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Diseases Linked to Mitochondrial Dysfunction

Neurodegenerative Diseases

(Dementia, Fatigue, Peripheral neuropathy
ALS, Alzheimer’s, & Parkinson’s Dz.)

Immune Diseases

(Chronic Fatigue Syndrome, Fibromyalgia
Recurrent infections, Chronic inflammation & Cancer)

Hepatic & Metabolic Diseases

(Multiple Chemical Sensitivities, Nonalcoholic Hepatitis,
Type |l Diabetes)



Diseases Linked to Mitochondrial Dysfunction

Neurodegenerative Diseases

25%

(Dementia, Fatigue, Peripheral neuropathy
Energy ALS, Alzheimer’s, & Parkinson’s Dz.)
10-50% Immune Diseases

(Chronic Fatigue Syndrome, Fibromyalgia
Usage Recurrent infections, Chronic inflammation & Cancer)

30% Hepatic & Metabolic Diseases

(Multiple Chemical Sensitivities, Nonalcoholic Hepatitis,
Type |l Diabetes)




Alzheimer’s Disease

Mitochondrial dysfunction is a trigger of Alzheimer's
disease pathophysiology.

Moreira, PI, et al. Biochimica et Biophysica Acta (BBA)-
Molecular Basis of Disease, 1802(1), 2-10, 2010.

Reducing mitochondrial decay with mitochondrial
nutrients to delay and treat cognitive dysfunction,

Alzheimer's disease, and Parkinson's disease.
Liu, J, et al. Nutritional neuroscience, 8(2), 67-89, 2005.

Deconstructing mitochondrial dysfunction in
Alzheimer disease.

Garcia-Escudero, V, et al. Oxidative Medicine and Cellular
Longevity, 2013,



Parkinson’s Disease

Mitochondria: A Therapeutic Target for Parkinson’s
Disease?

Luo, Y, et al. International journal of molecular sciences, 16(9),
20704-20730, 2015.

Mitochondrial dysfunction in Parkinson's disease.
Winklhofer, KF, et al. Biochimica et Biophysica Acta (BBA)-
Molecular Basis of Disease, 1802(1), 29-44, 2010.

Pink1, Parkin, DJ-1 and mitochondrial dysfunction in

Parkinson's disease.
Dodson, MW, et al. Current opinion in neurobiology, 17(3), 331-337,
2007.



Type |l Diabetes Mellitus

Mitochondrial dysfunction and type 2 diabetes.
Lowell, BB, et al. Science, 307(5708), 384-387, 2005.

Role of mitochondrial dysfunction in insulin resistance.
Kim, J.A, et al. Circulation research, 102(4), 401-414, 2008.

Oxidative capacity, lipotoxicity, and mitochondrial

damage in type 2 diabetes.
Schrauwen, P, et al. Diabetes, 53(6), 1412-1417, 2004.

Prevention of mitochondrial oxidative damage as a

therapeutic strategy in diabetes.
Green, K, et al. Diabetes, 53(suppl 1), S110-S118, 2004.



Fibromyalgia

Oxidative stress and mitochondrial dysfunction in
fiboromyalgia.
Cordero, MD, et al. Neuroendocrinology Letters, 31(2), 2010.

Is inflammation a mitochondrial dysfunction-dependent
event in fiboromyalgia?

Cordero, MD, et al. Antioxidants & redox signaling, 18(7), 800-807,
2013.

Mitochondrial dysfunction in fibromyalgia and its

iImplication in the pathogenesis of disease.
Cordero, MD, et al. Medicina clinica, 136(6), 252-256, 2011.



Chronic Fatigue Syndrome

Mitochondrial dysfunction and oxidative damage

may play a critical role in the pathogenesis of CFS
[Fulle, et al. Free Radical Bio Med. 2000]

Decreased glutathione and increased lactate in

brains of CFS patients [Shungu DC, et al. NMR Biomed.
2012;25:1073-1087]

Increased lactate leading to cerebral hypoperfusion
promotes a vicious cycle of mitochondrial damage
In CFS brains [Biswal B, et al. J Neurol Sci. 2011;301: 9-11]



Autoimmune Diseases

Mitochondrial dysfunction plays a key role in

progressive axonal loss in multiple sclerosis.
Andrews, HE, et al. Medical hypotheses, 64(4), 669-677, 2005.

