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Preventing Age-Related Cognitive Decline 

By Laurie Barclay, MD 

Impairment of memory and learning need not accompany normal aging. Susceptibility to age-related 
cognitive decline varies widely among individuals, suggesting that interventions may be helpful in 
preventing its occurrence. A large body of scientific studies indicates that age-related cognitive 
decline may be partially controlled or prevented. 

A particularly intriguing development in the field of brain health and longevity occurred with the 
release of a Canadian study on the use of a combination dietary supplement in the prevention of 
age-related cognitive decline.1 Using the transgenic mouse model of aging, researchers discovered 
that a cocktail of 31 nutrients and plant-based extracts abolished age-related cognitive decline in 
the test subjects. This exciting finding lends hope to the prospect of minimizing or eliminating 
cognitive decline in humans. In this article, we examine the mouse study and the nutritional and 
herbal remedies that make up this powerful anti-aging supplement. 

Although findings from animal studies cannot be applied directly to humans, they shed light on mechanisms of brain aging and 
open fruitful avenues for human intervention. An interesting model for age-related cognitive decline is transgenic mice that are 
genetically modified to produce increased growth hormone, a crucial regulator of growth and aging.1 

Young, mature transgenic mice learn mazes faster and with fewer errors than normal mice. As they age, transgenic mice 
accumulate more free radicals in the brain than normal mice, causing learning impairment and premature death. 

In a recent study from McMaster University in Hamilton, Ontario, transgenic mice were fed a unique combination of nutrients 
designed to protect against age-related cognitive decline.1 This “anti-aging”  supplement contained many vitamins, minerals, 
antioxidants, herbal extracts, and brain-supportive nutrients to improve the stability of nerve cell membranes, boost mitochondrial 
energy production, optimize insulin sensitivity, and reduce free-radical damage and inflammation. 

After receiving this supplement daily for nearly three years, a large group of transgenic mice did not develop age-related cognitive 
decline. Older transgenic mice that were given the supplement learned a complex maze faster than younger, untreated 
transgenic mice, with virtually no impact on growth and no apparent negative consequences.1 

With increasing age, untreated transgenic mice were dramatically worse—while treated 
transgenic mice grew progressively better—in terms of their number of errors and attempts 
required to learn the maze. Learning was at least 200–250% better in treated older 
transgenic mice than in untreated normal mice or in untreated older transgenic mice.1 

IMPLICATIONS FOR HUMAN HEALTH 

What are the implications of the transgenic mouse study for age-related cognitive decline in 
humans? If cognitive decline can be prevented in mice using a combination of supplements, 
then perhaps nutritional remedies can also prevent cognitive decline in humans. Recent 
findings from other studies suggests a sound rationale underlying each of the 31 nutrients composing the anti-aging supplement 
used in the mouse study.2,3 The anti-aging supplement included: 

Energy enhancers (acetyl-L-carnitine, lipoic acid, coenzyme Q10)  
Hormones (DHEA, melatonin)  
B vitamins (B1, B3, B6, B12, folic acid)  
Antioxidants (vitamin C, vitamin E, beta-carotene, green tea, L-glutathione, N-acetylcysteine)  
Unsaturated fatty acids (cod liver oil, flaxseed oil)  
Agents that support blood flow (ginkgo biloba, ginger, aspirin)  
Minerals (chromium, magnesium, potassium, selenium, zinc)  



Plant-based remedies (ginseng, bioflavonoids, garlic, rutin).  

Many of these ingredients act in several different ways to protect against the ravages of aging, and are more effective when taken 
together than when taken individually.2,3 

Animal studies, population studies in normal aging and in age-related diseases, and clinical trials all suggest that these nutrients 
are vital to brain health and might help protect against age-related cognitive decline. 

ENHANCING BRAIN CELL ENERGY 

To perform its complex functions, the brain requires a continuous high-energy level. Aging brain cells are inefficient at glucose 
intake and mitochondrial energy production. This allows for the buildup of cellular debris, eventually destroying brain cells and 
causing age-related cognitive decline. Nutrients that can help restore energy production may therefore help prevent or control 
brain aging. 

