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Introduction 
 
Power OFF is a proprietary blend of nine ingredients which are proven to promote relaxation, sleep and brain health. 
Each ingredient has been individually selected for its neurobiological efficacy and ability to positively influence 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 benefits on sleep, brain function and physiological 
arousal.  
 
Power OFF contains the following blend of ingredients: California Poppy Aerial Part Extract, L-Cystine, L-Theanine, 
GABA (proprietary stable liposome complex), 5-HTP, Magnolia Officinalis Bark Extract, Glycine, Vitamin B6 (as 
Pyridoxal-5-Phosphate), Melatonin (only 50 micrograms per capsule).  
 
California Poppy Aerial Part Extract 
 
The California poppy is known in folk medicine for its sedative, anxiolytic and antinociceptive properties. More 
recently, scientists have obtained a more accurate understanding of its mechanistic action at a neural level, 
demonstrating its efficacy within an arena of scientific rigor. The important components of the California poppy are 
a series of alkaloids which are found exclusively within this plant. Recent analysis of extracts from the aerial parts of 
the plant have identified nine key alkaloids1 with protopine, allocryptopine, N-methyllaurotetanine and (S)-reticuline 
being the most widely studied.  
 
Several modes of action have been proposed for California poppy, with different alkaloids acting on different 
receptor systems in the brain. Protopine and allocryptopine have been found to block serotonin and norepinephrine 
transporters and possess antidepressant-like effects in animal models2. In addition, both these alkaloids have been 
shown to act as weak facilitators for the binding of GABA-A receptor agonists, as well as acting as anti-inflammatory 
agents and as acetylcholinesterase inhibitors3-5. This is supported by studies demonstrating that the behavioral 
effects of California Poppy extract are antagonized by the benzodiazepine receptor antagonist flumazenil6. The 
alkaloid N-methyllaurotetanine has been reported to act as an antagonist at the serotonin 5HT-1AR receptor7. In 
addition, the alkaloid (S)-reticuline is proposed to indirectly modulate activity within a subset of inhibitory GABA 
neurons in the brain via its transformation into morphine and subsequent binding to μ-opioid receptors located on 
these GABA neurons, potentially underpinning its sedative effects16.  
 
Cumulatively, these neuromodulatory effects on the synaptic dynamics of these neurotransmitter systems in the 
brain manifest themselves as behavioral changes in sleep and anxiety. Studies have demonstrated how extracts of 
California poppy have both anxiolytic and sedative effects in mouse models6,8. In addition, the extract has been 
shown to have analgesic effects on the peripheral nervous system6. 
 
L-Cystine 
 
L-cystine is the dimer form of the amino acid L-Cysteine which is a key component of the Phenylethanolamine-N-
methyltransferase (PNMT) enzyme and acts to down-regulate the action of this enzyme9. This enzyme controls the 
synthesis of epinephrine from norepinephrine and its availability and level of activity acts as a rate-limiting step in 
epinephrine synthesis10. Although primarily located in the adrenal gland and adrenal medulla, this enzyme is also 
found in norepinephrine neurons in the brain11. This catecholamine synthesis pathway is critical for the control of 
the brain’s stress response as PNMT activity is stimulated by high levels of circulating glucocorticoids such as 
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adrenocorticotropic hormone12. This leads to a greater rate of conversion of norepinephrine into epinephrine, 
increasing the potency of catecholamine activity in the central nervous system, which increases cortical arousal and 
sympathetic output, and making the stress response more profound. The downregulation of this activity by L-cystine 
therefore helps to reduce arousal and excitability in the body and brain.  
 
L-Theanine 
 
L-theanine (g-glutamylethylamide) is an amino acid contained in green tea leaves and brewed black tea which is 
most well-known for its ability to induce a state of calmness and relaxation. It is an analogue of the L-glutamate and 
L-glutamine amino acids and crosses the blood brain barrier to exert its effects directly on the brain within 30 
minutes of ingestion13. Its relaxing, stress-buffering and sleep-enhancing properties are thought to be mediated 
through the modulation of several different neurotransmitter systems including GABA, glutamate, serotonin and 
dopamine. 
 
