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What are mitochondriae

“Power plants of the cell”
ATP production
Thermogenesis

Calcium signaling

Heme and steroid synthesis
Apoptosis

Cellular homeostasis

Insulin Control

Reactive oxygen species
(ROS) production
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Cellular Homeostasis

« Adequate Substrate Input

« Optimal Electron Transport

« Optimum ATP Production

« Mitophagy

« Biogenesis

« ROS production (superoxide and
hydrogen peroxide)

« Anfioxidant Protection (glutathione,

catalase, anfioxidants)
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Mitochondrial Bioenergetics

Mitochondrial Respiration
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Review

REDOX IMBALANCE

Mitochondrial Dysfunction and Redox Imbalance as
a Diagnostic Marker of “Free Radical Diseases”

EKATERINA GEORGIEVA!, DONIKA IVANOVA!, ZHIVKO ZHELEV!?2,
RUMIANA BAKALOVA?*9, MAYA GULUBOVA! and ICHIO AOKI®

'Medical Faculty, Trakia University, Stara Zagora, Bulgaria;
2Institute of Biophysics and Biomedical Engineering, Bulgarian Academy of Sciences, Sofia, Bulgaria;
‘Department of Molecular Imaging and Theranostics, and
4Group of Quantum-state Controlled MRI, National Institute of Radiological Sciences (NIRS), QST, Chiba, Japan;
IMedical Faculty, Sofia University “St. Kliment Ohridski”, Sofia, Bulgaria

Abstract. The intracellular redox balance (redox status) is
a dynamic system that may change via many factors.
Mitochondria are one of the most important among them.
These organelles are the main intracellular source of energy.
They are essential for maintaining cellular homeostasis due
to regulation of many biochemical processes. The
mitochondrial dynamics change during cellular activities
and in some cases, can cause an overproduction of reactive
oxygen species (ROS), which encourages the induction of

Reactive Oxygen Species, Redox
Imbalance and Oxidative Stress

Maintaining the level of reactive oxygen species (ROS) in a
balanced state and proper functioning of redox systems are
crucial for redox status in the living cells. In the organism,
the redox balance is based on the generation and elimination
of ROS by endogenous and exogenous sources (1). Normal
cells of healthy mammals are characterized by low steady-
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Cancer as a mitochondrial metabolic
disease

Thomas N. Seyfried”

Bioiogy Department, Boston Collegs, Chastnut HI, MA, USA

Cancer is widely considered a genetic disease involving nuclear mutations in oncogenes

and tumor suppressor genes. This view persists despite the numerous inconsistencies
associated with the somatic mutation theory. In contrast to the somatic mutation theory,
emerging evidence suggests that cancer is a mitochondnal metabolic disease, according
to the original theory of Otto Warburg. The findings are reviewed from nuclear cytoplasm
transfer experiments that relate to the origin of cancer. The evidence from these
expenments is difficult to reconcile with the somatic mutation theory, but is consistent
with the notion that cancer is primarily a mitochondrial metabolic disease.

Keywords: Warburg effect, fermentation, oxidative phosphorylation, mitochondria, microenvironment, cybrids,
tumorigenesis, carcinogenesis

Introduction




Role of the nucleus and
mitochondria in the origin of fumors

1. Normal Cell 2. Tumor Cell 3. Normal Cytoplasm + 4, Tumor Cytoplasm
Tumor Nucleus + Normal Nucleus

Normal Cells Tumor Cells Normal Cells Tumor Cells/Death




Healthy mitochondria could
reverse cancer

» Recent studies show that the intfroduction of non-cancerous
mitochondria into highly malignant breast cancer cells could
reverse malighancy in nude mice and down regulate severadl
oncogenic pathways, including those involved with:

>

>
>
>
>
>
>

unregulated cell growth
viability under hypoxia
antfi-apoptotic properties
resistance to anfi-cancer drug
invasion

colony formation in soft agar

in vivo tumor growth

= Low Biogenesis
= Low Mitophaqgy
= Redox Imbalance
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Proteinopathy, oxidative stress and mitochondrial
dysfunction: cross talk in Alzheimer’s disease and
Parkinson’s disease
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This article was published in the following Dove Press journal:
Drug Design, Development and Therapy