By transporting fatty acids into the mitochondria, the amino acid acetyl-L-carnitine helps to produce energy while preventing the 
accumulation of toxic fatty acids. Feeding acetyl-L-carnitine to aged rats for long periods reverses the buildup of toxic fatty acids 
in brain cell membranes to a more normal pattern typical of younger animals.4 

Supplements combining acetyl-L-carnitine with the antioxidant lipoic acid help reverse mitochondrial breakdown, oxidative 
damage, and memory loss in old rats.2,3,5 Based on these promising results, this combination is being tested in humans. 

“Each chemical solves a different problem—the two together are better than either one alone,”  senior researcher Bruce Ames, a 
molecular biology professor at the University of California, Berkeley, said in a news release. “With the two supplements together, 
these old rats got up and did the Macarena. The brain looks better, they are full of energy—everything we looked at looks more 
like a young animal.”6 

A recent review of well-controlled clinical studies suggests mild benefits of acetyl-L-carnitine in probable Alzheimer’s disease.7 
Compared to placebo, acetyl-L-carnitine was better at improving memory scores. 

“[Acetyl-L-carnitine] slows the progression of Alzheimer’s disease in younger subjects,”  researchers concluded from a well-
designed study of more than 300 patients, conducted at 24 US clinics.8 

Another high-octane booster of brain energy is coenzyme Q10 (CoQ10), also called ubiquinone because it is present in every cell 
in the body. By facilitating synthesis of the basic energy molecule adenosine triphosphate (ATP), this potent antioxidant helps 
generate 95% of the body’s energy. 

In animals, CoQ10 levels drop by about 25% with illness, 50% with aging, and 75% before death.9 Studies in old rats suggest 
that dietary CoQ10 reaches brain mitochondria, restores CoQ10 levels to those seen in young animals, and may protect against 
degenerative brain diseases.1 

In a study of 80 patients with the degenerative neurological condition known as Parkinson’s disease, high dosages of CoQ10 
slowed progressive worsening in function—especially feeding, dressing, bathing, and walking—by 44% compared to placebo.11 
Based on these encouraging results, the researchers recommended additional testing in hundreds of patients. 

BRAIN-FRIENDLY FATTY ACIDS 

Although the accumulation of toxic fatty acids can damage the brain, not all fatty acids are harmful. 
Brain cells use essential fatty acids, including EPA (eicosapentaenoic acid) and DHA 
(docosahexaenoic acid), as fuel and as basic building blocks. Cod liver oil, cold-water fish, and 
flaxseed oil provide these omega-3 fatty acids. 

By controlling chronic inflammation, omega-3 fatty acids may help reverse brain damage associated 
with aging and degenerative diseases. In studies with aged and young rats, DHA supplementation 
significantly decreased free-radical levels of lipid peroxide in the hippocampus, a brain region 
involved in memory, and also reduced errors in maze learning.12 

Other benefits of omega-3 fatty acids include lowering blood triglycerides and preventing blood from 
clotting too quickly,13 which may indirectly improve brain function by increasing blood flow and reducing stroke risk. 

In some individuals, depression contributes to memory decline with aging. Levels of omega-3 fatty acids in red blood cell 



membranes may be reduced in depressed people.14-16 

In a study of 815 Chicago residents who were 65 years of age or older, the risk of developing Alzheimer’s disease over four years 
was 60% less for those who ate fish at least once a week than for those who rarely or never ate fish.17 
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HORMONES AFFECT BRAIN FUNCTION 

Declining hormone levels with age affect the brain as well as other organ systems. In the brain, key hormones improve energy 
metabolism, protect brain cell membranes, and help maintain levels of acetylcholine, a neurochemical underlying memory. 

The hormone DHEA (dehydroepiandrosterone) improves brain cell activity and facilitates changes in nerve cells, allowing them to 
record new memories. Remarkably, DHEA added to human brain stem cells in the laboratory dramatically increased their growth 
rate.18 DHEA production falls off with age in humans,19 from about 30 mg a day at age 20 to less than 6 mg a day by age 80. 

In aged rodents, DHEA enhances memory20 and quadruples acetylcholine release from hippocampal cells.21 By interacting with 
specific nerve cell receptors, DHEA improves short-term memory for maze learning and long-term memory in mice.22 

In Alzheimer’s disease, DHEA levels decrease along with hippocampal blood flow and activity.23 DHEA may help prevent the 
formation of a protein that accumulates in brain cells with aging and with Alzheimer’s disease.24 

In the elderly, some studies suggest that DHEA may improve memory deficits and depression while enhancing physical and 
psychological well-being.20 

For safe, long-term use, DHEA should be taken with antioxidants25 to prevent possible liver damage reported with massive 
doses26 that were many times higher than those used in supplements that humans take. Antioxidants that are especially 
effective in preventing free-radical damage in the liver include green tea, vitamin E, and N-acetylcysteine. 

