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Introduction 
 
Power ON is a proprietary blend of 15 ingredients working in synergy to promote memory, alertness, energy, 
productivity and brain health. Each ingredient has been individually selected for its neurobiological efficacy and 
effects on the body and brain. This paper will provide an overview of the science behind each ingredient to 
demonstrate their mechanistic effects at a cellular level, as well as their measured effects on cognition and behavior.  
 
Power ON contains a proprietary blend of ingredients including Chocolate bean extract, N-Acetyl-L-Tyrosine, 
Cognizin (Citicoline), Asian Ginseng Root Extract, Lemon Balm Extract and Green Tea Leaf Extract. It additionally 
contains the following essential nutrients: Vitamin C (as Calcium Ascorbate), Thiamine (as Thiamine Mononitrate), 
Riboflavin, Niacin (as Niacinamide), Vitamin B6 (as Pyridoxal-5-Phosphate), Folate (as 6S]-5-Methyltetrahydrofolic 
Acid Glucosamine Salt) (Quatrefolic®), Vitamin B12 (as Methylcobalamin), Calcium (as Calcium Citrate and Calcium 
Ascorbate), and Selenium (as L-Selenomethionine). 
 
Chocolate Bean Extract 
 
Cocoa is a well-known superfood derived from the seeds of the fruit of the Theobroma cacao tree. It contains high 
levels of flavanols, one of a family of flavonoid compounds which naturally occurs in plants1. Power ON contains a 
proprietary chocolate extract with concentrated levels of flavanols.  
 
Flavanols are particularly abundant in cocoa. It contains a distinct arrangement of several active flavanol compounds, 
the most well studied of which are epicatechin, catechin and the procyanidins2. Epicatechin and catechin are rapidly 
absorbed across the blood brain barrier being detectable in plasma thirty minutes after consumption3,4. Cocoa also 
contains theobromine, as well as biogenic amines such as serotonin, tryptophan, phenylethylamine, tyrosine, 
tryptamine and tyramine5. 
 
Evidence shows that consumption of cocoa flavanols can improve peripheral and central blood flow through 
vasodilation6-10 as well as reducing platelet aggregation11 and improving insulin sensitivity12. It is thought to mediate 
its vasodilatory effect through the augmentation of nitric oxide synthesis, an endogenous vasodilator13. In addition, 
it has been shown in mice that epicatechin ingestion can stimulate angiogenesis14. One study in healthy humans 
showed that ingesting a flavanol-rich cocoa drink over 4 days led to improvements in endothelial function, as 
measured by peripheral arterial tonometry13. Furthermore, the administration of a nitric oxide synthase (NOS) 
inhibitor administered after this 4-day period completely reversed this increase in vasodilatation, suggesting that 
the mechanism is nitric oxide-dependent. Another clinical trial found improved endothelial function following the 
consumption of flavonoid-rich dark chocolate8, an improvement associated with increased concentrations of 
epicatechin in blood plasma. The capacity for cocoa to increase cerebral blood flow has also been shown using 
functional magnetic resonance imaging (fMRI). In one study, the effects of a 5-day cocoa flavanol intervention was 
associated with a greater level of activation in the dorsolateral prefrontal cortex, anterior cingulate and parietal 
cortex while individuals performed a specific cognitive task, compared to a placebo. A follow-up experiment using 
arterial spin labelling MRI confirmed that cocoa flavanol ingestion resulted in increased cerebral blood flow after 2 
hours15.  
 
The action of cocoa flavanols as vasodilators leads to improvements in cerebral blood flow, and a consequential 
increase in oxygen and glucose supplies to neurons. This in turn leads to improvements in cerebral function which 
has been shown across a number of behavioral studies. In a controlled, randomized, double-blinded, balanced  



Scientific Basis for the Effects of the Power ON Formula 
 

 

*These statements have not been evaluated by the Food and Drug Administration. This product is not intended to 
diagnose, treat, cure or prevent any disease.  

