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CROSS- REFERENCE TO RELATED APPLI CATI ON This application clains the
benefit oWoWoB/13270vi si onal Application No. 61/323, 543, pCiriusdoiApsiili4 13,
2010, which is incorporated herein by reference in its entirety. BACKGROUND
OF THE | NVENTI ON The present invention relates generally to novel

or gano- pal | adi um conpl exes and pharnmaceuti cal conpositions conprising the
sane. The novel conpl aWGPEN ORESENOLPABIAINTNV CORMMLIRESPY agents. 15A
nunber of researchers™have studied the role that nuclerc acids play in
cancer. Al though electron reduction of single nucleotides has been

reported, previous rewy | e { { i n cancer nake
IittIQ?nention of reg@%@%ﬁéﬁﬁﬁﬂgﬁﬁgFgﬁgggﬂ%H?@ﬂA?EEH?%fﬁﬁgthe el ectron
reduction of DNA or RNA. 20The first_redox regulatjon of the transcription
of the proto- OEEH@@RE%&U@DF s benelitpd LhastrEisionsearplifateonio. | t was

hypot hesi ot Wt i RSl in fos
o Un RS B O R Bl I S ST Bt one
or nore cysteine residues in fos and jun are inportant for DNA binding and
t hat reduction is requireBACKGRHONDaDF FRHBANVENWRAON25 The findi ngs thus
suggesg ed that nodification of the redox state of fos and jun may
contribute to trhepfcRédtitvcRNoRfclAREEInklatlyRE A6 &Il Brdahd-paRaml @B fplckd®and
bacterial transcriptional regulatory protein, Oxy R which regul ates gene
expr essi ophdrmagagisalompositions cemprisengsthesame. \Wasne sl pemplexesranygeciNA- bi ndi ng
specifici%lwgg %H%M? o]y %hg redox 30state. Thus, regulation by
reduct i on=0XI"datTon was H8l'eved to be a mechani smof control for certain
transcription factors. Subsequently, the free energy of formation
of relaxed trefoil and figure-eight DNA knots was studi ed. Supercoiled
trefoll DNA kndtwmyher ef es&schoyahaygsaulicd the yplg thappudeigseidaplayie cycesence of

a knot i nA%hB&é@@i@&ro%rremgﬁ %P kﬁ@% NRofiddiGhal %eé’?lst%ﬁ&jté’%lt, EQ:VWuE Beviews of

nucleic acids and their role in cancer make little mention of reactions or substances which

result in the electron reduction of DNA or RNA.

20 The first redox regulation of the transcription of the proto-oncogenes c-fos and c-
jun was reported in 1990. It was hypothesized that nuclear factor reduces a critical
cysteine residue in fos and jun that is required for DNA-binding activity. It was believed
that one or more cysteine residues in fos and jun are important for DNA binding and that
reduction is required for association with DNA.

25

The findings thus suggested that modification of the redox state of fos and jun
may contribute to the formation of specific protein-DNA complexes. The bacterial
transcriptional regulatory protein, Oxy R, which regulates gene expression in response to
oxidative stress, was found to change DNA-binding specificity depending on the redox

30  state. Thus, regulation by reduction-oxidation was believed to be a mechanism of control

for certain transcription factors.

Subsequently, the free energy of formation of relaxed trefoil and figure-eight
DNA knots was studied. Supercoiled trefoil DNA knots were also evaluated. It was found

35 that the presence of a knot in a relaxed or supercoiled DNA ring is associated with a



WO 2011/ 130271PCT/ US2011/ 032114 substantial free energy cost. Furthernore,
in enzyne-catal yzed reactions that yield knotted products, this free energy
cost nustwbeononpensat ed for by a favorabl e free energypcenuspoizwsiiias t hat
derived fromprotein-DNA interactions. 5Pall adi um conpl exes for cancer

t herapy have been revi ewed. Although pall adi um has not been considered a
physi ol ogPtstaadalissscaeray;costc EHEhGTROES Shenayreriptlwgd heastigpniiat Wald el ectron

transfer PayRq fSofd fr Rt ARl RHREABPYPITaViRME: REEN

descri bed as iﬁjﬁl&gllctsérs 0 %I}eg%%, a}lld 1eO hg\ée abeen sﬂow?w to %e i@nt eractive
or abl e t endogntbrmi suchBMtat Sercvedvioomk prigeiodMeApatsrasfiomy owt h i nhi bition are
quite general and the nmechani sm of di sease specificity has not been further

appr oached. Pal | adi um |'i poi ¢ acid (PdLA) conpl exes and nethods for
using $hemin phgadlihcORHIRE foPtardcdMMbi ?%@V@M'r@ﬁb\%ed‘.a)’(ﬁh&%ﬁ&lﬁhgﬁﬁﬂnos ed
in US. Patent Nos. 5,463,093, 5,679, 69173 and 5,776, 973. spite

advancenehasndt hegrneongiderediadiysiotagimiubstancon ée dorftbutinns ¢ hydingay steregait nent s
and anti -ca ee&m%ot%oynﬁg.ebzeonl;,RlogtlédDESCRI PTION OF THE FIGURES Fig.1 a -
MCF- 7 bredst “cancer  cel I's and tHelr residual in vitro cell-mass absorbances
as a response to A QZ (right side), and GLO-AC (left side) by concentration
25(shorter bars with higher drug concentration show nore cytotoxicity). The

five test concEgttpiamrbEumcempparischaye begnadagcribadqgs ihibigora gt giopitly/and .

Fi g. b ' - hel it e r bances
as a ?%s p[cl)%ga&tg 0 %tof%qgﬁ acgli@%l éf?ﬁgﬁdﬁlggg{%(@? %éfs{ugg ﬁg’%‘%m%?&zcgﬁtg?gt ration
(shorter prwahwitilition are quite general and the mechanism of disease specificity has not been

further approached.

Palladium lipoic acid (PdLA) complexes and methods for using them in the
15  treatment of tumors and psoriasis have been disclosed in U.S. Patent Nos. 5,463,093,

5,679,697 and 5,776,973.

Despite advancements in the art, there remains a need for novel cancer treatments
and anti-cancer compounds.
20
BRIEF DESCRIPTION OF THE FIGURES

Fig.1 a— MCF-7 breast cancer cells and their residual in vitro cell-mass
absorbances as a response to G10Z (right side), and G10-AC (left side) by concentration
25  (shorter bars with higher drug concentration show more cytotoxicity). The five test

concentrations are graded from 3.0 ug/mL to 48.0 ug/mL.

Fig. 1 b — H-80 brain cancer cells and their in vitro cell-mass absorbances as a
response to G10Z (right side), and G10-AC (left side) by concentration (shorter bars with
30  higher concentrations show more cytotoxicity). The five test concentrations are graded

from 3.0 ug/mL to 48.0 ug/mL.



30hi gher concentrati ons show nore cytotoxicity). The five test
concentrations are graded from3.0iLig/nL to 48.0i Lig/m.. Fig. 2 a
- Cell nmewe 2atigi307ances show cytotoxic effect of G OZ (Prghis2eildae21od
graph), and A QZ with vitamn B12 (left side of graph) on MCF-7 breast

[ T t d dent t t dozd
ependent i i PG Adat{ ghury Gnoreonce i ety e ebbA(TUN RS of B12
are in5 gfagﬁﬁfah@@qomm itardid Bﬁzé&fﬂé&é &/g?aph)%pw@ﬁe% c‘éﬁé& cél@WS a

cooperative cytotoxic effect for Bl2 starts at 10-41Lig/nl Bl2. Fig b -
Cel | massTabisty batrsedershdomtc Yysitoxicicy sf¢ A dok d@@zielqtrw@thgraéatdmwfongr aph) :

d Az with vis 2 (left it Il's.
Toxi oi ty 1470t BBBhdane maypey oidF 1 v T SRSt ded 2 b o' °
gr adat 4 ong ok P 1dohd showOa codpaMie C{t%ﬁeéﬁercafdrma s@rtsBL 20§ 8mi B12.

gradations from1l -17 x 10-41Li g/m owest 3 OZ dose shows a cooperative
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Thi s suggests a 25resonant reaction occurs.

Fig.3a  Ehrlich carcinoma monolayer culture.

15 Fig. 3b Ehrlich carcinoma culture with G10Z at 10° M shows heterochromatin

and rounded up cells.

Fig. 4 Mott-Schottky analysis shows G10Z undergoes frequency dependent
inductance oscillation ( 20 [blue], 40 [green], 60 [red], 100 [brown], and 200 [black]
20  mhz.). Vertical axis is inductance, horizontal axis is voltage. Lower frequencies produce

greater amplitudes of inductance oscillation.

Fig. 5 — Mott-Schottky analysis shows inductance oscillation of G10Z alone (red),
and then with added DNA (blue) - producing a shift in the voltage range. This suggests a

25  resonant reaction occurs.

Fig. 6- Voltammetry shows G10Z (red), is oxidized by DNA (blue), inducing a
new peak (black). This shift is 60. mv. towards the (+) pole.

30 Fig. 7 — Electron spin resonance signal generated by DNA and G10Z+B12 in
saline. The spin quartet is marked by the bracket. Hyperfine splitting distances are 6.5

Gauss.



Fig. 6- Voltammetry shows G OZ (red), is oxidized by DNA (blue), inducing a
new peak (black). This shift is 60. ny. towards the (+) pole. 30Fig. 7 -
El ect ron wpi2nivBszymance si gnal generated by DNA and GLOZeBAR201n/03Al4 ne. The
spin quartet is nmarked by the bracket. Hyperfine splitting distances are

6.5 Gauss. WD_2011/130271PCT/US2011/032114 Fjg. P - chronosone
pattern i nduceglgb% ag Rypudorciijorpipg pattern mduﬁ?‘bgy @qg%lgélzﬁﬁgwomsone
pattern induced by A OZ on DNA/NaCl -showing fibrillar structure. 5 Fig. 9
aDNA/ histone IS/ NaC . Liquid crystal shows straight filanments with no
twi sted forns. Fig. 8b Pscudo-hipmaoine @att@d indvdot by G 0¥ windd4/Nalll e structure
on DNA/ hi sthonel I /[\I%gl - . 10suggesting A QZ is a rotational oscillation
vector. mef%tj?“ SR vine growth pattern of the sporul ating nold
D ctyostelium D scoi deum 15Fig. 11 - d OZ i nduces an abundant orchard
pattern of spore proliferation in D ctyostelium D scoideum Fig. 12 -
Bakers' Yeast Fige8nt r oIDIAFhgtong 3S/ Nagdubiquisherpstalvbows setighindamants deths e

chromat i n)lo R}/'istgd%ngs.lo‘ 6M in Bakers' yeast.

Fig. 9b G10Z induces a twisted cable structure on DNA/histonellS/NaCl —

10 suggesting G10Z is a rotational oscillation vector.

Fig.10 Normal vine growth pattern of the sporulating mold Dictyostelium

Discoideum.

15 Fig. 11 - G10Z induces an abundant orchard pattern of spore proliferation in

Dictyostelium Discoideum.
Fig. 12 - Bakers’ Yeast - control

20 Fig. 13 - Induction of heterochromatin (dense chromatin) by G10Z (10°M) in
Bakers’ yeast.

Fig. 14 - UV-Visible spectra of G10Z. Molar absorbance coefficients are
11,450 (237.5 nm), and 9,350 (284 nm).

25
Fig. 15 a - FTIR spectra of Pd-lipoic acid, and arginine-linoleic acid, and their
reaction product- G10. There is a loss of the arginine-linoleic minimum at 2350 cm™, and
its conversion to a small peak (arrows).
30 Fig. 15b - FTIR of Zinc-threonine complex.

Fig. 15¢c- FTIR signature of G10Z. The CH2 bending vibration minimum



Fig. 14 - UW-Visible spectra of A OQZ. Mdl ar absorbance coefficients are
11,450 (237.5 nn), and 9,350 (284 nm. 25 Fig. 15 a - FTIR spectra of
Pd- 1 i poi cwacbd/13eatd ar gi nine-1inoleic acid, and their reatttisenipsnduct -

Gl0. There is a Ioss of the argi ni ne-linoleic rri nimumat 2350 cm1, and its
conversio - FTIR of Zi hr eoni ne

I I (arro : 15
conpl ex. gPﬁl ar&’é‘}l m Eflgfhléts ’rf%.fdé? 95?5%2“ Tﬁépréﬁff?t%gﬁd’ie (\r‘}]inbﬁ &k on
m ni mum mgqggg ]@(j);?ljﬁgﬁé&@g%];/ Q324dxp from argi ni ne-1i noI eic solution is
shifted to 2359 Representative peaks (cm1) are 1052, 1153, 1314,
1411, 156@,1038575,&5&@1&112(93@0 @ 0apesagsested 15018Ad 2350 cm 1 are suppr essed
in @QZ b5Fig. 16 - Liquid crystal DNA (ct) in NaCl shows a snall native
wavef or m Fig. 17 - Liquid crystal DNA in NaCl doped to 10-3M d Qz,

shows an incr ea%emnu@lﬂgrcfys@aflUN}@(M@Mlerﬁmlrghowwisﬁlan%@v@m&ef@npoppI er
effect. 10Fig. Li quid crystal of pol ydeoxy guanidylic cytidylic acid

(poly &) in NaCl shows no native waveforns. Fig. 19 - Liquid crystal

Fio 2 - L aul i ary<aReeph RSN R0 R e el o5 T or m

ori ent ati anlength of the waveforms. This resembles a Doppler effect.