The hormone melatonin is a potent antioxidant that regulates the body’s internal clock and enhances cognitive function. With 
aging, and more so with certain types of depression and dementia, blood melatonin levels decrease and “flatten out”  rather than 
peaking and falling at characteristic times during the 24-hour cycle.27 

In a placebo-controlled study of 26 healthy elderly volunteers, melatonin taken nightly for four weeks improved verbal learning test 
scores and refreshing sleep.28 “Melatonin administration at a dose of 1 mg nightly may be effective in improving certain aspects 
of cognitive functioning and subjective reports of sleep quality in elderly subjects,”  the researchers concluded. “It may prove to be 
a useful therapeutic agent in the treatment of age-related cognitive decline.”28 

B VITAMINS BOOST BRAIN FUNCTION 

The B vitamins, including folate, protect brain function by regulating energy metabolism, assisting in the production of chemicals 
that affect mood, and contributing to the myelin sheath surrounding and protecting nerves. B-vitamin deficiencies may therefore 
impair memory and increase anxiety, confusion, irritability, and depression.29 Low levels of B6, B12, and folate are associated 
with decreased levels of S-adenosyl-L-methionine, a nutrient with antidepressant and potential cognition-enhancing effects.30 

The elderly have higher requirements for some vitamins (including vitamin B6), but poor nutrition and diminished nutrient 
absorption increases their risk for vitamin deficiency. Vitamins that dissolve in water, including B complex and vitamin C, are 
rapidly excreted and must be replenished daily. Based on large population studies, high intake of B vitamins and folate may help 
protect against age-related cognitive decline.31 

Among 137 elderly volunteers who were studied for six years, those with higher intake of B complex and vitamins A, C, and E 
had better scores on tests of abstract reasoning and visual-spatial function.32 Although these effects were relatively modest, they 
were nonetheless striking because the volunteers were adequately nourished, well educated, and initially free of significant 
cognitive impairment. 

In a three-year Swedish study of 370 healthy elderly adults who were at least 75 years of age, those with even slightly low levels 
of vitamin B12 and folate had twice the risk of developing Alzheimer’s disease as did those with normal levels of these vitamins.33 

In a population study of more than 3,000 Chicago residents aged 65 and older, those with the lowest intake of vitamin B3 (niacin) 



were 70% more likely to develop Alzheimer’s disease than those with the highest intake, and their rate of cognitive decline was 
about twice as fast.29 “Dietary niacin may protect against Alzheimer’s disease and age-related cognitive decline,”  the researchers 
concluded. 

Replacement of B vitamins in deficient individuals often improves short-term memory and language skills. Elderly subjects who 
are low in folic acid show impairment in both word recall and object recall, suggesting a vital role for folic acid in memory function 
in later life.34 Memory impairment in the elderly related to vitamin B12 deficiency can be reversed by vitamin B12 injections or 
supplements.35 

High doses of vitamin B6 and folate reduce blood levels of homocysteine, a toxic buildup product 
linked to heart disease and cognitive impairment.36 In dementia patients with even mild deficiencies 
of vitamin B12 or folate, replacement can improve cognition,37 especially in those with elevated 
blood homocysteine levels.38 In a study of 76 elderly males, vitamin B6 was better than placebo in 
improving long-term information storage and retrieval.39 

ANTIOXIDANTS PROTECT AGAINST FREE RADICALS 

In aging of the brain or elsewhere in the body, a chief culprit is damage by free radicals, or atoms 
with unpaired electrons.40 Just as exposure to oxygen eventually rusts iron, exposure to reactive 
oxygen species injures mitochondria, membrane lipids, proteins, and nucleic acids needed for cell 
structure and function. 

Lipoic acid, green tea, and other antioxidants are free-radical scavengers that protect the brain. They may help to stave off age-
related cognitive decline by protecting the heart and blood vessels, thereby improving circulation to the brain and reducing stroke 
risk. 

