USE OF TARGETED OXI DATI VE THERAPEUTI C FORMULATI ON | N
ENDODONTI C TREATMENT BACKGROUND [ 0001] This
wappbioersi on clains priority to U S. Provi si oneCT/B81085022160
Application Serial Nunmber 60/582,294, entitled "Use of
Targeted Oxi dative Therapeutic Fornulation in
Endodontic Treatnent” filed on June 23, 2004, the
entire content of which is hereby incorporated by
reference. [0002] The present invention relates to the
use of a conposition containing peroxidic species or
oxi dati on products. Mre specifically, the invention
r el aUSBOFTARGEEEDOXEDATIVE TEPRAPEUTIOPORMUINTTIONGNI on
whi ch contai ns: p@ENDORONTEPEREATMENT eacti on products
resulting from oxidation of an ol efinic conpound, in a

| g QdkearOUND O in a solution, by an oxygen-contai ning
oxi di zing agent; a penetrating solvent; a dye
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I stant infection. [0004] Root canal m croorgani sns

penet b’gin.]ﬁo c{gnti a%ﬁgul s in_teeth wit{]1 rotic
bul ps et TdrBRerH < Bastal S Soual sy e geti{ el besa
deebikdt nfdontravinsy fosdacaiag ﬁndrﬁccﬂnmtaiﬁx(fmtioxhs_@l@om&@nahprowedmss may
(\§oer£]e’n tﬁet ?Andﬂio&gfgrggdicaﬁ)ﬁ E&Hfgnqgerd%atle%ﬁt Ang 'npagflbg e Factors in the
asprophylaxi's or as chronfic

development of distal pathological conditions, including atherosclerosis. Complete
eradication of anaerobic infection of periodontal bone is difficult, despite antibiotics, root
canal therapy, and surgical drainage. Closure of infected “dead space” by drainage,
macrophage initiation, and osteoblastic bone repair all need to occur to prevent a focus for

distant infection.

[0004]  Root canal microorganisms penetrate into dentinal tubules in teeth with
necrotic pulps. Penetration of bacteria and yeasts into the dentinal tubules ranges from about
10 to 150 microns (Sen, et al., 1995). Furthermore, antibiotic use as prophylaxis or as chronic
post-endodontic therapy has not been proven efficacious against secondary dental abscess
with osteolysis. In some cases, antibiotics can become osteoblast inhibitors. Rifampicin, at
clinical concentrations that often exceed 10 mcg/ml after system administration, can inhibit

the proliferation of osteoblast-like cells in vitro (Haraszthy, et al., 2000).
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post - endodonti c therapy has not been proven
ef fi caci ous agai nst secondary dental abscess with
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concentrations that often exceed 10 ntg/m after
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uc|>ft d{sga\éé, glllc{st}me antlgapttia& supp ngetl]lt R4k 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
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.
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oxygen. The popul ar m sconception that ozone is a
serious pollutant, the "free radical" theory of
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conpr ehensi bly prejudi ced nedi cal orthodoxy agai nst
its use as a treatnent. Ozone therapy, however, is a
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! Q}fle?ecag {agggfed intracellular peroxidation is a selective therapeutic tool.

[0010] Macrophage cells play critical roles in immunity, bone calcification, vision,
neural insulation (myelinization), detoxification, pump strength, and clearance of toxins from
the body, depending upon their site of localization. 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
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attach to the infectious organism and ingest it. The

killing of the organi sns takes place inside the
wore@sop28ye cel | by hydrogen peroxi de. Hydr ogePCT/US2005/022160

per oxi de oxi di zes cellular chloride to the chlorine

di oxi de free radical, which destabilizes m crobi al

menbranes and, if persistent, induces apoptosis or

cellular suicide. The critical therapeutic criteria

for intracellular peroxidation are the selective
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acne. The method includes topically treating the
af f ecy@sar €g sVpadd 18 5 9265H6 7GR delcriBls a SR o Ropficafeat
ozoni zing various fixed oIl and unsaturated esters,
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[0017] 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.

[0018] 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.

[0019] 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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treat local and systemc viral infections by

adm ni stering ozoni des of terpenes in a
w@b@eiexeut i cal |y acceptable carrier. [0014] WEI/US2005/022160

Patent No. 5,086,076 to Herman shows an antiviral

conposition containing a carrier and an ozonide of a

terpene. The conposition is suitable for systemc

adm nistration or local application. [0015] U S.

Patent No. 5,126,376 to Herman describes a nethod to

topically treat a viral infection in a mammal using an

oleovrtiveoion wsatantpd hysirgeprben whielh fejvativeGopmepared, by, ozmyiging, the
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manmal using an ozonide of a terpene in a carrier.
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ARRETF AR 58 SPBEH g ToHORE P g Lo i i
Ipgrtioaladyi ia ragipnbeti peniapRsl Hond dbscesmsat ur at ed hydr ocar bon in
a carrier. [0021] Despite the reports on the use of
terpene ozonides for different nedical indications,
ter pene ozoni des display nultiple deficiencies. For
exanpl e, ozoni des of nonoterpene, such as myrcene and
i ronene, flanmed out in the | aboratory. Consequently,
they are extrenely dangerous to fornul ate or store.
[0022] Thus, there is a need for a safe and

ef fecti vepharmaceutical fornulation or




conposition utilizing reaction products fromthe
oxi dati on of an al kene conpound. What is al so needed
w0 2008/0028hod for stimnulating endodontic nacr ophEmESzN:022160

ost eobl ast activity, particularly in regions of
peri api cal bone abscess. SUMVARY [0023] This invention
is directed to pharmaceutical fornulations conprising
per oxi di c species or reaction products resulting from
oxi dation of an unsaturated organic conpound, in a
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[ 0026] The carbonyl oxide is a strongly electrophilic
species, and in the presence ofgnucl eophilic species

(e.g. alcohoLs or gr). it hteegoes fagid e
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shown in ene 3 beéet ow. Undef‘y@ertal n conckitions, the
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SCHEME 1

[0025] 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.
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SCHEME 2

[0026] 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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al koxyhydr oper oxi de can undergo further reaction to
gi ve carboxylic acid derivatives. [0027] Again, not
woevbion28tT o be bound by theory, it is believedP€Tras2005/022160
during the ozonolysis of the al cohol-containing al kene
in the present invention, it is reasonable to expect
that three nmajor types of peroxidic products will be
present: the normal ozonide, the carbonyl tetraoxane
di mer, and the 1-al koxyhydroperoxide. In the presence
of water, sone of these peroxidic products may al so
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co ation of bjochepi cal S that, 3?

i o R PR P Sha KPR P LG rgptve specis
dﬁsxpéxample Cas MiERatGoEge sium Bhie). p i sabilzed paadidio mmebm ar@lrthe
S%éngtlrjau%é gpﬁvelef %tgll?et gl%dl‘el% DRR ; %c?eut%ca{ %rmu Iartllor% arrrélcl,"glu% fr%m conlillgorﬁents
f mnmallsalteg@dﬁdw @&t(é@RMfﬁr apeutic ef f ects in a nunber of
seem ngly

[0029]  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.

[0030] A further component of the pharmaceutical formulation is an aromatic

redox compound, such as a quinone.

[0031]  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 or dysplastic macrophages. The pharmaceutical

-7-



di sparate m tochondri a-based macrophagi c di seases. In
particul ar, the pharmaceutical fornulation has been

W@ h@ef021287 accel erat e bone re-grow h and heal i NnBCD1US2005/022160
peri api cal dental abscesses, periodontal |esions, and
compound fractures. The pharmaceutical formulation is
effective at stinulating osteobastic regenerative
activity. These results indicate its effectiveness at
bone regenerati on. DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS [ 0032] The current invention pertains to
pheusior simdases FEPtedIIRRPIOB (ot BHTAY) Spigh peeRpRIed jperoxidation.

th%@  I1@Sphmab R8sl foaﬁumroa@tés&ssm&gﬁuﬁd difegts fnraqmneeelocﬂaaem@y
. an unsaLurat anlc co ound in.a li n 1

