
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

  



 

The Top Science-Backed Supplements 

To Boost Your Energy, Brain 

Performance and Mood Resilience 

Boost Energy Levels 

Fight Chronic Fatigue 

Optimize Metabolic Health 

Enhance Memory, Focus, and Attention 

Improve Cognitive Function 

Avert Neurodegeneration 

Bolster Stress Resilience 

 

 

 

 



 

The 25 Top Supplements For Energy 

and Mitochondrial Optimization 
 

Virtually every biological process in your body requires energy to operate. 

And we can thank little organelles called mitochondria for generating the 

vast majority of this energy. 

 

With very few exceptions, every type of cell in your body contains 

mitochondria responsible for producing virtually all the energy that your 

body uses on a daily basis. They are akin to the power plants that generate 

electricity for our cities — if they fail, dysfunction ensues. 

 

When our mitochondria are dysfunctional, so too is our metabolism.  

 

Mitochondria sit at the central hub of our metabolism and function as 

gatekeepers of cell life and cell death [1]. They influence cell signaling, 

regulate cell death processes, impact cellular redox balance, and house 

important biosynthetic pathways [2]. 

 

When our mitochondria fail, we don’t just lose our energy, we lose our 

health. There are many things that can cause mitochondria to fail — 

exposure to environmental toxicants (e.g. lead, pollutants, BPA, etc.) [3], 

chronic psychological stress [4], infections [5], smoking [6], and nutrient 

deficiencies [7], to name a few. 

 

These chemical, physical, and biological threats cause oxidative stress and 

inflammation that damage our mitochondria and activate what’s called the 

Cell Danger Response (CDR) [8], an evolutionarily conserved pathway where 

our mitochondria shift their resources away from energy production and 

towards cellular protection. 

 

Mitochondria essentially function in two mutually exclusive modes: (1) the 

health-promoting energy production mode, and (2) the cell-protecting 

danger mode. The CDR cannot be “turned off” until the mitochondria give an 

“all-clear” signal, meaning they are free of harm. 
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So long as your mitochondria are damaged and dysfunctional, the CDR 

remains stuck in a repeating loop that blocks cellular healing in an attempt 

to eradicate perceived danger. The more your mitochondria go into danger 

mode, the less they can operate in energy mode, and the greater metabolic 

dysfunction and chronic fatigue you experience. 

 

Over time, this metabolic dysfunction gives rise to the top killers and causes 

of disability in the developed world, cardiometabolic diseases — obesity, 

type 2 diabetes, heart disease, dyslipidemia, hypertension, fatty liver, renal 

failure, and more. 

 

The supplements in this section all excel at helping our mitochondria shift 

from danger mode into energy mode by protecting them from damage, 

facilitating repair processes, and enhancing their ability to produce energy 

when under stress.  

 

With time, your damaged and dysfunctional mitochondria will be replaced by 

an ever-growing number of strong and healthy mitochondria, leading to less 

fatigue, improved physical and mental performance, and better 

cardiometabolic health. 

 

Comprehensive Vitamin and Mineral Formula 

One of the best things you can do for mitochondrial health is take a high-

quality comprehensive vitamin and mineral formula (like Energy Essentials 



 

and Superfoods) that ensures you won’t be running short on any of the 

essential nutrients that your mitochondria need to function. 

 

Think of it like a safety net. 

 

Mitochondria require numerous vitamins and minerals to transform the 

carbohydrates, fatty acids, and amino acids we get from food into cellular 

energy, some of the most important being the B-vitamins, vitamin C, 

vitamin E, vitamin D, magnesium, and zinc [9].  

 

The American biochemist Bruce Ames has conducted numerous studies 

looking at how nutrient insufficiencies over the lifetime contribute to 

mitochondrial decay and degenerative diseases, coining the term Triage 

Theory as a result [10,11]. Essentially, when nutrients are scarce, the body 

will prioritize their use for survival rather than long-term health. 

 

Triage theory is distinctly different from clinical deficiencies. While most 

people consume enough of the vitamins and minerals to prevent overt signs 

of deficiency, they may not be consuming enough to sustain all health-

promoting functions within the body (triage theory), leading to covert signs 

and symptoms that manifest as degenerative diseases later in life. 

 

Yet, more than half of Americans do not meet the estimated average 

requirement (EAR) for vitamins A, D, E, or K, calcium, magnesium, or 

potassium even after taking into account fortified foods [12], and 33–58% of 

adults have at least one biochemical vitamin or mineral deficiency when 

looking at diet alone [13]. 
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Diets recommended by health organizations and professionals aren’t much 

better. An analysis of 70 diet plans created for adults looking to improve 

their nutrient intake found 3–15 vitamin and mineral deficiencies per person 

[14]. In another study analyzing four popular diet plans (Atkins for Life diet, 

The South Beach Diet, the Best Life diet, and the DASH diet), a person 

would need to consume more than 18,000 calories per day to ensure an 

adequate intake of all essential micronutrients [15]. 

 

The solution is simple: Take a high-quality vitamin and mineral supplement.  

 

Without doing expensive testing to look at what specific nutrients you may 

be low in, using a high-quality comprehensive vitamin and mineral formula is 

a powerful way to cover your nutritional bases and correct common 

nutritional deficiencies that frequently contribute to mitochondrial 

dysfunction, fatigue, and poor health. 

 

Daily supplementation with a multivitamin has been shown to reduce fatigue 

by 35% and reduce sleep disturbances by 39% after two months in women 

with chronic fatigue [16]. Moreover, a meta-analysis of 13 primary 

prevention trials found that using a multivitamin for 1–11 years tended to 

reduce the risk of dying from any cause by 6% [17], likely through 

preventing clinical and subclinical deficiencies. 
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On a final note, you’ll want to ensure that your multivitamin provides the 

right types of vitamins and minerals, as not all forms come equal when it 

comes to our health. For example, synthetic vitamin E (DL-alpha-tocopherol) 

not only has lower bioavailability than natural vitamin E (alpha-tocopherol), 

but may cause harm like liver damage and prostate cancer [18,19]. 

 

Recommended Dosing: Find a multivitamin that provides an array of 

biologically appropriate vitamins and minerals, rather than the typical cheap 

stuff you find in your local drug or health food store. (This is why we’ve 

formulated our own comprehensive vitamin, mineral, and superfood formula, 

Energy Essentials & Superfoods.) 

 

NTFactor® Phospholipid Complex 

One of the primary determinants of whether mitochondria switch from 

energy mode to danger mode is the integrity of their membranes — damage 

to mitochondrial membranes signals danger and a need to shift resources 

away from energy production. 

 

NTFactor® is a phospholipid complex capable of surviving digestion and 

supplying mitochondria with a supply of bioactive phospholipids that 

naturally replace damaged mitochondrial membrane components, leading to 

a regeneration of dysfunctional mitochondria, a process called lipid 

replacement therapy [20]. 

 

After just 3 months of supplementation, NTFactor has been shown to restore 

the mitochondrial function of chronically fatigued elderly adults to a level 

seen in healthy 29 year-olds [21]. This improvement was associated with a 

33% reduction in fatigue severity. 

 

https://paperpile.com/c/dwK8OQ/S01L+8nb6
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Numerous other studies have also shown that supplementing with 1–3 

grams of NTFactor® reduces fatigue by 24–43% among those with chronic 

fatigue syndrome or conditions associated with fatigue, like general aging, 

obesity, lyme disease, and Gulf War Illness — all after just several months of 

daily use [22].  

 

 
 

https://paperpile.com/c/dwK8OQ/ksHWe


 

Recommended Dosing: Supplement with 1–3 grams of NTFactor® per 

day. 

 

Acetyl-L-Carnitine 

Consider this little thought experiment: what do you think would happen if a 

delivery of wood never made it to a chair factory that turns wood into 

chairs? The factory was running at full capacity, all of the machines were 

operating perfectly, and every worker that needed to be there was present 

— the wood just never showed up. 

 

Nothing would be made, right? 

 

You can’t make wooden chairs out of nothing, and if there was never a 

delivery of wood, then it doesn’t matter how efficient the factory was, it may 

as well shut down for the day. 

 

Now pretend this factory was your mitochondria — they don’t make energy 

out of nothing, and our body uses intricate transport systems to get raw 

materials inside of them to be used for energy production. One of those 

transport systems is called the carnitine shuttle system, which is essential 

for bringing fatty acids inside mitochondria. 

 

 
 

If you don’t have enough carnitine, you won’t be burning fat and your 

mitochondria are going to have one hell of a time making energy. Even if 

everything else about them is functioning optimally, a lack of carnitine will 

cause your mitochondria to act as if they are damaged and dysfunctional. 



 

 

At the extreme end of this situation, where there is a genetic deficit in 

carnitine biosynthesis, some nasty stuff happens without carnitine 

supplementation [23]:  

 

● Liver damage and dysfunction 

● Brain damage 

● Muscle weakness 

● Lethargy 

● Exercise intolerance 

 

Yet, there can also be situations of mild deficiency where these overt signs 

aren’t present. Dysfunctional carnitine status is consistently observed in 

those with chronic fatigue and correlates to fatigue severity despite no signs 

of clinical deficiency [24]. 

 

We also see problems in the carnitine system with metabolic dysfunction — 

carnitine levels are reduced in rats that develop insulin resistance regardless 

of whether the insulin resistance is brought about from diet-induced obesity, 

genetic alterations, or simple aging [25]. Yet, carnitine supplementation 

greatly offsets the metabolic perturbations and restores 

mitochondrial function. 

 

 
 

In humans, meta-analyses of intervention studies using carnitine have 

documented reductions in body weight and fat mass in overweight 

and obese adults [26], as well as markers of systemic inflammation, 

including C-reactive protein (CRP), tumor necrosis factor alpha (TNF-ɑ), and 

interleukin-6 (IL-6) [27,28].  
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Or maybe you’re healthy, but you’re aging. Carnitine levels and the ability to 

synthesize carnitine decline as we age [29], which may help explain why 

energy levels tend to dip and metabolic health tends to decline as we get 

older, even if all else remains pretty stable. 

 

Thankfully, the solution is pretty simple: supplement carnitine. And if you’re 

going to do that, then you might as well optimize the form you take. Acetyl-

L-carnitine (ALCAR) has been called a “mitochondrial rejuvenator” because it 

not only supplies the carnitine that our mitochondria need to produce energy 

from fatty acids, but also supplies an acetyl moiety that mitochondria use to 

remain youthful and healthy [30]. 

 

Over 20% of mitochondrial proteins rely on acetyl moieties to function 

properly, including those involved in antioxidant defenses and energy 

production [31,32], and one of the key changes in physiology associated 

with longevity is an increased acetylation of mitochondrial proteins [33]. 

 

Supplementing with 4 grams of ALCAR has been shown to improve physical 

function by 24% and reduce mental fatigue, physical fatigue, and overall 

fatigue severity by 43–52% after just six months of daily use in chronically 

fatigued older adults [34]. Their cognitive function also improved by 15%. 

 

 
 

https://paperpile.com/c/dwK8OQ/84nD2
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One of the best-investigated areas of research involving ALCAR’s benefits for 

mitochondrial function is within the brain, making it a powerful nootropic ally 

against neurodegeneration and cognitive decline with aging [35]. 

 

ALCAR concentrations slowly decline as cognitive impairment progresses, 

being 22% lower than normal in those with subjective memory complaints, 

28% lower in those with mild cognitive impairment, and 36% lower in 

Alzheimer’s disease patients [36]. 

 

 
 

Yet, supplementation has been shown to have several brain health benefits: 

 

● Improves mitochondrial function within brain cells [37,38]. 

● Increases acetylcholine signaling and improves learning capacity 

[39,40]. 

● Increases brain energy availability [41]. 

● Protects against β-amyloid neurotoxicity and reduces oxidative stress 

[42,43]. 

 

And no, regular carnitine cannot accomplish these same things. In a head-

to-head comparison trial pitting ALCAR against carnitine, only ALCAR 

reduced several biomarkers of oxidative stress within the brain, 

including those for lipid peroxidation, DNA oxidation, and protein 

oxidation [43]. 
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Both were able to similarly increase total-body and brain-specific 

concentrations of carnitine, so we know that this didn’t play a role in 

reducing oxidative stress. Rather, ALCAR’s ability to increase mitochondrial 

acetylation was likely the reason behind its benefits. 

 

A meta-analysis of 21 randomized, double-blind, placebo-controlled trials 

reported that 1.5–3 grams of ALCAR per day significantly improved cognitive 

function in older adults with mild cognitive impairment or early Alzheimer’s 

disease, with benefits seen as early as 3 months after starting 

supplementation [44]. 

 

Other studies have documented cognitive improvements from ALCAR 

supplementation in those with vascular dementia [45], those who recently 

suffered a stroke [46], and those with hepatic encephalopathy [47,48]. 

 

It can also be a powerful ally against mood disorders like depression. A 

meta-analysis of 12 randomized controlled trials showed that ALCAR 

significantly reduced depressive symptoms with an efficacy similar to 

antidepressant medications, but with less side-effects [49]. 

 

Recommended Dosing: Supplement 500–5000 mg of ALCAR per day. 
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Methylation Support 

One of the most basic compounds in biochemistry is a methyl group — it’s 

just a single carbon bound to three hydrogen atoms. Yet, this simple 

molecule could be the determining factor in whether you get cancer [50,51], 

whether your genetics express themselves [52], or whether the countless 

proteins in your body function properly [53,54]. 

 

The transfer of methyl groups to things that need them — be it your DNA, a 

protein, or a neurotransmitter — is called methylation, and it’s a carefully 

orchestrated enzymatic reaction that we need not just for our survival, but 

also for obtaining optimal health and energy levels. 

 

This entire process is based around the methionine-homocysteine cycle. The 

body’s universal methyl donor, S-adenosyl-methionine (SAM) [55], is 

created from the essential amino acid methionine, transformed into S-

adenosyl-homocysteine (SAH) upon methylating something, and then 

further metabolized into homocysteine, which is either recycled back into 

methionine or used in the transsulfuration pathway. 

 

 
 

Several nutrients are required to ensure that the methionine-homocysteine 

cycle runs smoothly, and insufficiencies in any of them, or certain genetic 

https://paperpile.com/c/dwK8OQ/0kdXu+E1ghv
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polymorphisms that affect how the nutrients are used, can lead to toxic 

elevations in homocysteine. 

 

First and foremost, the buildup of homocysteine causes a backlog of SAH, 

which binds to and blocks the action of methyltransferase enzymes that 

would otherwise use SAM to methylate things [56,57]. The result is a global 

down-regulation of methylation that leads to unstable DNA, altered gene 

expression, and dysfunctional proteins both within the cell and the 

mitochondria. 

 

Second, homocysteine itself has a diversity of harmful effects when 

concentrations become too high. In a dose-response meta-analysis of six 

studies involving over 18,000 adults who were followed for 3–11 years, 

every 5 µmol/L increase in homocysteine was associated with a 33% greater 

risk of dying from any cause [58]. 
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A separate meta-analysis found that every 5 µmol/L increase in 

homocysteine was associated with a 27% increased risk of dying from any 

cause, a 32% increased risk of dying from cardiovascular diseases, and a 

52% increased risk of dying from coronary heart disease [59]. 

 

Part of this association is likely explained by homocysteine’s effects on 

mitochondria, where it interferes with the activity of complexes II, III, and 

IV in the electron transport chain, impairs mitochondrial membrane 

integrity, reduces energy production, and promotes cell death processes 

[60]. The other part of this association is likely explained by noxious effects 

on the cardiovascular, nervous, and skeletal systems [61]. 
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High levels of homocysteine wreck havoc on the cardiovascular system by 

causing blood vessel damage and dysfunction, reducing the flexibility of 

blood vessels, and impairing processes involved in regulating blood fluidity 

[62,63]. Dysfunctional blood vessels means less oxygen and nutrient 

delivery throughout the body and brain. 

 

A meta-analysis of 21 studies found that every 5 µmol/L increase in 

homocysteine was associated with a 20% increased risk of developing heart 

disease, even after adjusting for traditional risk factors like smoking, 

physical activity, and high blood pressure [64]. Another study found that 

every 5 µmol/L increase was associated with a 40% increased risk of having 

narrow arteries within the brain, something called intracranial stenosis [65]. 

 

 
 

The vascular effects of homocysteine, combined with the fact that it’s a 

neurotoxin, also make it a strong risk factor for neurodegenerative diseases, 

dementia, and mood disorders [66]. If you currently don’t have any form of 

cognitive impairment, then you can expect your risk of cognitive decline, 

dementia, and Alzheimer's disease to increase over the next decade of life if 

you have high homocysteine concentrations [67]. 

 

Increased risk of cognitive decline per 5 µmol/L increase in 
homocysteine 

All types of 
dementia 

 

12% 

Alzheimer’s 
disease 

 

15% 

Vascular 
dementia 

 

32% 

Cognitive 
impairment 

 

6% 
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Mechanistic, clinical, and observational evidence all converge to show that 

even just a moderately elevated homocysteine level is causal for cognitive 

decline and Alzheimer’s disease, and that lowering homocysteine levels in 

the elderly population could prevent 12–30% of all dementia and Alzheimer’s 

disease cases [68]. 

 

Lastly, homocysteine directly interferes with collagen formation, which can 

have severe long-term consequences on bone and joint health, particularly 

when combined with impaired blood flow from vascular complications 

[69,70]. As a result, elevated homocysteine levels have been linked to an 

increased risk for fractures [71], physical limitations [72–74], and low 

muscle strength [73,74]. 

 

Ideally, you want your homocysteine level to be 5–7 µmol/L, since it’s above 

this range that the harmful effects start to appear. You don’t want your 

homocysteine too low because it's one of the primary sources of glutathione 

via the aforementioned transsulfuration pathway (about half of the liver’s 

glutathione concentration comes from homocysteine [75]), and having 

concentrations less than 5 µmol/L could predispose you to oxidative stress 

[76]. 

 

Ensuring that we keep our homocysteine in the optimal range requires four 

nutrients:  

 

1) Folate and Vitamin B12 for remethylation into methionine via 

methionine synthase (MTR), which is the primary route of recycling 

homocysteine. 

 

2) Betaine for remethylation into methionine via betaine-homocysteine 

methyltransferase (BHMT), which is a secondary route of recycling 

homocysteine. 

 

3) Vitamin B6 for transformation into cysteine via cystathionine-β-

synthase (CBS) and entrance into the transsulfuration pathway. 
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Folate 

Of all the nutrients involved in homocysteine metabolism, folate is the most 

well-investigated and nuanced, the reason being the complexity of folate 

metabolism itself. When dealing with methylation, we require a form of 

folate called 5-methyl-tetrahydrofolate (5-MTHF), or methyl-folate for short. 

 

 
 

Methyl-folate makes up over half of the folate you get from plants [77], so a 

diet rich in fibrous vegetables and legumes is a great way to help maintain 

healthy homocysteine levels, but many individuals do require folate 

supplements, in which case it is prudent to use methyl-folate. 

 

The only way we can make methyl-folate from other forms is through the 

enzyme methylene-tetrahydrofolate reductase (MTHFR). Yet, many people 

have single-nucleotide polymorphisms (SNPs) that impair the ability of this 

enzyme to function. 

 

The two most common polymorphisms are 677C→T and 1298A→C, both of 

which reduce MTHFR function to varying degrees [78–80]. For example, if 

having zero SNPs represents a completely functional enzyme, then being 

https://paperpile.com/c/dwK8OQ/TDbsf
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677 TT can reduce enzymatic function by 70–80%, while being 1298 CC can 

reduce function by 40–50%. 

 

GENOTYPE 677 CC (normal) 
677 CT 

(heterozygous) 

677 TT 

(homozygous) 

1298 AA (normal) 100% 50–75% 20–30% 

1298 AC 
(heterozygous) 

60–90% 35–60% — 

1298 CC 

(homozygous) 
50–60% — — 

The dashes (—) represent a lack of data due to the extreme rarity of these combinations. 

 

If you have any of these mutations, then you’re going to have difficulty 

recycling homocysteine unless you directly consume methyl-folate to bypass 

this bottleneck process.  

 

Another form of folate to be aware of is folinic acid, which is capable of 

becoming the core tetrahydrofolate (THF) molecule in folate metabolism 

without any enzymatic conversion. While it cannot bypass issues with MTHFR 

activity, it can effectively support overall folate requirements by the body, 

particularly those involved in DNA repair and replication [81]. 

 

Lastly, it’s important to note that most folate supplements do not include 

any folate, instead opting for folic acid, a cheap and synthetic form of folate 

with zero biological activity within the body. To be usable, it needs to be 

converted twice by the enzyme dihydrofolate reductase (DHFR).  
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DHFR was designed by nature to deal with dihydrofolate (DHF), not the 

synthetic folic acid. As a result, enzymatic transformation of folic acid is 

incredibly slow, about 1300 times slower than the enzymatic transformation 

of DHF [82], meaning that the ability to create biologically active forms of 

folate are greatly impaired with folic acid. 

 

To add insult to injury, the slow metabolism of folic acid causes it to backlog, 

leading to a buildup of unmetabolized folic acid that interferes with other 

aspects of folate metabolism [83]: 

 

● Binds to folate receptors (FOLR) and transporters (SLC) [84–86], 

thereby blocking biologically active forms of folate from being able to 

enter cells and circulate through the body. 

 

● Competitively inhibits the ability of DHFR from metabolizing DHF [82], 

further inhibiting the creation of biologically active folates. 

 

● Can reduce the activity of the MTHFR enzyme, thereby reducing the 

ability to create methyl-folate and recycle homocysteine [87,88]. 

 

While negative effects are unlikely with small amounts of folic acid, 

consuming 5 mg per day from fortified foods and supplements has been 

documented to cause a pseudo methyl-folate deficiency in someone who 

didn’t have any MTHFR polymorphisms [89].  

 

Recommended Dosing: The amount of folate needed to support 

maintaining healthy levels of homocysteine is variable between individuals, 

but you want to ensure you are getting at least 400 mcg per day of methyl-

folate. Taking additional folinic acid can help optimize folate status, but is 

not necessary. Folic acid should be avoided. 

 

Riboflavin 

While not involved in homocysteine metabolism per se, riboflavin is 

necessary to optimize the function of the MTHFR enzyme involved in creating 

methyl-folate. Specifically, the 677C→T SNP reduces enzyme activity by 

reducing the binding affinity of MTHFR to riboflavin, which is required for 

MTHFR to function [90,91].  
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A reduced binding affinity simply means that more riboflavin is necessary for 

the enzyme to function normally, and saturating riboflavin stores can 

actually restore mostly normal function of this enzyme in those who have 

the SNP. 

 

This was beautifully demonstrated in a study by researchers from Spain, 

who looked at the relationship between homocysteine, MTHFR 

polymorphisms, and riboflavin status [92]. They found that individuals with 

MTHFR polymorphisms had elevated homocysteine concentrations only when 

riboflavin status was suboptimal, and that this relationship held regardless of 

how much folate was available. 

 

 
 

Since you need methyl-folate around the clock, it’s sensible to saturate 

riboflavin stores and ensure MTHFR functions properly. Although people tend 

to see improvements in their riboflavin status from supplementing with just 

2–5 mg per day [93], intestinal absorption for a single dose maxes out at 

https://paperpile.com/c/dwK8OQ/N31p
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around 27 mg [94], and at least one study has shown that supplementing 25 

mg improves riboflavin status more than supplementing 2 mg [95].  

 

Recommended Dosing: Supplement with 25 mg of riboflavin per day. 

 

Vitamin B12 

Vitamin B12, also known as cobalamin, is required alongside folate for 

turning homocysteine back into methionine. Methyl-folate donates its methyl 

group to vitamin B12, forming methyl-B12 that passes the methyl group to 

homocysteine, forming methionine. 

 

The methionine synthase reaction repeats indefinitely provided there is 

enough vitamin B12 and methyl-folate to support it. However, every 2000 

reactions or so, B12 becomes oxidized and unusable, which requires fixing 

by methionine synthase reductase (MTRR) [96].  

 

MTRR is basically a giant enzyme that latches onto methionine synthase and 

helps repair the B12 with the use of riboflavin and SAM. If MTRR didn’t exist 

to perform this function, then methionine synthase enzymes couldn’t 

function due to the accumulation of oxidized B12. 
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Just like with MTHFR, there are SNPs in the MTRR enzyme that reduce its 

functional ability. The most common are the SNPs 66A→G and 524C→T, 

which reduce the affinity of MTRR for MTR by more than 3-fold, meaning 

that more oxidized B12 and dysfunctional MTR enzymes need to accumulate 

before MTRR starts working optimally [97]. 

 

To circumvent this problem, you’ll simply want to optimize your vitamin B12 

status, which will ensure a fresh supply of non-oxidized B12 is available to 

be used on-demand, even if the repair processes take longer to work. 

 

Ultimately, all supplemental forms of vitamin B12 are capable of supplying 

bioavailable B12 preventing a deficiency [98]. However, some studies have 

suggested that retention rates with methyl- and hydroxy- B12 are greater 

than that of cyano-B12, largely due to lower excretion [99,100]. 

 

If we combine that with the fact that there could be yet unidentified SNPs in 

B12 receptors and transporters that impact how someone responds to 

specific forms of B12 supplements, then it makes sense to supplement with 

a combination of the methyl-, adenosyl-, and hydroxy- forms of B12 — the 

forms that we naturally obtain in our diet. 

 

Recommended Dosing: With daily requirements for vitamin B12 being 

incredibly low (<3 mcg), and with no known upper limit for toxicity, virtually 

all supplements provide more than enough vitamin B12 to be taken on a 

daily basis. Instead of dose, focus on looking for methyl-, adenosyl-, or 

hydroxy forms. 

 

Vitamin B6 

Vitamin B6 is required for the function of cystathionine-β-synthase (CBS) 

that enters homocysteine into the transsulfuration pathway. This is a 

critically important pathway because one of the primary end-products is 

glutathione, our body’s master antioxidant. 
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Your body is smart enough to have evolved regulatory mechanisms whereby 

high levels of oxidative stress impair the enzymes involved in recycling 

homocysteine back into methionine, while simultaneously upregulating the 

activity of CBS, so that more homocysteine becomes available to enter into 

the transsulfuration pathway and create glutathione [75,101,102]. 

 

There are three naturally occurring forms of vitamin B6 that we can get in 

the diet: 

 

● Pyridoxal 

● Pyridoxamine 

● Pyridoxine 

 

The first two are found in animal products while the latter comes from 

plants. However, only pyridoxal has biological activity in the body, meaning 
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that all forms must be turned into it to be usable. Specifically, they need to 

become pyridoxal-5-phosphate (P5P). 

 

 
 

Regardless of the form you take, most of the B6 will be turned into P5P 

within intestinal cells and the liver [103,104], similar to how all forms of 

vitamin B12 are turned into a basic B12 molecule. However, there could be 

yet unknown polymorphisms in the enzymes involved in these 

interconversion processes that impair our ability to make P5P from other 

forms of B6. 

 

For example, research in children with epilepsy has suggested that P5P is 

more effective at managing seizures than pyridoxine in some children [105], 

indicating there could be yet-unknown differences in the ability to 

interconvert the B6 forms. 

 

Another potential reason to favor P5P supplements over pyridoxine is 

because the latter has been linked to the development of peripheral 

neuropathy in people supplementing more than 25 mg per day for months to 

years [106]. While the exact mechanism isn’t known, the most likely 

scenario is that pyridoxine competes with P5P for enzymes that need P5P to 

function, rendering them useless [107]. 
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Recommended Dosing: Supplement with 5–10 mg of pyridoxal-5-

phosphate. 

 

Betaine 

Betaine, also known as trimethylglycine, can help recycle homocysteine back 

into methionine by donating one of its methyl groups, thereby providing an 

alternative route of homocysteine metabolism that does not require folate or 

vitamin B12.  

 

Several studies have shown that betaine supplementation reduces 

homocysteine levels in a dose-dependent manner, where higher doses lead 

to greater reductions [108–110]. These studies used upwards of 6 grams 

per day without harm, suggesting this is a safe upper limit to work towards. 

However, even amounts of 100–200 mg will support homocysteine 

metabolism. 

 

 
 

While we can make betaine within our body from choline, it makes more 

sense to simply supplement betaine, since that frees up choline to create 

phospholipids and neurotransmitters that require it.  

 

Recommended Dosing: Supplement with at least 100–200 mg of betaine 

(trimethylglycine) daily, going up to 6 grams per day if homocysteine levels 

remain elevated. 
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Creatine Monohydrate 

Although mitochondria produce most of the energy our body needs on a 

daily basis, certain activities require more energy than what’s available for 

use. Since our cells store very little cellular energy (ATP), the body relies on 

a molecule called phosphocreatine to near-instantly regenerate ATP when 

other methods of energy production can’t keep up with demands. 

 

The ability to replenish ATP is so efficient that intramuscular ATP 

concentrations remain almost unchanged during the first 10 seconds of all-

out exertion [111,112]. Phosphocreatine produces energy 12 times faster 

than mitochondria [113], and the depletion of phosphocreatine is the entire 

reason your speed slows down and your strength declines after 5–10 

seconds of going all-out. 

 

Creatine supplementation works through saturating phosphocreatine stores, 

making more of it available for use when needed. This is why creatine is 

such a heavily researched ergogenic supplement for bolstering exercise 

performance, and meta-analyses of randomized controlled trials 

unambiguously report that creatine supplementation increases muscle 

strength, power output, and lean body mass in both younger and older 

adults [114–118]. 

 

Cellular growth and repair processes also require creatine to support their 

energy demands, such as when your muscles become damaged from 

exercise [119,120]. If you genetically alter mice to lack creatine, they 

experience substantial reductions in muscle size and strength compared to 

normal mice, effects that are completely reversed with creatine 

supplementation [121]. 
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Moreover, creatine has been shown to protect muscle fibers from high levels 

of oxidative stress and preserve their ability to grow and differentiate under 

these harsh conditions [122], effects that were determined to be through 

several converging mechanisms [123]: 

 

● Direct antioxidant activity 

● Increased growth factor signaling 

● Enhanced energy availability 

● Mitochondrial protection 

 

The impact of creatine on mitochondria may be one of its most 

underappreciated benefits. Not only does creatine increase mitochondrial 

biogenesis, structural integrity, and function [124], it helps transport energy 

out of mitochondria and sensitize mitochondrial energy production to cellular 

energy requirements [125,126]. 

 

Collectively, these benefits for cellular repair and mitochondrial function 

explain why creatine supplementation speeds recovery after muscle-

damaging exercise, reduces the extent of muscle damage, and lessens the 

inflammatory fallout from a hard training session [127–129].  

 

But muscles aren’t the only tissue reliant on creatine. The neurons in our 

brain and throughout the body require creatine to support their intense and 
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fluctuating bursts of communication, with impairments in creatine 

metabolism linked to neurodegeneration [130,131]. 

 

Just like with our muscles, creatine supplementation increases brain creatine 

stores by 5–15% depending on concentrations before supplementation and 

the size of the person supplementing [132–134]. Some evidence suggests 

that supplementation may improve short-term memory, intelligence, and 

reasoning ability among otherwise healthy adults, particularly in those with a 

low dietary intake (found only in meat) [135,136]. 

 

Lastly, creatine synthesis uses 40% of all S-adenosyl-methionine (SAM) 

within the liver [137], making it an appreciable burden on our methylation 

system (see our prior discussion on supplements for methylation support). 

Supplementation can, therefore, free up significant amounts of SAM to 

methylate other molecules by inhibiting the body’s creatine synthesis. 

 

There is no benefit from using forms of creatine other than monohydrate, as 

this is the form used in virtually all research on creatine to date. Research 

comparing monohydrate to other forms advertised as being superior have 

found no differences (such is the case for the buffered creatine known as 

Kre-Alkalyn® [138] and creatine ethyl ester [139]). 

 

Recommended Dosing: Supplement with 500–5000 mg of creatine 

monohydrate per day.  

 

Taurine 

Taurine is an omnipresent amino acid within the body, essential for the 

development and function of our cardiovascular, muscular, nervous, and 

ocular systems [140]. It’s required to regulate water balance, for cell 

signaling, to make bile and excrete toxicants, and, most importantly, it’s 

required for mitochondrial function and energy production. 

 

As such, it should be no surprise that taurine deficiencies are implicated in 

numerous chronic disease states [141,142]. 

 

● Neurodegeneration 
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● Stroke 

● Macular degeneration and cataracts 

● Metabolic dysfunction 

● Heart failure 

● High blood pressure 

● Atherosclerosis 

● Muscular dystrophy 

● Sarcopenia 

 

The highest amounts of taurine are in tissues with huge energy 

requirements and a lot of mitochondria, such as the retina, nerves, kidney, 

heart, and skeletal muscle [143]. There’s two primary reasons for this: 

 

1) Taurine is essential for mitochondrial protein synthesis [144]. 

2) Taurine stabilizes the mitochondrial pH gradient necessary for 

mitochondrial enzyme activity and energy production [145]. 

 

If mitochondria don’t have enough taurine, energy production decreases and 

oxidative stress increases [146]. Several clinical trials have shown that 

supplementing with 3 grams of taurine per day reduces biomarkers of 

oxidative stress and inflammation in those with metabolic dysfunction [147–

149]. 

 

 
 

Over time, the build-up of oxidative stress causes mitochondria to simply 

terminate their lives and the life of the cell containing them [150]. The 

reduction in mitochondrial energy production and increase in cell death as a 
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result of taurine deficiency is an established cause of heart failure and other 

cardiovascular diseases [151,152]. 

 

Taurine is also being heavily investigated for its ability to help offset 

sarcopenia and other diseases of muscle wasting [153,154]. In mice lacking 

the ability to uptake taurine into their skeletal muscle, exercise capacity is 

reduced by over 80% [155], whereas supplementing taurine into the diets of 

mice undergoing an exercise program enhanced mitochondrial function, 

energy production, and muscular strength [156]. 

 

Additionally, a meta-analysis of 10 studies involving mostly young and 

healthy adults reported that 1–6 grams of taurine improved endurance 

exercise performance, particularly power output and the amount of time that 

people could run before exhaustion [157]. 

 

Recommended Dosing: Supplement with 1–6 grams of taurine per day. 

 

Astaxanthin 

Astaxanthin is a carotenoid produced by the microalgae Haematococcus 

pluvialis as protection for its cells against oxidative stress [158]. You’ve 

likely seen it in the many creatures that eat it — krill, shrimp, crab, and 

salmon are all rich sources of astaxanthin that pigments their flesh and 

shells with a red-orange hue.  

 

Humans also make use of it, as we’ve developed an effective system of 

incorporating dietary carotenoids directly into cell membranes as a means of 

preventing membrane oxidation and increasing membrane fluidity [159]. 

