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pat hol ogi cal conditions, the cells of the body are frequently not able to
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despita)optinun1nﬂkaMﬁtmﬁnhmgmunmh6ﬁmmesde@ﬂquahekmﬂ&ﬁkbﬂdwdhﬁbrders have
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have remained insufficiently understood.

15

Life is not possible without sufficient bioenergy being created at the cellular
level. In a series of metabolic pathways proteins, carbohydrates and fats are converted
to Adenosine Thriphosphate (ATP). Optimum availability of cellular energy is a
precondition for health. Under normal conditions, e.g. in a young and healthy

20 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

25 been identified in which enzymes of the cellular energy metabolism are affected,

leading to neurological disorders and other clinical manifestations.

One of these pathological mechanisms that have remained obscure is a

deficiency or a lack of bioenergy in the cell. Under physiological conditions the

30 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.
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Friedreich attaxia: [Il. Mtochondrial Malic 20 Enzym Deficiency,
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15 acid, riboflavin, Mg™") of the Krebs Cycle have been successfully used in the
prevention and adjunct treatment of certain health conditions. However the
biochemical compounds of the Krebs-Cycle itself, the Respiratory Chain and the
closely related Urea Cycle are not.

It has been found (Stumpf et al. Friedreich attaxia: III. Mitochondrial Malic

20 Enzym Deficiency, Neurology 1982; 32: 221-7) that many neuromuscular disorders
may have underlying mitochondrial metabolic defects by reduction of mitochondrial
malic enzym activity. It has further been found (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. Mutation of the fumerase gene in two siblings with

25 progressive enzephalopathy and fumerase deficiency, Journal of Clinical
Investigations 1994 June; 93 (6): 2514-8; Narajanan et al., congenital fumerase
deficiency presenting with hypothonia and areflexia, Journal of Children Neurologie
1996 May; 11 (3): 252 - 55; Coughlin et al. Molecular analysis and prenatal diagnosis
of human fumerase deficiency, Mol. Genet. Meta. 1998 April; 254 - 62; Zinn et al.

30 Abnormalities in succinal purins in fumerase deficiency;) that fumerase deficiency
have severe neurological impairment, that fumerase deficiency is an autosomal

recessive enzephalopathy affecting both the mitochondrial and the cytosolic enzymes.
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t he of human diseases including heart failure conditions. The most common form,

idiopathic cardiomyopathy is caused by cellular malfunction of millions of cardiac
myocytes. The most frequent cause of this malfunction is an insufficient availability
20 of cellular energy depriving the myocytes of essential energy for the cardiac pumping
function.
Therefore there is a need for methods and compositions to prevent and treat
malfunctioning of bioenergy metabolism of cells.
Since it has been discovered that genetic defects affecting the Krebs-Cycle and
25 other metabolic energy cycles of cells it seems to be obvious to find 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. However also gene technology becomes more and more advanced it is
still widely theoretic, malfunctioning and possibly causing so far unknown side
30 affects.
On the other hand it seems to be obvious to compensate such deficiencies in

bioenergy metabolism by administering such lacking components to the body.
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ago bi oener t abol j 1S a very conplex process which takes place in
nostly closgésggg?gﬁétﬁghggkeletal nmuscle, the primary role of the

tricarboxylic acid cycle is to provide reducing equivalents to the
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compounds of these pathways. 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
20 entrances of limited chemical compositions like carbon skeletons.

Surprisingly I have found that certain compositions of compounds
compensating enzyme deficiencies in metabolic cycles are able to repair genetic
inherited or acquired defects although it is not known in which way such compounds
are effective whether they enter such pathways or act in different ways. I have further

25 found that it is not necessary to detect in which intermediate step of such cycles exists
a deficiency and therefore compositions of compounds may be used covering possible
enzyme deficiencies regardless where such deficiencies exist. Since I use such
compositions which have no known side effects compounds which are not needed for
compensation are excreted without any harm.

30 It is therefore the aim of this invention to find compositions and methods to

overcome these deficiencies.