 
3 

crossover study, the mood and cognitive enhancing effects of cocoa flavanols was examined16. Utilizing a number of 
mood metrics and a battery of cognitive tests the authors showed that the acute consumption of cocoa flavanols 
led to an improvement in cognitive performance (as measured using serial subtraction tasks and a rapid visual 
Information processing task) and reduced ‘mental fatigue’ (as measured using visual analogue scales) compared to 
a nutrient matched drink with low flavanol content. These behavioral effects were observed approximately two 
hours after consumption. Another study with a randomized, single-blind, counterbalanced, crossover design 
reported improvements in visual, attentional and cognitive function (as measured by a visual spatial working 
memory and a choice reaction time task) following the consumption of cocoa flavanols compared to a white 
chocolate control condition17. Compared with the control condition, cocoa flavanols improved visual processing and 
reaction times for motion detection. These effects of cognitive enhancement have also been confirmed using evoked 
potential measures. A recent randomized, double-blind placebo-controlled trial studied steady-state visually evoked 
potential (SSVEP) topography changes after cocoa flavanol consumption over a 30-day period and revealed changes 
across posterior parietal and centro-frontal areas during memory encoding, working memory maintenance and 
retrieval compared to a placebo, suggesting an increase in neural efficiency18 .  
 
N-Acetyl-L-Tyrosine  
 
L-tyrosine is the amino acid precursor for the production of catecholamines in the brain. These catecholamines are 
critical for regulating mood and cognition (e.g. focus, attention, reaction times, motivation and memory) as well as 
in the management of stress.  N-Acetyl-L-Tyrosine is a modified version of the L-tyrosine that has the active 
compound “acetic acid” in order to increase bioavailability and absorption. 
 
Studies have shown that L-tyrosine reaches its maximum concentration in the brain approximately one hour after 
oral ingestion19. Its availability is a contributing factor in the synthesis of norepinephrine, epinephrine and dopamine 
and evidence suggests that tyrosine administration can enhance catecholamine synthesis in physiologically active 
norepinephrine neurons20,21. 
 
Stress causes the release of catecholamines, which can result in the depletion of their levels, an effect that can be 
corrected by giving L-tyrosine. L-tyrosine ingestion can therefore help to prevent the decline in cognitive function 
that is often associated with stressful situations. For example, animal studies have shown that tyrosine 
supplementation can help to prevent norepinephrine depletion and ameliorate the negative behavioral effects of a 
stress induction procedure22,23. This has been confirmed in human studies investigating the effects of tyrosine on 
mood and performance. For example, in one study it was shown that tyrosine ingestion improved performance on 
two cognitive tasks, a Digit Span task and a Stroop test, which were performed under stress-inducing conditions, 
compared to the placebo24. Other studies using double-blind, placebo-controlled crossover designs similarly showed 
that tyrosine administration helps to alleviate and protect against the adverse effects of physical stress (e.g. 
exposure to cold or combat training) on mood and cognition (e.g. working memory), especially in people who were 
particular reactive to the stressful experience25-27. Together this evidence suggests that L-tyrosine prevents some of 
the cognitive decline in response to stressors, rather than preventing stress per se28. 
 
Cognizinâ (Citicoline)  
 
Cognizin (Citicoline) is the orally administered form of CDP-choline (cytidine-5ʹ-diphosphate choline), an endogenous 
compound normally produced by the body. CDP-choline is a nucleotide composed of choline and cytidine. Power 
ON contains a proprietary form of this powerful brain nutrient to support mental energy, focus, attention and recall. 
It contains a clinical dose of Cognizin. 
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Cognizin provides the choline precursor for the synthesis of acetylcholine (ACh) and is instrumental in the synthesis 
of cell membrane phospholipids that aid the repair of neuronal membranes29,30. As the brain ages, there is a decline 
in these cell membrane phospholipids such as phosphatidylcholine (PtdCho). This leads to a decrease in membrane 
fluidity, which affects receptor function, ion channels and membrane-spanning enzymes. Studies show that CDP-
choline can activate the synthesis of these structural phospholipids. CDP-choline has also been shown to modulate 
catecholaminergic neurotransmission and increase noradrenaline and dopamine levels in the central nervous 
system29,31. For example, studies involving citicoline supplementation in rats have revealed increased dopamine 
release in the striatum and retina32,33, increased dopamine receptor densities34, as well as a neuroprotective effect 
on dopamine neurons35. 
 
