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Abstract 

Two major causes of human aging include protein misfolding and free radi-
cals. Protein misfolding occurs when proteins which are synthesized by cells 
do not have the proper amino acid sequence or do not achieve the correct 
three-dimensional configuration to function properly. Peer-reviewed scien-
tific literature explains how these processes contribute to many age-associated 
diseases. A few examples include cancer, heart disease, dementias including 
Parkinson’s and Alzheimer’s diseases, and arthritis. This article reviews how 
protein misfolding can be slowed and even reversed by appropriate nutrition, 
potentially slowing and reversing these diseases. One cause of misfolding is 
mRNA translation occurring too rapidly for proper chaperone binding or 
protein folding. A second cause is deficiency of amino acids so improper 
tRNA binding occurs. A third cause is free radicals. They cause mutations 
promoting misfolding and cancer, and oxidize lipoproteins causing plaque in 
circulation promoting heart disease and stroke. Nutrients with proven actions 
will contribute to longer healthspans for our aging population. Healthspan is 
the number of healthy years before chronic or terminal diseases substantially 
impair the quality of life. This can be done especially by slowing and revers-
ing these three causes of PM. Niacin, quercetin, EGCG, alpha-lipoic acid, 
N-acetyl-carnitine, tyrosine and cysteine address protein misfolding. Vitamin 
C and glutathione trap free radicals. Vitamin K amplifies free radical cancer 
killing by vitamin C and activates decalcification enzymes which remove cal-
cium deposits in the circulatory system and strengthen bones. Apigenin acti-
vates the pathway of caloric restriction and induces cancer cell apoptosis. 
This article provides citations and explanations of the progress showing new 
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ways to maintain health as we age. For convenience and cost savings, many of 
these ingredients can be consumed in supplement form, taken twice a day to 
maintain water-soluble nutrient levels. 
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1. Introduction 

The pandemic of aging is causing tremendous suffering and expense that can be 
relieved by greater education about the benefits of proper nutrients to prevent or 
delay the onset of cancer, heart disease, dementias, and other age-associated dis-
eases. Until recently, the Mayo Clinic website maintained that vitamin C had no 
effect on cancer. On June 11, 2019 the American Association of Retired People 
magazine had an article stating that brain supplements do not work. Most med-
ical schools provide only a day of education about the effect of nutrition on 
health. 

But a major cause of age-associated diseases (AADs) is a recently discovered 
metabolic process called protein misfolding (PM) [1] [2]. The basic concept of 
PM is that as we age, our bodies synthesize proteins too rapidly. Because of in-
sufficient time to find the proper amino acids during translation or enough time 
during synthesis for them to fold into the proper shape to function correctly, our 
cells make dysfunctional proteins. When we are young, these are degraded by 
proteasomes [3]. But as we age, they accumulate more quickly, clump together, 
and form globs too large for proteasomes to degrade.  

PM contributes to AADs, including cancer, Alzheimer’s, Parkinson’s, strokes, 
and dementia. Misfolded proteins cause pathogenic aggregation, causing cancer 
[4], even harming tumor suppressor p53 [5]. PM is a precursor to Alzheimer’s 
and can be detected at least 14 years prior to symptoms [6]. This leads to mito-
chondria unable to produce energy, senescent cells that persist and produce 
harmful signals, and plaque consisting of dysfunctional proteins. In peer-reviewed 
scientific publications specified below, nutrients are reported to reduce PM and 
other age-related declines and diseases. So supplementation with these nutrients 
now can be effective to reduce cancer, dementias, heart disease, and other AADs. 

In the general circulatory system, plaque consisting of macrophages bloated 
from consuming oxidized low-density lipoproteins (ox-LDL) contributes to 
heart disease. In the brain, both forms of plaque contribute to memory loss, 
Alzheimer’s, Parkinson’s, and other dementias [7]. So reducing both forms of 
plaque, from PM and ox-LDL, is likely to significantly increase healthspan of the 
body and brain. 

Research has shown that caloric restriction (CR) substantially lengthens the 
lives of animals, and reduces the rate of AADs, extending life 600% in C. elegans. 
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CR involves maintaining all essential nutrients in the diet, while reducing caloric 
intake substantially. Even 12 hours of fasting on a regular basis have been shown 
to improve the health of humans. Recently a biochemical mechanism for this has 
been identified [8]. It involves inhibition of translation, slowing protein synthe-
sis so errors in amino acids and protein folding are lessened. This indicates that 
a process which can reduce PM will slow declines from aging. 

