1 COMPOSITIONS OF BIOCHEMICAL COMPOUNDS INVOLVED IN BIOENERGY METABOLISM OF
CELLS FIELD OF THE INVENTION This invention relates to compositions of biochemical compounds
involved in bioenergy metabolism of living cells and methods of use in the prevention and therapy of
diseases in humans. BACKGROUND OF THE INVENTION The fact that many human diseases develop
at the level of cells is well estAMIEASHI IRIDIPH Kif2aSUERTEN U &PAIMIIGYYS (Virchow Rudolph, Cellular

Pathology, Berlin, 1858) hashscomp aNaadirovpiticiplaptR¥H9eoM MYhigiies localization of the

initiation of these diseases - the cell - was thereby defined, the variety of mechanisms that cause a cell to
malfunction have remained insufficiently understood. one of these pathological mechanisms that have
remained obscure is a deficiency or a lack pfthiDemergyHEnthesatiodinder physiological conditions the

bioenergy of a cell is pl:l%\élg%g gtriglqw e‘?g artb%%elél?n&ﬁ%gg f t§ogr}11%}n|§: ﬁ%tg?pg%%%g%] the dclell. The common

pathways of catabolism of tood and for the generation of bioenergy in are the Tricarboxylic
Acid Cycle, or Gitvin@aeidnCiatiel[{Krelbs syctel sand wasdewéntccallhiapienardgynpathivaypihe cellular
Respiratory Chajn tespiraionmshain) as well as the closely connected Urea Cycle (urea cycle). The
possibility of a deficiency of one or more of the Krebs cycle, respiratory chain and the urea cycle
compounds are further enhanced by the fact that these biochemical pathways involve a multitude of
enzymatic steps. Just recently the first BhoECGRan diseasesHRVOWRY aroenzyme deficiency of the Krebs

cycle have been charact ize%a(Bour eron T . etal. J. Clin. Invest. 93:2514, 1994; Rustin et at., Biochim
ropys Acta 1361160955 BT NI Lo T SR ANER ST 8 o s 6L Shoftner, 0. M. and

Wallace D. C. iw@bm@@rmmmwi(‘él@bwf)'ﬂ@éuwreRalbolhgﬁh@’Me‘mBéd@aEe@eﬂﬁ]mherited Disease. 7th
ed. New York: McGrawsHill 199859119820 fenligidisaidarsdor pne.a5nakeof these enzymes and/or

one or more of the coenzymes involved inevitably lead to a deficiency of one or more of the.
localization of the initiation of these diseases - the cell - was thereby defined, the

variety of mechanisms that cause a cell to malfunction have remained insufficiently
understood.

One of these pathological mechanisms that have remained obscure is a
deficiency or a lack of bioenergy in the cell. Under physiological conditions the
bioenergy of a cell is provided from sugar, proteins and fats that is catabolyzed in the
cell. The common pathways of catabolism of food and for the generation of bioenergy
in form of ATP are the Tricarboxylic Acid Cycle or Citric Acid Cycle [(Krebs cycle)
and subsequent cellular energy pathway, the cellular Respiratory Chain (respiratory
chain) as well as the closely connected Urea Cycle (urea cycle).

The possibility of a deficiency of one or more of the Krebs cycle, respiratory
chain and the urea cycle compounds are further enhanced by the fact that these
biochemical pathways involve a multitude of enzymatic steps. Just recently the first
molecular diseases involving an enzyme deficiency of the Krebs cycle have been
characterized. (Bourgeron T., et al., J. Clin. Invest. 93:2514, 1994; Rustin et al.,
Biochim Biophys Acta 1361:185,1997; Patel, M. S. and Harris R. A. FASEB J
9:1164,1995; Shoffner, J. M. and Wallace D. C. in C. R, Scriver et al. (Eds.) The
Metabolic and Molecular Bases of Inherited Disease, 7th ed. New York: McGraw-Hill,
1995, p. 1535). Genetic disorders for one or more of these enzymes and/or one or more
of the coenzymes involved inevitably lead to a deficiency of one or more of the
biochemical compounds of these pathways.

Recently, several coenzymes (e.g. thiamine, nicotinic acid, ascorbic acid,



biochemical compounds of these pathways. Recently, several coenzymes (e.g. thiamine, nicotinic, acid,
ascorbic acid, 2 riboflavin, Mg++) of the Krebs cycle have been used in the prevention and adjunct
treatment of certain health conditions (Beyond deficiency, 2nd Symposium of the New York Academy of

Sciences on Vitamins New York 1992. E. Ziegler, L. J. Filer (eds.) Present Knowledge in -Nutrition 7th
edition. 11.81 PréaylaxiasMiagion Dediregos:ciMatthiberRathd mldxardraniiadzwiedkincd Appl. Nutrition 48:

68-78. 1996). However: dhe Riachemicalcampounds of foedurls sycls iisslfuthe reasnitatory chain and

the closely connected area cycle have not similarly been used. Therefore there is a need for methods
and composition<th PravaRY Shdirasts MafiARBhNG b Biseierzy mttdbbllsrh 6T SUMMARY OF
THE INVENTIOMNcIhe presentdnveNtiofipionidescompssitiens ofbhiochiemical copspounds involved in

bioenergy metapplism of living cells. The present inyenti rovides ac ition to improve bioenergy
metabolism of (f:\)/gﬁts %:agﬁn%tr\lgéfgld)’ tWo 6r more ¢ Cglrh?cé?%}uﬁlfgﬁggﬁf%ﬂ%@éﬁ&%@%ﬁ\ the chemical
substances are tirtérpsbdiztas ofitheunyele drvdioriyreciysorfathd wopaetors cthereod. ttve present invention

provide; a compositign. {3 {ERKPYR LigeRsray Mmetahalism,of Gellg comprising two or more chemical
substances of respiratory chain cycle, her in the chemical substances are intermediates of the cycle

and/or precursors and! E3FARID ATt SdT FHETHRESNE ARAETRIBRP DI ESPE K SBUSHSH to improve
bioenergy metabalisittiohtgllst carapsigingdwenbsimere:uhemical substances of area cycle, wherein the
chemical substances are intermediates of the cycle and/or precursors and cofactors. The present
invention provides methods of use of biochemical compounds involved in bioenergy metabolism of living
cells in the prevention and therapy of diSEasB4ARKUPARNSETHY BNSENRT invention provides a method for

improving biqenergy rq(ﬁ@&ggié{pmgg&%l§pmggigmyggigﬁggp&@gmmgﬁ%ggﬂpuman composition
which comprises
involved in bioenergy metabolism of living cells.

