁl wish diffeedne dotdehiattink fo@ bR éxa%ﬁﬂ@ Smh% PR eRicap Fﬁmulatlon
exarrpl e of the pharmaceutical fornul a [ on f

%re 12 shows _the nucl eoti de upt ake\h{BH-TdR of
murlPORSTt hy Fisr @ shews theaaiclestide entakel (W-THRYf marisatASL-1 cells

f
e e P, B R B R o P pmacopid Spatation
per cent age of dead nurine thymc | ynphoma cells
cal[@Aat edFiguer 3tshows dlid aucleotiziatuptake FHILTIRY 6ff @uEAE BL-4 cells

ncen ns of one exanple of the pharmaceutica
tfeaégr“ﬂﬁ% ‘i‘%“? 0?1%9611“7*}“0@? @ﬁ?%e exemple,othe Hbaf&?é?lﬁtfél formulation.
wei ghts of tunors excised frommce treated with DVSO

al go8373Nd Fighe 4 'sBEWE thdhiidle e Cg{@%u@e EL-4 cells

phar maceuti cal fornul ati on. DETAI LED
treatppithrReycEvmoDPVERTES pUmogier Tramplaof thetphamveentticahformulation.

pertains to pharmaceutical fornulations conprising

en ic | cts r [ti f.rqm
g S Y R S Rk oo
timel aftpuitcbafrern vaith diffeters @ohééxﬂﬁtlo&yoﬁﬁn@&yzﬂﬁﬂe &P rﬂﬁ@pﬁ‘c{rﬁﬂceutlcal

forn ] di zi ng agent; a penetrating sol vent; chel ated
OmB@‘aé Uand an aromatic redox compound. The
phar maceutical fornulations may be used to treat

i ngaogogiual f h
e g SOOI B g
and 20hpos efierdresfment svifhieithemafewd ieg ahpleo o fithe phamcemﬁﬂauﬁ;ﬁnulatlon

t he perOX|d|c products fornmed by ozononS|s of -an

t
ol Bl porROP haied N ERRKLE PO T ErRORL A aiiges simulated
muries RMipRoSREN Geatdli @ik BiferdhS @or%nﬁ‘ﬁldfﬁ SGH b Akfbhple of the

pharmaceutical formulation.

[0041] Figure 8 shows the nucleotide uptake (*H-TdR) of mitogen-stimulated
murine Iymphocyte cells treated with different concentrations of another example of the

pharmaceutical formulation.

[0042] Figure 9 shows the nucleotide uptake (* H-TdR) of murine splenocyte tumor

cells treated with different concentrations of one example of the pharmaceutical formulation.

[0043] Figure 10 shows the nucleotide uptake (3H—TdR) of murine splenocyte
tumor cells treated with different concentrations of another example of the pharmaceutical

formulation.
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ol efini c hydrocarbon, of the pharmaceuti cal

formul ati on can be an al kene w t hout a hydroxyl group,
W@e008/1k0p8% oxyl - cont ai ni ng al kene. Preferably, P¢EUS2005/016185

al kenehas | ess than about 35 carbons. The al kene

wi t hout a hydroxyl group may be an open-chain

u rated h ogcarbgn, a oC [ G3
Pdar borE | Aty P ISRO Rk SHR) S RERe hymooyte
tumo? REINWEAEX Wi P Aiffdr&it t@nédrsafiens af ohe ersinplpeof-thb giharmaceutical
unsat urated al cohol, a nonocyclic unsaturated al cohol,
formylatien.bi cycl i ¢ unsaturated al cohol. The al kene may al so
be contained in a fixed oil, an ester, a fatty acid,
or et het yﬁﬂp% : { iofinSurine thymocvte
hfggggarbgﬁguggg%géwunsu @%#?ﬁ?g%fgé3%%???2€2£%Hg§gl?% ?n
tumo® keltomgitexeiih di keatontopdntamsefanoienprasmde df fhe pharmaceutical
st eroi ds, quinolines, carotenoids, tocopherols,
formpletigsy| at ed proteins, or unsaturated fats. The
preferred unsaturated hydrocarbons for this invention
ar ng]k en ﬁgﬁ? q43isBORE BRYcH®ntalc@ P dtad BORAE & lyadighoma cells
found primafily in plants as constituents of essentia
calcubitbd ovathiite aften{reatsspt whibi different conganisationg e one example of the
ox%%ﬁn-contqining I soprenoi ds al so occur such as
phargpcelfeHdOMAGR) des, and ketones. In a formal sense,
the buil ding bl ock of isoprenoid hydrocarbons may be
(e:EEjoaap ed 1t 18 skl e avdrare W glpts efi@mors excised from mice treated
=C(CH3) - CH2, although it is kno t hat i.sqprene .
with DM 8Dralens and neige rpateditdth obe exaBpledH Hiep %%PHFW@@?’?N ation.
and not an internediate. |soprenoid hydrocarbons are
cat egori zed by the nunber of isoprene (CsH3) units
t hey contain. Thus, nionoterpenes have 2,
sesqui ter penes have 3, diterpenes have 4,
sesterterpenes have 5, triterpenes have 6, and
tetraterpenes have 8 isoprene units, respectively.
Tetrat erpenes are nmuch nore conmonly regarded as
carot enoi ds. [ 0052] Li nonene and pi nene are exanpl es of
a nonot erpene. Farnesol and nerolidol are exanpl es of
a sesquiterpene al cohol. Vitam n Aland phytol are
exanpl es of a diterpene al cohol while squalene is an
exanple of a triterpene. Provitam n Al, known as
carotene, is an exanple of a tetraterpene. Ceraniol, a
nonot er pene al cohol, is liquid in both its oxygen
bound and normal states and is safe to living cells.
[ 0053] Preferred unsaturated hydrocarbons for the
pharmaceutical fornul ation

-10-



i ncl ude al kene i soprenoids, such as nyricene,

citrillene, citral, pinene, or |inonene. Preferred
waee®atussg ed hydrocarbons al so include |inear PCT/US2005/016185

i soprenoid al cohols with two to four repeating

i soprene groups in a linear chain, such as terpineol,

pergat ERISESCRIPATON Pﬁ%?ﬁkﬁkﬁﬁﬁgﬂﬁ%?@ﬁ%hj The

nsat t
i L35, LS R T B P
peroiuﬁlﬁ sﬁ@cﬁéé &ufeééti&lnproa_ﬁ@s HRERhE R dxMagam b€ ag aAf@uattd organic

aturally exist in a gaseous liquid or solid state
commun«b,rmta)hdpndu domg ond1t h sow@omxbsdalt pmggeagf@ﬁtalmpg) @B iizing agent; a

pencigB iR gBha Shrastise: et S Rk A fing 1 Dpagfeeutical

formﬁ%f"@ﬁh may b¥ §Rd doHBltend10iadsls affedieP@ith Catd2ri sich fyamphoma. In one
doubl e bonds, n=8-20; C25H40, sesterterpene

embdwjmiewscof Henpresent dgwsation, thei esseiiah CompaPes b dhe nhaEawputical
form@lqgo nocg}l%l It}gecp%gos 3 pgotndglgtrs?%ﬂ{eﬁ%ﬁg?g%b1§%$§%_u2@1{1%&bd?alcohol,a

stabﬂﬂﬁ%'s@v&ﬁﬁﬂétaﬂﬂpbrpﬂﬁm Jiand) qumeﬁe 20; CnH2n-6, three
doubl e bonds and one ring, n=7-20; C 5H40

sesterterpene hydr ocar b
TR TR B T ER—
oleﬁﬁi@ gy%car%?thée phgﬂﬁac@ﬁﬁ'&!l forRRNfiof Beh b dlkéi@Svithout a hydroxyl

two doubl e bonds and two rings,

groujtsl,%@ aﬁ@dro@sﬁtﬁah ining stkent.cRrpfenably) yhiraliccae b@ﬁiesséhan@fggmg carbons.
riter b 0