More specifically, evidence from animal and in vitro studies indicate that citicoline administration increases PtdCho 
synthesis and might reverse PtdCho loss. Orally administered citicoline is first metabolized into choline and cytidine 
in the gastrointestinal system. This cytidine is then further metabolized to uridine in the gastrointestinal system and 
liver. Circulating uridine can enter the brain via the blood brain barrier and undergoes phosphorylation to become 
uridine triphosphate (UTP), which is then converted into cytidine triphosphate (CTP) by CTP synthetase. In parallel, 
the free choline undergoes phosphorylation to become phosphocholine. This combines with the CTP to yield CDP-
choline36. This CDP-choline then reacts with diacylglycerol to form phosphatidylcholine (PtdCho)37. The downstream 
metabolites of citicoline therefore provide a source of precursors for the synthesis of both acetylcholine and 
phospholipid membranes.  
 
A number of studies have demonstrated the effect of citicoline on cognition, including its ability to improve 
immediate and delayed recall, verbal memory, attention, and perceptual-motor skills as well as emotional control38-

42. In particular, citicoline has been shown to reduce memory impairments associated with aging42-44. In one proton 
magnetic resonance spectroscopy (MRS) study the authors found that a single oral dose of citicoline resulted in 
increased plasma choline in older and younger participants after three hours45. Another proton-decoupled 
phosphorus magnetic resonance spectroscopy study with older adults found that taking one dose of citicoline for six 
weeks led to an increase in brain phosphodiesters and a correlated improvement in verbal learning and memory (as 
shown by the California Verbal Learning Test), compared to the placebo condition46. This is further supported by 
evidence showing significant increases in phosphocreatine and membrane phospholipids in the anterior cingulate 
cortex after people took citicoline for 6 weeks47. 
 
In addition, a series of behavioral studies with older adults have shown that citicoline supplementation resulted in 
significantly improved memory and attention. One double-blind placebo-controlled, clinical study found that 
individuals who took citicoline supplements for six weeks showed improved memory efficiency (as measured by the 
Randt Memory Test) compared to a placebo48. Another double-blind, placebo-controlled, three-arm study evaluated 
the effect of citicoline on attention after four weeks of supplementation and found improved attentional focus and 
inhibition, as measured by the Continuous Performance Test II (CPT-II), a test of sustained attention49. A subsequent 
study by the same research group, this time with younger adolescents, revealed a similar improvement, where taking 
citicoline for 28 days led to improved attention, reduced impulsivity and increased psychomotor speed compared 
with a placebo, as measured by a Finger Tap Test50. 
 
Collectively these data suggest that citicoline supplementation can help to improve memory and attention in 
younger adults and help to mitigate the cognitive decline in older adults, by increasing the amount of essential 
phospholipid membrane components that are needed to synthesize and maintain cell membranes and by 
stimulating dopaminergic activity in the brain.  
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Asian Ginseng Root Extract (Panax Ginseng) 
 
The roots of Panax ginseng, the Asian variety of the ginseng plant, have traditionally been used in Chinese medicine 
to treat a range of ailments including insomnia, abnormal blood pressure, dyspepsia and fatigue. The name panax 
means “all healing,” possibly stemming from the traditional belief that the various properties of ginseng can heal all 
aspects of the illness encountered by the human body. Ginsenosides, which are unique to Panax ginseng, are the 
pharmacologically active ingredients, responsible for its effects on the central and peripheral nervous system51. 
 
