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E D I T O R I A L C O M M E N T A R Y

Genetic Testing: Between Hope and Hype

Bernd Wollschlaeger, MD, FAAFP
Associate Editor

Journal of the American Nutraceutical Association

When I learned about my wife’s pregnancy, we were
both exhilarated and partially terrified by the news. Being
Jewish and living in Israel at that time, we were both man-
dated to undergo genetic testing to screen for Tay-Sachs
Disease, a fatal genetic lipid storage disorder in which
harmful quantities of a fatty substance called ganglioside
GM2 build up in tissues and nerve cells in the brain. The
condition is caused by insufficient activity of an enzyme
called beta-hexosaminidase A that catalyzes the biodegra-
dation of acidic fatty materials known as gangliosides.
Carriers of Tay-Sachs disease can be identified by a simple
blood test that measures beta-hexosaminidase A activity.
Both parents must carry the mutated gene in order to have
an affected child. In these instances, there is a 25 percent
chance with each pregnancy that the child will be affected
with Tay-Sachs disease. The incidence of Tay-Sachs is par-
ticularly high among people of Eastern European and
Askhenazi Jewish descent.

Affected children become blind, deaf and unable to
swallow. Muscles begin to atrophy and paralysis sets in.
Other neurological symptoms include dementia, seizures
and an increased startle reflex to noise. 

We both tested negative and our son is now a 19-year
old healthy college freshman.

Needless to say, as a result of personal experience, I
became a big fan of genetic testing and was looking forward
to utilizing genetic testing and screening for a myriad of
medical conditions. Seven years ago, scientists finally suc-
ceeded in decoding the entire human genome and I was
convinced that the brave new world of personalized medi-

cine was just around the corner. Ever since, dozens of
genetic testing companies have entered the market place,
with some of them promising to deliver solutions for those
unfortunates among us with “ bad” genes.

Some companies even went so far as to offer "nutrige-
netic testing" with  individualized vitamin supplementation
tailored to a patient's DNA profile.

Having used some of those tests in my practice, my
patients and I often asked ourselves how to interpret the
results as well as how to translate them into medical treat-
ments and life style recommendations.

These problems are further complicated by the fact that
most doctors never received any education or training in
Genomics, and the number of qualified genetic counselors
is still very limited.

In addition, we tend to believe that ONE gene is respon-
sible for ONE disease, often ignoring the fact that multiple
genes on multiple chromosome locations may be responsi-
ble for medical conditions ranging from cancer to diabetes.
Furthermore, the presence of a specific gene does not nec-
essarily correlate to the development of a related disease.

For example, a test called BRACAnalysis, detects
mutations in genes called BRCA1 and BRCA2. Women
with a clinically significant mutation in one of those genes
have a 35 to 84 percent probability of developing breast
cancer by age 70, and a 10 to 50 percent probability of
developing ovarian cancer, far higher than for women in
general. But mutations in the genes account for less than 10
percent of all cases of breast cancer. And only 1 in about
400 women has the mutation. Women of Ashkenazi Jewish
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descent have a ten-times higher risk of mutation, but that
does not necessarily mean that they will get breast cancer.
After the introduction of the test, many women who tested
positive for the mutations(s) were faced with the tough
choice of bilateral mastectomy or prophylactic chemother-
apy. Furthermore, positive test results may jeopardize
health and life insurance eligibility. We later learned to
focus and limit intervention to women with positive
BRCA1 or BRCA2 test and a relative with breast cancer,
and to avoid aggressive therapy for EVERYONE who test-
ed positive. Even though clinical science found high posi-
tive and negative predictive values for BRCA1 and BRCA2
positive women with pre-test risk between 4% and 40%, we
still need to individualize the interventions and therapies.

Another company offers a test that looks for the variant
of a gene TCF7L2, which is associated with Type 2 dia-
betes. We know that at least ELEVEN genes have been
linked to the development of diabetes, but the company just
tests for the presence of ONE gene. A recently published
clinical study indicates that 80% of the people who tested
positive for TCF7L2 didn't get Type 2 diabetes in old age
and 40% of the people who had diabetes didn't carry the
gene variant at all!

What does that mean? It means that at this point in
time, the so-called predictive value of those tests and the
proportion of patients with positive test results who have
the disease, is still poor for many tests offered. Positive
genetic screening results do not necessarily mean that the
affected person will develop the disease. Physicians and
other healthcare professionals need to be trained on how to
perform and interpret the results. Patients should educate
themselves about the rapidly increasing genetic testing
options and opportunities, but should discuss the results
with qualified professionals. Nutritional interventions
based on genetic screening may be temping, but have yet to
be substantiated by clinical science. Healthy and personal-
ized nutrition should not be confused with fragmented min-
eral and vitamin supplementation that is allegedly tailored
to an individual’s genetic make-up.

I am still excited about the future of medical genomics
and we will learn much more about their clinical applica-
tion in the next few years. Meanwhile, I would be careful to
jump to conclusions or to succumb to commercial pres-
sures. Genomics may not be ready for prime time yet, but
the time will come soon. I will keep you posted.