The dlken URRPGR AV EORE) S0M T St SRR SR ed ydroparbon, a
monéb’e/éhggmsaﬂﬁﬁte&h%&ﬁbﬁf%@@%bfc 1&9@%@&&&@3@003&&1— 2A0e hydroxyl-

hree doubl e bonds, n=7-20, n¥|-4;
continirg rellédde) canobs an epbh-ehiin imsaturptal ngohq;,:p monocychc unsaturated

a3 oS D, HPRRE PRI B SRR o

esterug%@ylgcﬁi efambmehol can be: CnH2n-20m one doubl e bond
one ring, n=3-20, m:I -4 CnH2n 40n,, two doubl e
bonds and one ring, n- 60Ln

doln95el boﬂa@bbndm@mram%goleﬁfnv biglrofathony. T bgo SHRLSttuted,
subs{rﬁltet 2?1?(? of rc%ﬁ@?eﬁ:@& A GRE O iraRhesCIUPREONR, stefBils, Aqulnolmes

ene alco
carotenoids, tocopherols prenylated proteins, or unsaturated fats. The preferred unsaturated

hydrocarbons for this invention are alkenes and isoprenoids.

[0051] 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(CHj3)-CH=CHa,
although it is known that isoprene itselfis an end-product of isoprenoid biosynthesis and not
an intermediate. Isoprenoid hydrocarbons are categorized by the number of isoprene (CsHs)
units they contain. Thus, monoterpenes have 2, sesquiterpenes have 3, diterpenes have 4,
sesterterpenes have 5, triterpenes have 6, and tetraterpenes have 8 isoprene units, respectively.

Tetraterpenes are much more commonly regarded as carotenoids.
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[0060] A bicyclic unsaturate al cohol canbe: CnH2n Oln

, one doubl e bond and two rings, n=5-20, n¥l-4;
w@nid2n1Bexn , two doubl e bonds and two rings, PETUDNS/016185

nel - 4; C25H400rln , el -4, sesterterpene al cohols; or

C30H480m m:I -4, triterpene al cohols. [0061] Based on

ﬁ rét ofdthe har mstceu]6 ? formul at i o% | and

ene can 9%?9 fpf'r%% &b TEABP 6 P4 HOBHEENG g gjanesol an

neroﬂ)d&lfzﬂ'é Stnypléd ¢ safifergend YcbRola Wataimi® AQ¥ad piydolRE @xamples ofa
preferably from about 0.5%to about 3.0% 062] The

dltel@ﬁ%%‘ﬁoft% rth erﬁqﬁglewwoﬁnz@mglpéﬁg@m ferpee Provitamin Ay, known as

carotéﬁggtg%? g{t‘ieng;‘flﬁy fa %(E:ﬂaa}ré%@ér?l oe}er%ﬁﬂlcymgﬁbtgfpéﬁc? alggﬁeol is glla%lﬁl in both

its okygentt®uhd hipd mérnsil states asd peatedodiimgndetis, ozone,
peri odate, hydroxyl radical, hydrogen per oxi de, al kyl

o AT o FrRteP e R oo ne o e pBAaoutcal formulation

mcldl’!é'al‘l&ﬁ@ﬁHﬁ?eﬁ&dQ su&@@y%crélg Q@ﬂleﬂ_@ Citfl, ﬁfn%ﬁé %glu%ﬁ%@.dPreferred

to bind "activated oxyg t act I s3preno
unsagiirate bydrosaxbmmsoglep]adc thear u@ptgnotdz&lcxﬂtoilmlﬂatwo to four repeating

t bet 0C in the dark in th
isoplgFERERE 1o BT ah St * Wi, Effobehelo efor G ologntiol,

gerahidB Feflingipetas, l@ﬁ%o‘it(ﬁf%‘e&ﬁd in 100% DVMSO in the dark
to prevent prerrature br eakdown of the products.

Although not want |a€6%[to be bound by anﬁ/mt heory, IS
bell08¢bd tHerunsaurategiongapie @orm@ladmmbe eatrﬂeranched cychc spiral,

or co 1&%‘&&@1&1%@%&8@&&1& 1‘3'1@%&5’ 031 Clthe%nseggra?e r%aén ?ompound

onation occur
may na!htaﬂlyl elist Iz gak@se Ihq&ld@fr sdimﬁte pticieto diridem wilhthefokiding agent.
reactlve therapeutlc agents rel eased are hydrogen

ﬁe and acetic acid. %10 The pharmaceuti cal
FolsE: 1 o oo bt imesaistod Hyehourtamiont b6 o amtone fhgble bond,
o2 BEICHTL 198 ROt i, Sy L) VSt RIMECR Ao

four gloublsobonds, ns8ra0; eCistxdresmHe@ﬁn&) thydrocanbon;, oth(é;bH@, triterpene
I dr§ nl?et rating sol vents include aqueous solution, fats,
YA B s, 1ecithins, phosphati des, ethanol, propyl ene

gl ycol, nethylsulfonylnethane polyvinylpyrrolidone,

pl-[dosﬁlf er edmsabdydtic uaatiriled BBt AV eanite ALl &double bond
The, pr eferredapenetratl ng sol vents include O,
and qy@m}xg, BA-PY5Gnbli-d i@ douhleibonds and one ring, n=5-20; CoHan 6, three double

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

hydrocarbon.

[0057] Abicyclic unsaturated hydrocarbon can be: C,Hzn.4, one double bond and
two rings, n=4-20; C,Han.¢, two double bonds and two rings, n=6-20; CpsH.o, sesterterpene
hydrocarbon; or CsoHus, triterpene hydrocarbons.

[0058] An open-chain unsaturated alcohol can be: C,H,,0y,, one double bond,
n=3-20, m=1-4; C,H2,20m, two double bonds, n=5-20, m=1-4; C;Hj,.4Op,, three double
bonds, n=7-20, m=1-4; CyHzy40m, four double bonds, n=9-20, m=1-4; C,5Hs;Om, m=1-4,
sesterterpene alcohols; or C3gHagOr,, m=1-4, triterpene alcohols.
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pH-buffered saline. The nost preferred penetrating
sol vent is DVBO [ 0065] Based on the total weight of
wao b@sphessraceut i cal fornul ation, the penetr atiPQI/US2005/016185

sol vent can vary from about 50%to about 99%
preferably from about 90%to about 98% and nore
preferably from apout 95% to. apout 98% 066]
PUBUSHIT T Acrmopaiiiss BetRErL APROHE Tt Crpr T LT guble bond

and ond 'n*ﬁg,“ =113y embeen RIS O A0 8AMIOPERsind Whe einl] y=3+3@,dn=1-4;
I'n production regufatedf%y t he Food and_Drug

CH, A6, thirse dexttilobor(ds Bmhone ringhase20 757 bdi erHeQxp Bt sCSterterpene

subj ect _of Dru ster File Drug Monographs, are
alCOth‘uHH ?Oﬁf‘)‘%% I‘E%P%%E?e%?leaail%% Sheral |y Recogni zed As
Safe ("GRAS"). [0067] Another conponent of the