Mitochondrial dysfunction contributes to

neurodegeneration in multiple sclerosis.
Witte, ME, et al. Trends in molecular medicine, 20(3), 179-187,
2014.

Apoptosis and mitochondrial dysfunction in
lymphocytes of patients with systemic lupus

erythematosus.
Perl, A, et al. In Autoimmunity (pp. 87-114). Humana Press, 2004.



Alzheimer’s

Disease :
Parkinson'’s

Diabetes Disease

Fibromyalgia
Cancer

Fatigue

Autoimmune
Chronic Diseases

Fatigue
Lyme
Disease

Syndrome
HopeforFatigue.org

Medication-

Genetic induced

Mitochondrial
Diseases




Mitochondrial Medicine

B "Mitochondria + Disease” Publications

~—
n
v
C
o
P
1)
-
O
-]
a

2004 2005
2006 -
2007 2008
: 2009 -
2010
2011







l,.r\

\\\\ ASPARTATY Lz
| Anaplerotic reaction | N e \\\A\MCA:?'N‘A-LYAH I'm ACETYL-CoA
:l SUCCINAMATE e NH, CITRATE MALONATE, et \ CoA~3 O i
! - . XA . .
::g.:"' wyyr ACETATE ',-.L ufo:é ‘-c"j" : GLyent €m,
N 4504 m
e TRANS AMINASE Ns | succinkre 'VW' | Gurce Lo |
v FUMARATE 5, cCINATE SON] CeA-SH Aop ‘ VANA { S AMINOLEVULINATE
uo-\ OOM |oeHYDROGENASE oy 4- 1 ,_,.0 \ LIGASE GLYCINE  SYNTHASE
o AML \ SUCCINATE % M- - g SUCCINYL- = increared inacuty |
DASE ) 2-OXOGLUTARATE o> *}.,‘_\ e 332»- f1 G" == CoA = .,...m..n.,.. porph:!
JVATE CARBOX Y KINA! NHA N MALEATE ‘o's‘p“,s‘" g FADM,E FAD. ¢ P Ay A Al t" 0:C-5-CoA r/a,
\ : R0 oon f— + 1; ", (! I
| 7 wo acctrron acc w. | | Mcw&o&on e i :f fo ‘vimps
JVATE CARBOXYKINASE (GTF) 4 weigu.  wmaue | Y oS OOM 1y il phetc :
NONE) NOL) I S UGA 3 . S bacteria)
rogpere <o, LR / TR a2 *AD ADH
BOTIN, Co**. 2n 1 1 s"\\ X e o 7 l N, DUYORO \' ~‘.~ s
METHYLMALONYL CoA matad ' el St snpindes M I JPOAMDE '\ \ STEF
TP ADP CARBOX YL TRANSFERASE 1 romate SO gommare < 4 i ‘ SUCCINTL S D6y DRO ALY
. PRO
e o : et NN 0 NEENe S
MALONYL. VL 1 (CYTOCHROME) >, NAD Pl I l' P DEHY- | BAR
10N 1 I maLaTe MOLYEOO 1| I |l € Lpl \:.-mE Sl
PYRUVATE CARBOXYLASE +HY [} SYNTHASE PIENS T8 I | $ GENASEY, 1
OXALOACETATE : ! 3Cyret TN NY g b :: (32’ 1
A RAD (oniy for L\ a{ ATE DEHYOROGENASES ™ e FORMYL. FORMIL. I Iy 2 »