4lspﬁﬁteam§% PRdrispase %mvhag%& 1588 i PAEHGT X azlin?-?@u ca

afgemilition hn&;ﬁﬁt sha\trm fmgic&dﬂralelmne reegrc\h(ﬁlaﬂi Badh@ycé perdapitalatantal

arbocrmst Ce ! on?a)flemg I’gpg) nd Th e lﬁ rm%&utlcal formulation is
ormir affs %é usedP %

ré‘x‘gswe reatstlmnlaatrgj osls@b@@blramrmva@tchmyt yThene pesuite frdgcate its

ﬁ?kﬁgs%%&ﬁ g¥&££%nabscesses granul omas, fi bronas,
ractures n one enbodi ment of the present

|nvent|on, the essential conmponents of the

phar maceutical fornulation include the peroxidic

products forned by ozonol ysis of an unsaturated

al cohol, a stabilizing solvent, netalloporphyrin, and

qui none. [0033] The unsaturated organi ¢ conpound,

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

of the pharmaceutical fornulation can be an al kene

wi t hout a hydroxyl group, or a hydroxyl-containi ng

al kene. Preferably, the al kene has | ess than about 35

carbons. The al kene wi thout a hydroxyl group may be an

open-chai n unsat urat ed hydrocarbon, a nonocyclic

unsat ur at ed hydrocarbon, or a bicyclic unsaturated

hydr ocar bon. The hydroxyl cont ai ni ng al kene can be an

open-chai n unsaturated al cohol, a nonocyclic

unsaturated al cohol, or a bicyclic unsaturated

al cohol . The al kene nmay al so be contained in a fixed

oil, an ester, a fatty acid, or an ether. [0034]

Usabl e unsaturated ol efinic hydrocarbons may be

unsubstituted, substituted, cyclic or conpl exed

al kenes, hydrazi nes, isoprenoids, steroids,

qui nol i nes, carotenoids, tocopherols, prenylated

proteins, or unsaturated fats. The preferred

unsat ur at ed




hydrocarbons for this invention are al kenes and

i soprenoi ds. [0035] Isoprenoids are found primarily in
W@b@ae2285 constituents of essential oils. Wi PET/IB2v95/022160

i soprenoi ds are hydrocarbons, oxygen-cont ai ni ng

I soprenoi ds al so occur such as al cohol s, al dehydes,

and ketones. In a formal sense, the building bl ock of

i soprenoi d hydrocarbons nmay be envi saged as the

hydr ocar bon i soprene, CH =C(CHa)-CH=CH , al though it

I's known that isoprene itself is an end-product of

IDFIABEDIDESCIRIBTION OF PREFERREM EMBODRYIENFSdi at e.

| soprenoi d hydrocarbons are, cat |zed¥b e nunber

of i sl8P2bne Toeeumeyt iRyitioa PErgiy o g%f“é?eﬁtlca %‘g‘ﬁaﬁons comprising

peraRtR fsﬁlﬁié@ 8r R&¥ién gmd@esesmﬁhg ﬁpmnﬂﬁlattba\bé aﬁsunsduutaed pezaRis

have 4 ? gerpene A B rpene ent; a

sttt 4 £ Ppah SRR JET s g e AP0 ERe 00 Fodrer

Peictraitngsplemes chlaedviyehndror ot gompevgdr dbeiphagnaceutical

%anu 3800 m%nguQQ%QLﬁAM&nggga@aﬁ AEMoBl o B anqxheaeeé

arneso nero are exa es of
affs@@q&’lthtdemigi@bﬁ@esaepscgmlomas/ﬁbr@mah amj fragfepp hHoBE enahoélment of

Zl%!m@ Bv@hioR iHd bdsEHRRRRp SHe R OGMe pﬁﬁ'lnh&u&ﬂlaf@flnﬁﬁﬁoﬂ ifch@Bthe

a triterpene. Provitamn Al

@aqozslfie rvé)duqtsfoaﬁede‘ayaﬂ%mé‘/safof an pusptpnied Flﬁ%hr?e S@#%lﬁg glventy
mﬁﬂmg&i@@ﬂ@aai@mﬂﬁa, is liquidin both its oxygen

bound and nor nal states and is safe to living cells.

0037, f
[ e VY ﬁr?sor mﬁ aﬁlt:%gn | f de aFi gsalsg%éaﬁ&%ammed

phar tlca on I nc e 1 soprenoi ds,
gwmc A@rmnbp@ eftbe pllemapqvllltli:aé feemulgtiop eaa|be apyllpap withogta hydroxy!

JﬁP %?Qﬁydroﬁ&lecfo%ﬁlﬁlg AlER abifeAbIS dhd ARG AER Mab@ﬁt% S’carbons
I 1 near |sopren0|d al cohol's with two {0

rTéna é‘éf?l}en"@‘ﬂ\%t(ﬂol?y YR IaaY; b5 38 oprhebain vappirgied lsv&eﬁar @, 2
tnﬁfn@éy@l‘ﬂlﬁjnsatlﬁatécf lﬁﬂl%lzz{rﬁﬂn, orJl chjlﬁihc ulﬂ;b]t)lfaﬁh hydiﬁtﬁﬂbbﬁ) |T,he hydroxyl-
eranj ol , geran erani.o i n ar ne
FOBABTE Hiem e 2 df apsfachawgafﬁ“&a%%‘gﬁ%ﬁﬁ & WCYB@ PisHaRte
hircalgt oedbicyelicunsatyratsdlechdl, Tiralleanmdyaise te aanthinedin hxed oil, an
tercHleamé(m'mej;}lconflguratlon The unsat ur at ed
Fganl corrpound ray natural |y eX|st in a gaseous

liquid or solid state prior to binding wth t

oxi di BPHY adbatle PeoBEYrd AriBise AT, e B apeipstinied

hysitiacear Q@I’b Gxaébnﬁ)l%xecgﬁllk%ﬁs 1‘@&?1211@@ Uf@b}ﬁerbﬂﬁl%terﬁas? qdidolines,
e nas =4-

CnH

&wﬁpcédsowm\g)gerolﬁyéen@ete ]e:ﬂtr_:}nﬁ or unsefug'&tF%Eu’El?e @reg%ﬁg gnsaturated
N5&odbionsRr iHis DvestBberalkends embisdpyedoidcar bon; or C30H48,
triterpene

[0035]  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(CHs)-CH=CHa,
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 (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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hydr ocar bon. [0040] A nonocyclic unsaturated
hydr ocarbon can be: CnH2n-2, one doubl e bond and one
WO 200g/002288- 20; CnH n , two doubl e bonds and onBCT/URLP)5/022160
n=5-20; CnH2n-6, three doubl e bonds and one ring,
n=7-20; R5H40, sesterterpene hydrocarbon; or C30H48,
triterpene hydrocarbon. [0041] A bicyclic unsaturated
hydr ocar bon can be: CnH2n-4, one doubl e bond and two
rings, n=4-20; CnH2n-6, two doubl e bonds and two
rings, n=6-20; C2SH40, sesterterpene hydrocarbon; or
C30H4§03¢]r | tldmersne and) pinens AFbERAEPIe] 002 IPNYGIPBBe Fa@psa) fnd
Uﬁb?c@ltiblraﬁsteﬁgn@és%@b&kquﬁ@(&n@ Qlcotel H%{AQIh A, 280y EOMD E)@d@@ﬁ‘@jﬁ a
n=3- 20, doubl e bonds gﬁ
niiferpgne ""éﬁ?il@r’f"hﬂ!bi‘rilalenet B P’e%?‘aH’Blﬁ\g’?é TEHATE;, W‘“’?‘“TE‘E) b ?thas
Qﬁhﬂ?d’lhe Gghl’bxamﬁlelmf & tetiateipese. I0BNAAS], 2 ﬂlefbte'a.‘ﬁhnle fizdho¥is liquid in both
5H4001Ln - sest rte e al cohols; or C30H48q
e o el A S g r ’E A monocycl T ¢
unsat ur at ed al cohol can be: H2n- 2q m_ one doubl e
bond H987lonePreferig unﬁﬁasatgbhydrﬁﬁrrbens fryihe pharmpggytical fegpyulation

?iﬁél@de%ﬂ(@&'iﬁﬁreﬁ'&@g fBKPas IEﬂyﬁgeme Rifedd) c1trE'IFﬂ1ﬁeﬁe, o@ﬁ‘ﬂdﬁ&fe 6Bk rred
ree onds and_ qne ri

oteﬁﬂliydi?ﬁ*irb%s alsqiapluderlinpag é“ﬁ@g‘%i’idc"o‘i%‘?l%‘”lﬂb?”"é? fony rgrstine
ASd}?Ednc 4roupd intaelﬁneﬁl’i@lalal Sehad Srpifedl) 4#ibnefibl, @361, pBytol, menthol,
unsat rate alcop lczn P ?nH n-40Ln , one doubl e
bSHE ﬁ%‘a‘iy\i&‘imi‘i" B@a 00 OEt5so el - 4;  CnHen- 60 m two
doubl e bonds and two rings, n=7- 20 nel -4; C H4CCﬂn.
mel - 4[0088st ePheanssapredataaripedmpounsymagplinemyhranghed, cyclic, spiral,
t dricbiBfle:RORitIRMES B leSule i RARL BRSO 8B ulshirate@ bhniM\nPbind

of the pharnmaceutical fornulation, the alkene can var¥
fIPRYTE i’i?“%md@iﬂ?&‘tsdq‘él%fdPh%SE?@ﬁopﬂﬁit%P‘éih%Wh e o Zmege

0.1%to about 5.0% and nore preferably from about
O 5% 1093YHboutn ®eﬁ}%ah{1msw64tediftyéocﬁxi;pgem’tooﬁ,tfhi, piergiguble bond,

Liof,
e ShF 98, 05 BB, T ey ST o 2

s@wgﬂ%*koNW@%ﬁPBQ%ygeﬁwiﬁmﬁﬁﬁpﬁ¥ﬂpmeﬁmgmapecm s, triterpene
tQ¥dnde ani on, ozone, periodate, hydroxyl radical,
hydr ogen peroxide al kyl peroxide car banyl peroxide

gﬁgrzrgﬂ”‘“ﬁg L 2 mgléo’cyc? ic unsat)ﬂ%%g d?ocar oxtl c%n e: té ﬁzrx]l%,l otne (?ouble bond

and one ring, n=3-20; C,Ha, 4, two double bonds and one ring, n=5-20; C,Hz;.6, three double
bonds and one ring, n=7-20; CysHyp, sesterterpene hydrocarbon; or CsgHys, triterpene
hydrocarbon.