10 Fig. 18 - Liquid crystal of polydeoxy guanidylic cytidylic acid (poly GC) in NaCl

shows no native waveforms.

Fig. 19 - Liquid crystal of poly (GC) in NaCl doped to 10°M. G10Z shows
waveform induction.
15
Fig. 20 - Liquid crystal form of zinc tri-threonine in NaCl shows uniform
orientation
of layered subunits. The pattern resembles a physical model of an array of closely packed
plates as in an electronic device (18).
20
Fig. 21 - Electrophoresis of G10Z (brown streak on left) shows more rapid
downward migration, and therefore a lower molecular weight than the bradykinin marker
(molecular weight 1060 = blue spot on right). The G10Z molecular weight is calculated to
be near 897: (1 palladium + 1 lipoic acid + 1 linoleic acid + 1 zinc + 2 threonines).
25
Fig. 22 a - When palladium tetrachloride is combined with excess NaOH, and
dried on a microscope slide, a periodic packing pattern shows. This is attributed to the
coupling of palladium spin oscillations to the bound water. This is an example of a liquid
crystal solvent lattice (phase microscopy LP).
30
Fig. 22 b — G10Z shows liquid crystal stars in .1 M NaCl (phase microscopy HP).



of layered subunits. The pattern resenbles a physical nodel of an array of
cl osely packed plates as in an electronic device (18). 20 Fig. 21 -
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m gration, and therefore a | ower nDIecuIar meight than t he bradykinin

mar ker (ol ecula 60 = t on ri The G OZ nol ecul ar

wei ght is cal cﬁ’rgatzgg’ ﬁgig ??(}(S@%ﬁ’élﬂ} &em qﬁklonl TgBiomexegss: 1
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slide, a periodic packing pattern shows. This is attributed to the coupling
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t hreoni ne |igand. SUMVARY OF he present 1 nvention
provi des &Hpmioweld andapbrchain fadtl laaidi whcnam the palllddadn inbaakd fo lllpqooa@d aci d and

a long chain fatty | erern t he |1 adiu onded to I| acid vi a
ot ' Sur 1 08 suftysad e gram S Gulins s fand RERET theithe HERL RSt he
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the long chain fatty acid. In one e ment of the invention, the

pal lallum salt is selected fromthe group consisting of palladrunrchlorrde

pa | adt um br ot e GBI cRALANUMALLE R 1ccRA AT TR de and

palladrunrsulflde n ano e 1 nvention

aci d conpeorsasing ofpﬂnidmrﬂehldnderpaM@dluMEbrdsrmdengaladﬁm todidce paliadiuph ni@eteween 2
and 20 carbon_ atons. nplex is also provided wherein the lipoic acid is
a lipoic H@F@“ﬂ%PK@ﬁPP@QMHQVFHQUﬂr%rde group or groups selected fromthe
group consisting of carboxyl, sulfur and am ne. 20The present invention
provi des a conpl ex wherein t he | i poic acid derivative is |ipoam de.

Addi tidonal |y, trhanotherentbodmant of/hd ésveaticaind h‘ap@iwhra'debmptim algog addi n fatty
acid is linoleic acrd or docgﬁggfgaenoi ' n one.e odrnent

a .
of the i nr}%fh‘farlesﬁ hayipga cgbpn &2 %’F%gﬁﬁ‘i ?@@%fbgrl Alomsy nAqu%leéeﬁ

bonded to fo'%ﬁie@f%ﬂ&’ém ofe 1% Jrc‘?di‘g; acllﬂﬁil@adclé%ﬂva@i@b Qaving a sidelgfoffdr AORs her
enbodrnenp of the invention, the conplex further conprises one or two an no

aci ds, mheﬂenﬁiﬁhmibmgmmpaem@mE%(ﬁﬁ@bbaﬂdsdﬁmendhmnwrnc In addition, a
conpl ex having two am no acids bonded to zinc is provided. In a preferred
enbodi nent, 30 the am no acids are both threonine.

20 The present invention provides a complex wherein the lipoic acid derivative is
lipoamide. Additionally, the invention provides a complex wherein the long chain fatty

acid is linoleic acid or docosahexaenoic acid.

In one embodiment of the invention, the complex further comprises zinc, and the

25  zinc is bonded to the methyl of the long chain fatty acid.

In yet another embodiment of the invention, the complex further comprises one or
two amino acids, wherein the amino acid(s) are bonded to the zinc. In addition, a
complex having two amino acids bonded to zinc is provided. In a preferred embodiment,

30 the amino acids are both threonine.

The present invention provides a pharmaceutical composition of matter

comprising a pharmaceutically effective amount of a complex of palladium or a



The present invention provides a pharmaceutical conposition of matter
conprising a pharnmaceutically effective anount of a conplex of palladiumor
a WO 2011w02027BP2T/ US2011/ 032114 pal | adium salt, |i poi ecaaisdoiansias | ong
chain fatty acid, wherein the palladiun1is bonded to lipoic acid via both
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of the |o ch anot her enbodi nent of the invention,
t he pharngg%ﬁ?%tg?é%BE%H?F?gBH&%ﬁﬁFé?hE(?ﬁg "conpl ex that further conprises
one orstwo am no acids, wherein the am no acid(s) are bonded to the zinc.

I n addition, a conplex having two am no acids bonded to zinc is provided.
In a pref er r edeensombasimentoh gheainy erdioacthd phanmacpeitosl edmpastioneconteBisihe i nal

ermbodt mento el 0y KMRRL S DR PIR FROFH! ARlocs IBRSALAGReRTbRL S the

pal I adi um ol C ac ex’int orm o solution anmount
suf fi ci enthdio fagtaeid a concentratlon of about 0.04 M DETAI LED DESCRI PTI ON
OF THE | NVENTI ON 20The present invention provides novel paIIadiun}Iipoic
acid conplexes that are useful for the treatnment of cancer

t uror j genesi s. tBﬁbt‘ﬁblne% odlﬂlEntfb%%h&%&n%hS&lQéﬁﬁ%c&ﬁ%l P?f-nalfd-sh?or ng the

enzymatic or ca al ytirc pat represente ven a singu or very few
gene sit esontalhetheafomp&xabatfforth@’tdompn@és dmrogeawb naddcsacdds, DiNAretrathe heniad t er ed.

The prese n is based on the sur sin dlscove I ctron
energy frd G? ﬂwa& chigtht 2861 Meaditftog & B'§ glr“g twp el aﬁ%ﬂ?i an
be shunt edint @ Si¢idei. Cma&b&&rreﬁf&ab%hﬁﬁaﬁ QRe SRR Choth Shrebupt ed can be
nmeasured by conventional vol tanmetric neans. The present invention is

based on the discovery that specific forns of electronic energy transfer to

afs msChanin ariTEnal em oiagn?enn of %h%r}}lj\rien %Illlthe Bﬁé)rnnggéur‘glcall\é%rrnpolsulonlclontalns

the palladium-lipoic acid complex in the form of a solution, and in an amount sufficient to

obtain a concentration of about 0.04 M.

DETAILED DESCRIPTION OF THE INVENTION
20 The present invention provides novel palladium-lipoic acid complexes that are
useful for the treatment of cancer, i.e. tumorigenesis. Surprisingly, it has been discovered
that by altering the enzymatic or catalytic pathway represented by even a singular or very
few gene sites, the native conformation of large tracts of DNA can be altered. The
present invention is based on the surprising discovery that electron energy from a normal
25  metabolic hydrogen carrier, such as lipoic acid, can be shunted to nucleic acids. The

electron energy which is shunted can be measured by conventional voltammetric means.

The present invention is based on the discovery that specific forms of electronic
energy transfer to DNA are mechanisms to condense tumor cell chromatin. Normal cells
30  have condensed chromatin except in inflammatory conditions. Chromatin is poorly

condensed in the malignant state, e.g. tumor cells. It is noted that there is a documented



30 have condensed chromatin except in inflammtory conditions. Chromatin is
poorly condensed in the malignant state, e.g. tunor cells. It is noted that
there i s wodotumseatied mtochondrial respiratory defici emcy/useotiosnns whi ch
is neasured as a failure of oxygen uptake. In consideration of this
tunor respiratory deficiency, there are inplications and 5reports of

defi ci encB‘“ioﬁhQI}ﬁié‘a SR oAV BRIBRE TdH BT SeRR b Ay as e frﬁ?zs,vgeﬁm ies a
defi ci encyydge t unor mtochondrial electron transfer. Based on the
above, the present invention relates to the introduction of novel

or gano- pal | adi um conpl exes and their ability to induce electron transfer to
tunor 10systens. The present .invention als elates to the transfer, of

el ot ron ener gl PSR URBRRH e sePitaldR delisdaty it cAleRerd aci ds.
DNA has pryiousiofidRery i8R ehimbeslitashordrih I & dixat® daln. ThRGHHABs 4 r ansf er
reactions. |In particular, it has been reported that a doubl e-stranded DNA
pol yner caefigiesyan meyngitechapdiadclestren fransietnsf er bet ween bound
donor-acceptor pairs. 15 The present inventor has found that a novel
pal | adium i poic acid conplex of the present invention can function as a
pol ynucl eot i de Bagduwsattas ebdve, the pRSEerinedntioh ielnes totho ildhdduatish GNdvelFur t her,
and wi thout wi shing to be bound by any theory, the present inventor

bel i eves PraRo-wAbHlimeowplaey g1l tapeplity todpducesiacianitamies toépoaci d conpl ex
of 20y he ptgsentn &g\s%g{ W@ndo% &J&Hﬁfaﬁ‘e@ b fhe PP RE Btlédnzﬁn%tghﬁ!r&ntahe nucl ei c

acid confi-guration. ol ynucl eoti de reductase capa nting electron
ener gy fr oomd seltdbotio hipMagerscaraemme ciualcloNdAidseDNCt Beseprewibudleb@nplebgritied| eot i de
reduct ase capable of s uaﬁiqgkele tron.energy frop1LtﬁeIf to RNA i s terned
a RNA r edBtHhOErmMsaiticdop elRpiraERSEY reaqtons,JBRETHSH ARl Nasderr BROTPY BId fsi ng

W-vi si bl go 5eGhARRE PVA pBRthdP L&l Blo@faleyioRY r e lel £ trd® b ATt WeendRull SCUSSEd

further in the Exanples. The structures of these conplexes, as shown in the
Exanpl es, dewrecadpte rsiradi ed by Fourier transforminfrared spectroscopy

(FTI 5 Cyclic voltamretry was perforned to denonstrate the charge
interactions of the conplexes with DNA or RNA. These studies 30 illustrated

that the conpl gxepredéntiM@nir @8EMunll ML Bhbed gﬁh&ﬁlﬁmﬂhﬁ‘ﬁd 40 c&NFEYVF ficom t he
conpl exes to nucleic acids of DNA or RNA and are polynucl eoti de reduct ases.

The resul Pesyit invsaen eanneteonmse folyrustootide sduetesadoitignseclsstansiinte. WO

2011/ 1302 1 4. . The I t [ ion y exi st
in a soligégggé] oméégﬁgéé%gwggﬁgW@QnPéggggﬁé?gﬁpfﬂ§Hk%%ﬁggﬂﬁgﬁggrn1as a
di sper si omvettor belic@epthaf @habihy ciastran s@drgd from. a gdidadiipeis acidl empiafdr red to
as a coordi nation conmpound herein, is a_conpound contajning a_netal atom or

i on béhdethenyessnt imsertiongnghngsdi te LRYA@r RV thilispethe gpclaisiaskkcosfiewiierul es.
The 5conply &Ieofipgregtﬁg%ﬁeapmg BPLHARNG QIERELD L P rbmAREIS PRAR @l 1 on

are thernodynam ca
termed a DNA reductase, while a polynucleotide reductase capable of shunting electron

energy from itself to RNA is termed a RNA reductase.

25 The complexes of the invention may be identified using UV-visible spectroscopy,
and preferably by cyclic voltammetry, as discussed further in the Examples. The
structures of these complexes, as shown in the Examples, were also studied by Fourier
transform-infrared spectroscopy (FTIR). Cyclic voltammetry was performed to
demonstrate the charge interactions of the complexes with DNA or RNA. These studies

30  illustrated that the complexes of the present invention shunt electron energy from the
complexes to nucleic acids of DNA or RNA and are polynucleotide reductases. The

results of these studies are further discussed in the Examples.