The present invention provides a composition to improve bioenergy metabolism
of cells comprising two or more chemical substances of Krebs cycle, wherein the
chemical substances are intermediates of the cycle and/or precursors and cofactors
thereof.

The present invention provides a composition to improve bioenergy metabolism
of cells comprising two or more chemical substances of respiratory chain cycle,
wherein the chemical substances are intermediates of the cycle and/or precursors and
cofactors thereof.

The present invention provides a composition to improve bioenergy metabolism
of cells comprising two or more chemical substances of urea cycle, wherein the
chemical substances are intermediates of the cycle and/or precursors and cofactors.

The present invention provides methods of use of biochemical compounds
involved in bioenergy metabolism of living cells in the prevention and therapy of
diseases in humans.

The present invention provides a method for improving bioenergy metabolism
of cells, comprising the step of administering to a human composition which comprises
two or more chemical substances of Krebs cycle, wherein the chemical substances are
intermediates of the cycle and/or precursors and cofactors thereof.

The present invention provides a method for improving bioenergy metabolism
of cells, comprising the step of administering to a human a composition which

comprises two or more chemical substances of respiratory chain cycle, wherein the



two or more chemical substances of Krebs cycle, wherein the chemical substances are. intermediates of
the cycle and/or precursors and cofactors thereof. The present invention provides a method for improving
bioenergy metabolism of cells, comprising the step of administering to a human a composition which
comprises two or more chemical substances of respiratory chain cycle, wherein the 3 chemical
substances are dhtensiddilisanefsthe oyelaediaisrqirdeunshr suier cofetors atlsegelgttdhe present invention
provides a methpd fgf improving bioenergy metabolism of cells, comprising the step of administering to a
human a composition which comprises two or more chemical substances of urea cycle, wherein the
chemical substances St& RHEESHHEN L GF L) R IR ARA P HBRP LB KR AER AR BB SCRIPTION OF]
HE DRAWINGSH&Is lcdepicts ageapp showing daemeialolicapatovaysaidherKeabs cycle. FIG. 2
depicts the, enzyme com lex andrgg?lsthetii:s%oy% inv@ved in tpe.W metal lic pathway of respiratory

chain. FIG. 3 deﬁfgf)srlgeérthOEWBW|nge & metabolic. Ba%ﬁ\?\?aﬁy% urea cyc e. DETAILED DESCRIPTION

OF THE INVENTIORNtiferis motrpudsilsieolithoutsuffidientibivenergydeduxaseated at the cellular level. In
a series of metabolic pathway proteins, carbohydrates and tats are converted to adenosine triphosphate
(ATP). Optimum availability of cellular energy is a é)recondition for health. Under normal conditions, e.g.

in a young and healthy individual, the cBlisoRthé! 3&9@@%&%%!% amount of cellular energy to
maintain the diversifieditinctiens:of thepbapyw\Witthaganced pgevand undatpatbotagical conditions, the
cells of the body are f tly not able to provide sufficient energy to maintain siological functions of
the body, despite optirﬁ%@?ﬁr&?g CetSoEP?oegczl?]- ore v%)?,agéi: é?%%ﬁeg%/élg H}g%{:\géirgpﬁ%ve been identified in
which enzymesrofttthelcedhular ardrgymmetalpolism are affected, leading to neurological disorders and

other clinical manifestafigns .phe cammen caiabalismeehinrd,and iheagaeratien of bioenergy relate to
the Krebs cycle, the cellular respiratory chain as well as the closely connected urea cycle.
DETAILED DESCRIPTION OF THE INVENTION

Life is not possible without sufficient bioenergy being created at the cellular
level. In a series of metabolic pathway proteins, carbohydrates and fats are converted to
adenosine triphosphate (ATP). Optimum availability of cellular energy is a
precondition for health. Under normal conditions, e.g. in a young and healthy
individual, the cells of the body create an optimum amount of cellular energy to
maintain the diversified functions of the body.

With advanced age and under pathological conditions, the cells of the body are
frequently not able to provide sufficient energy to maintain physiological functions of
the body, despite optimum intake of food. Moreover, several inherited disorders have
been identified in which enzymes of the cellular energy metabolism are affected,
leading to neurological disorders and other clinical manifestations.

The common catabolism of food and the generation of bioenergy relate to the
Krebs cycle, the cellular respiratory chain as well as the closely connected urea cycle.
The basic biochemical compounds of the biochemical pathways have been elucidated.
FIG. 1 summarizes the biochemical pathways of Krebs cycle. FIG. 2 summarizes the
biochemical pathways of respiratory chain. FIG. 3 summarizes the biochemical
pathways of urea cycle. While the biochemical structure of these compounds is known,
they are currently not used in medicine as preventive and therapeutic agents.

a) The Krebs-Cycle

The biochemical intermediates of the Krebs cycle claimed in this patent are:



The basic biochemical compounds of the biochemical pathways have been elucidated. FIG. 1
summarizes the biochemical pathways of Krebs cycle. FIG. 2 summarizes the biochemical pathways of
respiratory chain. FIG. 3 summarizes the biochemical pathways of urea cycle. While the biochemical
structure of these compounds is known, they are currently not used in medicine as preventive and
therapeutic agefitsite) Thec)rélis-GyeleaThepioetramical iketrahediateswhihd Keebyeyele claimed in this

patent are: 4 Ci§@£@m&§ﬁﬁ%&&@%ai§t@FH@f&‘oe%@E?s%@if‘%%@ﬁlﬁ@ﬁ@ﬂﬂé@@ﬁ%péh&fé@B(zlt%‘?@nzymA-
succinate, fumarate, malate, oxalacetate as well as the biochemical compounds that are immediate

precursors of thE RS RS HEH A SEEN CEE e K 458 bsrivatde B AR NEaarying importance of
these compounds for enengyhuetanalismpdhey e reedividegdohddwe aatiegariaskiafsthatpyrposes of this

invention: A. Cavtvcteageo(r1 Vﬁeq %lg(I)et 13:Csayecgrrilgst%rfpérgaratgéel_s-ng%%t?ﬂvaehlgatogIuterate. B. Category B (Table

2): citrate, cis-aconitate, Isocitrate, oxalsuccina %uﬁgcmyﬁcoenzyme %I\l oxalacetate as well as
acetyl-coenzyme A andl- pyréateor GenEtiddbfects affectingahee Krebdatycle lmtek bthertimetabolic energy

cycles of cells have bgen repgited, Meyr@puscular disprdersmay davednderlying mitochondrial

metabolic defects: reduction of mitochondrial malic enzyme activity (Stumpf et al. Friedreich attaxia: Ill.
Mitochondrial Malic Enzym DfRIBHEY N Biofogyaleasaigss Wil sy pceiyifiidstefici@cy patients have
severe neurological impairmgnufatg., progressive encephalopathy). Fumarase deficiency is an

autosomal recessive enzephalopathy.affect] oth the mitqchondrial and the cytosolic enzymes (Walker
ol Sournal of Inhe ST N TEb o o g S s Y S Doy 1000, 40 (3
Pt 1): 495-9; Bowltydrove btel.repotindaNofi@linisallindestidrationy 99 4n3lgnyirg3n®)cikBdldi®; Narajanan et

al., Journal of Chilglig NRIEAOYIGIIRE MaYioddokdtA RgiROe O BURGL a5 Mpl panet. Meta. 1998

April; 254-62). Drugge et al. reported_hereditarw opathy with [egtic archdiocese, succinate
dehydrogenasefaisaraichritase-didkiredqrinaeya yRdeHifirry D planl 782 Binkelman et al.
reported 2 ketoghutenate siehyegerase siekiaie ey wile o iesrilt@ids] impairment (e.g.,

progressive encephalopathy). Fumarase deficiency is an autosomal recessive
enzephalopathy affecting both the mitochondrial and the cytosolic enzymes (Walker et
al., Journal of Inherited Metabolism Disorder 12 (1989), 331-332; Gellera et al.,
Neurology 1990, 40 (3 Pt 1): 495-9; Bourgeron et al., Journal of Clinical Investigations
1994 June; 93 (6): 2514-8; Narajanan et al., Journal of Children Neurologie 1996 May;
11 (3): 252-55; Coughlin et al., Mol. Genet. Meta. 1998 April; 254-62).

Drugge et al. reported hereditary myopathy with legtic archdiocese, succinate
dehydrogenase and aconitase deficiency (J. Med. Genet. 1995 May; 32 (5): 344-7).
Dunkelman et al. reported 2 ketogluterate dehydrogenase deficiency with intermittents
to ketoglutaric aceturia (Neuropediatric 2000 February; 31 (1): 35-8).). Thus, aconitase
deficiency, 2-ketogluterate dehydrogenase deficiency and succinate dehydrogenase
deficiency may be responsible for neurodegenerative diseases.

Current methodologies are lacking in finding means and methods to repair
inherited and acquired mutations of genes encoding for enzymes essential for the
compensation of deficiencies in the Krebs cycle and other metabolic energy cycles.
Gene therapy remains widely theoretical. For example, repair of defective fumarase
gene is still in experimental stage and it is still years from being applied in medicine.
Moreover, gene therapy is associated with severe side-effects and high costs. There is
so far no description of any composition of biochemical compounds nor their

therapeutic use in the literature.



to ketoglutaric aceturia (Neuropediatric 2000 February; 31 (1): 35-8).). Thus, aconitase deficiency,
2-ketogluterate dehydrogenase deficiency and succinate dehydrogenase deficiency may be responsible
for neurodegenerative diseases. Current methodologiesSare lacking in finding means and methods to
repair inherited and acquired mutations of genes encoding for enzymes essential for the compensation
of deficiencies in the Kifebirespalaizisdtotherovidtabalietzasered coyehesiticdaectiepapiptivgnains widely

theoretical. For gxampigiRRaiiPhideiedive Rnas ey deRtissillinexpeimenial fiaggand it is still
years from being applied in medicine. Maoreover, gene therapy is associated with severe side-effects and

high costs. Thef8 %5 T nd a8edYiptisiB wHyE6MIBS ISH St isicementiRd eoipbids nor their
therapeutic usedyctbe litenadeeh,mcddByareseiitiorentes oy desnannaibothamd @ariposition for
compensating such deficiencies in bioenergy metapolism_ by administering such.lacking hiochemical
components t L ey LA B e S et SR RO s forner
enhanced by thepiduditiopupplisdchsste othiamirecariisofigirsatertiilsashinerals emdhgrace elements and
other cofactors f%u%%i&ﬂ%%@liﬁ%%@@ﬂ@éﬁk%ﬁ ﬁé/éi@u&_@%l:‘ﬁ@&%@&t?@ﬁl%%&%@Zymes can
compensate - at least in part - for the insufficient availability of the enzyme itself due to a genetic defect,
e.g., fumarase $&ffdfBARYy. The present invention also provides the addition of NAD, NADH, FAD, FADH,
NAPD, NAPD and othehsyelskhowetashiarsopeehdiarianaigyihrast avsynexgisic, efe;tFenmpensate for
enzymatic defe t bs cycle. | referred embodiment, the present inventi rovides a
Compouition. conRINg R S e 3 AR e e prosent
invention relate$teohipohemicalcsaprstaiackécofsthietikrEbdseycle. are claimed as shown in Table 1, category
A. TABLE. 1 Krebs Cygle &9@}%@}%@%&99{%6@&9%@}&@@9&%@@%%%Mﬁu@f%ﬁnount claimed
Succinate Mg 0.01-100

comprising succinate, fumarate, L-malate, and a-ketoglutarate.
Preferably, the present invention relates to biochemical substances of the Krebs

cycle are claimed as shown in Table 1, category A.