Astaxanthin is particularly good at this because of its unique polar structure 

that allows it to cross the entire cell membrane [160]. 
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While other types of antioxidant molecules generally act either inside or 

outside the membrane, astaxanthin’s structure allows it to do both, thereby 

helping stabilize membranes and protect them from oxidative damage, both 

for the cell itself and the mitochondria within [161–163]. 

 

Astaxanthin is also a far more potent antioxidant molecule than vitamin E 

and other carotenoids like β-carotene, lycopene, and lutein, which have only 

15–69% of astaxanthin’s ability to prevent membrane peroxidation [164]. 

Just three weeks of supplementing with 5 mg of astaxanthin per day 

reduced oxidative stress and increased antioxidant status in individuals 

carrying around too much body fat to levels seen in those at a normal body 

weight [165]. 
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The structural polarity and antioxidant properties of astaxanthin have 

afforded it a powerful ability to prevent mitochondrial dysfunction and help 

reverse the mitochondrial dysfunction associated with aging [166,167], 

leading some researchers to call it a “mitochondria-targeted antioxidant” 

[168]. 

 

In fatigued elderly adults, four months of supplementation with 12 mg of 

astaxanthin increased maximal strength by 14%, muscle size by 3%, and 

force production by 12% compared to a placebo [169].  

 

In recreationally active college students, six months of supplementation with 

4 mg of astaxanthin per day increased muscular endurance by 3-fold 

compared to a placebo group [170].  

 

Other studies have found that astaxanthin helps prevent the decrease in 

antioxidant defenses that occur from prolonged endurance exercise in elite-

level soccer players and helps improve endurance exercise recovery in 

recreational athletes [171,172]. 

 

Recommended Dosing: Take 4–12 mg of astaxanthin per day. 

 

N-Acetyl-Cysteine 

Glutathione is an omnipresent molecule required for direct antioxidant 

activity, recycling other antioxidants, detoxifying and excreting toxins, and 

maintaining mitochondrial function [173]. Our body relies on glutathione so 

heavily that virtually every cell in the body has stores of it similar in size to 

some of the most important nutrients for energy and cellular function, like 

glucose, potassium, and cholesterol. 

 

The synthesis of glutathione requires three amino acids: cysteine, glycine, 

glutamate, and glycine. Cysteine is the rate-limiting amino acid, meaning 

that cysteine concentrations are what determine how much glutathione can 

be made. N-Acetyl-Cysteine (NAC) supplementation is an effective means of 

increasing glutathione concentrations because it supplies the cysteine that 

our body needs to make glutathione [174,175]. 
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For instance, acetaminophen (Tylenol) toxicity causes liver damage by 

depleting the liver of glutathione, and the standard of care medical 

treatment is simply providing patients with NAC to replenish glutathione 

reserves in the liver, which quells the oxidative stress and maintains 

mitochondrial energy production [176]. 

 

Through helping to sustain optimal glutathione concentrations, NAC has 

been demonstrated to reduce mitochondrial oxidative damage and preserve 

cellular life in the face of genetic mitochondrial mutations or toxic conditions 

that directly damage mitochondria [177–180]. 

 

Moreover, by serving as an antioxidant precursor rather than an antioxidant 

itself, NAC shows greater promise than other antioxidant compounds for 

supporting mitohormesis [181], a process whereby the mitochondria adapt 

to stress by growing bigger and stronger. That’s because it doesn't directly 

interfere with oxidative stress, but rather gives the body the tools it needs to 

deal with it itself. 

 

A meta-analysis of 28 clinical trials found that supplementing with 600–2000 

mg of NAC per day significantly reduced biomarkers of oxidative stress and 

inflammation [182]. A separate meta-analysis of 24 randomized controlled 

trials also reported that 400–2000 mg of NAC per day reduced inflammatory 

biomarkers [183]. 

 

Lastly, glutathione is essential for the proliferation of white blood cells and 

overall immune function [184,185]. One potential contributor to chronic 

fatigue is an overactive immune system “stealing” NAC from muscle tissue 
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to satisfy its own glutathione needs, thereby limiting energy production and 

antioxidant protection in muscle tissues [186]. 

 

Recommended Dosing: Supplement 200–2000 mg of NAC per day. 

 

D-Ribose 

D-ribose is a naturally occurring sugar molecule that assists in the 

production of cellular energy by virtue of being a necessary component of 

ATP, DNA, and RNA [187]. In particular, D-ribose is the product of a rate-

limiting step in ATP production within mitochondria and supplementation 

directly bypasses this bottleneck to increase energy production [188]. 

 

Accordingly, some evidence suggests that D-ribose can help boost energy 

and physical function in situations where energy levels are reduced, such as 

people who have suffered from heart disease or stroke [189–191], or people 

engaging in regular intense exercise [192,193]. 

 

In adults with chronic fatigue, supplementing with 5 grams of D-ribose three 

times per day (15 grams per day in total) led to 45% greater energy levels, 

25% better sleep quality, 16% more mental clarity, 14% less pain, and 30% 

greater overall wellbeing [194]. Another study reported similar findings after 

using 10 grams per day, with all benefits disappearing within a week of 

stopping supplementation [195]. 
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Recommended Dosing: Supplement with at least 500 mg of D-ribose per 

day to support mitochondrial energy production, and up to 15 grams per day 

as necessary. 

 

Alpha-Lipoic Acid (Ideally R-ALA) 

Alpha-lipoic acid (ALA) is a mitochondrial molecule involved in energy 

metabolism and the antioxidant system. It is not only essential for 

mitochondria to create cellular energy, but also serves to function as an 

antioxidant, replenish other antioxidants, and stimulate the production of 

antioxidant enzymes like glutathione [196]. 

 

 
 

ALA is being heavily investigated as a mitochondrial rejuvenator, able to 

help reverse age-related declines in mitochondrial energy production [197], 

particularly within the brain [198,199]. One case study of a woman suffering 

from mitochondrial disease found that daily supplementation with 600 mg of 

ALA increased brain energy availability and her ability to be active [200]. 
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Other research has suggested that ALA benefits neurodegenerative disorders 

and age-related cognitive decline [201,202]. ALA accumulates in various 

brain regions as soon as an hour after ingestion [203,204], and it has been 

shown to protect against neuronal cell death [205]. In patients with 

Alzheimer’s disease, supplementing with 600 mg of ALA per day alongside 

fish oil prevented a decline in cognitive function over one year compared to 

both fish oil alone and a placebo [206]. 

 

Lastly, the mitochondrial benefits of ALA supplementation seem to extend to 

metabolic health as well [207,208]. Several studies have shown that 

supplementing with 800–2000 mg per day facilitates weight loss and 

reductions in waist circumference among both men and women using it for 

several months [209–211]. 

 

As an aside, ALA exists as either an S or R isomer, with unspecified ALA 

being a 50-50 'racemic' solution of both. Most studies use the racemic 

solution, but only R-ALA has biological activity in the body and is more 

bioavailable [212]. 

 

Recommended Dosing: Supplement with at least 50 mg of R-ALA per day 

to support mitochondrial function and upwards of 600 mg to support brain 

health. (Note: If using regular ALA, not R-ALA, much higher doses will be 

needed and some of the benefits may not materialize.) 

 

Panax Ginseng 

Panax ginseng has been used medicinally for thousands of years in China, 

Korea, and Japan to alleviate physical and mental fatigue. While there are 

several types of ginseng on the market, panax ginseng is considered the 

“true” ginseng. 

 

At a fundamental level, panax ginseng works to protect mitochondria from 

oxidative damage and improve energy production under conditions of 

oxidative stress [213,214]. There are numerous ways it does so [215]: 

 

● Reducing mitochondria-specific oxidative stress 

● Stimulating mitochondrial biogenesis 
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● Enhancing mitophagy and targeted cell death protocols 

● Increasing mitochondrial respiration 

● Modulating mitochondrial dynamics (fusion-fission protocols) 

 

 
 

Accordingly, a systematic review and meta-analysis of studies in chronic 

fatigue patients found that 200–2000 mg of panax ginseng per day was 

effective for reducing fatigue severity [216].  

 

One study reported that supplementing with panax ginseng for just one 

month led to a 20% reduction in fatigue severity compared to a placebo 

[217], while another study reported a 20% fatigue reduction, increased 

levels of internal antioxidants like glutathione, and reduced biomarkers of 

oxidative stress [218]. 

 

Recommended Dosing: Supplement 200–2000 mg of panax ginseng per 

day. 

 

PQQ 

Pyrroloquinoline Quinone (PQQ) is an antioxidant pseudovitamin, meaning it 

isn’t essential for our survival but may be essential for optimal long-term 
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health [219,220]. It’s an incredibly potent and resilient antioxidant molecule, 

capable of neutralizing upwards of 20,000 free radicals before self-oxidizing, 

compared to 4 for vitamin C [221]. 

 

It’s also a potent stimulator of pathways involved in mitochondrial 

biogenesis and energy production [222,223]. In particular, it stimulates 

pathways shared by exercise training and is believed to potentiate and 

enhance activity-induced benefits on mitochondria [224]. 

 

At least one randomized controlled trial has supported this idea, showing 

that mitochondrial biogenesis signaling increased by 2.2-fold following 6 

weeks of aerobic exercise training plus 20 mg per day of PQQ, compared to 

a mere 50% increase from training alone [225]. 

 

 
 

In another study of healthy adults, just three days of supplementing with 

20–30 mg of PQQ reduced inflammation and improved markers of 

mitochondrial respiration [226]. Supplementing with 20 mg of PQQ daily has 

also been shown to reduce fatigue and increase vigor by 20%, as well as 

improve mood, sleep quality, and overall quality of life, in adults complaining 

of poor sleep and energy levels [227].  
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Lastly, several studies have reported that supplementing with 20 mg per day 

of PQQ improves cognitive function, particularly attention and working 

memory, and increases cerebral blood flow after three months [228–230]. 

 

Recommended Dosing: Supplement 10–30 mg of PQQ per day. 

 

Coenzyme Q10 

Coenzyme Q10 (CoQ10) is an essential component of the electron transport 

chain through which mitochondria generate energy. It serves a dual purpose 

as an antioxidant within the chain and an energy-transferring molecule. As 

such, deficits in CoQ10 will not only lead to a cessation of energy production, 

but also an increase in oxidative damage. 

 

 
 

Individuals with chronic fatigue regularly show deficiencies in CoQ10 

concentrations throughout the body [24], as do those with conditions in 

which fatigue is a common symptom, like fibromyalgia [231–233], those 

who have survived heart attacks or heart failure [234,235], and multiple 

sclerosis [236,237]. 

 

Just several months of supplementing with 150–300 mg of CoQ10 improves 

fatigue, autonomic nervous system activity (the part of the nervous system 

involved in rest and recovery), and biochemical parameters of mitochondrial 

energy production [238–241]. Even in healthy adults, CoQ10 
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supplementation improves general fatigue and reduces oxidative stress 

[242,243]. 

 

Recommended Dosing: Supplement 50–300 mg of CoQ10 per day. 

 

Green Tea Catechins 

Green tea is one of several teas made from the Camellia Sinensis plant, with 

the others being black, oolong, and white teas. The difference between them 

is simply how long the tea leaves are allowed to oxidize — green tea is the 

least oxidized. 

 

Green tea catechins include four phytochemical molecules, the most potent 

one being epigallocatechin-3-gallate (EGCG). It has been implicated in 

benefiting almost every organ system in the body in doses you can obtain 

easily from simply drinking green tea [244–246]. 

 

 
 

EGCG is neuroprotective [247,248], cardioprotective [249,250], anti-obesity 

[251–253], anti-carcinogenic [254,255], and anti-diabetic [256], all due 

https://paperpile.com/c/dwK8OQ/srfmD+Prdon
https://paperpile.com/c/dwK8OQ/UBvx+fZQe+akja
https://paperpile.com/c/dwK8OQ/UNKQC+VIU8t
https://paperpile.com/c/dwK8OQ/yguDH+vpCLr
https://paperpile.com/c/dwK8OQ/kxDJf+O8hrq+6E0MT
https://paperpile.com/c/dwK8OQ/XsfZv+4E481
https://paperpile.com/c/dwK8OQ/MXgxb


 

primarily to its ability to stimulate mitochondrial biogenesis, enhance energy 

production, and protect mitochondria from oxidative stress [257,258]. 

 

Over the course of 12 weeks, daily supplementation with 280 mg of EGCG 

with 80 mg of resveratrol (a phytochemical found in grape skin) significantly 

increased the use of fat as an energy source and mitochondrial function 

(oxidative metabolism) compared to a placebo [259]. Moreover, several 

meta-analyses of clinical trials have concluded that 100–500 mg of EGCG 

reduces body weight and body fat [260–263], particularly abdominal fat 

[264].  

 

For reference, a single cup (8 ounces or 250 ml) of brewed green tea 

typically contains about 50–100 mg of EGCG, with variation from one cup of 

tea to another depending on many factors (species of tea, length of 

steeping, time spent oxidizing, etc.). 

 

Recommended Dosing: Supplement 100–500 mg of EGCG per day. 

 

Quercetin 

Quercetin is a well known bioflavonoid found in many fruits and vegetables, 

particularly onions and apples. It is a potent antioxidant and anti-

inflammatory molecule that affects an array of mitochondrial processes, 

including mitochondrial biogenesis, mitochondrial energy production, and the 

protection of mitochondria from oxidative stress [265,266].  

 

Several meta-analyses of clinical trials have reported that 500–1000 mg of 

quercetin taken daily is able to improve endurance exercise performance and 

maximal oxygen consumption [267,268], and, in those with metabolic 

dysfunction, reduce markers of inflammation [269,270], improve blood lipids 

[271–273], and lower blood pressure [274,275]. 

 

Importantly, these all use regular unenhanced quercetin. Yet, a quercetin 

phytosome complex has vastly superior bioavailability, leading to quercetin 

levels 20-fold greater in the blood following supplementation [276]. In other 

words, 50 mg of the phytosome is equivalent to 1000 mg of regular 

quercetin. 
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Recommended Dosing: Supplement 300–1000 mg of quercetin per day. 

Ideally, take the phytosome form, which has greatly improved bioavailability 

compared to the unenhanced version.  

 

Resveratrol 

Resveratrol is a phytochemical found primarily in grape skins and wine. It 

works primarily through hormesis; it stresses our mitochondria and 

stimulates adaptations that ultimately make them bigger and stronger. But 

only if you use enough and not too much. 

 

For almost every outcome that resveratrol has been tested for, there’s a 

hormetic relationship where too little has no effect and too much is either 

useless or harmful [277]. With mitochondria specifically, benefits are seen 

with just modest doses of resveratrol from a supplemental standpoint.  

 

For example, energy production in both healthy and genetically mutated 

mitochondria is increased by 40–100% with a dose of resveratrol that 

corresponds to supplementing with just several hundred mg [278].  
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In a trial of adults carrying around excess fat mass, just one month of 

supplementing with 150 mg per day of resveratrol leads to significant 

increases in the activation of several mitochondrial regulators, including 

AMPK, SIRT1, and PGC-1α, while also increasing the ability of mitochondria 

to oxidize fat as an energy source [279]. 

 

Increases in SIRT1 and AMPK were also seen in adults with type 2 diabetes 

after supplementing with 3000 mg per day of resveratrol for 12 weeks, 

which coincided with an 8% increase in energy expenditure, likely from the 

increase in mitochondrial function [280].  

 

Lastly, it’s worth mentioning that resveratrol supplementation increases 

mitochondrial adaptations to exercise [281,282]. For example, in adults 

undergoing 12 weeks of resistance and endurance training, supplementing 

with 500 mg per day of resveratrol was superior to a placebo for improving 

aerobic fitness, muscular strength, size, and fatigue resistance, and 

mitochondrial density of skeletal muscle [281]. 

 

Recommended Dosing: Supplement 150–3000 mg of resveratrol per day. 

 

 

Pomegranates 

Pomegranate is a rich source of ellagitannins, potent antioxidants that can 

be further broken into other antioxidant compounds like ellagic acid and 

urolithins [283,284]. These substances have been heavily investigated for 

their cardiovascular, anti-cancer, and mitochondrial benefits. 
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Regular intake of pomegranate juice has been shown to reduce blood lipid 

oxidation and the accumulation of plaque in arteries over the course of 1–3 

years [285], particularly in people who have higher levels of oxidative stress 

[286,287]. 

 

The most important benefit of pomegranates is their ability to stimulate 

mitochondrial function and mitophagy [288]. When ellagitannins are 

metabolized by the microbes in our gut, they produce a molecule called 

urolithin A, which is arguably the most potent stimulator of mitophagy ever 

discovered. 

 

Mitophagy (mitochondria + autophagy) is a quality control pathway that 

preserves mitochondrial health by targeting damaged mitochondria for 

autophagic degradation, making anything that facilitates mitophagy 

absolutely vital for optimal health and disease prevention. 

 

Animal studies have shown that urolithin A can induce profound extensions 

of lifespan of more than 45% in lower animals like worms, and 42% 

improvements in running endurance in rats (compared to rats not receiving 

urolithin A) [289]. Another study in rodents showed that urolithin A 

bolstered skeletal muscle energy content and stimulated mitochondrial 

biogenesis [290]. 

 

Studies in humans are starting to corroborate these initial findings in 

animals. For instance, supplementing with 500 and 1000 mg of urolithin A 

daily was able to alter skeletal muscle mitochondrial gene expression in a 

way indicative of improved mitochondrial function [291]. 

 

In recreational endurance athletes, supplementing with 750 mg of 

pomegranate extract for just two weeks increased the total time the athletes 

could cycle before complete exhaustion by 14% and increased the amount of 

time they could rely on their mitochondria to supply most of their energy by 

10% [292]. 

 

Recommended Dosing: Supplement with at least 750 mg of pomegranate 

extract per day. 
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Spirulina 

For centuries, natives living around Lake Chad in Africa have consumed 

spirulina, and it was an important trading commodity between the Aztecs of 

Central America and Spanish conquistadors [293]. Today it’s popular in the 

New Age movement, and you can find it lining the shelves at many health 

food stores. 

 

Spirulina’s reputation is well-earned; it is one of the most powerful 

superfoods in existence, possessing amazing, evidence-backed benefits for 

metabolic health and energy production.  

 

Several studies have shown that spirulina protects the heart, liver, and 

intestinal cells from oxidative stress and mitochondrial damage, stimulates 

mitochondrial biogenesis, and attenuates metabolic dysfunction [294–296]. 

These benefits are largely due to a little molecule it contains called C-

Phycocyanin, which could possibly be the most potent phytochemical in 

existence through mimicking the structure of bilirubin and having similar 

physiological effects [297,298].  

 

People with genetically elevated levels of bilirubin, a condition called 

Gilbert’s Syndrome, seem to have incredible metabolic health compared to 

those without: 

 

● A 50% lower risk of death from any cause compared to the general 

population [299]. 

● A 60–80% lower risk of heart disease [300–302]. 

● A 20% lower risk of type 2 diabetes [303]. 

● Higher antioxidant status and less oxidative stress [304–306]. 

● Improved blood vessel function [306]; and 

● Longer telomeres [307]. 

 

Bilirubin is a potent antioxidant and anti-inflammatory molecule that’s been 

implicated in the prevention of metabolic syndrome and diabetes, 

cardiovascular diseases, and kidney disease [308–311].  

 

Spirulina may confer many similar benefits due to supplying a bilirubin 

mimetic. For example, a meta-analysis of 12 studies involving adults with 
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metabolic syndrome found that an average of just 2 grams per day of 

spirulina significantly lowered fasting glucose, blood pressure, and blood 

lipids after 2–3 months [312]. Notably, the average reduction in LDL-

cholesterol (33 mg per dayL) was nearly that achieved in a meta-analysis of 

statin trials (42 mg per dayL) [313]. 

 

 
 

On top of improving metabolic health, an abundance of evidence shows 

spirulina  improves endurance exercise performance and reduces fatigue in 

both recreational athletes and the average joe looking to improve their 

health through exercise. 

 

In one study, researchers had recreational runners run at a steady state for 

two hours and then do an all-out sprint for as long as they could handle it 

[314]. Compared to those taking a placebo, supplementing with 6 grams of 

spirulina per day for six weeks increased the sprint time until physical 

exhaustion by 30%, enhanced fat oxidation during the 2-hour run by 10%, 

increased glutathione concentrations by 23%, and reduced exercise-induced 

increases in lipid peroxidation by 34%. 
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Other studies have reported similar observations. One found that that 

supplementing with 7.5 grams of spirulina increased the duration that the 

participants could exercise by 7.3% while reducing markers of oxidative 

stress [315], and another reported that 3 grams of spirulina taken for 8 

weeks reduced physical fatigue during exercise and mental fatigue 

afterwards [316]. 

 

Lastly, one group of researchers wanted to see how spirulina and exercise 

interact to affect the health of overweight and obese adults, so they divided 

participants into four groups for 12 weeks [317,318]. Each group 

supplemented with either 4.5 grams of spirulina or a placebo daily while 

undergoing an exercise routine or remaining sedentary.  

 

They found that, regardless of whether the participants exercised or not, 

spirulina significantly reduced body weight, reduced blood lipids, and 

improved cardiorespiratory fitness. That being said, the improvements  in 

cardiorespiratory fitness were most pronounced in those who supplemented 

alongside their exercise program. 

 

 
 

Recommended Dosing: Supplement at least 2 grams of spirulina per day, 

ideally 6–8 grams. 

 

Chlorella 

Chlorella is roughly 2.5 billion years old, belonging to some of the first 

single-celled organisms to inhabit our planet. In order to survive and 
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replicate over that inconceivable span of time, this little algae needed to 

equip itself with some impressive defenses to protect against famine, 

drought, radiation, and poisoning.  

 

It developed an impressive array of carotenoids, antioxidants, and enzymes 

to create energy, minimize oxidative stress, and neutralize toxicants, all 

housed within a fibrous armor shell. When we eat chlorella, it passes on 

many of these defenses to us [319], and it does so with relatively small 

doses. 

 

For example, let’s say you were a smoker, someone puffing on more than 20 

cigarettes per day. Supplementing with just 3.6 grams of chlorella for six 

weeks has been shown to increase every single tested marker of antioxidant 

status in these smokers while cutting levels of oxidative stress by 20% 

[320]. 

 

 
 

The ability of chlorella to improve one’s antioxidant status has been shown in 

other studies as well, another in smokers using 6.3 grams per day [321], 

and one in patients with chronic obstructive pulmonary disease (COPD) 

using just 2.7 grams per day [322]. 

 

Now, reductions in systemic oxidative stress can benefit health in a variety 

of ways, with one of the best-known being improvements in cardiometabolic 

health. And that’s exactly what we see with chlorella supplementation. A 

meta-analysis of 19 randomized controlled trials reported that 
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supplementing with an average of just 4 grams per day of chlorella 

significantly reduced LDL-C, blood pressure, and fasting blood glucose after 

an average of 2 months [323].  

 

Lastly, there’s data supporting an energy-boosting effect of chlorella. For 

example, in young men, supplementing with 6 grams of chlorella daily for 

one month increased VO2max by about 7% [324,325]. VO2max is a 

measurement of the maximal amount of oxygen that a person can utilize 

during intense exercise and is an established marker of one’s aerobic fitness 

and mitochondrial function. 

 

 
 

And this plays out in people struggling with chronic fatigue too. In adults 

with fibromyalgia, supplementing with 10 grams of chlorella plus a liquid 

chlorella extract daily for two months significantly reduced the number of 

tender muscle points by 8% and pain intensity by 22% [326]. The 

participants also reported improvements in most of their fibromyalgia 

symptoms, like general wellbeing and ability to be active. 

 

When the researchers conducted a follow-up study comparing chlorella to a 

placebo, they saw largely similar results — reductions in the number of 

tender points and pain severity, along with a 20% reduction in fibromyalgia 

symptoms [327]. 

 

Recommended Dosing: Supplement at least 500 mg of chlorella per day. 
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Niacin Derivatives 

In mitochondrial respiration, a molecule called NAD+ is absolutely essential 

for the generation of energy. You literally can’t turn carbohydrates or fats 

into cellular energy without it. Yet, people with chronic fatigue have lower 

levels compared to healthy non-fatigued adults [328].  

 

A lot of anti-aging and energy-enhancing research has gone into looking at 

ways to increase NAD+ concentrations as a means of restoring mitochondrial 

function. Since NAD+ is made from the essential vitamin niacin, there has 

been a growing interest in supplementing with niacin and its derivatives for 

increasing NAD+ levels. 

 

One of the most popular compounds in this regard is nicotinamide riboside 

(NR). There are several pathways that our body uses to synthesize NAD+: 

de novo biosynthesis, Preiss-Handler pathway, and Salvage pathway. 

However, each of these pathways has a rate-limiting enzyme that is 

inhibited when NAD+ concentrations exceed a certain threshold [329]. 
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This is where NR comes into play. Isotopic tracer studies in mice have 

suggested that the salvage pathway is the primary route of NAD+ synthesis 

in most tissues, including skeletal muscle, the heart, and the brain [330]. NR 

directly bypasses the rate-limiting step of NAD+ synthesis through the 

salvage pathway. 

 

Moreover, both nicotinic acid and niacinamide play many roles in the body 

and may be sequestered away from NAD+ production depending on the 

body’s needs, whereas NR must be converted into NAD+ before it can be 

used for other processes that require niacin. 

 

While there has been a lot of hype surrounding these molecules, the 

research in humans has not shown benefits. 

 

Studies using 500–2000 mg of NR per day in healthy adults [331], elderly 

adults [332,333], and obese adults [334–337] show no appreciable effect on 

NAD+ concentrations in muscle tissue or several parameters of 

mitochondrial function, including energy production. A variety of health 

parameters were also unaffected, including energy expenditure, body 

composition, glycemic control, insulin sensitivity, exercise performance, or 

blood lipids. 

 

Recommended Dosing: We do not recommend supplementing with 

nicotinamide riboside, given the large expense and that the evidence doesn’t 

show significant benefits. We do however advise ensuring adequate intake of 

niacin. 

 

 

Glucosamine Sulfate 

If there were to ever be a competition of unexpected supplement effects, I 

think glucosamine would take the top spot. This fascinating little molecule 

made its way from crustacean exoskeletons and fungi to supplement shelves 

in the name of joint health, but that’s its least interesting benefit. 
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Far less known is that glucosamine may very well be one of the safest 

and most powerful longevity supplements available, and the clues 

have been there for at least a decade [338]. 

 

In 2010, researchers evaluated the relationship between 20 unique 

supplements and all-cause mortality among nearly 78,000 Washington state 

residents over 50 years old [339]. While several trends were identified, only 

regular use of glucosamine, chondroitin, and fish oil were associated 

with a lower risk of dying from any cause — each by about 17%. 

 

Intrigued by these findings, the researchers conducted a follow-up study to 

identify any nuances of this unexpected relationship with glucosamine [340]. 

Using the same cohort of Washington state residents, they found that 

glucosamine use was associated with not just an 18% lower risk of 

dying from any cause, but a 13% lower risk of dying from cancer 

and 41% lower risk of dying from a respiratory disease. 

 

The most recent and largest study confirmed all of this with data from a 

half-million UK residents over 40 years old [341]. Glucosamine 

supplementation was associated with a 10–32% reduction in dying 

from any cause, cardiovascular diseases, cancer, respiratory diseases, and 

digestive diseases. These relationships persisted even when stratifying the 

data by several known risk factors, such as age, sex, smoking, alcohol, 

physical activity, and metabolic health. 
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How can a simple joint health supplement be one of the only compounds to 

consistently associate with a lower risk of dying? That answer comes from a 

landmark study out of Germany, in which researchers set out to determine if 

glucosamine supplementation would affect the lifespan of mice and worms 

and through what mechanisms [342]. 

 

They had mice consume glucosamine every day starting in old age (~70 

years for a human), and they found that both average and maximal lifespan 

were increased by 5–10% compared to otherwise identical mice that didn’t 

receive any glucosamine. While the effect tended to be more pronounced in 

females than males, both sexes unambiguously benefited.  

 

 
 

Further extensive analysis of mice, worms, and cell cultures revealed that 

glucosamine likely had these longevity effects by inhibiting the use of 

glucose as an energy source, leading to increased AMPK signaling, 

mitochondrial respiration, and mitochondrial biogenesis. 

 

In other words, regular glucosamine supplementation cuts off mitochondria 

from one of their primary fuels to make energy, forcing them to adapt by 

increasing the number of mitochondria and their ability to make 

energy from fatty acids and amino acids.  
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When the researchers blocked any of these effects from occurring through 

either genetic manipulation or the use of specific drugs, the longevity effects 

of glucosamine disappeared. 

 

This isn’t something new. It’s been known for a long time that aging is 

associated with reductions in mitochondrial respiration and an accumulation 

of dysfunctional mitochondria, and that a common theme of lifespan 

extending interventions is their ability to increase the number of healthy 

mitochondria via promoting biogenesis [343]. 

 

Other avenues of research support these observations. For example, 

glucosamine is a potent inhibitor of the NLRP3 inflammasome, which 

activates in response to cellular damage and infection [344]. One of the 

ways it has this inhibitory effect is by preserving mitochondrial function in 

the face of these stressors.  

 

Recommended Dosing: Supplement 500–1500 mg of glucosamine sulfate 

per day. 

 

Calcium AKG 

One of the most important molecules for your health and longevity is 

something you’ve probably never heard of: Alpha-ketoglutarate (AKG). It’s 

involved in numerous metabolic and regulatory pathways essential for 

cellular function [345]: 

 

● Energy production 

● Amino acid biosynthesis 

● Collagen biosynthesis 

● Gene expression 

● Redox balance 

● Detoxification 

 

All of these functions start within the tricarboxylic acid (TCA) cycle of our 

mitochondria, which produces the electron carrying molecules necessary for 

the electron transport chain to produce cellular energy.  
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AKG is first and foremost a TCA cycle intermediate, produced from glucose, 

fatty acids, and amino acids as the cycle turns to facilitate mitochondrial 

energy production. However, it can also be taken away from the TCA cycle 

and used to synthesize amino acids necessary for protein synthesis or used 

as a cofactor by enzymes necessary for gene expression, collagen synthesis, 

and cell death processes. 

 

It’s through each of these processes that AKG is believed to be a true anti-

aging molecule. It has a hormetic effect on mitochondria that promotes cell 

survival adaptations, much like what occurs with calorie restriction, it has 

direct antioxidant effects, it makes DNA more youthful, it helps stave off 

cancer, and it supports the maintenance of our collagen scaffolding. 

 



 

 
 

AKG is a critical regulator of energy production within mitochondria. The 

enzyme responsible for using AKG to perpetuate the TCA cycle is the slowest 

of all the TCA cycle enzymes, meaning that the cycle can spin only as fast as 

this enzyme works [346]. 

 

The two primary determinants of how quickly this enzyme works are AKG 

concentrations and oxidative stress [347]. Increasing AKG concentrations 

enhance the enzyme’s activity while higher levels of oxidative stress inhibit 

it. Supplementing AKG has been shown to reduce oxidative stress and 

increase overall antioxidant capacity of cells [348], thereby hitting two birds 

with one stone and enhancing the rate of TCA cycle operation. 

 

Yet, somewhat ironically, enhanced energy production itself creates more 

oxidative stress that mitochondria must deal with. AKG itself also binds to 

and inhibits the primary energy production enzyme ATPsynthase [349]. Both 

effects force mitochondria to adapt and increase their resilience, making 

them become stronger and more energy efficient. 
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The end result, as has been observed in fruit flies and worms, is an up-

regulation of pathways involved in mitochondrial mitophagy and biogenesis, 

and a longer lifespan [350,351]. These effects are the exact same as chronic 

dietary restriction, and AKG may actually be the key molecule that dietary 

restriction affects in order to extend lifespan. 

 

Virtually all research relies on chronological age for determining what 

participants to include, how age groups differ in their risk of various 

diseases, and so forth. Yet, two persons could be the exact same age and 

have vastly different health states or be born decades apart and have the 

same health risks. 

 

Chronological age is better than nothing, but it’s flawed. The past several 

decades have been filled with research looking at how we can better 

determine someone’s true biological age, and the best predictor we currently 

have is one’s rate of DNA methylation — what researchers have deemed the 

epigenetic clock [352]. 

 

DNA methylation has hundreds of studies validating its use as a biomarker 

for biological aging and has great predictive power for mortality. 

Comparatively, telomere length has thousands of validating studies but is 

virtually useless for predicting one’s risk of death, and other biomarkers 

simply haven’t been independently validated sufficiently. This could change 

with time. 
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Several meta-analyses have found that epigenetic age is an independent 

predictor of one’s risk of death above-and-beyond other established risk 

factors like chronological age, BMI, alcohol intake, smoking status, physical 

activity, and several chronic diseases [353–355]. According to these 

analyses, every 5-year increase in epigenetic age is associated with an 8–

16% greater risk of dying from any cause. 

 

Numerous studies have also linked an older epigenetic age to the 

development of many common chronic diseases that affect older 

populations: 

 

● Frailty [356,357] 

● Physical decline [358] 

● Osteoarthritis [359] 

● Cognitive decline [360] 

● Alzheimer’s disease [361,362] 

● Cancer [363,364] 

● Cardiovascular disease [365] 

● Type 2 diabetes [366] 

 

The best part of all of this is that you have a tremendous amount of control 

over your epigenetic age. An analysis of twins, parents, and spouses found 

that genetic factors explained just 13% of the variation in epigenetic age, 

meaning that the strongest influence comes from environmental factors 

[367]. 
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All of this is to say that your life lived, rather than your genetics, is the 

primary determinant of your biological age. What you experience, and how 

you respond to those experiences, can be the reason you have a heart 

attack at 40 or live to see 100. 

 

Supplementing with AKG is one of those life decisions that you can 

make.  

 

In humans, plasma AKG levels decline 10-fold between the ages of 40 and 

80 years [368], and this decline with aging is accompanied by consistent 

increases in DNA methylation at sites necessary for stem cell activation and 

differentiation [369,370]. 

 

Stem cells, which are like blank slates ready to become whatever the body 

needs, contain a very limited amount of AKG despite an incredibly high 

demand for its actions on gene expression, making AKG the rate-limiting 

factor for stem cell differentiation [371]. 

 

Aging simply exacerbates this AKG insufficiency.  

 

In the first of its kind clinical trial, researchers had 42 middle-aged and 

elderly adults (40–80 years old) supplement with 1000 mg of calcium AKG 

daily for six months [372]. That was it, and this small intervention reduced 

their biological age by nearly 8 years! 

 

https://paperpile.com/c/dwK8OQ/tu0T9
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These findings are supported by a study done with mice, where 

administering calcium AKG reduced several biomarkers of chronic 

inflammation, reduced frailty ratings by 40%, and extended lifespan by 10–

20% [373,374]. 

https://paperpile.com/c/dwK8OQ/2vICs+oWodn


 

 

In other research, supplementing obese mice with AKG increases circulating 

AKG concentrations and enhances the differentiation of new fat cells into a 

more metabolically active phenotype [375]. These mice were also protected 

from some of the fat gain and insulin resistance experienced by non-

supplemented mice. 