[0041] A bicyclic unsaturated hydrocarbon can be: C,Hz,.4, one double bond and
two rings, n=4-20; C,Ha,, two double bonds and two rings, n=6-20; CysHyg, sesterterpene
hydrocarbon; or CsoHys, triterpene hydrocarbons.

[0042] An open-chain unsaturated alcohol can be: C,H3,0y, one double bond,
n=3-20, m=1-4; C,H>,20n, two double bonds, n=5-20, m=1-4; C;H2,40n, three double
bonds, n=7-20, m=1-4; C,H2,.60m, four double bonds, n=9-20, m=1-4; CysH4o0mn, m=1-4,
sesterterpene alcohols; or C30H4sOn, m=1-4, triterpene alcohols.
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nol ybdenum (e.g. MoGs). [0047] The preferred nmethod to
bi nd "activated oxygen" to intact an isoprenoid
w@bk@elad287 such as geraniol, is by ozonation atPCT/US2005/022160

tenperatures between 0-200C in the dark in the absence

of water or polar solvent. The geraniol "ozonides" are
then di ssolved and stabilized in 100% DVSO i n the dark

to prevent premature breakdown of the products.

Al t hough not wanting to be bound by any theory, it is
believed that the catalytic breakdown of the

tetr d8%he depeneriie wspiniied pigphobemde: 6fthgbimapredpuble bond
Qﬁclpdl%tring riﬁmxﬁiu €. nggggm@mmb B6nds QECHHE Sing, WSS d@e n9=f1 -4;
cells in e of, super oxi ni an

b o o R g BT B B Ryl bghrapene
PRbiS; 6heC;sHNED g el Hctriegdetk al{dBOld8] The phar maceuti cal
formul ation also utilizes a penetrating solvent. The

penet [b@&? ng ﬁ&é xﬁaﬁlsaﬁm g&hatcabéel €88, Uﬂeon%aa@ﬂmﬁ%m

unsat ur at ed rocar on )é an em)lmi I ent
[rigfy) i >-26, mrbﬂ)s@rlrbn «On HT B9uble hREdh pachive Er?gsaanﬂa%?@ n=1-4;

@@@mo@m RENglstAdricHBneTRoNEH bECLNFO L Ge-1 a0 HRIptRe Bedndls] ON,
fats, sterols, lecithins, phosphatides, ethanol,

pr opy, glyc
pol y &&f oy rﬁr{ioeﬁio%tgﬁ X ap\¥¢?_§hb$t];ﬂ%e§¥4n§§ eﬁﬁﬁ%nnulaﬁo& the alkene can
darsrépmyb@m{) P tdebat maeyerabwrf@nmbgﬁ@rl Victelabowtried®, and meye

S Sonh htL{g@AQI\gg%mgl yvi nyl pyrrolidone, and
E ebﬁjm er eaﬁsa ' ne nost preferred penetrating

e, phnc it PERT-FBFRiTE TGN e BT A omatn,

Shlicth emﬁlzésalfe wigibiyatddhpdro o imal 086idgtet @lygan} OXQ@%n its triplet state,

prefe from abou 0% t .
SreSIaE e 0 ARG BB LB ot rf RO prorice
'b&bah»rl Ipr:medé beeroplxiedhixglenwy| caggsh doenddo jattmngieapetiqnzent, meph as

)){3881 ‘M&??n made from conponents currently used
I n produ c on regul ated by t he Food and Drug

Adm n ati " EDA" w dients are

Sub) BT B eieed mdod 'y BRS 2o e vy e e andiegrenoid

fatzuiid, Si}d’h ak El?arbﬁﬁ’#\/ﬂr_y ozOwation ® tempaetuss bytwiaO0g?C inalek dadk in the

SR e HE RGPy B

;:ixr Hﬁ)%mﬂw inctbendali th pregent htetnatn@ dredkdpah efthe prpductsi hhogght not
le 1o B %%%r?d%ﬁ) 1hed éaeheﬁ@{ g eglé %athwib bERGNNGS bk

or S rontiu epre érre netal 1s i1ron.
Teriir@oxane 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.

[0048]  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
(“DMSO”). The preferred penetrating solvents include DMSO, polyvinylpyrrolidone, and
pH-buffered saline. The most preferred penetrating solvent is DMSO.
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propensity of chel ated dyes such as netal |l oporphyrins

to sensitize oxygen under photochem cal excitation is
wowedos/oansunent ed, as i s the propensity of PCT/US2005/022160

ferroporphyrins and copper porphyrins to bind

oxygen-cont ai ni ng systens. Usabl e dyes include natura

or synthetic dyes. Exanples of these dyes include

por phyrins, rose bengal, chlorophyllins, hem ns,

por phi ns, corrins, texaphrins, nethylene bl ue,

hemat oxylin, eosin, erythrosin, flavinoids,

| act dP94QVi n Bagedt dur ﬁn@etn@l w@ht o:ﬁr]i,l}gepha@pa,qeutlcal formulation, the

?&EH&’AI& Q&L&PE&]WV%%OH%H&FS@% td ﬁﬁlut 9@1% ﬁ@feﬁh@%@f&ﬂ Hdout 90% to

orescein, eunelanin, and p anln referred
YL 9% Andimors i ferbly from abavt 93 Wi? ﬂ’é’t“i %"or phyri n,
hemat opor phyrin, chlorophyllin, rose bengal, their
respel0eitye doefpehitizs! paoxidic mplxduieragd itstpenctrating silhent haye been
Ra8! fhhcd 4fefts Afen 1 b i et FBARAIHIE ieBocil Drug

rose benga u es enatopohphyrln and
Adminisyptinal (¢ F%”)Tﬁées@y@rmtswee the syhirgs phlarug dlagioFilss, Drug

ll\)?c?l@%raphk QR ZidAGn h2 BEBANFOS are AR RBb a A§ @dfe cardkac
I npul s el ectroporation, magnetic puls

cont | BugS, LLOexehLatlph. oS 00521, Faser i el e,
dherpgesprefeably cotigndly ehelated divaleyt drridvaleaboeitl, §1ch %4 gora loepper,
%‘191{ angjsr q{ ?rlg%’hmg{)gﬂgn%gt%m Qhe'5 gﬁi)gegr{:@ ?%%ﬁed%tal% o0 fe
fPEﬂPPl‘ISéY of O?hp]@'iq@ rilyeofsuchhes Hﬁa}lmwémqs cigl seng %P’ﬁflgfﬂb hmqleg

%Hot@dh%&l' KcifaBHOX welP H&Qhﬁ@lﬂed 8446 hedPop@nsity bf‘féﬁ@porp_ﬁpﬁns and
aromati c redox conmpound nmpy be any substjtuted

GPRPFORYPIYEIR Y Mth g %ﬁ%@mg [FATTEh oYapY shies ingjpde hatural or
aﬁm}{mg dyts N BASnpIR T hiREd Gds ﬁlﬁl@&iﬁdrﬂlyﬁﬁﬂ e BENFIOEHSSphyllins,
. NCJ) ude enzogul none nmet ul n

LR TR s AAHRE TS RBE HeRiasioy pesiny spghrosin,

Pl eihads; Gﬁbt(ﬁ‘raﬁmatmthracead abyesg: dyypoiging meshylcholanthrene neutral red,

tho U|n
g’g t‘i’nﬁgam?}ar aceut thng . of rrﬁleoﬁ %I%I%g e ar o ér?%%@c? a}r{\ﬁg
@orsymluntnd noawhymar}ymﬁﬁpmmlab@u«thlc@opml%,t @Seabmg@l ﬁ@lrowgpectwe
gefeﬁ‘sag{ dmi &%&@b@ uTheQnoTs ﬁr@f&reQQ%Etare]i%{ﬁure@BﬂwHB&)SOﬁhynn

er ab rom about to about . [0
phchrq%b@s@h e migrengf hqma&mmw ¢ chipropiyilliy| {he dye may be

&hon¥RE 8 MbtorN 1a@aeric9mm§0faaﬁ@on9 rph&[bne lR&iEaD bafdRB Oifnpulse,
Useful electron donors inclu NADPH, an

leété‘%PP’iaE% mageReRse, of SRRy O‘%Fxcﬁ%t’é’ﬁr bi c acid, and

gernanlun1sequ|OX|de Preferred el ectron donors
[0052] 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%.