The Journal of the 
American Nutraceutical

Association (JANA)

Now available online: 
www.ana-jana.org
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C O N F E R E N C E R E P O R T

Confused About Diet and Health? 
Guidelines for the Clinical Practice: A 50-Year

Research Journey
Proceedings Report from the American Nutraceutical Association’s Fall 2007 

CME Conference held in Memphis, Tennessee 

T. Colin Campbell, PhD*
Professor Emeritus of Nutritional Biochemistry

Cornell University

For more than 40 years, T. Colin Campbell, Ph.D. has
been at the forefront of nutrition research. His legacy, the
China Study, is the most comprehensive study of health and
nutrition ever conducted. Dr. Campbell is the Jacob Gould
Schurman Professor Emeritus of Nutritional Biochemistry
at Cornell University and Project Director of the China-
Oxford-Cornell Diet and Health Project. The China Study
was the culmination of a 20-year partnership of Cornell
University, Oxford University and the Chinese Academy of
Preventive Medicine.

His presentation at the ANA CME Conference touched
on some of the highlights of the results from the China
Study and other research conducted by Dr. Campbell during
his career. The following report was prepared from his pre-
sentation by JANA Associate Editor Nadine Taylor, MS, RD.

Does Animal Protein Help or Hinder?

In the early stages of his career, Dr. Campbell began
coordinating technical assistance in the Philippines for a

nationwide project working with malnourished children.
One aim of the project was to find out why so many Filipino
children were developing liver cancer (typically an adult dis-
ease). Since liver cancer rates were highest in countries with
the lowest protein intake, another goal of the project was to
make sure the children were receiving plenty of protein.
Surprisingly, the researchers on the Philippines project dis-
covered that the children from the best-fed families who ate
the most protein were most likely to develop liver cancer.

In 1968, a research paper from India was published
showing the results of an experiment involving protein con-
sumption and liver cancer in two groups of laboratory rats.1

Both groups received aflatoxin, a fungus-produced toxin
known to induce liver cancer in rats. Then one group was
given a diet containing 20% protein, while the other was
given 5% protein. All of the rats receiving 20% protein
developed liver cancer, while none receiving 5% protein
developed the disease. (Figure 1)

It seemed clear that while a 5% protein diet did not
promote liver cancer, a 20% protein diet did. But at what
level of protein did the cancer begin to grow? A study per-
formed by one of Dr. Campbell’s graduate students came up
with an answer.2 When cancer initiation is complete, tiny
clusters of cancer-like cells called foci appear. By watching
the foci develop, it is possible to study the effects of protein
on cancer promotion without having to wait for the devel-
opment of full tumors. In the study, it was discovered that
foci growth could be increased and reversed simply by

* Correspondence:
T Colin Campbell
33 Fiddlers Green
Lansing, NY 14882
Phone: (607) 533-9156
Email: TCC1@cornell.edu
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changing the amount of protein that was consumed. And
foci did not develop until protein consumption reached
about 10%. When the diet contained more than 10% pro-
tein, foci development increased dramatically. (Figure 2)

It’s important to note that the protein used in the study
was casein, the main protein found in cow’s milk, and that
soy and wheat protein do not increase pre-cancer develop-
ment, even at 20% of the caloric intake.

THE CHINA STUDY

The Philippines research project eventually culminated
in a 20-year partnership between Cornell University,
Oxford University and the Chinese Academy of Preventive
Medicine, the purpose of which was to survey diet, diseases
and lifestyle factors in rural China and Taiwan. Known as
"The China Study," it produced more than 8,000 statistical-
ly significant associations between various elements of diet
and disease.

Researchers collected and analyzed mortality data for
more than 50 diseases (including 7 different kinds of can-
cer) from 65 counties and 130 villages in rural mainland
China. A total of 6,500 adults participated in the study. One
hundred adults from each county (half of them male, half of
them female; all 35-65 years of age) completed a diet and
lifestyle questionnaire and provided a blood sample.  Half
of them produced a urine sample, as well. Blood (and/or
urine??) samples were analyzed for dietary and nutritional
factors. 

Figure 1. Figure 2.

Some of the massive dietary differences between peo-
ple living in rural China and those living in Western soci-
eties included: 

• Fat consumption in China was less than 50% of U.S.
intake.

• Consumption of animal protein was about 10% of the U.S.
intake. 

• Fiber consumption was 3 times higher in China than U.S.
intake. (Figure 3)

A few notable differences in health status between the
two groups included:

• The average total cholesterol was 175 mg/dl in rural China
versus 205 mg/dl in the U.S.

• Average body mass intake was 20.5 in rural China com-
pared to 25.8 in the U.S., although calorie intake was 300
kcal/day higher in China.

• The death rate from coronary heart disease was 17 times
higher in American men compared to rural Chinese men.

