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Supplements & Mito — Yes/ No

Which supplements are commonly used?

Which supplements are evidence-backed?

— Specific diseases

» Back to basics
— The respiratory (electron) transport chain
— What patients with Mito lack/ and what to avoid

Supplements with limited evidence in Mito
— Mechanism, potential benefits vs risks
How to access quality products?

How to know if a supplement might / not be
nelping?




Molecular Genetics and Metabolism
Mol Genet Metab. 2016 Sep

journal homepage: www.elsevier.com/locate/ymgme

Mitochondrial disease patients' perception of dietary supplements’ use

Amel Karaa **!, Joshua Kriger ”, Johnston Grier °, Amy Holbert ¢, John L.P. Thompson >,
Sumit Parikh ¢, Michio Hirano €

* Any mitochondrial
disease — 95% pay up to
* Retrospective US$500/month

— Self-reported, N=162

* Despite other Rx:

« Majority are/ have been » Medications
on dietary supplements * Physical therapy
— 75% take > 4 supplements: * Diet
« Majority reported benefits — 45.5% thinks supplements
. Perceived benefits are the only intervention
_ at 2weeks — 4 months Improving their symptoms

— Safe



Most reported symptoms

— Subjective weakness 50%
— Temperature Fatigue 61%
— instability 48%

— Exercise intolerance 42.5%
— Muscle pain 38%

— lIrritable bowel 33%

— Ptosis 30%

— Headaches/Migraines 28%
— Anxiety 25%

Constitutional Musculoskeletal Neurological Gastro-Intestinal

High frequency symptoms (in >50% of patients)

Chronic fatigue 61% Weakness 50%

Medium frequency symptoms (in 25-50%of patients)

Temperature 48%  Myalgia 38%  Prosis 30%  lrritable bowel 33% Anxiety 25%
instability Headaches/Migraines 28%  syndrome
Developmental delay 27%  Dysphagia 25%

Exercise intolerance  42.5%

[Intellectual disability




Karaa et al 2016

* Most common * Less responsive <12%
supplements improved
— CoEnzyme Q10 (Ubiquinol/ — Gastrointestinal dysmotility
Ubiquinone) 42.5% symptoms
— L-carnitine 36% — Neurological symptoms
— Riboflavin 26.5% : Headla‘Che’ SeiZU'tf.e.St,
_ Vitamin D 24% myoclonus, spasticity
— Vitamin C 15"/2 ’ .62/162 thought no
. 0 - Improvement
720A) no side effects — But 38% - benefit noted
 54% reported 5 most once off supplements
bothersome symptoms - OnIY 26% discontinued
alleviated use!

Fatigue 49% improved

- Exercise intolerance 26%
improved

* Muscle pains 26%
» Weakness 26%



J Inherit Mectab Dis (2015) 38:477—482
DOI 10.1007/510545-014-9773-9

ORIGINAL ARTICLE

High prevalence of complementary and alternative medicine use
in patients with genetically proven mitochondrial disorders

Sebastian Franik - Hidde H. Huidekoper - Gepke Visser - Maaike de Vries -
Lonneke de Boer - Marion Hermans-Peters - Richard Rodenburg - Chris Verhaak -
Arine VI. Viieger - Jan A. M. Smeitink - Mirian C. H. Janssen - Saskia B. Wortmann

e Dutch study
— paediatric n= 24/38, adult n= 33/46 -> 57 responses
88% Children, 91% adults

— uses complementary/ alternative medicine
» Children: €489 /year
« Adults: €359 /year ~ $580/year

60% adults reported therapies to be effective

— Food supplements, homeopathy, self-help techniques

Vitamin supplements e.g. riboflavin, CoEnzymeQ10, Thiamine
— not perceived to be effective

Self-help technigues e.g. massage, yoga

— rated positively



From the doctors’ point of view

Revised: 26 August 2024 Accepted: 26 September 2024
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Current global vitamin and cofactor prescribing practices
for primary mitochondrial diseases: Results of a European
reference network survey

Julia Neugebauer '? | XKarit Reinson®? | Marcello Bellusci® |
Julien H. Park® | Omar Hikmat”7® | Enrico Bertini® | Manuel Schiff'®'"* |
MetabERN PM-MD Consortium authors?” | Shamima Rahman 'Z*'3

» Subset of conditions
— Specific Vitamins/ Co-factors

* Evidence contrasts clinicians’ widespread use

— 95% paediatrician recommended use

« Specific situation, or generally
— 112 respondents from 35 countries
» 48% only cared for paediatric patients
» 17% only cared for adult patients



Proportion

Supplements prescribed

100%
75%
Usage
50% . Depending on Geno-/Phenotype
o] -
| Used for all patients
. Not used
25%
0%
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Neugebauer J et al, 2024



Supplements & Mito — Yes/ No
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» Back to basics
— The respiratory (electron) transport chain
— What patients with Mito lack/ and what to avoid

Supplements with limited evidence in Mito
— Mechanism, potential benefits vs risks
How to access quality products?
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Supplements — Yes/ No

e |f there was clear evidence

— Every doctor would be prescribing the same
« E.g. Fluoride for strong teeth
» E.g. Aspirin for strokes / heart attacks

« E.g. Bisphosphonate/ Denosumab for
osteoporosis

 But there are few mitochondrial diseases
with clear evidence

for specific supplements = = &ai

attack, stroke

Wiemers M. 2024

w Lower- Upper-
https://www.michiganmedicine.org/health-lab/aspirin-can-prevent-second-heart- Middle”  Middia
attaCk-Or—StrOke-many-dont-use-it A study shows that, worldwide, only 40% of eligible patients are taking daily aspirin to prevent a



STAYING HEALTHY

Don't waste time (or money) on dietary
supplements

Americans spend billions per year on these products, even
though most people don't need them.

