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No more ‘Qi’ 

“Mitochondrial dysfunction, characterized 
by a loss of efficiency in the electron 
transport chain and reductions in the 
synthesis of high-energy molecules, such 
as adenosine-5’-triphosphate (ATP), is a 
characteristic of aging, and essentially, of 
all chronic diseases.” 

Altern&Ther&Health&Med.&2014&Winter;20&Suppl&
1:18L25.&
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Cellular burnout 

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

Altern Ther Health Med. 2014 Winter;20  
Suppl 1:18-25. 



Brain burnout 

“Deficits in mental energy, defined as 
measures of mood, motivation and 
cognition, may significantly affect quality of 
life in a large portion of the general 
population. Central to the maintenance 
of optimal mental energy is the role of 
the mitochondria in energy metabolism in 
the central nervous system.” 

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



“Brain mitochondria are essential for 
neurotransmission, short- and long-term 
neuronal plasticity, cellular resilience to stress 
and behavioural adaptation. Dysfunction in 
these metabolic processes contributes to a 
wide variety of diseases, including 
psychiatric disorders.” 

Br J Pharmacol. 2014 Apr;171(8):2206-29. 

Mitochondrial 
psychiatry 



Mitochondrial-related 
neurodegenerative  and psychiatric 
disorders: 

 Autism  
 Depression  
 Bipolar disorder 
 Anxiety disorders,  
 Obsessive-compulsive disorder 
 Schizophrenia 
 Ageing and senescence 
 Alzheimer’s disease 
 
 
 Manji 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-
Jun;36(2):156-67. 



“…we think that many of the upstream 
abnormalities (which are probably 
encoded by the nuclear genome) in 
psychiatric disorders converge to impair 
mitochondrial function, resulting in 
abnormalities in synaptic plasticity and 
long-term cellular resilience.” 

Nat Rev Neurosci. 2012 Apr 18;13(5):293-307 

Convergence  



Nat Rev Neurosci. 2012 Apr 18;13(5):293-307 

“…the ability to modulate mitochondrial 
function may have an important role in 
regulating synaptic strength and cellular 
resilience in neuronal circuits that mediate 
complex, high-order brain functions such 
as cognition, affect, perception and 
behaviour.” 

Opportunity  



Missed opportunity  

“One of the often-overlooked contributors to 
mitochondrial dysfunction is the psychotropic 
medication used to treat these psychiatric conditions.” 
 

Nat Rev Neurosci. 2012 Sep;13(9):650. 

“This under-recognized mitochondrial toxicity may contribute 
to the limited efficacy and problematic side effects of many 
psychotropic medications, not only in those with 
mitochondrial disorders but also in the much wider 
population of patients receiving treatment with these agents 
for psychiatric illness.” 



“Mitochondrial nutrients have been defined 
as nutritional compounds that (1) enter the 
cells and mitochondria following 
exogenous administration, (2) protect the 
mitochondria from oxidative damage, and 
(3) improve mitochondrial function.” 

Altern Ther Health Med. 2014  
Jan-Feb;20(1):29-40.&

Energy restoration 



Whole-of-diet 

“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 
and depression.” 

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



Natural Diet:  
Phytonutrient Dense, Caloric 

Shortage 

Modern Diet:  
Phytonutrient Poor, Caloric 

Excess 

•  Neuroprotection 
•  Neurogenesis 
•  Synaptic Plasticity    

•  Cell Damage  
•  Cell Death  
•  Impaired Plasticity    

Cognition/ Mood/ 
Behavior:  
•  Depression 
•  Cognitive Decline  
•  Hostility  
•  Fatigue and Malaise  

Cognition/ Mood/ 
Behavior:  
•  Optimism  
•  Cognitive Resilience  
•  Enthusiasm  
•  Vigor and Energy  

Brain Food: Diet and Mental Health  



“Because it evolved, in part, for success in seeking 
and acquiring food, the brain functions best when 
the individual is hungry and physically active, 
as typified by the hungry lion stalking and chasing 
its prey. Indeed, studies of animal models and 
human subjects demonstrate robust beneficial 
effects of regular exercise and intermittent 
energy restriction/fasting on cognitive function 
and mood, particularly in the contexts of aging and 
associated neurodegenerative disorders.” 

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

Challenge  



“…we used nuclear magnetic resonance 
spectroscopy. to show that during aging 
caloric restriction (CR) preserves 
mitochondrial energy production, energy 
demand, and neuronal activity with a long-
lived rodent model. These results provide a 
rationale for CR-induced sustenance of 
brain health with extended lifespan.” 

J Cereb Blood Flow Metab. 2014 Sep;34(9):
1440-3. 

Less is more 



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



Neurohormesis 

“From an evolutionary perspective, the noxious 
properties of such phytochemicals play an 
important role in dissuading insects and other 
pests from eating the plants. However, at the 
relatively small doses ingested by humans 
who consume the plants, the phytochemicals 
are not toxic and instead induce mild 
cellular stress responses.” 
 

Antioxid Redox Signal. 2010 Dec 1;13(11):
1763-811.  



Neuromolecula
r Med.
2008;10(4):
236-46.&



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."

Diet and exercise can affect cellular metabolic activity, which can 
influence neuronal plasticity and cognitive processes 



Ketosis 

“The state of ketosis is a normal physiologic state that 
occurs during fasting and carbohydrate restriction, 
and also normally occurs in newborns. It is beneficial 
because it derives energy from fatty acid oxidation that 
results in the formation of ketone bodies. Importantly, 
some of the beneficial neurometabolic effects of 
ketogenic diets may also be achieved without any 
significant dietary restriction, by adding ketone bodies 
to the diet.” 