16 March 2017
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Abstract: Alzheimer’s disease and Parkinson’s disease are two common neurodegenerative
diseases of the elderly people that have devastating effects in terms of morbidity and mortality.
The predominant form of the disease in either case is sporadic with uncertain etiology. The
clinical features of Parkinson’s disease are primarily moter deficits, while the patients of
Alzheimer's disease present with dementia and cognitive impairment. Though neuronal death
is a common element in both the disorders, the postmortem histopathology of the brain is very
characteristic in each case and different from each other. In terms of melecular pathogenesis,
however, both the diseases have a significant commenality, and proteinopathy (abnormal
accumulation of misfolded proteins), mitochondrial dysfunction and oxidative stress are the
cardinal features in either case. These three damage mechanisms work in concert, reinforcing
each other to drive the pathology in the aging brain for both the diseases; very interestingly,
the nature of interactions ameng these three damage mechanisms is very similar in both the
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Targeting mitochondrial dysfunction in lung diseases:
emphasis on mitophagy

Angara Sureshbabu and Vineet Bhandari*

Biogenesis

= Low

Edited by: During mild stressful conditions, cells activate a multitude of mechanisms in an attempt Mi.l. o h a
gi»'afeﬁ-“' -“j»"""'l?fgi University of 10 repair or re-establish homeostasis. One such mechanism is autophagic degradation of _u.‘[
S mitochondria or mitophagy to dispose damaged mitochondria. However, if stress persists u Red 0) ¢
vemae . | beyond recovery then dysfunctional mitochondria can ignite cell death. This review
Aftab Ahmad, University of Coloradc x X : . : : . o

Denver LISA article summarizes recent studies highlighting the molecular pathways that facilitate ImbCIICI nce
Diane S. Allen-Gipson, University of mitochondria to alter its morphological dynamics, coordinate stress responses, initiate

South Florida, USA mitophagy and activate cell death in relevance to pulmonary patholegies. Thorough

*Correspondence: understanding of how these signaling mechanisms get disrupted may aid in designing

viIadE e, on O ) new mitocchondria-based therapies to combat lung diseases.
Perinatal Medicine, Department of

Pediatncs, Yale University Schoal of
Moedicine, 333 Cedar Strast, New
Havan, CT 06520-8064, USA
g-mail: vineet.bhandariyals.edu

Division of Perinatal Medicine, Departmant of Pediatrics, Yale University School of Meadicine, New Haven, CT, USA

Keywords: mitochondria, reactive oxygen species, mitophagy, apoptosis, pulmonary disease

INTRODUCTION MITOCHONDRIA AND REDOX REGULATION

Mitochondria are commonly referred to as cellular power Jensen first observed the formation of hydrogen peroxide (H,0;;
centers and perform many biochemical functions ranging ROS) in antimycin-insensitive NADH and succinate oxidation
from energy production to programmed cell death (Nunnari reactions (Jensen, 1966). During OXPHOS, superoxide anion
and Suomalainen, 2012). Mitochondria are large biosyn- radicals (O; ) are produced predominantly at complex I and com-
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WJG 20" Anniversary Special Issues (12): Nonalcoholic fatty liver disease

Oxidative stress, cardiolipin and mitochondrial dysfunction
in nonalcoholic fatty liver disease

Giuseppe Paradies, Valeria Paradies, Francesca M Ruggiero, Giuseppe Petrosillo
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reactions and processes involved in mitochondrial bioen-
ergetics as well as in mitochondrial dependent steps of
apoptosis. This phospholipid is particularly susceptible
to ROS attack. Cardiolipin peroxidation has been as-
sociated with mitochondrial dysfunction in multiple tis-
sues in several physiopathological conditions, including
NAFLD. In this review, we focus on the potential roles
played by oxidative stress and cardiolipin alterations in
mitochondrial dysfunction associated with NAFLD.
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bioenergetics and the pathogenesis Mitophagy
of hepatic disorders = Redox

Christopher Auger, Azhar Alhasawi, Manuraj Contavadoo and Vasu D. Appanna* Im bClICI nce

Faculty of Science and Engineenng, Lawentian University, Greater Suabury, ON, Canada

The liver is involved in a variety of critical biological functions including the homeostasis
of glucose, fatty acids, amino acids, and the synthesis of proteins that are secreted
in the blood. It is also at the forefront in the detoxification of noxious metabolites that
would otherwise upset the functioning of the body. As such, this vital component of
the mammalian system is exposed to a notable quantity of toxicants on a regular
basis. It therefore comes as no surprise that there are over a hundred disparate

OPEN ACCESS hepatic disorders, encompassing such afflictions as fatty liver disease, hepatitis, and
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Defective Mitochondrial Triad

Low Biogenesis

Low Mitophagy

Redox Imbalance
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THE MICROBIOME-MITOCHONDRIA AXIS

Eukaryote Prokaryote

Nucleolis Mitochondria

Flagellum
Cell Wall

Ribosomes

Mitochondria arose from a mutualistic relationship between ancient bacteria and single-celled
organisms like protozoa.