April 1,2022

By Matthew Solan, Exec

TABLE1 | Mitochondrial diseases with targeted therapy available.

Ball, M et al 2025

Disease (OMIM)

Gene/s

Treatment

Coenzyme Q,, deficiency®

Biotin-thiamine-responsive basal ganglia disease
(#607483)

SLC25A19-related thiamine transporter deficiency
(#613710)

Thiamine pyrophosphokinase deficiency (#614458)
Pyruvate dehydrogenase deficiency (#312170)
Biotinidase deficiency (#609019)

Holocarboxylase synthetase deficiency (#253270)
Multiple acyl-CoA dehydrogenase deficiency (#231690)
FAD Transporter Deficiency (#616839)

FAD Synthase Deficiency (#255100)

Dihydrolipoamide dehydrogenase (E3) deficiency
(#246900)

ACAD9 deficiency (#611126)

C0Q2, COQ4, COQ5, COQS,

COQ7, COQ8A, COQ8B, COQY,

PDSS1, PDSS2, and ADCK2
SLCI9A3

SLC25A19

TPK1

PDHAI
BTD

HLCS

ETFA, ETFB, and ETFDH
SLC25A32

FLADI

DLD

ACAD9

Coenzyme Q,, [15-17]

Biotin
Thiamine [18]
Thiamine [19]

Thiamine [20]
Thiamine [21]
Biotin [22]
Biotin [23]
Riboflavin [24]
Riboflavin [25]
Riboflavin [25]
Riboflavin [26]

Riboflavin [27]

30MIM for individual Coenzyme Q'° deficiency genes; #607426, #616276, #619028, #614650, #614654, #612016, #615573, #614654, #614651, and #614652.



Cellular Respiration
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https://foglets.com/electron-transport-chain-and-energy-production/



Thiamine (Vitamin B1)

* Energy metabolism

— Synthesis of nucleic acids, antioxidants, lipids,
neurotransmitters
» Zhao et al 2023

Thiamine metabolic disorders
— Acute confusion, basal ganglia disease, lactic acidosis

« SLC19A3 deficiency (Biotin-thiamine responsive basal
ganglla disease-BTBGD)

Confusion, seizures, ataxia, supranuclear facial palsy, external
ophthalmoplegla +/- dysphagla

« Dystonia, cogwheel rigidity; hyperreflexia, ankle clonus, Babinski
responses

« +/- Hemiparesis or quadriparesis.
— Episodes triggered by fever or mild trauma/ stress

— Rx Biotin (5-10 mg/kg/d) + Thiamine
(up to 40 mg/kg/d, max of 1500 mg daily) oral

« Thiamine x 2 (iv) when ill

Kassem H, et al, 2014.
https://www.ajnr.org/content/35/10/1990




The Respiratory Chain

eNOS

Cytoplasm

H,0, H,0+ 0,
R, GIM—Z Tang, et al. Front. Physiol 2014

Peroxiridoxin-3
Thioredoxin-2



Riboflavin (Vitamin B2)

* Precursor of electron carrier FAD
 Flavin adenine dinucleotide (FAD)
 Flavin mononucleotide (FMN)

— Co-factors for respiratory chain C and C |l
« ACAD?9 deficiency

— Mitochondrial acyl-CoA dehydrogenase family member 9
— Forassembly of C |

« Cardiomyopathy, myopathy, ex intolerance, lactic acidosis
— Onsetin infancy to10 years
— 65% +ve (n = 20/31) clinical response

N =22 treated, 17 untreated
— Treated 7/22 died, untrated 16/17 died "

» Repp BM et al 2018
— 9/15 Patient fibroblasts — 1 C | activity o8-

200+ M untreated e
riboflavin treated ’-\

0.6

Riboflavin
= with
= without

1501

04.
100}

Proportion of survival

Repp BM etal o=
2018
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Biotin (Vitamin B7/ H)

 Biotinidase deficiency

— Biallelic pathogenic variants
iIn BTD
* Onset in infancy — age 10
* Seizures, developmental delay,

 skin rash, alopecia, optic atrophy,
hearing Ioss and respiratory
problems

« Ataxia, myelopathy

— Normal development if treated
prior to symptoms

— Newborn screening 827 4:"?:‘" ; / v\ Iw \\(/ gg ‘0
.+ Partial deficiency (10-30%)- RN
symptoms only when stressed e.g. RS\ TIPSR
infection

— Rx Biotin 2.5-10 mg/d po

g |
Nature's Way. |

SWANSON'

OTIN FOR HAIR
uss

x-e

} 3 E
o
.,

THORNE'

= 4 Biswas et al, 2023




Back to Basics

 Patients with Mito

— Gut problems

« Swallowing, slow transit, constipation, bloating
— Fatigue
— Diabetes

* Mito patients N = 60 thee-day nutrition diaries
« MIDD, CPEO, MM - 68% took = 1 supplement
— CoEnzyme Q10, Multivitamin

— Vitamin D, Calcium, Fluid intake - inadequate

« Zweers et al 2017 - Radboud Centre for
Mitochondrial Medicine



Vitamin D

« Deficiency
— Osteoporosis
— Muscle weakness, Fatigue
e Study:
— Mice — 2200IU/kg vs 0 IU/kg CS7BLI6 Mice
* (Mice weigh 15-309)
— 3 mo deficiency —

el mitochondri &N, C2fanstipn)r at i on
— In gastrocnemius muscles
« | | e an-asdsfdody weight
« But no change to mitochondrial protein content
« Ashcroft et al 2021, Birmingham
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Vitamin D in human