Panax ginseng contains a class of glycosylated steroids called ginsenosides which are thought to be important in the 
performance enhancing properties of ginseng extracts. One well-studied ginsenoside is called Rg1. Rg1 has been 
shown to be important in supporting human skeletal muscle activity under vigorous exercise. More specifically it has 
been shown that the administration of pre-workout Rg1 supplements can significantly increase endurance 
performance during high intensity exercise52, something that is thought to be conferred by the effects of Rg1 at a 
cellular level within the skeletal muscle. For example, studies have shown that there is a suppression of the oxidative 
degradation of lipids within skeletal muscle after Rg1 administration, as well as enhanced glycogen accumulation 
and an adaptation of mitochondrial enzymes during the exercise recovery phase. It is well established that the 
oxidative degradation of lipids has a fundamental impact on metabolic function by decreasing insulin sensitivity of 
skeletal muscle53 and Rg1 therefore has the capacity to support the recovery of exercised muscle, reducing the need 
for tissue repair. This is supported by other studies which have shown increased membrane fluidity after Rg1 
treatment54 and suggests that the stabilization of membrane lipid structures after Rg1 supplementation may 
increase the robustness of skeletal muscle to withstand the challenges created by exercise (e.g. temperature shifts). 
Overall, Rg1 could help to preserve the health of skeletal muscle as well as improve endurance performance and 
accelerate the functional recovery of skeletal muscle through its ability to buffer the effects of exercise-induced 
oxidative stress.  
 
Beyond its action on the peripheral nervous system, other ginsenosides (e.g. Rg1 and Rg3) have also been shown to 
have neuroprotective effects on the central nervous system where they can help to attenuate glutamatergic NMDA-
induced neurotoxicity by inhibiting the overproduction of nitric oxide, and influx of Ca2+55. 
 
Studies have also show that Panax ginseng can improve cognitive performance through its ability to enhance 
cerebral blood flow, oxygen utilization and glucose metabolism56-58. In addition, recent studies have shown that 
ginsenosides can modulate the activity of several voltage gated ion channels (e.g. Ca2+, K+, and Na+) as well as 
several ligand gated ion channels including cholinergic (nicotinic), glutamatergic (NMDA) and serotonergic (5-HT-3A) 
neurotransmitter receptors51,59-62. Across a range of studies, Panax ginseng has been shown to improve mental 
arithmetic performance in healthy volunteers56,57,63 as well as attentional processes64. One double-blind, placebo-
controlled, balanced crossover study examining the effect of Panax ginseng on working memory performance (as 
measured by '3-Back' and 'Corsi-block' computerized working memory tasks) showed behavioral performance 
improvements as well as a concurrent increase in self-reported ratings of calmness following an 8-week 
administration of the Korean Panax ginseng extract in healthy volunteers65. Another placebo-controlled, double-
blind, randomized, crossover study replicated this effect by showing that Panax ginseng supplements could improve 
working memory processing (as measured by serial subtraction mental arithmetic tasks) in healthy young 
volunteers66. These enhancements in cognitive performance are complemented by other studies reporting that 
Panax ginseng can ameliorate subjective ratings of mental fatigue during sixty minutes of sustained cognitive 
processing56,57. 
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Lemon Balm Extract 
 
Lemon balm (Melissa officinalis L., Lamiaceae), also known as common balm or sweet balm, is a perennial lemon-
scented herb in the mint family native to the Mediterranean and Southern Europe. It has been used in traditional 
medicine as far back as ancient Greek and Roman times for treating disorders of the nervous system and mood 
complaints and has been documented in medical history as part of the Materia Medica in 50 to 80 BC.  Power ON 
contains a special standardized form of Lemon balm. 
 