This invention features a composition of biochemical compounds involved in
bioenergy metabolism of living cells and a method of use in prevention and therapy of

35 diseases and other health conditions in humans and animals.
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Category A (Table 1): Kueglutamte, Funmarate, L-Mal ate, Al pha- Ketogl utarate.
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15 Pyruvate.
b) The Respiratory Chain
The biochemical compounds of the Respiratory Chain (Table 3) are Coenzyme
Q-10 (Ubiquinone), Ubihydroquinone(Ubiquinol), other compounds of the
ubiquinone / ubiquinol family of compounds, heme a (part of cytochrome a), herne b
20 (part of cytochrome b) and heme ¢ (part of cytochrome c).
¢) The Urea Cycle
The biochemical compounds of the Urea Cycle (Table 4) are Citrulline,
Argininosuccinate, Arginine, Ornithine and Aspartate
d) The Cofactors of Cellular Energy Metabolism
25 The biochemical cofactors of cellular energy metabolism (Table 5) are Lipoic
Acid, Lipoamide, Acetyl-Lipoamide, Lysine, Camitine, Ascorbate, Thiamine,
Riboflavin, Nicotinic Acid, Niacinamide, Pantothenate, Nicotinamide-Adenine
Dinucleotide (NAD), Reduced Nicotinamide Adenine Dinucleotide (NADH),
Nicotinamide-Adenine Dinucleotide Phosphate (NADP), Reduced NADP (NADPH),
30 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
35 Molybdenum.
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clainmed in th| S $ t ent cg)& ?ed i.n nai ntaclr?gll ng and restoring cellular
energy to edREHRGUILES SRS )}h%‘éW sSSPk 2ERAYAE IFECIBEY “XIfius, t he conpounds
claimed here can be used for the prevention and therapy of a broad spectrum
of diseases h1% fuéheqtég%gain?e%t %lcherﬁli%alas'ﬁbwc%s of the Krebs-Cycle are claimed as

shown in table 1, category A.

15
In a further embodiment biochemical substances of other intermediate steps of the

Krebs-Cycle are claimed.

In a further embodiment biochemical compounds of the Respiratory Chain (Table 3)

20 are claimed including coenzymes.
In a further embodiment biochemical compounds of the Urea Cycle are claimed.
In a further embodiment cofactors which enhance enzymatic reactions of metabolism

25 and their precursors, vitamins and prosthetic groups and enzyme activators are

claimed.



In a first enbodi nent of conpositions chem cal substances are cl ai med which
are involved in the bioenergy netabolismof cells of the Krebs-Cyle, the
Respi r at owo 02@heh and the Urea Cycle, all closely rel at edCTEPP2ISIENG

i nternedi ates of such cycles 10 and precursors and cofactors thereof in
case it is not determ ned at which of the internedi ates steps of the cycles
such a enzyne deficiency exists. In a further enbodi nent bi ochem cal

subst ances diabldk KrehssC ¥le Conmoands atesdrnd shown in table 1, category A
15 I n a furt BéschemiculiSuwbstanbésochem cal sullGiiences of Achdwait cdlaiimednedi at e
steps of the Krebs-Cycle are clained. In a further enbodi nent bi ochem cal
conpounds of the Respiratory Chain (Table 3) 20 are clainmed including
coenzynes. | RBugihdtet her enbodi ment bi ochemgal conpoygmeds -abojobe Urea Cycle
are claimed. In a further embodi ment cofactors which enhance enzymatic
reactions of FHEREMd! i sm 25 and their preddgsors, vi P& nd08R80prosthetic
groups and emnz ctivators are clained 02/ 064 1P 2/ 01545 8
Tabl e 1: Kregsl-%@c e Conmpounds Cat egory Ané%/\ochem caﬁ%éub@gﬁggs Units
Amount cl ai nddphaXietoghigdratenry 0. 001 - 100, GoY Furmar ab&0irg 100000 - 100, 000
L-Mal ate ng 0.001 - 100,000 Al pha-Ketoglutarate ng 0.001 - 100,000 Table
2: Krebs Cycl e Co ounds Catcegory B gl ochem cal Substances Units Anount

clai med Pyl e LS et L OMPAUREHE AREREN L - Coenzyme A ng 0.001 - 100, 000
Jnits Amount claimed