Laboratory studies also support the role of antioxidants in protecting the brain. Rats subjected to oxidative stress affecting the 
hippocampus demonstrate impaired learning and memory deficits. Vitamin E supplementation accelerated learning and prevented 
the memory deficits associated with oxidative stress.41 Nerve cells grown in the laboratory and damaged chemically were 
protected by antioxidants, including vitamin E and glutathione,42 suggesting that antioxidants may reduce neuronal damage in 
pathological conditions associated with oxidative stress. 

Many population studies have investigated the link between antioxidant intake and age-related cognitive decline. In a Swiss study 
that followed 442 elderly people for 22 years, higher blood levels of vitamin C (ascorbic acid) and beta-carotene predicted better 
test scores for free recall, recognition, and vocabulary.43 Additionally, plasma antioxidant levels remained significantly stable over 
the 22-year study period. “Among people aged 65 and older, higher ascorbic acid and beta-carotene plasma levels are 
associated with better memory performance,”  the researchers concluded. “These results indicate the important role played by 
antioxidants in brain aging and may have implications for prevention of progressive cognitive impairments.” 

In another study, blood levels of vitamin C were lower in 43 institutionalized patients with dementia than in 50 institutionalized 
patients without cognitive impairment, and vitamin C levels were associated with higher scores of mental functioning.44 Based on 
these findings, the researchers recommended studying whether vitamin C supplementation would prevent or delay cognitive 
decline in patients with dementia and Alzheimer’s disease. 

In a random sample of 815 community-dwelling residents aged 65 and older, higher dietary 
intake of vitamin E was associated with up to a 70% decreased risk of developing Alzheimer’s 
disease over a four-year period. This was true only for individuals not carrying a specific gene 
(apolipoprotein E4) related to Alzheimer’s risk.45 Patients with Alzheimer’s disease have 
lower levels of vitamin E in the cerebrospinal fluid bathing the brain than do healthy elderly 
people, providing further support for the theory that vitamin E supplementation may help to 
delay or protect against age-related cognitive decline or Alzheimer’s.46 

Over a six-year period, the Rotterdam Study followed more than 5,000 Dutch community 
residents without dementia who were at least 55 years old.47 High intake of vitamins C and E 

from foods, but not from supplements, was associated with up to a 42% reduction in risk for Alzheimer’s disease, especially in 
smokers. This type of study reveals the importance of consuming plant-derived antioxidants. 

More evidence supporting the protective role of vitamin E comes from a study of nearly 3,000 community-dwelling elderly who 
completed a survey about their diet and performed four different cognitive tests three years later. After accounting for age, sex, 
smoking, alcohol consumption, and intake of other vitamins, subjects in the highest 20% of total vitamin E intake had a 36% 
reduction in their rate of cognitive decline compared with those in the lowest 20%.48 “Vitamin E intake, from foods or 
supplements, is associated with less cognitive decline with age,”  the researchers concluded. 



On the other hand, a large study of supplement use and cognitive decline in elderly residents of southwestern Pennsylvania did 
not confirm protection against age-related cognitive decline by supplements containing vitamins A, C, or E, beta-carotene, zinc, 
or selenium.49 

What accounts for this discrepancy? Scientists from the University of Valencia in Spain suggest that antioxidant supplements 
may protect only individuals under oxidative stress.50 When these researchers gave vitamin E to patients with Alzheimer’s 
disease, they found cognitive improvement only in patients with blood tests indicating oxidative stress. “The effect of vitamin E on 
Alzheimer’s disease patients showed considerable variations both in its antioxidant function and in its capacity to improve 
cognitive functions,”  they concluded. Further large-scale studies may help to determine which individuals are most likely to 
benefit from vitamin supplements. 

Selenium, a trace mineral known for its antioxidant and immune-boosting effects, appears to also play a role in cognitive function. 
In a population study of more than 1,000 French subjects aged 60 to 70, low blood levels of selenium and other antioxidants 
predicted a higher rate of cognitive decline.51 “These results suggest that increased levels of oxidative stress and/or antioxidant 
deficiencies may pose risk factors for cognitive decline,”  the researchers concluded. “The direct implication of oxidative stress in 
vascular and neurodegenerative mechanisms that lead to cognitive impairment should be further explored.” 