L-theanine administration has been found to increase GABA levels in the brains of mice, promoting inhibitory activity 
and revealing one mechanistic route for its anxiolytic effect14. In addition. L-theanine has been shown to have an 
inhibitory effect on the three glutamate receptor subtypes: (RS)-a-amino-3- hydroxy-5-methylisoxazole-4-propionic 
acid (AMPA) receptors, kainite receptors, and N-methyl- D-aspartate (NMDA) receptors suggesting that L-theanine 
has an antagonistic effect on glutamatergic neuron receptors15. This is supported by studies investigating the stress-
buffering benefits of L-theanine which have suggested that L-theanine reduces stress by inhibiting cortical neuron 
excitation16. Other investigations with animal models have revealed that L-theanine administration can affect 
dopamine and serotonin concentrations in the brain, potentially highlighting another mediating route for its 
physiological and behavioral effects17,18.  
 
Scientific investigation of the cognitive, emotional and physiological effects of L-theanine in humans have revealed 
a number of behavioral benefits. Neurophysiological studies employing electroencephalography (EEG) have 
demonstrated an increase in alpha (8-12Hz) power after L-theanine administration. Early studies revealed that L-
theanine, relative to a placebo, increased power in the alpha frequency band across parietal and occipital sites after 
approximately 40 minutes19. More recent studies have replicated this finding by demonstrating that L-theanine 
significantly modulates resting-state brain activity, enhancing power in the alpha frequency band20. The 
enhancement of activity in this frequency band, which has a joint functional role in both attention and relaxation, 
indicates that L-theanine leads to the generation of a relaxed but alert mental state19-23. In addition to these resting-
state EEG studies, other EEG studies have demonstrated that a dose of L-theanine after a physical workout has the 
propensity to accelerate the mental regeneration after physical exertion, as shown by a more rapid shift in alpha 
power recovery compared to a placebo24.  
 
The stress-buffering benefits of L-theanine have been replicated in a number of different studies which have tracked 
changes in physiological stress markers in the body. In one study which used a crossover, randomized, placebo-
controlled design, participants were asked to complete an auditory oddball and arithmetic mental task which 
increased their psychological stress-load25. The greatest benefits were observed in individuals who were particularly 
reactive to stressful experiences. Within this group, L-theanine attenuated blood pressure elevation induced by 
these mental tasks compared to the placebo. Mood scores (as measured using the Profile of Mood States; POMS) 
showed that L-theanine intake improved participants’ mood by lowering the ratings of tension and anxiety caused 
by the psychological stressor compared to the placebo. This work is also supported by studies showing that L-
theanine reduces blood pressure in hypertensive rats26,27. The stress-buffering effects of L-theanine have been 
further demonstrated in a randomized, double-blind, placebo-controlled study which found that acute stress 
responses in men elicited by a mental arithmetic task were reduced by the administration of L-theanine16. This 
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reduction was experienced at a subjective level (as measured by the State Trait Anxiety Inventory; STAI), and as 
changes in heart rate and levels of salivary secretory immunoglobulin A (s-IgA). Together, these studies suggest that 
L-theanine attenuates sympathetic activity during an acute stressor, potentially through its inhibitory action on 
excitatory cortical neurons (e.g. glutamatergic system)16.  
 
The benefits of L-theanine on sleep in men have been demonstrated in a randomized, double-blind, placebo-
controlled crossover clinical study which employed both a sleep inventory and actigraphy (wrist-based sleep 
monitoring)28. L-theanine improved the perceived quality of sleep, feelings of recovery from exhaustion or fatigue 
and refreshed feelings upon awakening, compared to the placebo. Sleep duration was not elongated after intake of 
L-theanine, but sleep efficiency (a measure of sleep quality from the actigraphy) was significantly enhanced, whilst 
nocturnal motor activity scores were reduced with L-theanine compared to the placebo. This sleep enhancing effect 
is in line with EEG results showing increased alpha activity after L-theanine administration, with alpha being the 
waveband typically observed prior to sleep onset19-22. 
 
GABA (a proprietary stable liposome complex) 
 
GABA is an amino acid that is the chief inhibitory neurotransmitter in the central nervous system. Power OFF 
contains a proprietary, highly absorbable form of GABA made specifically to promote sleep and relaxation. 
 
