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Mitoquinone
n/a MF C;,H,Bro,P / C;,H,,BrO,P MW  664.23 /662.22
873653-01-0 Polar surface area  55.76 ClogP 11

Mixture of (10-(4,5-dimethoxy-2-methyl-3,6-dioxocyclohexa-1,4-dienyl)decyl)
triphenylphosphonium bromide and (10-(2,5-dihydroxy-3,4-dimethoxy-6-
methylphenyl)decyl)triphenylphosphonium bromide

mitoquinone/mitoquinol, MitoQ,,

Antioxidant

MitoQ is a mixture of mitoquinol (reduced form) and mitoquinone (oxidzed
form). (Kelso, 2001)(Kelso, 2002)

The mitochondria-targeted antioxidant MitoQ comprises a ubiquinol moiety
covalently attached through an aliphatic carbon chain to a lipophilic
triphenylphosphonium cation. (Asin-Cayuela, 2004)

The antioxidant reactions of exogenous ubiquinones predominantly occur
within phospholipid bilayers, while pro-oxidant reactions require an aqueous
environment. Therefore, the relative rates of these reactions can be fine-tuned
by hydrophobicity, allowing a rational approach to the design of therapeutic
ubiquinone-based antioxidants. (James, 2005)

MitoQ is under development as an oral treatment for Parkinson’s Disease and
Friedreich Ataxia. MitoQ is currently in Phase 2 development. The Phase 2
clinical efficacy study began in May 2006. Enrollment was completed in
October 2006. (Antipodean Pharmaceuticals, 2007)

MitoQ is covered by two US patents.(Murphy, 2001)(Smith, 2007)
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II. Rationale

lla. Scientific Rationale / Mechanism

Clinical studies have shown that very high doses of Coenzyme Q appear to slow the
deterioration of function in Parkinson's Disease.(Shults, 2002). The marginal effect at high dose
reflects the poor bioavailability of Coenzyme Q and the difficulty in penetrating mitochondria in
relevant CNS regions. Mitochondria-targeted Coenzyme Q analogs may therefore improve the
efficacy of this therapeutic strategy. (Antipodean Pharmaceuticals, 2007)

Lipophilic cations pass easily through lipid bilayers. The potential gradient across mitochondrial
membrane drives accumulation into the mitochodrial matrix. Ubiquinol is an endogenous
antioxidant that decreases lipid peroxidation. Based on these concepts, the ubiquinone/ubiquinol
analog “MitoQ” was designed to contain a lipophilic triphenylphosphonium cation attached to an
antioxidant ubiquinone moiety. In isolated mitochondria, mitoQ blocks both lipid peroxidation and
the disruption of mitochondrial function caused by oxidative stress. In addition, MitoQ was rapidly
recycled to the active, reduced form (mitoquinol) by the respiratory chain. Preincubation with 1
microM MitoQ completely blocked hydrogen peroxide induced caspase activation. Compared to
antioxidants that are not chemically targeted for mitochondrial localization, MitoQ has an increased
ability to block apoptosis induced by hydrogen peroxide. (Kelso, 2002)

Addition of hydrogen peroxide to Jurkat human T lymphocyte cells leads to caspase activation
and induction of apoptotic cell death within 4—6 hours. Preincubation with 1 micromolar MitoQ
completely blocks caspase activation and substantially decreases apoptotic cell death. (Kelso,
2001)

MitoQ abolishes ca. half of the increase in peroxide content in cultured MRC-5 fibroblasts under
mild oxidative stress (hyperoxia). Treatment of MRC-5 cells under these conditions with MitoQ
significantly prolongs the replicative lifespan by an average of 40%. It was observed that MitoQ
treatment minimized telomere shortening in cells under hyperoxia. (Saretzki, 2003)

MitoQ exerts a cell-survival effect that mimics nerve growth factor (NGF), ultimately producing
the same antiapoptotic effect as mitochondrial SOD. (Bedogni, 2003)(Galeotti, 2005)

MitoQ prevents cell death induced by pro-oxidants in fibroblasts isolated from Friedreich Ataxia
(FRDA) patients. MitoQ is ca. 800-fold more effective than anti-oxidants that are not targeted at
the mitochondria. (FRDA is characterized by a protein expression defect that leads to increased
mitochondrial oxidative damage.) (Jauslin, 2003)

Pretreatment of bovine aortic endothelial cells (BAEC) with MitoQ (1 microM) but not
untargeted antioxidants significantly reduced the effects of hydrogen peroxide and other oxidants.
Mitochondria-targeted antioxidants such as MitoQ were found to inhibit cytochrome c release,
caspase-3 activation, and DNA fragmentation. MitoQ also inhibits hydrogen peroxide- and lipid
peroxide-induced inactivation of complex | and aconitase, TfR overexpression, and mitochondrial
Fe uptake. These effects combine to mitigate peroxide-mediated oxidant stress, maintain
proteasomal function, and inhibit apoptosis. (Dhanasekaran, 2004)