Zinc, another antioxidant mineral that is involved in many enzymatic reactions in the body, may also play a role in protecting 
brain function and health. Zinc is crucial during times of rapid brain growth, and zinc deficiency in juveniles or adolescents 
causes cognitive impairment.52 Zinc’s role in protecting brain health in adults is less clear, and further studies are warranted. 
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GINKGO, GINGER, AND ASPIRIN IMPROVE BRAIN CIRCULATION 

Extract of ginkgo biloba, derived from the oldest living species of tree on Earth, is a potent 
antioxidant53 that helps to counteract age-related changes in blood flow to the brain.54 By 
dilating and toning blood vessels, interfering with platelet activity to decrease blood clotting, and 
preventing oxidative damage to mitochondria and nerve cells,54 ginkgo enhances brain activity 
and energy metabolism,55 and decreases symptoms of depression and memory impairment.56 

Ginkgo may be helpful in mild to moderately severe cognitive impairment associated with early 
Alzheimer’s disease or vascular dementia, according to a study of 202 patients reported in the 
Journal of the American Medical Association. During one year of treatment, patients receiving ginkgo maintained cognitive 
function and improved slightly in social functioning, while the placebo group deteriorated in both areas.57 

In a review of 40 clinical studies using ginkgo for cerebral vascular insufficiency and for age-related dementia, nearly all trials 
showed improvements relative to placebo in memory impairment, confusion, fatigue, anxiety, and other symptoms.58 Another 
review also showed promising benefits in cognitive symptoms without serious side effects in some studies, suggesting the need 
for a larger, well-designed trial.59 

Based on European studies, Germany has approved ginkgo biloba extract for treatment of Alzheimer’s disease and other 
dementias. In a placebo-controlled study,20 outpatients with mild to moderate Alzheimer’s had significant improvement in 
attention and memory performance after three months of treatment.60 

One study showed no difference in memory scores or perceptions of improvement in cognitive function in healthy adults after six 
weeks of supplementing with ginkgo,61 whereas another study showed improvements with similar doses.62 A placebo-controlled 
study in 60 healthy volunteers showed significant improvements after 30 days of ginkgo treatment in speed of information 
processing, working memory, and executive processing.63 Ginkgo may be most beneficial for short-term memory in healthy 
adults if given as a single dose of 120 mg rather than as 40 mg three times daily.64 

A German study investigated how combining ginkgo and ginger affects learning, memory, and brain oxidative stress in aged 
rats.65 Like ginkgo, ginger has traditionally been used by herbalists as a circulatory tonic. The investigators found that the ginkgo 
and ginger combination significantly reduced two indicators of oxidative stress in the brains of aged rats. Additionally, the ginkgo 
and ginger supplement helped to facilitate spatial learning in the animals. 

Low-dose acetylsalicylic acid, or aspirin, acts as a mild blood thinner and lowers the risk of vascular events in humans. 
Increasing evidence suggests aspirin may also reduce the rate of cognitive decline in the elderly.66 A large study of aspirin’s 
ability to prevent vascular dementia in the elderly is currently underway in Australia.  

OTHER NUTRIENTS SHOW PROMISE 

In a mouse model of brain aging, green tea extract prevented both impairments in working memory and shrinking and oxidative 
DNA damage to brain regions involved in memory.67 An animal model of vascular injury to the brain showed a neuroprotective 
effect of antioxidants that included rutin, selenium, and garlic oil.68 Aged garlic extract contains phytochemicals that prevent 
oxidative damage, and has shown the ability to increase cognitive function, memory, and longevity in mouse models of aging.69 



Chromium improves control of blood sugar. By increasing insulin-receptor activity within the 
hypothalamus, a vital center for brain control, it may rejuvenate the aging brain.70 In animal studies, 
chromium supplements increase activity of nerve chemicals involved in controlling moods, 
suggesting a possible antidepressant effect.71 

Bioflavonoids are a diverse group of plant-derived compounds that exert myriad effects in the body. 
Quercetin, a bioflavonoid with strong antioxidant properties, is found in a variety of fruits and 
vegetables. In a study involving mice, quercetin significantly reversed age-related cognitive decline.72 
Additionally, quercetin reversed increased markers of oxidative stress and the decline of the crucial 
antioxidant glutathione in the forebrain, two other age-associated changes. 

North American ginseng contains numerous bioactive compounds that exert many beneficial 
effects. One of the ginsenoside compounds from North American ginseng has been found to prevent memory deficits in rats.73 
This compound facilitates the release of the neurotransmitter acetylcholine from the hippocampus, an area of the brain involved in 
memory and mood.  

