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No more ‘Qi’

Mitochondrial Dysfunction and Chronic
Disease: Treatment With Natural Supplements

Garth L. Nicolson, PhD

“Mitochondrial dysfunction, characterized =i
by a loss of efficiency in the electron
transport chain and reductions in the
synthesis of high-energy molecules, suCh s i iy oo

as adenosine-5’-triphosphate (ATP), is a
characteristic of aging, and essentially, of

all chronic diseases.”
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itochondrial dysfunction, characterized by a loss
Mof efficiency in the electron transport chain and

reductions in the synthesis of high-energy mole-
cules, such as adenosine-5-triphosphate (ATP), is a charac-
teristic of aging, and essentially, of all chronic diseases."*
These diseases include neurodegenerative diseases, such as
Alzheimer’s disease, Parkinson’s disease, Huntington’s dis-
ease, amyotrophic lateral sclerosis, and Friedreich’s atax-
ia***5; cardiovascular diseases, such as atherosclerosis and
other heart and vascular conditions®’; diabetes and meta-
bolic syndrome*'?; autoimmune diseases, such as multiple
sclerosis, systemic lupus erythematosus, and type 1 diabe
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It is well known among researchers that mitochondrial
genetic or primary mitochondrial disorders contribute to
mitochondrial dysfunction as well as secondary or acquired
degenerative disorders.” This review will concentrate on
nongenetic or acquired mechanisms that could explain
mitochondrial dysfunction and their replacement treatment
with natural supplements and combinations of natural sup-
plements, including vitamins, minerals, enzyme cofactors,
antioxidants, metabolites, transporters, membrane-type
phospholipids, and other natural supplements.

MITOCHONDRIAL MOLECULAR DYSFUNCTION
Mitochondrial dysfunction arises from an inadequate
number of mitochondria, an inability to provide necessary
substrates to mitochondria, or a dysfunction in their elec-
tron transport and ATP-synthesis machinery. The number
and functional status of mitochondria in a cell can be
changed by (1) fusion of partially dysfunctional mitochon-
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Cellular burnout

Mitochondrial Dysfunction and Chronic

Disease: Treatment With Natural Supplements
Garth L. Nicolson, PhD

“At the cellular level, moderate to severe
fatigue is related to loss of mitochondrial
function and diminished production of

ATP..”

OI agenosine-> -rpnospnate (Aly). deveral components
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itochondrial dysfunction, characterized by a loss
Mof efficiency in the electron transport chain and

reductions in the synthesis of high-energy mole-
cules, such as adenosine-5-triphosphate (ATP), is a charac-
teristic of aging, and essentially, of all chronic diseases."*
These diseases include neurodegenerative diseases, such as
Alzheimer’s disease, Parkinson’s disease, Huntington’s dis-
ease, amyotrophic lateral sclerosis, and Friedreich’s atax-
ia***5; cardiovascular diseases, such as atherosclerosis and
other heart and vascular conditions®’; diabetes and meta-
bolic syndrome*'"; autoimmune diseases, such as multiple
sclerosis, systemic lupus erythematosus, and type 1 diabe-
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mood disorders'% gastrointestinal disorders**’; fatiguing
illnesses, such as chronic fatigue syndrome and Gulf War
illnesses™?%; musculoskeletal diseases, such as fibromyalgia
and skeletal muscle hypertrophy/atrophy***’; cancer*™*; and
chronic infections.*3!

It is well known among researchers that mitochondrial
genetic or primary mitochondrial disorders contribute to
mitochondrial dysfunction as well as secondary or acquired
degenerative disorders.” This review will concentrate on
nongenetic or acquired mechanisms that could explain
mitochondrial dysfunction and their replacement treatment
with natural supplements and combinations of natural sup-
plements, including vitamins, minerals, enzyme cofactors,
antioxidants, metabolites, transporters, membrane-type
phospholipids, and other natural supplements.

MITOCHONDRIAL MOLECULAR DYSFUNCTION
Mitochondrial dysfunction arises from an inadequate
number of mitochondria, an inability to provide necessary
substrates to mitochondria, or a dysfunction in their elec-
tron transport and ATP-synthesis machinery. The number
and functional status of mitochondria in a cell can be
changed by (1) fusion of partially dysfunctional mitochon-
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Brain burnout

JOM volume 27, Number 42012

Nutritional Brain Energy Enhancement for

Review Article

Reducing Mental Fatigue and Improving

Mood and Cognition

“Deficits in mental energy, defined as
measures of mood, motivation and

cognition, may significantly affect quality of 7w coraeienane
life in a large portion of the general

population. Central to the maintenance
of optimal mental energy is the role of

BenBrownNDsdgmailcom

frvation and cognition, and may

mergy metabolism. The mitochorn-
inction with evidence suggesting
tsts in mood, cognition and men-
utritional factors such as creatine,
be a novel strategy for reducing
relevance to neuropsychiatric and
s disease.

ression, cognitive dysfunction

the mitochondria in energy metabolism In e s s
the central nervous system.”

A .
mental encrgy, as rcﬂcctcéd by such t-c!;turcs
as an enthusiastic outlook, abundant energy,
clear thinking and a sharp memory, could be
considered features of pood mental health
and healthy brain aging.*

It is conceivable that deficits in mental
energy in this context would have subtle,
but important relationships to work perfor-
mance, social relationships, and quality of
life in relatively healthy individuals although
this has not been adequately investigated.
However, features of low mental encrgy in
the dimensions of mood, motivation and
cognition arc common features of prevalent
mental he

morbidity.

epressive Disorder (MDD) is

»st common psychiatric illness-

time prevalence rate of 16.2%.7

iof MDD requires the presence
UL SYIGPLULIS that fall within the construct of
low mental energy including loss of interest,
depressed mood, loss of energy and concen-
tration difficulties.* Thus, MDD could be
viewed as a common and pathological ex-
ample of low mental cnergy.

Low mental energy in the cognitive do-
mains of memory and attention is frequently
found in the general population. Age-related
cognitive dysfunction occurs across a gradual
continuum of preclinical cognitive decline
(PCD), mild cognitive impairment (MCI)
and Alzheimer’s discase (AD).® PCD pre-
cedes MCI and AD by several years and be-
gins at least as carly as 45 vears of age.® The

Brown, Bl. JOM, 2012; 27(4): 177-186.
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Themed Issue: Mitochondrial Pharmacology: Energy, Injury & Beyond

REVIEW

Changes in mitochondrial Suaetana 155, £t
function are pivotal in e ————
neurodegenerative and ﬁﬁﬁ%ﬁﬁ:
psychiatric disorders: ——

e "DNR? e

“Brain mitochondria are essential for o

neurotransmission, short- and long-term

g}
1 Sclences, Universtty of
I, UK, and *Spediing

neuronal plasticity, cellular resilience to stress

and behavioural adaptation. Dysfunction in
these metabolic processes contributes to a
wide variety of diseases, including

psychiatric disorders.”

evolved specific means of adapting function to energy supply, of
inflammatory processes may not onfy have opposite effects on
ondrial oxidative phosphorylation and glycalytic processes,

ch also have marked effects on mood. Neurodegenerative processes
iin areas, sometimes decades before symptoms appear (Parkinson's
urotrophic factor couples activity to changes in respiratory efficiency
nes, a key factor in neurodegenerative processes.

wrmacology: Energy, Injury & Beyond. To view the other articles in
we-8

Iid stress; ETC, electron transport chain; GRs, glucocorticold
receptors; IMM, mitochondrial inner membrane; IMS, Intermembrane space; IMS, mitochondrial inner membrane
space; MRs, mineralocorticoid receptors; mtPTP, mitochondrial permeability transition pore; NT, neurotrophins; OMM,
outer membrane mitochondrial

but these effects may be countered by Inflammatory
cyrokines.

Mitochondria

The brain is at the absolute limit of its
energy supply

The human brain receives -15% of cardiac output at rest and

Mitochondrial electron transfer chain

Brain mitochondria are essential for neurotransmission,

has only a few minutes autonomy. Table 1 shows some of
the strategies used to optimize oxygen use. In the hear,
McCormack and Denton (1990) showed that calcium coupled
cardiac work to metabolism by activating the three rate-
limiting Krebs cyde enzymes: pyruvate, NAD*-isocitrate and
2-oxoglutarate dehydrogenases. Energy production is there-
fore tightly coupled to work requirements, withouwt depleting
ATP. This also occurs in the brain, but here the main use-
dependent neurotrophin, brain-derived neurotrophic factor
(BDNF), also has a role in changing mitochondrial efficiency,

short- and long-term neuronal plasticity, cellular resilience to
stress and behavioural adapeation (Mattson ef al., 2008). Dys-
funcrion in these metabolic processes contributes to a wide
variety of diseases, including psychiatric disorders (Table I;
Quiroz et al., 2008; Cheng et al., 2010a). The electron trans-
port chain (ETC) produces energy and is organized in five
protein complexes located in the mitochondrial inner mem-
brane (IMM). Three of these complexes (1, II and III) pump
protons (H*) across the inner membrane, establishing the
electrochemical gradient, which is then used by complex V

= wr Br ) Pharmacol. 2014 Apr;171(8):2206-.