[0053] 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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i ncl ude ascorbate and ger mani um sesqui oxi de. The nost
preferred electron donor is ascorbic acid in any salt

wo 00i00128056] Based on the total weight of thePCT/US2005/022160
pharmmaceutical fornul ation, the el ectron donor can
vary from about 0.01%to about 20% preferably from
about 1% to about 10% and nore preferably from about
1% to about 5% [0057] In order to obtain a biological
effect in vivo, the pharmaceutical fornmulation is
preferably infused as an ozonol ysi sq%enerat ed

per oxi08F4 " prRserden thefotad freightobibephgmpgeutipal fosaulptingythe aromatic
&R @(Fmﬂogﬁfbaﬁlﬂar?ﬁ?ﬁ bishRs 0. ml% 6 QBHutINAIh, 931%&&@ abtout 0.1% to
super oxXi enerat.in an aromatic
GorHh o, angwgfe@fffée&%f ‘Er’ég’ ﬁ%@#%ﬁg oduct, or

peroxi dic di mer nol ecul e, should be stabilized in a
non- al§0&dus The phrirthicziticy] fermhiatontis Asedprefévehly adtivateddal paricey

Q‘I)urpeed? gltl El@‘ﬂoﬁ] gorlof mgﬁﬁm@%&s u{cglgéﬁkDﬁeﬁ%PﬁhﬁreﬁcﬁEal
energetically activated dye therapy have ;?%known

toHENT BFRETDE(G 9B 56N DI Acit) SPGB EHPINHED TPyBIoKidE: ?lﬁ@rr GPEPT gonors

Eéﬂ%as@%ﬁ@ﬁﬁ%e@faﬁiﬁu%@&&hbﬂe' YheARSQriehdileRetdfiam: B8 ekcatrd
yspl ast i c cells, which are typically also catal ase

d‘é‘ldlnl:*}n?éﬁ"lt Y%t hout wanting to be bound by theory, the
cat al ase-i nduced destruction of peroxide should be
over wWi8¥aked Basedtoh thetieizl greighiod the shasnacheticaldermulation, the electipp

Qﬂﬁor an{gggfgﬁ%w 8o1% afa'sult %%,g&fermda%% 164 t6 2t 1%, and

e activated t he superoxi de generating
dyse Drefarably Aomragos (1 éde #hort bnatl on to the diner and
causi ng the rel ease of hydrogen peroxi de and acetic
aci d [0057 aceh | dudedrtb yobtaithe tédlegidal effec zaowov dtel piarmecetibe

e es. not ure |i h
FEUPEEE ORGP R ) S Alpnlile PELREL o of g
emsatrpites] hyéromlmnt ratherithse an heidg elrcglxurtstam \Uﬁn arsmmdd@)gﬁneraﬁng

Vx#lgledngfe Iafd énrhfr(ﬁﬁatn@ Juilder M%ﬂ&té@ﬂdﬁo@ﬂg& ptr&luaeétp&‘aﬁﬁdw

rotein |inkage of mcrotubules wt
cmerémlqculex s@o@@ ¢ piajlizef in 3 pencAsEgOHy Stakiliaing sofypntiagd Ffwalsicbé

Q:Qﬁ%\@fe%?béﬁet@iﬁn%h@dﬁi&ﬁﬁ@&@age host cell.[0059] The

phar maceut ical formulation is a conmbination of stable
Istn g I :@'ﬂ Relelg? Ie S otn e% ((:iglg/n ?tévggx 8}% tﬁerajngl 39‘%%?3“??‘80% that
i the wpqwndxtgnammg éyeraad Ql,e amat;d'lre@x@omtmlnd picfeeetitiadly absoeb lnto
Sﬁ.lf%&ec@}ld Hyc's&astil— QQIS ,%Mch%&' t%ail?ﬁgoﬁéaﬁ&tdéﬁcient. 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
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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preferably conprise the chelated dye and the aromatic
redox conmpound. The liquid ingredients preferably

W@ vp/0022687 t he peroxi di c species or reaction prpdUER05/022160
resulting from oxidation of the unsaturated
hydr ocarbon by the oxygen-containing active agent,
along with the penetrating solvent. Adm nistration for
dental applications is preferably endodontic. The
reconstituted product preferably nmaybe adm nistered
intravenously as a concentrate diluted in saline.
Ot her[099% si Fih pharmaceitisal fornalagpris @ sambigation of stable ingredients.

bR Grlorelifdhis AAPHRERMBLy bk B&r@@asﬁf}lsbﬁdhhﬁEdlelﬁschﬁﬂ ﬁ@ild ingredients in
gi ngi val and 1 ntravenous. |ntrapuscul ar .oNn i.s

eRatatsy optainpre.qwhichsarp fhep quixed &t di 7 o5 veo Tﬁ? Lol fnggegients

lpadfdriba_;t b@hpris¢ O3 Chblatedl rd) busd matatdﬁ[atlofredbh ®ompound The liquid
arnaceu ati on n viv

AT ey ol S by Pt RS Kl o

deidith ofths aBaseisd hjsiowerbbrdsyitiersygeatontfiniag dctiveagent g w1th
3r nct ﬁimlé 1)19&& &rﬁﬂ url'aﬁI)ﬂ fg{heﬁtgl%?ﬁﬁat &% s@ﬁ&g g endodontic. The

I C acC Ive at P rlaplca
bmestlh@gemé\mpnef@mbly mhm@@m@tere@zmwo@m agEneapgrate diluted in

YA THRAT Bt RREARB N oL A6 Mdire SBRROIsYoRS §nt§hf-ar@dﬂla@|t&%aﬁ

may be carried out either in a solvent or

@ingivalrangd inavenpyse LtBIsGHlg Biecands Ret grefarsh aﬁftmﬁ @nf}egcy to
q)fddhéquﬂallhnat@ﬁm di ng expl osi ve deconposition of the
per oxi di c products of the reaction. [0062] The

ozonal VA T luaf OGS fElaRI R B eepve

ﬁtxmﬂ@@gmqehra@pdm@metand:b@c re-grewth i denfph phyesgsefyibope legiens, and
%aktﬁf&? e ﬂﬂ%hﬁa%}uncﬁr}gm{uﬁﬁo@ %@ers Qﬁclrbisédsosfé@dlﬁh@ Betivilj18nd is
flask is surrounded by a cooling bath (ice-water or
ieffectiyptpyriapioplbeng |eengdifient s are cool ed bel ow 5 C,
stirring is begun and a stream of ozone in dry oxygen
(t ypxaMPHE RB24OZONOLYISES QB ANUNS AT GRATED B DROCARBON] t

i s advant ageous to di sperse the ozonated oxygen

throu@herd 9!Gssolsisiok an dMdhe ﬂhiyb% chrﬁecﬂ&ﬁ cifABIGE & §Velt dr B¥at.an
stirred solution. Periodicall Fa]s streami s

St e hegprg Hdsressten B REEkea By RaraHoR e dgpippostion

o8 8 hbroAdiThrotittisef it réaigal ed. The gas streamis then
re-started. [ 0064] Once the mass of the reaction flask

sh OV\E’[Oﬁ(’)‘H} fi CI'hg ﬁ)tllo%% %Q{eraggr.l)&durg fs tﬁ@&?for the ozonolysis of a liquid

alkene.