CONCLUSION 

As science advances our understanding of brain aging, we have discovered many promising paths to preserving cognition well 
into chronological old age. Lessons learned from animal studies suggest how nutrients may best be combined to prevent age-
related cognitive decline. 

Free radicals are a significant culprit, interfering with energy metabolism, blood flow, and nerve structure and function. 
Mitochondrial energy boosters, vitamins, hormones, and other antioxidants are effective weapons in the war against oxidative 
stress, safely enhancing energy production and blood flow, suppressing inflammation, maintaining the structural integrity of nerve 
cell components, and facilitating neuronal activity. 

Because these antioxidants are involved in vital functions in virtually all organ systems, supplementation to prevent age-related 
cognitive decline may also help protect against other age-related conditions. Nutrients have different mechanisms of action, so 
combining them may increase their benefits beyond that expected when each is used individually. Some physicians can offer 
specific advice about potential interactions of these supplements with prescription medications such as Coumadin®. 

Thanks to this nutritional armamentarium, there is reason to hope that age-related cognitive decline need not be an inevitable 
consequence of aging. With further research, application of these strategies to early Alzheimer’s and other dementias might 
ultimately help reduce the toll of these dreaded and increasingly common diseases. 

Table 1. Formulation of a Dietary Supplement Designed to Reduce  
Oxidative Stress and Inflammation, Maintain Membrane and  
Mitochondrial Integrity, and Enhance Insulin Sensitivity (mouse doses).  

Vitamin B1 0.72 mg/day Flaxseed oil 21.6 mg/day 

Vitamin B3 0.72 mg/day Folic Acid 0.01 mg/day 

Vitamin B 60.72 mg/day Garlic 21.6 mcg/day 

Vitamin B12 0.72 mcg/day Ginger 7.2 mg/day 

Vitamin C 3.6 mg/day Ginkgo Biloba 1.44 mg/day 

Vitamin D 2.5 IU/day Ginseng (North American) 8.64 mg/day 

Vitamin E 1.44 IU/day Green Tea Extracts 7.2 mg/day 

Acetyl-L-Carnitine 14.4 mg/day L-Glutathione 0.36 mg/day 

Lipoic Acid 0.72 mg/day Magnesium  0.72 mg/day 

Aspirin 2.5 mg/day Melatonin  0.01 mg/day 

Beta-Carotene 50.0 IU/day N-Acetylcysteine  7.2 mg/day 

Bioflavonoids 4.32 mg/day Potassium  0.36 mg/day 

Chromium Picolinate 1.44 mcg/day Rutin  0.72 mg/day 

Cod Liver Oil 5.04 IU/day Selenium  1.08 mcg/day 



Coenzyme Q10 0.44 mg/day Zinc (chelated) 0.14 mg/day 

DHEA 0.15 mg/day     

Source: Lemon JA, Boreham DR, Rollo CD. A dietary supplement abolishes age-related cognitive decline in transgenic mice expressing elevated 
free radical processes. Exp Biol Med (Maywood). 2003 Jul;228(7):800-10. 

References

1. Lemon JA, Boreham DR, Rollo CD. A dietary supplement abolishes age-related cognitive decline in transgenic mice 
expressing elevated free radical processes. Exp Biol Med (Maywood.). 2003 Jul;228(7):800-10. 

2. 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 
USA. 2002 Feb 19;99(4):1876-81. 

3. Hagen TM, Liu J, Lykkesfeldt J, et al. Feed- ing acetyl-L-carnitine and lipoic acid to old rats significantly improves metabolic 
function while decreasing oxidative stress. Proc Natl Acad Sci USA. 2002 Feb 19;99(4):1870-5. 

4. Aureli T, Di Cocco ME, Capuani G, et al. Effect of long-term feeding with acetyl-L-carnitine on the age-related changes in rat 
brain lipid composition: a study by 31P NMR spectroscopy. Neurochem Res. 2000 Mar;25(3):395-9. 

5. Liu J, Head E, Gharib AM, et al. Memory loss in old rats is associated with brain mito-chondrial decay and RNA/DNA 
oxidation: partial reversal by feeding acetyl-L-carnitine and/or R-alpha-lipoic acid. Proc Natl Acad Sci USA. 2002 Feb 19;99
(4):2356-61. 