Mitochondrial-related
neurodegenerative and psych|atr|c
disorders:

v Autism
v Depression &
v" Bipolar disorder
v Anxiety disorders, ,
v Obsessive-compulsive disorder
v" Schizophrenia

v Ageing and senescence

v Alzheimer’s disease

Maniji H, et al. Nat Rev Neurosci. 2012 Apr 18;13(5):293-307. Markham A, et al. Br J
Pharmacol. 2014 Apr;171(8):2206-29. Streck EL, et al. Rev Bras Psiquiatr. 2014 Apr-



REVIEWS
Convergence

Impaired mitochondrial function
in psychiatric disorders

“...we think that many of the upstream s ow™"" """
abnormalities (which are probably

llnesses such as mood disorders and schizophrenia are chronic,
at affect the lives of millions of individuals. Although these

»een viewed as ‘neurochemical diseases’, it is now clear that they
2nts of synaptic plasticity and cellular resilience. Although most

; do not have classic mitochondrial disorders, there is a growing

encoded by the nuclear genome) in
psychiatric disorders converge to impair

mitochondrial function, resulting

abnormalities in synaptic plasticity and

long-term cellular resilience.”
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ommon, chronic,
:ct the lives of mil-
[he World Health
n of Disease study
rophrenia would be
h-income countries
The high burden of
at these lifelong ill-
1als, thus becoming
Crmvan weviusie vs e puua. 1:l€ OUtCOme is poor
for many individuals with these disorders, which are
characterized by high rates of relapse, residual symp-
toms, sub-syndromes, cognitive and functional
impairment, psychosocial disability, and diminished
well-being. The inordinately high personal, familial,
societal and financial burden of these devastating dis-
orders underscores the urgent need to develop novel
agents with which to treat them.

Although schizophrenia and mood disorders are not
classic neurodegenerative disorders, there is an increas-
ing amount of evidence to suggest that, in many patients,
these disorders are associated with regional atrophic
brain changes (discussed below). These changes,
together with the changes in synaptic function seen in
many psychiatric disorders, may be closely associated
with abnormalities in cellular plasticity, including the
ability of neuronal and glial cells to resist or adapt to
environmental stressors (cellular resilience) and the
ability of these cells to undergo remodelling of synaptic
connections (synaptic plasticity)?.

thatimpaired mitochondrial function may affect key cellular
ynaptic functioning and contributing to the atrophic changes
1g long-term course of these illnesses. Enhancing mitochondrial
important avenue for the development of novel therapeutics
inity for a potentially more efficient drug-development process.

Mitochondria have a pivotal role in cellular energy
metabolism but are also involved in amino-acid, lipid
and steroid metabolism, modulation of cellular calcium
levels, production of free radicals and regulation of
apoptosis®”. Therefore, mitochondrial dysfunction not
only impairs energy production but also affects other key
cellular processes (FIG. 1). To this point, a growing vol-
ume of evidence suggests that impaired mitochondrial
function might lead to a disruption of normal neural
plasticity and reduce cellular resilience, which might, in
turn, promote the development or progression of mood
and psychotic disorders. Indeed, in many diseases in
which mitochondrial dysfunction has been implicated
or genetic mitochondrial defects are present, there is a
high incidence of psychiatric disease (BOX 1). It is not
our contention that mood and psychotic disorders are
classic mitochondrial disorders. However, the emerging
data support mitochondrial-dysfunction research as an
opportunity for novel therapeutic approaches.

In this Review, we discuss the recent data from neuro-
imaging, post-mortem brain, genetic, molecular and cell-
biological studies in humans and rodents that strongly
support the theory that mitochondrial dysfunction has
an important role in depression, bipolar disorder (BPD)
and other psychiatric disorders for which the evidence is
more limited, including autism and schizophrenia.

Fi ionz of mitochondria in the brain
The main functions of mitochondria, described
above, are essential for neurotransmission, short- and




. REVIEWS
Opportunity

Impaired mitochondrial function
in psychiatric disorders
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'Kato?, Nicholas A. Di Prospero’, Seth Ness',

“...the ability to modulate mitochondrial - wasae

- - . lnesses such as mood disorders and schizophrenia are chronic,
functlon may ha Ve an lmportant ro’e I n at affect the lives of millions of individuals. Although these
2nts of synaptic plasticity and cellular resilience. Although most
; do not have classic mitochondrial disorders, there is a growing
resilience in neuronal circuits that mediate o e
important avenue for the development of novel therapeutics

re g u I a’t i n g Sy na pt i C St ren gth an d Ce I I u I ar that impaired mitochondrial function may affect key cellular
CO m p I eX y h ig h - O rd e r b rai n fu n Ct i O n S S u C h inity for a potentially more efficient drug-development process.

as cognition, affect, perception and

behaviour.”
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ommon, chronic,
:ct the lives of mil-
[he World Health
n of Disease study
rophrenia would be
h-income countries
The high burden of
at these lifelong ill-
1als, thus becoming
‘chronic disorders of the young. The outcome is poor
for many individuals with these disorders, which are
characterized by high rates of relapse, residual symp-
toms, sub-syndromes, cognitive and functional
impairment, psychosocial disability, and diminished
well-being. The inordinately high personal, familial,
societal and financial burden of these devastating dis-
orders underscores the urgent need to develop novel
agents with which to treat them.

Although schizophrenia and mood disorders are not
classic neurodegenerative disorders, there is an increas-
ing amount of evidence to suggest that, in many patients,
these disorders are associated with regional atrophic
brain changes (discussed below). These changes,
together with the changes in synaptic function seen in
many psychiatric disorders, may be closely associated
with abnormalities in cellular plasticity, including the
ability of neuronal and glial cells to resist or adapt to
environmental stressors (cellular resilience) and the
ability of these cells to undergo remodelling of synaptic
connections (synaptic plasticity)?.

Mitochondria have a pivotal role in cellular energy
metabolism but are also involved in amino-acid, lipid
and steroid metabolism, modulation of cellular calcium
levels, production of free radicals and regulation of
apoptosis®”. Therefore, mitochondrial dysfunction not
only impairs energy production but also affects other key
cellular processes (FIG. 1). To this point, a growing vol-
ume of evidence suggests that impaired mitochondrial
function might lead to a disruption of normal neural
plasticity and reduce cellular resilience, which might, in
turn, promote the development or progression of mood
and psychotic disorders. Indeed, in many diseases in
which mitochondrial dysfunction has been implicated
or genetic mitochondrial defects are present, there is a
high incidence of psychiatric disease (BOX 1). It is not
our contention that mood and psychotic disorders are
classic mitochondrial disorders. However, the emerging
data support mitochondrial-dysfunction research as an
opportunity for novel therapeutic approaches.

In this Review, we discuss the recent data from neuro-
imaging, post-mortem brain, genetic, molecular and cell-
biological studies in humans and rodents that strongly
support the theory that mitochondrial dysfunction has
an important role in depression, bipolar disorder (BPD)
and other psychiatric disorders for which the evidence is
more limited, including autism and schizophrenia.

Fi ionz of mitochondria in the brain
The main functions of mitochondria, described
above, are essential for neurotransmission, short- and

— = Nat Rev Neurosci. 2012 Apr 18;13(5):293-¢



CORRESPONDENCE

Missed opportunity Psychotropic medications and

mitochondrial toxicity

Rebecca Anglin, Patricia Rosebush and Michael Mazurek

In arecent Rewew Husselm Man)l and col in the muc.h \uder populatlon of patients
oA e - e agents for

“One of the often-overlooked contrlbutors to N

it of Psychiatry and
cMaster University,

mitochondrial dysfunction is the psychotropic i e o

urek are also at the
cMaster University,

medication used to treat these psychiatric conditions.” v cme

espondence to RA.

glinr@mcmaster.ca
CIrlawric Conuiuons. lVllllllPlC SLUAICS nave doi: 10.1038/nrm3229-c1
shown that both typical and atypical anti- Puhlichad online 25 July 2012

ndrial functlon in

“This under-recognized mitochondrial toxicity may contribute ™~

, Filley, C. M. &
|cat|ons inhibit

to the limited efficacy and problematic side effects of many <

treatment effect on

psychotropic medications, not only in those with e

,C.J., Brennan, W. A.

mitochondrial disorders but also in the much wider dopiaing.