 

Recommended Dosing: Supplement 1000 mg of calcium AKG per day. 

 

 

Start boosting your energy today! 

Click the button below, to buy our 

premium energy supplement 

Energenesis 

Buy Now! 

https://paperpile.com/c/dwK8OQ/SyqdH
https://store.theenergyblueprint.com/products/energenesis/


 

 

 

 

 

 

 

 

 

 

 

 

 



 

18 Best Nootropics For Optimizing 

Mood, Brain Performance, and Long-

Term Brain Health 
 

What would you think if someone told you that taking a pill could make you 

feel smarter, sharper, and more creative? What if they told you a pill could 

maintain those feelings throughout your life? Would you call BS? 

 

Those pills exist! 

 

They’re called nootropics and include an array of compounds that either 

improve cognitive function, particularly executive function, memory, focus, 

and the ability to work under stressful conditions, or prevent cognitive 

decline. 

 

While the best-known examples include synthetic drugs like adderall, 

modafinil, and piracetam, there are numerous herbs and naturally occurring 

molecules that possess similar properties while being far safer, especially 

with long-term use. 

 

These brain-boosting supplements work through a variety of mechanisms to 

improve brain health and functionality [376–378] including: 

 

● Increase blood flow and nutrient delivery to brain cells. 

● Reduce neuroinflammation and oxidative stress. 

● Bolster mitochondrial function and energy production. 

● Facilitate the removal of neurotoxins. 

● Promote the growth of neurons. 

● Improve neuronal communication and synaptic plasticity; and 

● Optimize neurotransmitter levels. 

 

The following supplements are  some of the most powerful brain-boosting 

compounds in existence. They can help you fight brain fog, become more 

vigilant, maintain cognitive performance, and ensure your mind is fully 

functional, which will contribute to improved energy levels too. 

https://paperpile.com/c/dwK8OQ/4WePJ+H4fvB+ccsEq


 

Rhodiola Rosea 

Rhodiola rosea is a medicinal herb traditionally used for enhancing mental 

performance and resilience to stress [379], effects that are due to the 

numerous ways rhodiola interacts with genes, signaling pathways, and 

molecular networks within the brain to alter emotional behavior [380]. 

 

 
 

Specifically, rhodiola acts within the brain as a neuroprotective, cognitive 

enhancing, and mood stabilizing agent through reducing neuronal cell death 

and promoting regeneration, functioning as an antioxidant and anti-

inflammatory, facilitating neurotransmission, and regulating several key 

mediators of the stress response within the hypothalamic-pituitary axis 

[381–383]. 

 

It’s an incredibly powerful adaptogen, with effects noticed soon after 

supplementation. In one study of over 100 adults dealing with chronic 

stress, supplementing with 400 mg per day of rhodiola reduced feelings of 

physical exhaustion, difficulty concentrating, and anxiety after as few as 

three days, nearly cutting them in half after just one week [384]. 

 

https://paperpile.com/c/dwK8OQ/kt0vj
https://paperpile.com/c/dwK8OQ/jL76V
https://paperpile.com/c/dwK8OQ/Wg6rz+cnrjj+UI7RW
https://paperpile.com/c/dwK8OQ/XLSlF


 

 
 

Similarly, in adults with chronic fatigue, 400 mg of rhodiola per day 

improved every aspect of fatigue after just 1 week, with further 

improvements seen after 8 weeks [385]. Ultimately, 83% of the participants 

reported “very much” or “much” improved conditions, with fatigue, stress, 

anxiety, and brain fog being cut in half! 

 

Several other studies have also shown that supplementing with 100–400 mg 

of rhodiola improves physical and mental energy, reduces stress, and 

ultimately improves quality of life in adults struggling with job burnout 

[386], first-year medical students [387], military cadets [388], and adults 

with stress-related fatigue [389]. 

 

Recommended Dosing: Supplement 100–400 mg of rhodiola per day. 

 

Lion’s Mane Powder 

Lion’s mane mushroom (also called Yamabushitake or Hericium erinaceus) is 

a medicinal mushroom that has been extensively studied for its neurohealth 

properties [390,391]. Research has shown that lion’s mane: 

 

● Stimulates the production of Nerve Growth Factor (NGF) [392–394], 

which promotes neuronal growth, development, and regeneration 

[395]. 

https://paperpile.com/c/dwK8OQ/U81vI
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● Restores levels of key neurotransmitters serotonin, noradrenaline, and 

dopamine in the brain (that are often suppressed due to chronic 

stress) [396]. 

 

● Reduces neuroinflammation [396,397]; and 

 

● Stimulates the expression of brain derived neurotrophic factor (BDNF) 

[396], which has neuroprotective effects, plays a role in neuronal 

development, and helps in the formation of neuronal connections 

important for memory and cognition [398]. 

 

Studies in mice have demonstrated that these effects ultimately lend lion’s 

mane cognitive-enhancing [399], neuroprotective [400], and mood-

stabilizing properties [396].  

 

In men with mild cognitive impairment, 3000 mg per day improved cognitive 

function by 12% over 16 weeks compared to placebo [401]. In overweight 

and obese adults, 1500 mg per day for 8 weeks reduced feelings of anxiety 

by 27% and feelings of depression by 39% [402]. 

 

Recommended Dosing: Supplement 500–3000 mg of lion’s mane powder 

per day. 

 

Tocotrienols 

You’re probably familiar with vitamin E. At the very least, you’ve heard the 

term thrown around every now and again in discussions related to health or 

nutrition. Which would make sense given that it’s an essential nutrient, 

making up one of the four fat-soluble vitamins we need for optimal health. 

 

What you may not know is that vitamin E isn’t a single molecule, it’s a group 

of eight related molecules: four tocopherols and four tocotrienols. All of 

them share a similar chemical structure characterized by a long hydrocarbon 

chain attached to a chromanol ring, with a couple nuances that ultimately 

determine their exact classification as alpha, beta, gamma, or delta. 
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https://paperpile.com/c/dwK8OQ/PWDRc+yihpa
https://paperpile.com/c/dwK8OQ/yihpa
https://paperpile.com/c/dwK8OQ/sxCB4
https://paperpile.com/c/dwK8OQ/gb8ot
https://paperpile.com/c/dwK8OQ/YnOqm
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While these structural differences seem minor, they have broad implications 

for the biological activity of each molecule and, consequently, how they 

impact our health [403]. The best example of this is the alpha-tocopherol 

transfer protein (ɑTTP) within the liver. 

 

You see, whenever vitamin E reaches the liver, its either metabolized and 

excreted or bound to ɑTTP and exported throughout the body. As the name 

implies, this protein preferentially binds to alpha-tocopherol due to its 

structural configuration, resulting in the metabolism and excretion of other 

vitamin E analogues [404]. 

 

Unfortunately, such an observation has led to the belief that alpha-

tocopherol is the only form of vitamin E that matters for our health. (And it’s 

almost never included in vitamin E supplements!) In fact, the Dietary 

Reference Intake for vitamin E is based entirely on alpha-tocopherol, with 

the report clearly stating that other forms don’t contribute to requirements 

because they aren’t well recognized by ɑTTP [405]. 

 

While undoubtedly an important molecule, alpha-tocopherol’s spotlight has 

cast a shadow on the other forms of vitamin E like the tocotrienols — a 

conventional wisdom that needs reconsideration. 

 

https://paperpile.com/c/dwK8OQ/v16IX
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Vitamin E tocotrienols are potent antioxidant molecules that incorporate into 

cell membranes and neutralize free radicals that would otherwise cause 

peroxidation of the phospholipids [406–408]. 

 

It’s an incredibly important job, one that works synergistically with other 

antioxidants like vitamin C and glutathione to ensure the integrity of our cell 

membranes [409]. Most of the vitamin E deficiency symptoms can be linked 

to unrestrained lipid peroxidation, such as the deterioration and our nerves 

that ultimately causes neuropathy and ataxia. 

 

Supplementation with tocotrienols significantly increases their concentration 

in critically important organs like the brain, heart, and liver [410]. Moreover, 

the concentrations achieved within the brain are precisely around the 

concentrations needed to prevent brain damage and neurotoxicity from 

excessive glutamate and other toxicants [411]. 
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Because of their neuroprotective and antioxidant effects, an ever-growing 

body of research is looking into using tocotrienols for the prevention and 

treatment of Alzheimer’s disease [412]. For example, a randomized 

controlled trial of individuals with active white matter lesions of their brains, 

a sign of neurodegeneration, found that 400 mg per day of mixed 

tocotrienols completely halted the loss of white matter and further brain 

deterioration after two years [413]. 

 

Comparatively, the white matter loss of the placebo group had increased by 

23%! 

 

 
 

Recommended Dosing: Supplement 100–400 mg of vitamin E tocotrienols 

per day. 

 

Magnesium Taurate 

Magnesium is an essential mineral required for over 300 enzymes to function 

properly [414], including those necessary for mitochondrial function and 

energy production [415,416]. Within the brain, magnesium is required for 

optimal nerve transmission and protection against neurotoxicity [417,418]. 

 

Individuals with neurodegenerative disorders like Parkinson’s disease 

[419,420] and Alzheimer’s disease [421–423] have lower brain 

concentrations of magnesium than healthy adults, and studies in mice 

suggest that elevating brain magnesium concentrations can provide 

neuroprotective effects and enhance cognitive function [424,425]. 
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But not all forms of magnesium have the same ability to enter the brain. 

One study compared the tissue distribution of magnesium 8 hours after 

taking equal amounts of magnesium citrate, malate, oxide, sulfate, and 

taurate [426]. It was shown that magnesium taurate increased brain 

magnesium concentrations 10–20% more than the other forms. 

 

 
 

In another study, the tissue distribution of magnesium 24 hours after 

supplementation was compared between different doses (45, 135, and 405 

mg) of magnesium citrate, glycinate, malate, and taurate [427]. Just 45 mg 

of magnesium taurate was enough to increase brain concentrations to the 

same extent as 405 mg of glycinate or citrate and was 23% more effective 

than 405 mg of magnesium malate. 

 

https://paperpile.com/c/dwK8OQ/OwHrn
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Importantly, another form of magnesium not tested in these studies but 

touted for its neurological benefits is magnesium L-threonate. This form of 

magnesium was developed by Guosong Liu at Tsinghua University as a 

means of increasing brain magnesium concentrations in rats, but has only 

been compared to magnesium citrate and gluconate, showing just marginal 

superiority [425]. As it stands, magnesium taurate is the best option. 

 

Recommended Dosing: Supplement 45–400 mg of magnesium taurate per 

day. 

 

 

Bacopa Monnieri 

Bacopa monnieri is an Ayurvedic swamp plant (Brahmi) traditionally used for 

the enhancement of memory and cognition, as well as a general brain tonic. 

It’s bioactive constituents, the bacosides, have numerous biological effects 

within the brain that facilitate this use [428–432]: 

 

● Reduce oxidative stress and increases antioxidant enzyme activity 

● Reduce inflammation 

● Neuroprotective 

● Reduce β-amyloid deposition 

● Increase the growth of nerve endings to enhance neuronal 

communication 

https://paperpile.com/c/dwK8OQ/U6Pp5
https://paperpile.com/c/dwK8OQ/jkxQn+hpVNu+ghu31+QZg21+Xj4Sd


 

● Increase blood flow and the delivery of oxygen and nutrients 

 

 
 

In healthy eldery adults (average 62 years), supplementing with 300 mg per 

day of bacopa for 12 weeks significantly improved reaction times, the 

continuity of attention, the quality of memory, and the speed of memory by 

15–30% compared to placebo [433]. Similar but less pronounced benefits 

were observed with 600 mg per day of bacopa, suggesting that more is not 

always better. 

 

https://paperpile.com/c/dwK8OQ/iVV09


 

 
 

In young medical students, 300 mg per day of bacopa (50% bacosides) for 6 

weeks significantly improved efficiency of attention, freedom from 

distractibility, and working memory [434]. 

 

In healthy adults, 300 mg per day of bacopa (50% bacosides) for 12 weeks 

significantly improved speed of visual information processing, learning rate, 

memory consolidation, and decreased anxiety compared to placebo [435]. 

 

In healthy adults, 300 mg per day of bacopa (50% bacosides) for 12 weeks 

significantly improved working memory and visual processing ability [436]. 

 

In healthy elderly adults (average 73 years), 300 mg per day of bacopa 

(50% bacosides) for 12 weeks significantly improved multiple measures of 

cognitive performance and mood state compared to placebo, including 

memory, reaction time, depression, and anxiety compared to placebo [437]. 

 

In healthy older adults (>50 years), 300 mg per day of bacopa (50% 

bacosides) for 12 weeks significantly improved verbal learning, memory 

acquisition, and memory retention compared to placebo [438]. 

 

Even in those with Alzheimer’s disease, 600 mg per day of bacopa (50% 

bacosides) for six months significantly improved various components of Mini-

Mental State Examination Scale (MMSES), including orientation of time, 

https://paperpile.com/c/dwK8OQ/E3sto
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place and person, attention, and their language ability in terms of reading, 

writing, and comprehension [439]. 

 

Recommended Dosing: Supplement 300–600 mg of bacopa monnieri per 

day. 

 

Ginkgo Biloba 

Ginkgo biloba possesses an array of activities relevant to brain health and 

neurological function, with numerous studies showing that it is 

neuroprotective, an antioxidant, preserves brain receptors susceptible to 

age-related loss, counteracts cognitive impairment, enhances neuronal 

plasticity, and improves memory [440]. 

 

 
 

Numerous interventions have been conducted with ginkgo biloba 

supplementation, usually in the form of a 50:1 concentrated extract called 

EGb-761, and systematic reviews of this evidence have found that it 

improves cognitive performance and quality of life in older adults 

https://paperpile.com/c/dwK8OQ/Lkfq4
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experiencing cognitive decline, but doesn’t have much of a benefit in young 

and cognitively healthy adults [441,442].  

 

The evidence is strong enough to convince the Asian Clinical Expert Group 

on Neurocognitive Disorders that ginkgo biloba should be part of the 

treatment, either alone or in combination with other drug therapies, for the 

management of Alzheimer's disease, vascular dementia, and behavioral and 

psychological symptoms of dementia [443]. 

 

Recommended Dosing: Supplement 240 mg of the EGb-761 ginkgo biloba 

extract per day. 

 

Coffee Fruit (CognatiQ™) 

CognatiQ™ is a patented extract of the whole coffee fruit, including both the 

fruiting body and the coffee bean it contains. While many are familiar with 

the coffee bean and the joy it brings through brewing into a morning cup of 

Joe, the fruit contains powerful antioxidant compounds that benefit our brain 

[444,445]. 

 

Clinical studies in healthy adults have shown that 100 mg of NeuroFactor 

nearly doubles concentrations of brain-derived neurotrophic factor (BDNF) 

after 1–2 hours [446,447], beating out other forms of coffee bioactives, 

caffeine, and the phytochemical-rich grape seed extract. 
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BDNF is a key protein involved in brain health, well established to be critical 

for: 

 

● Neuroplasticity (helps the brain adapt to new situations) [448]. 

● Neurogenesis (the growth, regeneration and creation of new neurons 

and synapses) [449,450]. 

● Long-term memory [451]. 

● Prevention of neurodegeneration [452]. 

 

Recommended Dosing: Supplement 100 mg of CognatiQ™ per day. 

 

Agmatine sulfate  

Agmatine is a neurotransmitter and neuromodulator (affects 

neurotransmission of entire neurons) that has anti-seizure, anti-pain, anti-

anxiety, and antidepressant effects; modulates some of the processes 

involved in learning and memory; and interacts with the mechanisms of drug 

withdrawal [453]. 

 

● Blocks the NMDA (N-methyl-D-aspartate) receptor and prevents 

excitotoxicity [454]. 

 

● Activates imidazoline receptors that increase beta-endorphin secretion 

[455]. 

 

● Activates mTOR (mammalian target of rapamycin) involved in cell 

growth [456]. 

 

● Activates the Nrf2 (nuclear factor E2-related factor 2) pathway that 

increases the production of antioxidant enzymes [457,458]. 

 

● Protects mitochondria from oxidative stress and cell death [459,460]. 

 

Collectively, the effects of agmatine have given it a high therapeutic value 

for treating neurological disorders and preventing neurodegeneration 
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[461,462]. Unfortunately, human clinical trials haven’t caught up to its vast 

potential. 

 

In a pilot study of two men and one woman with clinical depression and 

currently in the grip of a major depressive disorder episode, supplementing 

2–3 g/d of agmatine for 3–4 weeks “showed total/incontrovertible remission 

of depression” [463]. Their depressive rating dropped from 32, with >17 

indicating severe depression, to a depression-free score of 3. All without 

apparent adverse effects. 

 

These effects persisted even when given a drug that completely blocked 

serotonin signaling, which should have caused depressive relapse. The 

patients were so amazed that they refused to stop taking agmatine when the 

intervention ended, especially in light of the fact that their depressive 

episodes would historically last for months with antidepressant drugs and for 

up to a year without. 

 

Additionally, an analysis of the postmortem brains of individuals who 

committed suicide found that agmatine concentrations were 30–40% lower 

than in non-suicidal individuals in all three tested brain regions [464]. 
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Other clinical research has demonstrated agmatine’s pain-relieving 

properties. In a randomized, double-blind, placebo-controlled study of 

individuals with back pain from herniated lumbar discs, 2.7 g/d of agmatine 

sulfate for two weeks reduced pain by 25–28% and improved parameters of 

general health by 65–76% [465]. Moreover, these benefits persisted for 2 

months after supplementation ended. 

 

 
 

For a comparison point, short-term use of a common oral steroid 

(prednisone) for herniated lumbar disc patients was just as effective as 

agmatine at reducing disability but had almost no effect on general health 

[466], increasing the SF-36 score by a mere 6 points after 3 weeks, 

compared to the 30-point increase with agmatine. 

 

Another study of individuals with neuropathy resistant to conventional pain 

medications found that 2.7 g/d of agmatine sulfate reduced pain by 46% 

[467]. 
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Finally, agmatine may be an effective adjunct to alcohol withdrawal. The 

anxiety-lowering effects experienced from drinking alcohol are prevented by 

inhibiting the enzyme that creates agmatine, and the increase in anxiety 

from alcohol withdrawal can be prevented with agmatine supplementation 

[468]. Agmatine also prevents other symptoms of alcohol withdrawal, such 

as tremors [469], and protects against withdrawal-induced neurotoxicity 

[470]. 

 

Recommended Dosing: Supplement 500–3000 mg of agmatine sulfate per 

day. 

 

 

Polygala Tenuifolia  

Polygala tenuifolia is one of the fundamental herbs used in traditional 

Chinese medicine, used to improve memory and combat forgetfulness with 

aging [471]. There are several mechanisms through with Polygala tenuifolia 

may accomplish these goals: 

 

● Inhibiting the breakdown of acetylcholine, dopamine, serotonin, and 

noradrenaline, neurotransmitters required for learning new 

information, memory storage, and overall mental health [472,473]. 

 

● Increasing the expression of brain derived neurotrophic factor (BDNF), 

which is fundamental for neuroplasticity and neurogenesis [474]. 

 

● Promoting the growth of new neurons in the brain [475]. 

 

In healthy adults, 300 mg/d of Polygala tenuifolia for 4 weeks improved 

spatial and verbal memory [476]. The participants also made fewer errors 

and scored better on a test measuring working memory. 

 

In elderly adults, 300 mg/d of Polygala tenuifolia for 8 weeks improved 

cognitive function by 5–10% compared to placebo [477]. 
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Recommended Dosing: Supplement 100–300 mg of polygala tenuifolia per 

day. 

 

 

Ashwagandha 

Ashwagandha (Withania somnifera) is a nightshade revered in Ayurvedic 

medicine for its physical- and mental-enhancing effects [478]. Today, it’s 

considered an adaptogen for similar reasons, able to increase a person’s 

resilience to stress and help reduce anxiety [479,480]. 

 

These effects are largely due to its constituent withanolide structures, which 

have several important neuroprotective effects within the brain, such as 

scavenging free radicals, reducing neuroinflammation, and promoting 

neurotransmitter signaling [481]. They also bind to and activate GABA 

receptors [482]. 

 

Several studies have reported reductions in stress and anxiety following 

supplementation with 600–1000 mg per day of an ashwagandha extract 

called KSM-66. The reductions ranged from 15–20% in otherwise healthy 

adults dealing with mild stress [483,484], to 40–70%  in adults battling 

chronic mental stress [485], to 50% in adults with an anxiety disorder 

[486]. 

 

 
 

These stress- and anxiety-reducing benefits also translate to improved 

sleep. For instance, in mildly stressed adults, the 15% reduction in perceived 
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stress was accompanied by a 30% improvement in sleep quality [483]. 

Other studies have documented improvements in sleep quality of 30% in 

elderly adults [487], and by 18% in those with insomnia [484]. 

 

Although the KSM-66 extract is the best-researched, it is not the most 

potent. The concentration of withanolides in regular dried ashwagandha root 

is less than 1%, at least 5% in the KSM-66 extract, but a whopping 35% in 

what’s called the Shoden extract (which is why we chose it for our 

mitochondrial formula, Energenesis).  

 

To illustrate this difference, in mildly stressed healthy adults, compared to 

the 15–20% reduction in anxiety with 600 mg of the KSM-66 extract 

[483,484], just 240 mg of the Shoden extract reduces anxiety by 60% 

[488]. 

 

Recommended Dosing: Take 600 mg per day of a KSM-66 extract or 150 

mg per day of a Shoden extract. 

 

 

Dopamine Boosters 

Dopamine is a tiny molecule with a big job: motivation and reward. 

Whenever you do something pleasurable, like eat cake, orgasm, or 

accomplish a goal, dopamine is released to help reinforce that behavior. It 

makes us feel good and motivates us to continue engaging in behaviors that 

bring us pleasure. 

 

Addiction is probably the best-known example of dopamine involvement 

[489]. Whether it's a drug, a food, or a behavior, the dopamine burst we 

experience leads us to crave more of that experience. With regular 

exposure, we form habit routines whereby the experience is expected to give 

us that pleasurable dopamine reward. 

 

Yet, there’s a downside as well: regular exposure leads to tolerance. 

Tolerance means that we need more of the experience to get the same 

effect we once enjoyed in the beginning. This is why drug use tends to 

escalate with time. Tolerance also means that ceasing to use a drug or 
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engage in a behavior causes a dopamine withdrawal, leading to agitation, 

irritability, difficulty concentrating, and excessive preoccupation of your 

thoughts with the pleasurable experience. 

 

The reason we want to ensure that our dopamine system is functioning 

optimally is because low levels of dopamine can lead to apathy, a lack of 

motivation, an inability to complete or follow-through with tasks, mood 

swings, and addictive tendencies. 

 

In particular, if you’re struggling with a maladaptive habit that you can’t 

seem to kick, optimizing your dopamine system can help counteract 

withdrawal and make establishing healthier habits easier. 

 

 

Mucuna Pruriens 

Arguably the best supplement to increase dopamine signaling within the 

brain is mucuna pruriens, more commonly known as velvet bean. Mature 

seeds are about 4% L-DOPA, meaning that every gram of velvet beans 

provide about 40 mg of L-DOPA [490]. 

 

L-DOPA is the only reliable way of increasing dopamine synthesis for two 

reasons: 

 

1) Dopamine itself can’t cross the blood-brain barrier, so supplementing 

with it would be futile [491]. L-DOPA can cross the blood-brain barrier 

with ease. 

 

2) The rate-limiting step in dopamine synthesis is the conversion of 

tyrosine to L-DOPA because high levels of dopamine inhibit the 

enzyme responsible for this conversion [492]. Taking L-DOPA directly 

bypasses this negative feedback loop. 

 

These reasons are why L-DOPA is the go-to molecule for increasing 

dopamine synthesis in conditions that need it, like Parkinson’s disease. And 

velvet beans might be the ideal way to get L-DOPA because it is not only 

more potent than isolated L-DOPA, but also safer [493]. 
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In studies of Parkinson’s disease patients, for example, velvet beans were 

just as efficacious as standard drug treatment with L-DOPA, but with a lower 

risk for adverse effects like dyskinesias [494–496]. Accordingly, if you feel 

that you may have low dopamine levels, supplementing with some velvet 

beans may be able to help. 

 

Recommended Dosing: The dose of velvet bean will be variable depending 

on one’s needs. Start with a low dose of 1–2 grams and work your way up 

until your symptoms of dopamine insufficiency are minimized. 

 

Tyrosine 

If you are under a lot of stress, taking tyrosine may also be helpful because 

dopamine is the precursor to the stress hormones adrenaline and 

noradrenaline. If you are chronically stressed, then you can expect your 

dopamine levels to dwindle as it is further metabolized into these molecules 

[497,498]. 

 

 
 

As dopamine levels fall, the conversion of tyrosine to L-DOPA picks up, but 

you need to ensure that you have sufficient tyrosine available to let that 
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happen. Accordingly, supplementing with extra tyrosine can help offset this 

reduction in dopamine by allowing for its continued synthesis [499].  

 

Several clinical trials have shown that supplementing with 500 mg–12 g/d of 

tyrosine improves cognition, alertness, memory, and energy levels in 

stressful and demanding situations that would otherwise drain dopamine and 

impair our ability to think [500,501]. 

 

Recommended Dosing: Supplement 0.5–12 grams per day to increase 

dopamine signaling and improve mood and cognitive function when under 

stress. 

 

 

Acetylcholine Boosters 

Acetylcholine is one of the most prevalent neurotransmitters in the body, 

involved in regulating muscle contractions of the heart, blood vessels, and 

skeletal muscle, as well as the ability to learn and remember. Accordingly, 

disturbances in acetylcholine signaling can have widespread consequences 

for cognitive function, cardiovascular health, and physical function [502]. 

 

For example, if you take young adults and inhibit acetylcholine signaling with 

drugs, they demonstrate similar impairments to long-term and working 

memory as elderly adults suffering from cognitive decline [503]. Moreover, 

reductions in acetylcholine signaling set the brain up to be less plastic and 

more vulnerable from other insults like oxidative stress, inflammation, and 

injury [504]. 

 

For these reasons, it’s currently believed that Alzheimer’s disease and 

dementia have a strong acetylcholine component, with medical treatments 

revolving around the use of drugs that inhibit acetylcholinesterase, the 

enzyme that degrades acetylcholine. 

 

Alpha-GPC 

Alpha-glycerophosphocholine (Alpha-GPC) is a highly bioavailable source of 

choline for the brain [505]. After ingestion, blood and brain levels of choline 
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and glycerophosphate (the molecule bound to choline in alpha-GPC) increase 

over 5–10 hours and remain elevated for more than a day [505]. 

 

 
 

The most recent meta-analysis of alpha-GPC, published in 2007, aggregated 

the data from 14 clinical trials enrolling individuals with neurodegenerative 

disorders, vascular dementia, or stroke, and the results have been very 

positive [506]. For example, compared to standard drug therapy for 

Alzheimer’s disease (the cholinesterase inhibitor called donepezil), 1200 

mg/d of alpha-GPC was more effective at improving cognition over 6 months 

[506]. 
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More recently, a series of publications from the ASCOMALVA study have 

been reported. This clinical trial recruited older adults with Alzheimer’s 

disease to take either donepezil alone or alongside 1200 mg/d of alpha-GPC. 

 

The group that took alpha-GPC showed a 2.5- to 4-fold slower rate of 

cognitive decline over 2 years of follow-up compared to the group taking the 

drug alone [507], with benefits being evident as early as 1 year after 

starting the supplement [508]. Alpha-GPC also reduced the extent of 

behavioral abnormalities [509]. 

 

 
 

The enhanced brain activity has been shown to translate into improvements 

in exercise performance, with 250–600 mg taken before exercise shown to 

improve strength and power output [510–513]. At least one comparative 

study has found that 400 mg of alpha-GPC may be more effective than 

caffeine [514]. 

 

Recommended Dosing: Supplement 150–1200 mg of alpha-GPC per day. 

 

CDP-choline 

Like with alpha-GPC, CDP-choline is a bioavailable source of choline for the 

brain [515]. Unlike alpha-GPC, however, CDP-choline is the direct precursor 

for the synthesis of phosphatidylcholine [516], one of the most abundant 

and important structural components of cell membranes. 
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Research in humans has shown that taking CDP-choline increases 

phosphatidylcholine synthesis within the brain [517], with maximal 

concentrations occurring after 6 weeks of supplementation with 500 mg of 

CDP-choline per day [518]. 

 

In-line with the effects of CDP-choline on phosphatidylcholine concentrations 

and acetylcholine signaling, supplementation has been shown to improve 

cognitive function in both healthy adults and those suffering from cognitive 

decline.  

 

For example, a Cochrane Systematic Review of 14 double-blind, placebo-

controlled trials of older adults with cognitive deficits like dementia reported 

that 600–1000 mg per day of CDP-choline was able to improve memory, 

correct abnormal behaviors, and increase the global impression that 

physicians have towards the participants [519]. 

 

Several studies published after this review have also shown benefits in older 

adults with dementia or Alzheimer’s disease [520,521], older adults with 

mild vascular dementia [522], adolescents [523], and healthy women [524]. 

 

Recommended Dosing: Supplement 150–1000 mg of CDP-choline per day. 

 

Huperzine A 

Huperzine-A is an alkaloid derived from the moss Huperzia serrata, which 

itself has been used in traditional Chinese Medicine for centuries to treat 

neuronal- and cognitive-based illnesses [525]. It’s a naturally occurring 

acetylcholinesterase inhibitor, meaning it prevents the breakdown of 

acetylcholine just like many Alzheimer’s drugs do [526].  
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At least 20 randomized controlled trials have evaluated the efficacy of 

huperzine A in patients with Alzheimer’s disease, with a meta-analysis 

showing improvements for cognitive function, daily living activity, and global 

clinical assessments with doses of 200–800 mcg (average: 370 mcg) over 

8–36 weeks [527]. 

 

 
 

Other meta-analyses have reported that huperzine A improves cognition in 

those with vascular dementia [528], as well as in those with major 

depression [529]. 

 

Recommended Dosing: Supplement 200–800 mcg of huperzine A per day. 

 

GABA Boosters 

GABA is the most potent depressive neurotransmitter in the brain and 

regulates many of the sedative actions required for relaxation [530,531]. It 

is also critical for the regulation of neuronal communication, cognition, 

emotion, and memory [532–534]. 

 

For example, it’s been suggested that higher GABA levels help reduce 

distraction in the brain [535], which makes it possible to react and make 

decisions more quickly, and supplementing with GABA has been shown to 

improve attention and task switching in healthy young adults [536,537]. 

 

Other research has documented a relationship between lower levels of GABA 

in the brain and a variety of cognitive deficits in humans: 
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• Worse memory [538]. 

• Self-reported cognitive failures (e.g., inability to attend to relevant 

details while being distracted by irrelevant details) [539]. 

• Lower visuospatial IQ [540]. 

• Less empathy [541]. 

• Reduced resilience to stress and greater susceptibility to depression 

and anxiety [542]. 

• Susceptibility to addiction [543]. 

 

If you aren’t supporting your GABA system, then you can definitely expect to 

have difficulty concentrating, feelings of anxiety, a lower resilience to stress, 

and trouble sleeping. 

 

Nearly all of the GABA boosting supplements will be discussed in the 

following section on maximizing deep and rejuvenating sleep. Passionflower, 

chamomile, lemon balm, and theanine all induce a state of relaxation that 

helps us calm down and get to bed in part by increasing GABA signaling. 

 

However, we can also supplement GABA directly. It’s actually a rarity that 

we can just supplement a neurotransmitter and have it not only survive 

digestion and absorption, but also cross the blood-brain barrier and be 

integrated into our GABA system. But that’s the case with dietary GABA. 

 

A systematic review of 14 studies concluded that 20–100 mg of GABA could 

reduce stress and increase feelings of calmness, while 100–300 mg could 

improve sleep quality [544]. However, it’s important to note that some 

people can’t tolerate GABA supplements and don’t feel well using them, so 

don’t stress if GABA isn’t working for you personally and try some of the 

other options. 

 

Recommended Dosing: Supplement 100–300 mg of GABA per day. 

 

Serotonin Boosters 

Serotonin is possibly the most diverse neurotransmitter in our body, 

regulating both how we think and behave, as well as numerous physiological 
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processes involved in digestion and bowel motility, our breathing, 

cardiovascular function, and sexual function [545]. 

 

However, serotonin’s effects in the brain are the best-known. Believe it or 

not, serotonin modulates virtually all behavioral and psychological processes, 

including mood, perception, reward, anger, aggression, appetite, memory, 

and attention, to name just a few [545]. 

 

As an illustration of this point, consider psychedelics. No matter what 

psychedelic you talk about — magic mushrooms, ayahuasca, LSD — all of 

them cause altered states of consciousness and hallucinations through 

potently binding to and activating serotonin receptors within the brain [546]. 

 

On the flipside, many mood disorders are related to too little serotonin 

activity, the best example being depression [547,548]. While low levels of 

serotonin don’t outright cause depression, they do alter the way in which we 

perceive and process information, predisposing us to negative thought 

patterns, apathy, and an inability to enjoy pleasurable things [549]. 

 

If you aren’t optimizing your serotonin levels, then you can expect to be 

moody, lose interest in things that once brought you pleasure, and worry 

needlessly. 

 

5-HTP 

One of the best supplements you can take to bolster serotonin production is 

5-HTP, the intermediate molecule between tryptophan and serotonin. The 

conversion of tryptophan to 5-HTP is the bottleneck step for serotonin 

production, so supplementing 5-HTP directly is able to bypass this step and 

reliably increase serotonin levels in the brain [550]. 
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While research looking into how 5-HTP supplementation affects mood is 

limited, what data is available shows that it does effectively alleviate 

depression in those with clinical depression [551,552]. In particular, slow-

release 5-HTP that results in a more modest and prolonged increase in brain 

serotonin levels could be an effective adjunct in depression that’s been 

resistant to standard drug therapies [553]. 

 

Recommended Dosing: Supplement 250–500 mg of 5-HTP per day. 

 

Saffron 

Saffron is a medicinal and culinary spice that has been traded and used 

throughout Eurasia for thousands of years. Ancient Persians used saffron to 

treat a variety of ailments, including depression, and modern research has 

since supported this use, with studies indicating that saffron has a variety of 

antidepressant actions in the brain [554,555]: 

 

● Increases serotonin signaling 

● Antioxidant 

● Reduces neuroinflammation 

● Neuroprotective 

 

Numerous meta-analyses of clinical trials have reported that 30 mg per day 

of saffron has a potency comparable to routinely prescribed antidepressant 

drugs but with less side effects in individuals with mild-to-moderate 

depression [556–559]. 