PhREGIC e Uty KiayclicanBathatd adohiobean beh €}k, 60 chyne dotiiebahdend two

preferably contains a chel ated dival ent or .trival P
ringsyrwrAt20, guch4ad nHeom: dWpoeublikepehsa¢ mon{lng,sadh—geﬁ =14

rystrangi T : chelqt ed TRt @herhnel d1&hols.
Cus Y L AL BBl 3 18! horbnd o
met al | oporphyrins to sensitize oxygen under .
phi@oeriheniBxatd @xthe totdliveighi of thepharmacauties! ferdulaiion; the alijene can

vy B A 5 TR PO RO BB B i o

prefe?ﬁl?ﬁgln éﬂ'ouﬁg.@%‘ﬁtdbguﬁy@% Exanpl es of these dyes
I ncl ude porphyrins, rose bengal, chlorophyllins,

hem ns, porphins, corrins, texaphrins, nethylene P ue,. .
he[o@b2lxy| iThe ospgémeonsaiging pridlizig geenhafl fhsiphgrmaceutica ormulation,

. lactofl avin, anthracene e k1. G T tat
Whlch@f(]%eéﬂa%?wéﬁfet}y .oec bg%% ri’ci'c’rtye ’ﬁ%%tﬁ)g?%egy%xmgﬁ% 1’n itstriplet s ‘a e,
supefdxitRS 8361 d¥on€ Yerbase Mydasidy] picalEhydrogen perefide,r aklyl peroxide,

dyes can be any natural or synt heggg por h%/.r.i n, h
carbiaytepaspodpnyenzoyl REEPEES AYIRYER bp tcb@ﬁ%g itiop (pgment, such as
respectiyv eners, or a mxture thereof. The nost
mdyﬁ’?%‘ﬁ&?k%%’%@ "are m xtures of hematoporphyrin and
" rose bengal and m xtures of hematoporphyrin and ) )
chjmmeaphy | Thieprefbired ahethadety bixel ‘faeti paied oxygen’d topintacha isoprenoid

alcollp e rch @i’s g@{a@bﬂ g% ag%&%%ﬁgt? é%glgﬁgrgﬁlges% Ce‘tee’rni (%?(lf(f: 'L 8k in the
abse%e{%ﬂﬁﬁf% tp&ia? 198! Thé %é}ﬁnio{ Q6BkesPasethen diskbloed Aldadtabilized

e pharmaceulical formul ation or

in 10086 PdESDiimthe daHetodyrevenaprewwiyre bregksebef the pioduets. Adhgpgh not
o Bt ALl R Sy TSR of

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.

[0064] The pharmaceutical formulation also utilizes a penetrating solvent. The
penetrating solvent, which stabilizes 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
(“DMSO”). The preferred penetrating solvents include DMSO, polyvinylpyrrolidone, and
pH-buffered saline. The most preferred penetrating solvent is DMSO.

-13-



[0069] A further conmponent of the pharnmaceuti cal
formulation is an aromatic redox conpound, such as a
W@ uiosonsss The aromatic redox conpound may be aPgT/US2005/016185
substituted or unsubstituted benzoqui none, _
napht hoqui none, or anthroqui none. Preferred aromatic
re o] I ngl u benzoquingne . .
mf@??ﬁbgﬁ%gﬁs r?én@,e ﬁog%lht%ﬁ%ggluiorfgﬁlg, plaaﬁlalaceutlcal .formulatlon, the
penatediing] sobyeht EemOusiry Gioen abblie 50%sb aPoe B0, efcRf-BIREbH abgut 90% to

e C ound | s_net hyl - napht hoqui none. [ 007 Base
aboﬁ %@Jl?ig%)%{p PiRipighly %‘?I%/ltah@ltﬁ% teerbeut 8% f or nul ati on,

the aromatic redox conpound can vary from about 0.01%

10000681}, 2 Bt bl AOTRARAHY rDpchdb BBt have been

and nore prefera rom abou : _
madg. §om ¢@uTtkntharmnty macd it ipcaduction regasted by theafd and Drug

s i d.b .
ABREREHER ChIFED. TheP ntetieet o Bhomtiet o diruadtrsien Files, Drug
' , i€ ”
MolfiRiils, @0 fal@h INCOEPAN: of o CaRARN IRbpfieAAE SHR CGRAS”).

donors include ascorbate and germani um sesqui oxi de.
Thd00dt pAapiber eampansst ofghe plansaciicalsfounlatoraisiacthilated dye.

I 0Q7 d t he. t ot al i ght of. the
Tho % tebobt Eang & Heldi2b B b Fob Rnd il oo, Sopper,
manganege ftirg magnesitim) .dd IsohtudboThe 208ferr&d @hahR@B! Methl WMron. The

about 1%t o about 10% and nore preferably from about
proppgsity, B}EFSatS‘E/o dB[eGO%%‘ ph Betgdeparphysinsaton sangitizd oyyged under

] j . ut, i formul.at i I S .
phoBéhgtal RNy 9 BOBHIRGALK 63be L) LERk B
coppse rpoxphyirins go diut bxpfenacontaisiap wystewd. NYshboe aydomclude natural or

ther than an ozonide, in conjunction with a )
syndidorisn; 3 giks, o VRS SRSTBEISEE BBhyp. H9secheasek phlorophyllins,

i . T S . r . . .
i, pOpATBAOS MR URURHENED JARSH, B et
flavingids.adarseilayist atthtacenanglyss| igperican dmethyidhdldnehresap afdural red,

o L R B ISl
or syhhbtid RRrghyeal Meh@depatistial icARréptS AN dobd %eﬁ%ﬁﬁ%ég‘: respective

redox conpound preferentially absorb into infected, _
conggpers\vatadrixtirg thsrenfs Tan anasy prsferssdi dyes aelnsixtusks afthearatoporphyrin

o RS R VR AEOAPAEE S R o

resp@fsivee t®Xpldeor; Nakerd ionizing radiation, phonon, electrical cardiac impulse,

electroporation, magnetic pulse, or continuous flow excitation.

[0068] 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%.

[0069] A further component of the pharmaceutical formulation is an aromatic
redox compound, such as a quinone. The aromatic redox compound may be any substituted
or unsubstituted benzoquinone, naphthoquinone, or anthroquinone. Preferred aromatic redox
compounds include benzoquinone, methyl-benzoquinone, naphthoquinone, and methyl-

naphthoquinone. The most preferred aromatic redox compound is methyl-naphthoquinone.
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be overwhelned in the target cells either naturally or

by the pharmaceutical fornulation. The peroxidic dimer
wG@h@aho3ss so be activated by the superoxi de gePEr/E$100%016185

dye, initiating el ectron donation to the dinmer and

causi ng the rel ease of hydrogen per oxi de and acetic

i PQtra The trnlca i O he

oo 1AL ERM A Ky SO RGBS B hgfh h Soma

red@cmmnpduhd oughary MR atRueo t)n v/@talabmﬂz@@@@ir%ta@gdﬁ@m,ab&w 0.1%to
a heart Bulse The peroxi dation reaction

abom }0:? ndgRoTe pr efere H%@ﬁb@ﬁé@%ﬁ%@bﬂ%@rﬁ&@ to destroy

t he prenyl ated protein Ilnkage of mcrotubules wthin

t h I .0 e
apd 8??& L B rrgéc{lrtltgp age ﬂ%lﬁ%%%%fg]ay%ac#ﬁege@ 9? ST energy
soulwh ar mebaﬂmmdmbnaﬁw Usefubtlectror @omrs:malladafammgl NAkI))Hm bhelectrical
di,ent dients may prefera e
urgfEHEAHE GBI 1 S ST SICIoN G RgPAaleesendonors

inclide FERBERLAI g&%ﬁhﬂﬁ §e%gu1‘6§id%hTﬁé ogtﬁwt 581%1%&( gctﬁgﬁ dold6r is ascorbic

site of use. The dry s I ngre prefe
acidiprepy seleforme chel ated dye and the aromatic redox
conpound. The liquid |ngred|ents preferably conpri se