Pyruvate mg 0.001 - 100,000
Acetyl-Coenzyme A mg 0.001 - 100,000
Citrate mg 0.001 - 100,000
Cis-Aconitate mg 0.001 - 100,000
Isocitrate mg 0.001 - 100,000
Oxalsuccinate mg 0.001 - 100,000
2-Oxo-Glutarate mg 0.001 - 100,000
Succinyl-CoenzymA mg 0.001 - 100,000
Oxaloacetate mg 0.001 - 100,000
5 Table 3: Cellular Respiratory Chain Compounds
Biochemical Substances Units Amount claimed
Coenzyme Q-10 (Ubiquinone) mg 0.001 - 100,000
Ubihydroquinone (Ubiquinol) mg 0.001 - 100,000
Heme a (Part of Cytochrome a) mg 0.001 - 10,000
Heme b (Part of Cytochrome b) mg 0.001 - 10,000

Heme c (Part of Cytochrome c) mg 0.001 - 10,000



Citrate ng 0.001 - 100,000 G s-Aconitate ng 0.001 - 100,000 Isocitrate ng
0.001 - 100,000 Oxal succinate ng 0.001 - 100,000 2-Oxo-Qd utarate ng 0.001
- 100, OOOwoSabed1ey| - CoenzymA ng 0. 001 - 100,000 Oxal oacePaT&PayoB349001 -
100,000 .5 Table 3: Cellular RespiratofPy Chain Conpounds Bi ochem cal
Subst ances Units Anount cl ainmed Coenzyne Q 10 (Ubi quinone) ng 0.001 -
100, 000 Ubi hydr oqui none (Ubi quinol) ng 0.001 - 100,000 Herne a (Part of
Cyt ochr one d)ablg4:0Cel0Mar Utén Cpcle Gdmpuunds( Part of Cytochrome b) ng 0. 001 -
10, 000 Her n@iechekded]l Smbs@pceschr one ¢) ng Unidd1l - 10 AA06uni@ldinied64129
PCT/ EPO2/ 01545 9 Table 4: Cellular Uea Cycle Conpounds Bi ochem cal
Substances Units Amount clained Citrulline ng 0.001 - 100, 000
Ar gi ni nosuccigwiiingy 0. 001 - 100,000 Argiggne ng 0. @b1-- 150,0000 O nithine
ng 0.001 - 10,000 Aspartate ng 0.001 - 10,000 Table 5: Biochem cal
Cof act or s of ACEMINGSEGCIBier gy Met abol i sm BilB&hemni cal $f19dt-dR8&E0Uni t s Anpunt
claimed Lipqgig.Acid ng 0.001 - 100, 000 Lipgam de (Linp@iC héh + Lysine) ny
0.001 - 100,(?)1“(5%“‘16‘*Fe tHg RS £5060

Ornithine mg - 0.001 - 10,000

Aspartate mg 0.001 - 10,000

Table 5: Biochemical Cofactors of Cellular Energy Metabolism

Biochemical Substances Units Amount
claimed

Lipoic Acid mg 0.001 - 100,000
Lipoamide (Lipoic Acid + Lysine) mg 0.001 - 100,000
Acetyl-Lipoamide mg 0.001 - 100,000
Lysine mg 0.001 - 100,000
Carnitine mg 0.001 - 100,000
Ascorbate mg 0.001 - 100,000
Thiamine mg 0.001 - 100,000
Riboflavin mg 0.001 - 100,000
Nicotinic Acid mg 0.001 - 100,000
Niacinamide mg 0.001 - 100,000
Pantothenate mg 0.001 - 100,000
Nicotinamide-Adenine Dinucleotide (NAD) mg 0.001 - 100,000
Reduced Nicotinamide Adenine Dinucleotide mg 0.001 - 100,000
(NADH)

Nicotinamide-Adenine Dinucleotide Phosphate mg 0.001 - 100,000
(NADP)

Reduced NADP (NADPH) mg 0.001 - 100,000
Quinolinate (NAD/NADP precursor) mg 0.001 - 100,000
Flavin-Adenine Dinucleotide (FAD) mg 0.001 - 100,000
Reduced Flavin-Adenine Dinucleotide (FADH) mg 0.001 - 100,000
Flavin Mononucleotide (FMN) mg 0.001 - 100,000

Reduced Flavin Mononucleotide (FMNH;) mg 0.001 - 100,000



Acetyl - Li poam de ng 0.001 - 100,000 Lysine ng 0.001 - 100,000 Carnitine
ng 0.001 - 100,000 Ascorbate ng 0.001 - 100,000 Thiam ne ng 0.001 -
100, 000 Woweb429 N ng 0.001 - 100,000 Nicotinic Acid ngPOT0PE2/6015400, 000
Ni aci nam de ng 0.001 - 100,000 Pantothenate ng 0.001 - 100, 000