 

To illustrate this point, let’s look at the largest of these meta-analyses, 

which included 11 randomized controlled trials comparing saffron to either 

placebo or antidepressant medication in individuals with mild-to-moderate 

depression [556]. Saffron reduced levels of depression by an average of 

52%, which was comparable to standard drug therapies. 
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Recommended Dosing: Supplement 30 mg of saffron per day. 

 

 

 

 

Start boosting your brain power, 

mood and focus today! Click the 
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Deep and Rejuvenating Sleep 
The health benefits of a good nights’ rest can’t be understated. Much like an 

old-school analog clock, our biology requires synchronized gears and a time-

setter to work properly. If just one gear isn’t working, or if no one sets the 

time, the entire clock is useless — and you can’t tell time with a broken 

clock. 

 

If your master clock isn’t matching up to your environment, either because 

of too little sunlight during the day or too much artificial light and not 

enough sleep at night, then your body won’t be receiving the signals it needs 

to function properly. There is an ever-growing body of evidence linking 

circadian dysregulation to many of the most common chronic diseases of 

civilization: 

 

● Mitochondrial dysfunction [560] 

● Oxidative stress [561] 

● Chronic, low-grade inflammation [562] 

● Obesity [563] 

● Type 2 diabetes [564] 

● Cardiovascular diseases [565,566] 

● Neurodegenerative diseases [567,568] 

● Psychiatric disorders [569,570] 

● Cancer [571] 

 

These chronic diseases have also been linked to sleeping less than 7–8 hours 

per night and having poor quality sleep [572]. All it takes is just several 

days of poor circadian hygiene and sleep quality to reduce vigilance and 

cognitive performance [573,574], as well as cause signs of metabolic 

dysfunction like increased blood glucose levels, worsened insulin sensitivity, 

heightened inflammation, blunted leptin and cortisol rhythms, and elevated 

blood pressure [575–577].  

 

Some researchers have even proposed changing the term metabolic 

syndrome — a cluster of physiological abnormalities that are associated with 

heart disease and type 2 diabetes — to the term circadian syndrome, due to 

the unfailing ability of circadian dysregulation to cause metabolic dysfunction 

[578]. 
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The following supplements can help you fall asleep more quickly, stay 

asleep, and wake up refreshed and rejuvenated. Most increase GABA 

signaling and have a sedative effect, thereby helping calm anxiety, promote 

relaxation, and smooth the transition from wake to sleep. 

 

The benefits of these compounds will be greatest in those who are struggling 

with circadian dysregulation, insomnia, chronic fatigue, chronic stress, or an 

anxiety disorder. They should all be taken 30–60 minutes before bed. 

 

Melatonin 

Melatonin is naturally secreted by our brain at night to help transition us 

from wakefulness to sleep. As such, it should be no surprise that 

supplementation has been heavily investigated for its benefits towards sleep. 

 

Numerous meta-analyses have reported that supplementing with 1–12 mg 

of melatonin improves sleep quality in adults and children with a variety of 

health conditions including: 

 

● Primary sleep disorders like insomnia [579,580]. 

● Secondary sleep disorders resulting from other medical conditions 

[581]. 

● Neurodegenerative disorders like Alzheimer’s disease [582,583]; and 

● Neurodevelopmental conditions like autism and attention-deficit 

hyperactive disorder [584,585]. 

 

Moreover, these doses of melatonin have also been shown to lower fasting 

glucose [586], blood pressure [587], systemic inflammation [588], and 

oxidative stress [589,590], suggesting that there are multiple health 

benefits including energy above-and-beyond improved sleep quality with 

supplementation. 

 

Particularly notable is a study of adults with chronic fatigue syndrome, where 

nightly supplementation with 5 mg of melatonin significantly reduced fatigue 

and improved concentration, motivation, and activity levels by 12–16% after 

just three months [591]. 
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All that said, there are anecdotal reports of melatonin interfering with sleep 

when taken in too high of a dose, which is obviously opposite of its intended 

purpose. This appears to be highly individual and not well-researched in the 

scientific literature, but it’s possible that individual differences in melatonin 

receptor distribution and density play a role [592,593]. 

 

Thankfully, the solution is rather simple: Start with a low dose of melatonin 

and slowly work your way up to higher doses until your personal upper-limit 

for tolerability is found. You’ll know that you hit that threshold if you wake 

up feeling groggy or experience any sleep difficulties for two to three nights 

(not just a one-off occurrence). Just 300 mcg of melatonin mimics what we 

could obtain with good sleep hygiene [594], so this is a good dose to start 

with. In The Energy Blueprint program, we’ve found that a subset of 

individuals (possibly as high as 20% of people) are extremely sensitive to 

even small doses of melatonin, where any more than 1 mg disturbs sleep. 

 

As a final point, it also needs to be mentioned that supplementing with 

melatonin does not interfere with your own natural production at doses of 

500 mcg [595], 2 mg [596], 5 mg [597], or 50 mg [595]. However, keep in 

mind that regularly using melatonin to improve your sleep will cause a 

sensation of reduced sleep quality if you stop using it. 

 

Recommended Dosing: Take 300 mcg to 10 mg of melatonin per day. 

 

Valerian Root 

Valerian root (Valeriana officinalis) is one of the best-researched and most 

common sleep aid supplements on the market, second only to melatonin. 

It’s use as a sedative dates back to the first century, with particular use for 

treating nervous disorders and insomnia in the Middle Ages. 

 

Based on a systematic review of 23 studies looking at how valerian impacts 

sleep quality, consistent benefits were observed with supplementation of 

450–1400 mg per day, provided that the whole root was used [598]. While 

benefits were observed with valerian root extracts, they were inconsistent, 
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likely due to the diversity of bioactive compounds that may be lost or 

reduced in the extract preparation. 

 

In other words, for valerian root to consistently benefit your sleep, you want 

to go with the whole nature-made root, not some modern extract. Benefits 

were observed in healthy adults, those suffering from insomnia, and those 

with conditions in which sleep is often impaired. 

 

In particular, given that women are far more likely to suffer from chronic 

fatigue and poor quality sleep than men, it’s notable that valerian has shown 

substantial benefits for postmenopausal women. Nursing and midwifery 

researchers from Tehran University of Medical Sciences provided 

postmenopausal women with a gram of valerian root to be taken nightly for 

a month, and found that average sleep quality improved by a staggering 

40% [599]! 

 

 
 

Here’s another way to view their incredible findings: before supplementation, 

zero of the women had good quality sleep, and a quarter had severe sleep 

disturbances. After supplementation, 40% had good quality sleep, zero had 

severe sleep disturbances, and the number with moderate sleep 

disturbances was cut by more than half. 

 

While the precise mechanism of action hasn’t yet been pinned down, current 

evidence points towards an increase in GABA signaling and direct sedative 

effect of its phytochemicals on the brain [600,601]. 
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Recommended Dosing: Take 450–1400 mg of valerian root per day. 

 

Passionflower 

Passionflower (Passiflora incarnata Linneaus) has been used for thousands of 

years by Native Americans as a sedative and treatment for anxiety [602]. It 

works primarily through activating GABA receptors in the brain that are 

responsible for relaxation [603]. 

 

There is a subset of people who struggle with sleep primarily because of 

stress and anxiety, and perhaps difficulty turning off racing thoughts at 

night. Passionflower is a very useful supplement for this group of people, as 

it is a supplement that can help those with stress and anxiety unwind for the 

day and have an easier time getting a good night’s rest. Several studies 

have shown that supplementing with 360–700 mg of passionflower reduces 

anxiety in the 30–90 minutes after taking it [604–606]. 

 

In fact, in adults with generalized anxiety disorder, 45 drops of a 

passionflower tincture was just as effective as a common anti-anxiety 

medication (benzodiazepine) for reducing anxiety, with both cutting anxiety 

scores by half after just 2 weeks and by nearly 75% after 4 weeks [607]. 

 

https://paperpile.com/c/dwK8OQ/F3Bx9
https://paperpile.com/c/dwK8OQ/AFDgH
https://paperpile.com/c/dwK8OQ/N2tvX+Vx9Ld+m0PQA
https://paperpile.com/c/dwK8OQ/9b8Vg


 

 
 

Expectedly, the data strongly supports the use of passionflower for inducing 

sleep and improving sleep quality [608,609]. In particular, passionflower 

increases the amount of time that is spent in deep, rejuvenating, slow-wave 

sleep [610], and without any side effects common with sleep and anti-

anxiety medications [611]. 

 

Recommended Dosing: Take 360–700 mg of passionflower per day. 

 

Chamomile 

Chamomile is a daisy-like flower traditionally brewed into tea and used to 

treat a variety of ailments, particularly those characterized by inflammation 

and oxidative stress [612]. It’s also been used as a mild sedative to calm 

nerves and reduce anxiety. 

 

https://paperpile.com/c/dwK8OQ/O5Rzc+uF6TF
https://paperpile.com/c/dwK8OQ/cNMAQ
https://paperpile.com/c/dwK8OQ/spGTv
https://paperpile.com/c/dwK8OQ/sGymp


 

You’ve likely seen it in teas and supplements that are advertised to help with 

sleep, and with good reason. A meta-analysis of six studies administering 

400–2000 mg of chamomile before bed found it to significantly improve 

sleep quality [613].  

 

For those of you battling anxiety, there may be additional benefits. A group 

of researchers from the University of Pennsylvania School of Medicine have 

published several studies in adults with generalized anxiety disorder 

demonstrating the clinical efficacy of chamomile. It started with a small 

placebo-controlled pilot study, in which 1100 mg/d of chamomile was shown 

to cut anxiety in half after 8 weeks [614]. 

 

 
 

In a larger follow-up study, the researchers confirmed their previous findings 

— after 8 weeks of supplementing with 1500 mg/d of chamomile, the 

participants had their anxiety cut in half and improved several other aspects 

of mental well-being [615]. Basically, the average participant went from 

having moderate-to-severe anxiety down to barely mild anxiety. 

 

https://paperpile.com/c/dwK8OQ/hUDea
https://paperpile.com/c/dwK8OQ/MHitG
https://paperpile.com/c/dwK8OQ/QgqMM


 

 
 

To really hammer this point home, here’s another way to look at these 

findings. When the study started, about 84% of participants had moderate 

anxiety and 15% had marked anxiety. After just 2 months of using 

chamomile, almost none had marked anxiety, only 18% had moderate 

anxiety, 21% had mild anxiety, and 60% either had no anxiety or borderline 

anxiety. 

 

 
 

So, in their third and final study, the researchers took a group of these 

participants who had their anxiety reduced by at least 50% and had them 

continue taking the chamomile or start on a placebo for another 6 months 

[616]. Those who continued with chamomile were 48% less likely to relapse 

with anxiety symptoms compared to those using the placebo. Moreover, the 

average time to relapse was 3 months in those using chamomile, compared 

to just 6 weeks in the placebo group. 

 

https://paperpile.com/c/dwK8OQ/1X8ZC


 

Recommended Dosing: Take 1100–1500 mg of chamomile per day. 

 

Lemon Balm 

Lemon balm (Melissa officinalis) is a plant native to the Mediterranean basin 

and central Asia, where it was traditionally used for the treatment of mental 

disorders and complaints relating to the central nervous system [617]. 

Today, it is commonly used to promote sedation and relaxation. 

 

Several studies have found that taking 300–1600 mg of lemon balm 

promotes calmness in the hours following supplementation [618,619], 

particularly when dealing with stressful situations [620,621]. These benefits 

extend to individuals battling anxiety as well, where supplementing with 600 

mg per day has been shown to reduce a variety of anxiety manifestations 

and symptoms [622].  

 

 
 

Notably, insomnia was one of the most debilitating symptoms for anxious 

adults, and lemon balm supplementation reduced it by an average of 42%, 

with 85% of people dealing with insomnia experiencing a benefit. Other 

studies have found similar benefits for sleep when lemon balm is combined 

with valerian root [623,624]. 

 

Recommended Dosing: Take 300–1600 mg of lemon balm per day. 

 

https://paperpile.com/c/dwK8OQ/uTgCt
https://paperpile.com/c/dwK8OQ/k5FVs+o9ljl
https://paperpile.com/c/dwK8OQ/DHRbq+Jaheq
https://paperpile.com/c/dwK8OQ/ZuQms
https://paperpile.com/c/dwK8OQ/LVeZm+ZU0T5


 

Theanine 

Theanine is a naturally occurring amino acid found in tea that alters 

neurotransmitter signaling within the brain. After consumption, it crosses the 

blood-brain barrier, interferes with excitatory glutamate signaling, stimulates 

dopamine release, and promotes inhibitory neurotransmission, thereby 

helping promote a state of relaxation [625,626]. 

 

In fact, electroencephalography (EEG) studies have shown that theanine 

shifts brain waves towards alpha oscillatory patterns indicative of a relaxed 

state, particularly in those with high levels of baseline anxiety [627–631]. 

 

 
 

Accordingly, several studies have found that theanine supplementation 

improves feelings of relaxation, tension, calmness, and anxiety in the hours 

following doses of 200–600 mg [632,633]. There is also evidence that 

theanine improves sleep quality, likely through its anti-anxiety and calming 

effects [634,635], and can help offset the stimulatory effects of caffeine 

[636,637]. 

 

Recommended Dosing: Take 200–600 mg of theanine per day. 

 

https://paperpile.com/c/dwK8OQ/YXqhr+UYqDO
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CBD Oil 

Cannabidiol (CBD) oil is the non-psychoactive component of cannabis plants 

(marijuana and hemp). It’s currently being heavily investigated as a 

therapeutic for anxiety, depression, addiction, epilepsy, neurodegeneration, 

chronic pain, and inflammatory diseases [638,639]. While research on CBD 

and sleep is still in its infancy, it is promising [640]. 

 

The cannabinoid system is intimately tied to the sleep-wake cycle by 

inhibiting the arousal system in the brain and promoting a hypnotic-like 

state [641,642]. The sleep benefits of CBD have been shown in adults with 

sleep disorders at doses of 75 mg per night [643], and at 25 mg in children 

[644]. Another study involving 72 adults complaining of anxiety and poor 

sleep found that 25–175 mg of CBD nightly reduced anxiety by 31–38% and 

improved sleep quality by 15–28%  after three months [645]. 

 

 
 

Anecdotally, in The Energy Blueprint program, we’ve observed that 

individuals who seem to be resistant to other sleep aids, like melatonin and 

the variety of herbs already discussed, often have excellent results using 

CBD oil before bed. The only issue with CBD is that the research that used 

CBD for sleep enhancement used high doses, which can be quite expensive 

and often unaffordable for many people. Still, if you’re interested in trying it 

and it’s within reach financially, then we recommend experimenting with 

doses of 25–100 mg taken 30–60 minutes before bed. 

 

Recommended Dosing: Take 25–100 mg of CBD oil per day. 

 

https://paperpile.com/c/dwK8OQ/78hri+vi7Fb
https://paperpile.com/c/dwK8OQ/HTjmz
https://paperpile.com/c/dwK8OQ/vvCzV+s0j1p
https://paperpile.com/c/dwK8OQ/gbnfm
https://paperpile.com/c/dwK8OQ/quU3Q
https://paperpile.com/c/dwK8OQ/GtRVE


 

Check out our science backed 

supplements for energy, 

brain performance and mood 

resilience. 
 

 
 

Go to store.theenergyblueprint.com to learn more.  

https://store.theenergyblueprint.com/


 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

References 
1. Galluzzi L, Kepp O, Trojel-Hansen C, Kroemer G. Mitochondrial control of cellular life, stress, and death. Circ Res. 

2012;111:1198–207. 

2. Duchen MR, Szabadkai G. Roles of mitochondria in human disease. Essays Biochem. 2010;47:115–37. 

3. Meyer JN, Leung MCK, Rooney JP, Sendoel A, Hengartner MO, Kisby GE, et al. Mitochondria as a target of 

environmental toxicants. Toxicol Sci. 2013;134:1–17. 

4. Picard M, McEwen BS. Psychological Stress and Mitochondria: A Systematic Review. Psychosom Med. 

2018;80:141–53. 

5. Tiku V, Tan M-W, Dikic I. Mitochondrial Functions in Infection and Immunity. Trends Cell Biol. 2020;30:263–75. 

6. Fetterman JL, Sammy MJ, Ballinger SW. Mitochondrial toxicity of tobacco smoke and air pollution. Toxicology. 

2017;391:18–33. 

7. Ames BN, Atamna H, Killilea DW. Mineral and vitamin deficiencies can accelerate the mitochondrial decay of 

aging. Mol Aspects Med. 2005;26:363–78. 

8. Naviaux RK. Metabolic features of the cell danger response. Mitochondrion. 2014;16:7–17. 

9. Tardy A-L, Pouteau E, Marquez D, Yilmaz C, Scholey A. Vitamins and Minerals for Energy, Fatigue and Cognition: 

A Narrative Review of the Biochemical and Clinical Evidence. Nutrients [Internet]. 2020;12. Available from: 

http://dx.doi.org/10.3390/nu12010228 

10. Ames BN. Low micronutrient intake may accelerate the degenerative diseases of aging through allocation of 

scarce micronutrients by triage. Proc Natl Acad Sci U S A. 2006;103:17589–94. 

11. Ames BN. Optimal micronutrients delay mitochondrial decay and age-associated diseases. Mech Ageing Dev. 

2010;131:473–9. 

12. Fulgoni VL 3rd, Keast DR, Bailey RL, Dwyer J. Foods, fortificants, and supplements: Where do Americans get 

their nutrients? J Nutr. 2011;141:1847–54. 

13. Bird JK, Murphy RA, Ciappio ED, McBurney MI. Risk of Deficiency in Multiple Concurrent Micronutrients in 

Children and Adults in the United States. Nutrients [Internet]. 2017;9. Available from: 

http://dx.doi.org/10.3390/nu9070655 

14. Misner B. Food alone may not provide sufficient micronutrients for preventing deficiency. J Int Soc Sports Nutr. 

2006;3:51–5. 

15. Calton JB. Prevalence of micronutrient deficiency in popular diet plans. J Int Soc Sports Nutr. 2010;7:24. 

16. Maric D, Brkic S, Tomic S, Novakov Mikic A, Cebovic T, Turkulov V. Multivitamin mineral supplementation in 

patients with chronic fatigue syndrome. Med Sci Monit. 2014;20:47–53. 

17. Macpherson H, Pipingas A, Pase MP. Multivitamin-multimineral supplementation and mortality: a meta-analysis of 

randomized controlled trials. Am J Clin Nutr. 2013;97:437–44. 

18. Russo P, Pala M, Parodi S, Ghiara C, Ferrari N, Vidali G. Effects of vitamin E on liver DNA. Cancer Lett. 

1984;25:163–70. 

19. Klein EA, Thompson IM Jr, Tangen CM, Crowley JJ, Lucia MS, Goodman PJ, et al. Vitamin E and the risk of 

prostate cancer: the Selenium and Vitamin E Cancer Prevention Trial (SELECT). JAMA. 2011;306:1549–56. 

20. Nicolson GL, Ash ME. Lipid Replacement Therapy: a natural medicine approach to replacing damaged lipids in 

cellular membranes and organelles and restoring function. Biochim Biophys Acta. 2014;1838:1657–79. 

21. Agadjanyan M, Vasilevko V, Ghochikyan A, Berns P, Kesslak P, Settineri RA, et al. Nutritional Supplement (NT 

FactorTM) Restores Mitochondrial Function and Reduces Moderately Severe Fatigue in Aged Subjects. J Chronic 

Fatigue Syndr. Taylor & Francis; 2003;11:23–36. 

22. Nicolson GL, Rosenblatt S, de Mattos GF, Settineri R, Breeding PC, Ellithorpe RR, et al. Clinical Uses of 

Membrane Lipid Replacement Supplements in Restoring Membrane Function and Reducing Fatigue in Chronic 

Diseases and Cancer. Discoveries (Craiova). 2016;4:e54. 

23. Dahash BA, Sankararaman S. Carnitine Deficiency. StatPearls. Treasure Island (FL): StatPearls Publishing; 

2020. 

24. Filler K, Lyon D, Bennett J, McCain N, Elswick R, Lukkahatai N, et al. Association of Mitochondrial Dysfunction 

and Fatigue: A Review of the Literature. BBA Clin. 2014;1:12–23. 

25. Noland RC, Koves TR, Seiler SE, Lum H, Lust RM, Ilkayeva O, et al. Carnitine insufficiency caused by aging and 

overnutrition compromises mitochondrial performance and metabolic control. J Biol Chem. 2009;284:22840–52. 

26. Askarpour M, Hadi A, Miraghajani M, Symonds ME, Sheikhi A, Ghaedi E. Beneficial effects of l-carnitine 



 

supplementation for weight management in overweight and obese adults: An updated systematic review and dose-

response meta-analysis of randomized controlled trials. Pharmacol Res. 2020;151:104554. 

27. Sahebkar A. Effect of L-carnitine Supplementation on Circulating C-reactive Protein Levels: A Systematic Review 

and Meta-Analysis. J Med Biochem. 2015;34:151–9. 

28. Haghighatdoost F, Jabbari M, Hariri M. The effect of L-carnitine on inflammatory mediators: a systematic review 

and meta-analysis of randomized clinical trials. Eur J Clin Pharmacol. 2019;75:1037–46. 

29. Costell M, O’Connor JE, Grisolía S. Age-dependent decrease of carnitine content in muscle of mice and humans. 

Biochem Biophys Res Commun. 1989;161:1135–43. 

30. Rosca MG, Lemieux H, Hoppel CL. Mitochondria in the elderly: Is acetylcarnitine a rejuvenator? Adv Drug Deliv 

Rev. 2009;61:1332–42. 

31. Kim SC, Sprung R, Chen Y, Xu Y, Ball H, Pei J, et al. Substrate and functional diversity of lysine acetylation 

revealed by a proteomics survey. Mol Cell. 2006;23:607–18. 

32. Kerner J, Yohannes E, Lee K, Virmani A, Koverech A, Cavazza C, et al. Acetyl-L-carnitine increases 

mitochondrial protein acetylation in the aged rat heart. Mech Ageing Dev. 2015;145:39–50. 

33. Schwer B, Eckersdorff M, Li Y, Silva JC, Fermin D, Kurtev MV, et al. Calorie restriction alters mitochondrial 

protein acetylation. Aging Cell. 2009;8:604–6. 

34. Malaguarnera M, Gargante MP, Cristaldi E, Colonna V, Messano M, Koverech A, et al. Acetyl L-carnitine (ALC) 

treatment in elderly patients with fatigue. Arch Gerontol Geriatr. 2008;46:181–90. 

35. Pennisi M, Lanza G, Cantone M, D’Amico E, Fisicaro F, Puglisi V, et al. Acetyl-L-Carnitine in Dementia and Other 

Cognitive Disorders: A Critical Update. Nutrients [Internet]. 2020;12. Available from: 

http://dx.doi.org/10.3390/nu12051389 

36. Cristofano A, Sapere N, La Marca G, Angiolillo A, Vitale M, Corbi G, et al. Serum Levels of Acyl-Carnitines along 

the Continuum from Normal to Alzheimer’s Dementia. PLoS One. 2016;11:e0155694. 

37. Aliev G, Liu J, Shenk JC, Fischbach K, Pacheco GJ, Chen SG, et al. Neuronal mitochondrial amelioration by 

feeding acetyl-L-carnitine and lipoic acid to aged rats. J Cell Mol Med. 2009;13:320–33. 

38. Nicassio L, Fracasso F, Sirago G, Musicco C, Picca A, Marzetti E, et al. Dietary supplementation with acetyl-l-

carnitine counteracts age-related alterations of mitochondrial biogenesis, dynamics and antioxidant defenses in brain 

of old rats. Exp Gerontol. 2017;98:99–109. 

39. Kobayashi S, Iwamoto M, Kon K, Waki H, Ando S, Tanaka Y. Acetyl-L-carnitine improves aged brain function. 

Geriatr Gerontol Int. 2010;10 Suppl 1:S99–106. 

40. Imperato A, Ramacci MT, Angelucci L. Acetyl-L-carnitine enhances acetylcholine release in the striatum and 

hippocampus of awake freely moving rats. Neurosci Lett. 1989;107:251–5. 

41. Smeland OB, Meisingset TW, Borges K, Sonnewald U. Chronic acetyl-L-carnitine alters brain energy metabolism 

and increases noradrenaline and serotonin content in healthy mice. Neurochem Int. 2012;61:100–7. 

42. Dhitavat S, Ortiz D, Shea TB, Rivera ER. Acetyl-L-carnitine protects against amyloid-beta neurotoxicity: roles of 

oxidative buffering and ATP levels. Neurochem Res. 2002;27:501–5. 

43. Liu J, Head E, Kuratsune H, Cotman CW, Ames BN. Comparison of the effects of L-carnitine and acetyl-L-

carnitine on carnitine levels, ambulatory activity, and oxidative stress biomarkers in the brain of old rats. Ann N Y 

Acad Sci. 2004;1033:117–31. 

44. Montgomery SA, Thal LJ, Amrein R. Meta-analysis of double blind randomized controlled clinical trials of acetyl-L-

carnitine versus placebo in the treatment of mild cognitive impairment and mild Alzheimer’s disease. Int Clin 

Psychopharmacol. 2003;18:61–71. 

45. Yang Y, Choi H, Lee C-N, Kim YB, Kwak YT. A Multicenter, Randomized, Double-blind, Placebo-controlled 

Clinical Trial for Efficacy of Acetyl-L-carnitine in Patients with Dementia Associated with Cerebrovascular Disease. 

Dement Neurocogn Disord. 2018;17:1–10. 

46. Arrigo A, Casale R, Buonocore M, Ciano C. Effects of acetyl-L-carnitine on reaction times in patients with 

cerebrovascular insufficiency. Int J Clin Pharmacol Res [Internet]. Int J Clin Pharmacol Res; 1990;10. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/2387660 

47. Malaguarnera M, Vacante M, Motta M, Giordano M, Malaguarnera G, Bella R, et al. Acetyl-L-carnitine improves 

cognitive functions in severe hepatic encephalopathy: a randomized and controlled clinical trial. Metab Brain Dis 

[Internet]. Metab Brain Dis; 2011;26. Available from: http://dx.doi.org/10.1007/s11011-011-9260-z 

48. Malaguarnera M, Vacante M, Giordano M, Pennisi G, Bella R, Rampello L, et al. Oral acetyl-L-carnitine therapy 

reduces fatigue in overt hepatic encephalopathy: a randomized, double-blind, placebo-controlled study. Am J Clin 

Nutr [Internet]. Am J Clin Nutr; 2011;93. Available from: http://dx.doi.org/10.3945/ajcn.110.007393 



 

49. Veronese N, Stubbs B, Solmi M, Ajnakina O, Carvalho AF, Maggi S. Acetyl-L-Carnitine Supplementation and the 

Treatment of Depressive Symptoms: A Systematic Review and Meta-Analysis. Psychosom Med. 2018;80:154–9. 

50. Feinberg AP, Ohlsson R, Henikoff S. The epigenetic progenitor origin of human cancer. Nat Rev Genet. 

2006;7:21–33. 

51. Ehrlich M. DNA hypomethylation in cancer cells. Epigenomics. 2009;1:239–59. 

52. Jin B, Li Y, Robertson KD. DNA methylation: superior or subordinate in the epigenetic hierarchy? Genes Cancer. 

2011;2:607–17. 

53. Fustin J-M, Ye S, Rakers C, Kaneko K, Fukumoto K, Yamano M, et al. Methylation deficiency disrupts biological 

rhythms from bacteria to humans. Commun Biol. 2020;3:211. 

54. Lee DY, Teyssier C, Strahl BD, Stallcup MR. Role of protein methylation in regulation of transcription. Endocr 

Rev. 2005;26:147–70. 

55. Lieber CS, Packer L. S-Adenosylmethionine: molecular, biological, and clinical aspects--an introduction. Am J 

Clin Nutr. 2002;76:1148S – 50S. 

56. Yi P, Melnyk S, Pogribna M, Pogribny IP, Hine RJ, James SJ. Increase in plasma homocysteine associated with 

parallel increases in plasma S-adenosylhomocysteine and lymphocyte DNA hypomethylation. J Biol Chem. 

2000;275:29318–23. 

57. Caudill MA, Wang JC, Melnyk S, Pogribny IP, Jernigan S, Collins MD, et al. Intracellular S-adenosylhomocysteine 

concentrations predict global DNA hypomethylation in tissues of methyl-deficient cystathionine beta-synthase 

heterozygous mice. J Nutr. 2001;131:2811–8. 

58. Fan R, Zhang A, Zhong F. Association between Homocysteine Levels and All-cause Mortality: A Dose-Response 

Meta-Analysis of Prospective Studies. Sci Rep. 2017;7:4769. 

59. Peng H-Y, Man C-F, Xu J, Fan Y. Elevated homocysteine levels and risk of cardiovascular and all-cause 

mortality: a meta-analysis of prospective studies. J Zhejiang Univ Sci B. 2015;16:78–86. 

60. Kaplan P, Tatarkova Z, Sivonova MK, Racay P, Lehotsky J. Homocysteine and Mitochondria in Cardiovascular 

and Cerebrovascular Systems. Int J Mol Sci [Internet]. 2020;21. Available from: 

http://dx.doi.org/10.3390/ijms21207698 

61. Kuo H-K, Sorond FA, Chen J-H, Hashmi A, Milberg WP, Lipsitz LA. The role of homocysteine in multisystem age-

related problems: a systematic review. J Gerontol A Biol Sci Med Sci. 2005;60:1190–201. 

62. Ganguly P, Alam SF. Role of homocysteine in the development of cardiovascular disease. Nutr J. 2015;14:6. 

63. Esse R, Barroso M, Tavares de Almeida I, Castro R. The Contribution of Homocysteine Metabolism Disruption to 

Endothelial Dysfunction: State-of-the-Art. Int J Mol Sci [Internet]. 2019;20. Available from: 

http://dx.doi.org/10.3390/ijms20040867 

64. Humphrey LL, Fu R, Rogers K, Freeman M, Helfand M. Homocysteine level and coronary heart disease 

incidence: a systematic review and meta-analysis. Mayo Clin Proc. 2008;83:1203–12. 

65. Liu Y, Song J-H, Hou X-H, Ma Y-H, Shen X-N, Xu W, et al. Elevated homocysteine as an independent risk for 

intracranial atherosclerotic stenosis. Aging . 2019;11:3824–31. 

66. Obeid R, Herrmann W. Mechanisms of homocysteine neurotoxicity in neurodegenerative diseases with special 

reference to dementia. FEBS Lett. 2006;580:2994–3005. 

67. Zhou F, Chen S. Hyperhomocysteinemia and risk of incident cognitive outcomes: An updated dose-response 

meta-analysis of prospective cohort studies. Ageing Res Rev. 2019;51:55–66. 

68. Smith AD, Refsum H, Bottiglieri T, Fenech M, Hooshmand B, McCaddon A, et al. Homocysteine and Dementia: 

An International Consensus Statement. J Alzheimers Dis. 2018;62:561–70. 

69. Vacek TP, Kalani A, Voor MJ, Tyagi SC, Tyagi N. The role of homocysteine in bone remodeling. Clin Chem Lab 

Med. 2013;51:579–90. 

70. Behera J, Bala J, Nuru M, Tyagi SC, Tyagi N. Homocysteine as a Pathological Biomarker for Bone Disease. J 

Cell Physiol. 2017;232:2704–9. 

71. Yang J, Hu X, Zhang Q, Cao H, Wang J, Liu B. Homocysteine level and risk of fracture: A meta-analysis and 

systematic review. Bone. 2012;51:376–82. 

72. Rolita L, Holtzer R, Wang C, Lipton RB, Derby CA, Verghese J. Homocysteine and mobility in older adults. J Am 

Geriatr Soc. 2010;58:545–50. 

73. Swart KMA, van Schoor NM, Heymans MW, Schaap LA, den Heijer M, Lips P. Elevated homocysteine levels are 

associated with low muscle strength and functional limitations in older persons. J Nutr Health Aging. 2013;17:578–84. 

74. Vidoni ML, Pettee Gabriel K, Luo ST, Simonsick EM, Day RS. Relationship between Homocysteine and Muscle 

Strength Decline: The Baltimore Longitudinal Study of Aging. J Gerontol A Biol Sci Med Sci. 2018;73:546–51. 



 

75. Mosharov E, Cranford MR, Banerjee R. The quantitatively important relationship between homocysteine 

metabolism and glutathione synthesis by the transsulfuration pathway and its regulation by redox changes. 

Biochemistry. 2000;39:13005–11. 

76. Pizzorno J. Homocysteine: Friend or Foe? Integr Med . 2014;13:8–14. 

77. Gorelova V, Ambach L, Rébeillé F, Stove C, Van Der Straeten D. Folates in Plants: Research Advances and 

Progress in Crop Biofortification. Front Chem. 2017;5:21. 

78. Weisberg I, Tran P, Christensen B, Sibani S, Rozen R. A second genetic polymorphism in 

methylenetetrahydrofolate reductase (MTHFR) associated with decreased enzyme activity. Mol Genet Metab. 

1998;64:169–72. 

79. van der Put NM, Gabreëls F, Stevens EM, Smeitink JA, Trijbels FJ, Eskes TK, et al. A second common mutation 

in the methylenetetrahydrofolate reductase gene: an additional risk factor for neural-tube defects? Am J Hum Genet. 

1998;62:1044–51. 

80. Chango A, Boisson F, Barbé F, Quilliot D, Droesch S, Pfister M, et al. The effect of 677C-->T and 1298A-->C 

mutations on plasma homocysteine and 5,10-methylenetetrahydrofolate reductase activity in healthy subjects. Br J 

Nutr. 2000;83:593–6. 

81. Gristan YD, Moosavi L. Folinic Acid. StatPearls. Treasure Island (FL): StatPearls Publishing; 2021. 

82. Bailey SW, Ayling JE. The extremely slow and variable activity of dihydrofolate reductase in human liver and its 

implications for high folic acid intake. Proc Natl Acad Sci U S A. 2009;106:15424–9. 

83. Scaglione F, Panzavolta G. Folate, folic acid and 5-methyltetrahydrofolate are not the same thing. Xenobiotica. 

2014;44:480–8. 

84. Chen C, Ke J, Zhou XE, Yi W, Brunzelle JS, Li J, et al. Structural basis for molecular recognition of folic acid by 

folate receptors. Nature. 2013;500:486–9. 

85. Desmoulin SK, Hou Z, Gangjee A, Matherly LH. The human proton-coupled folate transporter: Biology and 

therapeutic applications to cancer. Cancer Biol Ther. 2012;13:1355–73. 