As is common in nmetal to ligand syntheses, nmultiple conplexes of palladi um
with lipoic acid may be produced. The general formula of the conplex of the
present iwoent/iem7i0is (palladium"” (lipoic acid)" (| ongcahzkorifoatity
acid)", wherein n=1. In a preferred enbodi ment of the invention t he
general formnul

th l. [ I 1 adi " . chai
fatty acid)" 3#%9@1%%?% l%n'&)ﬁﬁﬁf SR i bl o Y ciatiess ?%1185 o
structur epf%?eﬁ%ﬂg 11‘29’158{11%)?0&1% aél® dfs é&ﬁ%oﬂr%@?teferagf}aas’a SolRiohCThOcdhiplfx Ho 15

|z onds of the pall dIUﬁ} i poic acid’conmplex are coordlnate
coval ent . aMQr@ésgbwuﬁwaabkynmsmwdmegmndmemshmwnmnmaundh@ngamgadnmhhI|p0|c

| bonded, b b th bonyl end of
i’ sub SETLBHN ARG LRy PG PO S L7 SbAm e pusafanee e ° °
i nvol vemegsmpik xé%cafhhé;m%rﬂﬁwem doPprdingON@aitiomh&asieh by atons. The
pal | adi um adds a bo to the carboxyl end of the long chain fatty acid

(e.g. |inticanedynemdcallsistabte. f or exanpl e). The methyl end of the fatty acid
is bonded to

As is common in metal to ligand syntheses, multiple complexes of palladium with
lipoic acid may be produced. The general formula of the complex of the present invention
10 s (palladium), (lipoic acid), (long chain fatty acid),, wherein n=1. In a preferred
embodiment of the invention, the general formula of the complex is (palladium), (lipoic

acid), (long chain fatty acid), (zinc), (amino acid),,, wherein n=1 and m=1.

An exemplary structure of the complex is as follows (G10Z):

O
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The bonds of the palladium-lipoic acid complex are coordinate covalent. More

specifically, studies have shown that the palladium-lipoic complex is bonded by



5zinc. The zinc is also am de coordinated to one or two am no acids (e.qg.
t hreoni nes, shown for exanple). The lipoic acid in the conpl ex
conpri seswe 2bani3oar bon chain with the ends of the chai rCharsded/osni4 he
pal | adium The above structure is represented above as a bent cyclic

10st t . .Ho , il he fi h I { t
O Sttt e engS (S Qb rel e e Eeat bbbt B
t hree-di ﬁgfb%b%ggi pdbile tREnRRL tRGIvaMchNoddeh GERRS, aBll (38 0ROBPEX Li poic

Acid 15 previously stated, lipoic acidis one conponent of the
conpl ex ofulfiretqmsesBrtpalladiemt 4ddm a bohe topthe sebbxylrond of dre 1 clapu fadty talamlt

| ipoic acid and,its.derivatives a L ghl ecific.for transferring

el ot ron Ered By SibamheR e ShePlator Pl BEEs e §BR0E e aci ds.
Li poi c5 ackilc 0GR L idlalgdamtlcGbsRtha@dd tdiohbbf tviteahMomcidle bnthAohfldsiced or
20dithiol form The structure of lipoic acid in its oxidized formis as

fol | ows: phown forexgpple). ¢/ H2C\ /\ S - SCH2 -CH2 -CH2 -CH2--C Lipoic acid

The lipoic acid in the complex comprises a bent carbon chain with the ends of the
chain bonded to the palladium. The above structure is represented above as a bent cyclic
10 structure. However, while the figure shows a planar structure, crystallographic studies as
discussed below show the structure to be three-dimensional with the palladium in the

center of the complex.

Lipoic Acid
15
As previously stated, lipoic acid is one component of the complex of the present
invention. The present inventor has found that lipoic acid and its derivatives are highly
specific for transferring electron energy from a normal metabolic hydrogen carrier to
nucleic acids. Lipoic acid occurs in an oxidized or disulfide form, or in a reduced or

20  dithiol form. The structure of lipoic acid in its oxidized form is as follows:

H
/CHZ\ /

H,C C
\ /N P
S—3S8 CJ{Q——Cﬂiz-—(ﬂiz—-(ﬂiz-(z\

OH
Lipoic acid

10



The structure of the reduced formof lipoic acid, i.e., dihydrolipoic acid,

is as follows: H ...-- 0Oh ...... [/ H3cc \/\la SSCH - C-12 - CH -
CH2 - C HvB\o0H30i7poi ¢ acid (reduced) As can be seen byPprChaSabows2114
structures, lipoic acid has a long, flexible side chain 5 which enables it
to rotate_from one ct| si.te to.anot her enz | exes, . As shown in
Canpbel | Le fucturgiof dRfuser form pRIRAG G, i ezdhhya%ﬁe O 1003 & foyevsne, 126
(1988), lipoic acid |s a hydrogen carrier and an acetyl-group carrier for

t he decarboxyl ati on of pyruvic acid. Lipoic acid is then present as
acetyllipoic acid, having both an acetyl group and a hydrogen atom 1In the
pyruvi c decar boxyl ation reactiop, the acetyl group is donated to 10 CoA and

the His donated to NAD+. IfErlvatlves of lipoic acid, in either its
oxi di zed or reduced f Iso be used in the practice of the present

i nvention, '”Tis ?ﬂg% |d anal ogues having a shortened or | engthened
car bon chaln , the lip acid derivative nmay conpris 15car bon
chain of at | east \Q car bon zt o}ks preferably a C2 to C20 h¥drocarbon chain,

and nost preferablySa C4 & Cl10 (UHE—GG@IH (B —(THlge-(@ci d derivatives
havi ng one to threﬁdaddlt nal side groups, e.g., carboxyl sul fur or am ne

groups nmay al so be e side groups may be attached, ngﬁﬁanple, to
one of the sul fur atons, along the carbon chain, or may be s ituted for

the hydroxyl group at the carbonyl - g alel d 20nmoiety. A
particularly preferred |lipoic acid dg_?llﬁgtclt @4 gl,c&;'g?@glarrpl e, |ipoam de.
In addition, the palladiumlipoic acid conplex of the present invention nmay
further conprise at |east one ligand to the palladiumlipoic acid conpl ex.

For exanpl e,
As can be seen by the above structures, lipoic acid has a long, flexible side chain,

5  which enables it to rotate from one active site to another in enzyme complexes. As shown
in Campbell et al., Biochemistry Illustrated, 2d, Churchill Livingstone, 126 (1988), lipoic
acid is a hydrogen carrier and an acetyl-group carrier for the decarboxylation of pyruvic
acid. Lipoic acid is then present as acetyllipoic acid, having both an acetyl group and a
hydrogen atom. In the pyruvic decarboxylation reaction, the acetyl group is donated to

10 CoA and the H is donated to NAD+.

Derivatives of lipoic acid, in either its oxidized or reduced form, may also be used

in the practice of the present invention, including lipoic acid analogues having a
shortened or lengthened carbon chain, e.g., the lipoic acid derivative may comprise a

15  carbon chain of at least 2 carbon atoms, preferably a C; to Cyo hydrocarbon chain, and
most preferably a C4 to Cyo hydrocarbon chain. Lipoic acid derivatives having one to
three additional side groups, ¢.g., carboxyl, sulfur or amine groups may also be used. The
side groups may be attached, for example, to one of the sulfur atoms, along the carbon
chain, or may be substituted for the hydroxyl group at the carbonyl end of the lipoic acid

20  moiety. A particularly preferred lipoic acid derivative is, for example, lipoamide.

In addition, the palladium-lipoic acid complex of the present invention may

further comprise at least one ligand to the palladium-lipoic acid complex. For example,

11



WO 2011/ 130271PCT/ US2011/ 032114 the additional ligand to the

pal | adium|ipoic acid conplex may be an inorganic anionic |igand, including
wi t hout Iwoi2bati3eriacet at e, acetyl acetonate, am ne, anmmeoirmseahiosiide,
ammoniumnitrate, brom de, chloride, fluoride, iodide, nitrate, nitrite,

oxal at e, i ridine, sul nd sul ide. The lipoi.c aci.d derjvative
may furt hgte %@%Pglslgzaa@mthwﬁ t({lenﬂa)%%e CqrBplcR RePnirén IRYEMff BB assi um

magnesi U”h%eﬁﬁll ﬁici’lf@tnﬁﬁ?&ﬂt%mﬂéﬁﬂﬁ‘qs‘%tﬁe JE@'J YRARLSe, £hi€, Aoditifr chloride,
Fur t her nor the lTipoic acid of the conpléx of the present Invention may be

present i amittogiune diteéd bommids diiaresld, flooride, @ﬂhEEHMkauammvesﬂ%éckubo|c acid

known in the .art S sed ln t ctice of the ent
|nvent|onpl$ﬂge§8E%§§ ?nggﬁfglg ‘gaﬁgmfﬁ%“%BﬁP%FyC?%W? QQPaEIectron
ener gys f r effods,eF BBImlY, dbQiae) 6@§dilhrﬁrmh BivAt ChRiugn, 3&irforis, vraﬁt@wed As
used in the present speci f IC&PIOH ernt"I|p0|c acid" is intended to

i ncl ude t molyhdetevain vrdtingaeiheimoert) tpe nhaelﬁtapﬁqafdh%mﬁemf thepreset ot her
derlvatlve ?O“@a%ﬂeé ?ﬁnﬁnsJ%um§ﬁ%t (ﬁzcﬂ% i poic acid believed to be

necessarylt invent 1 on least two sul fur atons, a 15
hydr ocar bon chaln having a | ength of tmo to tmenty carbon atons, and one or
nor e car boxyl roups Pal | adi. um 20The netal ion of the novel conplex of the
pr esent i nvent ridgrippiveast ipaic mef kaenn ihe ag m%Ya%tgq bs wigd A thelpresticey oup

VITI h@%& &9{?& 1ﬁvén@19£eﬂg§?elrfvﬁ i aP@gtthﬁgﬁeth%ﬁﬂ RO DR AETRLAY d in

preparlng t ol C acl exes 0 rese I nvention.
pal | adi unesagy ﬁonﬁeyndamai;byceog@rbat*mmw aamdlearaeldmetrethunad tAedusked in fherpr@smtrrpl e,

pal | adi um acet at.e, pallad untac .yl acet opat.e, pall adi.um amoni chl ori de,
pal | adi gt it RS bt paica j {iafcasbiogt uls thﬁ%t@tl&%ﬂ%ﬁwmfml
pal | adi U”ld@hﬁ‘ﬁécf‘ﬁl Bl 54 WEiRas RAdd REVINQiANh aMHRerNiThE fafire P& lip%@l! é&@a

di brom de, palladluntdlfluorlde pal | adi um di oxi de, pal | adi umdi pyri di ne
nitrite, belidvadi tculm eetChsdaeJnfed themiresenhinyention, ingadd adéashtwaoslil e atopwl & adi um

nnnox e, | | adi rate ium xalate Iladl ﬁ]OXIde pal | adi um
ool ra e pEftpaPbm T biASe aRIn i B Pk o RomR iR S tous
potaSS|uan5@g}%g) 0 pal | adous potassium chl oride, palladous sodi um

brom de, and pall adous sodi um chl ori de.

Palladium

20 The metal ion of the novel complex of the present invention is palladium.
Palladium is a transition metal of Group VIII of the periodic table. Salts of palladium may
also be employed in preparing the Pd-lipoic acid complexes of the present invention. The
palladium salts may be selected from, and are not limited to, for example, palladium
acetate, palladium acetylacetonate, palladium ammonium chloride, palladium ammonium

25  nitrate, palladium bromide, palladium chloride, palladium diamine nitrite, palladium
diamylamine nitrite, palladium dibromide, palladium difluoride, palladium dioxide,
palladium dipyridine nitrite, palladium ethylenediamine nitrite, palladium iodide,
palladium monoxide, palladium nitrate, palladium oxalate, palladium oxide, palladium
sulfate, palladium sulfide, palladium tetramine dichloride, palladous potassium bromide,

30  palladous potassium chloride, palladous sodium bromide, and palladous sodium chloride.