-959 (2003).
te and mitochondria.

population of patients receiving treatment with these agents <>

ate on oxidative
1473—-1476 (1981).

for psychiatric illness.” i rngian

ol. 48,535-541

ence, the psychiatric symptoms of patients 8. Curti,C. et ai. Fluoxetine interacts with the lipid bilayer of
with mitochondrial disorders are often the inner membrane in isolated rat brain mitochondria,
. inhibiting electron transport and F1 FO-ATPase activity.
resistant to treatment and may actually Mol. Cell. Biochem. 199, 103—109 (1999).
worsen with exposure to psychotropic med- 9.  Anglin, R. E., Garside, S. L., Tarnopolsky, M. A.,
. e . h . h h Mazurek, M. F. & Rosebush, P. |. The psychiatric
1cations, supporting the notion that these manifestations of mitochondrial disorders: a case and
agents can compromise mitochondrial func- review of the literature. J. Clin. Psychiatry 73,
‘on®1°. This und ~ognized mitoch 506-512 (2012).
tion™". This under-recognized mitochon- 10. Anglin, R., Tarnopolsky, M. A., Mazurek, M. F. &
drial toxicity may contribute to the limited Rosebush, P. 1. The psychiatric presentation of
ffic d bl ic sid ffec £ mitochondrial disorders in adults. J. Neuropsychiatry
efficacy and problematic side effects o Qiin. Neurosci. {in the press).

many psychotropic medications. not onlv in

et Nat Rev Neurosci. 2012 Sep;13(9):6



Energy restoration

REVIEW ARTICLE

Chronic Fatigue Syndrome: A Personalized
Integrative Medicine Approach

Benjamin I. Brown, ND

ARSTRACT
relitis

“Mitochondrial nutrients have been defined =

as nutritional compounds that (1) enter the =
cells and mitochondria following

cause
iysio-
more

rven-
ecific

exogenous administration, (2) protect the

mitochondria from oxidative damage, and

ege of

(3) improve mitochondrial function.”

hronic unexplained fatigue is a very common clinical
‘ complaint. In primary care settings, an estimated

24% of patients report fatigue as a significant prob-
lem, and population estimates for chronic fatigue syndrome/
myalgic encephalomyelitis (CFS/ME) range from 1.85% to
11.3%." Despite the high prevalence of CFS/ME and consid-
erable research on the disease, the amount of time required
to diagnose it remains long, and its prognosis continues to be
poor. Diagnosis takes an average of 5 years from initiation of
symptoms to identification of the syndrome, with total
recovery rates between 0% and 37% and rates of improve-
ment between 6% and 63%.” The poor prognosis for CFS/ME
in part may be due to its heterogeneous nature, and like
many chronic diseases, it has a number of etiological and
functional disturbances that contribute to the disease’s course

and symptoms.

AT e L frTonaT s

treatments. This review summarizes a number of avenues
for integrative management, including dietary modifica-
tion, functional nutritional deficiencies, physical fitness,
psychological and physical stress, environmental toxicity,
gastrointestinal disturbances, immunological aberrations,
inflammation, oxidative stress, and mitochondrial dys-
function. A personalized, integrative approach to
CFS/ME deserves further consideration as a template for
patient management and future research. (Altern Ther
Health Med. 2014;20(1):29-40.)

ological dysfunction have been identified; in particular,
abnormalities of the immune and central nervous systems
have been found.? These finding have led some researchers to
suggest that looking for the cause of CFS/ME is a self-defeat-
ing exercise; they suggest that focusing on rehabilitation and
improvement of functional status is more important. This
notion leads to the possibility of creating an integrative man-
agement approach that is grounded in the hypothesis that
CFS/ME is the manifestation of a complex state of physio-
logical dysfunction unique to an individual.®

Integrative medicine involves the application of a
patient-centered, individualized approach to disease man-
agement that incorporates the best available treatment
options, including conventional and evidence-based com-
plementary and alternative medicine.® To this end, the prac-
titioner may evaluate physiological function during assess-
ment, while treatments typically may incorporate environ-
mental, lifestyle, mind-body, dietary, and nutraceutical
interventions. The aim of this review is to explore modifiable
environmental and physiological factors that may play a role
in CFS/ME and to discuss the current evidence for corre-
sponding treatments from an integrative perspective.

CLINICAL ASSESSMENT AND DEFINITION
The current method ofdlagn05|s ofCFS/ME is based on

O PSR! JEN PO e Rl BUILE Y BRCREgN O B gy RPN

Aﬁern ThéﬁereaIth Med. 2014
Jan-Feb;20(1):29-40.
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Review Article

W h O I e - Of- d I et The impact of whole-of-diet interventions on depression and

anxiely: a systematic review of randomised controlled trials

Rachelle S Opie'*, Adrienne O'Neil??, Catherine Itsiopoulos' and Felice N Jacka?#
Department of Dietetics and Human Nutrition, Faculty of Health Sciences, La Trobe University, Melbourne, VIC
3086, Australia: 2IMPACT Strategic Research Centre, School of Medicine, Deakin University, Geelong, Vidoria,
Australia: 3Schodl of Public Health and Preventive Medicine, Monash University, Melbourne, Victoria, Australia:
“Department of Psychiatry, University of Melbourne, Melbourne, Victoria, Australia

“Non-pharmacological approaches to the
treatment of depression and anxiety are of
increasing importance, with emerging

evidence supporting a role for lifestyle factors in

the development of these disorders.

Observational evidence supports a .
relationship between habitual diet quality e
and depression.” —

nality and the risk
e g e e e et ey e e e g - - s have suggested
economic burden they impose. Major depressive disorders ~ that a healthy dietary pattern including fruits, vegetables,
and anxiety disorders are among the leading causes of  fish, olive oil, nuts and legumes is protective against
years lived with disability™; in 2010, the global cost of deprmion“”. Conversely, a dietary pattern that com-
these conditions was estimated to be $US 2:5 trllion®.  prises a high consumption of processed foods and sugary
Although pharmacotherapy and psychotherapy are con- products may increase the risk of depteaﬁon“’Q. While
sidered first-line treatments for depression, fewer thanhalf ~ the observational evidence generated to date is suggestive

Public Health Nutr. 2014 Dec 3:1-20.
[Epub ahead of print].




Brain Food: Diet and Mental Health

Natural Diet: [ Modern Diet:
Phytonutrient Dense, Caloric [ Phytonutrient Poor, Caloric
Shortage Excess
Neuroprotection « Cell Damage

Neurogenesis « Cell Death

Impaired Plasticity

~o | ~
Cognition/ Mood/ I Cognition/ Mood/
Behavior: | Behavior:
Optimism | Depression
Cognitive Resilience Cognitive Decline
Enthusiasm | Hostility
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Challenge

“Because it evolved, in part, for success in seeking

Ageing Research Reviews 20 (2015) 37-45

Contents lists available at ScienceDirect

Ageing Research Reviews

| SEVIFR journal homepage: www.elsevier.com/locate/arr

Review
Lifelong brain health is a lifelong challenge: From evolutionary @CWM -
principles to empirical evidence

Mark P. Mattson*

on/fasting, and social/intellectual engagement.

and acquiring food, the brain functions best when =i

uiring food, the brain functions best when the

the individual is hungry and physically active, rzesmssis

ignitive function and mood, particularly in the
lers. Unfortunately, the agricultural revolution

as typified by the hungry lion stalking and chasing s

n, sedentary overindulgent lifestyles promote
may increase the risk of cognitive impairment

its prey. Indeed, studies of animal models and e

nplement such brain-healthy lifestyles.

human subjects demonstrate robust beneficial
effects of reqgular exercise and intermittent

enerqy restriction/fasting on cognitive function
and mood, particularly in the contexts of aging and
associated neurodegenerative disorders.”

nd cognitive function when the individual
| scarcity, and the often vigorous exercise
“ig. 1; and see Raichlen and Gordon, 2011).
iduals would not survive if their brains

able to locate and acquire food. As a corollary, evolution favored
those individuals and species that were adept at outsmarting their
prey and their competitors in the struggle for limited food sources.
The brain is therefore geared for a high level of motivation and

* Tel.: +1 410 558 8482; fax: +1 410 558 8465.
E-mail address: mark.mattson@nih.gov

http:(/dx.doi.org/10.1016/j.arr.2014.12.011
1568-1637/Published by Elsevier B.V.

and bodies were not functioning well when hungry. Unlike the
ad libitum eating pattern of modern humans and their domes-
ticated pets and farm animals, our human ancestors and wild
animals ate/eat sporadically with inter-meal intervals that depend
upon the availability of food sources. For example, many carni-
vores catch and eat prey only once a day, once every few days,
or even less frequently (Gervasi et al., 2012). Extreme examples
include the king and emperor penguins which typically fasts for

Ageing Res Rev. 2015 Mar;20C:37-45.