86. Hou Z, Matherly LH. Biology of the major facilitative folate transporters SLC19A1 and SLC46A1. Curr Top Membr. 

2014;73:175–204. 

87. Christensen KE, Mikael LG, Leung K-Y, Lévesque N, Deng L, Wu Q, et al. High folic acid consumption leads to 

pseudo-MTHFR deficiency, altered lipid metabolism, and liver injury in mice. Am J Clin Nutr. 2015;101:646–58. 

88. Bahous RH, Jadavji NM, Deng L, Cosín-Tomás M, Lu J, Malysheva O, et al. High dietary folate in pregnant mice 

leads to pseudo-MTHFR deficiency and altered methyl metabolism, with embryonic growth delay and short-term 

memory impairment in offspring. Hum Mol Genet. 2017;26:888–900. 

89. Cornet D, Clement A, Clement P, Menezo Y. High doses of folic acid induce a pseudo-methylenetetrahydrofolate 

syndrome. SAGE Open Med Case Rep. 2019;7:2050313X19850435. 

90. Guenther BD, Sheppard CA, Tran P, Rozen R, Matthews RG, Ludwig ML. The structure and properties of 

methylenetetrahydrofolate reductase from Escherichia coli suggest how folate ameliorates human 

hyperhomocysteinemia. Nat Struct Biol. 1999;6:359–65. 

91. Yamada K, Chen Z, Rozen R, Matthews RG. Effects of common polymorphisms on the properties of recombinant 

human methylenetetrahydrofolate reductase. Proc Natl Acad Sci U S A. 2001;98:14853–8. 

92. García-Minguillán CJ, Fernandez-Ballart JD, Ceruelo S, Ríos L, Bueno O, Berrocal-Zaragoza MI, et al. Riboflavin 

status modifies the effects of methylenetetrahydrofolate reductase (MTHFR) and methionine synthase reductase 

(MTRR) polymorphisms on homocysteine. Genes Nutr. 2014;9:435. 

93. Hoey L, McNulty H, Strain JJ. Studies of biomarker responses to intervention with riboflavin: a systematic review. 

Am J Clin Nutr. 2009;89:1960S – 1980S. 

94. Zempleni J, Galloway JR, McCormick DB. Pharmacokinetics of orally and intravenously administered riboflavin in 

healthy humans. Am J Clin Nutr. 1996;63:54–66. 

95. Madigan SM, Tracey F, McNulty H, Eaton-Evans J, Coulter J, McCartney H, et al. Riboflavin and vitamin B-6 

intakes and status and biochemical response to riboflavin supplementation in free-living elderly people. Am J Clin 

Nutr. 1998;68:389–95. 

96. Koutmos M, Datta S, Pattridge KA, Smith JL, Matthews RG. Insights into the reactivation of cobalamin-dependent 

methionine synthase. Proc Natl Acad Sci U S A. 2009;106:18527–32. 

97. Olteanu H, Munson T, Banerjee R. Differences in the efficiency of reductive activation of methionine synthase and 

exogenous electron acceptors between the common polymorphic variants of human methionine synthase reductase. 

Biochemistry. 2002;41:13378–85. 

98. Obeid R, Fedosov SN, Nexo E. Cobalamin coenzyme forms are not likely to be superior to cyano- and hydroxyl-



 

cobalamin in prevention or treatment of cobalamin deficiency. Mol Nutr Food Res. 2015;59:1364–72. 

99. Okuda K, Yashima K, Kitazaki T, Takara I. Intestinal absorption and concurrent chemical changes of 

methylcobalamin. J Lab Clin Med. 1973;81:557–67. 

100. Chalmers JN, Shinton NK. Comparison of hydroxocobalamin and cyanocobalamin in the treatment of pernicious 

anaemia. Lancet. 1965;2:1305–8. 

101. Dalto DB, Matte J-J. Pyridoxine (Vitamin B₆) and the Glutathione Peroxidase System; a Link between One-

Carbon Metabolism and Antioxidation. Nutrients [Internet]. 2017;9. Available from: 

http://dx.doi.org/10.3390/nu9030189 

102. Castro C, Millian NS, Garrow TA. Liver betaine-homocysteine S-methyltransferase activity undergoes a redox 

switch at the active site zinc. Arch Biochem Biophys. 2008;472:26–33. 

103. Albersen M, Bosma M, Knoers NVVAM, de Ruiter BHB, Diekman EF, de Ruijter J, et al. The intestine plays a 

substantial role in human vitamin B6 metabolism: a Caco-2 cell model. PLoS One. 2013;8:e54113. 

104. Merrill AH Jr, Henderson JM. Vitamin B6 metabolism by human liver. Ann N Y Acad Sci. 1990;585:110–7. 

105. Wang H-S, Kuo M-F, Chou M-L, Hung P-C, Lin K-L, Hsieh M-Y, et al. Pyridoxal phosphate is better than 

pyridoxine for controlling idiopathic intractable epilepsy. Arch Dis Child. 2005;90:512–5. 

106. van Hunsel F, van de Koppel S, van Puijenbroek E, Kant A. Vitamin B6 in Health Supplements and Neuropathy: 

Case Series Assessment of Spontaneously Reported Cases. Drug Saf. 2018;41:859–69. 

107. Vrolijk MF, Opperhuizen A, Jansen EHJM, Hageman GJ, Bast A, Haenen GRMM. The vitamin B6 paradox: 

Supplementation with high concentrations of pyridoxine leads to decreased vitamin B6 function. Toxicol In Vitro. 

2017;44:206–12. 

108. McRae MP. Betaine supplementation decreases plasma homocysteine in healthy adult participants: a meta-

analysis. J Chiropr Med. 2013;12:20–5. 

109. Olthof MR, Verhoef P. Effects of betaine intake on plasma homocysteine concentrations and consequences for 

health. Curr Drug Metab. 2005;6:15–22. 

110. Olthof MR, van Vliet T, Boelsma E, Verhoef P. Low dose betaine supplementation leads to immediate and long 

term lowering of plasma homocysteine in healthy men and women. J Nutr. 2003;133:4135–8. 

111. Gastin PB. Energy system interaction and relative contribution during maximal exercise. Sports Med. 

2001;31:725–41. 

112. Baker JS, McCormick MC, Robergs RA. Interaction among Skeletal Muscle Metabolic Energy Systems during 

Intense Exercise. J Nutr Metab. 2010;2010:905612. 

113. Wallimann T, Wyss M, Brdiczka D, Nicolay K, Eppenberger HM. Intracellular compartmentation, structure and 

function of creatine kinase isoenzymes in tissues with high and fluctuating energy demands: the “phosphocreatine 

circuit” for cellular energy homeostasis. Biochem J. 1992;281 ( Pt 1):21–40. 

114. Dempsey RL, Mazzone MF, Meurer LN. Does oral creatine supplementation improve strength? A meta-analysis. 

J Fam Pract. 2002;51:945–51. 

115. Branch JD. Effect of creatine supplementation on body composition and performance: a meta-analysis. Int J 

Sport Nutr Exerc Metab. 2003;13:198–226. 

116. Lanhers C, Pereira B, Naughton G, Trousselard M, Lesage F-X, Dutheil F. Creatine Supplementation and Upper 

Limb Strength Performance: A Systematic Review and Meta-Analysis. Sports Med. 2017;47:163–73. 

117. Lanhers C, Pereira B, Naughton G, Trousselard M, Lesage F-X, Dutheil F. Creatine Supplementation and Lower 

Limb Strength Performance: A Systematic Review and Meta-Analyses. Sports Med. 2015;45:1285–94. 

118. Chilibeck PD, Kaviani M, Candow DG, Zello GA. Effect of creatine supplementation during resistance training on 

lean tissue mass and muscular strength in older adults: a meta-analysis. Open Access J Sports Med. 2017;8:213–26. 

119. O’Connor RS, Steeds CM, Wiseman RW, Pavlath GK. Phosphocreatine as an energy source for actin 

cytoskeletal rearrangements during myoblast fusion. J Physiol. 2008;586:2841–53. 

120. Saks V. The phosphocreatine-creatine kinase system helps to shape muscle cells and keep them healthy and 

alive. J. Physiol. 2008. p. 2817–8. 

121. Nabuurs CI, Choe CU, Veltien A, Kan HE, van Loon LJC, Rodenburg RJT, et al. Disturbed energy metabolism 

and muscular dystrophy caused by pure creatine deficiency are reversible by creatine intake. J Physiol. 

2013;591:571–92. 

122. Sestili P, Barbieri E, Martinelli C, Battistelli M, Guescini M, Vallorani L, et al. Creatine supplementation prevents 

the inhibition of myogenic differentiation in oxidatively injured C2C12 murine myoblasts. Mol Nutr Food Res. 

2009;53:1187–204. 

123. Sestili P, Barbieri E, Stocchi V. Effects of Creatine in Skeletal Muscle Cells and in Myoblasts Differentiating 



 

Under Normal or Oxidatively Stressing Conditions. Mini Rev Med Chem. 2016;16:4–11. 

124. Barbieri E, Guescini M, Calcabrini C, Vallorani L, Diaz AR, Fimognari C, et al. Creatine Prevents the Structural 

and Functional Damage to Mitochondria in Myogenic, Oxidatively Stressed C2C12 Cells and Restores Their 

Differentiation Capacity. Oxid Med Cell Longev. 2016;2016:5152029. 

125. Greenhaff PL. The creatine-phosphocreatine system: there’s more than one song in its repertoire. J. Physiol. 

2001. p. 657. 

126. Walsh B, Tonkonogi M, Söderlund K, Hultman E, Saks V, Sahlin K. The role of phosphorylcreatine and creatine 

in the regulation of mitochondrial respiration in human skeletal muscle. J Physiol. 2001;537:971–8. 

127. Cooke MB, Rybalka E, Williams AD, Cribb PJ, Hayes A. Creatine supplementation enhances muscle force 

recovery after eccentrically-induced muscle damage in healthy individuals. J Int Soc Sports Nutr. 2009;6:13. 

128. Bassit RA, Pinheiro CH da J, Vitzel KF, Sproesser AJ, Silveira LR, Curi R. Effect of short-term creatine 

supplementation on markers of skeletal muscle damage after strenuous contractile activity. Eur J Appl Physiol. 

2010;108:945–55. 

129. Santos RVT, Bassit RA, Caperuto EC, Costa Rosa LFBP. The effect of creatine supplementation upon 

inflammatory and muscle soreness markers after a 30km race. Life Sci. 2004;75:1917–24. 

130. Andres RH, Ducray AD, Schlattner U, Wallimann T, Widmer HR. Functions and effects of creatine in the central 

nervous system. Brain Res Bull. 2008;76:329–43. 

131. Klein AM, Ferrante RJ. The neuroprotective role of creatine. Subcell Biochem. 2007;46:205–43. 

132. Dechent P, Pouwels PJ, Wilken B, Hanefeld F, Frahm J. Increase of total creatine in human brain after oral 

supplementation of creatine-monohydrate. Am J Physiol. 1999;277:R698–704. 

133. Lyoo IK, Kong SW, Sung SM, Hirashima F, Parow A, Hennen J, et al. Multinuclear magnetic resonance 

spectroscopy of high-energy phosphate metabolites in human brain following oral supplementation of creatine-

monohydrate. Psychiatry Res. 2003;123:87–100. 

134. Pan JW, Takahashi K. Cerebral energetic effects of creatine supplementation in humans. Am J Physiol Regul 

Integr Comp Physiol. 2007;292:R1745–50. 

135. Avgerinos KI, Spyrou N, Bougioukas KI, Kapogiannis D. Effects of creatine supplementation on cognitive 

function of healthy individuals: A systematic review of randomized controlled trials. Exp Gerontol. 2018;108:166–73. 

136. Roschel H, Gualano B, Ostojic SM, Rawson ES. Creatine Supplementation and Brain Health. Nutrients 

[Internet]. 2021;13. Available from: http://dx.doi.org/10.3390/nu13020586 

137. Brosnan JT, da Silva RP, Brosnan ME. The metabolic burden of creatine synthesis. Amino Acids. 

2011;40:1325–31. 

138. Jagim AR, Oliver JM, Sanchez A, Galvan E, Fluckey J, Riechman S, et al. A buffered form of creatine does not 

promote greater changes in muscle creatine content, body composition, or training adaptations than creatine 

monohydrate. J Int Soc Sports Nutr. 2012;9:43. 

139. Spillane M, Schoch R, Cooke M, Harvey T, Greenwood M, Kreider R, et al. The effects of creatine ethyl ester 

supplementation combined with heavy resistance training on body composition, muscle performance, and serum and 

muscle creatine levels. J Int Soc Sports Nutr. 2009;6:6. 

140. Huxtable RJ. Physiological actions of taurine. Physiol Rev. 1992;72:101–63. 

141. Schaffer S, Kim HW. Effects and Mechanisms of Taurine as a Therapeutic Agent. Biomol Ther . 2018;26:225–

41. 

142. Ripps H, Shen W. Review: taurine: a “very essential” amino acid. Mol Vis. 2012;18:2673–86. 

143. Hansen SH, Andersen ML, Birkedal H, Cornett C, Wibrand F. The important role of taurine in oxidative 

metabolism. Adv Exp Med Biol. 2006;583:129–35. 

144. Fakruddin M, Wei F-Y, Suzuki T, Asano K, Kaieda T, Omori A, et al. Defective Mitochondrial tRNA Taurine 

Modification Activates Global Proteostress and Leads to Mitochondrial Disease. Cell Rep. 2018;22:482–96. 

145. Hansen SH, Andersen ML, Cornett C, Gradinaru R, Grunnet N. A role for taurine in mitochondrial function. J 

Biomed Sci. 2010;17 Suppl 1:S23. 

146. Jong CJ, Azuma J, Schaffer S. Mechanism underlying the antioxidant activity of taurine: prevention of 

mitochondrial oxidant production. Amino Acids. 2012;42:2223–32. 

147. Maleki V, Mahdavi R, Hajizadeh-Sharafabad F, Alizadeh M. The effects of taurine supplementation on oxidative 

stress indices and inflammation biomarkers in patients with type 2 diabetes: a randomized, double-blind, placebo-

controlled trial. Diabetol Metab Syndr. 2020;12:9. 

148. Rosa FT, Freitas EC, Deminice R, Jordão AA, Marchini JS. Oxidative stress and inflammation in obesity after 

taurine supplementation: a double-blind, placebo-controlled study. Eur J Nutr. 2014;53:823–30. 



 

149. Xiao C, Giacca A, Lewis GF. Oral taurine but not N-acetylcysteine ameliorates NEFA-induced impairment in 

insulin sensitivity and beta cell function in obese and overweight, non-diabetic men. Diabetologia. 2008;51:139–46. 

150. Jong CJ, Ito T, Prentice H, Wu J-Y, Schaffer SW. Role of Mitochondria and Endoplasmic Reticulum in Taurine-

Deficiency-Mediated Apoptosis. Nutrients [Internet]. 2017;9. Available from: http://dx.doi.org/10.3390/nu9080795 

151. Schaffer SW, Ito T, Azuma J, Jong CJ, Kramer JH. Mechanisms Underlying Development of Taurine-Deficient 

Cardiomyopathy. Hearts. Multidisciplinary Digital Publishing Institute; 2020;1:86–98. 

152. Qaradakhi T, Gadanec LK, McSweeney KR, Abraham JR, Apostolopoulos V, Zulli A. The Anti-Inflammatory 

Effect of Taurine on Cardiovascular Disease. Nutrients [Internet]. 2020;12. Available from: 

http://dx.doi.org/10.3390/nu12092847 

153. Scicchitano BM, Sica G. The Beneficial Effects of Taurine to Counteract Sarcopenia. Curr Protein Pept Sci. 

2018;19:673–80. 

154. Barbiera A, Sorrentino S, Lepore E, Carfì A, Sica G, Dobrowolny G, et al. Taurine Attenuates Catabolic 

Processes Related to the Onset of Sarcopenia. Int J Mol Sci [Internet]. 2020;21. Available from: 

http://dx.doi.org/10.3390/ijms21228865 

155. Warskulat U, Flögel U, Jacoby C, Hartwig H-G, Thewissen M, Merx MW, et al. Taurine transporter knockout 

depletes muscle taurine levels and results in severe skeletal muscle impairment but leaves cardiac function 

uncompromised. FASEB J. 2004;18:577–9. 

 

156. Ommati MM, Farshad O, Jamshidzadeh A, Heidari R. Taurine enhances skeletal muscle mitochondrial function 

in a rat model of resistance training. PharmaNutrition. 2019;9:100161. 

157. Waldron M, Patterson SD, Tallent J, Jeffries O. The Effects of an Oral Taurine Dose and Supplementation 

Period on Endurance Exercise Performance in Humans: A Meta-Analysis. Sports Med. 2018;48:1247–53. 

158. Guerin M, Huntley ME, Olaizola M. Haematococcus astaxanthin: applications for human health and nutrition. 

Trends Biotechnol. 2003;21:210–6. 

159. Gruszecki WI, Strzałka K. Carotenoids as modulators of lipid membrane physical properties. Biochim Biophys 

Acta. 2005;1740:108–15. 

160. Kidd P. Astaxanthin, cell membrane nutrient with diverse clinical benefits and anti-aging potential. Altern Med 

Rev. 2011;16:355–64. 

161. Wolf AM, Asoh S, Hiranuma H, Ohsawa I, Iio K, Satou A, et al. Astaxanthin protects mitochondrial redox state 

and functional integrity against oxidative stress. J Nutr Biochem. 2010;21:381–9. 

162. Yu T, Dohl J, Chen Y, Gasier HG, Deuster PA. Astaxanthin but not quercetin preserves mitochondrial integrity 

and function, ameliorates oxidative stress, and reduces heat-induced skeletal muscle injury. J Cell Physiol. 

2019;234:13292–302. 

163. Krestinina O, Baburina Y, Krestinin R, Odinokova I, Fadeeva I, Sotnikova L. Astaxanthin Prevents Mitochondrial 

Impairment Induced by Isoproterenol in Isolated Rat Heart Mitochondria. Antioxidants (Basel) [Internet]. 2020;9. 

Available from: http://dx.doi.org/10.3390/antiox9030262 

164. Naguib YM. Antioxidant activities of astaxanthin and related carotenoids. J Agric Food Chem. 2000;48:1150–4. 

165. Choi HD, Kim JH, Chang MJ, Kyu-Youn Y, Shin WG. Effects of astaxanthin on oxidative stress in overweight 

and obese adults. Phytother Res. 2011;25:1813–8. 

166. Kim SH, Kim H. Inhibitory Effect of Astaxanthin on Oxidative Stress-Induced Mitochondrial Dysfunction-A Mini-

Review. Nutrients [Internet]. 2018;10. Available from: http://dx.doi.org/10.3390/nu10091137 

167. Park JS, Mathison BD, Hayek MG, Zhang J, Reinhart GA, Chew BP. Astaxanthin modulates age-associated 

mitochondrial dysfunction in healthy dogs. J Anim Sci. 2013;91:268–75. 

168. Sztretye M, Dienes B, Gönczi M, Czirják T, Csernoch L, Dux L, et al. Astaxanthin: A Potential Mitochondrial-

Targeted Antioxidant Treatment in Diseases and with Aging. Oxid Med Cell Longev. 2019;2019:3849692. 

169. Liu SZ, Ali AS, Campbell MD, Kilroy K, Shankland EG, Roshanravan B, et al. Building strength, endurance, and 

mobility using an astaxanthin formulation with functional training in elderly. J Cachexia Sarcopenia Muscle. 

2018;9:826–33. 

170. Malmsten CL, Lignell A. Dietary Supplementation with Astaxanthin-Rich Algal Meal Improves Strength 

Endurance--A Double Blind Placebo Controlled Study on Male Students--. Carotenoid Sci. 2008;13:20–2. 

171. Fleischmann C, Horowitz M, Yanovich R, Raz H, Heled Y. Asthaxanthin Improves Aerobic Exercise Recovery 

Without Affecting Heat Tolerance in Humans. Front Sports Act Living. 2019;1:17. 

172. Djordjevic B, Baralic I, Kotur-Stevuljevic J, Stefanovic A, Ivanisevic J, Radivojevic N, et al. Effect of astaxanthin 

supplementation on muscle damage and oxidative stress markers in elite young soccer players. J Sports Med Phys 



 

Fitness. 2012;52:382–92. 

173. Pizzorno J. Glutathione! Integr Med . 2014;13:8–12. 

174. Atkuri KR, Mantovani JJ, Herzenberg LA, Herzenberg LA. N-Acetylcysteine--a safe antidote for 

cysteine/glutathione deficiency. Curr Opin Pharmacol. 2007;7:355–9. 

175. Pendyala L, Creaven PJ. Pharmacokinetic and pharmacodynamic studies of N-acetylcysteine, a potential 

chemopreventive agent during a phase I trial. Cancer Epidemiol Biomarkers Prev. 1995;4:245–51. 

176. Lauterburg BH, Corcoran GB, Mitchell JR. Mechanism of action of N-acetylcysteine in the protection against the 

hepatotoxicity of acetaminophen in rats in vivo. J Clin Invest. 1983;71:980–91. 

177. Polyak E, Ostrovsky J, Peng M, Dingley SD, Tsukikawa M, Kwon YJ, et al. N-acetylcysteine and vitamin E 

rescue animal longevity and cellular oxidative stress in pre-clinical models of mitochondrial complex I disease. Mol 

Genet Metab. 2018;123:449–62. 

178. Aparicio-Trejo OE, Reyes-Fermín LM, Briones-Herrera A, Tapia E, León-Contreras JC, Hernández-Pando R, et 

al. Protective effects of N-acetyl-cysteine in mitochondria bioenergetics, oxidative stress, dynamics and S-

glutathionylation alterations in acute kidney damage induced by folic acid. Free Radic Biol Med. 2019;130:379–96. 

179. Sandhir R, Sood A, Mehrotra A, Kamboj SS. N-Acetylcysteine reverses mitochondrial dysfunctions and 

behavioral abnormalities in 3-nitropropionic acid-induced Huntington’s disease. Neurodegener Dis. 2012;9:145–57. 

180. Wright DJ, Renoir T, Smith ZM, Frazier AE, Francis PS, Thorburn DR, et al. N-Acetylcysteine improves 

mitochondrial function and ameliorates behavioral deficits in the R6/1 mouse model of Huntington’s disease. Transl 

Psychiatry. 2015;5:e492. 

181. Devrim-Lanpir A, Hill L, Knechtle B. How N-Acetylcysteine Supplementation Affects Redox Regulation, 

Especially at Mitohormesis and Sarcohormesis Level: Current Perspective. Antioxidants (Basel) [Internet]. 2021;10. 

Available from: http://dx.doi.org/10.3390/antiox10020153 

182. Faghfouri AH, Zarezadeh M, Tavakoli-Rouzbehani OM, Radkhah N, Faghfuri E, Kord-Varkaneh H, et al. The 

effects of N-acetylcysteine on inflammatory and oxidative stress biomarkers: A systematic review and meta-analysis 

of controlled clinical trials. Eur J Pharmacol. 2020;884:173368. 

183. Askari M, Faryabi R, Mozaffari H, Darooghegi Mofrad M. The effects of N-Acetylcysteine on serum level of 

inflammatory biomarkers in adults. Findings from a systematic review and meta-analysis of randomized clinical trials. 

Cytokine. 2020;135:155239. 

184. Ghezzi P. Role of glutathione in immunity and inflammation in the lung. Int J Gen Med. 2011;4:105–13. 

185. Dröge W, Breitkreutz R. Glutathione and immune function. Proc Nutr Soc. 2000;59:595–600. 

186. Bounous G, Molson J. Competition for glutathione precursors between the immune system and the skeletal 

muscle: pathogenesis of chronic fatigue syndrome. Med Hypotheses. 1999;53:347–9. 

187. Pauly DF, Pepine CJ. D-Ribose as a supplement for cardiac energy metabolism. J Cardiovasc Pharmacol Ther. 

2000;5:249–58. 

188. Mahoney DE, Hiebert JB, Thimmesch A, Pierce JT, Vacek JL, Clancy RL, et al. Understanding D-Ribose and 

Mitochondrial Function. Adv Biosci Clin Med. 2018;6:1–5. 

189. Omran H, Illien S, MacCarter D, St Cyr J, Lüderitz B. D-Ribose improves diastolic function and quality of life in 

congestive heart failure patients: a prospective feasibility study. Eur J Heart Fail. 2003;5:615–9. 

190. MacCarter D, Vijay N, Washam M, Shecterle L, Sierminski H, St Cyr JA. D-ribose aids advanced ischemic heart 

failure patients. Int J Cardiol. 2009;137:79–80. 

191. Pliml W, von Arnim T, Stäblein A, Hofmann H, Zimmer HG, Erdmann E. Effects of ribose on exercise-induced 

ischaemia in stable coronary artery disease. Lancet. 1992;340:507–10. 

192. Hellsten Y, Skadhauge L, Bangsbo J. Effect of ribose supplementation on resynthesis of adenine nucleotides 

after intense intermittent training in humans. Am J Physiol Regul Integr Comp Physiol. 2004;286:R182–8. 

193. Seifert JG, Brumet A, St Cyr JA. The influence of D-ribose ingestion and fitness level on performance and 

recovery. J Int Soc Sports Nutr. 2017;14:47. 

194. Teitelbaum JE, Johnson C, St Cyr J. The use of D-ribose in chronic fatigue syndrome and fibromyalgia: a pilot 

study. J Altern Complement Med. 2006;12:857–62. 

195. Gebhart B, Jorgenson JA. Benefit of ribose in a patient with fibromyalgia. Pharmacotherapy. 2004;24:1646–8. 

196. Shay KP, Moreau RF, Smith EJ, Smith AR, Hagen TM. Alpha-lipoic acid as a dietary supplement: molecular 

mechanisms and therapeutic potential. Biochim Biophys Acta. 2009;1790:1149–60. 

197. Savitha S, Sivarajan K, Haripriya D, Kokilavani V, Panneerselvam C. Efficacy of levo carnitine and alpha lipoic 

acid in ameliorating the decline in mitochondrial enzymes during aging. Clin Nutr. 2005;24:794–800. 

198. Long J, Gao F, Tong L, Cotman CW, Ames BN, Liu J. Mitochondrial decay in the brains of old rats: ameliorating 



 

effect of alpha-lipoic acid and acetyl-L-carnitine. Neurochem Res. 2009;34:755–63. 

199. Liu J, Killilea DW, Ames BN. Age-associated mitochondrial oxidative decay: improvement of carnitine 

acetyltransferase substrate-binding affinity and activity in brain by feeding old rats acetyl-L- carnitine and/or R-alpha -

lipoic acid. Proc Natl Acad Sci U S A. 2002;99:1876–81. 

200. Barbiroli B, Medori R, Tritschler HJ, Klopstock T, Seibel P, Reichmann H, et al. Lipoic (thioctic) acid increases 

brain energy availability and skeletal muscle performance as shown by in vivo 31P-MRS in a patient with 

mitochondrial cytopathy. J Neurol. 1995;242:472–7. 

201. Liu J. The effects and mechanisms of mitochondrial nutrient alpha-lipoic acid on improving age-associated 

mitochondrial and cognitive dysfunction: an overview. Neurochem Res. 2008;33:194–203. 

202. Dos Santos SM, Romeiro CFR, Rodrigues CA, Cerqueira ARL, Monteiro MC. Mitochondrial Dysfunction and 

Alpha-Lipoic Acid: Beneficial or Harmful in Alzheimer’s Disease? Oxid Med Cell Longev. 2019;2019:8409329. 

203. Panigrahi M, Sadguna Y, Shivakumar BR, Kolluri SV, Roy S, Packer L, et al. alpha-Lipoic acid protects against 

reperfusion injury following cerebral ischemia in rats. Brain Res. 1996;717:184–8. 

204. Arivazhagan P, Shila S, Kumaran S, Panneerselvam C. Effect of DL-alpha-lipoic acid on the status of lipid 

peroxidation and antioxidant enzymes in various brain regions of aged rats. Exp Gerontol. 2002;37:803–11. 

205. Zhang L, Xing GQ, Barker JL, Chang Y, Maric D, Ma W, et al. Alpha-lipoic acid protects rat cortical neurons 

against cell death induced by amyloid and hydrogen peroxide through the Akt signalling pathway. Neurosci Lett. 

2001;312:125–8. 

206. Shinto L, Quinn J, Montine T, Dodge HH, Woodward W, Baldauf-Wagner S, et al. A randomized placebo-

controlled pilot trial of omega-3 fatty acids and alpha lipoic acid in Alzheimer’s disease. J Alzheimers Dis. 

2014;38:111–20. 

207. Pershadsingh HA. Alpha-lipoic acid: physiologic mechanisms and indications for the treatment of metabolic 

syndrome. Expert Opin Investig Drugs. 2007;16:291–302. 

208. Chen W-L, Kang C-H, Wang S-G, Lee H-M. α-Lipoic acid regulates lipid metabolism through induction of sirtuin 

1 (SIRT1) and activation of AMP-activated protein kinase. Diabetologia. 2012;55:1824–35. 

209. Carbonelli MG, Di Renzo L, Bigioni M, Di Daniele N, De Lorenzo A, Fusco MA. Alpha-lipoic acid 

supplementation: a tool for obesity therapy? Curr Pharm Des. 2010;16:840–6. 

210. Koh EH, Lee WJ, Lee SA, Kim EH, Cho EH, Jeong E, et al. Effects of alpha-lipoic Acid on body weight in obese 

subjects. Am J Med. 2011;124:85.e1–8. 

211. Li N, Yan W, Hu X, Huang Y, Wang F, Zhang W, et al. Effects of oral α-lipoic acid administration on body weight 

in overweight or obese subjects: a crossover randomized, double-blind, placebo-controlled trial. Clin Endocrinol . 

2017;86:680–7. 

212. Breithaupt-Grögler K, Niebch G, Schneider E, Erb K, Hermann R, Blume HH, et al. Dose-proportionality of oral 

thioctic acid--coincidence of assessments via pooled plasma and individual data. Eur J Pharm Sci. 1999;8:57–65. 

213. Li X-T, Chen R, Jin L-M, Chen H-Y. Regulation on energy metabolism and protection on mitochondria of Panax 

ginseng polysaccharide. Am J Chin Med. 2009;37:1139–52. 

214. Huang Y, Kwan KKL, Leung KW, Yao P, Wang H, Dong TT, et al. Ginseng extracts modulate mitochondrial 

bioenergetics of live cardiomyoblasts: a functional comparison of different extraction solvents. J Ginseng Res. 

2019;43:517–26. 

215. Huang Q, Gao S, Zhao D, Li X. Review of ginsenosides targeting mitochondrial function to treat multiple 

disorders: Current status and perspectives. J Ginseng Res. 2021;45:371–9. 

216. Jin T-Y, Rong P-Q, Liang H-Y, Zhang P-P, Zheng G-Q, Lin Y. Clinical and Preclinical Systematic Review of 

Panax ginseng C. A. Mey and Its Compounds for Fatigue. Front Pharmacol. 2020;11:1031. 

217. Lee N, Lee S-H, Yoo H-R, Yoo HS. Anti-Fatigue Effects of Enzyme-Modified Ginseng Extract: A Randomized, 

Double-Blind, Placebo-Controlled Trial. J Altern Complement Med. 2016;22:859–64. 

218. Kim H-G, Cho J-H, Yoo S-R, Lee J-S, Han J-M, Lee N-H, et al. Antifatigue Effects of Panax ginseng C.A. Meyer: 

A Randomised, Double-Blind, Placebo-Controlled Trial. PLoS One [Internet]. Public Library of Science; 2013 [cited 

2019 Nov 25];8. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3629193/ 

219. Ames BN. Prolonging healthy aging: Longevity vitamins and proteins. Proc Natl Acad Sci U S A. 

2018;115:10836–44. 

220. Jonscher KR, Chowanadisai W, Rucker RB. Pyrroloquinoline-Quinone Is More Than an Antioxidant: A Vitamin-

like Accessory Factor Important in Health and Disease Prevention. Biomolecules [Internet]. 2021;11. Available from: 

http://dx.doi.org/10.3390/biom11101441 

221. Rucker R, Chowanadisai W, Nakano M. Potential physiological importance of pyrroloquinoline quinone. Altern 



 

Med Rev. 2009;14:268–77. 

222. Chowanadisai W, Bauerly KA, Tchaparian E, Wong A, Cortopassi GA, Rucker RB. Pyrroloquinoline quinone 

stimulates mitochondrial biogenesis through cAMP response element-binding protein phosphorylation and increased 

PGC-1alpha expression. J Biol Chem. 2010;285:142–52. 

223. Saihara K, Kamikubo R, Ikemoto K, Uchida K, Akagawa M. Pyrroloquinoline Quinone, a Redox-Active o-

Quinone, Stimulates Mitochondrial Biogenesis by Activating the SIRT1/PGC-1α Signaling Pathway. Biochemistry. 

2017;56:6615–25. 

224. Hwang P, Willoughby DS. Mechanisms Behind Pyrroloquinoline Quinone Supplementation on Skeletal Muscle 

Mitochondrial Biogenesis: Possible Synergistic Effects with Exercise. J Am Coll Nutr. 2018;37:738–48. 

225. Hwang PS, Machek SB, Cardaci TD, Wilburn DT, Kim CS, Suezaki ES, et al. Effects of Pyrroloquinoline 

Quinone (PQQ) Supplementation on Aerobic Exercise Performance and Indices of Mitochondrial Biogenesis in 

Untrained Men. J Am Coll Nutr. 2020;39:547–56. 

226. Harris CB, Chowanadisai W, Mishchuk DO, Satre MA, Slupsky CM, Rucker RB. Dietary pyrroloquinoline 

quinone (PQQ) alters indicators of inflammation and mitochondrial-related metabolism in human subjects. J Nutr 

Biochem. 2013;24:2076–84. 

227. Nakano M, Yamamoto T, Okamura H, Tsuda A, Kowatari Y. Effects of Oral Supplementation with 

Pyrroloquinoline Quinone on Stress, Fatigue, and Sleep. Functional Foods in Health and Disease. 2012;2:307–24. 

228. Shiojima Y, Takahashi M, Takahashi R, Moriyama H, Bagchi D, Bagchi M, et al. Effect of Dietary 

Pyrroloquinoline Quinone Disodium Salt on Cognitive Function in Healthy Volunteers: A Randomized, Double-Blind, 

Placebo-Controlled, Parallel-Group Study. J Am Coll Nutr. 2021;1–14. 

229. Nakano M, Murayama Y, Hu L, Ikemoto K, Uetake T, Sakatani K. Effects of Antioxidant Supplements 

(BioPQQTM) on Cerebral Blood Flow and Oxygen Metabolism in the Prefrontal Cortex. Adv Exp Med Biol. 

2016;923:215–22. 