NAD-entrme)  (GECARBOXYLATING) ' $$ : [ ENOLPYRUVATE °A HYDRG: TORMATEL IS I} €O :: Oet 9 \’nD.H.-

5 (“MALIC ENZYME") “ P .$-CoA '-"". v~ L) lg I bk H x ;: .»_? E
___-‘______.._____..—-—— » 1 i S 11 | *e I pass. Lo | St .
= O LR = t . | IE | SoxmIE 4 ‘A 4

s |' he “Nll R T rl | n Glyoxy- “ H,0 Co‘A 57‘ co.l 1< l! red) ~ & I TP £ ‘
' RASE o e R 7 oy 1 ReOxy. oy 18 b N | [Faware] yieg-om ;
1" (actwe) FORMATE ACET TLTRANSSE 1L ATP, (3-OXO . st : late 1 DECARSOXY. | I : 19y S oap 2 \ ACTH
_-—-—_—__—60:6-!311:0“-0& ~x GLUTARATE) CoA-SH L 1 I — A"g "‘
Y DIMYOROLIPOATE ACLTI. ACETYL-CoA Fele lcomonnricon 4 13 1 i . g
L4 D'NYDROUPOATE e e » I DECARBOXY- I | 12 i FERRE- ] I ALA "
P ‘('A“ CoA-§ o — Ny Hi© I LAsE g B i w5 . :s l: 30?"‘ 3 1} | GLYOXYLATE co, P
L
Tt Lig ‘———r—q.‘ ~g+ c'“"il 4 w lx ’ ;..__-l I 5 =| Im“ l ADM ' E
CoASH CcH SYNTHA \ | L
i R - | g N OXALYL CoA | | OXALATE 4 " s b o
s «,l Y YYYYSYYZ Consried TP "\ O, _5CoA | | [0, 0N ! Consh+] S e
¥ viel " v/ 1 cirare N N ¢ :’ x .5 < !
p~ LYAS &
i 4 . e I l’ \ D FRUCTOSE \\\\ ‘fc o _"oM l: g l:5 -
D ———————— 1 L. GLYCEROL N wnaoms ! Guvoxy "H_‘" € 1 38
3 OMYDROUFOAMDE ¢ 1y b \ i ASH W + MY ™ CATE 520 S0, 'l ’_,
E faDn, OfYORO-  e.rao e th P ——— ATP L NADP® =l DEHYDRO I’owxvaccv I F 3
. L it g MY conns of GENASE DEMYORO. || l >
P - —————— \ ! N | (ACY. o1 GiNase o | P
o NADH + M+ 1 1 1h " CITRATE \\ | M""‘o‘ Nty g -=“en,0, I OOMH I~8'
NA \ ] H I 2 COOH W ° || 4
ard 1Y ' S My NAD® NAGK + M+ N 7 H,O.o ; 7
scerave- [ Hy e i) o = HO-C-COOH  GLYCOLATE GLYOXYLATE § GLYOXYLATE NM, & “.00 M,
CoA LIGASE < "y REDUCTASE o N A OxIDAs ! M _________
s H HE 1 = 00 Hag-on e - 2-ox0-¥ MY
cons=4 LY ) : ] .k £ooH mrznvmoxv A zoon GLYC INL PP )} GLUTARATE - MALATE GLU®
! " \ AC!DOX()M.[ TRANS AMINASE # DEHYOROGENASE
| 1 ! & = \ n.uou'o'- PN+ PN, - 1P 7 7 NADH 41+ NAD* €
' 1 { HH X Consn N\, \ > 3 ' d <o, - t —
1 b | : g R 8 wocmeateivise s¥ socusATY 4 - 7 ¥ 2
ACRTATE  Joipwy.  ACETYL : i : 1 = g e B H,0, o, e 2 GENASE ACCEPTOR-H, ACCEPTOR [
Pl ik Apmiviae: Iy ] [ H P MALATE, e (Naory 2HYDROXYGLUTAR!
”0\9, UGASE P \ 1 H I <| THiAcerrL. H,0 ~ SUCCINATE, I ’ NH, DEMYDROGENASE
> B 77T Y8 ‘gu 1 1 ! Ul CARNITING PHOSPHOENOL- |, AdS e SUCCINATE A |
- S ' !y (—)o-AceTyL- PYRUVATE  threo-Ds. et oone® / DA
] 1 ~ 0
bt & 2 - ! L]l carnming “coN"An’> ISOCITRATE  \ISOCITRATE mgm 0 Ty NADPH + HVN/
R T e By i 121 famat ch, COON 11D e ooM cmﬁ’;‘f’ 5 “GM MATE GLUTAMAT)
4 T 1 H " ¢o H-C-H ~ n-é 0aier NADR J‘ ", 7 GLUTARA DEHTDRON
: ! : - : : CH, MO M ¢-cooH "“m'u'::}\‘uu ~~=u -coouﬁ-; o0 ?:" < :‘A't‘
X 1 i 78 5 R e o e >~ — TS '
1y PROTEIN 1 b CHy W H N ACONITATE coom NAOD. - | DM e Hy
1y KINASE A(+ m».:"; {4 DECARBOXYLASE ,“o“ + M co. N,
i 2 & 1| HE ¢ ITACONATE INAGH
SRl : : 4! g Citrate i PV [Camino acio) AN -
hy HO [ACETYL. P Hly ) ¢-COOM cyclie CITRATEL(ADP) GLutannt.oxoacio o o $
I CoA CARBOXT- I il CH, "‘"“""““ GLUTAMATE SYNTHASE
¥ Las ot 1 F E coon Aoy g
<} T e o G e e o 0 i i e e i e S S S ———————
Ll Hiv B e i et i o b it A e S g S S sy e ety e e A e A
. - ‘ I o=