Joumnal of Cerebral Blood Flow & Metabolism (2014) 34, 1440-1443
© 2014 ISCBFM Al rights reserved 0271-678X/14 $32.00

Less IS more

www.jcbfm.com

BRIEF COMMUNICATION
Caloric restriction impedes age-related decline of mitochondrial

function and neuronal activity

Ai-Ling Lin'?, Daniel Coman***, Lihong Jiang***, Douglas L Rothman®*** and Fahmeed Hyder****

Caloric restriction (CR) prolongs lifespan and retards many detrimental effects of aging, but its effect on brain mitochondrial
function and neuronal activity—espedially in healthy aging—remains unexplored. Here we measured rates of neuronal glucose
oxidation and glutamate-glutamine neurotransmitter cycling in young control, old control (ie, healthy aging), and old CR rats
ST T e s e e e s e -+ -+ *“g young control, neuronal energy

e preserved in old CR rats. The results

“...we used nuclear magnetic resonance
spectroscopy. to show that during aging

caloric restriction (CR) preserves -

ted with male Fischer 344 Brown-Norway F1
ve shown to extend longevity under CR® Rats
olony at National Institute on Aging. At the CR

mitochondrial energy production, energy FaEsszs:

131 fortified, see more details in Table 1) was
2 at 10% restriction of food intake, increased to
s, and up to 40% restriction at 16 weeks from

demand, and neuronal activity with a long- z=ses==ats

® of age (N=6), and CRrats & 24 months of age
ny of National Institute on Aging. After arriving at
5 were housed individualy for a week in a specific

lived rodent model. These results provide a iz

rationale for CR-induced sustenance of

d Use Committee at Yale University according to

hours before scanning to decrease the plasma
nmol/L) such that upon infusion of '*C-labeled
as approximately doubled (to ~ 10 to 12mmol/

brain health with extended lifespan.” s e LR

ntained with a-chloralose (initial 80 mg/kg, plus
ocurarine<Cl (0.3mg/kg) was administered for
smoral artery and vein were catheterized for
SpELUUILLURY B vivu, wwnunuuus munmunng w drterial blood pressure and blood sampling, and
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Energy Restriction
Fasting

|

Mild Cellular Stress
(Energy, Calcium, ROS)

Challenges TF activation

ADAPTIVE

RESPONSES
Neurogenesis ‘

Synapse formation
Resistanceto degeneration

Chaperones
UCPs
Mn-SOD
Trophic factors
APE1

=@% : PGC-1a
. r

Reduced Oxidative Stress

Improved Cellular Energy Metaboli

Reduced Inflammation
Reduced DNA Damage

Resistance to Disease

Mattson MP. Challenging oneself intermittently to improve health.
Dose Response. 2014 Oct 20;12(4):600-18.



Neurohormesis

e e COMPREHENSIVE INVITED REVIEW

Cellular Stress Responses,
The Hommesis Paradigm, and Vitagenes:
Novel Targets for Therapeutic Intervention
in Neurodegenerative Disorders

Vitiorio Calsbrese! Cardin Comelius! Alhena T. Dinkova-Kostova =

Crdumerd | O odabemno® e AMacie T Al st ™

“From an evolutionary perspective, the noxious
properties of such phytochemicals play an b

eurcdegenemtive

Important role in dissuading insects and other i

that the hometic
ramework for ex-

pests from eating the plants. However, at the sz

aman population

relatively small doses ingested by humans s

who consume the plants, the phytochemicals

itric oodde, carbxn
hip to membrane

are not toxic and instead induce mild
cellular stress responses.”

ME@ Nargan Bhal, Srr-Song Ban, Susan Browne, Ervigue Cadenas, Padla Chisug, Jofrey Keler, Darved
Lirseyrn, Pamela Mahey, Mark Servth, Russall Swerdow, and Babby Thomss
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Diet and exercise can affect cellular metabolic activity, which can
influence neuronal plasticity and cognitive processes

Enhancing brain
function, synaptic
prastilty
. —— Cogrition
DIET (polyphencis) ——> gt
.'".J;;"”
4
Energy metabolism MPA"\}.\ // ~ Dedining bran
ADP+Fi = AT # V4 function

Gomez-Pinilla F, Nguyen TT. Natural mood foods: the actions of polyphenols
against psychiatric and cognitive disorders. Nutr Neurosci. 2012 May;15(3):127-33.
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Mitochondrial respiration as a target for neuroprotection and cognitive @mm‘
enhancement

F. Gonzalez-Lima *™“", Bryan R Barksdale, Julio C. Rojas“

* Department of Psychology, University of Texas ar Austin, Austin, X 78712, USA

¢ The state of ketosis is a normal physiologic state that
occurs during fasting and carbohydrate restriction, e
and also normally occurs in newborns. It is beneficial ey
because it derives energy from fatty acid oxidation that e
results in the formation of ketone bodies. Importantly, e
some of the beneficial neurometabolic effects of it
ketogenic diets may also be achieved without any il
significant dietary restriction, by adding ketone bodies . .,
to the diet.”
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Comesponding author.
E-mail address: gonzalezlima@utexas.edu (F. Gonzalez-Lima).
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Review
The neuroprotective properties of calorie restriction,
the ketogenic diet, and ketone bodies

Marwan Maalouf®+*, Jong M. Rho®, Mark P. Mattson®

“Following calorie restriction or consumption of a
ketogenic diet, there is notable improvement in —
mitochondrial function, a decrease in the expression ===

However, despite these

of apoptotic and inflammatory mediators and an pranidn

ch aimed at identifying

les, CA90095-1763, USA

ive effects of the diets

Increase in the activity of neurotrophic factors.” s

hose described during

view summarizes the

neuroprotective effects of calorie restriction, of the ketogenic diet and of ketone bodies,
and compares their putative mechanisms of action.

© 2008 Elsevier V. All rights reserved
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(Grain brain

Impairment to either a high carbohydrate or very low
carbohydrate diet. Following the 6-week intervention
period, we observed improved verbal memory
performance for the low carbohydrate subjects as well

: v
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Dietary ketosis enhances memory in mild cognitive impairment

Robert Krikorian™*, Marcelle D. Shidler”, Krista Dangclo". Sarah C. Couch®,
Stephen C. Benoit®, Deborah J. Clegg®

2 Dervrrtment of Pevchimtre ond Rebevinml Newrowsieace University of Cincinnoti Cincinneti OH IISA

“We randomly assigned 23 older adults with mild cognitive

ohydrate diet.
cts (p = 0.0D)
n{p = 0.005).
with memory
ved within the
icate that very
r Alzheimer's
etosis such as
urther investi-
ftext of early

as reductions in weight, waist circumference, fasting

glucose, and fasting insulin.”

disease (AD) with projections of as many as 16 million
cases by the year 2050 (Alzheimer's Association, 2009).
There is no remedy for dementia, and it is not clear when or
if effective therapy will be developed. Accordingly, preven-
tion and mitigation of risk will be essential to reduce the
impact of this ominous public health problem. Mild cogni-
tive impairment (MCI) is a clinical construct that identifies
individuals with increased risk for dementia and represents
the first manifestation of neurodegeneration for a substantial

* Cormesponding suthor @: Depariment of Psychiatry sad Behavioral
Neuroscience, University of Cincinnati Academic Health Center, PO Box
670559, Cincinnati, OH 452670559, USA. Tel.: +1 513 558 4218; fax:
+1 513 558 0877.

E-mail address: robert krikorian@wc edu (R. Krkorian)

0197-4580/8 -

Mitchell and
en proposed
that interventions initiated in individuals with predementia
conditions such as MCI might forestall progression of cog-
nitive decline, and that MCI may represent the final point at
which intervention might be effective (Cotman, 2000).
Contempormaneous with the developing dementia epidemic
is an epidemic of obesity and associated metabolic disturbance.
Currently, 64% of the USA adult population is overweight and
34% obese (Flegal et al, 2010). It is projected that by the year
2030, 86% will be overweight and 51% of adults in the USA
will be obese (Wang, 2008). Likewise, diabetes prevalence is
accelerating. particularly in the aging population (National
Institute of Diabetes and Digestive and Kidney Diseases,
2008). Hyperinsulinemia, which is a precursor to type 2 dia-
betes, oocurs in more than 40% of individuals aged 60 and
older (Craft, 2005; Ford et al., 2002).