230. Itoh Y, Hine K, Miura H, Uetake T, Nakano M, Takemura N, et al. Effect of the Antioxidant Supplement 

Pyrroloquinoline Quinone Disodium Salt (BioPQQTM) on Cognitive Functions. Adv Exp Med Biol. 2016;876:319–25. 

231. Cordero MD, Moreno-Fernández AM, deMiguel M, Bonal P, Campa F, Jiménez-Jiménez LM, et al. Coenzyme 

Q10 distribution in blood is altered in patients with fibromyalgia. Clin Biochem. 2009;42:732–5. 

232. Di Pierro F, Rossi A, Consensi A, Giacomelli C, Bazzichi L. Role for a water-soluble form of CoQ10 in female 

subjects affected by fibromyalgia. A preliminary study. Clin Exp Rheumatol. 2017;35 Suppl 105:20–7. 

233. Cordero MD, Alcocer-Gómez E, de Miguel M, Culic O, Carrión AM, Alvarez-Suarez JM, et al. Can coenzyme 

q10 improve clinical and molecular parameters in fibromyalgia? Antioxid Redox Signal. 2013;19:1356–61. 

234. Jafari M, Mousavi SM, Asgharzadeh A, Yazdani N. Coenzyme Q10 in the treatment of heart failure: A 

systematic review of systematic reviews. Indian Heart J. 2018;70 Suppl 1:S111–7. 

235. DiNicolantonio JJ, Bhutani J, McCarty MF, O’Keefe JH. Coenzyme Q10 for the treatment of heart failure: a 

review of the literature. Open Heart. 2015;2:e000326. 

236. Sanoobar M, Dehghan P, Khalili M, Azimi A, Seifar F. Coenzyme Q10 as a treatment for fatigue and depression 

in multiple sclerosis patients: A double blind randomized clinical trial. Nutr Neurosci. 2016;19:138–43. 

237. Sanoobar M, Eghtesadi S, Azimi A, Khalili M, Khodadadi B, Jazayeri S, et al. Coenzyme Q10 supplementation 

ameliorates inflammatory markers in patients with multiple sclerosis: a double blind, placebo, controlled randomized 

clinical trial. Nutr Neurosci. 2015;18:169–76. 

238. Castro-Marrero J, Cordero MD, Segundo MJ, Sáez-Francàs N, Calvo N, Román-Malo L, et al. Does oral 

coenzyme Q10 plus NADH supplementation improve fatigue and biochemical parameters in chronic fatigue 

syndrome? Antioxid Redox Signal. 2015;22:679–85. 

239. Fukuda S, Nojima J, Kajimoto O, Yamaguti K, Nakatomi Y, Kuratsune H, et al. Ubiquinol-10 supplementation 

improves autonomic nervous function and cognitive function in chronic fatigue syndrome. Biofactors. 2016;42:431–

40. 

240. Mizuno K, Tanaka M, Nozaki S, Mizuma H, Ataka S, Tahara T, et al. Antifatigue effects of coenzyme Q10 during 

physical fatigue. Nutrition. 2008;24:293–9. 

241. Castro-Marrero J, Sáez-Francàs N, Segundo MJ, Calvo N, Faro M, Aliste L, et al. Effect of coenzyme Q10 plus 

nicotinamide adenine dinucleotide supplementation on maximum heart rate after exercise testing in chronic fatigue 

syndrome - A randomized, controlled, double-blind trial. Clin Nutr. 2016;35:826–34. 

242. Mizuno K, Sasaki AT, Watanabe K, Watanabe Y. Ubiquinol-10 Intake Is Effective in Relieving Mild Fatigue in 

Healthy Individuals. Nutrients [Internet]. 2020;12. Available from: http://dx.doi.org/10.3390/nu12061640 

243. Sarmiento A, Diaz-Castro J, Pulido-Moran M, Moreno-Fernandez J, Kajarabille N, Chirosa I, et al. Short-term 



 

ubiquinol supplementation reduces oxidative stress associated with strenuous exercise in healthy adults: A 

randomized trial. Biofactors. 2016;42:612–22. 

244. Singhal K, Raj N, Gupta K, Singh S. Probable benefits of green tea with genetic implications. J Oral Maxillofac 

Pathol. 2017;21:107–14. 

245. Suzuki Y, Miyoshi N, Isemura M. Health-promoting effects of green tea. Proc Jpn Acad Ser B Phys Biol Sci. 

2012;88:88–101. 

246. Chacko SM, Thambi PT, Kuttan R, Nishigaki I. Beneficial effects of green tea: a literature review. Chin Med. 

2010;5:13. 

247. Ortiz-López L, Márquez-Valadez B, Gómez-Sánchez A, Silva-Lucero MDC, Torres-Pérez M, Téllez-Ballesteros 

RI, et al. Green tea compound epigallo-catechin-3-gallate (EGCG) increases neuronal survival in adult hippocampal 

neurogenesis in vivo and in vitro. Neuroscience. 2016;322:208–20. 

248. Pervin M, Unno K, Ohishi T, Tanabe H, Miyoshi N, Nakamura Y. Beneficial Effects of Green Tea Catechins on 

Neurodegenerative Diseases. Molecules [Internet]. 2018;23. Available from: 

http://dx.doi.org/10.3390/molecules23061297 

249. Babu PVA, Liu D. Green tea catechins and cardiovascular health: an update. Curr Med Chem. 2008;15:1840–

50. 

250. Bhardwaj P, Khanna D. Green tea catechins: defensive role in cardiovascular disorders. Chin J Nat Med. 

2013;11:345–53. 

251. Rains TM, Agarwal S, Maki KC. Antiobesity effects of green tea catechins: a mechanistic review. J Nutr 

Biochem. 2011;22:1–7. 

252. Hursel R, Westerterp-Plantenga MS. Catechin- and caffeine-rich teas for control of body weight in humans. Am 

J Clin Nutr. 2013;98:1682S – 1693S. 

253. Hursel R, Viechtbauer W, Westerterp-Plantenga MS. The effects of green tea on weight loss and weight 

maintenance: a meta-analysis. Int J Obes . 2009;33:956–61. 

254. Cooper R, Morré DJ, Morré DM. Medicinal benefits of green tea: part II. review of anticancer properties. J Altern 

Complement Med. 2005;11:639–52. 

255. Lambert JD. Does tea prevent cancer? Evidence from laboratory and human intervention studies. Am J Clin 

Nutr. 2013;98:1667S – 1675S. 

256. Park J-H, Bae J-H, Im S-S, Song D-K. Green tea and type 2 diabetes. Integr Med Res. 2014;3:4–10. 

257. Oliveira MR de, Nabavi SF, Daglia M, Rastrelli L, Nabavi SM. Epigallocatechin gallate and mitochondria-A story 

of life and death. Pharmacol Res. 2016;104:70–85. 

258. Schroeder EK, Kelsey NA, Doyle J, Breed E, Bouchard RJ, Loucks FA, et al. Green tea epigallocatechin 3-

gallate accumulates in mitochondria and displays a selective antiapoptotic effect against inducers of mitochondrial 

oxidative stress in neurons. Antioxid Redox Signal. 2009;11:469–80. 

259. Most J, Timmers S, Warnke I, Jocken JW, van Boekschoten M, de Groot P, et al. Combined epigallocatechin-3-

gallate and resveratrol supplementation for 12 wk increases mitochondrial capacity and fat oxidation, but not insulin 

sensitivity, in obese humans: a randomized controlled trial. Am J Clin Nutr. 2016;104:215–27. 

260. Jurgens TM, Whelan AM, Killian L, Doucette S, Kirk S, Foy E. Green tea for weight loss and weight maintenance 

in overweight or obese adults. Cochrane Database Syst Rev. 2012;12:CD008650. 

261. Baladia E, Basulto J, Manera M, Martínez R, Calbet D. [Effect of green tea or green tea extract consumption on 

body weight and body composition; systematic review and meta-analysis]. Nutr Hosp. 2014;29:479–90. 

262. Zhong X, Zhang T, Liu Y, Wei X, Zhang X, Qin Y, et al. Short-term weight-centric effects of tea or tea extract in 

patients with metabolic syndrome: a meta-analysis of randomized controlled trials. Nutr Diabetes. 2015;5:e160. 

263. Vázquez Cisneros LC, López-Uriarte P, López-Espinoza A, Navarro Meza M, Espinoza-Gallardo AC, Guzmán 

Aburto MB. Effects of green tea and its epigallocatechin (EGCG) content on body weight and fat mass in humans: a 

systematic review. Nutr Hosp. 2017;34:731–7. 

264. Hibi M, Takase H, Iwasaki M, Osaki N, Katsuragi Y. Efficacy of tea catechin-rich beverages to reduce abdominal 

adiposity and metabolic syndrome risks in obese and overweight subjects: a pooled analysis of 6 human trials. Nutr 

Res. 2018;55:1–10. 

265. de Oliveira MR, Nabavi SM, Braidy N, Setzer WN, Ahmed T, Nabavi SF. Quercetin and the mitochondria: A 

mechanistic view. Biotechnol Adv. 2016;34:532–49. 

266. Davis JM, Murphy EA, Carmichael MD, Davis B. Quercetin increases brain and muscle mitochondrial biogenesis 

and exercise tolerance. Am J Physiol Regul Integr Comp Physiol. 2009;296:R1071–7. 

267. Pelletier DM, Lacerte G, Goulet EDB. Effects of quercetin supplementation on endurance performance and 



 

maximal oxygen consumption: a meta-analysis. Int J Sport Nutr Exerc Metab. 2013;23:73–82. 

268. Kressler J, Millard-Stafford M, Warren GL. Quercetin and endurance exercise capacity: a systematic review and 

meta-analysis. Med Sci Sports Exerc. 2011;43:2396–404. 

269. Ou Q, Zheng Z, Zhao Y, Lin W. Impact of quercetin on systemic levels of inflammation: a meta-analysis of 

randomised controlled human trials. Int J Food Sci Nutr. 2020;71:152–63. 

270. Mohammadi-Sartang M, Mazloom Z, Sherafatmanesh S, Ghorbani M, Firoozi D. Effects of supplementation with 

quercetin on plasma C-reactive protein concentrations: a systematic review and meta-analysis of randomized 

controlled trials. Eur J Clin Nutr. 2017;71:1033–9. 

271. Tabrizi R, Tamtaji OR, Mirhosseini N, Lankarani KB, Akbari M, Heydari ST, et al. The effects of quercetin 

supplementation on lipid profiles and inflammatory markers among patients with metabolic syndrome and related 

disorders: A systematic review and meta-analysis of randomized controlled trials. Crit Rev Food Sci Nutr. 

2020;60:1855–68. 

272. Guo W, Gong X, Li M. Quercetin Actions on Lipid Profiles in Overweight and Obese Individuals: A Systematic 

Review and Meta-Analysis. Curr Pharm Des. 2019;25:3087–95. 

273. Sahebkar A. Effects of quercetin supplementation on lipid profile: A systematic review and meta-analysis of 

randomized controlled trials. Crit Rev Food Sci Nutr. 2017;57:666–76. 

274. Tamtaji OR, Milajerdi A, Dadgostar E, Kolahdooz F, Chamani M, Amirani E, et al. The Effects of Quercetin 

Supplementation on Blood Pressures and Endothelial Function Among Patients with Metabolic Syndrome and 

Related Disorders: A Systematic Review and Meta-analysis of Randomized Controlled Trials. Curr Pharm Des. 

2019;25:1372–84. 

275. Serban M-C, Sahebkar A, Zanchetti A, Mikhailidis DP, Howard G, Antal D, et al. Effects of Quercetin on Blood 

Pressure: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. J Am Heart Assoc [Internet]. 

2016;5. Available from: http://dx.doi.org/10.1161/JAHA.115.002713 

276. Riva A, Ronchi M, Petrangolini G, Bosisio S, Allegrini P. Improved Oral Absorption of Quercetin from Quercetin 

Phytosome®, a New Delivery System Based on Food Grade Lecithin. Eur J Drug Metab Pharmacokinet. 

2019;44:169–77. 

277. Calabrese EJ, Mattson MP, Calabrese V. Resveratrol commonly displays hormesis: occurrence and biomedical 

significance. Hum Exp Toxicol. 2010;29:980–1015. 

278. Mizuguchi Y, Hatakeyama H, Sueoka K, Tanaka M, Goto Y-I. Low dose resveratrol ameliorates mitochondrial 

respiratory dysfunction and enhances cellular reprogramming. Mitochondrion. 2017;34:43–8. 

279. Timmers S, Konings E, Bilet L, Houtkooper RH, van de Weijer T, Goossens GH, et al. Calorie restriction-like 

effects of 30 days of resveratrol supplementation on energy metabolism and metabolic profile in obese humans. Cell 

Metab. 2011;14:612–22. 

280. Goh KP, Lee HY, Lau DP, Supaat W, Chan YH, Koh AFY. Effects of resveratrol in patients with type 2 diabetes 

mellitus on skeletal muscle SIRT1 expression and energy expenditure. Int J Sport Nutr Exerc Metab. 2014;24:2–13. 

281. Alway SE, McCrory JL, Kearcher K, Vickers A, Frear B, Gilleland DL, et al. Resveratrol Enhances Exercise-

Induced Cellular and Functional Adaptations of Skeletal Muscle in Older Men and Women. J Gerontol A Biol Sci Med 

Sci. 2017;72:1595–606. 

282. Polley KR, Jenkins N, O’Connor P, McCully K. Influence of exercise training with resveratrol supplementation on 

skeletal muscle mitochondrial capacity. Appl Physiol Nutr Metab. 2016;41:26–32. 

283. Heber D. Pomegranate Ellagitannins. In: Benzie IFF, Wachtel-Galor S, editors. Herbal Medicine: Biomolecular 

and Clinical Aspects. Boca Raton (FL): CRC Press/Taylor & Francis; 2012. 

284. Ismail T, Calcabrini C, Diaz AR, Fimognari C, Turrini E, Catanzaro E, et al. Ellagitannins in Cancer 

Chemoprevention and Therapy. Toxins [Internet]. 2016;8. Available from: http://dx.doi.org/10.3390/toxins8050151 

285. Aviram M, Rosenblat M, Gaitini D, Nitecki S, Hoffman A, Dornfeld L, et al. Pomegranate juice consumption for 3 

years by patients with carotid artery stenosis reduces common carotid intima-media thickness, blood pressure and 

LDL oxidation. Clin Nutr. 2004;23:423–33. 

286. Davidson MH, Maki KC, Dicklin MR, Feinstein SB, Witchger M, Bell M, et al. Effects of consumption of 

pomegranate juice on carotid intima-media thickness in men and women at moderate risk for coronary heart disease. 

Am J Cardiol. 2009;104:936–42. 

287. Basu A, Newman ED, Bryant AL, Lyons TJ, Betts NM. Pomegranate polyphenols lower lipid peroxidation in 

adults with type 2 diabetes but have no effects in healthy volunteers: a pilot study. J Nutr Metab. 2013;2013:708381. 

288. Tan S, Yu CY, Sim ZW, Low ZS, Lee B, See F, et al. Pomegranate activates TFEB to promote autophagy-

lysosomal fitness and mitophagy. Sci Rep. 2019;9:727. 



 

289. Ryu D, Mouchiroud L, Andreux PA, Katsyuba E, Moullan N, Nicolet-Dit-Félix AA, et al. Urolithin A induces 

mitophagy and prolongs lifespan in C. elegans and increases muscle function in rodents. Nat Med. 2016;22:879–88. 

290. Ghosh N, Das A, Biswas N, Gnyawali S, Singh K, Gorain M, et al. Urolithin A augments angiogenic pathways in 

skeletal muscle by bolstering NAD+ and SIRT1. Sci Rep. 2020;10:20184. 

291. Andreux PA, Blanco-Bose W, Ryu D, Burdet F, Ibberson M, Aebischer P, et al. The mitophagy activator urolithin 

A is safe and induces a molecular signature of improved mitochondrial and cellular health in humans. Nat Metab. 

2019;1:595–603. 

292. Torregrosa-García A, Ávila-Gandía V, Luque-Rubia AJ, Abellán-Ruiz MS, Querol-Calderón M, López-Román FJ. 

Pomegranate Extract Improves Maximal Performance of Trained Cyclists after an Exhausting Endurance Trial: A 

Randomised Controlled Trial. Nutrients [Internet]. 2019;11. Available from: http://dx.doi.org/10.3390/nu11040721 

293. Ciferri O. Spirulina, the edible microorganism. Microbiol Rev. 1983;47:551–78. 

294. Nawrocka D, Kornicka K, Śmieszek A, Marycz K. Spirulina platensis Improves Mitochondrial Function Impaired 

by Elevated Oxidative Stress in Adipose-Derived Mesenchymal Stromal Cells (ASCs) and Intestinal Epithelial Cells 

(IECs), and Enhances Insulin Sensitivity in Equine Metabolic Syndrome (EMS) Horses. Mar Drugs [Internet]. 

2017;15. Available from: http://dx.doi.org/10.3390/md15080237 

295. Oriquat GA, Ali MA, Mahmoud SA, Eid RMHM, Hassan R, Kamel MA. Improving hepatic mitochondrial 

biogenesis as a postulated mechanism for the antidiabetic effect of Spirulina platensis in comparison with metformin. 

Appl Physiol Nutr Metab. 2019;44:357–64. 

296. Gao J, Zhao L, Wang J, Zhang L, Zhou D, Qu J, et al. C-Phycocyanin Ameliorates Mitochondrial Fission and 

Fusion Dynamics in Ischemic Cardiomyocyte Damage. Front Pharmacol. 2019;10:733. 

297. Liu Q, Huang Y, Zhang R, Cai T, Cai Y. Medical Application of Spirulina platensis Derived C-Phycocyanin. Evid 

Based Complement Alternat Med. 2016;2016:7803846. 

298. McCarty MF. Clinical potential of Spirulina as a source of phycocyanobilin. J Med Food. 2007;10:566–70. 

299. Horsfall LJ, Nazareth I, Pereira SP, Petersen I. Gilbert’s syndrome and the risk of death: a population-based 

cohort study. J Gastroenterol Hepatol. 2013;28:1643–7. 

300. Vítek L, Jirsa M, Brodanová M, Kalab M, Marecek Z, Danzig V, et al. Gilbert syndrome and ischemic heart 

disease: a protective effect of elevated bilirubin levels. Atherosclerosis. 2002;160:449–56. 

301. Lin J-P, O’Donnell CJ, Schwaiger JP, Cupples LA, Lingenhel A, Hunt SC, et al. Association between the 

UGT1A1*28 allele, bilirubin levels, and coronary heart disease in the Framingham Heart Study. Circulation. 

2006;114:1476–81. 

302. Novotný L, Vítek L. Inverse relationship between serum bilirubin and atherosclerosis in men: a meta-analysis of 

published studies. Exp Biol Med . 2003;228:568–71. 

303. Cheriyath P, Gorrepati VS, Peters I, Nookala V, Murphy ME, Srouji N, et al. High Total Bilirubin as a Protective 

Factor for Diabetes Mellitus: An Analysis of NHANES Data From 1999 - 2006. J Clin Med Res. 2010;2:201–6. 

304. Bulmer AC, Blanchfield JT, Toth I, Fassett RG, Coombes JS. Improved resistance to serum oxidation in Gilbert’s 

syndrome: a mechanism for cardiovascular protection. Atherosclerosis. 2008;199:390–6. 

305. Copur B, Yilmaz N, Topcuoglu C, Kiziltunc E, Cetin M, Turhan T, et al. Relationship between elevated bilirubin 

level and subclinical atherosclerosis as well as oxidative stress in Gilbert syndrome. Gastroenterol Hepatol Bed 

Bench. 2020;13:133–40. 

306. Maruhashi T, Soga J, Fujimura N, Idei N, Mikami S, Iwamoto Y, et al. Hyperbilirubinemia, augmentation of 

endothelial function, and decrease in oxidative stress in Gilbert syndrome. Circulation. 2012;126:598–603. 

307. Tosevska A, Moelzer C, Wallner M, Janosec M, Schwarz U, Kern C, et al. Longer telomeres in chronic, 

moderate, unconjugated hyperbilirubinaemia: insights from a human study on Gilbert’s Syndrome. Sci Rep. 

2016;6:22300. 

308. Jansen T, Daiber A. Direct Antioxidant Properties of Bilirubin and Biliverdin. Is there a Role for Biliverdin 

Reductase? Front Pharmacol. 2012;3:30. 

309. McDonagh AF. The biliverdin-bilirubin antioxidant cycle of cellular protection: Missing a wheel? Free Radic Biol 

Med. 2010;49:814–20. 

310. Inoguchi T, Sonoda N, Maeda Y. Bilirubin as an important physiological modulator of oxidative stress and 

chronic inflammation in metabolic syndrome and diabetes: a new aspect on old molecule. Diabetol Int. 2016;7:338–

41. 

311. Kundur AR, Singh I, Bulmer AC. Bilirubin, platelet activation and heart disease: a missing link to cardiovascular 

protection in Gilbert’s syndrome? Atherosclerosis. 2015;239:73–84. 

312. Huang H, Liao D, Pu R, Cui Y. Quantifying the effects of spirulina supplementation on plasma lipid and glucose 



 

concentrations, body weight, and blood pressure. Diabetes Metab Syndr Obes. 2018;11:729–42. 

313. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, et al. Efficacy and safety of cholesterol-

lowering treatment: prospective meta-analysis of data from 90,056 participants in 14 randomised trials of statins. 

Lancet. 2005;366:1267–78. 

314. Kalafati M, Jamurtas AZ, Nikolaidis MG, Paschalis V, Theodorou AA, Sakellariou GK, et al. Ergogenic and 

antioxidant effects of spirulina supplementation in humans. Med Sci Sports Exerc. 2010;42:142–51. 

315. Lu H-K, Hsieh C-C, Hsu J-J, Yang Y-K, Chou H-N. Preventive effects of Spirulina platensis on skeletal muscle 

damage under exercise-induced oxidative stress. Eur J Appl Physiol. 2006;98:220–6. 

316. Johnson M, Hassinger L, Davis J, Devor ST, DiSilvestro RA. A randomized, double blind, placebo controlled 

study of spirulina supplementation on indices of mental and physical fatigue in men. Int J Food Sci Nutr. 

2016;67:203–6. 

317. Hernández-Lepe MA, López-Díaz JA, Juárez-Oropeza MA, Hernández-Torres RP, Wall-Medrano A, Ramos-

Jiménez A. Effect of Arthrospira (Spirulina) maxima Supplementation and a Systematic Physical Exercise Program 

on the Body Composition and Cardiorespiratory Fitness of Overweight or Obese Subjects: A Double-Blind, 

Randomized, and Crossover Controlled Trial. Mar Drugs [Internet]. 2018;16. Available from: 

http://dx.doi.org/10.3390/md16100364 

318. Hernández-Lepe MA, Olivas-Aguirre FJ, Gómez-Miranda LM, Hernández-Torres RP, Manríquez-Torres J de J, 

Ramos-Jiménez A. Systematic Physical Exercise and Spirulina maxima Supplementation Improve Body Composition, 

Cardiorespiratory Fitness, and Blood Lipid Profile: Correlations of a Randomized Double-Blind Controlled Trial. 

Antioxidants (Basel) [Internet]. 2019;8. Available from: http://dx.doi.org/10.3390/antiox8110507 

319. Bito T, Okumura E, Fujishima M, Watanabe F. Potential of Chlorella as a Dietary Supplement to Promote 

Human Health. Nutrients [Internet]. 2020;12. Available from: http://dx.doi.org/10.3390/nu12092524 

320. Panahi Y, Mostafazadeh B, Abrishami A, Saadat A, Beiraghdar F, Tavana S, et al. Investigation of the effects of 

Chlorella vulgaris supplementation on the modulation of oxidative stress in apparently healthy smokers. Clin Lab. 

2013;59:579–87. 

321. Lee SH, Kang HJ, Lee H-J, Kang M-H, Park YK. Six-week supplementation with Chlorella has favorable impact 

on antioxidant status in Korean male smokers. Nutrition. 2010;26:175–83. 

322. Panahi Y, Tavana S, Sahebkar A, Masoudi H, Madanchi N. Impact of Adjunctive Therapy with Chlorellav ulgaris 

Extract on Antioxidant Status, Pulmonary Function, and Clinical Symptoms of Patients with Obstructive Pulmonary 

Diseases. Sci Pharm. 2012;80:719–30. 

323. Fallah AA, Sarmast E, Habibian Dehkordi S, Engardeh J, Mahmoodnia L, Khaledifar A, et al. Effect of Chlorella 

supplementation on cardiovascular risk factors: A meta-analysis of randomized controlled trials. Clin Nutr. 

2018;37:1892–901. 

324. Umemoto S, Otsuki T. Chlorella-derived multicomponent supplementation increases aerobic endurance capacity 

in young individuals. J Clin Biochem Nutr. 2014;55:143–6. 

325. Zempo-Miyaki A, Maeda S, Otsuki T. Effect of Chlorella-derived multicomponent supplementation on maximal 

oxygen uptake and serum vitamin B2 concentration in young men. J Clin Biochem Nutr. 2017;61:135–9. 

326. Merchant RE, Carmack CA, Wise CM. Nutritional supplementation with Chlorella pyrenoidosa for patients with 

fibromyalgia syndrome: a pilot study. Phytother Res. 2000;14:167–73. 

327. Merchant RE, Andre CA. A review of recent clinical trials of the nutritional supplement Chlorella pyrenoidosa in 

the treatment of fibromyalgia, hypertension, and ulcerative colitis. Altern Ther Health Med. 2001;7:79–91. 

328. Mikirova N, Casciari J, Hunninghake R. The assessment of the energy metabolism in patients with chronic 

fatigue syndrome by serum fluorescence emission. Altern Ther Health Med. 2012;18:36–40. 

329. Harjes U. Context determines which pathway to use for NAD synthesis. Nat. Rev. Cancer. 2019. p. 365. 

330. Liu L, Su X, Quinn WJ 3rd, Hui S, Krukenberg K, Frederick DW, et al. Quantitative Analysis of NAD Synthesis-

Breakdown Fluxes. Cell Metab. 2018;27:1067–80.e5. 

331. Airhart SE, Shireman LM, Risler LJ, Anderson GD, Nagana Gowda GA, Raftery D, et al. An open-label, non-

randomized study of the pharmacokinetics of the nutritional supplement nicotinamide riboside (NR) and its effects on 

blood NAD+ levels in healthy volunteers. PLoS One. 2017;12:e0186459. 

332. Martens CR, Denman BA, Mazzo MR, Armstrong ML, Reisdorph N, McQueen MB, et al. Chronic nicotinamide 

riboside supplementation is well-tolerated and elevates NAD+ in healthy middle-aged and older adults. Nat Commun. 

2018;9:1286. 

333. Elhassan YS, Kluckova K, Fletcher RS, Schmidt MS, Garten A, Doig CL, et al. Nicotinamide Riboside Augments 

the Aged Human Skeletal Muscle NAD+ Metabolome and Induces Transcriptomic and Anti-inflammatory Signatures. 



 

Cell Rep. 2019;28:1717–28.e6. 

334. Dollerup OL, Christensen B, Svart M, Schmidt MS, Sulek K, Ringgaard S, et al. A randomized placebo-

controlled clinical trial of nicotinamide riboside in obese men: safety, insulin-sensitivity, and lipid-mobilizing effects. 

Am J Clin Nutr. 2018;108:343–53. 

335. Dollerup OL, Chubanava S, Agerholm M, Søndergård SD, Altıntaş A, Møller AB, et al. Nicotinamide riboside 

does not alter mitochondrial respiration, content or morphology in skeletal muscle from obese and insulin-resistant 

men. J Physiol. 2020;598:731–54. 

336. Conze D, Brenner C, Kruger CL. Safety and Metabolism of Long-term Administration of NIAGEN (Nicotinamide 

Riboside Chloride) in a Randomized, Double-Blind, Placebo-controlled Clinical Trial of Healthy Overweight Adults. Sci 

Rep. 2019;9:9772. 

337. Remie CME, Roumans KHM, Moonen MPB, Connell NJ, Havekes B, Mevenkamp J, et al. Nicotinamide riboside 

supplementation alters body composition and skeletal muscle acetylcarnitine concentrations in healthy obese 

humans. Am J Clin Nutr. 2020;112:413–26. 

338. Shintani H, Ashida H, Shintani T. Shifting the focus of d-glucosamine from a dietary supplement for knee 

osteoarthritis to a potential anti-aging drug. Human Nutrition & Metabolism. 2021;26:200134. 

339. Pocobelli G, Kristal AR, Patterson RE, Potter JD, Lampe JW, Kolar A, et al. Total mortality risk in relation to use 

of less-common dietary supplements. Am J Clin Nutr. 2010;91:1791–800. 

340. Bell GA, Kantor ED, Lampe JW, Shen DD, White E. Use of glucosamine and chondroitin in relation to mortality. 

Eur J Epidemiol. 2012;27:593–603. 

341. Li Z-H, Gao X, Chung VC, Zhong W-F, Fu Q, Lv Y-B, et al. Associations of regular glucosamine use with all-

cause and cause-specific mortality: a large prospective cohort study. Ann Rheum Dis. 2020;79:829–36. 

342. Weimer S, Priebs J, Kuhlow D, Groth M, Priebe S, Mansfeld J, et al. D-Glucosamine supplementation extends 

life span of nematodes and of ageing mice. Nat Commun. 2014;5:3563. 

343. Hwang AB, Jeong D-E, Lee S-J. Mitochondria and organismal longevity. Curr Genomics. 2012;13:519–32. 

344. Chiu H-W, Li L-H, Hsieh C-Y, Rao YK, Chen F-H, Chen A, et al. Glucosamine inhibits IL-1β expression by 

preserving mitochondrial integrity and disrupting assembly of the NLRP3 inflammasome. Sci Rep. 2019;9:5603. 

345. Bayliak MM, Lushchak VI. Pleiotropic effects of alpha-ketoglutarate as a potential anti-ageing agent. Ageing Res 

Rev. 2021;66:101237. 

346. Lai JC, Walsh JM, Dennis SC, Clark JB. Synaptic and non-synaptic mitochondria from rat brain: isolation and 

characterization. J Neurochem. 1977;28:625–31. 

347. Tretter L, Adam-Vizi V. Alpha-ketoglutarate dehydrogenase: a target and generator of oxidative stress. Philos 

Trans R Soc Lond B Biol Sci. 2005;360:2335–45. 

348. Niemiec T, Sikorska J, Harrison A, Szmidt M, Sawosz E, Wirth-Dzieciolowska E, et al. Alpha-ketoglutarate 

stabilizes redox homeostasis and improves arterial elasticity in aged mice. J Physiol Pharmacol. 2011;62:37–43. 

349. Wu N, Yang M, Gaur U, Xu H, Yao Y, Li D. Alpha-Ketoglutarate: Physiological Functions and Applications. 

Biomol Ther . 2016;24:1–8. 

350. Su Y, Wang T, Wu N, Li D, Fan X, Xu Z, et al. Alpha-ketoglutarate extends Drosophila lifespan by inhibiting 

mTOR and activating AMPK. Aging . 2019;11:4183–97. 

351. Chin RM, Fu X, Pai MY, Vergnes L, Hwang H, Deng G, et al. The metabolite α-ketoglutarate extends lifespan by 

inhibiting ATP synthase and TOR. Nature. 2014;510:397–401. 

352. Jylhävä J, Pedersen NL, Hägg S. Biological Age Predictors. EBioMedicine. 2017;21:29–36. 

353. Fransquet PD, Wrigglesworth J, Woods RL, Ernst ME, Ryan J. The epigenetic clock as a predictor of disease 

and mortality risk: a systematic review and meta-analysis. Clin Epigenetics. 2019;11:62. 

354. Chen BH, Marioni RE, Colicino E, Peters MJ, Ward-Caviness CK, Tsai P-C, et al. DNA methylation-based 

measures of biological age: meta-analysis predicting time to death. Aging . 2016;8:1844–65. 

355. Marioni RE, Shah S, McRae AF, Chen BH, Colicino E, Harris SE, et al. DNA methylation age of blood predicts 

all-cause mortality in later life. Genome Biol. 2015;16:25. 

356. Breitling LP, Saum K-U, Perna L, Schöttker B, Holleczek B, Brenner H. Frailty is associated with the epigenetic 

clock but not with telomere length in a German cohort. Clin Epigenetics. 2016;8:21. 

357. Gale CR, Marioni RE, Harris SE, Starr JM, Deary IJ. DNA methylation and the epigenetic clock in relation to 

physical frailty in older people: the Lothian Birth Cohort 1936. Clin Epigenetics. 2018;10:101. 

358. Marioni RE, Shah S, McRae AF, Ritchie SJ, Muniz-Terrera G, Harris SE, et al. The epigenetic clock is correlated 

with physical and cognitive fitness in the Lothian Birth Cohort 1936. Int J Epidemiol. 2015;44:1388–96. 

359. Vidal-Bralo L, Lopez-Golan Y, Mera-Varela A, Rego-Perez I, Horvath S, Zhang Y, et al. Specific premature 



 

epigenetic aging of cartilage in osteoarthritis. Aging . 2016;8:2222–31. 

360. Vaccarino V, Huang M, Wang Z, Hui Q, Shah AJ, Goldberg J, et al. Epigenetic Age Acceleration and Cognitive 

Decline: A Twin Study. J Gerontol A Biol Sci Med Sci. 2021;76:1854–63. 

361. Levine ME, Lu AT, Bennett DA, Horvath S. Epigenetic age of the pre-frontal cortex is associated with neuritic 

plaques, amyloid load, and Alzheimer’s disease related cognitive functioning. Aging . 2015;7:1198–211. 

362. Pellegrini C, Pirazzini C, Sala C, Sambati L, Yusipov I, Kalyakulina A, et al. A Meta-Analysis of Brain DNA 

Methylation Across Sex, Age, and Alzheimer’s Disease Points for Accelerated Epigenetic Aging in 

Neurodegeneration. Front Aging Neurosci. 2021;13:639428. 

363. Zheng Y, Joyce BT, Colicino E, Liu L, Zhang W, Dai Q, et al. Blood Epigenetic Age may Predict Cancer 

Incidence and Mortality. EBioMedicine. 2016;5:68–73. 

364. Ambatipudi S, Horvath S, Perrier F, Cuenin C, Hernandez-Vargas H, Le Calvez-Kelm F, et al. DNA methylome 

analysis identifies accelerated epigenetic ageing associated with postmenopausal breast cancer susceptibility. Eur J 

Cancer. 2017;75:299–307. 

365. Roetker NS, Pankow JS, Bressler J, Morrison AC, Boerwinkle E. Prospective Study of Epigenetic Age 

Acceleration and Incidence of Cardiovascular Disease Outcomes in the ARIC Study (Atherosclerosis Risk in 

Communities). Circ Genom Precis Med. 2018;11:e001937. 