,_
=

[0063] 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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the proton magnetic resonance ("HL NMR') spectrum of
the reaction m xture shows the desired reduction in
wo b@oion2ensi ty of the ol efnic proton resonanceBCT/US2005/022160
(usual Iy about 50%, the gas flow is stopped. [0065]
The ozonolysis may be carried out as above,
substituting a solution of the al kene in a solvent
non-reactive towards ozone such as saturated
hydrocarbons or chlorinated hydrocarbons. The
ozonol ysis nmay al so be carried out as above, with or

wi t holdP64 ol \%lm the e of the igactipmyflagk shek @ifénient weight gin, or once
AeliRbten Waéﬂ%@@ks@ﬁﬁc@ GEHINME })% dcBaf lof O réabBticiWixture shows the

substantlve mann 006 e reaction
dFeRd f?é‘tﬁ“&‘amélred%ﬁ?lw {*ﬁ“&? ‘S#@lccl’&’é‘?“éf@ﬁaé‘ﬁ%t(‘f%%ifyﬁ&m 5%4), the
e Uik stofp$AVPLE 2. PREPARATI ON OF THE PHARMACEUTI CAL
FORMULATI ON [0067] A preferred pharnaceutica
For mulyggs} on T‘BE oo Gy 125 BB bartidAORIYS hiRRle, Rt RRAIEEnRB the
follows: (1) Sparg |ng an ozone/ pure oxy gas m xture
@fkenedpa Wb/,e]l_t n%regq“vg,@wdawoaq RS gatugated l'tygqqearr ons or chlorinated
%?zc?méiwaﬁ; hyd oy%n&y&%@ddlwbelcaﬁbd o9 e awvalw)mh o twithduit b&Vent,
9 g{o %lz tl{1ta| the te agureo
Sttt @%?&P?‘S?W Hhrcespw Oe%a)“ W?f&O st Sy gper
of reaction product hourly and neasuring by HL NMR t he
f or mel0P&@h ofThe keactjpe muxtiugiicthenppanied slogly intedis ¢ogled penetrating
QlQ%_cts (4) Stopping the reaction when nore than
out 50% of the avail abl e unsaturated bonds have been

AT PN 0 o A0 CRE R i Rblyproramion

di spersion; (6) Prior to use in the target biologica
syst el@p67h m&pm&ee@phmmut@ﬁofp@n\}qnpm of the pEeserd frgygntion Fyeg
Rvd ssnaiRfshoqui none dry powders was added to the

sofution or dispersion in sufficient quantlty to

r
¢ eat(ei %}%Qé:lgg Eltrl‘ g%olng/gurg foxyzg(c:e)n rg?iscr O{;rere c?tr 128 mg/L up through an

alkadiene alcohol, 3,7-dimethyl-2,6-octadien-1-ol (geraniol), at 1 Liter of gas
per hour;

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

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

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

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

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

to the formulation prior to use.
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each conponent dispersed therein when delivered to the
target biological system by saline intravenous
w0 nfog®dn87 Optional ly, ascorbate coul d be addePlCT/0S100%022160
formul ation prior to use. EXAMPLE 3 . EXAMPLES OF THE
PHARMACEUTI CAL FORMULATI ON [ 0068] Two preferred
formul ations are as follows: WEI GHT % | NGREDI ENT
*Det erm ned by mass spectroscopy. B. VEIGHT %
| NGREDI ENT *Det erm ned by nass spectroscopy. EXAVPLE
4. TREATMENT OF ENDODONTI C BONE ABSCESMQ]
Fi EXAMPLER. iFAMPLES QF J&HE BRARMAGREC
participated in a study to determne the effects of
t he pbessacaubipeédrredl Dimulitivhé @aad olldvane repair and
heal i ng after endodontic treatnent. Twel ve patients
re treated with endodontic debridenent, augnented
W th exan@I es of the pharnmaceutical formulation. Three

were unt rWHGEHTIAD served as XGREMENIhal control s.
The treated patients ‘H‘B.anaox%nefimero acct?tllegro)tﬂ?e}rh opened

and depri def@.s4An exa % né

fornul ation having Formul at ConAtT —armle3aove
was ingtillegglpg nto the canals amgqeri api cal bone at a
concentration of 1 cc pharnmaceuticalformulationito 10
cc saline, alggng with 0.2 }Eﬁé@(ﬁfﬁhynﬂadl ogr aphi c
docunmept-at-en—ef—the—pertaptecal—abseess—y or med
prior to and.2¢i x to|eight vM@k}dnaﬂ)hﬂwcmmonﬁg endodqnti c
treat nemt—ControtsTwere treated by non-augnmentad
endodontic de¥ridenent. The deBisFBednt was fol Ijowed
by obturation, OuwbhE@mPRid®h tmassapatrodcdyl 1 N, and
internedi ate restorative material ("IRM) sealing in
Both treated and control patients. Treated Subjects
[0070] A‘Z,?.rl(;ﬁqaro/ ol d mal e hadpgeRsmERgNth history of

an i nfecte I stula through the lateral gingi | area
of a tpoth (I oF ation a“):uao&éheldﬁmd'r bbdcetilpeioRige Aeh
reveal d an?8Xt ensi ye abscesSonaﬁbntohgerzpﬁﬂl api cal [bone
above thetooth—The—subjeet—underwent—endodonttc
surgery, 98.00 DMSO

0.83 Hematoporphyrin

0.24 Methylnaphthoquinone

0.39 Chlorophyllin Sodium-Copper Salt

*Determined by mass spectroscopy.

EXAMPLE 4. TREATMENT OF ENDODONTIC BONE ABSCESSES

[0069] Fifteen patients with periapical bone abscesses participated in a study to
determine the effects of the pharmaceutical formulation in bone repair and healing after
endodontic treatment. Twelve patients were treated with endodontic debridement, augmented
with examples of the pharmaceutical formulation. Three were untreated and served as
conventional controls. The treated patients had their infected teeth opened and debrided. An
example of the pharmaceutical formulation having Formulation A from Example 3 above was

instilled into the canals and periapical bone at a concentration of 1 cc pharmaceutical
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whi ch rel eased purul ent exudate fromthe root canals
and the fistula. The tooth and bone were treated with
wa@oagane2et pul p debridenment initially. The sechem#af3005/022160
debri dement and root canal filling with gutta percha
was acconplished three weeks |later. Fourteen days
|ater, the fistula had resolved and a foll ow up
radi ograph showed resol ution of the periapical abscess
with rapid bone regrowth. [0071] A 50 year-old nale
presented with a one-nonth history of cold tenperature
Swnulationge 10,ccisaling alopgvith (3 BECA(PBh- ﬁ@yogr@hlaﬂowtﬁwn of the
Pe:BicA Lé%édss had pbeshed P&ﬁ‘t‘c@ anﬁﬁ)g QR ivealts! f%ll&vﬁﬁg Mfdadoatic

prior wth a partial fill of the roo(lgl can
Ff?ﬂ“?‘?nél ?‘&’&P’ég‘i’e&‘b frediedhbn op-aiesynisd g8 %@Cp@?dgﬁ}e{} | The
HAidQhdAE KRS YolRGEU Bﬁ obthﬁnaﬂtg&fcd pércHaO@hal ﬁﬂhﬁg pad imdtinediate

et il B Bl Sob SRR G R Recol ved

wi thin 48 hours. Conpletion of the endodontic
procedure was acconpl iXeated Subjests weeks | ater with
gutta percha filling. A follow up radi ograph
denor{ee70pt ed M9geat-oldasatd hiad 4 ene-nwhththiserpefian ayFcedfistula, through

RS D REERIT AR AR
flescdsain tmmhbpmagboam ebopaihatopiht Ahpwbicetsndeswens endadontiefugspry,
Whlcfil re‘ieggéhpmgie&%ﬂdbt@ ﬁmﬁ}he r&m ca'ngl.ls &ﬂdﬁle ﬁgtﬁlg | B ERMRANd bone were

denonstra eriapical radi ol ucency around the root
spaischebengnaned M@deba@wmmaﬂ&e%ﬁéﬁwn%&%ﬁ%%t and root canal

%ﬁﬂ? AR kit pSraGRE YecafpldRRieitdRdiaay BourttéiflafAgtrathe fistula
| ved wi eti.on of t

S ling res

SRSt At oUEGaRPUoEE: SECTE G o PhFERY L apgest
k@tdﬁfoné/\tegﬂawglutta percha filling. A follow up

radi ograph denonstrated near resolution of the

peri ) R 6RATRA lRRRRF cold
densatt%ﬁroo%g%ygdr ye féé%nFeh“heml e pr esg)%eglo V\:em e

fs@@u‘tlanty@w@pqh|(lﬁ@ﬁmi9h Thoidpotprevieusl had Rseusrepis enflogontiepfyten

Lapd ﬂ?lop@ﬂx Heaki ﬁm@%& t@ab.| A ﬂn‘flﬁ@itﬂfﬁra\ph Hehhhdilstfatbﬁ moderate
previ ous three non t hout success

Wi t
ap%a@wﬁlaadlﬂmgfrygweﬂt‘ s AMeFE FI% e eé’a?%“ftdﬁ&r‘ﬂ%tﬁ% opegiion with
talipticted ertidthEE S\ﬁge)(y A Td3tAtRd oo rAll shmpiomb tesaived méitlind§ hauph

h
g“g’{ngﬁg?r\/% E e?ngcgo ?r\cl)l? lgl‘ls (}ﬁlrasz gcg:ﬁcbhsa%d eL It\&Jﬁgél(g, 1%«%3%1"11 tta
peroka. filling  Pafollewmiip wavithgrapke demensigieshitead ree(vi@macnﬁtthq:penaplcal
ré{{&lf %?eggehﬁgg d@fﬁﬁ&’.e Bacterial culture of the

purul en ebrls sSnhowead

[0072] A 43 year-old female presented with a two-month history of facial swelling
and pain with percussion sensitivity at a tooth (location 6). An initial radiograph
demonstrated periapical radiolucency around the root of the tooth. The patient underwent
augmented endodontic surgery as described above. The facial swelling resolved within two
weeks. Completion of the endodontic procedure was accomplished three weeks later with
gutta percha filling. A follow-up radiograph demonstrated near resolution of the periapical

radiolucency with increased bone density.
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Nei sseri a andAl pha Streptococcus. After treatnent, the

facial swelling resolved within four days. Conpletion
wo@bRoobloa226ndodont i ¢ procedure was acconpl i shed BCRUSHOK622160

|ater with gutta percha filling. A follow up

radi ograph denonstrated near resolution of the

peri api cal radiolucency with increased bone density.