TABLE 1
Krebs Cycle Compounds Category A

Biochemical Substances Units Amount claimed
Succinate Mg 0.01-100
Fumarate Mg 0.01-100
L-Malate Mg 0.01-100
a-Ketoglutarate Mg 0.01-100

In another preferred embodiment, the present invention provides a composition
comprising citrate, cis-aconitate, isocitrate, oxalsuccinate, succinyl-coenzyme A,
oxalacetate as well as acetyl-coenzyme A and pyruvate.

Preferably, the present invention relates to biochemical substances of other

intermediate steps of the Krebs cycle as shown in Table 2, category B.

TABLE 2

Krebs Cycle Compounds Category B

Biochemical Substances Units Amount claimed

Pyruvate Mg 0.01-100



Fumarate M. 0.01-100 L-Malate M. 0.01-100 a-Ketoglutarate M. 0.01-100 In another preferred
embodiment, the present invention provides a composition comprising citrate, cis-aconitate, isocitrate,
oxalsuccinate, succinyl-coenzyme A, oxalacetate as well as acetyl-coenzyme A and pyruvate. Preferably,
the present invention relates to biochemical substances of other intermediate steps of the Krebs cycle as
shown in Table 2¢@atégunzBITABLE 2 Krebs CyclkCompounds Ghtégdty B Biochemical Substances
Units Amount clajmgd Pyruvate Mg 0.01-100 6 Aagtyl-Coenzyrne #\yMg#301-100 Citrate Mg 0.01=200
Cis-Aconitate Mg 0.01-100 Isocitrate Me 0.01-100 Oxalsuccinate Mg 0.01-100 2-Oxo-Glutarate Mg
0.01-100 Succih{tE8H2mA Mg 0.01-100 OxaloXtetate Mg O.OlQing] e bioenergy metabolic
pathway, particiaclytitte Krebs cycle, has been disagvered a long time i@go. Bioenergy metabolic
pathway is very&x%qggé%l g}gd is believed to take plﬁl;r‘e in mostly cl ] systems. In skeletal muscle, the
Krebs cycle functions as a closed cycle. It provides r%ducing equivalents to the electron-transport chain
for ATP-synthesiandfurthe provides essentially ddgplete oxidatioRthOthe liver, the Krebs cycle
functions as an gpengd eygley it allows carbon skelgions to enter apngtqdgave the cycle at different sides
and provides substrates for biosynthetic processes in the mitochondria and cytosol (Zinn et al.,
Fumerase DefidiBH87°9E new cause of mitochondtal enzephallofh{bpathy, the New England Journal of
Medicine, Volume 315, Aug. 21, 1986).

The bioenergy metabolic pathway, particularly the Krebs cycle, has been
discovered a long time ago. Bioenergy metabolic pathway is very complex and is
believed to take place in mostly closed systems. In skeletal muscle, the Krebs cycle
functions as a closed cycle. It provides reducing equivalents to the electron-transport
chain for ATP-synthesis and further provides essentially complete oxidation. In the
liver, the Krebs cycle functions as an opened cycle. It allows carbon skeletons to enter
and to leave the cycle at different sides and provides substrates for biosynthetic
processes in the mitochondria and cytosol (Zinn et al., Fumerase Deficiency: The new
cause of mitochondrial enzephallomyopathy, the New England Journal of Medicine,
Volume 315, Aug. 21, 1986).

Although such deficiencies have been discovered many years ago, there seems
to be a prejudice to administer compounds to compensate such deficiencies due to the
described fact that such cycles are closed or allow only entrances of limited chemical
compositions like carbon skeletons.

The present invention provides a specific composition of biochemical
compounds that compensate enzyme deficiencies in the Krebs cycles in inherited or
acquired defects. Without bound by any theory, the present invention discloses
compositions of biochemical compounds that may compensate enzyme/intermediate
deficiencies regardless whether Krebs cycle exists in closed or opened systems.

The present invention further provides compositions that have no known side
effects and can be excreted from the bodies without any harm.

b) The Respiratory Chain

The biochemical compounds of the respiratory chain claimed are: coenzyme Q-
10 (ubiquinone), ubihydroquinone(ubiquinol), other compounds of the

ubiquinone/ubiquinol family of compounds, heme a (part of cytochrome a), heme b



Although such deficiencies have been discovered many years ago, there seems to be a prejudice to
administer compounds to compensate such deficiencies due to the described fact that such cycles are
closed or allow only entrances of limited chemical compositions like carbon skeletons. The present
invention provides a specific composition of biochemical compounds that compensate enzyme
deficiencies in theiKpébglesiiendhinhéHeatt sriratquirsth defeets) Without bound by any theory, the
present invention diSC@ﬁ%?d@@%@%éi%QBQ@%%@WW%JQ&M&WWH%E

enzymel/intermediate deficiencies regardless whether Krebs c;r(]cl_e exists In closed or opened systems.