The preferred palladium salts are palladium chloride, palladium bromide, palladium

12



The preferred palladiumsalts are palladiumchloride, palladium brom de,

pal I adi um WO 2011/ 130271PCT/ US2011/ 032114 i odi de, palladiumnitrate,

pal | adi unwoxndetseatd pal | adi um sul fide. The nost preferredraskéiadsum salt is
palladiunrchloride Wil e palladiumor a salt thereof is required in the

practice o resent 5 inyeption, o | ex | so furt conprise
an addi ti a&rureaﬁﬁ&aﬁaﬂeﬂ Oégde@aﬁaali% ?m%%ﬁdﬁteer}lo%rpﬁ Gr (i or
ot her cat?Qﬁguﬁﬂgat@%aggﬁé§§hﬁgwgr sodi um Oxi di zed and reduced
forms of the conplex are al so contenpl ated. Whet her the oxidized or reduced

formis favored will depend upon the pH of the particular solution

10containing t . atty Acid The,.co ex of the

i nvention contgﬁﬁ@ F%Hﬁ“gﬁggﬁgﬁé?% SE@PﬁﬂﬁWngP8ﬁ5“%ﬁﬂr%PT%?ﬁtty acid can
be utiidizafehiod AR GAPK:EMay A0 T 3SmpAK dndddditiongl fletaPedpdint Quitpnd
effectively to thebgalladrunrvra its carboxyl end, and bond to zinc via its

met hyl ensanadpief mplybdate aing ortil, @5 othae patigas stcbras petasyim, orispdivimei ¢ aci d and
docosahexaenoi ¢ acid. Zinc 20 The conpl ex of the invention may
contain zinc bonded to the nethyl end of a long chain fatty acid. The zinc

can al so bond Oidirgl Md rtdRe@ornB ofithicbongsiddite also£bempaeah Vahonigerttige t he
invention, can be in the formof elenental zinc, or derivatives of zinc
i ncl udi ngOleil?re ex kdpred fosm agfayayed ovilltdspeng; trwnglrmléﬁéﬂe pagtigybar splugpR de, zi nc

pyrithy ong, +zhRS R kde, zinc nethyl or zinc diethyl. Amno Acids
The cgb |§%10? %he§?nV%htron may include one or two am no acid residues

that are 30 bonded to the zinc conponent of the conplex. The am no acid

resi due cin bE an%ranlno!a0|d resi due or derivative thereof For purposes of
this appl cid

The complex of the invention contains a long chain fatty acid. Any long chain
15  fatty acid can be utilized in the complex, as long as the fatty acid is able to bond
effectively to the palladium via its carboxyl end, and bond to zinc via its methyl end.

Preferred fatty acids include, for example, linoleic acid and docosahexaenoic acid.

Zinc
20
The complex of the invention may contain zinc bonded to the methyl end of a
long chain fatty acid. The zinc can also bond to one or two amino acid residues. Zinc,
according to the invention, can be in the form of elemental zinc, or derivatives of zinc
including, for example, zinc carbonate, zinc gluconate, zinc chloride, zinc pyrithione, zinc

25  sulfide, zinc methyl or zinc diethyl.
Amino Acids
The complex of the invention may include one or two amino acid residues that are

30  bonded to the zinc component of the complex. The amino acid residue can be any amino

acid residue or derivative thereof. For purposes of this application, amino acid

13



WO 2011/ 130271PCT/ US2011/ 032114 derivatives include naturally occurring

derivatives and non-naturally occurring derivatives, i.e. synthesized am no
aci ds. woO 2011/13827pr ef erred amino acid is threonine. |f PCrawsaoiifosiaci ds are
bonded to the zinc in 5 the conplex, they can be two of the sane am no acid

or two different anino acids. Pharnmgceutjcal Conpositjons The present
inventiondﬁw?gV?H@gbg%EMB ﬁﬁ@éﬁ?ggﬁmv%ﬁﬁ%6@1?Fbﬁgm@hﬁﬁngﬂﬁ% t he 10nove

paIIadiunh&gggg&;@gh%ng@gg&p%ﬁ§mQ§k@yeviously descri bed supra. In general
t he pharmaceutical conpositions of the present invention nmay be

adm ni stered by any enteral or parenteral route. Parental adm nistration
i ncl udes i ntrayeno

i nt . t .Jdntra- .1 I
topi 8l « 1 nt r abUREREE AR TS & PP BT Al HECRORS 1cigh e RRGTIRI S0F it i on
includes aRYeofitpldxale® chRbEWIObf BE hmE RS mRId Sntwonffedhneminbacidgxanpl e,
tablets, pills, liquid gels, capsules, elixir, and troches. A

phar maceutically acceptable carrier, according to the present invention, is
any 20 subhggkgmﬁ%rfés& §Q%£ﬂ to he skilled artisan and will depend upon
t he dosag , ferent routes of adm nistration necessarily
require different pharmaceutically acceptable carriers. An identification

of such carders may be found in any standard pharmacy text, for exanple,
Remi ngt on' s Phahﬁa@émtilwml%alé%ewiu,dewh%n@awucélrﬁorrw.smm e ISNE B8nnar o,

Mack bl |,shi Qﬁﬁﬁ_ : . cifd exanpl es
of phgyna%§%¥'%g1 y g@%gﬁggﬁ%gﬂ%gggf%%%g?ﬁ%PU%%y%ﬁgfﬁ cé%%ﬁﬁgkLg?ﬁuents,
exci pi ent phamacarichletosneuitivadbdlyths praaedtenvdntion hiag bentiamdstdrod diytaay @hteral

adm nistrati on which is consistent with conventional pharmaceuti cal
practice.oﬁﬁFmﬁﬁél , for oral adnministration in the formof tablets or
capsul es, the active drug conponents may be conbined wth any oral
non-toxi c pharmaceutically acceptable inert 30carrier such as starch,
cel | ul ose, magReshuhdheastatien indluwlas titerepssphianescukal subarasols, anteq-

manni t ol , ,and.the like. r eover en .desjred or necessar sui.t abl e

b ndelS, " pamAkaRed Wb C R Rk B S SRR o be
i ncor por ah@dsiitableBrm for oral consumption including, for example, tablets, pills, liquid gels,

capsules, elixir, and troches.

A pharmaceutically acceptable carrier, according to the present invention, is any

20  suitable carrier known to he skilled artisan and will depend upon the dosage form
selected. Different routes of administration necessarily require different pharmaceutically
acceptable carriers. An identification of such carders may be found in any standard
pharmacy text, for example, Remington’s Pharmaceutical Sciences, 17th edition, ed.
Alfonso R. Gennaro, Mack Publishing Company, Easton, Pa. (1985).

25 More specifically, examples of pharmaceutically acceptable carriers include
pharmaceutical diluents, excipients or carriers suitably selected for the intended route of
administration which is consistent with conventional pharmaceutical practice. For
instance, for oral administration in the form of tablets or capsules, the active drug
components may be combined with any oral non-toxic pharmaceutically acceptable inert

30  carrier such as starch, cellulose, magnesium stearate, dicalcium phosphate, calcium
sulfate, mannitol, and the like. Moreover, when desired or necessary, suitable binders,

lubricants, disintegrating agents and coloring agents can also be incorporated in the

14



WO 2011/ 130271PCT/ US2011/ 032114 m xture. Suitable binders, for exanple,
i nclude starch, gelatin, natural and synthetic guns such as acacia, sodium
al gi nat e,woanhtosyamet hyl cel | ul ose, pol yet hyl ene gl ycol amrdTasz@s/o3AmdNg t he
| ubricants, there may be nentioned for use in these dosage forns, boric
aci d, sodi ym benzoate, . sodi um acetat.e, sodiumchloride, etc. D sintegrators
i ncl ude, WXHEY Gahicbind r eGyBlnclHds e egqlémno%t}lraé@%cf SYDERSHC SHMPe,
guar gum g@thGy aFARY Abdilteh AGRNEScARREkyRIBRRENAIdsY. SHLRANYIHSBy BE ahd Ghiided
wher e app?opr?gte. Lnlthég%ase %f tgbﬁgggf thgy%ghn be fﬁ$¥he? coated with
t he usual Acoagithglubtitants, dhae tay e kesntiboed x aspinghess ugsagedomse Hotiahdiet s,

latin fil ted tabl.ets, tablet ted with enteric. . S ot
Joated w tHT AR, Slibhaeror St fRHER Y iy BRbflef afdfey jifou’ *°p!S
par enter alinﬁ‘tdm)lﬂisﬁﬁé@‘iﬂe@f&lcﬁl@[os@ﬁ%ﬁﬂ lbentohite §fuﬁ’tr Fth, kd. (F'Ibifomi% h%@ﬁs sierile
e an e

and pyrogen-free, and are prepar in accor ce with accep
phar maceubpicervatpics caiglise be ifchded xdwps appaapriges & thgedsa of tildats riexernsbe

Phar maceut.| Scien at_pp. 18- i 0 terile in L, on

ol ut 1 ons D" £ ERRR BstbuRoati Mgk e HUReIPF SR SRk Gple BT

i sotoni ci pylatdfilinlcentsd adittd, itkdctadslitéd wib cacaepballge, thisicts astedivathallms

formul ations. Various unit dose and nul ti dose containers, e.g., sealed
ampul es afbdeubig-layeried png gulisdayer gblefss wel | -known in the art. The essentia
ingregjyents of the sterile parenteral fornulation, e.g., the water and the
sel ected palladiumlipoic acid conplex, may be presented in a variety of
ways, just so Fongragermha&lmialsthiian fol dxiamples khe fadnulaticisenesd bt stetikeandOpat i ent

contains the appropriate anmounts of the essential [ngredients. Thus, for
exanpl e, ngﬁgﬁﬁa&mdﬁm I?rﬁB‘“’rrE‘? He3ogordangs wih B P S B P85S

present eddxgmpRids ddQsBe@in RhoARSEPILRMLALABE S @R atlpPr 13 18- BR0I PRe AS
anot her exanple, a concentrated solution of palladiumlipoic acid

conpl ex/ waqusousrstyrillgenjpctemerolwmns may ferthracanteincantit@iidents, bnensa di | uti ng
liquid (water.or palladi.umlipoic i d conpl ex/ r) designed so that the
25 o enbltginas Rebfhoreu 5%y Pl AR B SR B BERMRET appr opr  at e
amount s f efrmiuliti®6$. \Qioud\Enid 86dchad nalltigsRabhidfers, B ., Rallb@sthpiimed aoiglsaci d
conpl ex may be provided in a freeze-dried condition in one container, while

a separ at B1agbatashes iscurit-lnavsn i thepitnbhd ¢sgantigl ingeadeantsorf thastealgiparantargoi ¢
acid co ter, d ngi he nt. of . i | POJ id conpl ex
" the ot RaTulBkTLs e R VEY IR e RS b R AR a0kl xR e S0

conbi ned pesgitdbina Fadictiubfatiynjussdtiandiadlic sblatiappitigpitd abémannetal so oF t he
wat er _and sel ected palladiumlipoic acid conplex. In an%,event, t he
cont efll s BHticBhedN@iBNthaiaRBTOPHRlc|amauntiad thq essentig] ingrdienésalhpefar ¢gmple,

par ent er aj, A il Skl 9894 LOGH 1Ly atdr A6 AR & REent&f AY
2011/ 1302716?9%?7"%%201@ 053459 gﬁécfmﬁr, propyl ene’ ‘3? col et hao%\f@aotsggr
i sost ear ymutidoet obntaipad, yeady f@tiegclicn stseanther atacgiiala, copodnyratedab hyibe 0é
sor bi t ol aafdsorpitate.esteﬁsy | n theze i nst ances, adequate anunts of
sodi um chPYFAHN-TIgPISSIKLeomPIgH eisF MY OS Arbentsd fetid ParamsQi4ihe R par at i ons
I sotoni C. diluting liquid (water or palladium-lipoic acid complex/water) designed so that the
25  contents can be combined to give a formulation containing appropriate amounts for
injection. As another alternative, the palladium-lipoic acid complex may be provided in a
freeze-dried condition in one container, while a separate container contains diluting liquid
(water or palladium-lipoic acid complex/water, depending on the amount of palladium-
lipoic acid complex in the other container), again designed so that the contents can be
30  combined to give a formulation containing the appropriate amounts of the water and

selected palladium-lipoic acid complex. In any event, the contents of each container will

be sterile. Suitable carriers for parenteral administration include, for example, water, ethyl

15



5The dosage of the conpositions of the present invention is selected, for
exanpl e, according to the usage, purpose, conditions and synptons.