-

Dietary Carbohydrates
+

Dietary Fats

NAD+

(transport)

H* |H* H*

ions | ions | ions

OH"

radical

0—2

radical

H,0,

peroxide

Oxidation




Ei : ;"1 ul \ Smoke and Ash

H* |H* | H* OH |0? |H,0,

ions |ions |ions radical | radical | peroxide
Electron
transport
chain
ATP [ATP [ATP

\

CHEMICAL - CELLULAR
ENERGY WORK

EAT




H* |[H* H*
Electron
transport
chain

ATP |ATP |ATP

/ \

CHEMICAL
ENERGY

Smoke and Ash

OH

radical

0-2

radical

H,0,

peroxide

CELLULAR
WORK

CELLULAR
DAMAGE
- Lipid peroxidation
- Protein oxidation
- DNA mutations




Smoke and Ash

H* [H* |H* OH |0? |H,0,

ions |ions |ions radical | radical | peroxide
Antioxidant
Electron Nutrients
transport and
chain Enzymes
ATP [ATP [ATP CO, H,0

\

CHEMICAL CELLULAR
ENERGY WORK

EAT




Smoke and Ash

H* [H* |H* OH |0 |H,0,

ijons | ions |ions radical |radical | peroxide
Electron Antioxidant
Nutrients
transport and
chain Enzymes
ATP |ATP |ATP CO, H,O

\

CHEMICAL CELLULAR
ENERGY WORK

EAT




Sedadd

H* |[H* |H*
transpor
chain

ATP |ATP [ATP

/ \

CHEMICAL
ENERGY

Electron
t

B il

Smoke and Ash

OH

radical

0-2

radical

H,0,

peroxide

Antioxidant
Nutrients
and
Enzymes

\

co,

H,0

CELLULAR
WORK

CELLULAR
DAMAGE
- Lipid peroxidation
- Protein oxidation
- DNA mutations




gﬁ;{@ Smoke and Ash

H* [H* |H* OH |0? |H,0,

ions |ions |ions radical | radical | peroxide

Electron Supplement
transport ==  Mitochondrial
chain Nutrients
CELLULAR
DAMAGE

ATP ATP ATP COZ HZO - Lipid peroxidation

- Protein oxidation

- DNA mutations
CHEMICAL - CELLULAR
ENERGY , WORK




Smoke and Ash

H* [H* |H* OH |0? |H,0,

ions |ions |ions radical | radical | peroxide
Electron Supplement
transport == Mitochondrial
chain Nutrients
ATP [ATP [ATP CO, H,0

CHEMICAL CELLULAR
ENERGY WORK




Mitochondrial Medicine

What stresses the mitochondria?

1) Poor nutrition
2) Chronic stress
3) Sedentary lifestyle

1) Chronic inflammation



Mitochondrial Medicine

What stresses the mitochondria?