The present invBntiGA I HARTHL RS FAHSEIRIAS RAGC ISV HY KA side effects and can be
excreted from the bodigs pritkaistaryidarprobjdhenrResgiraio by hiainohfertieapetsicakcompounds of the,
respiratory chain claimed are: coenzyme Q- 10 (ubiquinone), upihydroquinone(ubiguinol), other
compounds of TS LTI R A B B oive ). heme b 7
(part of cytochrdmehbingatichepenen(piatiesf ksdpchrome c). Thus, deficiencies of the biochemical
components of the respirgiRi cOAIMRRAYER, aHealsatly & L RRPRMING faciapieithg pathology of

diseases. The present invention provides a method and composition for compensating such deficiencies
in respiratory cHAMRHERORSHRY By atfinietetAgrsudh adkniy orsHBiHES b &Hfbnents to the body. In a
preferred embodimpainthe Pieseitinverliongpresidesis c0bopgsitian, Gempiiging eoenzyme Q-10
(ubiquinone), ubihydroquinone(ubiquinol)..other compoungds of the ubiquinong/ubiquinol family of
combounds, her I OR B e e DA B S e B ST e  (oart of
cytochrome c). Prefer&bticritdy pitespmsdnientiomonaicdtéss to biodvamidadcapapoisnddhef the Respiratory

Chain (See Tabig 3),a16 ¢ BIMRCHHIRG CAEZYMESindif B3 Glilar Repiratory Chain Compound;

Biochemical Substances Units Amount claimed

TABLE 3

Cellular Respiratory Chain Compounds

Biochemical Substances Units Amount claimed
Coenzyme Q-10 (Ubiquinone) Mg 0.01-20
Ubihydroquinone (Ubiquinol) Mg 0.01-20
Heme a (Part of Cytochrome a) Mg 0.01-20
Heme b (Part of Cytochrome b) Mg 0.01-20
Heme c (Part of Cytochrome c) Mg 0.01-20

¢) The Urea Cycle

The biochemical compounds of the urea cycle are: citrulline, argininosuccinate,
arginine, omithine and aspartate.

Thus, deficiencies of the biochemical components of the urea cycle may be a
causative or contributing factor to the pathology of diseases.

The present invention provides a method and composition for compensating
such deficiencies in urea cycle metabolism by administering such lacking biochemical
components to the body.

In a preferred embodiment, the present invention provides a composition
comprising citrulline, argininosuccinate, arginine, omithine and aspartate.

Preferably, the present invention provides biochemical compounds of the urea

cycle (See Table 4).



Coenzyme Q-10 (Ubiquinone) Mg 0.01-20 Ubihydroquinone (Ubiquinol) Mg 0.01-20 Heme a (Part of
Cytochrome a) Mg 0.01-20 Herne b (Pan of Cytochrome b) Mg 0.01-20 Heme c (part of Cytochrorne C)
M. 0.01-20 c) The Urea Cycle The biochemical compouhds of the urea cycle are: citrulline,
argininosuccinate, arginine, omithine and aspartate. Thus, deficiencies of the biochemical components
of the urea cycle may be a causative or contributing factor to the pathology of diseases. The present
invention provides a method and composition forgggigensating such deficiencies in urea cycle

metabolism by administering such lacking biochemical components to the body. In a preferred
embodiment, the present invention pro&i‘é‘—%@ﬁé@@ﬁ&%@?ﬁ%ﬂ%ing citrulline, argininosuccinate,
arginine, omithiseoandnaspaiteianBreferably, the presant invention pravisgesibigetiemical compounds of
the urea cycle Sg&ﬂ'aeble 4).8 TABLE 4 CeIIuIarhl/Ilrea Cycle CorB%?_u];b s Biochemical Substances
Units Amount claimed  Citrulline Me 001-100 Arginm%succinate Mg 0-01-100 Arginine Mg 0.01-100
Ornithine Mg 0.61200>sAgpartate Mg 0.01-100 al)Mhe Cofactors ¢f @ellflar Energy Metabolism 'Tile
biochemical cof@g:fég{;ngf cellular energy metabolis imed includgy olipjg acid, lipoamide.
acetyl-lipoamide, lysine, carnitine, ascorbate, thiamine, riboflavin, nicotinic acid, niacinamide,
pantothenate, niddtifiEhide-adenine dinucleotide (NI/&D), reduced Mdti&mide adenine dinucleotide
(NADH), nicotinamigetadenine Mg 0.01-100

d) The Cofactors of Cellular Energy Metabolism

The biochemical cofactors of cellular energy metabolism claimed include:
lipoic acid, lipoamide, acetyl-lipoamide, lysine, carnitine, ascorbate, thiamine,
riboflavin, nicotinic acid, niacinamide, pantothenate, nicotinamide-adenine dinucleotide
(NAD), reduced nicotinamide adenine dinucleotide (NADH), nicotinamide-adenine
dinucleotide phosphate (NADP), reduced NADP (NADPH), quinolinate (NAD/NADP
precursor), flavin-adenine dinucleotide (FAD), reduced flavin-adenine dinucleotide
(FADH), flavin mononucleotide (FMN), reduced flavin mononucleotide (FMNH;),
adenosine diphosphate (ADP), adenosine triphosphate (ATP), guanosine diphosphate
(GDP), guanosine triphosphate (GTP), magnesium (Mg""), calcium (Ca'™), manganese
(Mn™™), copper iron-sulfate molybdenum.

Thus, deficiencies of the biochemical components of the cellular metabolism
may be a causative or contributing factor to the pathology of diseases.

The present invention provides a method and composition for compensating
such deficiencies in the cellular metabolism by administering such lacking biochemical
components to the body.