Fur t her nowe,2otiozyose adnmi ni stered will be sel ected, forceamseqlim32iaccordi ng
to the particular conposition enployed and the size and condition of the
patient as || as the route of adm nistration enployed, but i ny event
will be aalagﬁqhmppylgm elyenlesthordeied oacayf dlashali nov o atihisetearalcopl an

ef fecti ve,gBiinyind OfbiRAhAR b ERG Cindhéd iﬁs@éﬂéb@,é&&}u‘é& dofGunkent i on

is, for exanple, "an anount that results in inhibrtion of tunor growh

and/ or r esterhehloridet ginmse si glycerfocangxeaaddedio mhlarthe heepphéipnaisetanicc al
conposition of the present invention is parenterally admnistered to a
patient, a dosage of between about 5 and about 30 ml 15daily of a 0.04 M
sol ution of thehphsdaBBeLikciceposiAsRANIthe PRsd@invdhtidERSE RO Wbr @a@gﬂé I'S
enpl oyed. A contenpl ated dosage pattern in adult humans is about 40.0 m of
0. 04 M of aedeedipata tadiusaac) Pypess, etiditians apd exmplgmsniFartherawredhd gostor t he
first thr f . t g el - 0,.m i n._addi ti onal
14" days. of DTSkt bESURTE} ot feh e GBI o Tl soBhodrBn. Gosage
and frequemnglyed andiiic Riz8 ahdtomiitibsof the batichitad wzkkds fherro@aoha@inpatatient and
can vary over a w de range depending on the particular di sease state being
treated, Emeloyshduf ingmysivertiullhes epntiyrgffigentte gaise a reductipp gHgmogsizages of
the pg)ladiumlipoic acid conpl exes, can be generally adm nistered

i ntravenously, while | ower dosages may be given orally or by any injectable
route. 25 AnAffeativeedmdura bf tharpabadiedi ltpofa axnd torepitxmnf th inkerttioa inovel

pal | adi um.conpl exes of the invenption, .as discussed supra, includes any
rarmal i nINGREMBK. $LATRHT it SRSULY I hBHOgPE A §HQNR ATSFOTSSAKEYN oy

exanpl e, ﬁHﬁ&r%@ee_Pﬁﬁ%}ﬁe,'Vﬂ?énqgj@pﬁﬁfﬂﬁ%ticgl%ﬁg%hiﬁoﬁ'af%lﬁes‘%ﬁﬁhv@ﬁioﬁat s and
dogs, and farm ani mals such as pigs, horses and cows. 30 WO

2011/ 1302 p1REHMdsSR0adndBRrddito a patient, n dasagetof bdtween abmhiSkindiabgutdy0 meduci ng a

TSR SR o L AR X e R
exanpl e, eadiodtd.OA dohRhtcdshhes patdhieln Ahamhiaas ansdhi 450 md GXOYFIMNESS

the palladium lipoic acid complex administered daily for the first three days of treatment,

followed by 20.0 ml daily for an additional 14 days of treatment. However, the precise

route of administration, dosage and frequency of administration is individualized for each

20  patient and can vary over a wide range depending on the particular discase state being
treated, the condition of the patient and the like.
Higher dosages of the palladium-lipoic acid complexes, can be generally

administered intravenously, while lower dosages may be given orally or by any injectable

route.
25
A mammal that can benefit from treatment with the novel palladium complexes of
the invention, as discussed supra, includes any mammal in need of reduction or
elimination of a tumor or cancer. For example, suitable mammals include humans,
domestic animals such as cats and dogs, and farm animals such as pigs, horses and cows.
30
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EXAMPLE 1: Making the Conpl ex The pal |l adium|ipoic acid conpl ex of
the present invention may be synthesized by first obtaining a palladium

| i poi c acwo 20ommpBbEx as disclosed in U S, Patent Nos: 10PCTAB2@18321%4 679, 679
and 5,463,093, disclosures all of which are hereby incorporated by

reference into_the instant application. A exenplary process for taining a
conpl ex accor dihyMeBodHgr nhburne Fricduesiery tupys. 1 p adétt%@%m&w%%fotﬁe

sol ubi |1 ZgfpfbPfanRR] sl W adla GRInA Tl AR thdbahy OF RCRIAcRoR G other [ 2]
The second stage is solubilizing lipoic aci'd in alkali. [3] The third stage
i s reacti hrgatiieatssothuas, drsxeipki radrtion dimarfh] anddrofjer chemotherapeutich4] A fourth
stage is the dilution of [3] as a feedstock solution for synthesis of the
20final conpl ex. [1]Pall adi um dichl oride powder (99.9% purity) is obtained
fromAl fa Aesar or DeGussa. Analytical grade HCL and NaCh are obtained from
Baker.> Vater is deionized. Al netafX&dklde®s involved in the reaction are

plastic c . : i of 160.0 mM of 1.0 NHCl1 is placed in a
2 liter rE PLECL: Making e € m spheric heater. 14.20 g PdCl2 is added
to the HC1 solution. The reactor vessel is stirred with a lightning type
not ori zed stirrae phidadiung-lipoielaakt dotnptead Btle phadit iardtiowtmak beQyithedizedbyret al
is exposed to the solution. Mtorjzed stirrjing is continuous. Wen all the

30 nat er i Hrst pbtagyge pekdivom Epeis aidi complgxrasdlisstpsgdin Ve Paict NP® i s brought
to a nt bk . j ] hal i e r i ten

R e T A e e

degr ees Crefdien&0bfty th8REhPAPplIIS26H 1/ 032114 After ten mnutes of boiling a
cl ear dark anber solution is produced. The

A exemplary process for obtaining a complex according to the invention:

15 [1] The first stage is the solubilization of palladium dichloride in hydrochloric
acid.
[2] The second stage is solubilizing lipoic acid in alkali.
[3] The third stage is reacting the solutions obtained from [1]and [2].
[4] A fourth stage is the dilution of [3] as a feedstock solution for synthesis of the

20  final complex.

[1] Palladium dichloride powder (99.9% purity) is obtained from Alfa Aesar or
DeGussa. Analytical grade HCl and NaOh are obtained from Baker. Water is deionized.
All metal surfaces involved in the reaction are plastic coated.
25
A solution of 160.0 ml of 1.0 N HCl is placed in a 2 liter round glass reactor in a
hemispheric heater. 14.20 g PdCl; is added to the HCI solution. The reactor vessel is
stirred with a lightning type motorized stirrer having a plastic coated shaft and rotor so
that no metal is exposed to the solution. Motorized stirring is continuous. When all the
30  material is suspended the heat is turned on and the mixture is brought to a gentle boil. At
boiling, stirring and heating are continued for ten minutes. The boiling temperature is

close to that of water, ¢.g.,100 degrees C.
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material is allowed to cool overnight. The material is then filtered free
of insolubles using a Buchner funnel with a fiberglass nenbrane. The

sol uti on we 2ounsifered to be 5PdCl4. [2] I n a separ at epPsirnisban/osraact or
16.52 g of (DL) alpha lipoic acid (Sigm) is stirred into 285.0 ml of 2.0 N
NaOH solution. 200.0 ml of water is added. The solution is stirred
vigorously until it becomes a clear yellow If any undissolved residue

remains it is AQk} {e&l%ﬁgteg efs&,lﬁﬁgamear b3k aligr fcﬁl% @g{d&béw frpom [1] i's

added to the round flask of yell l'ipoic acid sol uti from[2] and
stirred thmtemughlayloww@ mxlewraight sTlst inptegal 1sdrmfdwmﬁsﬂr§e @fndsotbﬁdcﬂg ht to a

gentl e b0|I ljn te eis clo

door cos cusipph b A GRES i e Frs e ead i Sabn kit 18 ol ear
dark reddpghy,br own solutlon. The material is allowed to cool overnight.
Sufficient water is stirred into the cooled solution to achieve a final
volunme of 597.0 m. This is a .134 Msolution of the conpl ex of

pal| 2T PO Sl el g L Bl B BACK R L D i 1

origi nal Rit#A283.00K o3al.ON NﬁDHt solﬂﬁﬁ’cﬁl N06id il bewstet itaddedas Thobdloten 0 make
.06 M 25Since .06 / .134 = .447 447 m . of .134 M PdLA are placed in a 2
Liter beakéFedyiaprons!yaghbit P%C%Itqs Rresgar yellgy i lﬁaéﬁwnﬁlﬁ$qlqu6881dm ©Mains igidded to
achi eyg 1§ Qred%claﬁ The solution is mxed well and bottled. Method for 1
Liter of Arginine-Li'noleic Acid Feedstock Solution Al reactants are
reagent grade. In a 2. Liter beaker with a magnetic stirrer -

[3] The PdCly solution from [1] is added to the round flask of yellow lipoic acid

solution from [2] and stirred thoroughly. The material is stirred continuously and brought

to a gentle boil. Boiling temperature is close to that of water, e.g.,100 degrees C. Boiling
15  is continued for fifteen minutes, producing a clear dark reddish brown solution. The

material is allowed to cool overnight.

Sufficient water is stirred into the cooled solution to achieve a final volume of
597.0 ml. This is a .134 M solution of the complex of palladium-lipoic acid.
20
[4] The original PALA stock solution method [3] is used to make sufficient quantity
for the feedstock method.

The original PLA stock solution at .134 M will be diluted as follows to make .06 M.
25 Since .06/.134 = 447

447 ml. of .134 M PdLA are placed in a 2 Liter beaker over a magnetic stirrer.
Sufficient purified water is added to achieve 1000. ml.

30  The solution is mixed well and bottled.

Method for 1 Liter of Arginine-Linoleic Acid Feedstock Solution
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di ssolve 11.0 g L-arginine base (Signa) in 800. m purified HO0 by
stirring. add 16.8 g. linoleic acid (Alfa Aesar) with vigorous stirring
for five wonuatiesoarmti | a 5snmooth gel is obtained. Add 1PCZAIS20mi1/08211N NaOH
(Baker) and stir until clear. Add sufficient water H20 to nake 1000. m .
and stir uyntil clear. Refrigerate. 10Method for 1 Liter of Zinc

tri -threoﬁiurféaqf@gﬂgﬁéﬁ%egbgrg&-on Al'l reactants are reagent grade. Zinc

di chl ori dg, £ & GIR)beAQ: Wit mhshBESRALEd as follows - Since 50.0 my/m ZnCl2
=.365 M 50. g ZnCl2 are weighed and transferred to a 2 Liter beaker
over a madnsilivelbigrlr-erginiiébPasci(Piged) wad®). nilpuatidéti2Odbyastiieyre 1 Liter. The

solution i Lrred . vigor y, until. cl.ear. A. port.li of. this solution wll
e used 4 T enii s Agl TARAHD pvmyiEaois tsBRE Sl toin % Reflhes M zncaz
sol ution gMséthel dightied - - 06M/ .365 M= .164 20 Measure 164.0 ml from
the liter of .365 M ZnCl2 sol ution. Wigh 28.6 g. of L-threonine. Add

t hr eoni neAdd 13@8. mil 6pNAYAQH (Bateer)eandishir pntdl dlgarer beaker over a magnetic
stirrer. Qt,r . di ssol h ' e 4 m. of ZnCl2 sol ution
to the thrgéigr%}l%nﬁgcle%%lwé elr\(;lﬁz(grtlgdﬁlgg éf ?ﬁqqﬁglrlb%n&%%g}lﬁfgg l%g'd water to

appr oxi maRrefripeB® m . total volunme and stir well.

10 Method for 1 Liter of Zinc tri-threonine Feedstock Solution

All reactants are reagent grade.

Zinc dichloride (Sigma) solution is prepared as follows —

Since 50.0 mg/ml ZnCI2 = 365 M

50. g ZnCI2 are weighed and transferred to a 2 Liter beaker over a magnetic stirrer.
15  Purified water is added to achieve 1 Liter.

The solution is stirred vigorously until clear.

A portion of this solution will be used for the next step.

For a .06 M Feedstock solution, the .365 M ZnCI2 solution must be diluted —

06 M / 365M= .164
20  Measure 164.0 ml from the liter of .365 M ZnCl2 solution.

Weigh 28.6 g. of L-threonine.

Add threonine to 300 ml purified water in a 2 Liter beaker over a magnetic stirrer.

Stir to dissolve threonine.

Add the 164 ml. of ZnCI2 solution to the threonine solution and stir thoroughly.
25  Add water to approximately 900 ml. total volume and stir well.

Slowly add 21.0 ml of 6 N NaOH and stir well.

Add water to final volume of 1. Liter.

pH should be near 7.4

Refrigerate
30

To assemble the three major components

A water-jacketed glass boiler arrangement is made to prevent foaming and over-boiling
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Slowly add 21.0 ml of 6 N NaCH and stir well. Add water to final volune of
1. Liter. pH should be near 7.4 Refrigerate 30 To assenble the three ngjor
conponentwoO 2N Miabmn - | acket ed gl ass boil er arrangenent | CEABROO3ANLVeENt
foam ng and over-boiling during the process. Equal volunmes of the three
.06 M feedstock conponents are to be assenbl ed. However at the tinme of
assenbl y, IYRg hg REOCESS- each feedst ock solution will be diluted with 5an
equal volune of water to decrease the concentrations from.06 M to .03 M
These will be assenbled in a water jacketed beaker over a magnetic

sti rrer-hEQuqilvahmlesmflhdtht@@r%obhfcedstcbcé( Eigoednts acitddcassembiader beaker and a

perforate astl ace ot.to tvveen t.-he beakers.
Doror thi BoBelita hetBRE ST adnBly i fioR ey dFRRANRR SR il il 5
beakers Next @@dol%ﬁl@ of Wat@fto dOFcdde MIddALORratibAOF8INCOESA. Go IBINMtion to this
beaker. Pl ace water in the outer beaker to reach the level of the two

al i quot s iThescivalliberaesenidetkiara wikpisekaiehrgkendver 8 magngsinr stirisr-hipeplataner beaker
and turn | fl B%h%\%%lt% la%ng 1ns§derar£ ter Eg'ak%{’ig (f ! ﬁﬁqsorat}eg ?[eagggﬁ;[a%r i obe is

pl aced in cont I'nner ur
placed on the bottom between the two beakers.

10 For this example, pour 200. ml of .03 M PdLA into the inner 1 liter beaker.
Next add 200. ml of .03 M arginine-linoleic acid solution to this beaker.
Place water in the outer beaker to reach the level of the two aliquots in the inner beaker.
Place a magnetic stir bar in the inner beaker and turn on the heater and stirrer.
An electronic thermometer probe is placed in contact with the inner beaker liquid surface.
15  Place a watch glass over the outer beaker.
Bring the outer water jacket to a gentle boil.
Allow the temperature of the inner liquid to rise to above 200 degrees Fahrenheit and
maintain this temperature for six minutes.
Turn off the heat and allow to cool.
20  After five minutes, turn off the stirrer.