S0P PR Rl B b RGP e cteoron

dono»qag earyfﬁm abalit 09186 a86ut208) bref@aPIyFrom hbbut 1 to about 10%, and
penetrating sol vent. Adninistration is preferably

n“”FHF#Q@@hHﬁ%??bmﬁﬂéﬁFé%@ﬁ%?%tuted product preferably
may be adm nistered i ntravenousl y as a concentrate
di hegB] | NpSatdRen BEGHA Ff?)?d'lg' ? ot %‘ dvz%‘t fiRt hﬁ%nlaceutlcal
dellverles are al so possible

formadationi st plavferabiy infitsedirag saru bmndlmﬁgénemted peroidic product of an

T oo e SO b LB S5
chelpba H?@Q&Pﬁﬂ frdkmatie lqiiHoab | T e iﬂré(t@d hgm%ﬁ&ﬁ&ﬁ p¥Rubor peroxidic

trea neopl asmE I affecteq pat i eht
dnngarloieemlbmhou?dwbe pliabilized éut inoataqhemsiskabilizme sothérdtisdnd should be

%P rk et SPX eou and m togen-stimul at ed
AP IR RS Hlp(l) f*ﬂlreéd tunor cells, reduces the
vi abl e nunber of cultured tunor cells, and reduces
t upB074$i Z ERésBar¢hatd of Jﬁ&%@ﬁanfmmtdd% tﬁe@&ﬁ%a% '16}1% 181%% that
been shown to sel ective cancer
the supproxide ggnerammdye andith B 2weig rﬁclmmonmwm ptetﬁerhlaiwély absorb into

il . RS S Pabl orcen

Wltl[oﬁlﬂ\izﬁl]ltlr@zto bk peiusd ©f thasryathls eﬂt@laﬁamcﬂﬁeecp@d'sfrh&%n%ﬂp eroxide should

eit i.n a solvent or neat. In
be overw elmed 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 within the infected macrophage then tends to destroy the prenylated
protein linkage of microtubules within the cell, to destroy the infecting toxin, or to induce

apoptosis of the macrophage host cell.
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ei ther case, the cooling of the reaction mxture is

critical in avoiding explosive deconposition of the
w@ersni1sge products of the reaction. [0078] TheCT/US2005/016185

foll owi ng general procedure is typical for the

ozonolysis of a liquid al kene. [0079] A 1-liter flask

fitted w a.magnetjic. stirrer i.s _charged. Wt : :

al i@@ﬁ%_ ( 2%&&@5‘3“&%@ E@’%%&na? G \A"“g’i"ghoéi}.tatbqlflélgr edients.
Thesk h@%&ﬁéﬁs ﬁﬁ%@%f%ﬁ@ HR¥tcRe ARl Balidiifed{dntemaaigatd iagredients in

rce-salt). ce thé contents are coqgled below 5 C, . .
sepamtd caritaigersswhishiare dran mixedr &dhe sitc f gpe (Thedhy S@ké’/ degredients

typi cally 3%0ozone) .i s pas j . -
por e S £, L RREH, WOt b e i
ingredd¥nRUSKR feRalfly @8 Mpfiké the perdxilioispediss toteactiremwdngts fasnltag from
stirred solution. Periodicall the gas .streamis

oxidasicasdler; unsaaratehydserarh Qs by tha Sy ses-cREFgHEg G Sagent along with

reaction m xturg.js.. - .
e RGBT S APy aay) SThp Rt
prodﬁét%@ﬁe.ﬁabﬂ}f iniyestt adseinibired) aitrayemuushynasea tbreepirate ahiluted in saline.
magneti c resonanc "Hl, NVR! t f th | .
Recthh eained HeIMCRoedstoliaah e b T ROTIPIE U ol iy Siation.
Intraﬁl]ls&ngr i‘r'lJf %Iibﬂ‘is%o@?fétf%éﬁ ESPRANS BT HS blotusd Veh! iB¥ion.
e gas TOW 1I's s opped. [ 0081] The 0zonol ysis may be

- carried out as above, substituting a solution of the
al [0976] i n Admiistetion 06 therpravniosuticad iermeatinnope e is 1efgetive n

sat urated hydrocarbon r chlorinated h SR
wearigaDRBG Yo bRy ey Thabanrh O ShriiSh s bR Rron inibit
botthFe égohﬁﬁégus%ﬁh Wiidben-StHRSIhicl Prolifigtatioh cfickieured tubhi célltereduces the
al kene w thout afrectingthe reaction in any

viablutsthen of ewlturethivetor cplixo8nd refiees tamer sighinNixe-yFlae pharmaceutical

T T e —
solid i RYAdwhd hBRERFiciknbEyRdirdracl opidascmdeatalsakhctivity.

IO{FUIation of the present invention was prepared as

ol lows: (1) Sparging an_ozone/pure o 1X

SRS QRPNHOUEH @R AN ARIRR e PBRATAREGN
3,7-dinmethyl -2,6-octadien-1-ol (geraniol), at 1Liter

of (607 ’ 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.

[0078] The following general procedure is typical for the ozonolysis of a liquid

alkene.

[0079] A 1-liter flask fitted with a magnetic stirrer is charged with the alkene (2
moles), and the apparatus is weighed. The flask is surrounded by a cooling bath (ice-water or
ice-salt). Once the contents are cooled below 5° C, stirring is begun and a stream of ozone in
dry oxygen (typically 3% ozone) is passed through the mixture. Itis advantageous to disperse
the ozonated oxygen through a glass frit, but this is not necessary for a stirred solution.
Periodically, the gas stream is stopped, and the reaction flask is weighed or the reaction

mixture is sampled. The gas stream is then re-started.
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per hour; (2) Miintaining the tenperature of the
reacti on around 5C, (3) Renoving small aliquots of
WO e@stiioss product hourly and neasuring by Hl NAR/UBE05/016185
formati on of the peroxidic species or reaction
products (4) Stoppi ng the reacti on when nore than

0% i rated bonds have been

rea e(g gHCBBT 1?%/5%8 f ge%c 1883%%{ %\OW&Pgn 1GHL gy e1ght gain, or once

the qbr ated lmdgﬁeﬂuf fosbatinct 1“HONMR) Gip¥@nin k1 +aBLHEH mixture shows the
ersion; (6) Prior to use in the target biol ogical
des’é‘zigltgémﬂ% lﬁqtb& laFeélS@r ofibaaledipisrnspipniresonpanss (wseaknhhoud 58%), the
I t hoqui none dry powders was added to the

gasgi‘g%‘it){ls%ﬁ %? di spersion in sufficient quantity to

create a concentration of 20m cronol ar of each

corffe¥ldnt dhs peyddisthay e carndisout dedboves etstitatihd@solution of the

S RO R ST T ——

hydfdéﬁfﬁéhﬁtT&rbzféhblgﬁlstrﬁaWﬁﬁ‘o F&OMRE o3t 2EX0NR L@%h%é without solvent,
PHARMACEUTI CAL FORMULATI ON [0084] Two preferre

substigniing anallkens!l for eadkehovitbowt affvEInGHiTe 1WadtiNGRED SN stantive manner.
*Det erm ned by mass spectroscopy. B. VEIGHT %