=" Neurobiol Aging. 2012 Feb;33(2):425.e19-;



Coconut Oil

During the 4-week study people with moderate

to severe Alzheimer’s disease added 20 grams

(about 1.5 tablespoons) of virgin coconut oil to

their regular diet while maintaining their regular i
medication.

cognitive performance within 2-weeks, with a
bigger effect after the 4-weeks and the effects
were even sustained for at least 2-weeks after

Coconut oil had significant beneficial effects on 1”
they stopped taking the oil.

The majority of the study participants caregivers
also observed improvements in alertness,
expression of language, overall activity and
mood.

Gandotra S, et al. Efficacy of Adjunctive Extra Virgin Coconut Oil Use in Moderate
to Severe Alzheimer’s Disease. Int J Sch Cog Psychol 2014, 1:2



Qi-Nutrition

DIET
Carbohydrates, fats, proteins.
OXYGEN= o, - I Omega-3
\{ Vital for membrane

function and resilience

CoQ10

Restores dysfunctional
mitochondria

Acetyl-l-carnitine

Alters mitochondrial lipid
membrane and metabolism

Multivitamins

Broad-spectrum
mitochondrial nutrients

~> ATP

Creatine Energy

Improves bioenergetics
and membrane structure



Qi-Nutrition

DIET
Carbohydrates, fats, proteins.

OXYGEN= w, |
= I T
Acetyl-I-carnitine

Alters mitochondrial lipid
membrane and metabolism

ATP

Energy



Joumal of Psychiatnc K

Contents lists available at ScienceDirect

Journal of Psychiatric Research
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Review

A review of current evidence for acetyl-L-carnitine in the treatment of @Cmmm
depression

Four randomized clinical studies (RCT) demonstréted the
superior efficacy of acetyl-lI-carnitine (ALC) over placebo

(PBO) in patients with depression. Two RCTs showed its
superior efficacy over PBO in dysthymic disorder, and 2 EET b:;"‘

may play an important role in treatmen l
strated the superior efficacy of ALC over

other RCTs showed that it is equally effective as e T

epressive symptoms in patients with fi-

ound to be equally tolerable to PBO and

fluoxetine and amisulpride in treatment of dysthymic SLEaER

disorder. ALC was also effective in improving depressive f;iil."‘;";’"l;’il S
symptoms in patients with fiboromyalgia and minimal
hepatic encephalopathy. It was also found to be equally  &rsusie e

sm\tters are xmmed t ely a tf cted by

l callmp eme tsarenot vident

tolerable to PBO and better tolerable than fluoxetine and  :=ina:e Ny

nicians to d versify treatment optio

amisulpride. ————

2oy gxcal mechamsm MDD(E
2005: Ma nd Mo ZDIE

FITEENger, %5). SIUAIES aISO ndcat [har alterations ff.m'y
|d nd lpd metabolism, impor tan( contributor fneuro
plast ity, occur in patients with depression (Peet et al, 1998). In

* Comesponding author. mmnt of Psychiatry, Bucheon St Mary’s Hospital, keeping with this perspective, carni une is an importa [ pot ten[ial
The Catholic University of Karea College of Medicine, 2 Sosa-Dong, Wonmi-Gu. g srance with antidepressant effects because it is known to

Bucheon 420-717, Kyeonggi-Do, Republic of Korea Tel: +82 32 340 7067, Fax: +82 NS s g%
32 340 2255. T . modulate the amvnty of neurotrophic factors, cell membranes, lipid

E-mail address: pas@cathdicackr (C-UL Pae). metabolism, and neuroransmitters in nervous tissues (Jones and
it p:/jdx.doi
0022-3956 usew u

J Psychlatr Res. 2014 Jun;53:30-7



Re-energize

1. Low brain energy 2. Brain energy levels
(phosphocreatine [PCr]) iIncreased after with acetyl-I-
levels in a depressed carnitine and depressive
person symptoms diminished

Pettegrew JW, et al. 31P-MRS study of acetyl-L-carnitine treatment in
geriatric depression: preliminary results



Qi-Nutrition

DIET
Carbohydrates, fats, proteins.

OXYGEN=w, |
= N 0
Acetyl-l-carnitine

Alters mitochondrial lipid
membrane and metabolism

Multivitamins

Broad-spectrum
mitochondrial nutrients

ATP

Energy



Multivitamins

Debate

ANZJP

What if nutrients could treat mental

illness?

Julia ] Rucklidge', Bonnie ] Kaplan? and Roger T Mulder?

“We are at a tipping point in psychiatry. With
few psychiatric drugs on the horizon and long-term =<

studies suggesting medication may do more harm
than good, it is time to revisit the very old idea

that nutrition can have a positive effect on

mental health.”

NP R n g e e e mere gaes e e ¢ g e

this year (Rucklidge et al., 2014), doc-
umented that adults with attention
deficit hyperactivity disorder (ADHD)
consuming a broad spectrum of nutri-
ents showed greater reduction in
ADHD symptoms than those taking
placebo, with medium-to-large effect
sizes. For a subgroup who entered the
trial with moderate-to-severe depres-
sion, there were twice as many going
into remission in the micronutrient
group compared with the placebo
group. In addition, the benefits of
micronutrients continued through the
I-year follow-up. We have also pub-
lished results using multinutrients
from experimental designs that
showed on—off control of symptoms,
stud

s gy e < oan
employed cross-sectional designs,
some have been longitudinal and have
demonstrated that the diets low in
vegetables and fruits and high in pro-
cessed foods have preceded clinical
diagnoses of mood and anxiety disor-
ders (Jacka et al., 2012).

Why might adding multiple nutri-
ents in combination influence mental
health? Most scientific methodology
alters a single variable at a time so it
is worth considering the justification
for multinutrient supplementation.
Every neurotransmitter goes through
many metabolic steps to ensure its
synthesis, uptake and breakdown.
Every step requires enzymes, and
every enzyme is dependent upon

Australian & New Zealand Journal of Psychiatry
-2

DOI: 10.1177/0004867414565482

© The Royal Australian and

New Zealand College of Psychiatrists 2015
Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
anp.sagepub.com

®SAGE

zps. One possible mecha-
ying psychiatric symptoms
etabolic dysfunction asso-
slowed metabolic activity

bolic activity connected
disorders has been shown
ectable through nutrient
ation (Ames et al., 2002).
1t supplementation could
ficient cofactors that even
vith drastically reduced
tome so supersaturated
>rmal function is restored.
mechanisms have been
«d as explanations for the
itrients on brain function,
roved energy metabolism
increased mitochondrial
of adenosine triphosphate
[ o~ and Kaplan, 2013).

It is possible that diminished nutri-
ent content of our food supply might
play a role in the success of these
broad spectrum nutrient formulas
(Rucklidge and Kaplan, 2013). Data
indicate that the minerals and vitamins
of fruits and vegetables have decreased
significantly, partially as a result of the

!University of Canterbury, Christchurch, New
Zealand

ZFaculty of Medicine, University of Calgary,
Calgary, Alberta, Canada

3Department of Psychological Medicine,
University of Otago, Christchurch, New
Zealand

Corresponding author:
Inlia Rurllid

e Aust N Z J Psychiatry. 2015 Jan 13.

— [Epub ahead of print]
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Liu J, Ames BN. Reducing mitochondrial decay with mitochondrial nutrients to
delay and treat cognitive dysfunction, Alzheimer's disease, and Parkinson's
disease. Nutr Neurosci. 2005 Apr;8(2):67-89.



Tipping point EXPERT |

Broad-spectrum micronutrient
formulas for the treatment

of psychiatric symptoms:

a systematic review

Expert Rew. Neurother, 13(1), 00-00 (2013)

“There are now over 20 placebo-controlled
RCTs showing the benefit of multinutrients
In treating stress, anxiety, aggression in
prisoners, low mood, autism and ADHD.”

One Century 3go, the 1910 People’s Home

ibrary was a source of in-depth practical knowd-
edge for families on how to treat illness and
tnjury: it informed the reader that “insanity’ was
due to imperfect nutrition (1] Although there
aze reports throughout the 215t century about
the use of nutrients to alleviate prychosis, mood,
irriubilily and other psyc]xialric symptoms (2],
interest in nutritional treatments diminished
with the grow(h in variety and c“iucy of
pf)'chi;lric medications.