Lemon balm contains a variety of compounds including primarily polyphenolics, flavonoids and terpenes with 
rosmarinic, ursolic and oleanolic acids being three active chemicals identified67. Studies have shown that Lemon 
balm has effects on the cholinergic and GABAergic systems in the brain. It has been shown to bind to cholinergic 
nicotinic and muscarinic receptors in human brain tissue68 and in-vitro studies have revealed that an active 
component of Lemon balm (rosmarinic acid) has a moderate affinity to the benzodiazepine site of the GABA-A 
receptor69, and can inhibit GABA-T receptors67,70. 
 
Lemon balm has been shown to have robust anxiolytic, stress relieving, and cognitive-enhancing71,72 properties, 
attributable to its interactions with GABAergic and cholinergic receptors. In one study a single dose of Lemon balm 
was shown to improve ratings of calmness and improve attentional performance, as measured by the Cognitive Drug 
Research (CDR) computerized assessment battery in healthy young volunteers73. In a subsequent randomized, 
placebo-controlled, double-blind, balanced crossover study it was shown that the acute administration of Lemon 
balm led to improved memory performance at higher doses, also measured by the CDR battery, as well as increased 
ratings of ‘calmness’ compared to the placebo72. The stress-relieving effects of Lemon balm have been shown using 
the Defined Intensity Stressor Simulation (DISS) task (now called the Purple Multi-Tasking Framework). In one study 
Lemon balm ingestion ameliorated the negative mood effects of the DISS, and significantly increased self-ratings of 
calmness74 while a subsequent study where the Lemon balm was ingested as part of a yoghurt drink found lower 
self-reported ratings of state anxiety compared to the placebo75. 
 
The combined effects of Lemon balm on improving cognition and inducing a state of calmness is perhaps the one 
reason why people refer to Power ON as a “clean focus brain health” supplement. 
 
Green Tea Leaf Extract 
 
Green tea is produced by using young tea leaves and without any fermentation. This means that green tea has a 
different chemical composition compared to other teas which are processed differently (e.g. fermented teas). Green 
tea contains several active compounds, the most common being polyphenolic catechins, including epigallocatechin-
3-gallate (EGCG), epigallocatechin (EGC), epicatechin-3-gallate (ECG) and epicatechin (EC). Flavanols, including 
quercetin, kaempferol, myricitin and their glycosides are also present in green tea, as are caffeine, theanine and 
vitamin C76. Green tea is much richer in catechins than other beverages and Power ON contains a special 
standardized form of Green Tea extract. 
 
Studies show that the most potent catechin in green tea, EGCG, is brain permeable77 and has neuroprotective 
effects78. Evidence suggests that it mediates this effect though its antioxidant (radical scavenging) and iron-chelating 
properties, by modulating cell signaling and cell survival pathways78-80 and by promoting neurite outgrowth activity81. 
More specifically, EGCG appears to reduce oxidative stress-induced neurotoxicity caused by the generation of 
reactive oxygen species. These effects of EGCG might help to explain the observed association between green tea 
and improved cognitive function78,81. Initial studies in rodents showed improved working memory performance after 
green tea administration. This benefit was shown to be mediated via a catechin-induced promotion of antioxidative 
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activity through a decline in acetylcholinesterase activity82. Furthermore, the consumption of flavonoid-rich foods 
such as green tea has been shown to reduce beta-amyloid-mediated cognitive impairments in Alzheimer transgenic 
mice83,84. In addition, human studies have also demonstrated that the consumption of green tea improves memory 
and attention in subjects with mild cognitive impairments85. Other longitudinal studies have shown that higher 
consumption of green tea has also been associated with a lower prevalence of cognitive impairments and improved 
cognitive performance in older adults86-88. 
 