N%%ll TAW%E‘;% ‘?‘Pﬁ(} @E@ﬁ%&%ﬁ%ﬁ% fgoiod penetrating

solvetVPHOMA [ 0085] The pharnaceuti cal formul ati on was
i nj ected intravenously i nto seven subj ect horﬁes;JI each
ed h a I ona tunor cell growth. The dosage
EXAMBERS BREB ARATIONGR b Biasve e Btgan EORMURATION
phar maceut i cal for mul ati on, each treatnent consisting
[0083] A preferred pharmaceutical formulation of the present invention was

prepared as follows:

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

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

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

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

(5)  Diluting the product mixture with dimethylsulfoxide (1:1 0) to give a solution
or dispersion;

(6)  Priorto usein 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
system by saline intravenous infusion. Optionally, ascorbate could be added

to the formulation prior to use.
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of 3 cc of Fornulation A from Exanple 3 above in 30 cc

nor mal
WO posatizehs were i ntra-jugul ar.

sterile sali

ne, spaced over a two-week perio

d.

No ot her ther apenUs85/016185

or procedures were adm nistered during this treatnent
course.[0086] Pre-treatnent and foll ow up biopsies

ehAoTebEs, thExoes o T

M crogr aphi ¢ and phot ographi c evi dence docunent ed
r @8t | O prifegred FomhiAsichs afeemtfollaé:on of nor mal

structures,

and event ual

healing. Cinical observat

noted that over the course of treatnents the tunors

ot her R/

phot

A

ographi ¢ docu

ashened in col or and sl oughed off w thout surgica
fiy 8) interventioniNegskbrERTENt (30 day)

ntation of the subject showed ra

gr af
heal
phot

wul ati on and nu
i ng wWotS¥*nor mal
ogr aphi c_evi der

cl ’?etHlﬁﬁ imMPbER MR PeloRldeavidl b
epi theli gl  cover id1i nal

ce taken Two vears atter injiti

PR BruCg ottt ATION

i on
or

W
y

trea
asyf

%ﬁ%??@gl cat eq

ti ssue.

the conti nue wt h of healthy
M cr ogr aphi g)lggg)ument ation als

I ndi
nor 1
wer §
pro¢

PROL

of n

cated the conp

ml ti &8 re-gr

ete resoluﬁion of the tunor and

owt h. The PEREICRPIRYYSlbj ect hors

[

S

ot phot ogr aph

ressi dh2bf

resdg

ed but exhibited simlar
@?&Nﬂ’&?@

| uti on. I0qBECEEASED

uri ne @3%or cel

(1 eukent=a)
of these cells were
Forrmul ati on B of Exanple 3 above,

0%

FFERATION OF C(

JCTURED TUVOR CELLS [0087] Two i

I's were cul tRessPesgplar at el y: ASL}

hes
I

and Eb@t

0.001% 0.01%

Ty X TR Jopy| O0BB] Samm
'tléneegt%gcfnv%?ﬁ For noﬁylatl on A and
at concentrations
To neasure the effect

=

and 0. 1%

es

of
t he

phar macwBIGHT %or mul ati on hadNGREDIENfIer at i on of the

cul t
t hy

nmeas

posi
t hat
The

For n
EL- 4

nraed tumre ecoll
A~ Aw | T AT

o

A" AV I |

m t he
ur ed. ake of
tive cell proli

i di ne Q1‘3;)4?<

s—the—uptake—of—trittated
c ulTtwacxane dimemof 3¢dtAlpRYoxidesirom
t he nucl e@nbten sfyarardoine i ndi ca

feration because it dempnsts

nmn. At A
T TTTOTTS

es

the aglds are

results, shown

at Co

under goi ng DNAHOMR® hesi s. [ 0089]

in Figures 1-4

ul ati o

cell prolifer

and H

or mul at i oNERnHtHS inASL- 1 and
tion at concentratiaons of 0. 01%

i-ndicate thatbet

and

0.24

Methylnaphthoquinone

0.39

Chlorophyllin Sodium-Copper Salt

*Determined by mass spectroscopy.

EXAMPLE 4. QUALITATIVE EVALUATION OF TREATMENT OF EQUINE

[0

085]

LYMPHOMA

The pharmaceutical formulation was injected intravenously into seven

subject horses, each affected with a lymphoma tumor cell growth. The dosage and treatment

course consisted of 6 treatments of the pharmaceutical formulation, each treatment consisting

of 3 cc of Formulation A from Example 3 above in 30 cc normal sterile saline, spaced over a

two-week period. Injections were intra-jugular. No other therapeutics or procedures were

administered during this treatment course.
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0.1% [0090] The nunber of viable ASL-1 cells was al so

counted after treatnment wth 0.01% and 0. 001% of
wo-o00ei@88 on A. The results are shown in Fi gureCBUS2Z0&016185

nunber of viable ASL-1 cells was clearly reduced by

treat ment with Fornul ation A [0091] Fi gure 6 shows

a@ ?ﬁr P?%JcrgeﬁmA al) ﬁ f%lgqrvfngllo gt N 1epyips ‘H%IS[B% tgh 8? tlhe subjects,
alo@wﬁhmph«ﬁdgréﬂﬁ@ Wértesafnl @ie & tBA 1Bt WlMlGI‘O%l'apth and photographic

ither Fornmul ation A or Fornul ati on B. At
e"l‘%&ﬁ%v@wﬁw@éfh esobiios of thaengoplasia, c@ﬁtoéattonle@fe@brmai hstructures,

= esul ts
and &gﬁ'&ﬂh@feh phar mac%ag P ?S%g‘%h? % gg%ﬁh%a?%ﬁer |h§ Cgﬁ’s%ﬁ én?ﬂts the tumors
asheredug icolgr bk slpugﬂadfoéf without safgi¢dl e biheebloted@itl intervention. Post-

treaipd B D R P s Bei AT e svhiPHay7EL ra6w granulation and
muﬁ%ééﬁg%ﬂc%ﬁg@&ﬂwm Rt B 1{‘?1?1 éﬂ?e% er oy e?%% Final

and treated with a mtogen to-sti
photqgmﬂn}c es'aimab@@kgﬁ twdgses after imtla/l/ameetntmemﬂﬁﬂte&ghdﬂcontmued growth
Ex |l e 3 abgve
of he r@}éjlﬁg 5 I Pl’gﬁ ¢ ﬁﬁ%{ry 1|6r%t g ! angwg algo indicafegl the complete
resoﬂ(&ﬁﬁltﬂf ¢hd o hAEhdmialBssnB - gﬁ%ﬁ‘t TH@llenfaﬁﬁﬁ%‘ bhithd éc? ﬂoﬂgésdwere not
proliferation of the cultured tunor

PhOQSPﬁf?é’Ibéd bt exhibited siseilar pyogretisive of resoluttive. cul t ur e rredl um
(3HTdR) was neasured. [0095] The results, shown in

EM I Oh l@ su p%lrS @ﬁ%ﬁﬂt@%ﬁ(ﬁﬁr@ gg‘& #?W&?%VIOR

cell proliferation at cong@rimsiti ons of 0.001% O0.01%
and 0.1% I\/PLE 7. SUPPRESSI ON OF SPONT ANE(JJS

| FERATI ON [ 0096] Muri ne spl enocyte and
W neée‘l’?@%? [etu@GF eghedvers 6o edma@y of ASL-1
(leultzéiﬁiﬁ}%arﬁﬁtiﬁ L) I%E»gﬁgﬁ wi t h Fornul ati onA and

For mul ati on of Exa 3 above, at concentrations of

0% 0.001% 0.01% and 0.1% To neasure the
[0088] Samples of these cells were treated with Formulation A and Formulation B

of Example 3 above, at concentrations of 0%, 0.001%, 0.01%, and 0.1%. To measure the
effect the pharmaceutical formulation had on proliferation of the cultured tumor cells, the
uptake of tritiated thymidine from the culture medium (° H-TdR) was measured. Uptake of the
nucleotide thymidine indicates positive cell proliferation because it demonstrates that the cells

are undergoing DNA synthesis.