Cell to cell communication started between these ancient microbes and protists which then allowed
for multicellularity — the ability to have a multicellular organism comes down to the induction of
complex host/bacteria communication. This happens through metabolism and an immune system

The “Host” is our body and resident mitochondria and the microbiome (original mitochondria) are
suppliers of essential metabolites to the host.



THE MICROBIOME-MITOCHONDRIA AXIS

The Microbiome Produces Metabolites that Influence and are critical for Mitochondrial
Function and Biogenesis

The Key Metabolites are:

1) Short-chain fatty acids — Especially butyrate
2) Urolithins — Especially Urolithin A

3) Lactate

More SCFAs, Lactate and More Microbiome Healthier
Urolithins Diversity Mitochondria




THE MICROBIOME-MITOCHONDRIA AXIS

BUTYRATE:

> SCFA, especially Butyrate - Increase AMP Kinase expression which increases
mitochondriogenesis.

> Butyrate is the main energy source for the mitochondria in our colonocytes

> Improves Insulin Regulation in the Mitochondria - glucose homeostasis

> Increases Fatty Acid Beta-Oxidation in turn reduces intercellular lipid accumulation

> Increases ATP output and Bioenergetics

Lactic Acid produced by beneficial bacteria in the gut help support the growth of more SCFA and
Urolithin producing bacteria.
Lactate is also used as a fuel source to feed mitochondria in skeletal muscles and cardiac muscles




Vitamin K2 & Mitochondrio
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Vitamin K2 Bioenergetics

OLIGOMYCIN FCCP

— K2-7 Natural (10 uM)
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Vitamin K2 Research

Vitamin K, Is a Mitochondrial
Electron Carrier That Rescues

Pink1 Deficiency

Melissa Vos,™* Giovanni Esposito,™ Janaka N. Edirisinghe,” Sven Vilain,™?
Dominik M. Haddatj,l'z Jan R. Slabbaert, ™ Stefanie Van M‘leensel,l'2 Onno Schaap,™*
Bart De Strooper,™ R. Meganathan,” Vanessa A. Morais,™* Patrik Verstreken™**

Human UBIAD1 localizes to mitochondria and converts vitamin K, to vitamin K;. Vitamin K, is
best known as a cofactor in blood coagulation, but in bacteria it is a membrane-bound electron
carrier. Whether vitamin K, exerts a similar carrier function in eukaryotic cells is unknown.

We identified Drosophila UBIAD1/Heix as a modifier of pink1, a gene mutated in Parkinson's
disease that affects mitochondrial function. We found that vitamin K, was necessary and sufficient
to transfer electrons in Drosophila mitochondria. Heix mutants showed severe mitochondrial
defects that were rescued by vitamin K;, and, similar to ubiguinone, vitamin K, transferred
electrons in Drosophila mitochondria, resulting in more efficient adenosine triphosphate (ATP)
production. Thus, mitochondrial dysfunction was rescued by vitamin K, that serves as a
mitochondrial electron carrier, helping to maintain normal ATP production.

rodegenerative disorder, and genetic causes
of the disease allow us to elucidate the
molecular pathways involved (7, 2). Mutations
in pinkl, encoding an evolutionarily conserved

Parkimon's disease (PD) is a common neu-

mitochondrial kinase, cause PD in humans and
mitochondnial defects in model organisms (3-6).
To understand Pinkl function in vivo, we per-
formed a genetic medifier screen in Drosoph-
ila. Because PD affects the nervous system we

screened 193 chemically induced recessive lethal
mutants that were selected for defects in neuro-
communication (7-9). We tested dominant mod-
ification of pink!™’ null mutant flight defects
(fig. S1A). Although none of the chemically in-
duced mutants showed dominant flight defects
when crossed to a wild-type pink]“' allele, 24
mutants suppressed and 32 enhanced the pink!™
flight defect, such that pink?™ flies failed to fly
(fig. SIA).