Vit D 10 000 IU x 3 /week for 6 months

— can improve muscle mass and strength
* in older vitamin D deficient human subjects

REE/Lean body mass

(kcal/day/kg)

45 T
40
35 1
30 T
25 7
20 T

15 7

10

O
r=0.483 ; p=0.006
O |
= @) @)
|
HE N E
O under 35 years old
| over 60 years old
0 5 10 15 20 25 30 35 40 45

[Plasma vitamin D] (nMm)

Salles J et al 2022



Vitamin D

« Recommended daily intake
600 IU = 15 microgram (age 1-70 yrs; mothers)
800 IU = 20 microgram (age > 71 yrs)

* Blood test (serum 25-hydroxyvitamin D)

— Aim for Vitamin D ~ 70nmol/L (Ref > 50)
* 1000 IU = 25 microgram = 0.25mg
« Cost 60 caps for $ 9.25 on sale = $0.15/ cap/ day

« Dose range: ~1000 IU- 4000 IU/ d = $0.15-0.6 /day
— Children aged 1-3 up to 2500IU/ day




Ensure you have enough

 Vitamin B12

— Particularly if lactovegetarian/ vegan diet

 Folate

— In green, leafy vegetables, fruits, cereals,

grains, nuts, meats

* Prevents neural tube defects

* |ron

« Heavy periods, post surgery, gastrointestinal blood

loss
— Microcytic anaemia

Abusharif AB, 2019

a

by




Avaid! overdosing on...

* Vitamin B6/ Pyridoxine

— Daily requirement ~ 1.5mg/d
« Many supplements have 25-50mg/d
— Risk of neuropathy

e Vitamin C

— Daily requirement up to 120mg/d
» Most supplements 250-1000mg/d

— > 3000mg per day — risk of kidney stones
» Fat soluble vitamins

— Vitamins A — teratogenic if overdose
— Vitamin E

N 's Way

BLACKMORES
BIO C'1000

CENGVIS

SUGARLESS C




L-arginine

 Nitric oxide precursor/ donor
* |In MELAS

(mitochondrial encephalopathy,
lactic acidosis & stroke-like
episodes)

+ Stroke-like episodes

* N= 24, 34 stroke-like episodes
» Koga et al. 2005

— V ®recovery time
— V ®frequency V ®severity
« Dose oral 0.3mg/kg/d
maintenance
— If 70kg: 21g/d =7 caps x3/day

« 500, 750, 1000mg capsules,
powder
— 5-20g twice daily ~$4400/year

L

i t L ARGININE
: 2000

J<

SUPPLEMENTSw | £)y0 MOE

g ' E L-Cit
= L-ARGININE 7

a Healthy vessel

Blood flow

Endothelial cells
| L-arginine ’ ‘ L-citrullinel

| ooy G

— 1 1
! @ [ eNOS uncoupling I

Smooth muscle
cells

sGC Fe?* haem
(reduced)

| Oxidation and haem loss I/

/—\ ———

Vlan

Lundberg, et al. Nat Rev Drug Discovery 2015



Recommendations for the Management of Strokelike
Episodes in Patients With Mitochondrial
Encephalomyopathy, Lactic Acidosis,

and Strokelike Episodes

JAMA Neurology May 2016 Volume 73, Mumber 5

Mary Kay Koenig, MD; Lisa Emrick, MD; Amel Karaa, MD; Mark Korson, MD; Fernando Scaglia, MD;
Sumit Parikh, MD; Amy Goldstein, MD

» Loading dose of L-arginine 0.5g/kg given
within 3 h of symptom onset

— IV infusion for next 3-5 days
* “though no clinical evidence on how long to

L]
CO n t I n u e Figure 1. Magnetic Resonance Imaging in a Patient With Mitochondrial

rial
Encephalomyopathy, Lactic Acidosis, and Strokelike Episodes (MELAS)
vs Ischemic Stroke

» Dextrose containing fluids
— To avoid catabolism

* Oral L-arginine 0.15-0.30g/kg

— 3 divided doses to continue




Therapeutic Potential of Citrulline as an Arginine Supplement:
A Clinical Pharmacology Review

Jahidur Rashid' - Shaun S. Kumar' - Kathleen M. Job' . Xiaoxi Liu' - Candice D. Fike? - Catherine M. T. Sherwin3#

e L-citrulline
— Natural precursor of L-arginine

— More bioavailable
» Less hepatic first-pass metabolism
» Longer circulation time

 Less well studied
? L-citrulline 0.8g (adult) -3g (children) /kg/d daily
U Intravenous form not accessible

Nitric Oxide
/'(Argmosuccmate) x }'m
Urea Cycle Nitric Oxide Cycle (Arglnosuccmate)
NG *:/ &/
/Ammonia;

____________

Urea




[mpaired nitric oxide production in children with MELAS syndrome and @CMk
the effect of arginine and citrulline supplementation

Ayman W. El-Hattab b Tisa T. Emrick®, Jean W. Hsu ¢, Sirisak Chanprasert *°, Mohammed Almannai *¢,
William J. Craigen *¢, Farook Jahoor ¢, Fernando Scaglia *“*

* Oral L-Citrulline -> L-Arginine in kidneys
* N = 5 children with MELAS, 5 controls

— Nitric oxide production rate increased
 Higher with citrulline cf arginine

— Citrulline supplementation increased de novo
arginine synthesis



TAURINE? =

Taurine: .