In a preferred embodiment, the present invention provides a composition
comprising lipoic acid, lipoamide, acetyl-lipoamide, lysine, carnitine, ascorbate,
thiamine, riboflavin, nicotinic acid, niacinamide, pantothenate, nicotinamide-adenine
dinucleotide (NAD), reduced nicotinamide adenine dinucleotide (NADH),
nicotinamide-adenine dinucleotide phosphate (NADP), reduced NADP (NADPH),
quinolinate (NAD/NADP precursor), flavin-adenine dinucleotide (FAD), reduced
flavin-adenine dinucleotide (FADH), flavin mononucleotide (FMN), reduced flavin

mononucleotide (FMNH,), adenosine diphosphate (ADP), adenosine triphosphate



dinucleotide phosphate (NADP), reduced NADP (NADPH), quinolinate (NAD/NADP precursor),
flavin-adenine dinucleotide (FAD), reduced flavin-adenine dinucleotide (FADH), Flavin mononucleotide
(FMN), reduced flavin mononucleotide (FMNH2), adendsine diphosphate (ADP): adenosine triphosphate
(ATP), guanosine diphosphate (GDP); guanosine triphosphate (GTP), magnesium (Mg++), calcium
(Ca++), mangandd®).(@ancsinedipbesribeis-CalbRie swolgtite ninkosPhs (ddiciemsessihthe biochemical
components of {Re-eslilasmeiebolismn Maxde s causapve RmCRNtHPHIgHRGIRR to the pathology of

diseases. The present invention provides a method and composition for compensating such deficiencies
in the cellular metaboﬂ’gﬁﬁ%%%fﬁﬁﬁé?é%alga@mmwa%ia et aPicBMPBREHTEIHE body. In a
preferred embocmenis dfarpraisahinvanticn fpeovisias, aicompasii prostastippsings paic acid, lipoamide,
acetyl-lipoamidehl %g%bg%{g}ine aﬁcore%a(?deahiglm' e, riboflavin, nicotinic acid, niacinamide,
pantothenate, nicotinamide-adenine dinuc eotide A‘D), reduced nicotinamide adenine dinucleotide
(NADH), nicotinamide-adenine dinucleotide phosphate (NADP), reduced NADP (NADPH), quinolinate
(NAD/NADP precursor), flavin-adenine dinucleotiglg §F-ALR), reduced flavin-adenine dinucleotide (FADH),
flavin mononucleotide (FMN), reduced flavin mononucleotide (FMNH2), adenosine diphosphate (ADP),
adenosine triphosphate 9 (ATRICiRRESiHEIRHSE SHAE G DERYgUaRBSHsE triphosphate (GTP),
magnesium (Mgi)cealaitms(Gashrsanganese (Mn"), copper iron-sulfates molyhsenumnRReeferably, the
present inventiollj1 Oricc)vA(ge(F cofactors which enhance enzymatic rea%t]ions 06 m@E@Bolism and their
precursors, vitamins and prosthetic groups and enzyme activators are claimed (See Table 5). TABLE 5

Biochemical Cofatons d&f CeluidakEherngysivietabolism Biochemical 8gbstafidds 10hits Amount claimed
Lipoic Acid mg Q.Q1;199,Lipegmide (Lipoic Acid + Lysine) mg 0.01-100 Agggyl{dgoamide mg 0.01-100

Lysine mg 0.01-100
Carnitine mg 0.01-100
Ascorbate mg 0.01-200
Thiamine mg 0.01-10
Riboflavin mg 0.01-10
Nicotinic Acid mg 0.01-10
Niacinamide mg 0.01-10
Pantothenate mg 0.01-10
Nicotinamide-Adenine Dinucleotide (NAD) mg 0.01-10

Reduced Nicotinamide Adenine Dinucleotide (NADH) mg 0.01-10
Nicotinamide-Adenine Dinucleotide Phosphate (NADP) mg 0.01-10

Reduced NADP (NADPH) mg 0.01-10
Quinolinate (NAD/NADP precursor) mg 0.01-10
Flavin-Adenine Dinucleotide (FAD) mg 0.01-10
Reduced Flavin-Adenine Dinucleotide (FADH) mg 0.01-10
Flavin Mononucleotide (FMN) mg 0.01-10
Reduced Flavin Mononucleotide (FMNH;) mg 0.01-10
Adenosine Diphosphate (ADP) mg 0.01-10
Adenosine, Triphosphate (ATP) mg 0.01-10
Guanosine Diphosphate (GDP) mg 0.01-10
Guanosine Triphosphate (GTP) mg 0.01-10

Magnesium (Mg"™) mg 0.01-10



lysine mg 0.01-100 Carnitine mg 0.01-100 Ascorbate mg 0.01- 2C90 Thiamine mg 0.01-10 Riboflavin
mg 0.01-10 Nicotinic Acid mg 0.01-10 Niacinamide mg 0.01- 10 Pantothenate mg 0.01-10
Nicotinamide-Adenine Dinucleotide (NAD) ash 0.01-10 IReduced Nicotinamide Adenine Dinucleotide
(NADH) mg 0.131-10 Nicotinamide-Adenine Dinucleotide Phosphate (NADP) mg 0531-10 Reduced
NADP (NADPH§#gum@€a0 Quinolinate (NAD/NADPprecursor) mg®.01-180 Fldvin-Adenine
Dinucleotide (FAR)Me-Q 0dr10) Reduced Flavin-Adenine Dinucleotige (FARH)-mg 0.01-10 Flavin
Mononucleotide (FMN) mg 0.01-10 Reduced Flavin Mononucleotide (FMNH) trig 0.01-10 Adenosine
Diphosphate (AB¥Pfig 0.01-10 Adenosine, Triphosphate (ATP) trigh6.0l-18- 'd%nosine Diphosphate
(GDP) trig 0.0l-1®@nGuanesine Triphosphate (GTP) trig 0.01-10 MagnesiunyMgtitr) mg 0.01-10 10
Calcium (Ca++)1\;ingégd01-%lo Manganese (Mn**) mg 0.01-10 Copperglmg 0. it Iron-Sulfate mg 0.01-10
Molybdenum mg g.01-10 mg = milligrams This invention provides thegpreve'ntlve and therapeutic use of
biochemical integredidiesofthe Krebs cycle, and/or the respiration chain, the urea cycle alone or in

This invention provides the preventive and therapeutic use of biochemical
intermediates of the Krebs cycle, and/or the respiration chain, the urea cycle alone or in
combination with biochemical cofactors.

In a preferred embodiment, a composition of daily consumption of biochemical

substances is listed in Table 6.