These benefits have been confirmed by neuroimaging studies. For example, one study used functional magnetic 
resonance imaging (fMRI) to investigate whether the impact of green tea on cognition was related to altered brain 
activity in regions engaged in higher-order cognitive functioning89. The authors demonstrated increased brain 
activation in fronto-parietal regions while participants performed a working memory N-back task, after the 
administration of green tea extract. These data suggest that green tea extract may modulate brain activity in key 
areas for mediating working-memory processing such as the dorsolateral prefrontal cortex. A follow up double-blind, 
placebo-controlled, randomized study using fMRI and behavioral testing (N-back task) explored how the 
administration of green tea extract changed brain connectivity between the frontal and parietal cortex during 
working-memory processing and whether this mediated its effect on task performance. They found that green tea 
extract increased the connectivity between the superior parietal cortex and the middle frontal gyrus. The magnitude 
of this increase was positively correlated with improvements in task performance90. 
 
Nutrients:  
 
Vitamins are a group of organic compounds which are essential for normal physiological functioning, but which are 
not synthesized endogenously by the body and therefore have to be sequestered in small quantities from the diet. 
 
Vitamin C (as Calcium Ascorbate) 
 
Vitamin C (ascorbic acid) is a water-soluble chemical predominantly found in citrus fruits, strawberries and 
vegetables. Humans are completely dependent on dietary sources of vitamin C and it is essential for the proper 
functioning of the nervous system. It enters the central nervous system, primarily via uptake into the cerebrospinal 
fluid91. One of its main roles is in antioxidant defense and it has a protective role against cognitive decline, 
neurodegenerative and psychiatric disorders92-94. It is also involved in numerous non-oxidant processes such as the 
synthesis of tyrosine (a precursor to noradrenaline and dopamine) and peptide hormones, as well as in myelin, 
where it helps to promote the formation of Schwann cell myelination95. It is therefore essential for catecholamine 
synthesis and serves as a cofactor for dopamine β- hydroxylase in the conversion of dopamine to norepinephrine96,97. 
Vitamin C is also proposed to be a neuromodulator of glutamatergic, dopaminergic, cholinergic and GABAergic 
activity in the brain, and their related behavioral correlates91. 
 
Thiamine (as Thiamine Mononitrate; B1) 
 
Thiamine (vitamin B1) is one of the eight essential B vitamins that help the body convert food (carbohydrates, fat, 
and protein) into energy. It is transported across the blood brain barrier by both passive and active mechanisms 
depending on the concentration of thiamine in the blood98. 
 
The active derivative of thiamine, thiamine pyrophosphate is an essential cofactor in two enzyme mediated 
carbohydrate metabolism pathways: the Kreb’s cycle (also known as the citric acid cycle) and the pentose phosphate 
pathway99. The main function of the Kreb’s cycle is in the generation of adenosine triphosphate (ATP), which 
provides energy for numerous cellular processes and reactions100, while the pentose phosphate pathway is 
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important for the synthesis of multiple neurotransmitters, nucleic acids, lipids, amino acids, steroids, and 
glutathione. Proper functioning of enzymes which require thiamine as a cofactor is also essential for the production 
of the neurotransmitter acetylcholine as well as for the synthesis of myelin101,102. 
 
Because of its role in glucose metabolism, thiamine deficiency can lead to severe cardiovascular and neurologic 
complications, including heart failure, neuropathy and confusion or delirium103. Neuronal death often occurs in 
certain neuronal populations that have high metabolic requirements and high thiamine turnover (e.g. thalamus, 
hippocampus).  
 
Evidence also supports the role of thiamine in the promotion of cognitive functioning. For example, one study 
assessed the effects of thiamine or a placebo after 2 months administration in adults with adequate thiamine status 
at the study outset and found that thiamine improved mood as assessed by the Profile of Mood States, and improved 
attention as indicated by faster decision times in two-choice, four-choice and eight-choice reaction time tasks104. 
 