. S N
HO” W~ “NH,
Y 2

* Role in modifying genetic code
— Post-transcriptional modification in tRNAs
— Defective in mutant mitochondrial tRNALev
* In cell model
— Taurine ameliorates impaired mitochondrial function

* Prevented stroke-like episodes in 2 MELAS
patients for > 9 years

— 21 yo male, 29 yo female
» Rikimaru, et al. Intern Med 2012

— High dose 0.25g/kg/d
— If 50kg -> 12.5g/d r

« 1g capsules — 100 cap = $15
— Lasts 5 days




Taurine supplementation for prevention of stroke-like
episodes in MELAS: a multicentre, open-label, 52-
week phase Ill trial

Yutaka Ohsawa,' Hiroki Hagiwara,2 Shin-ichiro Nishimatsu,> Akihiro Hirakawa,*°
Naomi Kamimura,® Hideaki Ohtsubo,' Yuta Fukai ' Tatsufumi Murakami,’

Yasutoshi Koga,” Yu-ichi Goto,® Shigeo Ohta,®” Yoshihide Sunada,' on behalf of the
KNO1 Study Group

* N =10 recurrent stroke-like episodes from MELAS (mitochondrial
encephalomyopathy, lactic acidosis and stroke-like episodes) Syndrome

— m.3243A>G or m.3271T>C mutations
— 22 SLE within 1.5 years AND =1 SLE within 1 year

« High dose oral Taurine 9g (25-39kg) or 12g (for 40kg) per day
— 952 weeks

« ©6/10 no recurrent stroke-like episode
— Increased taurine modification in mitochondrial tRNA Leu(UUR)

V Tested in those with frequent SLE, laboratory biomarker backup
USmall numbers, no placebo arm, short duration study “¢ Let

A3243G A3243G

C= s —
( & Tauﬁne

UAA *UAA
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Which supplements are evidence-backed?
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The Respiratory Chain

eNOS

Cytoplasm

H,0, H,0+ 0,
R, GIM—Z Tang, et al. Front. Physiol 2014

Peroxiridoxin-3
Thioredoxin-2



Aiming to improve mitochondrial
function

Enhance electron transfer
— CoEnzyme Q10

 From Complexes | and Il to
— Riboflavin (Vit B2)

* Flavin adenine dinucleotide in
Complex |, |l

Enhance respiratory chain
function:
— Thiamine (Vit B1)

* enhance pyruvate

dehydrogenase activity
— Glycolysis to Krebs cycle

— Nicotinamide riboside
— Carnitine
» Helps transfer of fatty acid

Bypass specific respiratory
chain complexes
— Vitamin C, K3

» Bypasses Complex Il

— Reducing cytochrome c directly

 Antioxidants —

® toxic metabolites

— Vitamin C, E

— Alpha lipoic acid

— Idebenone, CoEnzyme Q10
* Energy buffering

— Creatine

* Increase ATP storage through
the creatine phosphokinase
system

Cellular Respiration

https://foglets.com/electron-trans; port-chain-and-energy-production/



Supplements

V Generally over the counter

VLess likely to cause significant ¥ % s e
side effects e oE

V More affordable

Ulnconsistent efficacy

ULess rigorously studied/ regulated
—Can’t be sure what you a
—-Can’t be sure that 1t wo

*CHECK for INTERACTION with
your other medications

*CHECK actual INGREDIENTS




CoEnzyme Q10

— lts final synthesis steps in the mitochondria
— Involve >12 proteins in yeast, by COQ genes

An electron carrier in the respiratory chain
— A cofactor
— Transfers electron: Complexes | & Il to Complex [l

®in 22-36% mitochondrial myopathies

» (Sacconi et al. 2010; Montero et al. 2005)
— Improved ex tolerance, fatigue, cramps, stiffness 7/8 patients

BLACKMORES
C0910 50 mg

nzyme Q10) 150 mg

Ubiquinone (oxidised form) i 3
. e . . . Ubiquinol
— Lipophilic molecule, in cell membranes, mitochondria Active

150mg

Ubiquinol (reduced form) =

— Better bioavailability shown in rats
« 150mg x 2 tabs (300mg) daily $2/day;
| | | | ~$37: 30 cap

WACHS

PROFESSIONAL

.....
complex : ; ; 3

E Ubiguinol




CoEnzyme Q10

Potent lipid-soluble antioxidant - scavenges reactive oxygen species

— Only one made in body - not a vitamin
— not expected to be deficient in healthy subjects, except if on statin
— though structure similar to e.g. VitK

Highest levels

— Heart, kidney, liver, muscle
» Probably - protein-bound form principally involved in oxphos

Absorption —
— Enhanced with lipids A

il herbsoigald
— Solubilised better than powder based 7
» <5% of orally taken CoQ10 reaches plasma

A Bioavailability
— Crystalline form - low and inconsistent
— 30mg capsules x 10 better than 100mg caps x 3 for absorption

Safe up to 1200mg... to 3000mg/d

— ? decreases INR in those on warfarin
» Hargreaves et al, 2014, Potgieter et al 2013 BIOQorcAnCs e




CoEnzyme Q10

Randomised, placebo-controlled, double-blind, cross-over trial
- N=30
« 15 with MELAS, 11 with CPEO
— Glover, et al. Muscle & Nerve 2010.