5) Prescription drugs
* Acetaminophen
* Antidepressants
e Statins
« Antivirals
« Antibiotics
* Chemotherapy

6) Environmental toxins
« Pthalates
* Bisphenol A
* Organophosphates
« Plastics, teflon, etc.
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Mitochondrial Medicine

What occurs when the mitochondria are stressed?

1) Mild to Moderate Dysfunction =»
2) Mitochondrial Toxicity =»
3) Mitochondrial Loss =

1) Apoptosis (programmed cell death)



\When Should You Intervene?

Early effects End organ diseases

e Immune System |, Frequent infections = |, Life threatening infections

Chronic inflammation (Pneumonia, MRSA. etc.)

e Hepatic System Increased LFT’s = NASH, Hepatitis, Cancer

Chemical sensitivities

e Nervous System Alzheimers Dz, MS, ALS

Parkinsons Dz, CFS

Decreased cognition =»

Brain fog, Fatigue

e e
e T e
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Mitochondria

What’s the best way to
protect and enhance
mitochondrial function?




Mitochondria

Acetyl-L-Carnitine

N-Acetyl-Cysteine /

A Key Triad of
Mitochondrial Support
Nutrients




Broad-Spectrum Mitochondrial Support

Key Mitochondrial Support Nutrients

Acetyl-L-Carnitine 1,000 mg/day
N-acetyl-cysteine 1,200 mg/day
Alpha Lipoic Acid 400 mg/day

Additional Supportive Nutrients

Coenzyme Q-10 100 mg/day
Methyl Folate 400 mcg/day
Methyl B12 1,000 mcg/day
Carotenoids 20,000 iu/day

Vitamin C 2,000 mg/day
Vitamin D 1,000 iu/day
Vitamin E 540 iu/day
Zinc 30 mg/day



Research Data
on
Mitochondrial Support
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RAPID COMMUNICATION

Micronutrient Supplementation Increases CD4 Count
in HIV-Infected Individuals on Highly Active
Antiretroviral Therapy: A Prospective,
Double-Blinded, Placebo-Controlled Trial

Jon D. Kaiser, MD,* Adriana M. Campa, PhD,T Joseph P. Ondercin, PA-C,} Gifford S. Leoung, MD,§
Richard F. Pless, PhD, /| and Marianna K. Baum, PhDT

J hdqICH+ds " kI@H'R1//5:31'4(9412,417




“AIDS Drugs Linked To Mitochondrial Toxicity”

Mitochondrial Toxicities of
‘Nucleoside Reverse Iranscriptase Inhibitors

Kees Brinkman, MD, PhD
Department of Internal Medicine, Onze Lieve Vrouwe Gasthuis (owve), Amsterdam

SuMMARY BY TiM Horn
EDITED BY MARSHALL GLESBY, MD, PhD, AND THOMAS KAKUDA, PharmD

The PRN Notebook June 2000
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Chronic Fatigue Syndrome

Myalgic Encephalomyelitis




@ INSTITUTE OF MEDICINE

OF THE NATIONAL ACADEMIES

Advising the nation * Improving health

= |OM reported these findings in 2015:

>
>

CES affects between 836,000 to 2.5 million Americans

Up to 90% of people with CFS have not yet been
diagnosed, meaning the true prevalence is unknown

The average age of onset is 33, although CFS has

been reported in patients < 10 and > 70 years old
At least 1/4 of CFS patients are homebound at some

point during their iliness



FDA is highly motivated to identify a treatment

Guidance for Industry

Chronic Fatigue Syndrome/
Myalgic Encephalomyelitis:
Developing Drug Products for
Treatment

DRAFT GUIDANCE

This guidance document is being distributed for comment purposes only.

Comments and suggestions regarding this draft document should be submitted within 60 days of
publication in the Federal Register of the notice announcing the availability of the draft
guidance. Submit electronic comments to http://www.regulations.gov. Submit written
comments to the Division of Dockets Management (HFA-305), Food and Drug Administration,
5630 Fishers Lane, rm. 1061, Rockville, MD 20852. All comments should be identified with
the docket number listed in the notice of availability that publishes in the Federal Register.