[0089] The results, shown in Figures 1 — 4, indicate that both Formulation A and
Formulation B suppress ASL-1 and EL-4 cell proliferation at concentrations of 0.01% and
0.1%.

[0090] The number of viable ASL-1 cells was also counted after treatment with
0.01% and 0.001% of Formulation A. The results are shown in Figure 5. The number of
viable ASL-1 cells was clearly reduced by treatment with Formulation A.

[0091]  Figure 6 shows that Formulation A and Formulation B induce apoptosis or
cell death in ASL-1 cells. Cell death was not observed at 4 hours after treatment with either
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ef fect the pharmaceutical fornulation had on
proliferation of the cultured tunor cells, the uptake
wo@Roosniwssat ed t hym dine fromthe cul ture nmedi uPCT/US2005/016185
(3H TdR) was neasured. [0098] The results, shown in
Figures 9 - 12, indicate that both Fornul ati onA and

Fonrgll(l)a(rgrgrjllfzgfog% Blaﬁu gﬁg@%essw ; a%\%%?erl Yl%%[]y g@/({o/e of ﬁle ASL-1 cells
treatdA {1H EBfhAthidh ARQUE BeaduppT eSsi on al 0. 01% as
EXAMPLE 8. MORPHOLOG CAL EXAM NATI ON OF TUI\/D?

CELLS [0099] Sanples of the tunor cells which we
ki 10082] whdmetresdts dadigate fthat ee pharmageuisel &ﬂnulaﬂon iS effective at

ation.in th
s e s
Al t hough the cells appeared dead, they were intact
EXAVIPIE 695TUPPRESSION OFMETOGCENS TIMUEAEED 1RGVIPHHACYTE

phar maceut i cal fornul at| on |§gﬁ§§ apoptosi s, rather
than necrosis, in tufe¥ LE 9. EFFECTS ON

CULTURED MJURI NE THYM C LYI\/PHC]\/AS IN VI TRO [ 0100]
Thiggos | Y blywtedRER chRAMRY 8Ad freQ8A with a mitogen to stimulate
I R b g

/- mce and cul tured. [0101]
prolifaapdnes of these cells were treated wth Fornul ation A
of Exanple 3 above, at concentrations of O. 01% and

gi 0/(34]an d 1@;?%? Ogﬁ?etéé O%IS Ihd r&?ﬁ(ﬁ@%@lﬁ% en ag e \(I)\%ﬁdgt Qg@&lon B

of Exathpe 3%% ATb&dentrhtfais 06, \0.001 %6501 % parcleh 1 Yoat Toomeasfure the
Formul ation A The results clearly show t ha

effeqy iz phecwacdusian! orwition hahon pelidastiomel HeH Pfegftumof cells, the

“Pta’\é%:%ﬁﬁ%{ %\ﬁ*‘?ﬁ}ﬁ %@%@ﬁ AﬁWWQWN IS 8103]

Cultured thym c | ynphoma cells prepared as in Exanple
9 (0098] | OBJhenesdts] shooatie #igusclit 8indigste yhat hoth Feguhiation A and
male Atm+/+ mce. [010 i, X
Forngylafigroly swnr?ﬁs@lm%émﬁéf?ﬁﬂmﬁﬁywa%?ﬁﬁﬁfgﬁﬂn&ﬁ°‘K‘°§"iﬁfa%°“s of

OOOE% P18, 3 &I@.rl_fﬁ.gh subcut aneous injection at 20 ng/ kg
U body’ vvel’gﬁt . i's

EXAMPLE 7. SUPPRESSION OF SPONTANEOUS LYMPHOCYTE
PROLIFERATION

[0096] Murine splenocyte and thymocyte tumor cells were cultured.

[0097] Samples of these cells were treated with Formulation A and Formulation B
of Example 3 above, at concentrations of 0%, 0.001%, 0.01%, and 0.1%. To measure the
effect the pharmaceutical formulation had on proliferation of the cultured tumor cells, the

uptake of tritiated thymidine from the culture medium (H-TdR) was measured.

[0098] The results, shown in Figures 9 — 12, indicate that both Formulation A and
Formulation B suppress spontaneous lymphocyte cell proliferation at concentrations 0f0.1%,

with Formulation A showing suppression at 0.01% as well.
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treatnment was given daily for fourteen days. Contr ol

mce injected with the cultured |ynphoma cells were
woe@atedssvi th DMSO. After fourteen days, the tREDDS2005/016185

growing on the mce were excised and wei ghed. [0105]

Figure 14 shows the average weight of the tunors in

X0 T b; PRGBS RGN OR bR Riyes

the pharmaceutical fornulation suppresses in vivo
gr 4o99]of Biyples df ythphaner cellsl whichhva@d kMBsE whh ttittaRd with the

phar B B g RS TS TR 61 Wgh ofypan blue and
exaiHe8 NindeP W&r%s@g pﬂﬁhbﬁ%t %%n%éﬁgaﬁlpgﬁfﬁ g%ag,a hex (were intact

i ncor porated by reference
morpaologicaltyl | T8 qbsermxbﬂ indicatds $hat Blad plndrrioeuti4albRim6R8oh dduces
%H ent No. 4,983,637 to Herman U. S
apolgg?%ﬁ?t Kot a%n?ﬁ;%sl?ﬂ% tyoneelSran U S. Patent No.
5,126,376 to Herman U.S. Patent No. 5,190,977 to

EXAGIPRE 9. HFE@HMDNI\@ULWWD M@KINE"’?HWI@L%’M?@}@MAS IN
No. 5,260,342 to Herman U.S. Patent No. 5 270 34

Herman U.S. Patent No. 5, 3’@12979 to Herman Cther
Publications Allen, N., Cendenon, NR, et al. Acid

h se vﬂliljgn j EVI ti es

my?g o ur ea |n((§fu§]ﬁ gﬁy Igyn(gerugwggﬁt% é)@%&e#ré%lusm% toé% gydce and
culumedxropat hol (Berl), vol. 39(1), pp. 13-23, 1977.

Hol me, T.C. Cancer cell structure: actin changes in

hani sns for
t uﬁ?ﬁ)‘i] cel éamﬁess% Rlese cells veere treated with Formulation A of Example 3
above, at concentrations of 0.01%, and 0.1%, and DMSO. Control samples were treated with
DMSO alone.

[0102] Figure 13 shows the percentage of dead tumor cells after treatment with
each concentration of Formulation A. The results clearly show that the pharmaceutical

formulation reduces the number of viable thymic tumor cells in vitro.
EXAMPLE 10. EFFECTS ON MURINE THYMIC LYMPHOMA CELLS IN VIVO

[0103] Cultured thymic lymphoma cells prepared as in Example 9 (1 x 10°) were

injected subcutaneously into adult male A#&m-+/+ mice.