— CoQ10 at 600mg twice a day for 60 days

— Minor effects on
» Cycle exercise aerobic capacity (15 mins)
» Post-exercise lactate

In muscle
— Reduces type | fibres, increases type Il fibres
» Vastus lateralis - Old -> Young
Works in ~20% patients with primary or secondary CoQ10
deficiency
— Perhaps in those associated with CoQ10 deficiency

« Kearns-Sayre syndrome

« mtDNA mutations
— 28 of 76 patients with mito disease
» Sacconi et al 2010



Mitochondrion. 2007 June ; 7(Suppl): S122-S126.
CoQ,, deficiency diseases in adults

Catarina M. Quinzii, Michio Hirano, and Salvatore DiMauro
Department of Neurology, Columbia University Medical Center, New York, New York, USA

« Primary CoQ deficiency:
— Clinically and genetically heterogeneous disorder
« Onset from birth to 71" decade
— 1) Encephalomyopathic form

* triad of recurrent myoglobinuria

* brain involvement
— seizures, ataxia , mental retardation

» Muscle biopsy: ragged-red fibers, lipid storage
— 2) Severe infantile multisystemic disease

» Encephalopathy, cardiomyopathy, renal failure
— 3) Cerebellar ataxic form

» Ataxia+cerebellar atrophy
— 4) Leigh syndrome

» growth retardation, ataxia and deafness
— 9) Isolated myopathic form

« Some responded to CoEnzyme Q10 supplementation
* Not all responded



T
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PRESCRPTON O EDCHE 8

= u s —
= e |
.| Statin myopathy =. =

\

« Statins
— C plasma/ serum CoQ10 levels by 16-54%
— Inhibit HMGCoA reductase

 Reduces mevalonate -> reduces LDL, & CoQ10

» Effects of CoEnzyme Q10 on statin-induced
myopathy:
— Meta-analysis of RCT
* 6 studies N = 302

— Not suggest any significant benefit
» Banach M et al 2015

« 12 studies N = 575 (294 on CoQ10)

— Helped muscle pain, weakness, cramp, tiredness
— But not change CK level
» Qu Hetal, JAm Heart Assoc 2018



Bioavailability of coenzyme Q10 supplements depends on carrier lipids
and solubilization

Guillermo Lépez-Lluch Ph.D #*, Jesus del Pozo-Cruz Ph.D °, Ana Sanchez-Cuesta Technical Assistant
Ana Belén Cortés-Rodriguez B.Sc, Placido Navas Ph.D ¢

* Universidad Pablo de Olavide, Centro Andaluz de Biologia del Desarrollo, CABD-CSIC, CIBERER, Instituto de Salud Carlos Il1, Sevilla, Spain
b Departamento de Educacién Fisica y Deporte, Universidad de Sevilla, Spain

» Tested 7 different formulation of 100mg CoQ10
— N = 14 young, healthy individuals
V Best bioavailability: soft-gel capsules with
ubiquinone (oxidised)or ubiquinol (reduced)
— Myoqginon
— Ubiquinol QH
« Without Vit C better

* Bioavalilability
— Still great variability
among different individuals

Change in Plasma Q,, (mg/L)




...CoEnzyme Q10 precursors

— 4-HPDL (4-hydroxyphenylpyruvate dioxygenase-like
protein)

— 4-HMA (4-hydroxymandelate)
— 4-HB (4-hydroxybenzoate)
« Small molecules — easily get into cells
* Aim to restore CoQ10 synthesis

to treat CoQ10 deficiencies
— Aging, statin-myopathy, mitochondrial myopathy
* Tested in:
— Hpdl -/- mice

 Stiff legs, Seizures

— Death by day 15 vs to average mouse lifespan
» Shi G et al, Nature 2025

https://www.dreamstime.convstock-photos-laboratory-mouse-image204 34593



4-HB (4-hydroxybenzoate)

— 8 yo boy with biallelic HPDL variants

(NEDSWMA)

» Spastic paraplegia
— 2 young siblings died in infancy from
rapid encephalopathy + seizures

» CoEnZyme Q10 for 1.5 mo — not
helped

» 4-HB for 250 days
— SE: vomiting initially
* Improved gait
and function — able to run

Shi G et al,
Nature 2025

— 3 yo boy with CoQ2 variants

» Leigh-like syndrome
— Not responded to high dose oral CoQ10
— Responding to oral 4-hydroxybenzoic

acid

» Safe over 6 mo

Distelmaier F et al, Brain 2025

-~ -
CE)

https: /lwww.isto lom/search/2/image?m
ediatype=illustra ase=8+years+old+boy
g 3

Table 4 | Patient-reported outcomes for a patient with HPDL
encephalopathy treated with 4-HB

Patient-reported Day2 Day12 Day30 Day54 Day124 Day250
outcomes

Stance with one foot 57,60 190,190 * * NA NA
forward (time (s) for

right, left)

Tandem stance (time Unable 21,30 * * NA NA
(s) for right, left)

Falls Daily  Daily Weekly Weekly Rare Rare
Able torun No No No Yes Yes Yes
Able toride a bicycle No No No No Yes Yes

Able to step laterally No No No No No Yes
to catch a ball

*Not quantified as the patient became bored and started walking after standing for 3min
(one foot forward) or 30s (tandem stance). NA, not applicable.




The Respiratory Chain

eNOS

Cytoplasm

H,0, —q H,0+ 0,
ONOO- :
Glutaredoxin-2 Tang, et al. Front. Physiol 2014

Peroxiridoxin-3
Thioredoxin-2



Vitamin B3
NAD+ (precursor)

— Sirtuins — family of deacetylases - depends on
NAD+ as cofactor

« SIRT 3, , 4, 5 mainly in mitochondria
— Affects mitophagy
» Lagunas-Rangel F, 2025

Niacin (Nicotinic acid)

— Used in dyslipidaemia
Nicotinamide (NAM)
Nicotinamide riboside (NR)




Cell Metabolism .