Several compm]znsirc reviews assessing the
evidence for nutritional treatments of mood
(23], ADHD 4] or antisocial behaviors (5] have
highlighted the fact that most studies investi-

nakes physiological sense, and research on
thiatric symptoms is increasing rapidly. This
vitamins and/or minerak and indudes four
5, open-label trials, case—control studies and
itheless, there is evidence for the efficacy of
odal behaviors a5 well as depressed mood in
tudied mood changes in healthy populations,
5. There & also preliminary support for the
r, despite prefiminary positive findings, there
awtrient formulas in treating bipolar disorder,
clinical trials have been done with clinically
| disorders.

inerals » prychiatric » psychosis ® review * treatment

consumption of calcium alone pm\'id:s health
benefits, zdding a small amount of magnesium
and vitamin D improves absorption of the cal-
clum. Though some of these combinations eccur
many in foods, which may in part cxphin
the n‘nlulionary d:pcndcncc on certain mix-
tures and balances of micronutrients, it is also
importans that humans eat a varied diet to maxi-
mize the likelihood nfin.guling a broad range
of nutrients. Indeed, dietary treatments with
singl: ingmdi:ms may :auaUy upset balances
and create deficiencies in other nutrients; for
mmplc. laking folate without vitamin B, can
create a BI: deﬁciency 7). Also, almost 20 years
ago, the prominent nutrition rescarcher, Walter

Expert Rev Neurother. 2013 Jan;13(1):49-73.
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Creatine

“Impairments in creatine metabolism have also

Newroscience and Blobehavioral Reviews 36 (2012) 14421462
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Review

Creatine metabolism and psychiatric disorders: Does creatine supplementation
have therapeutic value?

Patricia J. Allen*
Oepartment of Pychology, Tugfts University, Psychology Butlding, 450 Seston Ave., Medford, MA 02155, USA

rsonnel use dietary creatine as an ergogenic aid to boost physical
arsts of high-intensity muscle activity. Lesser known is the essen-

been implicated in the pathogenesis of e e e

i linked with dysfunctional energy metabalism, such as Hunting-
npairments in creatine metabolism have also been implicated in

psychiatric disorders, leaving clinicians, e T

ine circuit and its relation to psychological stress, schizophrenia,
ent knowledge of the role of creatine in cognitive and emotional

researchers and patients alike wondering if e oo s

dietary creatine has therapeutic value for

treating mental illness.”

© 2012 Elsevier Lad_ Al rights reserved.
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Neurosci Biobehav Rev. 2012 May;36(5):1442-62.
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Diverse effects

Review
Functions and effects of creatine in the central nervous system

Robert H. Andres?, Angélique D. Ducray?, Uwe Schlattner®¢, Theo Wallimann®,
Hans Rudolf Widmer?*

* Depar tment gf Newrosurpery, Universty of Serne, inselspital, (3-3030 Berne, Switzeriand
lnm dcn‘lm ETHZwich, Hnmmbag,cn £0%3Zwrich, mmshnd

“Exogenous creatine supplementation
has been shown to reduce neuronal s e e = e e

osphocreatine or at sites of ATP generation to build-up a phasphocreatine peol.
e kinase/phosphocreatine system plays a key role in cellular energy baffering and

cell loss in experimental paradigms of — zussereremmion s

sphocreatine system plays a significant role in the central nervous svst:m. Func-
iis system leads to 2 deterioration in energy metabol which isp pic for

acute and chronic neurological e e

tclinical trials have shown beneficial effects of therapeutic creatine suppl

ine was reported to promate differentiation of newronal precursor cells that might

[ ] [ ] | ] L ] [ ]
dlseases I n Ilne Wlth these flndln S proving neuronal cell replacement strategies. Based on these cbservations there is
. y effects and functions of this compound in the central nervous system. This review
into the basics of the creatine kinase/phosphocreatine system and 2ims at sum-
oncepts on the role of creatine kinase and creatine in the central nervous system

first clinical trials have shown e e
beneficial effects of therapeutic
creatine supplementation.”

Lu DN CITAUDE SYIILNCSIS 0 UPLARE. . o ovvvrrarsranssnassnanss
L7. Noo-energy-related effects of creatine

Abbrevitions: 3-NF, 3-nitropeoplonic acid; 6-0HDA, 6-hydroxydopamine: AD, Al heimer's disease; AGAT, arginine:ghydne amidin ALS, &
lateral sclerosis; APE, amylosd precursor protesn; BE8, blood - brain barrier; BE-CX, brain-specific isoform of OX; ChAT, dnllmacﬂyhrmsﬁ-nsroc creatine kinase: OMT,
Charcot-Marie- Tnolhduuse NS, central ntmxnsmsn Cr, CHT, creatine P 7 GAA, quanidine xeune GAMT, S-ademn( L-methionine:
N-guanidinoacetate Mtransferase; GPA, bet acid; HD, s disaase; LS, Leigh synd MB-CX, heterodimeric soform of CX; MELAS,
mitochondrial myopathy, encephalopathy, lactic acidosis vmh mok{--llk:epuodusyndm MHC, myosin heavy chain; mHH, mutant hunmmn protein: MM-CX,
muscle-spectfic lsoiurmdd MPP~ lanahvla(-phmﬂmdlnm MRS, wﬁkruomncesp«mwv PCr, phosphocreatine; 's disese; PET,

posi disorder; sSML-CX, sarcomeric ch “'0(:11!!. brain injury; uMt-CX,

ubkmlmus mitechandrial CK: UPDlK. unified Parkinsco's dsease ramg sale.
* Corresponding author. Tel.: +41 31 632 2770; fax: + 41 31 3822414,
E-mafl address: hansweinsel ch (HR. Widmer).
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Reference Study group

43

44

45

46

47

Brown, Bl. JOM, 2012; 27(4): 177-186.

Women with
major depressive
disorder

Female adolescents
with SSRI-resistant
major depressive
disorder

Unipolar and bipolar
patients with treatment-
resistant depression

Case report of a
patient with
fibromyalgia
and depression

Patients with treatment-
resistant posttraumatic
stress disorder

Intervention
5 grams of creatine

per day for 8 weeks

4 grams of creatine
for 8 weeks

3-5 g creatine per
day for 4 weeks

3-5 g creatine per
day for 8 weeks

Dose and duration
unknown

Results

Significantly improved
depressive symptoms

Reduced depressive
symptoms and
increased brain
phosphocreatine

Patients with unipolar
(but not bipolar)
depression improved

Improved depressive
symptoms

Improved symptoms;
greatest benefitin

in patients diagnosed
with comorbid depression
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Coenzyme Q10 Depletion in Medical and Neuropsychiatric
O Disorders: Potential Repercussions and Therapeutic

Implications

Gerwyn Morris « George Anderson « Michael Berk «
Michael Maes

“A relationship exists between lowered CoQ10
levels and elevated immune-inflammatory and e
oxidative and nitrosative stress pathways and = P’ e, e, i

cliis/chronic fatigue syndrome, and fibro-
10 depletion may play a role in the pathophys-

mitochondrial dysfunction and the generation of = sy e e

|, bioenegetic performance, and regulation of

specific symptoms/behaviors, including fatigue,  miliemurrsv

wogression of that disorder Administation of

hyperalgesia, and depression, and the onset of  w&uiaecwnln.
) ) e and thus may have potential in alleviating the
. ” rance and exhaustion displayed by people with
neurodegenerative processes. by S e i
Q10 improves hyperalgesia and quality of life in
fibromyalgia. The evidence base for the effec-
atment with CoQ10 may be explained via its
e iorate oxidative stress and protect mitochondria.

M Bak Keywords Coenzyme Q10 - Oxidative and nitrosative

Ee:-;;m‘:;g;);}ﬁf‘:’l;:\my of Mdboume, stress - Inflammation - Cytokines - Miw chondria
vilie, - -

M Bak Abbreviations

Orygen Yous Health Research Centre, 35 Popla Road, CoQl10 Coenzyme Q10

Pxkville, VIC 3052, Australia ATP Adenosine triphosphate

M Bek ROS Rcacn:vc oxygen 3pcci§

Florey Institite of Newoscience and Mennl Hankh, RNS Reactive nitro gen species

Univessity of Meboume, Parkville, VIC 3052, Anstraliz O&NS Oxidative and nitrosative stress
NF-kB Nuclear factor-xB

M Maes : >

Department of Psychizry, Chulaongkomn Univessity, Rama Road, MDA Mdﬂnd'?"dd‘:‘dc

Banghok, Thailand SOD Superoxide dismutase

@ Soringer
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News & ViEws

Can Coenzyme Q4o Improve Clinical and Molecular
Parameters in Fibromyalgia?