[0104] Six days later, the mice were treated with 0.01% concentration of
Formulation A of Example 3 through subcutaneous injection at 20 mg/kg body weight. This
treatment was given daily for fourteen days. Control mice injected with the cultured
lymphoma cells were treated with DMSO. After fourteen days, the tumors growing on the

mice were excised and weighed.

[0105] Figure 14 shows the average weight of the tumors in the mice treated with
the pharmaceutical formulation and those treated with DMSO. The results indicate that the
pharmaceutical formulation suppresses in vivo growth of thymic lymphoma cells, which were

cultured and transplanted into immune compromised recipient transgenic mice.
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mal i gnant tunour formation. Eur J Surg Oncol, vol.
16(2), pp. 161-69, 1990. White, MT., Arya, D V., et
w@bkeosBrisshem cal properties of siman virus  PCT/US2005/016185

40-transformed 3T3 cell mtochondria. J Natl Cancer

Inst, vol. 54(1), pp. 245-46, 1975. WHAT IS CLAIMED I S:

1. A nethod for tregjy i avi ng cancer,

conpri sing: adm ni s?@fﬁgﬁm%@t@ ent an effective

amount of a pharmaceutical fornulation conprising:

perlifdilovingdiSeBatont deamenrng poblicitidons et évydintdPorated by
refeoxi dati on of nenthol or an al kene by an

IE?Q%en- cont ai ni ng oxi di zi ng agent, wherein the al kene

conprises terpineol, citronellol, nerol, linalool,

phytol, geraniol, perillyk, pitepaol . nent hol,

geranyl gerani ol or farnesol, and wherein the peroxidic

sp or reaction products resulting from oxidation
of %ﬁ%ﬁ@”‘{% 4¢dré-480 ke ReVillezf r om about 0.001%to about

30%4-DyPajt dle: 450162 toRaVilkegeut i cal formul ation; a
peheS rRetent Jos 61983687 twHemedm t he penetrating sol vent

c o3 .iBagant Hone0RGJ0Z6 kd ik, st erol, |ecithin,

pr &py.| Ratent toy 5A26,306 tatHEMydnsul f onyl met hane, and

WhEL S Patdnd Blop 819,937 kg Hem@dnvent is from about 50%to
aborg, 8K K. webgbyo @f pkhephar maceutical fornul ation;
a dye ment /ons hgo 345 hehalged di val ent or trivalent

metad i BLLN onpri ses porphyrin, rose
beb%'lllzai%‘g r%é%%éﬁ%oeﬂgﬁn corrins, texaphrin,

met Ry I EREL HPuR: RGRA " eosin, erythrosin,

| actof | avin, anthracene dye, hypericin,
net hyl chol ant hr ene, nf@therdlubligationsht hal ocyani ne,
fl uorescei n, phthal ocyani ne, eunel anin, or

AlleR QO MERRKOn, RIR, whar eAHdt}B@Iolase and cytochrome oxidase activities in
nitrosourea induced tumors of the nervous system. Acta Neuropathol (Berl), vol.
39(1), pp. 13-23,1977.

Holme, T.C. Cancer cell structure: actin changes in tumour cells--possible mechanisms for

malignant tumour formation. Eur J Surg Oncol, vol. 16(2), pp. 161-69, 1990.

White, M.T., Arya, D.V., et al. Biochemical properties of simian virus 40-transformed 3T3
cell mitochondria. J Natl Cancer Inst, vol. 54(1), pp. 245-46, 1975.
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dye is fromabout 0.1%to about 30% by weight of the
phar maceutical formnulation; and an aromati c redox

w@eospowsss wherein the redox conmpound conpri sSeBCT/US2005/016185

substituted or unsubstitutedbenzoqui none,
napht hoqui none, or anthroqui none, and wherein the

| onmpound is from about 0.01%to about
W@%&ﬁ?@@@@%ﬁc t he pharnmaceutical fornulation.2. The

L.

met hod of claim1, wherein the alkene is in a liquid
[ tion n.a dispersion. 3. The nethod

I
]:)?r ; ndﬁfos&ﬁag%larpal“ﬁ’ét having fanee: CPMRTIIREd in a fi xed

oi |, an Ralifikterifg @t i Boidh B ofBctBleN8houl: of N pharmaceutical
met hod of cl ai m% wherei n the oxygen-cont ai ni ng

oxifemilaomepsmrisingipr i ses si ngl et oxygen, oxygen in
its triplet stat

hydr oxyl radi*cal delﬁf@?d%seﬁr f)eé‘f;@?ﬂ H?dugﬁs Qﬁ?uq",},%% Giopygxidation of

car banyl per oxi de, m&fghaQy hn ﬂﬁé@%%,ox%enoé%%ﬁng%ﬁﬁmg agent,
to a transition elenent. 5. The nethod of claim

wherein the oxygeﬁYlt?éﬂfl athﬁuaﬂ@néﬂommsnsg texpianol, CItronellol nerol,
conpri ses ozone.

1
penetrating sol ven{nal Wm dggraﬁ °§| In%e%mra;cﬁ% menth"l

| i posonme, enol | i eneranglgevsmpsior fai’nesi[h@nd’@h&@ﬁﬁ tBé pérbRildIB species
1, wherein the penetrating sol vent

di met hyl sul f oxi de Of "Ry frodects mﬁ@tlﬁéﬁﬁ@d)matl@ll@ifmemhd or the
wherein the dve coRhl 3eRoBaBINVG 00148 3ERNE by weight of the

chlorophyllin, or a mxture ther _
claim 11, wherein mhmewcabﬁmmmlmea iron. 10. The

[ th tal] conprises copper,
g;ggﬂegg Clt %:qpm% Wner | o rtq?lg)ﬁ ¢ dpﬁ{lrgtratmg solven comprises

d1methylsu1fox1de, 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,
phthalocyanine, 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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11. The nmethod of claim 1, further conprising an
el ectron donor. 12. The nethod of claim 11, wherein

W@ b@selisss r on donor conprises ascorbic acid orP@EI/US2005/016185

10.

11.

12.

13.

pharmaceutical salt thereof. 13. The method of claim
1, wherein the cancer is |ynphona.14. A nethod for

treatin I ent having cancer,. C SRl : :
adThereted ohas 1 MBS P Tenn sdp e Brifi s golagon, orina
ph@gﬂ@g@ﬁ{ti cal formul ation conprising: peroxidic

species or reaction products resulting from oxidation

of geraniol by a m xture of ozone and oxygen;

di ﬁféxﬁé! SHbF QXins!®, WHdABES alkhe G onABInaI i@ 3il, an ester, a fatty
chel ated divalent or trivalent netal, wherein the dye

coapd,ios @8 etheri xt ure of henmat opor phyrin and rose bengal

or a m xture of hematoporphyrin and chl orophyllin; and

met hyl napht hoqui none. 15. The nethod of clai m 14, )
whEhempthiod ef chrimet, wierdin thoxpgen-tontaming pxidigingpgent comprises
inhibiting the prolif.eration of tunor.cells in.

patinglft 9X38&9H’p PYYEeRgR eI Sy %H‘Ber%‘dt%haé”%natp:&élﬁiiat%nhydmyl
ef faehi, Ylﬁdﬁg&&‘ﬂéroﬁﬁe,aa]]@l PEFRERUEArBahylfRfdRiId®g beidyl peroxide, or
conpri si hg: “peroxi dic species or reaction products

r esxpigen bguid ora wadstwnielsmat. ment hol or an al kene by an
oxygen-cont ai ni ng oxi di zi ng agent, wherein the al kene
conprises terpineol, citronellol, nerol, Ijnalool, i
phYhohetlperefrulaim, 1,pehdréinyhe axygshetontaifipg Rsidizing agent comprises
geranyl gerani ol or farnesol, and wherein the peroxidic
sp®9™s or reaction products resulting from oxidation

of menthol or the alkene is fromabout 0.001%to about

0 ' ; S
3 o"f)hg r%e%l\lﬁ)ld%? E:lal% 1,t vpﬁer&g?}rlen&%gtlflatlﬁncg%loh;eg{ iy Hialtlild,o Wicelle membrane,

liposome, emollient, or vapor.