Niacin Cures Systemic NAD" Deficiency and  _. . .

i ija Pirinen, Mari Auranen,
In!proves M_uscle Performance in Adult-Onset .4 knhan, ..., vidya Velagapudi,
Mitochondrial Myopathy Kirsi H. Pietilainen, Anu Suomalainen

* |ncreased NAD+/NADH ratio
— In low nutrient state - Activates cellular fasting responses
« Of health benefits, longevity
« Mitochondrial dysfunction
— Reduces intracellular NAD+ concentration
» On thigh muscle biopsy and in blood
« N=5
— CPEO, ptosis, MM, ex intolerance

* Heteroplasmic single or multiple mtDNA deletions in muscle
— 250mg/day to 750-1000mg/d for 4 months

— F'up 10 months

N
* |ncreases HDL Aﬁ:gl
- Side effects by all at >500mg/day: B Y L iconcrianass
~ Hot flushes, tingling in extremities il e
— Gl irritation, flatulence W ~ChEogen
] \ V Liver fat
- Dry Sk|n deficiency V Lactate

' ' ' ¥ Hemoglobi
» Improved with continuation emoglobin

— 2 controls bailed out ’ :
Mitochondrial

myopathy




Niacin’s effects in this study

V Reduced whole body fat
— Increased muscle mass
V Reduced liver, visceral fat

— But not subcutaneous fat
» Active adiponectin increased

V Increased HDL2b particles (“good cholesterol”)
— Reduced apolipoprotein B — LDL, VLDL, TG
V Increased fasting glucose
— but not HbA1C
V Improved muscle strength
— Abdo > Upper limbs > Back > Lower limbs
V Reduced lactate post ex
U NOT helped
— Ophthalmoplegia, Max ex capacity
U Slightly reduced Hb
— Also red cells, platelets
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Nicotinamide riboside is uniquely and orally ~Pharmacokinetics of the nutritional

. . . : supplement nicotinamide riboside (NR) and
bioavailable in mice and humans its effects on blood NAD+ levels in healthy

Samuel A.J. Trammell!, Mark S. Schmidt!, Benjamin J. Weidemann', Philip Redpath?, Frank Jaksch?, Vo|unteers

Ryan W. Dellinger3, Zhonggang Li*, E Dale Abel'"# Marie E. Migaud'2 & Charles Brenner'*

Sophia E. Airhart'", Laura M. Shireman?, Linda J. Risler?, Gail D. Anderson®, G. A. Nagana
Gowda*®, Daniel Raftery*®, Rong Tian®, Danny D. Shen?2, Kevin D. O’Brien’*

Safety and Metabolism of Long-
term Administration of NIAGEN
(Nicotinamide Riboside Chloride)
in a Randomized, Double-Blind,
Placebo-controlled Clinical Trial of

¢ N |C0t| Nnam |d e rl bOS |d e Healthy Overweight Adults

Dietrich Conze?, Charles Brenner(? & Claire L. Kruger*

— Another NAD+ precursor vitamin
* In mice — superior pharmacokinetics to nicotinic
acid (niacin), and nicotinamide
— Increases NAD+ level in blood
« Safe up to 1000mg bd short term (healthy)

« Safe up to 1000mg d for 8 weeks (healthy
overweight)



Nicotinamide riboside

« Aim to increase NAD+ bioavailability - precursor
— Form of Vitamin B3

— To improve oxidative phosphorylation
« Advertised for “endurance, performance, weight management,
cardiovascular health, anti-aging, cognitive function,
neuroprotection”
* Promising in
— Mouse model — Sco2 (nuclear gene) mouse
« Improved ex intolerance
» Cerutti et al., 2014
— Deletor mouse (nuclear gene mutation causing mtDNA
deletions)

* Improve mitochondrial biosynthesis
» Khan et al., 2014
* Dose 400mg/kg/d

* 100-125mg tabs
— 60 tabs = AU$52.48




| -carnitine

» Mitochondrial myopathy with CPEO
— N =12, Control =10

— L-carnitine 3g/d vs Placebo

 Double-blind, cross over

— Clinical status, respiratory function, muscle strength,
cardiopulmonary exercise test

— Improved aerobic capacity, ex tolerance at
high-intensity ex

» Gimenes AC et al 2015 ﬂ
& Metagenics |
AcetyI-L‘-Carplt.lne
e

100g powder $75 500mg x 60 for $31.5 250g powder $33

%? henry blooms:




Creatine

Mitochondrial cytopathy patients
—N=7
» Randomised crossover design

— Creatine monohydrate 5g bd x 14 days
— then Creatine monohydrate 2g bd for 7 days

— 1 strength of high-intensity anaerobic and
aerobic type activities

* No effects on lower intensity aerobic activities
« Tarnopolsky MA et at, 1997

50% OFF

40% OFF | I

~

FUE

CREATINE
CREATINE MONOHYDRATE

|70 =g

-

T [ r—
et et
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Dietary Supplements for Primary Mitochondrial Disorders

Fact Sheet for Health Professionals Expand All
Table of Contents Introduction
* Introduction Primary mitochondrial disorders (PMDs) are a heterogeneous group of disorders characterized by impaired
* Dietary Supplements Commonly Used for mitochondrial structure or function due to mutations in nuclear or mitochondrial DNA [1]. PMDs are the most
Primary Mitochondrial Disorder Therapy. common inborn errors of metabolism and have a prevalence of approximately 1 in 5,000 individuals [1,2].
* Combination Therapies Diagnosis, treatment, and day-to- day management of these diseases remain challenging and costly [1].