6. Available at: www.berkeley.edu/news/media/releases/2002/02/19_diet.html. Accessed January 14, 2005. 

7. McDaniel MA, Maier SF, Einstein GO. “Brain-specific”  nutrients: a memory cure? Nutrition. 2003 Nov;19(11-12):957-75. 

8. Brooks JO, III, Yesavage JA, Carta A, Bravi D. Acetyl L-carnitine slows decline in younger patients with Alzheimer’s disease: 
a reanalysis of a double-blind, placebo-con- trolled study using the trilinear approach. Int Psychogeriatr. 1998 Jun;10(2):193-203. 

9. Bliznakov G, Hunt GL. The Miracle Nutrient: Coenzyme Q10. New York: Bantam Books; 1988. 

10. Matthews RT, Yang L, Browne S, Baik M, Beal MF. Coenzyme Q10 administration increases brain mitochondrial concentra- 
tions and exerts neuroprotective effects. Proc Natl Acad Sci USA. 1998 Jul 21;95(15):8892-7. 

11. Shults CW, Oakes D, Kieburtz K, et al. Effects of coenzyme Q10 in early Parkinson disease: evidence of slowing of the 
function- al decline. Arch Neurol. 2002 Oct;59(10):1541-50. 

12. Gamoh S, Hashimoto M, Hossain S, Masumura S. Chronic administration of docosahexaenoic acid improves the 
performance of radial arm maze task in aged rats. Clin Exp Pharmacol Physiol. 2001 Apr;28(4):266-70. 

13. Mori TA, Beilin LJ. Omega-3 fatty acids and inflammation. Curr Atheroscler Rep. 2004 Nov;6(6):461-7. 

14. Edwards R, Peet M, Shay J, Horrobin D. Omega-3 polyunsaturated fatty acid levels in the diet and in red blood cell 
membranes of depressed patients. J Affect Disord. 1998 Mar;48(2-3):149-55. 

15. Peet M, Murphy B, Shay J, Horrobin D. Depletion of omega-3 fatty acid levels in red blood cell membranes of depressive 
patients. Biol Psychiatry. 1998 Mar 1;43(5):315-9. 

16. Maes M, Christophe A, Delanghe J, et al. Lowered omega3 polyunsaturated fatty acids in serum phospholipids and 
cholesteryl esters of depressed patients. Psychiatry Res. 1999 Mar 22;85(3):275-91. 

17. Morris MC, Evans DA, Bienias JL, et al. Consumption of fish and n-3 fatty acids and risk of incident Alzheimer disease. Arch 
Neurol. 2003 Jul;60(7):940-6. 

18. Suzuki M, Wright LS, Marwah P, Lardy HA, Svendsen CN. Mitotic and neurogenic effects of dehydroepiandrosterone (DHEA) 
on human neural stem cell cultures derived from the fetal cortex. Proc Natl Acad Sci USA. 2004 Mar 2;101(9):3202-7. 



19. Kahonen MH, Tilvis RS, Jolkkonen J, Pitkala K, Harkonen M. Predictors and clin- ical significance of declining plasma 
dehydroepiandrosterone sulfate in old age. Aging (Milano.). 2000 Aug;12(4):308-14. 

20. Racchi M, Balduzzi C, Corsini E. Dehydroepiandrosterone (DHEA) and the aging brain: flipping a coin in the “fountain of 
youth”. CNS Drug Rev. 2003;9(1):21-40. 

21. Rhodes ME, Li PK, Flood JF, Johnson DA. Enhancement of hippocampal acetylcholine release by the neurosteroid 
dehydroepiandrosterone sulfate: an in vivo microdialysis study. Brain Res. 1996 Sep 16;733(2):284-6. 

22. Maurice T, Junien JL, Privat A. Dehy- droepiandrosterone sulfate attenuates dizocilpine-induced learning impairment in mice 
via sigma 1-receptors. Behav Brain Res. 1997 Feb;83(1-2):159-64. 

23. Murialdo G, Nobili F, Rollero A, et al. Hip- pocampal perfusion and pituitary-adrenal axis in Alzheimer’s disease. 
Neuropsychobiology. 2000;42(2):51-7. 

24. Danenberg HD, Haring R, Fisher A, et al. Dehydroepiandrosterone (DHEA) increases production and release of Alzheimer’s 
amyloid precursor protein. Life Sci. 1996;59(19):1651-7. 

25. Swierczynski J, Kochan Z, Mayer D. Dietary alpha-tocopherol prevents dehydroepiandrosterone-induced lipid peroxidation in 
rat liver microsomes and mitochondria. Toxicol Lett. 1997 Apr 28;91(2):129-36. 