Allow system to cool to room temperature. This intermediate is called G10.

After thorough cooling add 200. ml. of .03 M Zinc tri-threonine to the G10 solution.
Turn on the stirrer.
25  Adjust the pH to 9.0 with 6. N NaOH.
Turn on the heater and bring the outer jacket to a boil.
Bring the inner liquid to above 200 degrees Fahrenheit.
Maintain temperature above 200 degrees Fahrenheit for six minutes.
Turn off the heat. After five minutes, turn off the stirrer.
30  Allow cooling to room temperature overnight.
Decant the liquid product.

Preserve the precipitate to calculate the yield of soluble product.
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15Pl ace a watch gl ass over the outer beaker. Bring the outer water jacket
to a gentle boil. Allow the tenperature of the inner liquid to rise to
above 200wdegrigBs27iFahr enheit and maintain this tenperat BCe/Uses11882141 nut es.
Turn off the heat and allow to cool. 20After five rrinutes turn off the

stirrer. Allo cool t enmper at ur e. n jate is
cal l ed Growkeae ol Si%wtmfaw 5P§ﬁ@8§? ﬁe‘ﬂnwlﬂstN iﬁ@"@ﬁ -t hr eoni ne
to the Gl@dﬁ%hﬂﬁb@@ate?%fés@?e thBSokind 16&in bgﬁmé% %E?ftnaltxbtﬁurﬂk'of @0(9119 with 6.N
NaOH. Turn o heater and bring the outer jacket to a boil. Bring the

i nner i indrOflitelabﬁvsetleﬁglnl@éﬁe@ereFarm@nmelsterlld\msmbamn sysempet atwpacabove
200 degre Fahr en es. . Jurn heat . After. five

i nut es. St orer oR i s teif, BB R bRy tedh Prioi el g 1

over night 3c Be¢gant the liquid product. Preserve the precipitate to calculate
the yield of soluble product. WD 2011/130271PCT/ US2011/032114

Sufficient water should be added to the final solution to obtain a concentration of
the complex of at least about 0.01 M, preferably between about 0.01 M and about 0.08 M,
and most preferably in an amount sufficient to obtain a concentration of about 0.04 M in

10 the resulting composition.

EXAMPLE 2: Characterization of the Complex

Seven methods are used to characterize the complex obtained via the above-
discussed protocol: (1) UV-Visible spectroscopy, (ii) FTIR spectroscopy, (iii) Cyclic
15  Voltammetry, (iv) single frequency Impedance Spectroscopy (Mott-Schottky analysis),
(v) Electron Spin Resonance Spectroscopy, (vi) HPLC, and (vii) Electrophoresis.

UV-VISIBLE SPECTROSCOPY

A Shimadzu model UV160U double beam Spectrometer is used to acquire spectra of
20  G10Z solution.
The stock solution of .01 M G10Z is diluted 1:500 for analysis and placed ina 1. cm.
cuvet.
The spectra are shown with peaks at 237.5 and 284 nm.(fig.15 ). The molar absorbances
for these respective wavelengths are 11,450 and 9,350.
25
FTIR
Methods-
A Shimadzu model 8400S Fourier Transform Infrared Spectrophotometer is used to
examine G10Z, and the three fractions or complexes from which it is derived. Samples
30  are prepared by desiccation under vacuum and subsequently mulling 1 part sample by
weight with 50 parts KBr. The three feedstock complex solutions are treated in the same

way.
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Take the pH Slowy re-adjust pHto 9.0 with stirring using 1 NHC1 or 1

N. NaOH. Add purified water to restore the volunme lost in boiling to a final
vol une ofweQ@oi/ih27iM crofilter - first through a .45u peceusandoshien a
sterile nenbrane systemat .2 u pore. Store in sealed sterile glass vaccine
bottles with air excluded. This conplex is referred to 5as 4 OZ

Sufficient water should be added to the final solution to obtain a
concent r aRbQks0f the conplex of at |east about 0.01 M preferably between
about 0.01 M and about 0.08 M and nost preferably in an amount sufficient
t 0 obt ai nDampwhoernt a atihionnoin thb erginife-tidolwd avidl@tnhydex as%ISf)lcng aowpedit i on.

EXAMPLE 2: Characteri.zation of..the ods, ar sed to
Char act er 15 EoFhe WOR R R RS o eRponpILe. rsenosinifallocor (i)
UV- Vi s§ bl ehgReet§RSEARY ocdut in GFT b 50Reat2386 eRPY G106 pbaks €Y 50 hed 3350 cm™

Vol tammetry, (iv) single frequency |npedance Spectroscopy (Mtt-Schottky

anal ysi s) are(suppessed it od0%pi n Resonance Spectroscopy, (vi) HPLC, and (vii)
El ect rophoresis. UV-VI SI BLE SPECTROSCOPY A Shi madzu nodel UV160U
doubl e beam Spectroneter is used to acquire spectra of 203 OZ sol ution. The

st ock sol Wheantagt G10Lis Made@iviitsthd tHitd Redsto&QOIdtion, anadtptet basdarigekaced in a
1. cm cuvet. The spectra are shown with peaks at 237.5 and 284 nm (fig. 15

). The noll2%7 @Bsor BlEdL tagd Y?R‘fé%e@tsraélsaﬁéé? ppschNew dih srcradaty £-N12h50 and
9,350¢ 25p1F Iﬁrﬁaﬂ\@mﬁgﬁle amino acid threonine (fig.16b) associated with the zinc.

Representative peaks (cm™) for G10Z include : 1052 (CO stretch, also OH deformation
(28)), 1153 (C-C stretch (29)), 1314 (CH2 wag(30)), 1411 ( coordinated CO (31)), 1567
(amide stretch (21)), 2359, 2857 (CH stretch (32)), and 2930 (asymmetric CH3

15  stretch)(27).

The 2930 cm™ asymmetric CH3 stretch suggests the CH3 terminus of linoleic acid may

be associated with the zinc in a self-assembling reaction (25).

The 1052 cm™ CO stretch and OH deformation band is a candidate for a linoleic acid
20  carboxylic association with palladium with water librational modes (26). This is

supported by the 1411 cm™ coordination CO band.

ELECTROCHEMISTRY

Voltammetry-
25  An EG&G Parstat Model 2263 analytic potentiostat system is used with a gold working

electrode, a platinum counter electrode and a AgCI-KCl reference electrode. Background
electrolyte is 100. mL of .1 M. NaCl and the system is purged with nitrogen for eight
minutes and a baseline established. Purging is performed for each addition.
The cyclic voltammetry scans are from -1.0 Volts to +1.50 Volts.

30  Calf thymus DNA is obtained from Sigma.
A G10Z signature is obtained using 1.0 mL. .01 M stock G10Z, and subsequently 1.0
mL. DNA is added from a solution containing 5.0 mg/mL DNA,
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A Shi madzu nodel 8400S Fourier Transform Infrared Spectrophotoneter is used
to examne A QZ, and the three fractions or conplexes fromwhich it is
derived. Soreplies03@ are prepared by desiccati on under vacuascan®32ii4
subsequently nul |'i ng 1 part sanpl e by weight with 50 parts KBr. The three

f eedst ock conpl e ns are treate . Resul ts-

Di mi nut i oRCES 25 OW 5 71 hd i3 FYidRRt atltF%PSe% peakohdt %aﬁ?wgép 2359 cni

occur saf t gfechdBriRAG 80, M’btﬁbrﬁf&ﬁoﬂ%hﬁ%uﬁﬂlk blﬁ’é??&tr%s‘fé% g@&?%&e“t (fig.
16a), to produce GLO. 5Characteristic peaks occur in GlO at 750 and 2350
cm 1. GlOirppakshlat 750 and 2350 cm 1 are suppressed in d QzZ When st age
GlO is reacted with the third feedstock solution, a stretched band ari ses
at 1567 cm 1. This G QZ band represents an am de stretch NH with secondary
C- N (249), MOTPREHOEDKY MDA NeRANAg, BsIkd t hreoni ne (fig. 16b) associ at ed
with the zinc. Representative peaks (cm1) for G QZ include : 1052 (CO
stretch, @aheosoymgepdenend wasqurpdnd amoys for: @egs pathdhe yolgmmets314 (CH2

wag( 30 In 359,

283(7 (%:1)4 sf‘ ]tjeCt% a?’ggft?p"%{agsiggéigt?&)lg “mmsejdﬁguzca%%gﬁes‘{ Bk ﬁ?‘?‘g%‘)gﬁg{%e 2930
cm 1 asynpeturbstidaHdequbficéciios SQ®etaHE hed Shdricahdtdaulingfinducnatei (€gagi d may
be associated with the zinc in a self-assenbling reaction (25). The 1052

cm 1 CO st Petnductanes anddemedifg by ihgpadditionsofDNA{fe®dt e for a linol eic acid
Thi e PEY Thecappamut) Pl Ch BB AN bR Bls oselihby MRkolRER, (20

Vol t anmret wyth tRSprasenESGrEatist atutvbdatru@idte3 anal yti ¢ potenti ostat systemis
used with a gold working el ectrode, a platinumcounter electrode and a
AgCl- KC1 reference el ectrode. Background electrolyte is 100. nL of .1 M
NaCl and ERecgyeheRpis RESBEANWE P FiROgenPhEsR)ght minutes and a

basel i ne established. Purging is performed for each addition. The cyclic
vol t ammet E§Rgs perforance ohrthencadtian ofdb t/vitamit F5Q, WathtIENA3G1Ga4 torttimpours DNA i s
obt ai ¢ d Lv%ggt&%%and Spectrometer (Resonance Instruments Model 8400).

Equal volumes of .01 M. G10Z/with vitamin B12 (1.0 ug/ml. in the G10Z solution ),

DNA (Sigma ct) solution (5.0 mg/ml), and .1 M NaCl, are mixed in a test tube . The

mixture is loaded into NMR tubes and frozen overnight.

The test sample is transferred directly into the instrument from the freezer for scanning.
20 The results shown (fig.8) reveal quartets of symmetric peaks with a splitting constant of

6.5 Gauss (fig.8). This 6.5 Gauss value matches a constant observed by Gordy and

Alexander in their ESR studies of irradiated single crystals of guanine (12).

An excited state of guanine in DNA would allow stacking within DNA and fits the
theoretical models of Barton (20) and Hennig (13). Hennig’s theory argues that base
25  stacking enabled by charge, causes a configurational supercoil shift in DNA, and the
charge is then transferred to the hydrogen bonding sites of the bases. Charge is then
transferred into the long axis of the helix. The configurational shift during DNA charge
transfer is also supported by the work of Schuster (22). Therefore the ESR reaction
supports a dynamic configurational change in DNA.
30
HPLC
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A G OZ signature is obtained using 1.0 nL. .01 Mstock G &Z, and
subsequently 1.0 nL. DNA is added froma solution containing 5.0 ng/nL DNA,
Scans ar ewehomwn3(fiigs. 7-a, b). It is evident that therePCI/im2paakishift
representing an electron transfer of 60. ny. fromd QZ to DNA. This charge

transfer e as |rrever ible. 5 MOTT- KY | MNPEDANCE ANALYSI S The
i nstrunen?ﬁ@]@?f%{ﬂﬁn? a8 SP R B R RGP e ry.
The el ect @gﬁpq{hgrrﬂe@hdaqggmdlg%at systemis used to scan the sane voltage

band at single perturbation frequencies from 50-200 nHz and observe the
resul ti ngOilnduotrasroes spifitg i®pratiThen fmdm:mamt@ band is nodified by the

{';‘ﬁgisb;?” The CO0E v Bidrlie® B S B rcpar SR ey Bl CBCET R FUBot i t1ve
BE@S{;M%NGE] g@g@& R ESR i
;S)gr?glsrrezbggztaﬁg%reggfg%l-@?&gu&/V| amn éﬂg W t h@@%’?ﬂlgi )ng a conti nuloﬁs

15 wave ESR X-band Spectroneter (Resonance |Instrunents Mdel 8400). Equal
vol unes oELEQTR(PHY SIﬁSth vitamin B12 (1.0 ug/m. in the A QZ solution ),

Dibe. rhon 1bdex SRl dtoh (il St Eiihupha Mt A i ThkGHRL ddlidln ©PC

sanple i sdbde@pss‘udaﬁateaﬂnﬁngmffbrylsmm@ the instrument fromthe freezer for

scanni ng 20The sults shown (fig,8) reveal quartets of sy tric peaks
with a spll 8@ B?%@ EQHE e2lpE ofds | Isaﬂggasyft? aa%andvﬁ?@fs asth@ga“y@spe\} kg
mat ches apgQfst ant observed by Gor dy and Al exander in their ESR studies of
irradiated single crystals of guanine (12). An excited state of guanine in
DNA woul dMadl¢ambar steaghk inmgkass titei rnn BNAndard wiiht Q1 G7h eTlidhresul stare stown(diel 22) .of

Barton (2 t heor ues t hat bas 5stackin
enabl 6d. by I RRIATEr SaCRb Ty 0o R et B rERS: el BEreaier KR TS BNA. and.t he
charge i spfd@Kiniy WRiSh BhS @Hml&utaheve@h%pm PRALINEGI DL SRids 1ERendases.
Charge is then transferred into the long axis of the helix. The

confi guraﬂ%ﬁhal shift during DNA charge transfer is also supported by the
wor k S hu Ther.ef.or, e E act | SUpports a nam c.
conf i 8% r ati Bl atl(gl)&%’rz%m the w?ﬁﬁ of(:(‘}lt()Q cons%tuen £ WP pa'ilaglurn Q ﬁpmc acid
+ linoleic acid + zinc + 2 threonines = 897. molecular weight.