The method of claim 1, wherein the penetrating solvent is dimethylsulfoxide

(“DMSO”).

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

chlorophyllin, 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.

The method of claim 1, wherein the cancer is lymphoma.

24-



a penetrating solvent, wherein the penetrating sol vent
conprises dinethyl sul foxide, sterol, |ecithin,

w@e@psimsse gl ycol, or methyl sul fonyl met hane, aP@I/US2005/016185

14.

15.

16.

wherein the penetrating solvent is fromabout 50%to

about 99% by wei ght of the pharmaceutical fornulation;

a gdye cont ai ninhg a chel.ated dival . l.rival ent

rre‘?é‘?e,th Fh‘Fﬂlf&?epﬂgV@I W?ﬁ%ﬁa (éeg’ gdc})}rl%r%rrlén rose

bengal , ydekihRfeFRBYlo i phiedht Nan @ffettives anoeniaplird mharmaceutical
met hyl ene bl ue, "hemat oxylin, eosin, erythrosin,

| aformofiletien eompimsibg:acene dye,

hyperi ci n, met hyl.cho r . il : :dati

pht hal ocyanil?leé,Xl T %%ﬁ%?gi@%c%?ﬁ%%ﬁlﬁﬁeﬁgﬁﬂﬁn% t?é)r%)c/»élc%agon of
from about 0. 1% tgraiicltly So¥thie ofeizgin amifoxtygen;
pharmaceutical formulation: and, an aromatic redox

conpound, Wﬂ@lﬂfﬁ’lﬁuﬁ@xﬂé(ﬁ& 5ound_ conpri ses
substituted op USRSt HLRILBEBRARME BORRalent metal, wherein the
napht hoqui none; " or ant iroqui none, and wherein the
aromatic redox codyeontprises 4 maxtuzehdhiematoposphynn abdtase bengal
20% by wei ght of the phar eutj cal .fornulation, 1.7,
The nethod of cl aP' @Bfmﬁﬂgg?‘@mﬁ%(’?ﬂ@hé{Fﬂ éﬂ(ig]iﬂgmlpﬁy%m; and

18

l'iquid form ifvihaSRhb&iiRthe. OF i n a di spersion.
The net hod o?l gﬂyaia 16%1 V\,heerei n the al kene is

contained in a fixed oil, an ester, a fatty acid, or

an-et Nefoa bl G4 Ehéesh RE c4lcal Ri@phopher ei n the
oxygen-contal ning oxidizling agent conprises si ngl et

oxygen, oxy%en inits triplet state, superoxide anion,
peni odat ] | i . - e
Dehafibe e A g o diaseuRs: e akftns
oxygen hdminétéringa td rthe iatibwinae| effeetive a2@unThe aephiagdaceutical
of claim 16, wherein the oxygen-contai ni ng oxidi zi ng

agEnulatiRp CPEPESING:

peroxidic species or reaction products resulting from oxidation of

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

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

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

erythrosin, lactoflavin, anthracene dye, hypericin,
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ozone. 21. The method of claim16, wherein the
penetrating solvent is a liquid, mcelle nenbrane,

WO p@eao3es enol lient, or vapor. 22. The net hodP©f/Us1085/0m6185

17.

18.

19.

20.

21.

22,

23.

24.

16, wherein the penetrating solvent is _
di met hyl sul foxide ("DVBO'). 23. The nethod of claim

16, wherein the dy rj.sgs_porphyri.n, rose _bengal,.
chl orophyl l'in, or @eﬁggﬁﬁfﬁ%ﬂ%re&eﬁ&%éf. ralize H‘R%ﬁqg(ﬁ’ e or
claim 16, wherein flii@estRindbndWHBEInSES dié Rk abdf1®.1% to about

met hod of claim 16, wherein the netal conprises

copper, manganese,3Q%RYy W%@ﬁ@éth@mhannwyﬁ@hf¢mrﬁla®?; and

The net hod of an CORRL; an electron .
donor. 27. Thaélqrngltﬂ %%1%8?{ Z(’:chntéllkb%%gﬁ lél?}éein d?)hceompoun& COmPI1SSS
el ectron donor compbstitetedastmsubstituted behzofuiflone, naphthoquinone, or

har maceutical salt thereof. 28. The nethod of claim )
26, wherei n the t (AREFOgERPRE, é?‘g hetephbRarematicsredgrocompound is
method for inhibi thdid bBGPOHL Sl Yook UBP wEBH Sof the
in a patient, conprising: adm nistering to th patiFent

an ef fective anpumhavhacgupéed forandatidncal f or nmul ati on
conprising: peroxidic species or reaction products
resulting fromoxidation of geraniol by a m xture of

0z dite nestbodbodygiainy 16 iwherdiy el lenxitie liqidOnn, iva $hietion, orin a
containing a chelated divalent or trivalent netal,

wh Ilsé’faﬁl‘{nﬁe dye conprises a mxture of hematoporphyrin

and rose bengal or a m xture of hematoporphyrin and

i n; h i . 30. Th
IR Aieods Biai 36, Whtemdheiltens s carbnneinined 61, an ester, a faty
|y aeia0s@art&hdrs -

The method of claim 16, 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.

The method of claim 16, wherein the oxygen-containing oxidizing agent comprises

ozone.

The method of claim 16, wherein the penetrating solvent is a liquid, micelle

membrane, liposome, emollient, or vapor.

The method of claim 16, wherein the penetrating solvent is dimethylsulfoxide
(“DMSO”).

The method of claim 16, wherein the dye comprises porphyrin, rose bengal,

chlorophyllin, or a mixture thereof.

The method of claim 16, wherein the metal comprises iron.

26-



WO 2005/110388 PCT/US2005/016185

25.

26.

27.

28.

29.

30.

The method of claim 16, wherein the metal comprises copper, manganese, tin,

magnesium, or strontium.

The method of claim 16, further comprising an electron donor.

The method of claim 26, wherein the electron donor comprises ascorbic acid or a

pharmaceutical salt thereof.

The method of claim 16, wherein the tumor cells are lymphoma cells.

A method for inhibiting the proliferation of tumor cells in a patient, comprising:
administering to the patient an effective amount of a pharmaceutical
formulation comprising:
peroxidic species or reaction products resulting from oxidation of
geraniol by a mixture of ozone and oxygen;
dimethylsulfoxide (“DMSO”);
a dye containing a chelated divalent or trivalent metal, wherein the
dye comprises a mixture of hematoporphyrin and rose bengal
or a mixture of hematoporphyrin and chlorophyllin; and

methylnaphthoquinone.

The method of claim 29, wherein the tumor cells are lymphoma cells.
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