Riboflavin (Vitamin B2) 
 
Riboflavin (vitamin B2) is a water-soluble vitamin present in a wide variety of foods. Despite this, riboflavin deficiency 
is endemic in many regions of the world. Its active derivatives are two flavins, flavin adenine dinucleotide (FAD) and 
flavin mononucleotide (FMN). These participate as coenzymes in a range of chemical reactions and therefore are 
crucial rate limiting factors in most cellular enzymatic processes105,106. More specifically, these flavins are crucial for 
the synthesis, conversion and recycling of niacin, folate and vitamin B6, and for the synthesis of hemoglobin, nitric 
oxide synthases and P450 enzymes107. The flavins also act as cofactors in the metabolism of essential brain lipids108 
and are important for the absorption and utilization of iron, and the regulation of thyroid hormones. Flavins also 
have antioxidant properties by acting as essential cofactors in the glutathione redox cycle109 and peripheral nerve 
demyelination has also been documented in riboflavin-deficient rats110. Deficiency in riboflavin therefore has 
negative implications for energy production and brain function.  
 
Niacin (Vitamin B3) (as Niacinamide) 
 
Nicotinamide is an amide form of niacin (vitamin B3). Its derivatives, nicotinamide adenine dinucleotide (NAD) and 
NAD phosphate (NADP) are involved in a large number of metabolic and enzymatic processes in the cells of the 
peripheral and central nervous system111, both in terms of energy generation and neurotransmitter synthesis. It is a 
critical coenzyme for three rate limiting steps in the Kreb’s cycle, therefore regulating the synthesis of ATP. NADH 
(the reduced form of NAD) is also one of the coenzymes required for dopamine synthesis in the brain. Low levels of 
niacin can therefore lead to reduced levels of brain dopamine112. Beyond its role in energy production, niacin is also 
involved in a range of other activities including antioxidant protection, supporting DNA metabolism and repair, and 
the conversion of folate (vitamin B9) to its tetrahydrofolate derivative113. Niacin is also important in the synthesis of 
purines and pyrimidine nucleotides in the pentose phosphate pathway. In addition, niacin may help to protect 
against neuronal damage114. 
 
Vitamin B6 (as Pyridoxal-5-Phosphate) 
 
Vitamin B6 performs an essential role in cellular functioning and acts as a co-enzyme in many cellular processes. 
Deficits in vitamin B6 are thought to play a key role in the development of chronic psychotic disorders115. There are 
six forms of vitamin B6 of which pyridoxal 5-phosphate is the main active compound. 
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Within the body, vitamin B6 is involved in two intersecting cellular cycles, the “folate cycle” and the “methionine 
cycle” which ultimately results in the synthesis and transformation of a range of amino acids, fatty acids and 
pyrimidines113.  For example, pyridoxal 5-phosphate is an essential cofactor for over 140 enzymes required for the 
synthesis, degradation and interconversion of amino acids. 
 
Vitamin B6 is actively transported across the blood brain barrier. Once in the brain, it is an enzymatic cofactor in the 
synthesis of dopamine, serotonin, GABA, glycine, noradrenaline and melatonin113,116,117 and its availability acts as a 
rate limiting factor in the synthesis of these neurochemicals.  For example, studies in humans have shown that 
patients deficient in pyridoxal 5-phosphate exhibit reduced aromatic L-amino acid decarboxylase activity (an enzyme 
critical to the synthesis of serotonin and dopamine), supporting the conclusion that pyridoxal 5-phosphate is 
important in monoamine metabolism, and therefore in supporting the behavioral consequences of dopamine and 
serotonin activity in the brain.  
 
Folate (as 6S]-5-Methyltetrahydrofolic Acid Glucosamine Salt; B9) (Quatrefolic®) 
 
Folate is an essential nutrient involved in numerous biochemical pathways, including neurotransmitter synthesis, 
DNA biosynthesis, the regulation of gene expression, amino acid synthesis and metabolism, and myelin synthesis 
and repair. [6S]-5-methyltetrahydrofolic acid is structurally analogous to the active form of folate, 5-
methyltetrahydrofolate. It does not require active transport mechanisms for its utilization, which is an advantage 
over other forms of biological folate, including calcium salt derivatives.  
 