26. Metzger C, Mayer D, Hoffmann H, et al. Sequential appearance and ultrastructure of amphophilic cell foci, adenomas, and 
carcinomas in the liver of male and female rats treated with dehydroepiandrosterone. Toxicol Pathol. 1995 Sep;23(5):591-605. 

27. Magri F, Sarra S, Cinchetti W, et al. Qualitative and quantitative changes of melatonin levels in physiological and pathological 
aging and in centenarians. J Pineal Res. 2004 May;36(4):256-61. 

28. Peck JS, LeGoff DB, Ahmed I, Goebert D. Cognitive effects of exogenous melatonin administration in elderly persons: a pilot 
study. Am J Geriatr Psychiatry. 2004 Jul;12(4):432-6. 

29. Morris MC, Evans DA, Bienias JL, et al. Dietary niacin and the risk of incident Alzheimer’s disease and of cognitive decline. J 
Neurol Neurosurg Psychiatry. 2004 Aug;75(8):1093-9. 

30. Bottiglieri T, Hyland K, Reynolds EH. The clinical potential of ademetionine (S-adeno-sylmethionine) in neurological 
disorders. Drugs. 1994 Aug;48(2):137-52. 

31. McDowell I. Alzheimer’s disease: insights from epidemiology. Aging (Milano.). 2001 Jun;13(3):143-62. 

32. La Rue A, Koehler KM, Wayne SJ, et al. Nutritional status and cognitive functioning in a normally aging sample: a 6-y 
reassessment. Am J Clin Nutr. 1997 Jan;65(1):20-9. 

33. Wang HX, Wahlin A, Basun H, et al. Vita- min B(12) and folate in relation to the development of Alzheimer’s disease. 
Neurology. 2001 May 8;56(9):1188-94. 

34. Hassing L, Wahlin A, Winblad B, Backman L. Further evidence on the effects of vitamin B12 and folate levels on episodic 
memory functioning: a population-based study of healthy very old adults. Biol Psychiatry. 1999 Jun 1;45(11):1472-80. 

35. Carmel R. Subtle cobalamin deficiency. Ann Intern Med. 1996 Feb 1;124(3):338-40. 

36. Malouf M, Grimley EJ, Areosa SA. Folic acid with or without vitamin B12 for cognition and dementia. Cochrane Database 
Syst Rev. 2003;(4):CD004514. 

37. Calvaresi E, Bryan J. B vitamins, cognition, and aging: a review. J Gerontol B Psychol Sci Soc Sci. 2001 Nov;56(6):327-39. 

38. Nilsson K, Gustafson L, Hultberg B. Improvement of cognitive functions after cobalamin/folate supplementation in elderly 
patients with dementia and elevated plasma homocysteine. Int J Geriatr Psychiatry. 2001 Jun;16(6):609-14. 

39. Deijen JB, van der Beek EJ, Orlebeke JF, van den BH. Vitamin B-6 supplementation in elderly men: effects on mood, 
memory, performance and mental effort. Psychopharmacology (Berl). 1992;109(4):489-96. 



  

40. Beckman KB, Ames BN. The free radical theory of aging matures. Physiol Rev. 1998 Apr;78(2):547-81. 

41. Fukui K, Omoi NO, Hayasaka T, et al. Cognitive impairment of rats caused by oxidative stress and aging, and its prevention 
by vitamin E. Ann NY Acad Sci. 2002 Apr;959:275- 84. 

42. Miyamoto M, Murphy TH, Schnaar RL, Coyle JT. Antioxidants protect against glutamate-induced cytotoxicity in a neuronal 
cell line. J Pharmacol Exp Ther. 1989  

All Contents Copyright © 1995-2009 Life Extension Foundation All rights reserved. 

These statements have not been evaluated by the FDA. These products are not intended to diagnose, treat, cure or prevent any 
disease. The information provided on this site is for informational purposes only and is not intended as a substitute for advice from 
your physician or other health care professional or any information contained on or in any product label or packaging. You should 
not use the information on this site for diagnosis or treatment of any health problem or for prescription of any medication or other 
treatment. You should consult with a healthcare professional before starting any diet, exercise or supplementation program, before 
taking any medication, or if you have or suspect you might have a health problem. You should not stop taking any medication 
without first consulting your physician.  