For questions regarding this draft document contact Dr. Janet W. Maynard at 301-796-2300.

39



EChronic Fatigue Syndrome Treatment j

Mitochondrial
Support Nutrients

&




EChronic Fatigue Syndrome Treatment j

D

L Isnbgnncqh k
Rt oongs Mt sqdnsr

/

v" Rapid improvement in energy level

Low dose
Stimulant

v" Gradual improvement in functional status

v" Rapid improvement in alertness and concentration

v' Improved safety and long term tolerability



Phase 1

Proof of Concept

Prospective, Open-label Trial in

15 Patients with CFS



CFS Symptoms Score

120.00
110.00
D
|
100.00 S
*Clinically significant improvement A
in 87% of patients B
90.00 L
E
80.00 \ D
70.00 )
N 32% decrease 34% decrease
R
)
R A 60.00
N No other trial has yet
M G shown a >8%
A 50.00 improvement in
L E ) symptoms (graded
exercise therapy).
40.00

Baseline 4 weeks 12 weeks



Double-blinded, placebo-controlled
(n=128 patients)

Study Investigators

Jose Montoya, MD (Stanford U.)
Lucinda Bateman, MD (Utah)
Nancy Klimas, MD (Florida)
Susan Levine, MD (NYC)

Completed 2015




120.00

110.00

100.00

90.00

CFS Symptoms Score

\ - Placebo
-13
(-12%)
KPAX 002
] ‘ ‘ -22
Baseline 4 weeks 12 weeks

(-20%)

Per Protocol
Analysis
(n=87)



Excellent Safety Data

Table 3. Low-incidence of Common Methylphenidate Adverse Events (Grade Il or
greater) in Patients by Treatment Group (safety population)?

Symptom K-PAX 002 (n=64) Placebo (n=67)
Feeling littery 4 (6) 4 (6)
Nervousness 0 (0) 0 (0)
Palpitations 1(2) 3 (5)
Restlessness 0(0) 1(2)
Agitation 0(0) 0 (0)
Irritability 1(2) 0 (0)
Insomnia 2 (3) 1(2)

#alues shown as number (%) of patients.



Direct Mitochondrial Function Assay

Nothings promotes the advancement of

knowledge so much as a new instrument

Humphry Davy — Electric Battery — Sodium
Calcium
Potassium
Magnesium

Marie Curie = Radiation Detector =  Radium
Polonium




Seahorse XF Mitochondrial Analyzer

© 2016 Agilent Technologies



Seahorse XF Mitochondrial Analyzer

...bioenergetic status of a cell

© 2016 Agilent Technologies



Seahorse XF Mitochondrial Analyzer

The Bioenergetic Health Index: a new concept in
mitochondrial translational research

Balu K. CHACKO* 1, Philip A. KRAMER*t, Saranya RAVI*t, Gloria A. BENAVIDES*t, Tanecia MITCHELL" Y,
Brian P DRANKA¥, David FERRICKF, Ashwani K. SINGALSE, Scott W. BALLINGER*t, Shannon M. BAILEYT,
Robert W. HARDY*t, Jianhua ZHANG* ||, Degui ZHI{ and Victor M. DARLEY-USMAR* 11

*Creates a Single Numerical Score
That Directly Measures Mitochondrial Health

BHI — 1o (reserve capacity)? x (ATP-linked)”
== (non-mitochondrial)¢ x (proton leak)?

Victor Darley-Usmar, PhD.
University of Alabama, Birmingham
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The Emerqging Paradigm of Mitochondrial Medicine
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The Emerging Paradigm of Mitochondrial Medicine

Healthy
Function

- v

Degenerative
Diseases

ALS

CFS

Diabetes
Parkinson’s
Alzheimer’s
Multiple Sclerosis



The Emerging Paradigm of Mitochondrial Medicine
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The Emerging Paradigm of Mitochondrial Medicine
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The Emerging Paradigm of Mitochondrial Medicine
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The Emerging Paradigm of Mitochondrial Medicine
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The Emerging Paradigm of Mitochondrial Medicine
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The Emerging Paradigm of Mitochondrial Medicine
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Mitochondrial Medicine
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