EXAMPLE 3: Mechanisms Of Action — Rationale Of Structure

Biochemical Effects — Liquid Crystal Nature

Voltammetry shows the non-reversible transfer of charge from G10Z to DNA
20  (fig.7-a,b). The amount of the transfer is 60.0 millivolts.

In electron spin resonance spectroscopy a spin quartet is manifested by G10Z
molecular hyperfine interaction with DNA (fig.8 ). This behavior is believed to derive
from the spin properties of palladium. This view derives from images showing periodic

25  crystal packing of palladium (fig.23 a) in which PdCI4 is neutralized by excess NaOH. It
is believed the packing geometry is derived from palladium d-orbital spin effects which

extend through the bound water.

G10Z in NaCl shows liquid crystal formation (fig.23 b). The DNA liquid crystal
fern structure is demonstrated to occur in .1 M NaCl (fig.16). Such structures associated

30 with spin signals introduce the phenomena of liquid crystal lattices and associated Bloch
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30 HPLC WO 2011/130271PCT/ US2011/ 032114 Hi gh Performance Liquid

Chromat ography is performed with a Beckman-Coul ter System Gol d. The net hod
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20(fig.7-a,b). The amount of the transfer is 60.0 mlljivolts.
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nol ecyd ar (b, 18‘@.{{11'191% interaction with DNA (fig.8 ). This behavior is

bel i eved to dérive from the spin properties of palladium This view derives
fromimges show ng periodic

EXAMPLE 4: Modification By Zinc Complex

To eliminate seizure activity, the G10stage of the synthetic complex was further
15  investigated and combined with various substances, until there were no seizures. This was
ultimately achieved by complexing with zinc- amino acid complexes. Zn-bis (threonine)
which has a highly polarized liquid crystal structure (fig. 20), modulates and inhibits the

seizure potentials in mice.

20 The zinc coordination number of three amino acids is noted in the literature.
Some excess of threonine is included in the synthesis to increase collision frequency and

insure coordination of the metal.

EXAMPLE 5: Primitive Living Systems And Also Biological Polymers Are Also
25  Investicated For Further Influences Of G10Z.

The living systems studied are Bakers’ yeast (Saccharomyces cerevisae), and the
mold Dictyostelium discoideum. The biological polymers are calf thymus DNA (ct), poly
GC (polydeoxy guanidylic / polydeoxy cytidylic), and DNA (ct) with histone IIS.
30
Mold species-

Dictyostelium discoideum is obtained from Carolina Biological and the agar plates

25



25crystal packing of palladium (fig.23 a) in which PdCl4 is neutralized by
excess NaCOH. It is believed the packing geonetry is derived from pall adi um
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the synthetic conplex was further 15investigated and conbined with various
substances, until there were no seizures. This was ultimately achi eved by
conpl gxi n inc- amno acid conplexes. Zn-bis (threonine) which has a
hi ghly i %xgttcgu liquid crystal structure (fig. 20), nodulates and inhibits
the sei zure poBekdrs’afeastiinobhmed fiddlGaoinnBidegediandtulorediniemaf t hree

amno acids is in the literature, Sone excess,K of .threon i
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ad oz. final concentration.

15  While under observation by phase microscopy, the G10Z produced heterochromatin

(dense chromatin). (Figs.13 and 14). Heterochromatin is a model for gene repression

(14).

EXAMPLE 6: Influences of G10Z on Gene Polymer Liguid Crvstal Configurations

20
1. DNA -
Microscope slides are prepared to receive 10 uL. of the following mixture :
10 parts.1 M NaCl, 10 parts 5.0 mg/mL.DNA (ct) solution, and 1 part 10°M G10Z
solution.
25 A 10 uL aliquot of the mixture is spread evenly over the entire slide with a loupe

and allowed to dry. The dried slide is viewed under phase microscopy (fig.18) and
compared with a control slide which is similarly prepared but receives no G10Z (fig.17).
Initially one can see a small intrinsic waveform in the DNA liquid crystal. The G10Z
increases this wavelength in a form of Doppler influence. We interpret the mechanism as

30  one that converts a self-inductance to a mutual inductance or resonance.

2. Poly GC -
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The living systens studied are Bakers' yeast (Saccharonyces cerevisae), and
the nold Dictyosteliumdiscoideum The biological polynmers are calf thynus
DNA (ct) ,wpaby/GR71pol ydeoxy guani dylic / pol ydeoxy cyt ipdyitise)ii/oaaias DNA
(ct) with hi stone I1'S. 30 Mdld species- Dictyosteliumdiscoideumis

obtai ned from ol i na oI ogi cal and the a ar
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Thi s vi goeenisl alecbtewblpkresﬁlmpialtly erepaied bat weelvpneq Gél%éﬁg UPe Fheantrpleslide
unchanged ,c0Q t I Y ned
from Car ofl?or‘l’gg Cggo?cal efo;?g eﬁ?c[ ﬁ?@id iide %IQWSI rgg‘évx}’ ﬂ%{gf%ucttﬁllegby s%%dr ose.
These ar eimgpdlp md to grow out three days in plastic flasks. 10 1 sanples
are placed on glass slides under cover slips and inoculated wth AQZ to
10-6M final concentration. 15 Wil e under observation by phase m croscopy,

the § r oA Snhekeh chrorratl n (dense chromatin). (Figs.13 and 14).
Het ero(g:)ﬁr@ pcsNEEReS for gene repression (14). EXAVPLE 6: |nfluences

of A QZ on Geanaolsgdpershdiesmne pre@argd tatecGonfl D gulr eftthofudloRngt . THaNAepared

M croscope .sl i des are receive 10 | f the f |OWI m xture

© 10 par t SDIUEQ QA0S g\qﬁ\E%I’r&f/Pﬁ_ é\ﬁim@@{aﬂ)%@wﬁ MR Bart 10- oM
d aZ sol Uh%%L h%@cﬁle]i‘i’s 'sdlhtléﬂ 'aH&'@tpaRflotzﬁ\@ Aozt g8l Rioh SASIP &FLS 1@8?6‘1* fheOver the

entire sli with a | oupe and allowed to dry. The drie l1de is viewed
under phasextrics sgieapyvonty grer I8)cnandslsiomptr ebupe taltrd dlayonttodry. sThadgiaghi ch i s

simlarly ar ed ,but ceives no nitia an see a

arml | 1 nt seR g e o By e i el e o RS enses thi s

wavel engt KiniiRrlg pk&aradafut RaRRkE ho IG1DZUEME @ontY¥! siité SHdwsRhe FltmatiBEBANI SM as
straight filaments (fig.10a). Only the G10Z treated slide (fig.10b) shows the induction of

twisted cable structures — analogous to chromatin.

20 EXAMPLE 7: UTILITY IN MEDICINE — in vitro and in vivo screening

An in vitro method was first utilized in the screening of G10Z as a candidate

chemotherapy agent.

25  Methodology of the /n Vitro Cancer Screens -

For a typical experiment, cells are inoculated into 96 well microtiter plates in 100
uL at plating densities ranging from 5,000 to 40,000 cells/well depending on the doubling
time of individual cell lines. After cell inoculation, the microtiter plates are incubated at
37° C, 5 % CO2, 95 % air and 100 % relative humidity for 24 h prior to addition of

30  experimental drugs. Aliquots of 100 ul of the different drug dilutions are added to the
appropriate microtiter wells already containing 100 ul of medium, resulting in the

required final drug concentrations.
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lines. After cell inoculation, the mcrotiter plates are |Incubated at
515 nm. For suspension cells, the methodology is the same except that the assay is

15 terminated by fixing settled cells at the bottom of the wells by gently adding 50 ul of 80
% TCA (final concentration, 16 % TCA).

Using the seven absorbance measurements [time zero, (Tz), control growth, (C),
and test growth in the presence of drug at the five concentration levels (T1)], the
20  percentage growth is calculated at each of the drug concentrations levels. Percentage
growth inhibition is calculated as:
[(Ti-Tz)/(C-Tz)] x 100 for concentrations for which Ti>/=Tz
[(Ti-Tz)/Tz] x 100 for concentrations for which Ti<Tz.

25 Three dose response parameters are calculated for each experimental agent.
Growth inhibition of 50 % (GI50) is calculated from [(Ti-Tz)/(C-Tz)] x 100 = 50, which
is the drug concentration resulting in a 50% reduction in the net protein increase (as
measured by SRB staining) in control cells during the drug incubation. The drug
concentration resulting in total growth inhibition (TGI) is calculated from Ti = Tz.

30

The LC50 (concentration of drug resulting in a 50% reduction in the measured

protein at the end of the drug treatment as compared to that at the beginning) indicating a
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37 C, 5 % CX2, 95 %air and 100 %relative humdity for 24 h prior to

addi tion of 30experinental drugs. Aliquots of 100 gl of the different drug
di luti onswenetiadozd to t he appropriate mcrotiter well sPalrnsaady/osamt ai ni ng
100 gl of medium resulting in the required final drug concentrations. WO
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washed fi VEPTEIREES Gt ?rjﬁs PRV AR I BRSPS RERENEHET B (SRB)
solutipn (100 IA) at 0.4 % (wWv) in 1l %acetic acid is added to each well,
and plates are incubated for 10 m nutes at roomtenperature. After

st ai ni ng, Rasidsurid véilie i s renpved by washing five times. 10 After staining,
unbound dye is v hi ng fi t i 9 et i pd.and the
ol at oo are ai r 105 PRy Ea o e DL e L BT B2 D1 0at AR UE6MEIH 10

trizma basfectastihtdrergaits oh Dasasecanserragd brain caitchedIBTEE S Th, P).aTke r eader at a
wavel ength of 515 nm For suspension cells, the nethodology is the sane
except t haytotoxicityshays psa fmeiemphepmeentiion Thefgvcstesticraeengations ase giaded hot t om

of theywel byng Iy pddi 29 pl of 80 % TCA (final concentration, 16 %
TCA).ﬁ) A§€&?39R?%e égvgg /sofbance nmeasurenents [tine zero, (Tz),

control growh, (C, and test gromh in the presence of drug at the five
concentration |evels (Ti)], the 20per tage growth is, cal cul ated at each
o the. dr ug. colbHIIESINATE aivs. oG D0 AGE B BT Hsid U o 19
cal cul at eg sagnd {101 x 167 himl ZHhe B13 08hcbRiratfRNs BALERI PR8edsGfontixCly Ti >/ =Tz
*ug/mlto 17 x 10”ug/ml. At the lowest dose of G10Z the B12 shows a cooperative cyto-
15  toxic effect.

Method — in vivo Methodology of Animal Cancer Screens

G10Z was studied with respect to Ehrlich ascites carcinoma obtained from the

20  National Institutes of Health.

Ehrlich ascites carcinoma was established in Balb C mice. The ascitic serum was
allowed to grow out to an amount that was easily withdrawn by syringe. The cells were
examined microscopically to confirm viability and concentration. The serum was diluted

25 10x in Dulbecco’s culture medium and 10° cells were injected into the peritoneum of 12

test mice.