[0074] A 59 year-old fermal e presented with a

three-nonth history of a fistulous tract over the

pal atal apical area of a tooth (location 2). The

pat i elf073had 4&f yesrteldtferalespresgeied, with facigbsveplling ppigpwver a tooth

r{BE‘JuGE' 1933"1"11é ®bth h&&lﬁew&ﬁédog{matmﬁea@k@whﬁl theSFONAH tH:deQBnths

he tract showed Beta Str ept ocqQccus, Enterococcus,
(vmhel&ﬁucesss Thegeticetelsp baduadersons edipactivaiodyns dherapyfopfhygpig cancer

R NWE pifor! Aﬁﬂﬁtﬁ&a&ibﬁrﬁbb&lb&ﬁﬁﬁﬁdtéﬂdhﬂd&ﬁ@ﬁlbdnﬁplééﬂﬁlg@a}id th8
resto [ pl.ace

ion wa
RGBT R A reied S B RS bk PP Ao
tehdvdoritic @udgers tasl Ida;cﬂpp e@boved Bageriak cliea] afnige. pufillent debuis ekaved
I\aezsserza a%ph @éf? tococ J%fgeg g%tr‘f n?, ’Sallr%%?%l # hng 96:9(71§e1d \xﬁhﬁ%our
bimu §pmdel(dn®éﬁap r«r@lndop@ proof&dwrawawgmrpvhslxeésae afr:@fel laé@r with gutta
tp@r‘cﬁal‘ ﬁﬂﬁg E&efdllg\g Ptr?dlogkdpﬂ AR strited Rar YesolRRES tRd hofiapital
he nesi al entire root at the apex,
pesiadpasnay “athﬁmﬁéﬁedﬂ?@?f dew#r-h. Augnent ed endodontic
surgery was performed as descri bed above. The pati ent
was sobjdgct iA/gd yead-olipfoomle ghresdntel iwith 2 dhrévernonsh listely weesfistulous
synpt gnat.i c, at .t .

e R Py P of SR R o7 AR OGOy i
ttlre azderfewrsnongs pertitra | Guiturehofi thredohresstembovedi fepan thiradh shpvigdl Beza

\&%@ﬁ&occ[up %@el ocpbc%z (Gf@tﬁ)rD)oérﬁ ﬁu%&tgﬂnﬂ{ @ﬁﬁﬁt 8tle WothAn@Bone

i nfected t h (location 14). The upper left area was

SR treatad Wﬁ%@mﬂ@edﬁa@qﬁomﬁ SYrEFEY %&%F‘F‘?eé?‘i?"? S EMRpRAEHgTtion
ARG presek 8kl (R YIQARHAL WG cSihif QT stk Wil 1R&T AahdTBele @sfistula appeared
descri bed E%ove The pain and smelllng di sappeared one

dabe heplingr Thuge wesks lieh shayed pemppletehealingnt n' t he

patient was asynptomatic and the obturation with
fillilg7%9f tAd3 gemald Epalsamesonies witte v inféctpd maxgdhry7hicyspid
3% %1%@ ol\gadﬂv% Ehﬁ(/ﬁ%ﬁg Q{hﬁzgen\éﬁﬁeﬁom&fhg'mﬂelﬁ DPDL Qvéﬁfem!ﬂﬁrfoh

tion determned

rﬂeﬁslﬂiéﬂ*?éls@P of terratiye| geaat ﬂ@nﬁP@S)PO&StPﬁbf érﬁ‘éatured ‘oo, Augmented

eﬁ&ﬂbﬁtfceéﬁ%@ Whsepeprdhnitdtds SdeniBedadbaidle mhd bt waNsubiStively

|
was i nf g’at the site of revi oys. root
improved vﬁ 1n 24 hours and was asymptomat% af the complII tion appom’cmenta one month

later. The PDL had a noticeable reduction in thickness, especially on the mesial side, within

six weeks.

[0076] A 47 year-old female presented with an infected tooth (location 14). The
upper left area was swollen, causing pain in the maxillary left quadrant. Augmented
endodontic surgery was performed as described above. The pain and swelling disappeared
one day after the appointment. Within one month the patient was asymptomatic and the

obturation with filling of the canal spaces was uneventful.

[0077] A 50 year-old male presented with pain in the lower left mandible.

Examination determined that two teeth were responsible. One (location 18) suffered from
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and showed periapical radiolucency at its distal root.
Both teeth were treated with the augnented endodontic
w@e@emo28E descri bed above. The next day, the PEr/UsI905/022160

reported no pain since the surgery, wthout anal gesic
or anti-inflammtory nmedi cation. The radi ol ucency on
the distal root of the second tooth had di sappeared
two nonths |ater, when the treatnent procedures were
conpl eted, and the teeth renai ned asynptomatic. [0078]
A 3lyear-old female presented wth chronic cenentitis
arayensiblepulgitinaridaheher (ocatiendl§) Was(infestesiat thaite 9fa nreyviaus 1giFanal
Qﬁ@ EhoVed! Eérﬁﬁbaﬁ gacﬁ&l&%ﬁﬁea@ fits TiRfa1 RYET BEM BRI Featd with the
rad |o%rap reveal ed bone radlolucenué at the root. end.

B erlodeatic preceryre diseribedtbore: ThenexiBdKPaiFnerrIBeisnPpre
Fﬂfn@eﬁtﬁ@lélhfgérydﬁﬁl%t ﬁﬁl@esﬁi&&ﬁ;—mﬁhﬁnzﬁ&b jRditatiof PTHetr&kiblucency on

ot abl. e relie The

Ao GoRe Be bonTeofid o S B Rgf s e B Vitment
mﬁmahduMEmmammamanEmeﬁahanmmniummamm¥w Radi ogr aphs
t aken si x weeks | ater showed the bone abscess to be

heal eggr 8[] 00791 véur- 68 fHEA prQbdbdhv@i Bl ReReRiRt £d ﬁé‘ﬂoﬁcﬁmtls in

occasi onal galn over a_tooth (location 21

aeiicdocation 4 >éba§/haéfbe<tnwedeﬁ@er}g@mtmﬁléé%aveéaﬂop%‘é%ﬂ?soggaW’e
aéhv%ﬁé‘débons ﬂlﬁﬁ)ﬁkencyl'll atdh@!abﬂl datl OtTheCiodth g/af @I-tféSth Aith e ia@@ieaeh
S . peri api.ca i ol.ycency. an ica

B P BB o8 oo 3 MR SRR e S P Blial M Sl agew
AagETHeeteacmaboxdpniitooatior a0 ©ed moath debar thé ewt admak/pmceﬁme rwas

completec& ofiven on\é\ﬂly I'Ragleﬁuﬁls %ﬁy wﬁ%gilssqggrgﬁn&%d e bBrlg?ibstc%sg to be

session sappearance o
b@ﬂ@iabscess radi ol ucency. [0080] A 40 year-old fenale
presented with pain and a periapi cal bone abscess

a roun@od] t 00t 1% yedrQldrttinfBprdsdhted WigiSdetds@na paimbemttbcﬁh (location

everal. years pr

A HheeertGon ot S0 RO Sl Rl S Bt ot
dﬂagles Reddiadiapl showed pepiagitdl cdiobfenthandewltificaiort af tha tiemzhd¢anals.
ra d ?Oggllrj\hréag egt%e%e\rc} (’Vgtﬁ S Iaﬁ%’x\{\%%g %ncloﬁén%c Bro%dm%ld)és&%e%lﬁﬁove Pain
rves oblievédowithih ankedaper R@p}gcﬂahs aibﬁle eswg-opd gpsion] GoRgiraiag

]cﬁs C}%Qfﬁncghpthéﬁdﬁgbl%ce%ylfa&gﬁ@éﬁcj roma periapical bone

ss lesion on the nesial root of a tooth (location

3'\2; ' [-59860] pu lAP 40e))/(etarr-oqg% ?n%le%lflersénrt] (i!)glgl%g !1 Senta&? (’ﬂ)one aBscess
around a tooth (location 18), despite endodontic treatment several years prior. The tooth was

re-treated with the augmented endodontic procedure described above. Completion of the

entire treatment procedure occurred six weeks later. At six weeks, radiographs revealed

marked improvement and some resolution of the periapical abscess lesion.