TABLE 6

Daily Composition of Biochemical Substances to Improve Bioenergy

Biochemical Substances Units  Amount per Day
Succinate mg 100
Fumarate mg 100
L-Malate mg 100
a-Ketoglutarate mg 100
Pyruvate mg 100
Acetyl-CoA mg 100
Citrate mg 200
Cis-Aconitate mg 100
Isocitrate mg 100
Oxalsuccinate mg 100
2-Oxo-Glutarate mg 100
Succinyl-Coenzyme A mg 100
Coenzyme Q-10 (Ubiquinone) mg 20
Ubihydroquinone (Ubiquinol) mg 20
Arginine mg 100
Carnitine mg 100
Lysine mg 100
Ascorbate mg 200

Thiamine mg 10



combination with biochemical cofactors. In a preferred embodiment, a composition of daily consumption
of biochemical substances is listed in Table 6. 'l ABLE 6 Daily Composition of Biochemical Substances to
Improve Bioenergy Biochemical Substances Units Amdunt per Day Succinate mg 100 Fumarate mg
100 L-Malate mg 100 a-Ketoglutarate mg 100 Pyruvate mg 100 Acetyl-CoA mg 100 Citrate mg 200
Cis-Aconitrate Mgp2B®insocitrate mg 100 Oxalsuccinate mg 100 2-@xo-Glitarate mg 100
Succinyl-CoenzyipgiAimg- 100 Coenzyme Q-10 (Ubiquinone) mg 2Q,Ubihygoquinone (Ubiquinol) mg 20
Arginine mg 100 Carnitine mg 100 Lysine mg 100 Ascorbate mg 200 Thiamine mg 10 11 Riboflavin
mg 10 Nicotinid&GdHIE#™mg = milligrams The biochemical compounds disclosed in the present
invention have broad apphicationiininedicings die lconpourdsclaimedindhisapatesican be used in

application in medicine. The compounds claimed in this patent can be used in
maintaining and restoring cellular energy to essentially every cell system in the body.
Thus, the compounds claimed here can be used for the prevention and therapy of a
broad spectrum of diseases in humans as well as animals.

As for the application of these preventive and therapeutic steps, they are not
limited to the prevention of neurological disorders or encephalopathy. A variety of
other common diseases have been associated with deficiencies in cellular metabolism.
Heart failure conditions, for example, affect close to 50 million people worldwide. The
most common form, idiopathic cardiomyopathy, is caused by cellular malfunction of
millions of cardiac myocytes. The most cause of this malfunction is an insufficient
availability of cellular energy, depriving the myocytes of essential energy for the
cardiac pumping function.

The present invention also provides compositions and methods for prevention
and therapy of other health conditions. For example, the claimed invention may find
therapeutic application in atherosclerosis, arteriosclerosis, occlusive cardiovascular,
hypertension, diabetes and diabetic complications, arrhythmia, irregular heart beat,
lipid and lipoprotein disorders, hypercholesterolemia, hypertriglyceridemia,
hyperlipoprotein(a), homocysteinuria, neoplastic diseases, storage diseases and other
inherited metabolic disorders, Down Syndrome and other inherited disorders,
inflammatory diseases, arthritis, skin disorders, neurodermatitis, allergic conditions,
allergic and non-allergic asthma, neurological disorders, Parkinson's Disease,
Alzheimer's Disease, dementia, multiple sclerosis, migraines, premature aging,
degenerative diseases, osteoporosis, infectious diseases, and autoimmune disorders.

The present invention provides compositions of biochemical compounds of the
biochemical pathways and restores essential bioenergy molecules that would maintain
an optimum level of cellular energy metabolism in the cells and thereby contribute to
the prevention and therapy of organ malfunction and diseases.

The present invention further provides compositions of biochemical substances
involved in the bioenergy metabolism of cells, particularly in the Krebs cycle, the

respiratory chain and the urea cycle. This comprises intermediates of such cycles and



maintaining and restoring cellular energy to essentially every cell system in the body. Thus, the
compounds claimed here can be used for the prevention and therapy of a broad spectrum of diseases in
humans as well as animals. As for the application of thel$e preventive and therapeutic steps, they are not
limited to the prevention of neurological disorders or encephalopathy. A variety of other common
diseases have Ipexonaesaeidredholits thefidéncies in cellular metabolism. Heart failure conditions, for

example, affect close {,o@.mi|ion RRAR!GWOURWIEJHE. MRS CeRBPRdENToitigRathic cardiomyopathy,
is caused by cellular malfunction of millions of cardiac myocytes. The most cause of this malfunction is

an insufficient ZGSPEBARY BT CaNiRes aR&HEY JerspRURPHE MY e resseliftis #Mergy for the cardiac
pumping functiariviiegpsesent invaitivawilse pppuidesteompesiionstandmeiaadsforprevention and
therapy of otherhcalih epnditians, Eorexample e claimed iventon mey.ind, herapeutic application in
atherosclerosis, arterosc erosis, occlusive cardiovascurar, hypePtensmn, iabetes and diabetic
complications, armgtiani, irradelsto bkt yeaoudipel Hivdtlipupretdin distsrdetsundeprdhglesterolemia,
hypertriglyceridggjia, aypailiRQPLss I AinMQGysteinuria, neoplastic diseases, storage diseases and
other inherited metabolic disorders, Down Syndrome and other inherited disorders, inflammatory
diseases, arthritis, skin disorders, neurodermatitis, allergic conditions, allergic and non-allergic asthma,
neurological disorders, Parkinson's Disease, Alzheimer's Disease, dementia, multiple sclerosis,
migraines, premature aging, degenerative diseases, osteoporosis, infectious diseases, and autoimmune
disorders. The present invention provides compositions of biochemical compounds of the biochemical
pathways and restores essential bioenergy molecules that would maintain an optimum level of cellular
energy metabolism in the cells and thereby contribute to the prevention and therapy of organ malfunction
and diseases. The present invention further provides compositions of biochemical substances involved in
the bioenergy metabolism of cells, particularly in the Krebs cycle, the respiratory chain and the urea
cycle. This comprises intermediates of such cycles and 12 precursors and cofactors thereof.