After 24 hours, a group of 4 of these mice was injected i.p. with .2 ml. 0.02 M
G10Z, on a daily basis except for weekend lapses. A 19 day study was performed.
30  Injections were performed on 14 of the days for a total of 14 injections, allowing weekend
lapses on the 5™ and 6™ and 12™ and 13" days. The remaining 8 mice served as untreated

controls.
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[(Ti-Tz)/Tz] x 100 for concentrations for which Ti<Tz. 25Three dose
response paraneters are calculated for each experinental agent. Gowth

i nhi bi ti onoab115Bo24 (G 50) is calculated from [ (Ti-Tz)/(@Ta)sport/oinds = 50,
which is the drug concentration resulting in a 50% reduction in the net
protein increase (as neasured by SRB staining) in control cells during the
drug incubation. The drug concentration resulting in total growth
inhibition (T i : i . 30 The LC50

(concentrati onGr)(;$k%?tﬁjég;&ftgég%@%&?%egkgg%%éducti on in the nmeasured protein
at t he en€ouoftrolt hembengd miceat®nent as conpared to that at the begi nning)

i ndi cati ngl a V\E 2011/.13(#):21#? / US2011/ 032114 net |l oss of cells follow ng
t reat nent 71 S €A S AR S T (Ti-Tz)/Tz] x 100 = -50. Val ues are

cal culqated for each of these three paraneters if the level of activity is
reached; however, if the effect is not reached or is exceeded, the val ue
for that peatadenenbirofenipeedsed as greater or | ess than the maxi mum or

m ni mum cqnecent r.ation .t est 5 Results - in vitro The tabul ati ons
of the ing%&%fg%ddgsfsfsélg\fﬂs’ed}?%soz and d OAC show the cytotoxic effects of

t hese agents on breast cancer and brain cancer cells (figs. 1 a, b). The
cytotoxicity shows as a function of concentration. The five test

concent r aBPBREAT Brdiasy datids cansgsterg wath & K29 incpors in spgvigpl tigg A an I'n
anot h S i the A OZ concentration is graded as 1.0, 2.0,
4. 3, @5,5%&%5 %t%éeg4 ,Ca%lﬁrllal%elhg/m. The B12 concentration is graded in 5
stages from1 x 10- 4ug/nl to 17 x 10-4ug/m . At the | owest dose of A QZ
the Bl12 shows a cooperative cyto- 15toxic effect. Method - in vivo

Met hodol ogy of Ani mal Cancer Screens G OZ was studied with
respect to Ehrlich as cites carcinoma obtained fromthe 20Nati onal
Institutes of Health.
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Ehrlich ascites carcinoma was established in Balb C mce. The ascitic serum
was allowed to grow out to an anount that was easily w thdrawn by syringe.
The cel | swoena/sam ned m croscopically to confirm vi abiPCirtus2@nd32114
concentration. The serumwas diluted 2510x in Dul becco's culture nmedi um and
106 cells were injected into the peritoneumof 12 test mce. Affg{) §4
hours, a group of 4 of these mce was injected i.p. with .2 nP11-60 §6 Ty

G QZ, on a daily basis except for weekend | apses. A 19 day study was
performed. 30 Injections were performed on 14 of the days for a total of 14

i nj ect i on¥Vhasid abyined isseekend | apses on the 5th and 6th and 12th and 13th
days. The remaining 8 mce served as untreated controls. The

results of the experinent are as fol| ows: trol: nupber of mce = 8
Average days S GrepriRker o ppgagigmeT maél_a&@a% safy F agfl apdl 8 dong %mﬁéﬁége days
survived zid5yRerein thpUITR U is U3 81 1RIYaidl@ toth SOfS afdeda%o}%f frofip 12%

increase in survival tinme in an 10ascites stage 4 cancer nodel: 61%- 30 PCT
VWhat i s cbaygeeslof kpoic 4cid Aandovipiran thaf lopaklaadifatiy astd & boadlddaiditbewakdium | i poi ¢
acid and a. Itﬁng ﬁhai n fat tf)C( ci d, wh?r ei ngihe pal l adiumis bonded to |ipoic
aci d via BBtRC SUPE SR PTG 198% $hal Flliiclikygens of Iipoic acid, and
wherein the long claimfatty acid is bonded to the palladiumvia the

car boxyl group of the long chain fatty acid. 2. The conplex of claim]l,
wherei n t Re pallhaeempics af elajng 1swheremelic palipgiunh salpis salscied Aoimsthic gepupr

| 1 adi L or | L | adi : di SOt o _ |
pat b ach um G S0k 48 g BRk AL E AT G RG] RTpHTuI AR Y, BALLAE KL 2t @
palladium oxide and palladium sulfide.

3. The complex of claim 1, wherein the lipoic acid comprises a lipoic acid derivative

having a carbon chain of between 2 and 20 carbon atoms.

4. The complex of claim 1, wherein the lipoic acid comprises a lipoic acid derivative

having a side group or groups selected from the group consisting of carboxyl, sulfur and

amine.

5. The complex of claim 4, wherein the lipoic acid derivative is lipoamide.

6. The complex of claim 1, wherein the long chain fatty acid is linoleic acid.

7. The complex of claim 1, wherein the long chain fatty acid is docosahexaenoic
acid.

8. The complex of claim 1, wherein the complex further comprises zinc, wherein the

zinc is bonded to the methyl of the long chain fatty acid.

9. The complex of claim 6, wherein the complex further comprises zinc, wherein the

zinc is bonded to the methyl of the linoleic acid.
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3. The complex of claim1l1, wherein the |ipoic acid conprises a |lipoic acid
derivative having a carbon chain of between 2 and 20 carbon atons. 4. The
conpl ex oVocbai10I1 wherein the |ipoic acid conprises aPCirpseaimasiiad4
derivative having a side group or groups selected fromthe group consisting
of carboxyl, sulfur and amne. 5. The conplex of claim4, wherein the

| i poic acid derivati is |ipoam de . The conplex of claiml, wherein
the 1ong &hkai nTh@'e@lpplaéioticlﬁgn Bi WB?réindh%leQrapleX furt@ﬁéO@amﬂS@%e 6F tVeq &NimE1

wher el n t%‘&dé QN Gl A Mhnfifb Béﬁfié’l&ﬂe%oh& HAgapsafexaenoi ¢ acid. 8. The conpl ex

of claim wherein the co fer conprises zinc, wherein the zinc is
bonded to the nethyl of the Iong chain fatty acid. 9. The conplex of claim

6, wherein_ the_conplex further ri ses zi.nc, erein the zinc is bonded
to the n'ellhyl 3he EoEpIcK RBFAITR | oY BeTein D 55719 a%@gafigmt}qqé?@m 032114 10.
The conplex of claim8, wherein the conplex further conprises one or two
am no acids, wherein the am no acids are bonded to the zinc. 11. The

conpl ex of2cl ailhe ¢@nphekef &i,rwhaneindind twe @acindscids erclibredeidet o zinc. 12, The

conplex of 11, wherein the two am no acids are threonine. 13. The conpl ex
of claim®6, wherein the conplex further conprises one or two am no aci ds,

wherein the ongh®korh x@ﬂbﬁﬁn@cwﬁéeﬁmﬁeB&ﬁﬁ@ﬂﬁhﬂx&h@mﬁhﬁﬁoneéﬂhthﬁm@0”D|eX
of claim6, wherein two amino acids are bonded to zinc. 15. The conpl ex of

14, wher eh¢ids, hersim therfingor Ao dmingrasidsiareberided to thegincA phar maceut i cal
conp05|t|on of matter conprising a pharmaceutically effective anobunt of a
conpl ex according to claim1, and a pharnmaceutically acceptable carrier.
17. A phangacelhé cahple@dpoain bowhatinrbtLiing a¢ips isibogdal phaicraceuti cal |y
effective anount of a conplex according to claim®6, and a pharnaceutically
acceptable carrier.

15. The complex of 14, wherein the two amino acids are threonine.

16. A pharmaceutical composition of matter comprising a pharmaceutically effective

amount of a complex according to claim 1, and a pharmaceutically acceptable carrier.

17. A pharmaceutical composition of matter comprising a pharmaceutically effective

amount of a complex according to claim 6, and a pharmaceutically acceptable carrier.

18. A pharmaceutical composition of matter comprising a pharmaceutically effective

amount of a complex according to claim 8, and a pharmaceutically acceptable carrier.

19. A pharmaceutical composition of matter comprising a pharmaceutically effective

amount of a complex according to claim 9, and a pharmaceutically acceptable carrier.
20. A pharmaceutical composition of matter comprising a pharmaceutically effective
amount of a complex according to claim 10, and a pharmaceutically acceptable carrier.
21. A pharmaceutical composition of matter comprising a pharmaceutically effective

amount of a complex according to claim 11, and a pharmaceutically acceptable carrier.

22. A pharmaceutical composition of matter comprising a pharmaceutically effective
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18. A pharmaceutical conposition of matter conprising a pharmaceutically
effective anount of a conplex according to claim@8, and a pharnmaceutically
accept ablwocarwizez71 19. A pharmaceutical conposition ofPCratst@n/osnnpri si ng
a pharmaceutically effective anobunt of a conplex according to claim?9, and
a pharmaceutically acceptable carrier. 20. A pharmaceutical conposition of
matter conprising a pharnmaceutically effective anount of a conpl ex

accor di ngamgu|oiaermplexasgordingria chiddt #da pRarmaccaseab wcenfpblp sprricr.o1. A
pharmaceutical conposition of matter conprising a pharmaceutically
effective anount of a conplex according to claim 11, and a pharmaceutically
accept abl 23 car A gharmac2dticaA cpinposiaceot metadr cooppisisi tai pharmdccntidal lgreffecuqer | Si ng
a pharmaceutically effective. W épl%/l%gﬁ; PCT/ US20 }/0321 anmount of a
conpl ex aBBEIHi%Hg PBPEXACRENE tg551g 1dn %%‘1“?3?1,1 YRS ABICE ™R ri er .
23A pharmaceutical conposition of matter conprising a pharmaceutically
effective anobunt of a conplex according to claim 13, and a pharmaceutically
accept abl @4 .car A rarmaaticad cpmapsiaceof natédr comppewiztai pharnpfcentatal lyreffeompr | si ng
a pharmaceutically effective. amobunt qf a conpl ex accaording to claim14, and
3 bhar macaupHER MRl tistin a4 S PR tREAb R MeshEsE ¢ on o
matter conprising a pharnmaceutically effective anount of a conpl ex

according to claim15, and a pharmaceutically acceptable carrier. 26. The
phar naceub.cal Acdwpoadcutiend compesiapmofimatigiepaippisinge nharmasgiugallyichistteveaci d

mce! _ Gpmp L GPBTFSEBe vichi
oot i n o ABREERERplioapedBbiR Silafa i MR et B e LR o7 on

of claim®6, wherein the palladiumlipoic acid conplex is present in the
formof a_solution in an anpunt sufficient to obtain a concentration of
about 0.046M Thepharpacarigphsommnesitionof eipdsheisin the pelladivmdiroigisidki n t he

pal | adi u 1.l ¢ I I i f lution in an
Bount suFTEr s et ST o oS RERRh b AR R o PR ¢ 20 the
phar maceutemcahtrammpdsboutd04oM. cl ai m 9, wherein the palladiumlipoic acid
conplex is present in the formof a solution in an anmount sufficient to
obtain a concentration of about 0.04 M 30. The pharnmaceutical conposition

of claim 3, WigE BhdiniaB&tRA! doAfodMohloP iafim RCHHEARL BXllddurRBSRMcid N t he
formof a solution in an amount sufficient to obtain a concentration of
about 0. Odoriplex is present in the form of a solution in an amount sufficient to obtain a

concentration of about 0.04 M.

28.  The pharmaceutical composition of claim 8, wherein the palladium-lipoic acid
complex is present in the form of a solution in an amount sufficient to obtain a

concentration of about 0.04 M.

29.  The pharmaceutical composition of claim 9, wherein the palladium-lipoic acid
complex is present in the form of a solution in an amount sufficient to obtain a
concentration of about 0.04 M.

30.  The pharmaceutical composition of claim 10, wherein the palladium-lipoic acid
complex is present in the form of a solution in an amount sufficient to obtain a

concentration of about 0.04 M.

31.  The pharmaceutical composition of claim 11, wherein the palladium-lipoic acid
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31. The pharnaceutical conposition of claim 11, wherein the

pal l adium|lipoic acid conplex is present in the formof a solution in an
anmount suWbi2eilesb27o obtain a concentration of about 0. @dTMS2013@2321The

phar maceuti cal conposition of claim12, wherein the palladiumlipoic acid
conplex is present in the formof a solution in an anmount sufficient to
obtain a concentration of about 0.04 M _ 33. The pharnmaceutical conposition

of cl ai m YDk RIFSEDE Hgh ﬁ&rmh@ﬁ%ﬁﬂluuoadn@naemnw%l@w% Besent in the
f orm of aﬂﬁﬁfﬂ&%ﬁﬁ‘¥Qb&ﬂ Aopyint sufficient to obtain a concentration of

about 0.0 he pharnaceutlcal conposition of claim14, wherein the
pal l adium|ipoic acid conplex is present in the formof a solution in an

anmount su ici t to obtajn a concentra ion_of abou 35. The
phar maceu% cal E%a%gﬁaf%walo@nm%mﬁpféc %m@?ewher?w&flﬁ‘oaqlﬁém HPPPRGId aci d

conpl ex i goRpRS W reddit fn%e?&h%ﬁiso%tﬁﬁhﬁ%h%mhﬂt RFAIRYNbLEH L T clent to
obtain a concentration of about O.

concentration of about 0.04 M.

33.  The pharmaceutical composition of claim 13, wherein the palladium-lipoic acid
complex is present in the form of a solution in an amount sufficient to obtain a

concentration of about 0.04 M.

34.  The pharmaceutical composition of claim 14, wherein the palladium-lipoic acid
complex is present in the form of a solution in an amount sufficient to obtain a

concentration of about 0.04 M.
35.  The pharmaceutical composition of claim 15, wherein the palladium-lipoic acid

complex is present in the form of a solution in an amount sufficient to obtain a

concentration of about 0.04 M.
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