[0081]  An 18 year-old female suffered from a periapical bone abscess lesion on
the mesial root of a tooth (location 19). The pulp extracted during endodontic treatment was
necrotic. The tooth was re-treated with the augmented endodontic procedures described
above. Final treatment was accomplished in a conventional manner with gutta percha and
zinc oxide, sealed over with IRM. A radiograph at eight weeks revealed improvement and

some resolution of the periapical abscess lesion.
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necrotic. The tooth was re-treated with the augnented
endodonti c procedures descri bed above. Final treatnent
worweaexenpl i shed in a conventional manner w tPCTUS1085/022160

percha and zinc oxide, sealed over with IRM A

radi ograph at ei ght weeks reveal ed i nprovenent and

sone resolution of the periapical abscess

| esi on. Control Subjects [0082] A 58 year-old male

presented with a tooth (location 13) having a history

of periodontal disease. Its pulp was necrotic. A

radi ograph reveal ed a gerrohubjedts hone abscess | esi on.

Conventi onal endodontic treatnment was acconplished

Wit h [0082gri m ﬁwea@nmgalwrese}a(@i)h a.toollr (bwétive hi) havérg a history of

g;gﬁ%klﬁgl%%eaié Ais %e%}o‘ﬁg A1a Ilat%gttaﬂplre%afé@§ ef?fa]ht:ah bgﬂe agécé/ss
tomat1 c ‘an one absceSs was i pr esent

tlds@nr mwhmhendp@mmgganm (jtas pegomplished witly 9’(!?813] dIA“‘SkPB °f

e ﬂeaﬁﬁén@wﬂ%@nﬁet@@s@ﬁ \beeﬂ IQt&ach@tGotﬁ Qs s ﬁl‘ﬂﬂl? Yyrhpfomatic

restored wwth a crown and bridge, which_ manifested
gad/bp ore glsgsp oLl gresqnhen tbf‘eﬁﬁ?lﬁ%@&la}?@f%ﬁ%%lﬁ%& HeLhr oni ¢
pai n. Conventional endodontic treatnent was

aC confpb83s hed\ 44 gehr-ald tneleihad diveth giocrtjornt0) GeefiOkfly restored with a

o%v%t g? Qlléflgg Pv)%u% ﬁ%r ?J}?e r&%ﬁﬁior? mﬁ%’]pe&ﬂﬂ&a'l U&ﬂe\@@tﬁ c}ng?lc
spyxnrpt Campientionad ﬁnldosiﬂélc peerimepi wasl acoopmishpd ey injgaim dessing of
Rfa@ﬁ%? tTer‘ﬂn&t efnﬁ %ﬁt@@)@ﬁmo& @ﬁlanﬁﬁ’t{g v@a@&cﬁﬁplete[dqg%thélafw The

year-ol d _femal e presented with a_fracturedtooqt

(teode e M miblly symmiomReiandhe Btiapica! horeqte e&hﬁawg rpresent on a

ARERIHApE ofedBhQdt@l | ON. An initi al rad|ograph showed a
dentinal fracture and periapi cal bone abscess.

Conv eqapé nal, %&gg%g{}gﬁ]g?gr r?%&%ﬁ%ﬁecﬂ&ﬁ@@ﬁdoﬁ %ﬁt had

W th rim essin ation an
peusecthm@nemnéﬂtsqur@smrﬁgn wersinigialpgpstiograplishe wedaslentinal cture

] Eénaplzzh BodeOBt s VA iBntital endYdPRECHBI At R8Chctdhlished with
peri api cal bone_ defect was still gresent on a

A ﬁrleﬁﬁ‘ﬁ of G QHD¢ p@ﬂf&tl%imdrggﬁq Pgcl roof ) ﬁﬁllng-wéssc'é)mpleted

rs6%H Wwheks lateR Chb dﬂomgvaamnmgrwptmac i tHepeabral badiefanias il
subj ects, .indi cat har maceuti cal formul ation
iPLS PR iggraRht eP8§ ﬂﬁﬁ %&gdontic bone abscesses and
accel erating bone regrowh in treated areas. EXAVPLE

5. TREMSSIENThER rRE, aplNinal comsirispe aipate pROAtol subjects,

indicate that the pharmaceutical formulation is effective at treating endodontic bone abscesses

:1

and accelerating bone regrowth in treated areas.
EXAMPLE 5. TREATMENT OF PERIODONTAL LESION AND FIBROMA

[0086] The following experiment was performed to determine whether the
pharmaceutical formulation induces osseous metaplasia in residual periodontal ligamentous
tissue. A 38 year-old male subject was diagnosed with a well circumscribed, non-tender,
radiolucent lesion at a tooth (location 32) that was the site of a previous wisdom tooth
extraction. The history and radiological presentation were consistent with a fibroma. Prior to
biopsy, 1 cc of one example of the pharmaceutical formulation having Formulation B from

Example 3 above was injected into the lesion with a trochar needle. Repeated radiographs
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[0086] The follow ng experinent was perforned to
det erm ne whet her the pharmaceutical fornulation
w0 peoexsDsseous netapl asia in residual peri odpet/ab2005/022160
| i gamentous tissue. A 38 year-old mal e subject was
di agnosed wth a well circunscribed, non-tender,
radi ol ucent lesion at a tooth (location 32) that was
the site of a previous wi sdomtooth extraction. The
hi story and radi ol ogi cal presentation were consistent

wth a fibroma. Prior to biopsy, 1 cc_of one exanple
dreet wrskydpier shewasindreasad rdin-densirtipsisls thedesiong Exdsiona) tienspaftes

e X HIRL& 1R pRRAV S MAScel StBRInRE I, Brekll@ rhiREII LD Wbieh

a trochar needl e. Repeated radi ogr aphst eks
Patoe FIHSORIATL TR 8 ELHOPAER IS RSPy LR TOEHIS {iets that the

IpB&nadRutidaX fokmiilfidalis bifpcey ataihdueing tosteditl meniplasiopf ihe s of a
t he re &nce of induced osteoid mnetapl asia,
PWF@@%?E'FWEbecuIae of woven bone, and osteobl astic
reaming in a benign fibrous lesion. These results

i ndi cate that the pharmaceutical formulation is
effective at inducing osteoid netaplasia at the site
of a periodontal fibroma. REFERENCES CI.TED The
following U S. Patent docunents and publications are
hereby incorporated by reference. U S. Patents U S
Patent No. 4,451,480 to DeVillez U.S. Patent No.
4,591,602 to DeVillez U S. Patent No. 4,983,637 to
Herman U.S. Patent No. 5,086,076 to Herman 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 Herman U. S. Patent
No. 5,260,342 to Herman U. S. Patent No. 5,270,344 to
Herman U.S. Patent No. 5,364,879 to Herman O her
Publ i cati ons
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pr odug kspatasiid. tloBgeFeomeash dat i on of nmenthol or an

al kengsateatNQ 3 Ye&ITeeOHEani Ng oxi di zi ng agent,
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from about 50% to about 99% by wei ght of the

phar maceutical fornulation; a dye containing a
waeb@baora7 di val ent or trivalent netal, wherei nP€TESTIYH022160

conpri ses porphyrin, rose bengal, chlorophyllin,

hem n, corrins, texaphrin, nethylene bl ue,

hemat oxyl in, eosin, erythrosin, |actoflavin,

ant hracene dye, hypericin, nethylchol anthrene, neutral

red, phthal ocyani ne, fluorescein, eunelanin, or

pheonel anin, and wherein the dye is fromabout 0.1%to

ABAT ISOVABYERdSyht of the pharnmaceutical fornul ation

and an aromatic redox conpound, wherein the redox

onpound. c S subst.i

Ee nz 0% rlﬁlle% (9 Pp stind u?ath%%en u]inca‘i Hong geggl{eralt}i?%ﬁﬁgwgﬁ g%cggpnsm%

wherein t h:hmamtgmlmt tOCthE autiat caonqif@(;md quepuftty ofrp atieaceutical

0. OlW %hmﬂﬁdgby wei ght of the pharmaceutica

fornu atlon met hod of claim 1, wherein the

al kene is in @efoxidisisaecies opyeastion Frafyets reswting fpm opidagion of

di spersion. 3. ThengRid&dn Aker bﬁéﬂ‘ﬂxﬂgenié@ﬁhﬁﬂlg'bxidﬁﬁlg agent

al kene is contained in ﬁ&f ed oil, an ester

acid, or an ether. Wherey f, SeRFIses P Ply CItI\Ri’FélPlg

t he oxygen- conta|nmﬁgmpxpﬂmﬂjm@uaganmﬁmnpmhmﬁ$ menthol,
singl et oxygen, oxygen in.its tr| - .
super oxi de_ ani on, %‘% npllg%fg?olorfﬁm dob )%n Where tgegiefomdw species
hydr ogen peroxlde ommkymppdw@wﬁ@@mg6@mb&¢¥bﬂ9@ﬁ@&$b%me
benzoyl peroxi de, 8en9 f?)%{‘ HoRWB14:Q Qbo'il{ﬁ%bﬂvagmofthe
elenent. 5. The method of ¢claim 1 ereln

oxygen- cont ai ni ng ﬂ%ﬁ@&@ﬁ%@ﬁﬁﬂ%hwm%onprlses ozone 6.