366. Kim K, Joyce BT, Zheng Y, Schreiner PJ, Jacobs DR Jr, Catov JM, et al. DNA Methylation GrimAge and 

Incident Diabetes: The Coronary Artery Risk Development in Young Adults (CARDIA) Study. Diabetes. 

2021;70:1404–13. 

367. Li S, Nguyen TL, Wong EM, Dugué P-A, Dite GS, Armstrong NJ, et al. Genetic and environmental causes of 

variation in epigenetic aging across the lifespan. Clin Epigenetics. 2020;12:158. 

368. Harrison AP, Pierzynowski SG. Biological effects of 2-oxoglutarate with particular emphasis on the regulation of 

protein, mineral and lipid absorption/metabolism, muscle performance, kidney function, bone formation and 

cancerogenesis, all viewed from a healthy ageing perspective state of the art--review article. J Physiol Pharmacol. 

2008;59 Suppl 1:91–106. 

369. Christensen BC, Houseman EA, Marsit CJ, Zheng S, Wrensch MR, Wiemels JL, et al. Aging and environmental 

exposures alter tissue-specific DNA methylation dependent upon CpG island context. PLoS Genet. 

2009;5:e1000602. 

370. Karemaker ID, Vermeulen M. ZBTB2 reads unmethylated CpG island promoters and regulates embryonic stem 

cell differentiation. EMBO Rep [Internet]. 2018;19. Available from: http://dx.doi.org/10.15252/embr.201744993 

371. Yang Q, Liang X, Sun X, Zhang L, Fu X, Rogers CJ, et al. AMPK/α-Ketoglutarate Axis Dynamically Mediates 

DNA Demethylation in the Prdm16 Promoter and Brown Adipogenesis. Cell Metab. 2016;24:542–54. 

372. Demidenko O, Barardo D, Budovskii V, Finnemore R, Palmer FR, Kennedy BK, et al. Rejuvant®, a potential life-

extending compound formulation with alpha-ketoglutarate and vitamins, conferred an average 8 year reduction in 

biological aging, after an average of 7 months of use, in the TruAge DNA methylation test. Aging . 2021;13:24485–

99. 

373. Asadi Shahmirzadi A, Edgar D, Liao C-Y, Hsu Y-M, Lucanic M, Asadi Shahmirzadi A, et al. Alpha-Ketoglutarate, 

an Endogenous Metabolite, Extends Lifespan and Compresses Morbidity in Aging Mice. Cell Metab. 2020;32:447–

56.e6. 

374. Rhoads TW, Anderson RM. Alpha-Ketoglutarate, the Metabolite that Regulates Aging in Mice. Cell Metab. 2020. 

p. 323–5. 

375. Tian Q, Zhao J, Yang Q, Wang B, Deavila JM, Zhu M-J, et al. Dietary alpha-ketoglutarate promotes beige 

adipogenesis and prevents obesity in middle-aged mice. Aging Cell. 2020;19:e13059. 

376. Suliman NA, Mat Taib CN, Mohd Moklas MA, Adenan MI, Hidayat Baharuldin MT, Basir R. Establishing Natural 

Nootropics: Recent Molecular Enhancement Influenced by Natural Nootropic. Evid Based Complement Alternat Med. 

2016;2016:4391375. 

377. Lanni C, Lenzken SC, Pascale A, Del Vecchio I, Racchi M, Pistoia F, et al. Cognition enhancers between 

treating and doping the mind. Pharmacol Res. 2008;57:196–213. 

378. Malik R, Sangwan A, Saihgal R, Jindal DP, Piplani P. Towards better brain management: nootropics. Curr Med 

Chem. 2007;14:123–31. 

379. Panossian A, Wikman G, Sarris J. Rosenroot (Rhodiola rosea): traditional use, chemical composition, 

pharmacology and clinical efficacy. Phytomedicine. 2010;17:481–93. 

380. Panossian A, Hamm R, Wikman G, Efferth T. Mechanism of action of Rhodiola, salidroside, tyrosol and triandrin 

in isolated neuroglial cells: an interactive pathway analysis of the downstream effects using RNA microarray data. 



 

Phytomedicine. 2014;21:1325–48. 

381. Zhong Z, Han J, Zhang J, Xiao Q, Hu J, Chen L. Pharmacological activities, mechanisms of action, and safety of 

salidroside in the central nervous system. Drug Des Devel Ther. 2018;12:1479–89. 

382. Ma G-P, Zheng Q, Xu M-B, Zhou X-L, Lu L, Li Z-X, et al. Rhodiola rosea L. Improves Learning and Memory 

Function: Preclinical Evidence and Possible Mechanisms. Front Pharmacol. 2018;9:1415. 

383. Li Y, Pham V, Bui M, Song L, Wu C, Walia A, et al. Rhodiola rosea L.: an herb with anti-stress, anti-aging, and 

immunostimulating properties for cancer chemoprevention. Curr Pharmacol Rep. 2017;3:384–95. 

384. Edwards D, Heufelder A, Zimmermann A. Therapeutic effects and safety of Rhodiola rosea extract WS® 1375 in 

subjects with life-stress symptoms--results of an open-label study. Phytother Res. 2012;26:1220–5. 

385. Lekomtseva Y, Zhukova I, Wacker A. Rhodiola rosea in Subjects with Prolonged or Chronic Fatigue Symptoms: 

Results of an Open-Label Clinical Trial. Complement Med Res. 2017;24:46–52. 

386. Kasper S, Dienel A. Multicenter, open-label, exploratory clinical trial with Rhodiola rosea extract in patients 

suffering from burnout symptoms. Neuropsychiatr Dis Treat. 2017;13:889–98. 

387. Spasov AA, Wikman GK, Mandrikov VB, Mironova IA, Neumoin VV. A double-blind, placebo-controlled pilot 

study of the stimulating and adaptogenic effect of Rhodiola rosea SHR-5 extract on the fatigue of students caused by 

stress during an examination period with a repeated low-dose regimen. Phytomedicine. 2000;7:85–9. 

388. Shevtsov VA, Zholus BI, Shervarly VI, Vol’skij VB, Korovin YP, Khristich MP, et al. A randomized trial of two 

different doses of a SHR-5 Rhodiola rosea extract versus placebo and control of capacity for mental work. 

Phytomedicine. 2003;10:95–105. 

389. Olsson EM, von Schéele B, Panossian AG. A randomised, double-blind, placebo-controlled, parallel-group study 

of the standardised extract shr-5 of the roots of Rhodiola rosea in the treatment of subjects with stress-related fatigue. 

Planta Med. 2009;75:105–12. 

390. Sabaratnam V, Kah-Hui W, Naidu M, Rosie David P. Neuronal health - can culinary and medicinal mushrooms 

help? Afr J Tradit Complement Altern Med. 2013;3:62–8. 

391. Lai P-L, Naidu M, Sabaratnam V, Wong K-H, David RP, Kuppusamy UR, et al. Neurotrophic properties of the 

Lion’s mane medicinal mushroom, Hericium erinaceus (Higher Basidiomycetes) from Malaysia. Int J Med 

Mushrooms. 2013;15:539–54. 

392. Kawagishi H, Shimada A, Shirai R, Okamoto K, Ojima F, Sakamoto H, et al. Erinacines A, B and C, strong 

stimulators of nerve growth factor (NGF)-synthesis, from the mycelia of Hericium erinaceum. Tetrahedron Lett. 

1994;35:1569–72. 

393. Kawagishi H, Simada A, Shizuki K, Ojima F, Mori H, Okamoto K, et al. ERINACINE D, A STIMULATOR OF 

NGF-SYNTHESIS, FROM THE MYCELIA OF HERICIUM ERINACEUM. Heterocycl Commun. 1996;2:4561. 

394. Mori K, Obara Y, Hirota M, Azumi Y, Kinugasa S, Inatomi S, et al. Nerve growth factor-inducing activity of 

Hericium erinaceus in 1321N1 human astrocytoma cells. Biol Pharm Bull. 2008;31:1727–32. 

395. Aloe L, Rocco ML, Balzamino BO, Micera A. Nerve Growth Factor: A Focus on Neuroscience and Therapy. Curr 

Neuropharmacol. 2015;13:294–303. 

396. Chiu C-H, Chyau C-C, Chen C-C, Lee L-Y, Chen W-P, Liu J-L, et al. Erinacine A-Enriched Hericium erinaceus 

Mycelium Produces Antidepressant-Like Effects through Modulating BDNF/PI3K/Akt/GSK-3β Signaling in Mice. Int J 

Mol Sci [Internet]. 2018;19. Available from: http://dx.doi.org/10.3390/ijms19020341 

397. Yao W, Zhang J-C, Dong C, Zhuang C, Hirota S, Inanaga K, et al. Effects of amycenone on serum levels of 

tumor necrosis factor-α, interleukin-10, and depression-like behavior in mice after lipopolysaccharide administration. 

Pharmacol Biochem Behav. 2015;136:7–12. 

398. Kowiański P, Lietzau G, Czuba E, Waśkow M, Steliga A, Moryś J. BDNF: A Key Factor with Multipotent Impact 

on Brain Signaling and Synaptic Plasticity. Cell Mol Neurobiol. 2018;38:579–93. 

399. Ratto D, Corana F, Mannucci B, Priori EC, Cobelli F, Roda E, et al. Hericium erinaceus Improves Recognition 

Memory and Induces Hippocampal and Cerebellar Neurogenesis in Frail Mice during Aging. Nutrients [Internet]. 

2019;11. Available from: http://dx.doi.org/10.3390/nu11040715 

400. Jang H-J, Kim J-E, Jeong KH, Lim SC, Kim SY, Cho K-O. The Neuroprotective Effect of Hericium erinaceus 

Extracts in Mouse Hippocampus after Pilocarpine-Induced Status Epilepticus. Int J Mol Sci [Internet]. 2019;20. 

Available from: http://dx.doi.org/10.3390/ijms20040859 

401. Mori K, Inatomi S, Ouchi K, Azumi Y, Tuchida T. Improving effects of the mushroom Yamabushitake (Hericium 

erinaceus) on mild cognitive impairment: a double-blind placebo-controlled clinical trial. Phytother Res. 2009;23:367–

72. 

402. Vigna L, Morelli F, Agnelli GM, Napolitano F, Ratto D, Occhinegro A, et al. Hericium erinaceus Improves Mood 



 

and Sleep Disorders in Patients Affected by Overweight or Obesity: Could Circulating Pro-BDNF and BDNF Be 

Potential Biomarkers? Evid Based Complement Alternat Med. 2019;2019:7861297. 

403. Zingg J-M. Molecular and cellular activities of vitamin E analogues. Mini Rev Med Chem. 2007;7:543–58. 

404. Manor D, Morley S. The alpha-tocopherol transfer protein. Vitam Horm. 2007;76:45–65. 

405. Krinsky NI, Beecher GR, Burk RF, Chan AC, Erdman j. JW, Jacob RA, et al. Dietary reference intakes for 

vitamin C, vitamin E, selenium, and carotenoids. Institute of Medicine [Internet]. The National Academies Press 

Washington, DC, USA, 2000; 2000; Available from: 

http://www8.nationalacademies.org/onpinews/newsitem.aspx?RecordID=s9810 

406. Serbinova E, Kagan V, Han D, Packer L. Free radical recycling and intramembrane mobility in the antioxidant 

properties of alpha-tocopherol and alpha-tocotrienol. Free Radic Biol Med. 1991;10:263–75. 

407. Serbinova EA, Packer L. Antioxidant properties of alpha-tocopherol and alpha-tocotrienol. Methods Enzymol. 

1994;234:354–66. 

408. Suzuki YJ, Tsuchiya M, Wassall SR, Choo YM, Govil G, Kagan VE, et al. Structural and dynamic membrane 

properties of alpha-tocopherol and alpha-tocotrienol: implication to the molecular mechanism of their antioxidant 

potency. Biochemistry. 1993;32:10692–9. 

409. Chan AC. Partners in defense, vitamin E and vitamin C. Can J Physiol Pharmacol. 1993;71:725–31. 

410. Patel V, Rink C, Gordillo GM, Khanna S, Gnyawali U, Roy S, et al. Oral tocotrienols are transported to human 

tissues and delay the progression of the model for end-stage liver disease score in patients. J Nutr. 2012;142:513–9. 

411. Sen CK, Khanna S, Roy S. Tocotrienol: the natural vitamin E to defend the nervous system? Ann N Y Acad Sci. 

2004;1031:127–42. 

412. Chin K-Y, Tay SS. A Review on the Relationship between Tocotrienol and Alzheimer Disease. Nutrients 

[Internet]. 2018;10. Available from: http://dx.doi.org/10.3390/nu10070881 

413. Gopalan Y, Shuaib IL, Magosso E, Ansari MA, Abu Bakar MR, Wong JW, et al. Clinical investigation of the 

protective effects of palm vitamin E tocotrienols on brain white matter. Stroke. 2014;45:1422–8. 

414. Swaminathan R. Magnesium metabolism and its disorders. Clin Biochem Rev. 2003;24:47–66. 

415. Igamberdiev AU, Kleczkowski LA. Optimization of ATP synthase function in mitochondria and chloroplasts via 

the adenylate kinase equilibrium. Front Plant Sci. 2015;6:10. 

416. Pilchova I, Klacanova K, Tatarkova Z, Kaplan P, Racay P. The Involvement of Mg2+ in Regulation of Cellular 

and Mitochondrial Functions. Oxid Med Cell Longev. 2017;2017:6797460. 

417. Clerc P, Young CA, Bordt EA, Grigore AM, Fiskum G, Polster BM. Magnesium sulfate protects against the 

bioenergetic consequences of chronic glutamate receptor stimulation. PLoS One. 2013;8:e79982. 

418. Lambuk L, Jafri AJA, Arfuzir NNN, Iezhitsa I, Agarwal R, Rozali KNB, et al. Neuroprotective Effect of Magnesium 

Acetyltaurate Against NMDA-Induced Excitotoxicity in Rat Retina. Neurotox Res. 2017;31:31–45. 

419. Yasui M, Kihira T, Ota K. Calcium, magnesium and aluminum concentrations in Parkinson’s disease. 

Neurotoxicology. 1992;13:593–600. 

420. Uitti RJ, Rajput AH, Rozdilsky B, Bickis M, Wollin T, Yuen WK. Regional metal concentrations in Parkinson’s 

disease, other chronic neurological diseases, and control brains. Can J Neurol Sci. 1989;16:310–4. 

421. Veronese N, Zurlo A, Solmi M, Luchini C, Trevisan C, Bano G, et al. Magnesium Status in Alzheimer’s Disease: 

A Systematic Review. Am J Alzheimers Dis Other Demen. 2016;31:208–13. 

422. Andrási E, Igaz S, Molnár Z, Makó S. Disturbances of magnesium concentrations in various brain areas in 

Alzheimer’s disease. Magnes Res. 2000;13:189–96. 

423. Glick JL. Dementias: the role of magnesium deficiency and an hypothesis concerning the pathogenesis of 

Alzheimer’s disease. Med Hypotheses. 1990;31:211–25. 

424. Li W, Yu J, Liu Y, Huang X, Abumaria N, Zhu Y, et al. Elevation of brain magnesium prevents synaptic loss and 

reverses cognitive deficits in Alzheimer’s disease mouse model. Mol Brain. 2014;7:65. 

425. Slutsky I, Abumaria N, Wu L-J, Huang C, Zhang L, Li B, et al. Enhancement of learning and memory by 

elevating brain magnesium. Neuron. 2010;65:165–77. 

426. Uysal N, Kizildag S, Yuce Z, Guvendi G, Kandis S, Koc B, et al. Timeline (Bioavailability) of Magnesium 

Compounds in Hours: Which Magnesium Compound Works Best? Biol Trace Elem Res. 2019;187:128–36. 

427. Ates M, Kizildag S, Yuksel O, Hosgorler F, Yuce Z, Guvendi G, et al. Dose-Dependent Absorption Profile of 

Different Magnesium Compounds. Biol Trace Elem Res. 2019;192:244–51. 

428. Abdul Manap AS, Vijayabalan S, Madhavan P, Chia YY, Arya A, Wong EH, et al. Bacopa monnieri, a 

Neuroprotective Lead in Alzheimer Disease: A Review on Its Properties, Mechanisms of Action, and Preclinical and 

Clinical Studies. Drug Target Insights. 2019;13:1177392819866412. 



 

429. Dubey T, Chinnathambi S. Brahmi (Bacopa monnieri): An ayurvedic herb against the Alzheimer’s disease. Arch 

Biochem Biophys. 2019;676:108153. 

430. Kwon HJ, Jung HY, Hahn KR, Kim W, Kim JW, Yoo DY, et al. extract improves novel object recognition, cell 

proliferation, neuroblast differentiation, brain-derived neurotrophic factor, and phosphorylation of cAMP response 

element-binding protein in the dentate gyrus. Lab Anim Res. 2018;34:239–47. 

431. Chaudhari KS, Tiwari NR, Tiwari RR, Sharma RS. Neurocognitive Effect of Nootropic Drug () in Alzheimer’s 

Disease. Ann Neurosci. 2017;24:111–22. 

432. Aguiar S, Borowski T. Neuropharmacological review of the nootropic herb Bacopa monnieri. Rejuvenation Res. 

2013;16:313–26. 

433. Peth-Nui T, Wattanathorn J, Muchimapura S, Tong-Un T, Piyavhatkul N, Rangseekajee P, et al. Effects of 12-

Week Bacopa monnieri Consumption on Attention, Cognitive Processing, Working Memory, and Functions of Both 

Cholinergic and Monoaminergic Systems in Healthy Elderly Volunteers. Evid Based Complement Alternat Med. 

2012;2012:606424. 

434. Kumar N, Abichandani LG, Thawani V, Gharpure KJ, Naidu MUR, Venkat Ramana G. Efficacy of Standardized 

Extract of Bacopa monnieri (Bacognize®) on Cognitive Functions of Medical Students: A Six-Week, Randomized 

Placebo-Controlled Trial. Evid Based Complement Alternat Med. 2016;2016:4103423. 

435. Stough C, Lloyd J, Clarke J, Downey LA, Hutchison CW, Rodgers T, et al. The chronic effects of an extract of 

Bacopa monniera (Brahmi) on cognitive function in healthy human subjects. Psychopharmacology . 2001;156:481–4. 

436. Stough C, Downey LA, Lloyd J, Silber B, Redman S, Hutchison C, et al. Examining the nootropic effects of a 

special extract of Bacopa monniera on human cognitive functioning: 90 day double-blind placebo-controlled 

randomized trial. Phytother Res. 2008;22:1629–34. 

437. Calabrese C, Gregory WL, Leo M, Kraemer D, Bone K, Oken B. Effects of a standardized Bacopa monnieri 

extract on cognitive performance, anxiety, and depression in the elderly: a randomized, double-blind, placebo-

controlled trial. J Altern Complement Med. 2008;14:707–13. 

438. Morgan A, Stevens J. Does Bacopa monnieri improve memory performance in older persons? Results of a 

randomized, placebo-controlled, double-blind trial. J Altern Complement Med. 2010;16:753–9. 

439. Goswami S, Kumar N, Thawani V, Tiwari M, Thawani M, Others. Effect of Bacopa monnieri on cognitive 

functions in Alzheimer’s disease patients. International Journal of Collaborative Research on Internal Medicine & 

Public Health. Longdom Publishing SL; 2011;3:0–0. 

440. Singh SK, Srivastav S, Castellani RJ, Plascencia-Villa G, Perry G. Neuroprotective and Antioxidant Effect of 

Ginkgo biloba Extract Against AD and Other Neurological Disorders. Neurotherapeutics. 2019;16:666–74. 

441. Yuan Q, Wang C-W, Shi J, Lin Z-X. Effects of Ginkgo biloba on dementia: An overview of systematic reviews. J 

Ethnopharmacol. 2017;195:1–9. 

442. Liu H, Ye M, Guo H. An Updated Review of Randomized Clinical Trials Testing the Improvement of Cognitive 

Function of Ginkgo biloba Extract in Healthy People and Alzheimer’s Patients. Front Pharmacol. 2019;10:1688. 

443. Kandiah N, Ong PA, Yuda T, Ng L-L, Mamun K, Merchant RA, et al. Treatment of dementia and mild cognitive 

impairment with or without cerebrovascular disease: Expert consensus on the use of Ginkgo biloba extract, EGb 

761®. CNS Neurosci Ther. 2019;25:288–98. 

444. Mullen W, Nemzer B, Ou B, Stalmach A, Hunter J, Clifford MN, et al. The antioxidant and chlorogenic acid 

profiles of whole coffee fruits are influenced by the extraction procedures. J Agric Food Chem. 2011;59:3754–62. 

445. Duangjai A, Suphrom N, Wungrath J, Ontawong A, Nuengchamnong N, Yosboonruang A. Comparison of 

antioxidant, antimicrobial activities and chemical profiles of three coffee (Coffea arabica L.) pulp aqueous extracts. 

Integr Med Res. 2016;5:324–31. 

446. Reyes-Izquierdo T, Nemzer B, Shu C, Huynh L, Argumedo R, Keller R, et al. Modulatory effect of coffee fruit 

extract on plasma levels of brain-derived neurotrophic factor in healthy subjects. Br J Nutr. 2013;110:420–5. 

447. Reyes-Izquierdo T, Argumedo R, Shu C, Nemzer B, Pietrzkowski Z. Stimulatory Effect of Whole Coffee Fruit 

Concentrate Powder on Plasma Levels of Total and Exosomal Brain-Derived Neurotrophic Factor in Healthy 

Subjects: An Acute Within-Subject Clinical Study. FNS. 2013;04:984–90. 

448. Calabrese F, Rossetti AC, Racagni G, Gass P, Riva MA, Molteni R. Brain-derived neurotrophic factor: a bridge 

between inflammation and neuroplasticity. Front Cell Neurosci. 2014;8:430. 

449. Rossi C, Angelucci A, Costantin L, Braschi C, Mazzantini M, Babbini F, et al. Brain-derived neurotrophic factor 

(BDNF) is required for the enhancement of hippocampal neurogenesis following environmental enrichment. Eur J 

Neurosci. 2006;24:1850–6. 

450. Cohen-Cory S, Kidane AH, Shirkey NJ, Marshak S. Brain-derived neurotrophic factor and the development of 



 

structural neuronal connectivity. Dev Neurobiol. 2010;70:271–88. 

451. Bekinschtein P, Cammarota M, Katche C, Slipczuk L, Rossato JI, Goldin A, et al. BDNF is essential to promote 

persistence of long-term memory storage. Proc Natl Acad Sci U S A. 2008;105:2711–6. 

452. Chen S-D, Wu C-L, Hwang W-C, Yang D-I. More Insight into BDNF against Neurodegeneration: Anti-Apoptosis, 

Anti-Oxidation, and Suppression of Autophagy. Int J Mol Sci [Internet]. 2017;18. Available from: 

http://dx.doi.org/10.3390/ijms18030545 

453. Uzbay TI. The pharmacological importance of agmatine in the brain. Neurosci Biobehav Rev. 2012;36:502–19. 

454. Wang W-P, Iyo AH, Miguel-Hidalgo J, Regunathan S, Zhu M-Y. Agmatine protects against cell damage induced 

by NMDA and glutamate in cultured hippocampal neurons. Brain Res. 2006;1084:210–6. 

455. Chang C-H, Wu H-T, Cheng K-C, Lin H-J, Cheng J-T. Increase of beta-endorphin secretion by agmatine is 

induced by activation of imidazoline I(2A) receptors in adrenal gland of rats. Neurosci Lett. 2010;468:297–9. 

456. Neis VB, Moretti M, Bettio LEB, Ribeiro CM, Rosa PB, Gonçalves FM, et al. Agmatine produces antidepressant-

like effects by activating AMPA receptors and mTOR signaling. Eur Neuropsychopharmacol. 2016;26:959–71. 

457. Freitas AE, Egea J, Buendía I, Navarro E, Rada P, Cuadrado A, et al. Agmatine induces Nrf2 and protects 

against corticosterone effects in hippocampal neuronal cell line. Mol Neurobiol. 2015;51:1504–19. 

458. Freitas AE, Egea J, Buendia I, Gómez-Rangel V, Parada E, Navarro E, et al. Agmatine, by Improving 

Neuroplasticity Markers and Inducing Nrf2, Prevents Corticosterone-Induced Depressive-Like Behavior in Mice. Mol 

Neurobiol. 2016;53:3030–45. 

459. Arndt MA, Battaglia V, Parisi E, Lortie MJ, Isome M, Baskerville C, et al. The arginine metabolite agmatine 

protects mitochondrial function and confers resistance to cellular apoptosis. Am J Physiol Cell Physiol. 

2009;296:C1411–9. 

460. Battaglia V, Grancara S, Satriano J, Saccoccio S, Agostinelli E, Toninello A. Agmatine prevents the Ca(2+)-

dependent induction of permeability transition in rat brain mitochondria. Amino Acids. 2010;38:431–7. 

461. Piletz JE, Aricioglu F, Cheng J-T, Fairbanks CA, Gilad VH, Haenisch B, et al. Agmatine: clinical applications 

after 100 years in translation. Drug Discov Today. 2013;18:880–93. 

462. Xu W, Gao L, Li T, Shao A, Zhang J. Neuroprotective Role of Agmatine in Neurological Diseases. Curr 

Neuropharmacol. 2018;16:1296–305. 

463. Shopsin B. The clinical antidepressant effect of exogenous agmatine is not reversed by 

parachlorophenylalanine: a pilot study. Acta Neuropsychiatr. 2013;25:113–8. 

464. Chen GG, Almeida D, Fiori L, Turecki G. Evidence of Reduced Agmatine Concentrations in the Cerebral Cortex 

of Suicides. Int J Neuropsychopharmacol. 2018;21:895–900. 

465. Keynan O, Mirovsky Y, Dekel S, Gilad VH, Gilad GM. Safety and Efficacy of Dietary Agmatine Sulfate in Lumbar 

Disc-associated Radiculopathy. An Open-label, Dose-escalating Study Followed by a Randomized, Double-blind, 

Placebo-controlled Trial. Pain Med. 2010;11:356–68. 

466. Goldberg H, Firtch W, Tyburski M, Pressman A, Ackerson L, Hamilton L, et al. Oral steroids for acute 

radiculopathy due to a herniated lumbar disk: a randomized clinical trial. JAMA. 2015;313:1915–23. 

467. Rosenberg ML, Tohidi V, Sherwood K, Gayen S, Medel R, Gilad GM. Evidence for Dietary Agmatine Sulfate 

Effectiveness in Neuropathies Associated with Painful Small Fiber Neuropathy. A Pilot Open-Label Consecutive Case 

Series Study. Nutrients [Internet]. 2020;12. Available from: http://dx.doi.org/10.3390/nu12020576 

468. Taksande BG, Kotagale NR, Patel MR, Shelkar GP, Ugale RR, Chopde CT. Agmatine, an endogenous 

imidazoline receptor ligand modulates ethanol anxiolysis and withdrawal anxiety in rats. Eur J Pharmacol. 

2010;637:89–101. 

469. Uzbay IT, Yeşilyurt O, Celik T, Ergün H, Işimer A. Effects of agmatine on ethanol withdrawal syndrome in rats. 

Behav Brain Res. 2000;107:153–9. 

470. Gibson DA, Harris BR, Prendergast MA, Hart SR, Blanchard JA 2nd, Holley RC, et al. Polyamines contribute to 

ethanol withdrawal-induced neurotoxicity in rat hippocampal slice cultures through interactions with the NMDA 

receptor. Alcohol Clin Exp Res. 2003;27:1099–106. 

471. May BH, Lu C, Lu Y, Zhang AL, Xue CCL. Chinese herbs for memory disorders: a review and systematic 

analysis of classical herbal literature. J Acupunct Meridian Stud. 2013;6:2–11. 

472. Park CH, Choi SH, Koo J-W, Seo J-H, Kim H-S, Jeong S-J, et al. Novel cognitive improving and neuroprotective 

activities of Polygala tenuifolia Willdenow extract, BT-11. J Neurosci Res. 2002;70:484–92. 

473. Li Z, Liu Y, Wang L, Liu X, Chang Q, Guo Z, et al. Memory-Enhancing Effects of the Crude Extract of Polygala 

tenuifolia on Aged Mice. Evid Based Complement Alternat Med. 2014;2014:392324. 

474. Xue W, Hu J-F, Yuan Y-H, Sun J-D, Li B-Y, Zhang D-M, et al. Polygalasaponin XXXII from Polygala tenuifolia 



 

root improves hippocampal-dependent learning and memory. Acta Pharmacol Sin. 2009;30:1211–9. 

475. Park H-J, Lee K, Heo H, Lee M, Kim JW, Whang WW, et al. Effects of Polygala tenuifolia root extract on 

proliferation of neural stem cells in the hippocampal CA1 region. Phytother Res. 2008;22:1324–9. 

476. Lee J-Y, Kim KY, Shin KY, Won BY, Jung HY, Suh Y-H. Effects of BT-11 on memory in healthy humans. 

Neurosci Lett. 2009;454:111–4. 

477. Shin KY, Lee J-Y, Won BY, Jung HY, Chang K-A, Koppula S, et al. BT-11 is effective for enhancing cognitive 

functions in the elderly humans. Neurosci Lett. 2009;465:157–9. 

478. Singh N, Bhalla M, de Jager P, Gilca M. An overview on ashwagandha: a Rasayana (rejuvenator) of Ayurveda. 

Afr J Tradit Complement Altern Med. 2011;8:208–13. 

479. Pratte MA, Nanavati KB, Young V, Morley CP. An alternative treatment for anxiety: a systematic review of 

human trial results reported for the Ayurvedic herb ashwagandha (Withania somnifera). J Altern Complement Med. 

2014;20:901–8. 

480. Andrade C. Ashwagandha for anxiety disorders. World J. Biol. Psychiatry. 2009. p. 686–7. 

481. Zahiruddin S, Basist P, Parveen A, Parveen R, Khan W, Gaurav, et al. Ashwagandha in brain disorders: A 

review of recent developments. J Ethnopharmacol. 2020;257:112876. 

482. Candelario M, Cuellar E, Reyes-Ruiz JM, Darabedian N, Feimeng Z, Miledi R, et al. Direct evidence for 

GABAergic activity of Withania somnifera on mammalian ionotropic GABAA and GABAρ receptors. J 

Ethnopharmacol. 2015;171:264–72. 

483. Salve J, Pate S, Debnath K, Langade D. Adaptogenic and Anxiolytic Effects of Ashwagandha Root Extract in 

Healthy Adults: A Double-blind, Randomized, Placebo-controlled Clinical Study. Cureus. 2019;11:e6466. 

484. Langade D, Kanchi S, Salve J, Debnath K, Ambegaokar D. Efficacy and Safety of Ashwagandha (Withania 

somnifera) Root Extract in Insomnia and Anxiety: A Double-blind, Randomized, Placebo-controlled Study. Cureus. 

2019;11:e5797. 

485. Chandrasekhar K, Kapoor J, Anishetty S. A prospective, randomized double-blind, placebo-controlled study of 

safety and efficacy of a high-concentration full-spectrum extract of ashwagandha root in reducing stress and anxiety 

in adults. Indian J Psychol Med. 2012;34:255–62. 

486. Fuladi S, Emami SA, Mohammadpour AH, Karimani A, Manteghi AA, Sahebkar A. Assessment of Withania 

somnifera root extract efficacy in patients with generalized anxiety disorder: A randomized double-blind placebo-

controlled trial. Curr Clin Pharmacol [Internet]. 2020; Available from: 

http://dx.doi.org/10.2174/1574884715666200413120413 

487. Kelgane SB, Salve J, Sampara P, Debnath K. Efficacy and Tolerability of Ashwagandha Root Extract in the 

Elderly for Improvement of General Well-being and Sleep: A Prospective, Randomized, Double-blind, Placebo-

controlled Study. Cureus. 2020;12:e7083. 

 

488. Lopresti AL, Smith SJ, Malvi H, Kodgule R. An investigation into the stress-relieving and pharmacological 

actions of an ashwagandha (Withania somnifera) extract: A randomized, double-blind, placebo-controlled study. 

Medicine . 2019;98:e17186. 

489. Wise RA, Robble MA. Dopamine and Addiction. Annu Rev Psychol. 2020;71:79–106. 

490. Modi KP, Patel NM, Goyal RK. Estimation of L-dopa from Mucuna pruriens LINN and formulations containing M. 

pruriens by HPTLC method. Chem Pharm Bull . 2008;56:357–9. 

491. Hardebo JE, Owman C. Barrier mechanisms for neurotransmitter monoamines and their precursors at the blood-

brain interface. Ann Neurol. 1980;8:1–31. 

492. Daubner SC, Le T, Wang S. Tyrosine hydroxylase and regulation of dopamine synthesis. Arch Biochem 

Biophys. 2011;508:1–12. 

493. Lieu CA, Kunselman AR, Manyam BV, Venkiteswaran K, Subramanian T. A water extract of Mucuna pruriens 

provides long-term amelioration of parkinsonism with reduced risk for dyskinesias. Parkinsonism Relat Disord. 

2010;16:458–65. 

494. Katzenschlager R, Evans A, Manson A, Patsalos PN, Ratnaraj N, Watt H, et al. Mucuna pruriens in Parkinson’s 

disease: a double blind clinical and pharmacological study. J Neurol Neurosurg Psychiatry. 2004;75:1672–7. 

495. Cilia R, Laguna J, Cassani E, Cereda E, Pozzi NG, Isaias IU, et al. Mucuna pruriens in Parkinson disease: A 

double-blind, randomized, controlled, crossover study. Neurology. 2017;89:432–8. 

496. Cilia R, Laguna J, Cassani E, Cereda E, Raspini B, Barichella M, et al. Daily intake of Mucuna pruriens in 

advanced Parkinson’s disease: A 16-week, noninferiority, randomized, crossover, pilot study. Parkinsonism Relat 

Disord. 2018;49:60–6. 



 

497. Fernstrom JD, Fernstrom MH. Tyrosine, phenylalanine, and catecholamine synthesis and function in the brain. J 

Nutr. 2007;137:1539S – 1547S; discussion 1548S. 

498. Goldstein DS. Catecholamines 101. Clin Auton Res. 2010;20:331–52. 

499. Lehnert H, Reinstein DK, Strowbridge BW, Wurtman RJ. Neurochemical and behavioral consequences of acute, 

uncontrollable stress: effects of dietary tyrosine. Brain Res. 1984;303:215–23. 

500. Hase A, Jung SE, aan het Rot M. Behavioral and cognitive effects of tyrosine intake in healthy human adults. 

Pharmacol Biochem Behav. 2015;133:1–6. 