An important clinical improvement was evident after
CoQ10 versus placebo treatment showing a reduction of

FIQ, and a most prominent reduction in pain, fatigue, and
morning tiredness subscales from FIQ. Furthermore, we
observed an important reduction in the pain visual scale and
a reduction in tender points ,

inflammation, antioxidant enzymes, mitochondrial

biogenesis, and AMPK gene expression levels,
associated with phosphorylation of the AMPK activity.
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annxndantpnt ins such as catalaseand superoxide dismutase  drial ATP production and cellular metabolism. It akso
(SOD) (4) were found to be reduced in FM. regulates mitochondrial uncoupling proteins, mitochon-
In ukarv tic cells, mitochondria Ibogncsns triggered  drial permeability transition pore, and ROS production (5).
l}\rghmndu.lho nflh ATP/ADP r. activation of Preliminary data have shown that patients with CoQyo
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Coenzyme Q10 Effects on Creatine e L O
Kinase Activity and Mood in Geriatric e sl TR

B i p I O I ar Bipolar Depression

ocx 01 mﬂwmm
epdjgnasgepub com

$SAGE

Brent P. Forester, MD, MSc'?, Chun S. Zuo, PhD*?,
Caitlin Ravichandran, PhD**, David G. Harper, PhD'?,
Fei Du, PhD*?, Susan Kim, BA', Bruce M. Cohen, MD, Ph.D%*%, and

Perry F. Renshaw, MD, PhD, MBA®

In an open label study, CoQ10 treatment (400

al consequences of bipolar depression (BPD),

mg/d titrated up by 400 mg/d every 2 weeks to a S.iieiiiaics

maximum of 1200 mg/d) resulted in a trend
towards improved the forward rate constant

ropertes that enhance mitochondrial funcdon,
vith untreated age- and sex-matched controls.
lanud ofManoI Dkorders (Fourth Edidon [DSM
two 4 Tesh 'Phcnpboms magnetic resonance
) acquiddon scheme to calculate ke The BPD
0 mg/d every 2 weeks to a maximum of 1200
neasure depression symptom severity. Baseline
5, not recelving CoQ. Clinical ratings were com-

(k(for)) of creatine kinase (CK) and a reduction in e s nee acmme

depression symptom severity.

10-treated BPD and controls increased after 8
with no significant difference in 8-week changes
J) = 0.03 (0.05), Wilcoxon rank sum exact P =
ent in the group with BPD (F; ; =487, P=.04)
ty = —3.80, P = .004). Conclusions: This study
veen group differences in the ke, of CK but did

observe a lrend that would requlre confirmation in a larger 1udy An exploratory analysis suggested a reduction in depression
symptom severity during treatment with high-dose CoEnzyme Q |0 for older adults with BPD. Further studies exploring altera-

tions of high-energy phosphate metabolites in gertatric BPD and efficacy studies of CoQ 10 in 2 randomized controlled trial are

both warranted.

Keywords

bipolar depression, CoEnzyme Q 10, mitochondria, geriatric, magnetic resonance spectroscopy (MRS)

Introduction

Depression is the predominant phase of bipolarillness through-
out the life cycle, yet disease mechanisms remain unclear, and
resistance Or nonresponse to cumrent treatments is high" Pub-
lished studies of individuals with bipolar disorder implicate lhc
pathogenic rolc of altered cercbral bioenergetic pathwa)s

SJ)ecnﬁcalI) Phosphoms magnetic resOnance SPeCctroscopy
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Depression

“CoQ10 and serotonin levels in

LETTER TO THE EDITORS

Coenzyme Qi Regulates
Serotonin Levels and
Depressive Symptoms in
Fibromyalgia Patients
Results of a Small Clinical Trial

To the Editors:

™\ ocnita dicerananniac ahant tha eala af

platelets from

randomized in a double-blind fashion,
according to a 1:1 ratio, to CoQ,q or pla-
cebo. Ten subjects received CoQ;o (Pharma
Nord, Vejle, Denmark) in soft gel capsules
for 40 days (300 mg/d CoQ; divided into
3 daily doses), whereas another group of
10 subjects received a matching placebo.
Early-moming samples of blood were
collected under fasting conditions and plate-
lets were isolated. CoQo levels were deter-
mined by HPLC and serotonin levels by
CA). CoQyo
althy platelets
'ABA; Sigma
reatment. De-
Beck Depres-

FM patients were restored in the COQ10-treated
group com- pared to placebo group.
Interestingly, a notable improvement in

depressive symptoms evaluated with the BDI
scale was also observed in the CoQ10- treated

group compared to the placebo group.”

J Clin Psychopharmacol. 2014 Apr;34(2):277-¢

ICVEIS U1 PIICIAS [TV CIVE pauaans ana ae-
pressive symptoms improvement.

The study protocol was reviewed and
approved by the Ethical Committee of the
University of Sevilla. All the participants of
the study gave their written informed consent
before initiating the study. This study was
carried out in compliance with the Declara-
tion of Helsinki, and all the International
Conferences on Harmonisation and Good
Clinical Practice Guidelines. Twenty patients
diagnosed with FM were distributed in a
clinical trial as described in Cordero et al.”
The patients were diagnosed with FM by
exclusion of other diseases and syndromes,
and in accordance with the American Col-
lege of Rheumatology criteria. Subjects were

ts had mark-
m [BDI, 22.3
thy controls
o and sero-
ted from FM
:duced in re-
nd B). Inter-
n content in
nts showed a
ig. 1C). Sev-
that platelets
serotonergic
major storage
sstingly sero-
al fluid are
onin levels in
ults may re-
10 deficiency
»f the seroto-

1e clinical ef-

CoQ, may

lo ameliorate

itochondria.*

nowever, were 1s no mormaion about the

effect of CoQ,q treatment in serotonin

levels. In our study, CoQ; and serotonin

levels in platelets from FM patients were

restored in the COQ4-treated group com-

pared to placebo group (Fig. 1A and B).

Interestingly, a notable improvement in

depressive symptoms evaluated with the

BDI scale was also observed in the CoQ, -

treated group compared to the placebo

group [placebo group, 24.1 (3.5); CoQyo
group, 62 (1.9)] (P < 0.001).

To verify the role of CoQyo in the se-
rotonin alterations observed in FM patients,
we induced CoQ,, deficiency in platelets
from healthy controls by inhibiting the
endogenous biosynthesis of CoQ,, with

Joumal of dinical Psychopharmacology * Volume 34, Number 2, April 2014

PABA treatment, a competitive inhibitor
of polyprenyl-4-hydroxybenzoate transferase
(Coq2p). Platelets were cultured for 24 hours
in the presence of 1-mM PABA, or alterna-
tively PABA + 10 pM CoQ,q, and PABA +
10 mM N-acetylcysteine (N-Acet) (Sigma
Chemical Co). Serotonin levels in platelets
were significantly reduced by PABA treat-
ment (Fig. 1D). Reduced serotonin levels in
platelets were restored in the presence of 2
antioxidants, CoQ,, or N-Acet, being more
significant in platelets treated with CoQ;.
Taken together, these results suggest that
CoQ deficiency affects serotonin content in
platelets and, presumably, in other cells such
as neurons of the central nervous system.
CoQyp is an important component of the
mitochondrial respiratory chain enabling the
generation of adenosine triphosphate by oxi-
dative phosphorylation. Because adenosine
triphosphate levels have been observed to be
reduced in platelets from FM patients and
FM has been related with alterations of the
hypothalamic-pituitary-adrenal (HPA) axis,
and hormone and neurotransmitter secre-
tion,” a possible explanation for our results is
that CoQio may play an essential role in the
regulation of bioenergetics status in platelets
and in other cells such as neurons of the
central nervous system and thus, it may affect
serotonin content, transmission, and function.
These results may also contribute to explain
the antidepressant effect of CoQ treatment.
Our findings also support the hypothesis that
CoQ, supplementation can be used as an
alternative therapy for controlling depression.