GABA-A and GABA-B are the two families of GABA receptors. These receptors can be located at either end of 
GABAergic neurons, mediating its inhibitory action through the regulation of neural propagation at both presynaptic 
and postsynaptic membranes. GABA cells are located throughout the brain and have multiple functions which range 
from inhibiting major neural pathways, such as those involved in sleep29, to fine-tuning neural activity through lateral 
inhibition. Disturbances in GABA signaling are a contributing factor in anxiety disorders30. Interventions which 
increase the level of GABA within the brain increase the level of inhibitory signaling in the brain, reducing unwanted 
brain excitability. In addition, insomnia is often treated with therapeutic treatments which potentiate inhibitory 
activity within the brain via GABA-A receptors31. 
 
GABA is critical in both the onset and maintenance of sleep. It is well established that the preoptic area, a subregion 
of the hypothalamus involved in sleep, contains GABAergic neurons32. These neurons are essential for the inhibition 
of brainstem nuclei within the ascending reticular activating system which typically help to maintain a state of 
wakefulness during the day. GABA is also one of the major neurotransmitters operating within the suprachiasmatic 
nucleus (SCN) and helps to synchronize the signals sent out from SCN cells to other cells in the brain and adjusts the 
signaling output of the SCN to compensate for the lengthening and shortening of daylight periods as the seasons 
change throughout the year33.   
 
There is contradicting data on the ability of GABA to pass the blood brain barrier and liposomes have been found to 
facilitate blood brain barrier transport. The proprietary liposome of GABA in Power OFF is 50 nanometers in size to 
pass the blood brain barrier, resulting in requiring less GABA, efficiently targeting GABA receptors. Therefore, it is 
clear using standard GABA is not recommended due to blood brain barrier transport limitations.  
 
5-HTP 
 
Serotonin is a key monoamine neurotransmitter in the brain. Its synthesis is dependent on the availability of its 
precursor, the amino acid L-tryptophan, or its intermediary, 5-ydroxytryptophan (5-HTP). It regulates a wide 
spectrum of cognitive, emotional, physiological and metabolic systems, including mood, sleep and wakefulness, 
appetite, aggression, circadian rhythms, body temperature and neuroendocrine function.  
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The effects of serotonin in the brain are mediated by multiple families of serotonin receptors, each containing 
multiple subtypes. These include 5-HT1A/1B/1D/1E/1F, 5-HT2A/2B/2C, 5-HT3A/3B, 5-HT4A/4B/4C/4D, 5-HT5A/5B, 5-HT6 and 5-
HT7A/7B/7C/7D. These receptors vary according to where they are expressed in the brain and the corresponding 
functional correlates. It is the serotonin-2 (5-HT2) receptor subtype which is thought to be particularly involved in 
mediating the sleep-modulating effects of serotonin in the brain34.  
 
Although the effects of serotonin on sleep are complex, a number of mechanistic pathways have been suggested. 
These include modulating how the suprachiasmatic nucleus responds to light signals from the retina35 and 
supporting the healthy maintenance of the sleep-wake cycle by modulating the coupling between the 
suprachiasmatic nucleus and preoptic areas36. Serotonin is also a precursor to melatonin (via N-acetyl-serotonin) 
and so its synthesis can also be linked to a corresponding change in melatonin which in turn can promote sleep. 
Other studies have suggested that serotonin might prepare the brain for sleep through the inhibition of cholinergic 
cells37 and indicated that accumulations of serotonin lead to the activation of a distinct subpopulation of sleep-active 
cells in the ventrolateral preoptic area, referred to as Type-2 cells, which increase firing prior to sleep onset38. 
Evidence also suggests that L -5-hydroxytryptophan can cause the production of sleep-promoting factors39 especially 
when delivered during periods of darkness, while other studies have revealed that L -5-hydroxytryptophan is able to 
modulate the arousal level in children and induce a long-term improvement of sleep terrors40. 
 
Magnolia Officinalis Bark Extract 
 
Extracts from the bark of Magnolia officinalis, a species of magnolia common to China, have been used for centuries 
in traditional Chinese medicine as sedatives and anxiolytics. The isomers magnolol (5,5ʹ-diallyl-2,2ʹ- 
dihydroxybiphenyl) and honokiol (3,5ʹ-diallyl-4,2ʹ- dihydroxybiphenyl) are the principal active components of 
magnolia bark extract. Power OFF contains a special standardized Magnolia Officinalis extract.  
 