Biochem Pharmacol. 2014 Apr 15;88(4):584-93 



“Following calorie restriction or consumption of a 
ketogenic diet, there is notable improvement in 
mitochondrial function, a decrease in the expression 
of apoptotic and inflammatory mediators and an 
increase in the activity of neurotrophic factors.”  

Fuel change 

Brain Res Rev. 2009 Mar;59(2):293-315. 



Grain brain 

“We randomly assigned 23 older adults with mild cognitive 
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 
as reductions in weight, waist circumference, fasting 
glucose, and fasting insulin.” 

Neurobiol Aging. 2012 Feb;33(2):425.e19-27.  



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 
medication. 
 
Coconut oil had significant beneficial effects on 
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 
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 
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Acetyl-l-carnitine  

Four randomized clinical studies (RCT) demonstrated the 
superior efficacy of acetyl-l-carnitine (ALC) over placebo 
(PBO) in patients with depression. Two RCTs showed its 
superior efficacy over PBO in dysthymic disorder, and 2 
other RCTs showed that it is equally effective as 
fluoxetine and amisulpride in treatment of dysthymic 
disorder. ALC was also effective in improving depressive 
symptoms in patients with fibromyalgia and minimal 
hepatic encephalopathy. It was also found to be equally 
tolerable to PBO and better tolerable than fluoxetine and 
amisulpride. 

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



Re-energize 
1. Low brain energy 
(phosphocreatine [PCr]) 
levels in a depressed 
person  
 

2. Brain energy levels 
increased after with acetyl-l-
carnitine and depressive 
symptoms diminished 
 
 

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

“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.” 

Aust N Z J Psychiatry. 2015 Jan 13.  
[Epub ahead of print] 



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. 



“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.” 

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

Tipping point 
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Creatine  

“Impairments in creatine metabolism have also 
been implicated in the pathogenesis of 
psychiatric disorders, leaving clinicians, 
researchers and patients alike wondering if 
dietary creatine has therapeutic value for 
treating mental illness.” 

Neurosci Biobehav Rev. 2012 May;36(5):1442-62. 



“Exogenous creatine supplementation 
has been shown to reduce neuronal 
cell loss in experimental paradigms of 
acute and chronic neurological 
diseases. In line with these findings, 
first clinical trials have shown 
beneficial effects of therapeutic 
creatine supplementation.” 

Brain Res Bull. 2008 Jul 1;76(4):329-43.  

Diverse effects  



Brown, BI. JOM, 2012; 27(4): 177-186.&
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CoQ10 

“A relationship exists between lowered CoQ10 
levels and elevated immune-inflammatory and 
oxidative and nitrosative stress pathways and 
mitochondrial dysfunction and the generation of 
specific symptoms/behaviors, including fatigue, 
hyperalgesia, and depression, and the onset of 
neurodegenerative processes.” 

Mol Neurobiol. 2013 Dec;48(3):883-903. 



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 , including recovery of 
inflammation, antioxidant enzymes, mitochondrial 
biogenesis, and AMPK gene expression levels, 
associated with phosphorylation of the AMPK activity. 

Antioxid Redox Signal. 2013 Oct 20;19(12):
1356-61. 

Recovery catalyst 



In an open label study, CoQ10 treatment (400 
mg/d titrated up by 400 mg/d every 2 weeks to a 
maximum of 1200 mg/d) resulted in a trend 
towards improved the forward rate constant 
(k(for)) of creatine kinase (CK) and a reduction in 
depression symptom severity. 

J Geriatr Psychiatry Neurol. 2012 Mar;25(1):
43-50. 

Biplolar 



“CoQ10 and serotonin levels in platelets from 
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):277-8. 

Depression  



Alcocer-Gómez E, et al. Coenzyme q10 regulates serotonin levels and 
depressive symptoms in fibromyalgia patients: results of a small clinical trial. J 

Clin Psychopharmacol. 2014 Apr;34(2):277-8. 

CoQ10 & serotonin   
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 Cardiolipin 
  Mitochondrial membranes contain high levels of cardiolipin, 

a tetra-acyl phospholipid  

  Cardiolipin comprises 10–20% of the mass of total 
mitochondrial phospholipid 

  Depletion of cardiolipin results in severe mitochondrial 
dysfunction 

  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. 



Remodeling 

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 
mitochondrial membrane with significant 
incorporation of omega-3 fatty acids into various 
phospholipid species and displaces omega-6. 
Mitochondrial ADP sensitivity and maximal 
mitochondrial ROS emission were also increased. 

J Physiol. 2014 Mar 15;592(Pt 6):1341-52. 



MemBrain 

Sub-chronic administration of fish oil for three weeks 
restored the age-related decrease in respiration and 
improved ATP production and enhanced the levels of 
Bcl-2 protein and NPD-1like metabolites. 
 
Mitochondrial proteins of the Bcl-2 family are important 
regulators of the intrinsic apoptotic pathway and have been 
directly implicated in mitochondrial function. NPD-1 is a 
DHA metabolite that promotes cell survival via the 
induction of anti-apoptotic and neuroprotective gene 
expression.  
 

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



Omega-3 index  

“A higher omega-3 index has been 
correlated with larger total normal brain 
volume and hippocampal volume, lower 
depressive symptoms, and better 
neurocognitive performance under stress.” 

JOM, 2014; 29(3): 115-122 
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“…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.” 

Altern Ther Health Med. 2014;20 (suppl 1):
26-30.) 