Ni coti nam de- Adeni ne Di nucl eotide (NAD) ng 0.001 - 100,000 Reduced

Ni coti nam de Adeni ne Dinucleotide ng 0.001 - 100,000 (NADH)

Ni cot i nan deAtdeosimeDiphnsphatedtARR Phosphat e ng 01 - 1(IDO@10010()Q0(WDP)
Reduced NADP NADP 0,000 Quinolinate (NA ur sor)
ng 0.001 - eﬁ%nl_‘!’) I;—Engl}?%’g éﬁﬂig Di nucl eot i de™&AD) ng%&go 0, 000
Reduced FI av%ﬁ&bﬁmm@h&mﬂaﬁa(emp)de (FADH) ng Onf}01 - 10Q. @@10-1(}601)0 n
Mononucl eoti de (FM\I) 0.001 - 100,000 Reduced Flavin Mononucl eot i de
(FM\H2) g O Osmef@@ phajd GB)o64129 PCT/ EPOBI01545  180NGeHsGM0e

Di phosphat e ®PBL - 100, 000 Adenosi ney Iri phosphgie. {gdlddo NY

0.001 - 100,00 Guan05| e Di phosphate (GDP) ny (% 001 - 100, 000 Guan05| ne
Tri phosphateC(alETIFl’yl(Gg “D.001 - 100,000 Magnesi umg My++) rﬁgO(@l 0100,600100, 000

Cal ci um (Ca+{}, g Q. Ok 100,000 mg 0.001 - 100,000
Copper mg 0.001 - 1,000
Iron-Sulfate mg 0.001 - 1,000
Molybdenum mg 0.001 - 1,000

mg = milligrams

A number of embodiments of the invention have been described. Nevertheless,
10 it will be understood that various modifications may be made without departing from
the spirit and scope of the invention. Accordingly, other embodiments are within the

scope of the following claims.



Manganese (Wnh++) ng 0.001 - 100,000 Copper ng 0.001 - 1,000 Iron-Sulfate
ng 0.001 - 1,000 Molybdenumng 0.001 - 1,000 ng = mlligrans 5 A nunber
of enbodiwenemeaby t he i nventi on have been descri bed. Neverchairess1545 10 it
wi || be understood that various nodifiicati ons nay be nade w thout departing
from the spirit and scope of the invention. Accordingly, other enbodi nents
are wwthin the scope of the followng clains. WO 02/064129 PCT/ EP02/ 01545
11 VWHAT | SWHATMEDJILAIMEDASconposi ti on of chem cal substances involved in
t he bi oenergy netabolismof cells by the Krebs-Cycle, the respiratory
chain and the Urea Cycle 5 conprising one or nore of the internedi ates of
the cycles and/ory pre A5, r: ] : venent of
cel l ul ar energy r%iet ab%?@ﬁ#&é. Afccglgr%gcgll ﬂbgﬁhg% ltt?%\,%fr)ﬂhr%?gmg?@%ﬁe

fol | owi ng binogtitehismadf cslidbby thedasbs-Syde; thatapirdormelaireand thd/Blred E€ycle

Al pha- Ketogl utarate - irrespective of their. amoupts - 10 for the
It ovenrent COFPEENE NS P BIRE Gy it e BHAEmOT41E e ESABYST PReGHSS Ao or mor e

of the fol | QR rOIRRBEMGRL indiBodiAdE 88 celfdldreAb@y ntdtdsoleRni t at e,
| socitrate, Oxal succinate, Al pha-Ketoglutarate, gucm nyl - CoenzynmA,

Succi nate, Fumarate, L-Ml ate, Oxal acetate, Acetyl-Coenzynme A and 15

Pyruvate - irrespective of their anounts - r t.he .inproyenen f cellular
energy metaboli$m 4 A GOTRROSHLY R TYR 061‘“%9\/8&%? fwﬁ;?‘@ng?”otcﬁgnfc&f ?”g)\ﬁﬁaﬂ‘bes

bi ochem cal sabfifiteNCBsaraleOEMYIER, Ripha-Kddbg1atatA®NYespective of their amounts -

Ubi hydr oqui none( Ubi qui nol ), ot her compounds of the 20 ubi qui none /

ubi qui Hol f ded thy isproyempeiui ¢sllulpeensrey mefabelissf. cyt ochrone a), heme b