2. Methods 

As a professor at Beloit College, I have published research on antioxidants [9] 
[10] while distributing a newsletter [11] summarizing new scientifically-based 
nutrition results that may contribute to healthspan. Upon retiring after 38 years, 
I was invited to develop nutritional supplements likely to reduce age-related de-
cline. Aware of the vast quantity of deceptive and hazardous supplements, I re-
viewed the commercial products and scientific literature to determine what un-
common but safe nutrients with proven mechanisms to extend healthspan 
would be useful in a supplement (Table 1). The scientific basis of the ingredients 
in Triumph that reduce the risk for cancer and heart disease was described pre-
viously in J Cancer Therapy [12]. Here I describe additional nutrients recently 
shown to reduce the risk for those and other AADs. 
 
Table 1. Justification of nutrients. 

Nutrient Benefit References 

Vitamin C 250 mg 
Antioxidant, reduces risk of stroke damage, 
amplified may kill cancer cells, reduces 
formation of plaque in arteries and brain 

[7] [9] [10] [12] 

Vitamin K 75 mcg 
Activates decalcification enzymes, 
amplifies vitamin C ability to kill cancer cells 

[12] [13] [14] 

Niacinamide 5 mg 
Diminishes with age, required to 
maintain NAD for energy production 

[15] [16] 

Quercetin 25 mg 
Antioxidant which prevents degradation 
of EGCG 

[17] [18] 

EGCG 40 mg 
With quercetin, slows translation, 
is antibiotic, and improves health 

[17] [18] [19] 

Alpha Lipoic Acid 25 mg 
(ALA) 

Decreases with age, required 
for Citric acid cycle for energy 

[20] 

N-Acetyl-L-Carnitine 
HCl 25 mg (NAC) 

Decreases with age, required to 
transport fatty acids into the mitochondria 

[20] 

L-Tyrosine 25 mg Amino acid deficient in most diets [21] 

Setria 
(L-Glutathione Reduced) 25 mg 

Antioxidant that contains cysteine, 
an amino acid deficient in most diets 

[21] 

Citrus Bioflavonoids 25 mg Antioxidants also including apigenin 
[8] [22] 

[23] [24] [25] 

Parsley Leaf 
15 mg = 2.1 mg apigenin 

Mimics caloric restriction, restores NAD 
levels, causes apoptosis of cancer cells 

[8] [22] 
[23] [24] [25] 
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3. Results 

Three mechanisms of aging have been hypothesized for many years: free radicals 
[26], inflammation [27], and telomeres [28]. Causes and strategies to reduce 
these processes have been proposed [29] (Table 2). More recently, protein mis-
folding (PM), has been identified as a major cause of decline as we age [30]. PM 
contributes to cancer, Alzheimer’s, Parkinson’s, and other age-associated diseas-
es such as arthritis [15]. To reduce the amount of PM, specific nutrients have 
been identified with proven mechanisms of action. 

I cite below specific nutrients that are likely to slow the rate of PM (Table 3). 
These nutrients are Generally Recognized As Safe (GRAS) by the Food and Drug 
Administration, and can be incorporated into supplements which may slow the 
epidemic of Alzheimer’s and other age-related diseases that are related to PM. 

EGCG (Epigallocatechin gallate) slows the transcription process so proteins 
can fold properly. Quercetin inhibits the enzyme which degrades EGCG. Thus, 
consuming the amount of quercetin in one serving of blueberries along with the  
 
Table 2. Mechanisms of human aging. 

Cause 1 
Free radical 

theory of aging 

A primary risk reduced by Mito-C. Radicals contain unpaired 
electrons which cause a variety of damage, especially plaque 
in arteries and DNA mutations. 

Cause 2 Inflammation 
Especially low level chronic inflammation caused by stress, 
trans fats and omega-6 fatty acids, this degrades the immune 
system and promotes obesity, diabetes, and cancer. 

Cause 3 
Telomere 

shortening 
This causes cellular senescence. Major causes are diet and stress. 
Polyphenols in Mito-C preserve telomeres. 

Cause 4 
Protein 

misfolding 

A primary risk reduced by Mito-C. PM causes deficiencies in 
effective metabolism, cellular senescence, and protein 
aggregation as found in Alzheimer plaque.  

Cause 5 
Microbiome 
destruction 

Loss of healthy microbes in the intestines is especially caused 
by antibiotics, deficient fiber in the diet. 

Cause 6 
Cellular 

senescence 
Caused by causes 1 - 4, loss of stem cells particularly can have 
cascading effects on other metabolic systems. 

See https://www.nutritionconsensus.org/whyweage for citations and details. 