The pharmacology of MitoQ and other mitochondria-targeted antioxidants was reviewed in
2006. (Reddy, 2006)

lIb. Consistency
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Ill. Efficacy (animal models of Parkinson’s disease)

Illa. Animal Models: Rodent

n/a

lllb. Animal Models: Non-human primates

n/a
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V. Efficacy (Clinical and Epidemiological Evidence)

IVa. Clinical studies

MitoQ is currently in Phase 2 development. The Phase 2 clinical efficacy study began in May
2006. Enrollment was completed in October 2006. (Antipodean Pharmaceuticals, 2007)

ClinicalTrials.gov Identifier: NCT00329056

IVb. Epidemiological evidence

n/a
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V. Relevance to other neurodegenerative diseases

Mitochodria-targeted antioxidants such as MitoQ are promising candidates for the treatment of
degenerative conditions that may be associated with mitochondrial oxidative damage such as
Alzheimer's Disease and aging. (Reddy, 2006)

MitoQ is being evaluated as an oral treatment for Parkinson's Disease and Friedreich Ataxia,
two neurodegenerative disorders associated with mitochondrial dysfunction along with Hepatitis C.
The company is also investigating MitoQ in other indications that involve mitochondrial
dysfunction, including hypertension, diabetes, adriamycin cardiac toxicity, increasing platelet
storage stability, dermatologic applications, cancer therapy (inhibition of Hypoxia-Inducible Factor
1a), and retinal degeneration. (Antipodean Pharmaceuticals, 2007)
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VI. Pharmacokinetics

Vla. General ADME

MitoQ is rapidly taken up by isolated mitochondria. Lipophilic cations such as MitoQ are
expected to cross the blood-brain barrier and to accumulate in brain mitochondria. This hypothesis
was tested using a simple MitoQ analog, triphenylmethylphosphonium (TPMP). Tritium-labeled-
TPMP (500 microM) was fed to mice in their drinking water. The lipophilic cation was taken up
rapidly into the liver, brain, and heart, achieving a steady-state after 7 - 10 days. It is anticipated
that the organ distribution of antioxidants linked to the mitochondria-targeting functional group
triphenylphosphonium should be similar to that of TPMP. This was verified by feeding mice tritium-
labeled MitoQ in a liquid diet. Similar tissue distributions were observed without toxic effects.
(Kelso, 2002)

VIb. CNS Penetration
(Kelso, 2002)

Vic. Calculated logBB | 0.99

CINAPS Dossier: MitoQ (2/19/2007 ) 6



VII. Safety, Tolerability, and Drug Interaction Potential

Vlla. Safety and Tolerability

MitoQ exhibited low toxicity to mitochondria and cells. Up to 10 micromolar MitoQ had little
effect on the membrane potential or respiration of isolated mitochondria. At 25-50 micromolar
membrane potential decreased and respiration was inhibited. In whole cells (human osteosarcoma
143B cells) up to 10 micromolar MitoQ did not affect cell viability, and concentrations of 25-50
micromolar were required for substantial cell death. (Kelso, 2001)

Mice fed liquid diets containing 500 micromolar or 1 millimolar MitoQ showed no toxic effects
for at least 26 days, although food consumption decreased 20 - 35% compared with controls. Mice
fed a liquid diet containing 2 to 5 millimolar MitoQ showed toxic effects after 10 - 11 days. In
addition, food consumption decreased 70 - 80% compared to controls. (Smith, 2003)

Vllb. Drug Interaction Potential

CINAPS Dossier: MitoQ (2/19/2007 ) 7



Bibliography

Antipodean
Pharmaceuticals,
2007

Antipodean Pharmaceuticals, Clinical Programs: Parkinson’s Disease, Antipodean
Pharmaceuticals web site (http://www.antipodeanpharma.com), 2007.

Asin-Cayuela,
2004

Asin-Cayuela J.; Manas A.R.; James A.M.; Smith R.A.; Murphy M.P., Fine-tuning the
hydrophobicity of a mitochondria-targeted antioxidant, FEBS Lett, 2004, 571(1), 9-16.

Bedogni, 2003

Bedogni B.; Pani G.; Colavitti R.; Riccio A.; Borrello S.; Murphy M.; Smith R.; Eboli M.L.;
Galeotti T., Redox regulation of cAMP-responsive element-binding protein and induction of
manganous superoxide dismutase in nerve growth factor-dependent cell survival, J Biol
Chem, 2003, 278(19), 16510-9.

Dhanasekaran,
2004

Dhanasekaran A.; Kotamraju S.; Kalivendi S.V.; Matsunaga T.; Shang T.; Keszler A.;
Joseph J.; Kalyanaraman B., Supplementation of endothelial cells with mitochondria-
targeted antioxidants inhibit peroxide-induced mitochondrial iron uptake, oxidative
damage, and apoptosis, J Biol Chem, 2004, 279(36), 37575-87.