Honokiol can readily cross the blood brain barrier41 and has been studied for its anxiolytic, neuroprotective and 
sedative effects in the brain42. Its mode of action is primarily thought to be via the modulation of GABA-A-receptors, 
a known target for benzodiazepines and other anxiolytics43, but can also impact other neurotransmitter systems. In 
one study, honokiol was shown to increase the activity of glutamic acid decarboxylase (GAD), the enzyme involved 
in GABA synthesis in the hippocampus of mice, suggesting that it may alter the brain’s synthesis of GABA and 
enhance GABAergic neurotransmission44,45. This is supported by other studies which have demonstrated that both 
magnolol and honokiol bind to, and positively modulate, GABA-A receptors45-48. One recent study compared the 
activity of magnolol and honokiol at synaptic and extra-synaptic GABA-A receptor locations, revealing that GABA-A 
receptors which contained a gamma subunit were an important site of action for the potentiation of the GABA 
response45. Specifically, in the context of sleep, honokiol has been shown to activate sleep-promoting neurons in the 
ventrolateral preoptic area49. Other studies have reported that extracts containing magnolol and honokiol can inhibit 
dopamine transporter activity and reduce binding to dopamine (D5) and serotonin (5-HT-6) receptors50. There is also 
evidence that magnolol and honokiol may inhibit glutamate receptors51,52, and promote acetylcholine release53,54.  
 
In early studies with animal models, honokiol was shown to increase exploratory behavior and decrease anxiety-
related behavior43. More recently scientists have sought to explore its sleep-promoting effects and revealed that 
honokiol can significantly shorten sleep latency and increase the amount of non-rapid eye movement (NREM) sleep49 
which, at a mechanistic level, is underpinned by the activation of sleep-promoting neurons in the ventrolateral 
preoptic area. 
 
Honokiol and magnolol also have neuroprotective and antioxidant properties as shown by their ability to reduce the 
generation of free radicals (reactive oxygen species) and beta-amyloid plaques, most often associated with 
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Alzheimer's disease55,56. Studies have demonstrated that honokiol and magnolol can protect cells from the cytotoxic 
effect of amyloid β peptides through an attenuation of the induction of reactive oxygen species and a counteraction 
of elevated calcium ions55,57. The capacity for honokiol and magnolol to enhance acetylcholine release from 
presynaptic sites within the hippocampus53,54 could contribute to their beneficial effects on memory in animal 
models of neurodegeneration and memory loss. For example, 4-O-methylhonokiol, another ingredient within 
Magnolia Officinalis, has been shown to dose-dependently attenuate a scopolamine-induced increase of 
acetylcholinesterase (AChE) activity in the cortex and hippocampus of mice, to inhibit AChE activity in vitro, and to 
recover the memory impairment induced by scopolamine58. 
 
Glycine 
 
Glycine has the simplest molecular structure of all the amino acids and is both endogenously synthesized and taken 
in through the diet. Glycine improves sleep quality in individuals with repeat sleep problems59-,61. In addition, orally 
administered glycine has been shown to significantly decrease core body temperature and increase vasodilatation62. 
 
Glycine passes through the blood brain barrier and, once in the brain, acts as an inhibitory neurotransmitter 
mediated through glycine receptors (GlyRs)63. It also acts as a co-agonist for N-methyl-D-aspartate (NMDA) 
glutamate receptors64,65. Investigations into the site of action for glycine’s effect on sleep have revealed that glycine 
acts at several hypothalamic nuclei, with the hypothalamus being a key brain center for both sleep and body 
temperature regulation. More specifically studies have revealed that orally administered glycine passes into the 
brain passively and acts on NMDA receptors in the suprachiasmatic nucleus. This results in vasodilatation and, 
subsequently, a decrease in core body temperature62. Additional studies utilizing electroencephalography/ 
electromyogragraphy (EEG/EMG) have shown that oral glycine administration significantly increases non-REM 
(NREM) sleep and reduces wakefulness in sleep-disturbed rats. These studies collectively suggest that glycine 
improves sleep through a reduction in core body temperature. Additional evidence suggests that oral administration 
of glycine can increases serotonin release in the rat prefrontal cortex which could indirectly support an improvement 
in sleep quality66. 
 
Additional studies have explored the effects of glycine on sleep in people with sleep complaints. In one randomized, 
double-blinded, crossover clinical trial with participants exhibiting poor sleep, as measured using the Pittsburgh 
Sleep Quality Index (PSQI), glycine administration led to an improvement in the feelings of fatigue the next morning 
compared to a placebo60. A follow up randomized, single-blinded, crossover trial, this time using polysomnography 
(PSG) combined with subjective assessments of sleep, revealed a shortened latency to both sleep onset and slow-
wave sleep as well as improvements in sleep satisfaction. Furthermore, daytime sleepiness scores were significantly 
improved the following morning61.  
 