 
Table 3. How literature was evaluated. 

Step 1 
Peer-reviewed distinguished scientific literature Science, Nature, 
J. Cancer Therapy, Am Soc Nutrition Journals 
Select nutrients that are described as reducing age-associated diseases 

Step 2 
Review secondary sources in peer-reviewed journals 
Look for evidence in vitro and in vivo studies demonstrating effectiveness 

Step 3 Review ingredients to ensure safety and that synergistic effects are beneficial 

Step 4 
Determine whether combined ingredients are already available in common 
supplements like AREDs 

Step 5 Determine useful human dosage and frequency based on capsule size 
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EGCG content of a serving of green tea can provide an EGCG timespan in the 
body equivalent to the benefit of 6 cups of green tea. Quercetin blocks the action 
of the enzyme responsible for degrading EGCG, which is the active ingredient in 
green tea [17]. Servings of green tea consumed daily have been shown to be cor-
related with health. The health benefit has been shown to increase linearly from 
zero to 4 cups of green tea daily [18]. This reduces protein misfolding and acti-
vates the beneficial processes similar to those of dietary restriction. 

In addition, EGCG has antibiotic (Ab) effects, particularly enhancing Ab ef-
fectiveness against Ab-resistant bacteria. Researchers at the University of Surrey 
combined EGCG with many types of antibiotics, finding the combination was 
up to 31% more effective at killing off harmful bacteria compared to the drug 
antibiotic alone [19]. 

Deficiency of the amino acids tyrosine and cysteine contributes to protein 
misfolding during transcription. Many diets are deficient in these 2 amino acids, 
and people in regions of the world where people live longest have higher levels of 
these 2 amino acids in their diets. These findings are based on work with Rolf 
Martin [21]. When the diet is deficient in these, phenylalanine and alanine are 
likely to be substituted in tRNAs, so when the protein is synthesized, it misfolds 
because the wrong side chains are present. 

Bioflavonoids in addition to quercetin have numerous health benefits. It was 
recently discovered that one bioflavonoid, apigenin [22], mimics the metabolic 
pathway effect of caloric restriction. It inhibits CD 38, also known as cyclic ADP 
ribose hydrolase, a glycoprotein found on the surface of many immune cells. 
Apigenin restores NAD+ toward more youthful levels. It also induces cancer cell 
apoptosis or autophagy and attenuates cancer cell proliferation or metastasis 
[25]. Parsley is a rich source of apigenin, but also has been praised as a dietary 
source of many other benefits. “[A] wide range of pharmacological activity in-
cluding antioxidant, hepatoprotective, brain protective, anti-diabetic, analgesic, 
spasmolytic, immunosuppressant, anti-platelet, gastroprotective, cytoprotective, 
laxative, estrogenic, diuretic, hypotensive, antibacterial and antifungal activities 
have been exhibited for this plant in modern medicine” [23] [24]. Based on the 
work of Ordman [10], 500 mg of vitamin C twice a day will maintain near its 
highest concentration in people’s blood. There are numerous likely benefits. A 
major cause of plaque in the arteries and the brain is oxidized low-density lipo-
protein (ox-LDL). When free radicals are generated in the blood, if there is in-
adequate vitamin C to maintain the reduction of LDL, ox-LDL is formed. Ma-
crophages recognize this as a foreign molecule, consume it, and turn into foam 
cells. It is these cells that are sticky, attach to the circulatory system, for instance 
in small capillaries in the brain, and produce plaque [7]. Besides heart disease, 
this plaque can contribute both to major and mini-strokes, harming brain func-
tion. Another molecule that traps free radicals is glutathione, often called the 
body’s master antioxidant. It also provides cysteine to help prevent protein mis-
folding, as described above. 

https://doi.org/10.4236/jct.2020.118043


A. Ordman 
 

 

DOI: 10.4236/jct.2020.118043 502 Journal of Cancer Therapy 
 

Alpha-lipoic acid (ALA), N-acetyl-carnitine (NAC) and niacinamide are nu-
trients known to diminish with age [20]. All three are vital to brain function and 
energy. NAC transports fatty acids into the mitochondrion, and ALA aids their 
degradation to generate energy. NAD+ levels diminish with age [15] and are 
replenished by supplemental niacinamide [16]. 