To reveal the mechanism by which the mod-
ifiers affected Pinkl, we mapped one of the stron-
gest enhancers that, in combination with pink!™,
results in enhanced lethality to heixuedian (heix).
We named this allele heix” and identified sev-
eral additional heix alleles (fig. S1, B to E) (10).
To test whether loss of heix specifically exac-
erbated pinkl phenotypes, we assessed flight,
adenosine triphosphate (ATP) levels, and neu-
ronal mitochondrial membrane potential (*F,,))
(10). Heterozygosity for heix combined with

“VIB Center for the Biology of Disease, 3000 Leuven, Belgium.
KU Leuven, Center for Human Genetics and Leuven Research
Institute for Neurcdegenerative Diseases (LIND), 3000 Leuven,
Belgium, “Department of Biolegical Sciences, Northern Hlinois
University, DeKalb, IL 60115, USA.

*To whom correspondence should be addressed. E-mail:
patrik.verstreken@med_kuleuven.be

8 JUNE 2012 VOL 336 SCIENCE www.sciencemag.org
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The effect of vitamin K2-7 in peripheral neuropathy due to
Vitamin B12 deficiency and/or diabetes mellitus:

A Preliminary Study

Kulkarni VK*, Upase DP*, Dound YA**, Jadhav S5**, Bhave AA***,
Mehta DS**, Vaidya ADB}

ABSTRACT

Objective: To evaluate the activity and folerability of Vitamin K2-7 (MK-T) in a series of patients with peripheral neuropathy due to
vitamin B12 deficiency and / or diabetes mellitus.

Material and Methods: An open labeled clinical study was conducted in 30 patients presenting with peripheral neuropathy and
suffering from either megaloblastic anaemia (viamin B12 deficient) and! or diabetes mellitus. Vitamin B12 levels in blood were estimated at
baseline and during therapy. Vitamin K2-7 capsules (100 meg / capsule, twice a day) was given orally for 8 weeks. Patients kept a regular
record of the intensity of the symptoms duning the baseline and throughout the study. Symptoms induded tingling and numbness along
with weakness, fatigue and cramps. The intensity of the symptoms was assessed on a Visual Analog Scale (VAS), They were followed
up to 8 weeks. Blood biochemical and organ function tests were studied at the baseline, at the fourth week and at the end of the eight
week. Prior o the study Ethics Committee Approval was obtained from the Ethics Committee of T. N. M. C. & B. Y. L. Nair Ch. Hospital.
The trial was registered with Clinical Trial Registry of India (CTRI). (CTRU2012/08/002930). Informed written consent was obtained from
the pafients before enroliment.




Therapeutic Activity and Safety of Vitamin K 2-7 in
Muscle Cramps: An Interventional Case- Series
Mehta DS*, Vaidya RA**", Dound YA*, Nabar NS**, Pandey SN**" Vaidya ADB***

ABSTRACT

Objective
To study, the safety, tolerability and therapeutic activity of Vitamin K 2-7(MK7) in a series of
patients with idiopathic muscle cramps- systremma

Material and Method

An open-labelled ambulant trial was conducted in 19 patients presenting with muscle
cramps. Vitamin K 2-7 (100pg/Capsule/ Day) was given orally for 3 months. Patients on
regular anti-coagulant treatment were excluded from the study. Patients kept the record of
frequency, duration and intensity of their cramps during the baseline period of 7 days and
throughout the study. They were divided in two groups A and B as per the frequency of cramps,
The intensity of cramps was assessed with a Visual Analogue Scale (VAS). They were followed
up in the fourth month for recurrence of any cramps. Blood biochemistry and organ functlon

tests were studied at the baseline and at the end of therapy for safety. Prior to
permission and informed consent from patients were obtained.

Results

Mean Severity VAS Score

Patients from Group A (n=9) had 1-2 cramps/day to 5 /day with severity of 2
and duration of Imin to 10 min. Patients from Group B (n=10) had lesser freque

5.83

to at least once a week. Duration of cramps varied from less than 1 min to 1
severity of 2-8 on the VAS. Patients from both the groups experienced a red
frequency. In the Group A, it reduced from 1-2 cramps/day and 5 /day to no c1
month and in the Group B, from 2-4/wk the frequency reduced to no cramps - 1/
was also a reduction in the duration as well as severity recorded as 0-3 on VAS a
the baseline 2-9 in the Group A. Intensity of cramps was also reduced in the gro
VAS decreasing to 0-2 score. Vitamin K 2-7 was well tolerated clinically and foung
the organ function in all the patients. No severe adverse events were reporte
period of therapy.