Interactions with Medications

The metabolic pathway most affected in PMDs is the mitochondrial electron transport chain (ETC), which is the
most important pathway for producing energy in the form of adenosine 5-triphosphate (ATP) [3]. The ETC,
found in the inner membrane of the mitochondria, consists of four protein complexes commonly referred to as
complexes |, I, Ill, and IV, along with two mobile electron carriers (ubiquinone or coenzyme Q [CoQ] and
cytochrome c) and the ATP synthase complex [4]. ETC dysfunction reduces ATP production, increases
anaerobic metabolism (which can lead to elevated lactate concentrations in the blood [lactic acidosis] and/or
cerebrospinal fluid [CSF]), and increases free radical production, which can lead to oxidative stress and (

L]
D
[(e}
=5
=]
«
=t
=
D
(pal
b=
Q.
D
-
(@]
D
e
(o}
=
V=
0
=)
[(e}
=
D
=t
Q)
==y
<

.
20
(]
«Q
=
]
gl
o
=)
D
=3
Q.
0
=
S
=
<
o
1
©
D
o~
QD
=y
-~

Supplements
References
Disclaimer

additional cellular damage and dysfunction.



Supplements & Mito — Yes/ No

Which supplements are commonly used?

Which supplements are evidence-backed?

— Specific diseases

» Back to basics
— The respiratory (electron) transport chain
— What patients with Mito lack/ and what to avoid

Supplements with limited evidence in Mito
— Mechanism, potential benefits vs risks
How i acoesssquabtytprodudis?s ?

How to know if a supplement might / not be
helping?




ARTG - Labelling

* Therapeutic goods —

Australian Register of Therapeutic Goods (ARTG)
— can be lawfully supplied in Australia

« “AUST R’ (registered) medicines

— assessed for: safety, quality, effectiveness
« all prescription-only medicines
 over-the-counter: pain relief, coughs&colds, antiseptics

« "AUST L” (listed) medicines

— assessed for: safety, quality,
* Pre-approved low-risk ingredients.

« E.g. sunscreens > SPF4, vitamins, minerals, herbal and
homoeopathic products.

« Apurpose must be included on the label.




Healthy \'/ Care

Australia (
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Pretorius

PROFESSIONAL

MAGNESIUM |
OROTATE

Magnesium orotate 400m¢
Equiv. Magnesium 26mg s

60 vnconreo TasLers

@

Effective on pain v/
Gentle on stomachs v

' 20 TABLETS

Each tablet contains PARACETAMOL 50 mg AUST R 13591
.



Check the active ingredients

A high potency formula to help you replenish nutrients
depleted '.‘;."PI“’I[""')(.”I\ inder physical pressure

The ingredients in Me f v”‘v-.'.\.\.\' nthe Q
production of e .

Blackmores Mega B Complex contains ingredients that:

2 How to use:;

g = Adults - Take 1 tablet a day with a meal, or as professionally
Bl E 2 prescribed

= 3 G _ Children under 12 years - Only as professionally prescribed
g - [ Vitamin supplements shouid ".LIYE'LI ace a Jaa ced giet

3 = ESs Vitamin B2 (riboflavin) supplements may change urine colour
B B 2 %g‘g to bright yel :‘1'.'.'."1!:;@ harmless and temporary.

\ EF BB séfa:;c_,_g Not recomm u r use during pregn ancy or breastfeeding
B BT gégg Store below 30 C in a dry place away from direct sunlight

S H 22l R———

% 255 Ss88. Thiamine hydrochloride (vitamin B1) 50 mg
B =2 E35: S g&5s Riboflavin (vitamin B2) 30 mg

Nicotinamide (vitamin B3) 100 mg
Ca!r-um pantotr‘enate 50 mg
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ldeas from clinical trials

oy
Trialling supplements mito’
Full body check i oUNOATN
o N — 1 t | Date What are your symptoms today?
ria :
How does your body feel today? -

— Atrial for yourself

 What symptoms are bothersome for you?

— Pain/ headache
* Headache diary
— Fatigue/ exercise intolerance
« Endurance on a regular activity e.g. stairs

— Bowel movements
* Bowel chart
— Cognitive ERARARE R e
« Minutes able to concentrate
1 4,00 20,0 1,1,0 1,20 21,0 1,0,1 0,1,0
Keep a Diary/ Log 2 600 400
— 1 month baseline 3
before supplement/s )

» Averages out confounders

— 1-3 months during Supplement/s Headaches - severity

Flights of stairs — can do
Bowel motion



Diaries — for headaches

https://anzheadachesociety.org/wp-
content/uploads/2024/12/2025HeadacheDiary.pdf

pra.

85 .