Further analyses involving more pa-
tients in doubled-blind placebo-controlled
clinical trials are required to confirm these
observations. Indeed, our research group
is currently working in this direction,
based on the conclusions of the explor-
atory work discussed in this article.
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Cardiolipin

v Mitochondrial membranes contain high levels of cardiolipin,
a tetra-acyl phospholipid

v Cardiolipin comprises 10—20% of the mass of total
mitochondrial phospholipid

v" Depletion of cardiolipin results in severe mitochondrial
dysfunction

v' Supplementation with n-3 PUFA increases membrane
phospholipid DHA and depletes arachidonic acid, and can
Increase cardiolipin

Stanley WC, et al. Update on lipids and mitochondrial function: impact of dietary n-3
polyunsaturated fatty acids. Curr Opin Clin Nutr Metab Care. 2012 Mar;15(2):122-6.
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. Omega-3 supplementation alters mitochondrial
Re m Od e I I n membrane composition and respiration kinetics
in human skeletal muscle

E. A. E. Herbst, S. Paglialunga', C. Gerling', J. Whitfield', K. Mukai', A. Chabowski?,
G.J. E. Heigenhauser?, L. L. Spriet' and G. P. Holloway'
’Depnn‘ment of Human Health and Nutritional Sciences, University of Guelph, Guelph, Ontario N1G 2W1, Canada

2Department of Medicine, McMaster University, Hamilton, Ontario L8N 3Z5, Canada
*Department of Physiology, Medical University of Bialystok, 15-222 Bialystok, Poland

Key points

Omega-3 supplementation [2 g eicosapentaenoic
acid (EPA) and 1 g docosahexanoic acid (DHA) per . ...
day] for 12 weeks of leads to a remodeling of the ki

r pyruvate respiration

mitochondrial membrane with significant o,
incorporation of omega-3 fatty acids into various
phospholipid species and displaces omega-6.

Mitochondrial ADP sensitivity and maximal

ed young healthy male

1 h d 1 I RO S 1 1 I 1 d 1 1 g docosahexanoic
mitochondria emiSsSsion were also INCreasea. cn prir to (Pre) and
‘mbrane phospholipid

Total EPA and DHA

conent 1 mocnondaridal memoranes imncreasea (r < uv.ud) ~4>5vU ana "320%) respectively,

and displaced some omega-6 species in several phospholipid populations. Mitochondrial

respiration, determined in permeabilized muscle fibres, demonstrated no change in maximal

rporated into cellular
»fore the function of

re phosphorylation are
n may alter metabolic

s mitochondrial ADP

© 2014 The Authors

J Physiol. 2014 Mar 15;592(Pt 6):1341-
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Omega-3 polyunsaturated fatty acids improve mitochondrial @Cmm
dysfunction in brain aging — Impact of Bcl-2 and NPD-1
like metabolites

Kogel °,

Sub-chronic administration of fish oil for three weeks
restored the age-related decrease Iin respiration and
improved ATP production and enhanced the levels of e
Bcl-2 protein and NPD-1like metabolites. S

y lower in blood and brains of aged

and mitochondria from aged mice
| reduced activity of complexes I+11
estored the age-related decrease in
1 the levels of anti-apoptotic Bd-2
1 mice exhibited lower membrane
|parison to young animals, levels of

Mitochondrial proteins of the Bcl-2 family are important e e

regulators of the intrinsic apoptotic pathway and have been :isizicn:

directly implicated in mitochondrial function. NPD-1 is a e i
DHA metabolite that promotes cell survival via the R
induction of anti-apoptotic and neuroprotective gene et e

ases. APP processing is strictly
s and strongly depends on mem-

expression. e

ing the fluidity of cell membranes

ace that the fluidity of membranes

~ LOMESPONCENCE 10; LOSM e-UN IVErsITy Of MaNKurt am Main, Lampus I0eaDerg, Plays d Lnucdl roie I imouuEuon of APP pmcssing |5,6].
Department of Phamac . 09, Max-von-Lave Str. § Mitochondrial dysfunction and activation of major stress sig-
D“::;T’;;::;; ﬁ‘"[ v ':?52;9;16 i 78 naling pathways such as the c-jun N- termi nal kinase (JNK) path-
URL: hitpy:jwww nutrkional-eurosclencecom (G.P. Eckert). way represent other major hallmarks in the pathogenesis of AD

Prostaglandms Leukot Essent Fatty Acids.
2015 Jan;92:23-31.



Omega-3 index

neurocognitive performance under stress.”

J OM Volume 29, Number 3, 2014

Review Article

Stress-Induced Brain Atrophy:
A Role for Orthomolecular Medicine

Benjamin |. Brown, ND'

"The UK College of Nutritional Health (BCNH), London, England, email address: BenBrown@bcnh.co.uk

Abstract Brain structure can be shaped and remodeled by several important environmental factors
throughout an individual’s life course, with nutrition and chronic stress two of the most established

“A higher omega-3 index has been
correlated with larger total normal brain
volume and hippocampal volume, lower
depressive symptoms, and better

as and memory and cognition, and thus these
brain regions are crucial for maintaining re-
siliency to stress and subsequently safeguard-
ing mental and physical wellbeing.?
Structural changes in the brain are
thought to play a central role in the “neu-
rotrophic hypothesis”of mental health disor-
ders, including the development and main-
tenance of depression, anxiety, psychosis, and
cognitive decline.* The neurotrophic hy-
pothesis proposes that an individual’s men-
tal health may be influenced by underlying
changes in brain structure as a result of fac-
tors that can decrease, or increase, the ability
of neurons to survive and function.” The pre-

JOM, 2014; 29(3): 115-122

" ain regions is thought to play a central role
depression, psychosts, and cognitive decline.
ids and homocysteine-lowering B vitamins,
of brain structure with evidence suggesting
se neurogenesis, restore brain structure and
urthermore, nutritional interventions may
apies and lifestyle changes to reverse brain

being.

ital cortex, hippocampus, and amygdala
particularly sensitive to stress-induced
nge, and can conversely be favorably in-
nced by interventions that harness their
:ntial for rapid remodeling, thus these
icular brain regions are primary targets
preventative and curative interventional
-apies.®
Two major and well-established factors
that influence brain structure are chronic
psychological stress and nutrition. The evo-
lutionary expansion of the human brain is
thought to have not been possible without
access to both a high quality diet and the ap-
propriate nutritional substrate for neurogen-
esis, an understanding that has immediate
relevance to mental health today.” Because of
the ability of nutritional factors to influence
mental health and neuroplasticity, nutri-
tional therapy is an important means of in-
fluencing molecular pathways that influence
brain structure.'® Subsequently, a number of
dietary components and nutritional supple-
ments have received attention as candidates

1



Brain Food: Diet and Mental Health

Natural Diet: [ Modern Diet:
Phytonutrient Dense, Caloric [ Phytonutrient Poor, Caloric
Shortage Excess
Neuroprotection « Cell Damage

Neurogenesis « Cell Death
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Mitochondrial Medicine Arrives to Prime Time in
Clinical Care: Nutritional Biochemistry
and Mitochondrial Hyperpermeability

(“Leaky Mitochondria”) Meet Disease
Pathogenesis and Clinical Interventions

Alex Vasquez, DC, ND, DO, FACN

“...when treating secondary/acquired

mitochondrial disorders, we obviously have to
“think outside of the mitochondria” to address
the cause(s) of the mitochondrial impairment,

most commonly arising from various
combinations of nutrient deficiencies,

carbohydrate excess, toxin exposures, and

microbial colonizations.”

play clinically significant roles in autoimmunity,
inflammation, cancer, insulin resistance, cardiometabolic
disease such as hypertension and heart failure, and neurologic
disorders such as Alzheimer’s and Parkinson’s diseases. As |
stated during the recent International Conference on Human
Nutrition and Functional Medicine' in Portland, Oregon, in
September 2013, we have collectively arrived at a time when
mitochondrial therapeutics and the contribution of
mitochondrial dysfunction to clinical diseases must be

in clinical practice. Mitochondrial
han topic, nor is it a superfluous
»utique practices. Mitochondrial
time—now—Dboth in the general
Il as in specialty and subspecialty
rere as the “new” mitochondrial
»f assessments and treatments to
rimarily for the treatment of
 mitochondrial impairment that
tions such as fatigue, depression,
s, hypertension, neuropsychiatric
litions, and other inflammatory
such asallergy and autoimmunity.

4
are of course intimately related
fore clinical implications can be
tions thereafter applied with
ain structures and spaces of the
tramitochondrial matrix—the
f the mitochondria containing
s of the Krebs cycle, and
inner membrane—the largely
voluted/invaginated membrane
the matrix and which is the
nzymes, transport systems, and
. as cardiolipin and the electron
transport chain (ETC); (3) intermembrane space—contains
noteworthy molecules: creatine-phosphokinase and
cytochrome ¢; and (4) outer membrane—comparatively
more permeable (to molecules <10 000 Dalton) and—like
the inner membrane—very lipid-rich and with active and
passive transport systems for select molecules that need to
enter and exit the mitochondria. Clinicians need to appreciate
that mitochondrial membrane integrity is of the highest
importance; just as we have come to appreciate the

Altern Ther Health Med. 2014;20 (suppl 1):
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