3. A composition of two or more of the following biochemical substances
Citrate, cis-Aconitate, Isocitrate, Oxalsuccinate, Alpha-Ketoglutarate, Succinyl-

* CoenzymA, Succinate, Fumarate, L-Malate, Oxalacetate, Acetyl-Coenzyme A and

15 Pyruvate - irrespective of their amounts - for the improvement of cellular energy
metabolism.
4. A composition of two or more of the following biochemical substances

Coenzyme Q-10 (Ubiquinone), Ubihydroquinone(Ubiquinol), other compounds of the
20 ubiquinone / ubiquinol family of compounds, heme a (part of cytochrome a), heme b
(part of cytochrome b) and heme c¢ (part of cytochrome c) - irrespective of their

amounts - for the improvement of cellular energy metabolism.

5. A composition of any or all of the following biochemical compounds
25 Citrulline, Argininosuccinate, Arginine, Ornithine and Aspartate - irrespective of their

amounts - for the improvement of cellular energy metabolism.

6. A composition accordingly to claim 1 - 5 further comprising of any or
all of the following biochemical compounds Lipoic Acid, Lipoamide, Acetyl-
30 Lipoamide, Lysine, Carnitine, Ascorbate, Thiamine, Riboflavin, Nicotinic Acid,
Niacinamide, Pantothenate, Nicotinamide-Adenine Dinucleotide (NAD), Reduced

Nicotinamide Adenine Dinucleotide (NADIJ), Nicotinamide-Adenine Dinucleotide



(part of cytochrone b) and hene ¢ (part of cytochrone c) - irrespective of
their amounts - for the inprovenent of cellular energy netabolism 5. A
conposi tiwp oeedary or all of the foll ow ng bi ochem cal coRpEEPIZ01525
Citrulline, Argininosuccinate, Arginil®e, Onithine and Aspartate -
irrespective of their amounts - for the inprovenent of cellular energy
nmet abolism 6. A conposition accordingly to claiml1l - 5 further conprising
of any or  @hbspifatet (NADB), Rediced NADE {NADEPH), Qainpdinad SNADPNADRCI d,

Li poam de, Acetyl 30 Li m.de...Lysine, nitine, corbate, Thiam ne,
Ri bof | avi n, pmcegs%?@vg@ﬁ ?mnNPaB%fFaﬂﬁﬁ@%bReswérﬁ? n-Adenine |
Ni coti nam dgyAdaaidie (Pabip! PRLINAAoANNReotiREd R&Ieed FRgA de Adeni ne

Di nucl eotide (NADIJ), N cotinam.de-Adenine Di nu¢l eotide WD 02/ 064129
PCT/ EP02/ 013Ménontiglepides@ivaNH. ), NADR)sineRRighesptatiABPP) NADRIdsine Guiphosphatst e

( NAD I rsor),. Flavi n-Adeni i nucl. eat.i.de (,FAD educed.

vt e adeni A PhiG Ebtias PiRte s Ry DD LR o St (G, MRERS Ry e
Flavin Mon echichgn (CAMNRIangAted osh s E3ppbPESRSLEate AR bdehdeNOSi ne

Tri phosphatg ATP), Gg_anosi negDi phg\gpth ep?GDP), Guanosi ne Tri phosphat e
(GTP), Magnésespastivend-+hair ammaynds ufer ticaimprovemenyahestlalar wpergy meGhopan.

I ron-Sul fate Mol ybdenum - irrespective of their anmounts - for the

i mprovenent of cellular energy netabolism 7. A conposition of biochem cal

subst ances accor di.ng tocahposiionlofhiochdmidaéEbstdites RooadaR tbictiimi $-6or ovi ded
to a patient in formof tablets, pills, injections, _infusions,,.
i nhal atd ons Whethésssoneasitionds prgvisd topRtiaRE BUiorR A taplels Pally HHPRIBS, ri er s

according. 1 4 ar st o SR A oy A A DR e

subst ances ahd®emehnyofideiveynposition is sufficient to exert a preventive
and / or therapeutic effect but below the |l evel where it would cause
si de-ef fects.

8. A composition of biochemical substances according to claims 1-7
15 where the dosage of each of the biochemical substances chosen for the composition is
sufficient to exert a preventive and / or therapeutic effect but below the level where it

would cause side-effects.