January February March April May June
1 2 3 4 5 1 2 1 2 1 2 3 & 5 6 1 2 3 & 1
6 7 8 9 10 11 12 3 4 5 6 7 8 9 3 4 5 6 7T 8 9 7 8 9 10 11 12 13 5 6 7 8 9 101 2 3 4 5 6 7 8
13 14 15 16 17 18 19 10 11 12 13 14 15 16 10 11 12 13 14 15 16 14 15 16 17 18 19 20 12 13 14 15 16 17 18 9 10 11 12 13 14 15
20 21 22 23 24 25 2% 17 18 19 20 21 22 23 17 18 19 20 21 22 23 21 22 23 24 25 26 27 19 20 21 22 23 24 25 16 17 18 19 20 21 22
27 28 29 30 31 24 25 26 27 28 24 25 26 27 28 29 30 28 29 30 26 27 28 29 30 31 23 24 25 26 27 28 29
31 30
Totals: ‘ . Totals: ) Totals: | Totals: | Totals: | J Totals: |
July August September October November December
1 2 3 4 5 6 1 2 3 12 3 4 5 6 17 1 2 3 4 5 1 2 1 2 3 4 5 6 17
7 8 9 10 11 12 13 4 5 6 7 8 9 10 8 9 10 11 12 13 14 6 7 8 9 10 11 12 3 4 5 6 7 8 9 8 9 10 11 12 13 14
14 15 16 17 18 19 20 11 12 13 14 15 16 17 15 16 17 18 19 20 21 13 14 15 16 17 18 19 10 11 12 13 14 15 16 15 16 17 18 19 20 21
21 22 23 24 25 26 27 18 19 20 21 22 23 24 22 23 24 25 26 27 28 20 21 22 23 24 25 26 17 18 19 20 21 22 23 22 23 24 25 26 27 28
28 29 30 31 25 26 27 28 29 30 31 29 30 27 28 29 30 31 24 25 26 27 28 29 30 29 30 31
Totals: ‘ Totals: Totals: Totals: Totals: | Totals:
Instructions SAMPLE CALENDAR
1. Onset when awake O eg. (. Onset when asleep[ Jeq.[2]. 4, | disabled by Headache Episode > 2 hrs mark with a red X M T W T F S S
2. Headache lasting more than one day mark as follows eg. 30% o
- 1 3 K D E
€g. 7. If warning symptoms before retiring to bed mark with a "W’ |Z| — R |
3. Strike out headache resolving < 1% hrs eg. @or [16] eg 23W @ 9 10 @ 12 13¥ 14
4. Underline dates of your period eg. 17, 18, 19, 20, 21 8. Mark day with * of medication change. Detail in space 15 17 18 19 20 21
5. Lesser headache days mark as 14. If this resolves < 1% hrs beneath the month eg. 26"
o e : : 22 23" 2% 25 26 27 28

29 [s0)x 31



Dairies — for physical activities
https://www.cdc.gov/healthyweight/pdf/physical activity diary cdc.pdf

https://world.physio/sites/default/files/2021-06/WPTD2021-
Activity Tracker-Final-v1.pdf

My Physical Activity Diary Week: __ Month:
Monday Tuesday
Time of Day Description of Activity Duration Time of Day Description of Activity Duration
(Type and Intensity Level) (Type and Intensity Level)
. - World
Tracking your activity, rest and sleep PTDay
Wednesday Thursday 2021
Time of Day Description of Activity Duration Time of Day Description of Activity Duration
(Type and Intensity Level) (Type and Intensity Level)
Midnight to midday (morning) Midday to midnight (afternoon/evening)
Monday
Tuesday
Friday Saturday
Time of Day Description of Activity Duration Time of Day Description of Activity Duration Wednesday
(Type and Intensity Level) (Type and Intensity Level)
Thursday
Friday
Saturday
Sunday
Sunday Notes:
Time of Day Description of Activity Duration Mark each hour box with the color that corresponds to your activity level: sleep, rest, low energy activity, or high energy activity. If you are feeling post-exertional symptom
(Type and Intensity Level) . . h
exacerbation/extreme fatigue (crash) mark with an X.
- High energy activity (physically, mentally or emotionally demanding) - Rest - :::;::::ti;‘n(a;?;::’mm ( World
extreme fatigue (crash) } Physiotherapy
- Low or medium energy activity (activities which are less demanding) - Sleep .
www.world.physio/wptday

Learn more at httos://www.cdc.aov/healthvweiaht/losina weiaht/eatina_habits.html

CDC


https://www.cdc.gov/healthyweight/pdf/physical_activity_diary_cdc.pdf

Diaries — for mood

https://www.blackdoginstitute.org.au/wp-
content/uploads/2020/04/19-dailymoodchart.pdf

Daily Mood Chart

Day 1 2 3 4 56 78 9210 11 12 13 14 15 16|17 18|19 20|21 22 23 24 25|26 2
] o JRR w JE ] o JE] o[B8 ] [ o JRR 1] o JE] o[B8 ] [Tl om] v s ]

e Jio] B | | B ETETE | B B | B ETETETETE
o [l B ] | B B EETN ETETN ENENE EFEFETETE
3 LB | [ | | | | B | B | S B &
o [LHE] ESETE ENEEE | B ] ESENE EFEFETET.
g [ M | ECETE ESENE EETE ESENE ECETETETE
€ [ B | | [ | | B | | B ] | B | EFECETETE
z [ | ESETE ENEEE ETETN ENENE EFEFETETE
a [ B | | B | | B | B | B | S B &
2] ] ESETE ENEEE | B ] ESENE EFEFETET.
vos |1 [T | | I B | | B | B B | B ETETEEE

Hours of sleep

=]
w

>
L]

Comments on medication, activities,
other, etc.

Comments section: You can also rate pain, anxiety, current or new behaviours or anything else which is relevant to you.

This document may be freely downloaded and distributed on condition no change is made to the content. The information in this document is not intended as asubstitute for professional medical advice, diagnosis or treatment. Not to be used
for commercial purposes and not to be hosted electronically outside of the Black Dog Institute website. www.blackdoginstitute.org.au

Black Dog
Institute
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