Vitamin B6 (as Pyridoxal-5-Phosphate) 
 
Vitamin B6 is one of a family of eight B-vitamins that perform essential roles in cellular functioning and act as co-
enzymes in enzymatic reactions. It is thought that 10.5% of the US population are biochemically deficient in vitamin 
B667 and deficits in vitamin B6 are thought to play a key role in the development of chronic psychotic disorders68. 
There are six forms of vitamin B6, of which pyridoxal 5-phosphate is the active compound. 
 
Within the body, vitamin B6 is involved in two intersecting cellular cycles, the “folate cycle” and the “methionine 
cycle,” which ultimately result in the synthesis and transformation of many bioactive molecules including amino 
acids, fatty acids and pyrimidines69.  For example, pyridoxal-5-phosphate is an essential cofactor for over 140 
enzymes required for the synthesis, degradation and interconversion of amino acids70. 
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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 melatonin69. The availability of vitamin B6 acts 
as a rate limiting step in the synthesis of these neurochemicals. A deficiency in vitamin B6 therefore results in the 
down-regulation of GABA synthesis, resulting in a number of behavioral changes. These include disrupted sleep due 
to the removal of the inhibitory action of GABA, which is essential for maintaining sleep, and in the regulation of 
sleep-wake cycles69.  
 
In addition, aromatic L-amino acid decarboxylase (AADC; dopa decarboxylase) is a pyridoxal-5-phosphate-dependent 
enzyme that catalyzes the production of dopamine and serotonin from L-3, 4-dihydroxyphenylalanine (L-dopa) and 
L-5-hydroxytryptophan (5-HTP), respectively. Studies in rats have shown that AADC activity is sensitive to vitamin B6 
deficiency71, while studies in humans have confirmed this by showing that patients deficient in pyridoxal-5-
phosphate exhibit reduced aromatic L-amino acid decarboxylase activity72. This supports 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.  
 
Melatonin 
 
Melatonin (5-methoxy-N-acetyltryptamine) is a naturally occurring hormone produced by the pineal gland. It has 
multiple functions throughout the body and brain, including the regulation of immune function, hormone secretion, 
and sleep and circadian rhythms73.  It is primarily released during darkness, or subjective night, and acts to regulate 
activity of the suprachiasmatic nucleus (SCN), the brain’s master circadian pacemaker. Its release profile involves a 
rise soon after the onset of darkness, followed by a peak in the middle of the night and a gradual decline towards 
morning. 
 
Melatonin modulates the brain’s circadian rhythm and the phase shifts which affect sleep timing74. Power OFF 
contains a very small amount of melatonin to make sure the formula addresses every possible pathway toward 
enhancing sleep quality and because evidence suggests that high doses of exogenous melatonin could “numb” the 
SCN, making it less able to entrain with the external environment75. 
 
Melatonin elicits its effects on the SCN via at least two high-affinity melatonin receptors, MT1/MT1a and MT2/MT1b. 
Two distinct functional roles for melatonin on SCN physiology have been identified. Firstly, melatonin acts to 
promote sleep through the acute inhibition of SCN neuronal firing, a mechanism mediated by MT1/MT1a receptors. 
Secondly, melatonin has a phase-shifting effect which entrains the circadian rhythms within the environment (e.g. 
light) and is mediated in part by MT2/MT1b receptors75-78. 
 
Administration of melatonin during daytime, i.e. when it is not present endogenously, has been shown to promote 
fatigue and sleepiness79,80 and modify brain activation patterns in anticipation of sleep81. In contrast, multiple studies 
have highlighted the benefits of melatonin administration on nighttime sleep and clinical disorders such as 
insomnia82. One recent randomized, double-blind, placebo-controlled, parallel group, multi-center questionnaire-
based clinical trial showed that melatonin significantly improved the quality of sleep and morning alertness in older 
patients with primary insomnia compared with a placebo83. These improvements in sleep quality and subsequent 
enhancement of cognitive performance were replicated in a follow-up clinical trial using the gold standard sleep 
measure of polysomnography (PSG) and a behavioral task examining psychomotor performance84. 
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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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