501. Jongkees BJ, Hommel B, Kühn S, Colzato LS. Effect of tyrosine supplementation on clinical and healthy 

populations under stress or cognitive demands--A review. J Psychiatr Res. 2015;70:50–7. 

502. Sam C, Bordoni B. Physiology, Acetylcholine. StatPearls. Treasure Island (FL): StatPearls Publishing; 2020. 

503. Bartus RT, Dean RL 3rd, Beer B, Lippa AS. The cholinergic hypothesis of geriatric memory dysfunction. 

Science. 1982;217:408–14. 

504. Craig LA, Hong NS, McDonald RJ. Revisiting the cholinergic hypothesis in the development of Alzheimer’s 

disease. Neurosci Biobehav Rev. 2011;35:1397–409. 

505. Abbiati G, Fossati T, Lachmann G, Bergamaschi M, Castiglioni C. Absorption, tissue distribution and excretion of 

radiolabelled compounds in rats after administration of [14C]-L-alpha-glycerylphosphorylcholine. Eur J Drug Metab 

Pharmacokinet. 1993;18:173–80. 

506. Parnetti L, Mignini F, Tomassoni D, Traini E, Amenta F. Cholinergic precursors in the treatment of cognitive 

impairment of vascular origin: ineffective approaches or need for re-evaluation? J Neurol Sci. 2007;257:264–9. 

507. Amenta F, Carotenuto A, Fasanaro AM, Rea R, Traini E. The ASCOMALVA (Association between the 

Cholinesterase Inhibitor Donepezil and the Cholinergic Precursor Choline Alphoscerate in Alzheimer’s Disease) Trial: 

interim results after two years of treatment. J Alzheimers Dis. 2014;42 Suppl 3:S281–8. 

508. Amenta F, Carotenuto A, Fasanaro AM, Rea R, Traini E. The ASCOMALVA trial: association between the 

cholinesterase inhibitor donepezil and the cholinergic precursor choline alphoscerate in Alzheimer’s disease with 

cerebrovascular injury: interim results. J Neurol Sci. 2012;322:96–101. 

509. Carotenuto A, Rea R, Traini E, Fasanaro AM, Ricci G, Manzo V, et al. The Effect of the Association between 

Donepezil and Choline Alphoscerate on Behavioral Disturbances in Alzheimer’s Disease: Interim Results of the 

ASCOMALVA Trial. J Alzheimers Dis. 2017;56:805–15. 

510. Ziegenfuss T, Landis J, Hofheins J. Acute supplementation with alpha-glycerylphosphorylcholine augments 

growth hormone response to, and peak force production during, resistance exercise. J Int Soc Sports Nutr [Internet]. 

2008;5. Available from: https://jissn.biomedcentral.com/articles/10.1186/1550-2783-5-S1-P15 

511. Bellar D, LeBlanc NR, Campbell B. The effect of 6 days of alpha glycerylphosphorylcholine on isometric 

strength. J Int Soc Sports Nutr. 2015;12:42. 

512. Marcus L, Soileau J, Judge LW, Bellar D. Evaluation of the effects of two doses of alpha 

glycerylphosphorylcholine on physical and psychomotor performance. J Int Soc Sports Nutr. 2017;14:39. 

513. Cruse JL. The acute effects of alpha-GPC on hand grip strength, jump height, power output, mood, and 

reaction-time in recreationally trained, college-aged individuals [Internet] [Master of Science]. Eastern Kentucky 

University; 2018 [cited 2020 Aug 9]. Available from: https://encompass.eku.edu//etd/518 

514. Parker AG, Byars A, Purpura M, Jäger R. The effects of alpha-glycerylphosphorylcholine, caffeine or placebo on 

markers of mood, cognitive function, power, speed, and agility. J Int Soc Sports Nutr. BioMed Central; 2015;12:1–2. 

515. Galletti P, De Rosa M, Nappi MA, Pontoni G, del Piano L, Salluzzo A, et al. Transport and metabolism of double-

labelled CDPcholine in mammalian tissues. Biochem Pharmacol. 1985;34:4121–30. 

516. Gibellini F, Smith TK. The Kennedy pathway--De novo synthesis of phosphatidylethanolamine and 

phosphatidylcholine. IUBMB Life. 2010;62:414–28. 

517. Babb SM, Appelmans KE, Renshaw PF, Wurtman RJ, Cohen BM. Differential effect of CDP-choline on brain 

cytosolic choline levels in younger and older subjects as measured by proton magnetic resonance spectroscopy. 

Psychopharmacology . 1996;127:88–94. 

518. Babb SM, Wald LL, Cohen BM, Villafuerte RA, Gruber SA, Yurgelun-Todd DA, et al. Chronic citicoline increases 

phosphodiesters in the brains of healthy older subjects: an in vivo phosphorus magnetic resonance spectroscopy 

study. Psychopharmacology . 2002;161:248–54. 

519. Fioravanti M, Yanagi M. Cytidinediphosphocholine (CDP-choline) for cognitive and behavioural disturbances 

associated with chronic cerebral disorders in the elderly. Cochrane Database Syst Rev. 2005;CD000269. 

520. Castagna A, Cotroneo AM, Ruotolo G, Gareri P. The CITIRIVAD Study: CITIcoline plus RIVAstigmine in Elderly 

Patients Affected with Dementia Study. Clin Drug Investig. 2016;36:1059–65. 



 

521. Gareri P, Castagna A, Cotroneo AM, Putignano D, Conforti R, Santamaria F, et al. The Citicholinage Study: 

Citicoline Plus Cholinesterase Inhibitors in Aged Patients Affected with Alzheimer’s Disease Study. J Alzheimers Dis. 

2017;56:557–65. 

522. Cotroneo AM, Castagna A, Putignano S, Lacava R, Fantò F, Monteleone F, et al. Effectiveness and safety of 

citicoline in mild vascular cognitive impairment: the IDEALE study. Clin Interv Aging. 2013;8:131–7. 

523. McGlade E, Agoston AM, DiMuzio J, Kizaki M, Nakazaki E, Kamiya T, et al. The Effect of Citicoline 

Supplementation on Motor Speed and Attention in Adolescent Males. J Atten Disord. 2019;23:121–34. 

524. McGlade E, Locatelli A, Hardy J, Kamiya T, Morita M, Morishita K, et al. Improved Attentional Performance 

Following Citicoline Administration in Healthy Adult Women. FNS. 2012;03:769–73. 

525. Patocka J. Huperzine A--an interesting anticholinesterase compound from the Chinese herbal medicine. Acta 

Medica . 1998;41:155–7. 

526. Dos Santos TC, Gomes TM, Pinto BAS, Camara AL, Paes AM de A. Naturally Occurring Acetylcholinesterase 

Inhibitors and Their Potential Use for Alzheimer’s Disease Therapy. Front Pharmacol. 2018;9:1192. 

527. Yang G, Wang Y, Tian J, Liu J-P. Huperzine A for Alzheimer’s disease: a systematic review and meta-analysis 

of randomized clinical trials. PLoS One. 2013;8:e74916. 

528. Xing S-H, Zhu C-X, Zhang R, An L. Huperzine a in the treatment of Alzheimer’s disease and vascular dementia: 

a meta-analysis. Evid Based Complement Alternat Med. 2014;2014:363985. 

529. Zheng W, Xiang Y-Q, Ungvari GS, Chiu FKH, H Ng C, Wang Y, et al. Huperzine A for treatment of cognitive 

impairment in major depressive disorder: a systematic review of randomized controlled trials. Shanghai Arch 

Psychiatry. 2016;28:64–71. 

530. Gottesmann C. GABA mechanisms and sleep. Neuroscience. 2002;111:231–9. 

531. Abdou AM, Higashiguchi S, Horie K, Kim M, Hatta H, Yokogoshi H. Relaxation and immunity enhancement 

effects of gamma-aminobutyric acid (GABA) administration in humans. Biofactors. 2006;26:201–8. 

532. Möhler H. Role of GABAA receptors in cognition. Biochem Soc Trans. 2009;37:1328–33. 

533. Losi G, Mariotti L, Carmignoto G. GABAergic interneuron to astrocyte signalling: a neglected form of cell 

communication in the brain. Philos Trans R Soc Lond B Biol Sci. 2014;369:20130609. 

534. Schmidt-Wilcke T, Fuchs E, Funke K, Vlachos A, Müller-Dahlhaus F, Puts NAJ, et al. GABA-from Inhibition to 

Cognition: Emerging Concepts. Neuroscientist. 2018;24:501–15. 

535. Sumner P, Edden RAE, Bompas A, Evans CJ, Singh KD. More GABA, less distraction: a neurochemical 

predictor of motor decision speed. Nat Neurosci. 2010;13:825–7. 

536. Steenbergen L, Sellaro R, Stock A-K, Beste C, Colzato LS. γ-Aminobutyric acid (GABA) administration improves 

action selection processes: a randomised controlled trial. Sci Rep. 2015;5:12770. 

537. Leonte A, Colzato LS, Steenbergen L, Hommel B, Akyürek EG. Supplementation of gamma-aminobutyric acid 

(GABA) affects temporal, but not spatial visual attention. Brain Cogn. 2018;120:8–16. 

538. Cao G, Edden RAE, Gao F, Li H, Gong T, Chen W, et al. Reduced GABA levels correlate with cognitive 

impairment in patients with relapsing-remitting multiple sclerosis. Eur Radiol. 2018;28:1140–8. 

539. Sandberg K, Blicher JU, Dong MY, Rees G, Near J, Kanai R. Occipital GABA correlates with cognitive failures in 

daily life. Neuroimage. 2014;87:55–60. 

540. Cook E, Hammett ST, Larsson J. GABA predicts visual intelligence. Neurosci Lett. 2016;632:50–4. 

541. Wang Q, Zhang Z, Dong F, Chen L, Zheng L, Guo X, et al. Anterior insula GABA levels correlate with emotional 

aspects of empathy: a proton magnetic resonance spectroscopy study. PLoS One. 2014;9:e113845. 

542. Luscher B, Shen Q, Sahir N. The GABAergic deficit hypothesis of major depressive disorder. Mol Psychiatry. 

2011;16:383–406. 

543. Filip M, Frankowska M. GABA(B) receptors in drug addiction. Pharmacol Rep. 2008;60:755–70. 

544. Hepsomali P, Groeger JA, Nishihira J, Scholey A. Effects of Oral Gamma-Aminobutyric Acid (GABA) 

Administration on Stress and Sleep in Humans: A Systematic Review. Front Neurosci. 2020;14:923. 

545. Berger M, Gray JA, Roth BL. The expanded biology of serotonin. Annu Rev Med. 2009;60:355–66. 

546. Aghajanian GK, Marek GJ. Serotonin and hallucinogens. Neuropsychopharmacology. 1999;21:16S – 23S. 

547. Lin S-H, Lee L-T, Yang YK. Serotonin and mental disorders: a concise review on molecular neuroimaging 

evidence. Clin Psychopharmacol Neurosci. 2014;12:196–202. 

548. Yohn CN, Gergues MM, Samuels BA. The role of 5-HT receptors in depression. Mol Brain. 2017;10:28. 

549. Cowen PJ, Browning M. What has serotonin to do with depression? World Psychiatry. 2015;14:158–60. 

550. Birdsall TC. 5-Hydroxytryptophan: a clinically-effective serotonin precursor. Altern Med Rev. 1998;3:271–80. 

551. Shaw K, Turner J, Del Mar C. Tryptophan and 5-hydroxytryptophan for depression. Cochrane Database Syst 



 

Rev. 2002;CD003198. 

552. Javelle F, Lampit A, Bloch W, Häussermann P, Johnson SL, Zimmer P. Effects of 5-hydroxytryptophan on 

distinct types of depression: a systematic review and meta-analysis. Nutr Rev. 2020;78:77–88. 

553. Jacobsen JPR, Krystal AD, Krishnan KRR, Caron MG. Adjunctive 5-Hydroxytryptophan Slow-Release for 

Treatment-Resistant Depression: Clinical and Preclinical Rationale. Trends Pharmacol Sci. 2016;37:933–44. 

554. Lopresti AL, Drummond PD. Saffron (Crocus sativus) for depression: a systematic review of clinical studies and 

examination of underlying antidepressant mechanisms of action. Hum Psychopharmacol. 2014;29:517–27. 

555. Bukhari SI, Manzoor M, Dhar MK. A comprehensive review of the pharmacological potential of Crocus sativus 

and its bioactive apocarotenoids. Biomed Pharmacother. 2018;98:733–45. 

556. Khaksarian M, Behzadifar M, Behzadifar M, Alipour M, Jahanpanah F, Re TS, et al. The efficacy of Crocus 

sativus (Saffron) versus placebo and Fluoxetine in treating depression: a systematic review and meta-analysis. 

Psychol Res Behav Manag. 2019;12:297–305. 

557. Tóth B, Hegyi P, Lantos T, Szakács Z, Kerémi B, Varga G, et al. The Efficacy of Saffron in the Treatment of Mild 

to Moderate Depression: A Meta-analysis. Planta Med. 2019;85:24–31. 

558. Yang X, Chen X, Fu Y, Luo Q, Du L, Qiu H, et al. Comparative efficacy and safety of Crocus sativus L. for 

treating mild to moderate major depressive disorder in adults: a meta-analysis of randomized controlled trials. 

Neuropsychiatr Dis Treat. 2018;14:1297–305. 

559. Hausenblas HA, Saha D, Dubyak PJ, Anton SD. Saffron (Crocus sativus L.) and major depressive disorder: a 

meta-analysis of randomized clinical trials. J Integr Med. 2013;11:377–83. 

560. Sardon Puig L, Valera-Alberni M, Cantó C, Pillon NJ. Circadian Rhythms and Mitochondria: Connecting the 

Dots. Front Genet. 2018;9:452. 

561. Wilking M, Ndiaye M, Mukhtar H, Ahmad N. Circadian rhythm connections to oxidative stress: implications for 

human health. Antioxid Redox Signal. 2013;19:192–208. 

562. McAlpine CS, Swirski FK. Circadian Influence on Metabolism and Inflammation in Atherosclerosis. Circ Res. 

2016;119:131–41. 

563. Engin A. Circadian Rhythms in Diet-Induced Obesity. Adv Exp Med Biol. 2017;960:19–52. 

564. Perelis M, Ramsey KM, Marcheva B, Bass J. Circadian Transcription from Beta Cell Function to Diabetes 

Pathophysiology. J Biol Rhythms. 2016;31:323–36. 

565. Thosar SS, Butler MP, Shea SA. Role of the circadian system in cardiovascular disease. J Clin Invest. 

2018;128:2157–67. 

566. Khaper N, Bailey CDC, Ghugre NR, Reitz C, Awosanmi Z, Waines R, et al. Implications of disturbances in 

circadian rhythms for cardiovascular health: A new frontier in free radical biology. Free Radic Biol Med. 2018;119:85–

92. 

567. Musiek ES. Circadian clock disruption in neurodegenerative diseases: cause and effect? Front Pharmacol. 

2015;6:29. 

568. Hood S, Amir S. Neurodegeneration and the Circadian Clock. Front Aging Neurosci. 2017;9:170. 

569. Asarnow LD, Soehner AM, Harvey AG. Circadian rhythms and psychiatric illness. Curr Opin Psychiatry. 

2013;26:566–71. 

570. Karatsoreos IN. Links between Circadian Rhythms and Psychiatric Disease. Front Behav Neurosci. 2014;8:162. 

571. Savvidis C, Koutsilieris M. Circadian rhythm disruption in cancer biology. Mol Med. 2012;18:1249–60. 

572. Consensus Conference Panel, Watson NF, Badr MS, Belenky G, Bliwise DL, Buxton OM, et al. Joint Consensus 

Statement of the American Academy of Sleep Medicine and Sleep Research Society on the Recommended Amount 

of Sleep for a Healthy Adult: Methodology and Discussion. J Clin Sleep Med. 2015;11:931–52. 

573. Dijk DJ, Duffy JF, Czeisler CA. Circadian and sleep/wake dependent aspects of subjective alertness and 

cognitive performance. J Sleep Res. 1992;1:112–7. 

574. Dijk DJ, Czeisler CA. Contribution of the circadian pacemaker and the sleep homeostat to sleep propensity, 

sleep structure, electroencephalographic slow waves, and sleep spindle activity in humans. J Neurosci. 

1995;15:3526–38. 

575. Scheer FAJL, Hilton MF, Mantzoros CS, Shea SA. Adverse metabolic and cardiovascular consequences of 

circadian misalignment. Proc Natl Acad Sci U S A. 2009;106:4453–8. 

576. Morris CJ, Aeschbach D, Scheer FAJL. Circadian system, sleep and endocrinology. Mol Cell Endocrinol. 

2012;349:91–104. 

577. Leproult R, Holmbäck U, Van Cauter E. Circadian misalignment augments markers of insulin resistance and 

inflammation, independently of sleep loss. Diabetes. 2014;63:1860–9. 



 

578. Zimmet P, Alberti KGMM, Stern N, Bilu C, El-Osta A, Einat H, et al. The Circadian Syndrome: is the Metabolic 

Syndrome and much more! J Intern Med. 2019;286:181–91. 

579. Auld F, Maschauer EL, Morrison I, Skene DJ, Riha RL. Evidence for the efficacy of melatonin in the treatment of 

primary adult sleep disorders. Sleep Med Rev. 2017;34:10–22. 

580. Ferracioli-Oda E, Qawasmi A, Bloch MH. Meta-analysis: melatonin for the treatment of primary sleep disorders. 

PLoS One. 2013;8:e63773. 

581. Li T, Jiang S, Han M, Yang Z, Lv J, Deng C, et al. Exogenous melatonin as a treatment for secondary sleep 

disorders: A systematic review and meta-analysis. Front Neuroendocrinol. 2019;52:22–8. 

582. Wang Y-Y, Zheng W, Ng CH, Ungvari GS, Wei W, Xiang Y-T. Meta-analysis of randomized, double-blind, 

placebo-controlled trials of melatonin in Alzheimer’s disease. Int J Geriatr Psychiatry. 2017;32:50–7. 

583. Zhang W, Chen X-Y, Su S-W, Jia Q-Z, Ding T, Zhu Z-N, et al. Exogenous melatonin for sleep disorders in 

neurodegenerative diseases: a meta-analysis of randomized clinical trials. Neurol Sci. 2016;37:57–65. 

584. Abdelgadir IS, Gordon MA, Akobeng AK. Melatonin for the management of sleep problems in children with 

neurodevelopmental disorders: a systematic review and meta-analysis. Arch Dis Child. 2018;103:1155–62. 

585. Rossignol DA, Frye RE. Melatonin in autism spectrum disorders: a systematic review and meta-analysis. Dev 

Med Child Neurol. 2011;53:783–92. 

586. Doosti-Irani A, Ostadmohammadi V, Mirhosseini N, Mansournia MA, Reiter RJ, Kashanian M, et al. The Effects 

of Melatonin Supplementation on Glycemic Control: A Systematic Review and Meta-Analysis of Randomized 

Controlled Trials. Horm Metab Res. 2018;50:783–90. 

587. Akbari M, Ostadmohammadi V, Mirhosseini N, Lankarani KB, Tabrizi R, Keshtkaran Z, et al. The effects of 

melatonin supplementation on blood pressure in patients with metabolic disorders: a systematic review and meta-

analysis of randomized controlled trials. J Hum Hypertens. 2019;33:202–9. 

588. Akbari M, Ostadmohammadi V, Tabrizi R, Lankarani KB, Heydari ST, Amirani E, et al. The effects of melatonin 

supplementation on inflammatory markers among patients with metabolic syndrome or related disorders: a 

systematic review and meta-analysis of randomized controlled trials. Inflammopharmacology. 2018;26:899–907. 

589. Morvaridzadeh M, Sadeghi E, Agah S, Nachvak SM, Fazelian S, Moradi F, et al. Effect of melatonin 

supplementation on oxidative stress parameters: A systematic review and meta-analysis. Pharmacol Res. 

2020;161:105210. 

590. Ghorbaninejad P, Sheikhhossein F, Djafari F, Tijani AJ, Mohammadpour S, Shab-Bidar S. Effects of melatonin 

supplementation on oxidative stress: a systematic review and meta-analysis of randomized controlled trials. Horm 

Mol Biol Clin Investig [Internet]. 2020;41. Available from: http://dx.doi.org/10.1515/hmbci-2020-0030 

591. van Heukelom RO, Prins JB, Smits MG, Bleijenberg G. Influence of melatonin on fatigue severity in patients with 

chronic fatigue syndrome and late melatonin secretion. Eur J Neurol. 2006;13:55–60. 

592. Ekmekcioglu C. Melatonin receptors in humans: biological role and clinical relevance. Biomed Pharmacother. 

2006;60:97–108. 

593. Morgan PJ, Barrett P, Howell HE, Helliwell R. Melatonin receptors: localization, molecular pharmacology and 

physiological significance. Neurochem Int. 1994;24:101–46. 

594. Harpsøe NG, Andersen LPH, Gögenur I, Rosenberg J. Clinical pharmacokinetics of melatonin: a systematic 

review. Eur J Clin Pharmacol. 2015;71:901–9. 

595. Matsumoto M, Sack RL, Blood ML, Lewy AJ. The amplitude of endogenous melatonin production is not affected 

by melatonin treatment in humans. J Pineal Res. 1997;22:42–4. 

596. Wright J, Aldhous M, Franey C, English J, Arendt J. The effects of exogenous melatonin on endocrine function 

in man. Clin Endocrinol . 1986;24:375–82. 

597. Arendt J, Bojkowski C, Folkard S, Franey C, Marks V, Minors D, et al. Some effects of melatonin and the control 

of its secretion in humans. Ciba Found Symp. 1985;117:266–83. 

598. Shinjyo N, Waddell G, Green J. Valerian Root in Treating Sleep Problems and Associated Disorders-A 

Systematic Review and Meta-Analysis. J Evid Based Integr Med. 2020;25:2515690X20967323. 

599. Taavoni S, Ekbatani N, Kashaniyan M, Haghani H. Effect of valerian on sleep quality in postmenopausal 

women: a randomized placebo-controlled clinical trial. Menopause. 2011;18:951–5. 

600. Houghton PJ. The scientific basis for the reputed activity of Valerian. J Pharm Pharmacol. 1999;51:505–12. 

601. Orhan IE. A Review Focused on Molecular Mechanisms of Anxiolytic Effect of Valerina officinalis L. in 

Connection with Its Phytochemistry through in vitro/in vivo Studies. Curr Pharm Des [Internet]. 2021; Available from: 

http://dx.doi.org/10.2174/1381612827666210119105254 

602. Dhawan K, Kumar R, Kumar S, Sharma A. Correct Identification of Passiflora incarnata Linn., a Promising 



 

Herbal Anxiolytic and Sedative. J Med Food. 2001;4:137–44. 

603. da Fonseca LR, Rodrigues R de A, Ramos A de S, da Cruz JD, Ferreira JLP, Silva JR de A, et al. Herbal 

Medicinal Products from Passiflora for Anxiety: An Unexploited Potential. ScientificWorldJournal. 

2020;2020:6598434. 

604. Movafegh A, Alizadeh R, Hajimohamadi F, Esfehani F, Nejatfar M. Preoperative oral Passiflora incarnata 

reduces anxiety in ambulatory surgery patients: a double-blind, placebo-controlled study. Anesth Analg. 

2008;106:1728–32. 

605. Aslanargun P, Cuvas O, Dikmen B, Aslan E, Yuksel MU. Passiflora incarnata Linneaus as an anxiolytic before 

spinal anesthesia. J Anesth. 2012;26:39–44. 

606. Dantas L-P, de Oliveira-Ribeiro A, de Almeida-Souza L-M, Groppo F-C. Effects of passiflora incarnata and 

midazolam for control of anxiety in patients undergoing dental extraction. Med Oral Patol Oral Cir Bucal. 

2017;22:e95–101. 

607. Akhondzadeh S, Naghavi HR, Vazirian M, Shayeganpour A, Rashidi H, Khani M. Passionflower in the treatment 

of generalized anxiety: a pilot double-blind randomized controlled trial with oxazepam. J Clin Pharm Ther. 

2001;26:363–7. 

608. Lee J, Jung H-Y, Lee SI, Choi JH, Kim S-G. Effects of Passiflora incarnata Linnaeus on polysomnographic sleep 

parameters in subjects with insomnia disorder: a double-blind randomized placebo-controlled study. Int Clin 

Psychopharmacol. 2020;35:29–35. 

609. Ngan A, Conduit R. A double-blind, placebo-controlled investigation of the effects of Passiflora incarnata 

(passionflower) herbal tea on subjective sleep quality. Phytother Res. 2011;25:1153–9. 

610. Guerrero FA, Medina GM. Effect of a medicinal plant (Passiflora incarnata L) on sleep. Sleep Sci. 2017;10:96–

100. 

611. Kim G-H, Yi SS. Chronic oral administration of Passiflora incarnata extract has no abnormal effects on metabolic 

and behavioral parameters in mice, except to induce sleep. Lab Anim Res. 2019;35:31. 

612. Srivastava JK, Shankar E, Gupta S. Chamomile: A herbal medicine of the past with bright future. Mol Med Rep. 

2010;3:895–901. 

613. Hieu TH, Dibas M, Surya Dila KA, Sherif NA, Hashmi MU, Mahmoud M, et al. Therapeutic efficacy and safety of 

chamomile for state anxiety, generalized anxiety disorder, insomnia, and sleep quality: A systematic review and 

meta-analysis of randomized trials and quasi-randomized trials. Phytother Res. 2019;33:1604–15. 

614. Amsterdam JD, Li Y, Soeller I, Rockwell K, Mao JJ, Shults J. A randomized, double-blind, placebo-controlled 

trial of oral Matricaria recutita (chamomile) extract therapy for generalized anxiety disorder. J Clin Psychopharmacol. 

2009;29:378–82. 

615. Keefe JR, Mao JJ, Soeller I, Li QS, Amsterdam JD. Short-term open-label chamomile (Matricaria chamomilla L.) 

therapy of moderate to severe generalized anxiety disorder. Phytomedicine. 2016;23:1699–705. 

616. Mao JJ, Xie SX, Keefe JR, Soeller I, Li QS, Amsterdam JD. Long-term chamomile (Matricaria chamomilla L.) 

treatment for generalized anxiety disorder: A randomized clinical trial. Phytomedicine. 2016;23:1735–42. 

617. Shakeri A, Sahebkar A, Javadi B. Melissa officinalis L. - A review of its traditional uses, phytochemistry and 

pharmacology. J Ethnopharmacol. 2016;188:204–28. 

618. Kennedy DO, Scholey AB, Tildesley NTJ, Perry EK, Wesnes KA. Modulation of mood and cognitive 

performance following acute administration of Melissa officinalis (lemon balm). Pharmacol Biochem Behav. 

2002;72:953–64. 

619. Kennedy DO, Wake G, Savelev S, Tildesley NTJ, Perry EK, Wesnes KA, et al. Modulation of mood and 

cognitive performance following acute administration of single doses of Melissa officinalis (Lemon balm) with human 

CNS nicotinic and muscarinic receptor-binding properties. Neuropsychopharmacology. 2003;28:1871–81. 

620. Kennedy DO, Little W, Scholey AB. Attenuation of laboratory-induced stress in humans after acute 

administration of Melissa officinalis (Lemon Balm). Psychosom Med. 2004;66:607–13. 

621. Scholey A, Gibbs A, Neale C, Perry N, Ossoukhova A, Bilog V, et al. Anti-stress effects of lemon balm-

containing foods. Nutrients. 2014;6:4805–21. 

622. Cases J, Ibarra A, Feuillère N, Roller M, Sukkar SG. Pilot trial of Melissa officinalis L. leaf extract in the 

treatment of volunteers suffering from mild-to-moderate anxiety disorders and sleep disturbances. Med J Nutrition 

Metab. 2011;4:211–8. 

623. Müller SF, Klement S. A combination of valerian and lemon balm is effective in the treatment of restlessness and 

dyssomnia in children. Phytomedicine. 2006;13:383–7. 

624. Taavoni S, Nazem Ekbatani N, Haghani H. Valerian/lemon balm use for sleep disorders during menopause. 



 

Complement Ther Clin Pract. 2013;19:193–6. 

625. Kakuda T. Neuroprotective effects of theanine and its preventive effects on cognitive dysfunction. Pharmacol 

Res. 2011;64:162–8. 

626. Yamada T, Terashima T, Okubo T, Juneja LR, Yokogoshi H. Effects of theanine, r-glutamylethylamide, on 

neurotransmitter release and its relationship with glutamic acid neurotransmission. Nutr Neurosci. 2005;8:219–26. 

627. Kobayashi K, Nagato Y, Aoi N, Juneja LR, Kim M, Yamamoto T, et al. Effects of L-theanine on the release of 

alpha-brain waves in human volunteers. Journal of the Agricultural Chemical Society of Japan (Japan) [Internet]. 

1998; Available from: http://agris.fao.org/agris-search/search.do?recordID=JP1998003883 

628. Juneja LR, Chu D-C, Okubo T, Nagato Y, Yokogoshi H. L-theanine—a unique amino acid of green tea and its 

relaxation effect in humans. Trends Food Sci Technol. 1999;10:199–204. 

629. Nobre AC, Rao A, Owen GN. L-theanine, a natural constituent in tea, and its effect on mental state. Asia Pac J 

Clin Nutr. 2008;17 Suppl 1:167–8. 

630. Gomez-Ramirez M, Kelly SP, Montesi JL, Foxe JJ. The effects of L-theanine on alpha-band oscillatory brain 

activity during a visuo-spatial attention task. Brain Topogr. 2009;22:44–51. 

631. Higashiyama A, Htay HH, Ozeki M, Juneja LR, Kapoor MP. Effects of l-theanine on attention and reaction time 

response. J Funct Foods. 2011;3:171–8. 

632. Dietz C, Dekker M. Effect of Green Tea Phytochemicals on Mood and Cognition. Curr Pharm Des. 

2017;23:2876–905. 

633. Williams JL, Everett JM, D’Cunha NM, Sergi D, Georgousopoulou EN, Keegan RJ, et al. The Effects of Green 

Tea Amino Acid L-Theanine Consumption on the Ability to Manage Stress and Anxiety Levels: a Systematic Review. 

Plant Foods Hum Nutr. 2020;75:12–23. 

634. Lyon MR, Kapoor MP, Juneja LR. The effects of L-theanine (Suntheanine®) on objective sleep quality in boys 

with attention deficit hyperactivity disorder (ADHD): a randomized, double-blind, placebo-controlled clinical trial. Altern 

Med Rev. 2011;16:348–54. 

635. Kim S, Jo K, Hong K-B, Han SH, Suh HJ. GABA and l-theanine mixture decreases sleep latency and improves 

NREM sleep. Pharm Biol. 2019;57:65–73. 

636. Jang H-S, Jung JY, Jang I-S, Jang K-H, Kim S-H, Ha J-H, et al. L-theanine partially counteracts caffeine-

induced sleep disturbances in rats. Pharmacol Biochem Behav. 2012;101:217–21. 

637. Kakuda T, Nozawa A, Unno T, Okamura N, Okai O. Inhibiting effects of theanine on caffeine stimulation 

evaluated by EEG in the rat. Biosci Biotechnol Biochem. 2000;64:287–93. 

638. Larsen C, Shahinas J. Dosage, Efficacy and Safety of Cannabidiol Administration in Adults: A Systematic 

Review of Human Trials. J Clin Med Res. 2020;12:129–41. 

639. VanDolah HJ, Bauer BA, Mauck KF. Clinicians’ Guide to Cannabidiol and Hemp Oils. Mayo Clin Proc. 

2019;94:1840–51. 

640. Babson KA, Sottile J, Morabito D. Cannabis, Cannabinoids, and Sleep: a Review of the Literature. Curr 

Psychiatry Rep. 2017;19:23. 

641. Murillo-Rodriguez E, Blanco-Centurion C, Sanchez C, Piomelli D, Shiromani PJ. Anandamide enhances 

extracellular levels of adenosine and induces sleep: an in vivo microdialysis study. Sleep. 2003;26:943–7. 

642. Monti JM. Hypnoticlike effects of cannabidiol in the rat. Psychopharmacology . 1977;55:263–5. 

643. Chagas MHN, Eckeli AL, Zuardi AW, Pena-Pereira MA, Sobreira-Neto MA, Sobreira ET, et al. Cannabidiol can 

improve complex sleep-related behaviours associated with rapid eye movement sleep behaviour disorder in 

Parkinson’s disease patients: a case series. J Clin Pharm Ther. 2014;39:564–6. 

644. Shannon S, Opila-Lehman J. Effectiveness of Cannabidiol Oil for Pediatric Anxiety and Insomnia as Part of 

Posttraumatic Stress Disorder: A Case Report. Perm J. 2016;20:16–005. 

645. Shannon S, Lewis N, Lee H, Hughes S. Cannabidiol in Anxiety and Sleep: A Large Case Series. Perm J. 

2019;23:18–041. 


	The Top Science-Backed Supplements To Boost Your Energy, Brain Performance and Mood Resilience
	Boost Energy Levels
	Fight Chronic Fatigue
	Optimize Metabolic Health
	Enhance Memory, Focus, and Attention
	Improve Cognitive Function
	Avert Neurodegeneration
	Bolster Stress Resilience
	The 25 Top Supplements For Energy and Mitochondrial Optimization
	Comprehensive Vitamin and Mineral Formula
	NTFactor® Phospholipid Complex
	Acetyl-L-Carnitine
	Methylation Support
	Folate
	Riboflavin
	Vitamin B12
	Vitamin B6
	Betaine

	Creatine Monohydrate
	Taurine
	Astaxanthin
	N-Acetyl-Cysteine
	D-Ribose
	Alpha-Lipoic Acid (Ideally R-ALA)
	Panax Ginseng
	PQQ
	Coenzyme Q10
	Green Tea Catechins
	Quercetin
	Resveratrol
	Pomegranates
	Spirulina
	Chlorella
	Niacin Derivatives
	Glucosamine Sulfate
	Calcium AKG

	18 Best Nootropics For Optimizing Mood, Brain Performance, and Long-Term Brain Health
	Rhodiola Rosea
	Lion’s Mane Powder
	Tocotrienols
	Magnesium Taurate
	Bacopa Monnieri
	Ginkgo Biloba
	Coffee Fruit (CognatiQ™)
	Agmatine sulfate
	Polygala Tenuifolia
	Ashwagandha
	Dopamine Boosters
	Mucuna Pruriens
	Tyrosine

	Acetylcholine Boosters
	Alpha-GPC
	CDP-choline
	Huperzine A

	GABA Boosters
	Serotonin Boosters
	5-HTP
	Saffron


	Deep and Rejuvenating Sleep
	Melatonin
	Valerian Root
	Passionflower
	Chamomile
	Lemon Balm
	Theanine
	CBD Oil

	References