Galeotti, 2005

Galeotti T.; Pani G.; Capone C.; Bedogni B.; Borrello S.; Mancuso C.; Eboli M.L.,
Protective role of MnSOD and redox regulation of neuronal cell survival, Biomed
Pharmacother, 2005, 59(4), 197-203.

James, 2005 James A.M.; Cocheme H.M.; Smith R.A.; Murphy M.P., Interactions of mitochondria-
targeted and untargeted ubiquinones with the mitochondrial respiratory chain and reactive
oxygen species. Implications for the use of exogenous ubiquinones as therapies and
experimental tools, J Biol Chem, 2005, 280(22), 21295-312.

Jauslin, 2003 Jauslin M.L.; Meier T.; Smith R.A.; Murphy M.P., Mitochondria-targeted antioxidants

protect Friedreich Ataxia fibroblasts from endogenous oxidative stress more effectively
than untargeted antioxidants, FASEB J, 2003, 17(13), 1972-4.

Kalivendi, 2005

Kalivendi S.V.; Konorev E.A.; Cunningham S.; Vanamala S.K.; Kaji E.H.; Joseph J.;
Kalyanaraman B., Doxorubicin activates nuclear factor of activated T-lymphocytes and Fas
ligand transcription: role of mitochondrial reactive oxygen species and calcium, Biochem J,
2005, 389(2), 527-39.

Kelso, 2001

Kelso G.F.; Porteous C.M.; Coulter C.V.; Hughes G.; Porteous W.K.; Ledgerwood E.C.;
Smith R.A.; Murphy M.P., Selective targeting of a redox-active ubiquinone to mitochondria
within cells: antioxidant and antiapoptotic properties, J Biol Chem, 2001, 276(7), 4588-96.

CINAPS Dossier: MitoQ (2/19/2007 )


http:http://www.antipodeanpharma.com

Bibliography

(page 2)

Kelso, 2002

Kelso G.F.; Porteous C.M.; Hughes G.; Ledgerwood E.C.; Gane A.M.; Smith R.A.; Murphy
M.P., Prevention of mitochondrial oxidative damage using targeted antioxidants, Ann N Y
Acad Sci, 2002, 959, 263-74.

Magwere, 2006

Magwere T.; West M.; Riyahi K.; Murphy M.P.; Smith R.A.; Partridge L., The effects of
exogenous antioxidants on lifespan and oxidative stress resistance in Drosophila
melanogaster, Mech Ageing Dev, 2006, 127(4), 356-70.

Murphy, 2001

Murphy, M.P., Smith, R.A.J., Mitochondrially Targeted Antioxidants, US Patent 6,331,532
(2001).

O'Malley, 2006 O'Malley Y.; Fink B.D.; Ross N.C.; Prisinzano T.E.; Sivitz W.l., Reactive oxygen and
targeted antioxidant administration in endothelial cell mitochondria, J Biol Chem, 2006, 281
(52), 39766-75.

Reddy, 2006 Reddy P.H., Mitochondrial oxidative damage in aging and Alzheimer's disease:

implications for mitochondrially targeted antioxidant therapeutics, J Biomed Biotechnol,
2006, 2006(3), 1-13.

Saretzki, 2003

Saretzki G.; Murphy M.P.; Von Zglinicki T., MitoQ counteracts telomere shortening and
elongates lifespan of fibroblasts under mild oxidative stress, Aging Cell, 2003, 2(2), 141-3.

Shults, 2002

Shults C.W.; Oakes D.; Kieburtz K.; Beal M.F.; Haas R.; Plumb S.; Juncos J.L.; Nutt J.;
Shoulson |.; Carter J.; Kompoliti K.; Perimutter J.S.; Reich S.; Stern M.; Watts R.L.; Kurlan
R.; Molho E.; Harrison M.; Lew M., Effects of coenzyme Q10 in early Parkinson disease:
evidence of slowing of the functional decline, Arch Neurol, 2002, 59(10), 1541-50.

Skulachev, 2005

Skulachev V.P., How to clean the dirtiest place in the cell: cationic antioxidants as
intramitochondrial ROS scavengers, IUBMB Life, 2005, 57(4), 305-10.

Smith, 2003

Smith R.A.; Porteous C.M.; Gane A.M.; Murphy M.P., Delivery of bioactive molecules to
mitochondria in vivo, Proc Natl Acad Sci U S A, 2003, 100(9), 5407-12

CINAPS Dossier: MitoQ (2/19/2007 )



Bibliography (page 3)

Smith, 2007 Smith, R.A.J., Murphy, M.P., Synthesis of Triphenylphosphonium Quinols and Quinones,
US Patent 7,179,928 (2007).

CINAPS Dossier: MitoQ (2/19/2007 ) 10



	0_Cover.pdf
	1_Cmpd.pdf
	2_Ration.pdf
	3_Animal.pdf
	4_Human.pdf
	5_Disease.pdf
	6_PK.pdf
	7_Safety.pdf
	8_1_Refs.pdf
	8_2_Refs.pdf
	8_3_Refs.pdf