Conclusion
Vitamin K 2-7 at a dose of 100 pg /day for 3 months was found to be well tole
with a therapeutic relief of muscle cramps. The therapeutic activity needs to

a larger sample size, with a placebo - randomized cross-over double blind trial t
efficacy. (The Ind. Pract. 2010; 63(5):287-291)
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CARDIAC OUTPUT

Stroke volume (SV) X Heart Rate (HR)

During endurance racing or high intensity exercise, increased fractional use of VO2max and HRmax
causes a decrease in speed and performance. The increased fractional use of HRmax and
subsequent decrease | speed is counter intuitive and is likely associated with metabolic limitations of

the mitochondria.
» Studies on Marathon runners have shown that over the course of the race, the athletes increase fractional

use of HRmax from around 80% of HRmaxat the start to around 90% at the finish. This HR increase was
associated with a continuous speed decrease.

» The upward drift in HR is one component of so-called “cardiovascular drift,” which is also characterized by
a decrease in Stroke Volume (SV), overall Cardiac Output and in arterial and pulmonary pressures.

» Crandall and Gonzal ez-Alonso, et al. have reported that a drop in SV (thus Cardiac Output) may be a
major limiting factor in exhaustive exercise



RIGINAL RESEARCH
Oral Consumption of Vitamin K, for 8 Weeks

2

Associated With Increased Maximal Cardiac
Output During Exercise

12% increase of Cardiac Output

Equivalent to 60 liter more blood in 1 hour of work

Background « Vitamin K, and K, are not typically
common In a Western diet because they are found in a
variety of fermented foods. Vitamin K, in particular has
been demonstrated to restore mitochondrial function and
h.ns a Key role in pmdudmn of mitochondrial adenosine

“Without MyoMax supplement, training induced changes in
maximal cardiac output could take 6 months of continuous
trammg to achieve.”

o TIC STUAY Was & T IGONTEZE CONTTOTed Tl
Setting « The study took place in the Applied Physiology
Laboratory of the Department of Biological Sciences at
the University of North Texas (Denton, TX, USA).
Participants « Participants were aerobically trained males

and temale athletes (N = 26).

Intervention « Participants were randomly assigned
cither 1o a control group that received a rice flour placebo
or to an intervention group that received vitamin K. For
weeks | to 4, participants received 300 mg/d; for weeks
5 10 8, they received 150 mg/d. Subjects assigned to the

¥ WU LUY i 15 e

during an §-wk period while they maintained their typical
exercise habits,

Outcome Measures « At baseline and postintervention,
participants completed a standard, graded exercise test on
an electronically hmkul cycle ergometer. Before the lul

ATIADIC Wt Cact) LTealimient Tine PO,
Results « Vitamin K, supplementation was assoclated
with a 12% increase in maximal cardiac output, with
P=.031, with a trend toward an Increase In heart-rate
AUC, with P=.070. No significant changes occurred in
stroke volume.

Conclusions » Although vitamin K, supplementation has
previously been reported to improve cardiovascular
function In discased patients, to the research team’s
knowledge, the current study is the first to report its
pnu mnl in active individuals. More research is needed to
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ARGUABLY THE MOST IMPORTANT ANTIAGING NUTRIENT

“Studies indicated a decrease of cardiac output with aging at rest and with
exercise.”

Melvin D. Cheitlin, MD. Am J Geriatr Cardiol. 2003;12(1)

“A substantially reduced output was a consistent finding in older subjects.”

MARTIN BRANDFONBRENER, M.D., MILTON LAN DOW-NE, M.D. AND NATHAN W. SHOCK, PH.D. CIRCULATION . October 1, 1955



THE BOTTOM LINE

= Low Biogenesis
* Low Mitophagy
* Redox Imbalance

Increases Butyrate

Increases Diversity

Produces Antioxidants
Improves Absorption - critical
for Urolithin A function.



Conclusion on Vitamin K2

» Mitochondrial function is crucial for optimal health

» Mitochondrial dysfunction is associated with a number of
diseases:

» Cancer

» Heart disease
MEJAQUINON: > Autism

- O » Parkinson's
T » Alzheimer's
» Diabetes

» Vitamin K2 (MK-7) can resuscitate the mitochondria to
Improve mitochondrial efficiency and function and increases
the bioenergitics of the mitochondria to create redox
balance