The efficient functioning of the folate cycle, for which folate is critical, is necessary for the synthesis and regeneration 
of tetrahydrobiopterin, an essential enzymatic cofactor for the synthesis of monoamine neurotransmitters 
(serotonin, melatonin, dopamine, norepinephrine, epinephrine), and which is highly susceptible to oxidation118. 
More specifically, the availability of tetrahydrobiopterin acts as a rate limiting step in conversion of tryptophan to 5-
hydroxytryptophan, phenylalanine to tyrosine, and tyrosine to dopa. It is also important in the synthesis of nitric 
oxide. It is thought that the participation of folate in neurotransmitter synthesis is responsible for its effects on mood 
and cognition. Folate deficiency has also been shown to hamper neuronal differentiation and repair, promote 
hippocampal atrophy, demyelination and compromise the integrity of membrane phospholipids impairing the 
propagation of action potentials113. Research has also shown that individuals with a folate deficiency may be at 
higher risk of mood disturbances such as depression118,119 and a recent meta-analysis of 11 studies found a significant 
relationship between the risk of depression and low folate status120. 
 
Vitamin B12 (as Methylcobalamin)  
 
The function of the active form of vitamin B12, methylcobalamin, is inextricably linked with folate, due to their 
complementary roles in the “folate” and “methionine” cycles.  A vitamin B12 deficiency therefore has a similar 
metabolic and behavioral profile to folate. 
 
Calcium (as Calcium Citrate and Calcium Ascorbate) 
 
Calcium ions are important intracellular signaling chemicals in all neurons. They are especially important at neuronal 
synapses where they help to initiate the release of neurotransmitters from presynaptic membranes into the synaptic 
cleft121,122. On the postsynaptic side, the buildup of calcium ions is important for initiating (or not) the propagation 
of action potentials along the neuron. For example, calcium plays a mediating role in the processes of long-term 
potentiation and long-term depression, two forms of synaptic plasticity which are fundamental to learning and 
memory123,124. 
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Selenium (as L-Selenomethionine)  
 
Selenium is a unique trace element which is involved in a diverse array of physiological functions in the central 
nervous system and is required for the biosynthesis of selenocysteine-containing selenoproteins. It is vital for the 
brain, and levels of selenium in the brain are maintained at the expense of other tissues125. Selenium plays a role in 
antioxidant defense and has anti-inflammatory activity126 through the actions of these selenocysteine-containing 
selenoproteins, several of which are antioxidant enzymes127. Selenium is also important in the regulation of thyroid 
hormone metabolism128,129. Studies have shown that lowering levels of selenium in the brain can lead to 
spontaneous neurological deficits and neurodegeneration as well as damage to the hippocampus which causes 
deficits in learning and memory130,131. As well as their role as antioxidant agents, evidence also suggests that 
selenoproteins also play a role in modulating brain signaling and neurotransmission which in turn has an impact on 
motor performance, coordination, memory and cognition. For instance, rats fed a selenium-deficient diet show a 
higher turnover of dopamine and serotonin in the prefrontal cortex, as well as a lower turnover of norepinephrine132. 
In addition, evidence suggests that selenium deficiency can disrupt cholinergic neurotransmission133. 
 
Power ON and Power OFF Working in Concert 
Power ON protects neurons from free radicals as well as increases ATP in the brain and provides precursors to 
catecholamines. The healthier the neurons and the more adequate the brain supply of ATP, the better sleep neurons 
and sleep neurotransmitters work. All chemical reactions neurologically require ATP and the nutrient cofactors as 
well as the substrate. Power ON allows Power OFF to work better. Power OFF amplifies and normalizes our 
homeostatic sleep mechanisms. Research indicates sleep promotes longevity of neurons and thus catecholamine 
synthesis pathways allowing Power ON to operate more efficiently. 
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