Vitamin K is another nutrient recently discovered to have great benefit when 
consumed at levels far above the Daily Value. Calcification of the heart, arteries, 
and other organs is a major contributor to AADs. Excess calcium causes deposits 
in the heart and arteries, making both less flexible and effective. Nearly everyone 
in the US gets adequate calcium in the diet, and supplemental calcium is ha-
zardous, so older Americans benefit from decalcification (DC). DC is a process 
by which excessive calcium deposits that form in the heart and circulatory sys-
tem are removed [13]. The higher level of vitamin K has been shown by meta-
bolomic analysis to activate a variety of decalcifying enzymes. These Vitamin 
K-induced enzymes decalcify soft tissues where excess calcium causes harm [14]. 
You may maintain a healthier blood pressure and have a better cardiac rhythm. 
This may have numerous other health benefits. You are less likely to break a hip. 
You are more likely to maintain a stronger bone mass. And it will benefit your 
brain by reducing your risk for Alzheimer's and Parkinson’s diseases.  

4. Discussion 

The number of scientists alive today is greater than all who have lived previous-
ly. The level of medical knowledge is projected to double every 7 months by 
2020. Because of an abundance of deceptive products and claims, we are not ef-
fectively informed of the great increase in knowledge of the benefits of proper 
nutrition. 

As examples, in 2019 the pathway by which dietary restriction [DR] slows the 
aging process was discovered [8]. DR slows the process by altering a signal so 
that proteins are synthesized more slowly, reducing the rate of PM. Apigenin af-
fects the pathway just as DR does [22]. Also, consuming quercetin and EGCG 
has an effect similar to DR, without the need to fast for 12 hr or longer.  

To reinforce how these nutrients particularly reduce PM, here is a summary 
(Table 4). Vitamin C reduces free radicals, which damage DNA, so improper 
amino acid sequences may result. It also oxidizes cysteine, which can prevent 
crosslinks that maintain protein conformation. EGCG and quercetin slow the 
process of translation, so that the proper tRNAs can bind as the protein is syn-
thesized, and so the nascent protein has time to recruit the correct chaperones 
and assume the specific 3d conformation. Tyrosine and cysteine in Glutathione 
are 2 amino acids deficient in most diets. When deficient, mRNA will recruit 
mismatched tRNAs that insert incorrect amino acids. ALA, NAC, and niacina-
mide are nutrients that diminish with age, and are essential for energy metabol-
ism, producing the NADH and ATP required for the proper completion of all of 
the steps of protein synthesis. As many of these ingredients are water-soluble  
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Table 4. Examples of impact of nutrients on disease. 

Nutrients Scientific Evidence for Health Impact 

Vitamin C 
Recently many studies have indicated the benefit of high levels of AA to 
maintain the brain, bones, and heart, reduce damage from stroke, brain 
trauma, and cataracts, and lower the risk of cancer metastasis and colds [31]. 

Vitamin K 

Aortic stenosis is a common but fatal disease when it becomes 
symptomatic, specially if not treated... The investigators hypothesize that 
MK-7 supplementation may slow or even reverse the progression 
of the disease process [32]. 

ALA and NAC 
Thus, acetyl carnitine/alpha-lipoic acid dietary supplements have a 
potential market of tens of millions of middle-aged and elderly 
Americans who desire to improve their general health [33]. 

Quercetin 
and 

EGCG 

Benefits of consumption of these nutrients include anti-inflammatory, 
antipathogenic and antioxidant activities; immunoregulatory influences; 
and central nervous system and muscle mitochondrial biogenesis 
stimulatory effects [34]. 

Apigenin and 
Caloric 

Restriction 

Benefits possibly involve significant alterations in energy metabolism, 
oxidative damage, insulin sensitivity, inflammation, and functional 
changes in both the neuroendocrine and sympathetic nervous systems [35]. 

 
nutrients, they must be consumed twice a day to prevent inadequate availability, 
which is a problem with most nutritional supplements. 

5. Conclusion 

Protein misfolding is a cause of age-related decline in health. Based on the above 
findings, it is appropriate to combine protective ingredients into a daily supple-
ment which has been done by MDR in their Mito-C Formula for a healthy mind 
and body. One can obtain these various nutrients separately, but the importance 
is to increase their intake above what is typically derived in the American diet. 
By doing so it will help contribute to public health and longevity and may reduce 
the risk of some diseases associated with aging.  

6. Disclosure 

I was hired as a consultant by Medical Doctors Research (MDR) to develop a 
supplement to support longevity. I investigated what nutrients would extend 
healthspan that is not present in most supplements. Based on the above infor-
mation, MDR has manufactured a supplement, Mito-C, with safe and inexpen-
sive nutrients to maintain the health of our brains and reduce the risk of diseas-
es, especially cancer, associated with aging.  
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