The method of Chabdhids sHRRE, a»naretmle RRARLIA! doRgntSelpRk

is aliquid, mcelle nmemra
dlmethylsulfomde, 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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| i posone, enollient, or vapor. 7. The nethod of claim
1, wherein the penetrating solvent is
walzemeobaeBB Ul f oxi de ("DVMSO'). 8. The net hod of PBCEHUA2005/022160

wherein the dye conprises porphyrin, rose bengal,
chlorophyllin, or a mxture thereof. 9. The nethod of
claim1, wherein the netal conprises iron. 10. The

nmet hod of claim 1, wherein the netal conprises copper,
manganese, tin, magnesium or strontium 11. The

met hod of claim1, further conprising an electron
@onorThe ethod pEclgimtlnwlpret the plkenisiit 2 lighié fempingsglution, orina
el ectiQRsigpnor conprises ascorbic acid or a
pharmaceutical salt thereof. 13. A nmethod for

- stimul ating periapical bone regeneration in a patient,
Sonpritsimethodoiviain & ivdeieinghetatkendiscopiinedinta fixed @l fncaster, ¢ ity
anount.(of. .a.plar maceutical formulation conprising:
peroxi di ¢ species or reaction products resulting from
oxi dation of geraniol by a m xture of ozone and

@Xxy g€The nbihwg ohylhigul, fnbatkid ehe( SxRBCYtainiag dxidiziog ageai wvimpgsea
chel ated dival ent or trj . rej

conmprit g% OXYERIOERR b h’é%%g‘ %%’oﬁ%%?en%hﬁdsérr{)&ggéa %@%é’glll
or a mdisel,lydrogeh ptrexidd. aljod perbxids, perzamyl pekdxistedishaply] Herpxida, e
nmet hy, ] nmet hod for endodontic
treatAﬁgg@%g‘Pﬂggéﬁglgﬁg% é}%egﬁe abscess in a patient,
conprising: admnistering to the patient an effective
3o urTheaiiettad Ph elaimaL ebitieinabe dxgganmeb@biniog oxidimipg rgenng@mprises
peroxi di c species or reaction products resulting from
oxi dat6n of

6. The method of claim 1, wherein the penetrating solvent is a liquid, micelle membrane,

liposome, emollient, or vapor.

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

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

chlorophyllin, or a mixture thereof.
9. The method of claim 1, wherein the metal comprises iron.

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

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

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

pharmaceutical salt thereof.

13. A method for stimulating periapical bone regeneration in a patient, comprising:
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ment hol or an al kene by an oxygen-contai ni ng oxi di zi ng

agent, wherein the al kene conprises terpineol,
wa@eaosoo2BT ol , nerol, |inalool, phytol, gerani oPCT/US2005/022160

perillyl alcohol, nenthol, geranyl geraniol or

farnesol, and wherein the peroxidic species or

reaction products resulting fromoxidation of nentho

or the alkene is from about 0.001%to about 30% by

wei ght of the pharmaceutical formulation; a

penetrating solvent, wherein the penetrating sol vent

conpr i ses adthimistetiyg s teomatiers | ansefaciye, ameust ©f janpharmaceutical

Pr oPYfoRRBath ¥&Rnsingr et hyl sul f onyl met hane, and

wherein the penetrating solvent is_from about 50% ¢t o

about 99% by VREFFKEC WECIESHE IPRAGIRIGRIGE iresaiing GPh KR PPT

a dyle C\mt ai ni ng agﬁhﬁélay & thixdhiry of 2 6de aﬁcﬂ odyiényal ent

net al , erein,.t .CO I.8eS porphyrin, rose

bengal , chlordﬂﬂgfﬂﬂﬁgm%ﬁﬁg&$a Orrins,ytexaphrin,

met hyl ene bl uey dyeeomiinixy b clielatedaliialent @riytatentosétal, wherein the

| act of | avi n, anthragcen elch Ci .

nmet hyl chol ant hr ene,asyencgufnr%é?a ?gg’?e %ﬁ?‘h%?pgal} ni ar?g ,rose bengal

fl uorescein, eunel ardmixtugrof héreasapetphyrinand siHeronliyBingingd

the dye is frcgﬁﬁwﬁ%m$b&&%&g about 30% by wei ght of

t he pharnmaceutical fTornulation; and an aromatic redox

compound, wherein the redox conpound conprises

Sldbst At méthell for andsiohist ir¢atrbend ob @adapipal bawregbscess in a patient,

napthg%%ggqne, or ant hroqui none, and wherein the

aromatl ¢ Tedox conpound is from about 0.01%to about
20% by weiadthinistsfing fre thshpatiend caaueffestive froeumilofitaj pharmapetical
The npihagdiRlofdRing? 14, wherein the alkene is in a

liquid form 1n a Solution, or in a . L
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,
methylcholanthrene, neutral red, phthalocyanine, fluorescein,

eumelanin, or pheomelanin, and wherein the dye is from about
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di spersion. 16. The nmethod of claim 14, wherein the
al kene is contained in a fixed oil, an ester, a fatty
wa@edod/oon87 an ether. 17. The nethod of clai m 14PCTMIs2065/622160

t he oxygen-contai ni ng oxi di zi ng agent conprises

si ngl et oxygen, oxygen in its triplet state,
super oxi de ani on, periodate, hydroxyl radical,

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

el ement. 18. The nethod of claim 14, wherein the i
oxygen- cont ai ni ng &X¥ediozpheyt 38nby ciight | o ethe phammceuticnl

The method of cl ai fnkflatiowhgiei n the penetrating

solvent is a liquid, mcelle nenprane, |iposone .
emol |i ent, or apajoBRtic rdex cemppoundshgsein the reexcompopad comprises

?herein)the penﬁtrabhﬁ@zﬁﬂ?mwfﬁmmﬂbﬁ&ﬁ%ﬂhﬁhﬁﬂh&ﬂmmdﬁgx
"DMSO'). 21. The t hod of claim14 rein the d
conpri ses porphyri%@“WEggm%gﬁﬁgFﬁuéh?%PB%ﬁﬁ‘gfﬂTWQP&§S
m xture thereof. 2fom TébeutndiOh%d tcofabait a20% 1bY, weipbt edif nthe

the netal conpriseg iron.23c hhg:dget hod of claim 14,
wherein the netal tonprises copper, nmanganese, tin,

magnesi um or strontium 24. The nethod of claim 14,
fI6lr t MEe neEiap bf @dird 34,avheinald dli@ne d Grudiquiddam, hgolmidnadn a
of claim24, wherein the electron donor conprises
ascor@%%mggid or a pharmaceutical salt thereof. 26. A
met hod for endodontic treatnent of periapical bone

abs CefR nletho@ofRBilrh ©4)vherbif TR hik&e Gont MBI i SHle bil, Bested) a tB§
patient. an effective anount of a pharnmaceutica

f or mAkk P8R *O&rpri si ng:  peroxi di c speci es or reaction
products resulting from oxidation of

17.  The method of claim 14, 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.

18.  The method of claim 14, wherein the oxygen-containing oxidizing agent comprises

0ozone.

19.  The method of claim 14, wherein the penetrating solvent is a liquid, micelle

membrane, liposome, emollient, or vapot.

20.  The method of claim 14, wherein the penetrating solvent is dimethylsulfoxide
(“DMSO”).

21.  The method of claim 14, wherein the dye comprises porphyrin, rose bengal,
chlorophyllin, or a mixture thereof.

22, The method of claim 14, wherein the metal comprises iron.
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gerani ol by a m xture of ozone and oxygen;
di met hyl sul foxide ("DMSO'); a dye containing a

w@eb@bmora7 di val ent or trivalent netal, wherei nPCHESZYH022160
conprises a m xture of hematoporphyrin and rose bengal
or a mxture of hematoporphyrin and chl orophyllin; and
nmet hyl napht hoqui none.

23.

24.

25.

26.

The method of claim 14, wherein the metal comprises copper, manganese, tin,

magnesium, or strontium.
The method of claim 14, further comprising an electron donor.

The method of claim 24, wherein the electron donor comprises ascorbic acid or a

pharmaceutical salt thereof.

A method for endodontic treatment of periapical bone abscess 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.
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