The details of one or more embodiments of the invention are set forth in the accompanying drawings and
the description below. Other features, objects, and advantages of the invention will be apparent from the
description and drawings, and from the claims. All the rféferences cited are hereby incorporated by
reference in their entireties. It is understood that various modifications may be made without departing
from the spirit aldeE6de 6fthEVMU_ASbn. 13 WHAT IS CLAIMED IS: 1. A composition for improving
bioenergy metabolism of cells, wherein the composition consists of a pharmaceutically acceptable
carrier; and Biochemical Substances Amount Succinate 0.01-100 mg; Fumarate 0.01-100 mg; L-Malate
0.01-100 mg; ad a-K&SGHEsHE BDHIREY RO K ESMEBERIBT BT SRS rSNIfG BidEnergy metabolism of
cells, wherein thengosipasiias coosisphafradehacagesutivab asaepiable carrier; and Biochemical
Substances Amount Pyruvate 0.01-100 mg; Acetyl-Coenzyme A 0.01-100 mg; Citrate 0.01-200 mg;
Cis-Aconitate 0.01-100 mg; Isocitrate 0.01-100 mg; Oxalsuccinate 0.01-100 mg; 2-Oxo-Glutarate
0.01-100 mg; Sticchwpucdenbkyiamac.01-100 mg; and Oxelohcetate 0.01-100 mg. 3. A composition for
improving bioengrgymetabolism of cells, wherein the ggpgsitign consists of a pharmaceutically
acceptable carrier; and Biochemical Substances Amoun(}1 Llié)oic Acid 0.01-100 mg;

Fumarate 0 0 mg;

L-Malate 0.01-100 mg; and

a-Ketoglutarate 0.01-100 mg.

2. A composition for improving bioenergy metabolism of cells, wherein the

composition consists of a pharmaceutically acceptable carrier; and

Biochemical Substances Amount
Pyruvate 0.01-100 mg;
Acetyl-Coenzyme A 0.01-100 mg;
Citrate 0.01-200 mg;
Cis-Aconitate 0.01-100 mg;
Isocitrate 0.01-100 mg;
Oxalsuccinate 0.01-100 mg;
2-Oxo0-Glutarate 0.01-100 mg;
Succinyl-CoenzymA 0.01-100 mg; and
Oxaloacetate 0.01-100 mg.

3. A composition for improving bioenergy metabolism of cells, wherein the

composition consists of a pharmaceutically acceptable carrier; and

Biochemical Substances Amount

Lipoic Acid 0.01-100 mg;
Lipoamide (Lipoic Acid + Lysine) 0.01-100 mg;
Acetyl-Lipoamide 0.01-100 mg;
Lysine 0.01-100 mg;

Carnitine 0.01-100 mg;



Lipoamide (Lipoic Acid + Lysine) 0.01-100 mg; Acetyl-Lipoamide 0.01-100 mg; Lysine 0.01-100 mg;
Carnitine 0.01-100 mg; 14 Ascorbate 0.01-200 mg; Thiamine 0.01-10 mg; Riboflavin 0.01-10 mg;
Nicotinic Acid 0.01-10 mg; Niacinamide 0.01-10 mg; Pkhtothenate 0.01-10 mg; Nicotinamide-Adenine
Dinucleotide (NAD) 0.01-10 mg; Reduced Nicotinamide Adenine Dinucleotide (NADH) 0.01-10 mg;
Nicotinamide-Adéppra®inucleotide Phosphate (NADP) 0.01-10 mg:0-ReddeeNADP (NADPH) 0.01-10
mg; QuinolinatgNAREINADP precursor) 0.01-10 mg; Flavin-Adeningipyigigotide (FAD) 0.01-10 mg;
Reduced Flavin-Adenine Dinucleotide (FADH) 0.01-10 mg; Flavin Mononucleotide (FMN) 0.01-10 mg;
Reduced FlavinSR8H8hcleotide (FMNH2) 0.01-10 mg; Adenosine Bipnb&pisate (ADP) 0.01-10 mg;
Adenosine, Tripksghata{ATP) 0.01-10 mg; Guanosine Diphosphai® (GDR}0.01-10 mg; Guanosine
Triphosphate (%é[%)l Oa.Old-lo mg; Magnesium (Mg++) 0.01-10 mg; gggc%m Ca2+) 0.01-10 mg;
Manganese (Mn2+ 0"01%0 mg; Copper 0.01-10 mg; Iron-Sulfate O. 1077 g; and Molybdenum
0.01-10 mg; Pantothenate 0.01-10 mg;

Nicotinamide-Adenine Dinucleotide (NAD) 0.01-10 mg;
Reduced Nicotinamide Adenine Dinucleotide (NADH) 0.01-10 mg;
Nicotinamide-Adenine Dinucleotide Phosphate (NADP) 0.01-10 mg;

Reduced NADP (NADPH) 0.01-10 mg;
Quinolinate (NAD/NADP precursor) 0.01-10 mg;
Flavin-Adenine Dinucleotide (FAD) 0.01-10 mg;
Reduced Flavin-Adenine Dinucleotide (FADH) 0.01-10 mg;
Flavin Mononucleotide (FMN) 0.01-10 mg;
Reduced Flavin Mononucleotide (FMNH;) 0.01-10 mg;
Adenosine Diphosphate (ADP) 0.01-10 mg;
Adenosine, Triphosphate (ATP) 0.01-10 mg;
Guanosine Diphosphate (GDP) 0.01-10 mg;
Guanosine Triphosphate (GTP) 0.01-10 mg;
Magnesium (Mg"™") 0.01-10 mg;
Calcium (Ca*") 0.01-10 mg;
Manganese (Mn*") 0.01-10 mg;
Copper 0.01-10 mg;
Iron-Sulfate 0.01-10 mg; and

Molybdenum 0.01-10 mg;