• The U.S. death rate from breast cancer was five times
higher than the Chinese rate.

• During the years 1973-1975, no one in the Chinese
provinces of Sichuan and Guizhou died of coronary heart
disease before age 64.

In short, research has found that the people who had
consumed the most animal-based foods were stricken with
the greatest amounts of chronic disease. And those who had



JANA  Vol. 11, No. 1, 2008 5

consumed the most plant-based foods were the healthiest
and generally avoided chronic disease. 

Expanding the Disease Horizon

Other studies have found similar results. One study
involving the association between dietary animal protein
and the incidence of hip fracture in women, found that the
higher the protein intake, the more likely women were to
fracture their hips. ( Figure 4)

MILK CONSUMPTION

A study correlating food intake with the incidence of
breast, ovarian and uterine cancer (using data taken from the
Cancer Incidence in the Five Continents survey) found that
meat and milk consumption were highly correlated with
breast cancer incidence, while milk consumption was high-
ly correlated with uterine cancer.3

FIGHTING DISEASE WITH A WHOLE FOOD,
PLANT-BASED DIET

The results of the China Study and countless other
studies of the effect of food on disease show that a whole
food, plant-based diet can prevent, suspend or even cure a
wide range of diseases, including cancer, osteoporosis,
heart disease, macular degeneration, hypertension, depres-
sion and rheumatoid arthritis, just to name a few.

Figure 3 Figure 4.

SAME Whole Food, Plant-Based Diet Prevents,
Suspends and/or Cures All

(All supported by published peer-reviewed research)
•  Cancers
•  Heart Diseases
•  Multiple Sclerosis
•  Kidney Stones
•  Cataracts
•  Osteoporosis
•  Type I/II Diabetes
•  Rheumatoid Arthritis
•  Macular Degeneration
•  Hypertension
•  Acne
•  Migraine
•  Lupus
•  Depression
•  Alzheimer’s Disease
•  Colds and Flu

And Promotes Superior Physical Fitness

NUTRITION AND DISEASE: FOUR IMPORTANT
PRINCIPLES

Nutrition involves the integrated effects of countless
food constituents, which produce comprehensive health
through infinitely complex mechanisms. To sum up the
effect of nutrition on disease, consider these four principles:
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Figure 5.

Principle I

Every biological event starts with genes (i.e. is genetic)
but health/disease progresses through non-genetic mecha-
nisms that are controlled by exogenous factors (i.e. nutrition).

Principle II

A nutrient functions through multiple mechanisms (rather
than a single mechanism). For example, nutrient imbalances
may contribute to cancer promotion through decreased NK cell
activity, increased cell replication, increased oxidant activity,
increased IGF-2 or altered energy activity.

Principle III

The same plant-based diet maintains health and pre-
vents and/or reverses (cures) a broad range of degenerative
diseases.

Principle IV

Nutrition is a "wholistic" concept, not a "reductionist"

concept. Nutrition represents the combined activities of
countless food substances, and the whole is greater than the
sum of its parts. In short, nutrition is like a symphony.

REFERENCES

1. Madhavan TV, Gopalan C. The effect of dietary protein
on carcinogenesis of aflatoxin. Arch Pathol
1968;85(2):133-37.

2. Dunaif GE, Campbell TC. Relative contribution of
dietary protein level and aflatoxin B1 dose in generation
of presumptive preneoplastic foci in rat liver. J Natl
Cancer Inst 1987;78(2):365-69.

3. Ganmaa D, Sato A. The possible role of female sex hor-
mones in milk from pregnant cows in the development of
breast, ovarian and corpus uteri cancers. Med Hypotheses
2005;65(6):1028-37.



7JANA  Vol. 11, No. 1, 2008 

C O N F E R E N C E R E P O R T

Pathophysiology, Diagnosis, Prevention and
Treatment of Vascular Aging

Proceedings Report from the American Nutraceutical Association’s Fall 2007 
CME Conference held in Memphis, Tennessee 

Mark C. Houston, MD, MS, ABAAM, FACP, FAHA*
Clinical Professor of Medicine, Vanderbilt University School of Medicine

Director, Hypertension Institute and Vascular Biology
Saint Thomas Hospital, Nashville, Tennessee

* Correspondence:
Mark C. Houston, MD
4230 Harding Road, Suite 400
Nashville, Tennessee  37205
Phone: 615-297-2700   Fax: 615-269-4584
E-mail: boohouston@comcast.net

A summary of Dr. Houston’s presentation at the ANA’s Fall
CME Conference prepared by JANA Associate Editor,
Nadine Taylor, MS, RD.

INTRODUCTION

Sir William Osler once said, "A man is as old as his
blood vessels," and indeed, even healthy aging in both men
and women is an independent risk factor for coronary heart
disease (CHD) and cardiovascular disease (CVD). Our
blood vessels age just as surely as our bodies do, resulting
in arterial stiffness, inflammation, oxidative stress, throm-
bosis, increased permeability, reduced angiogenesis, blood
pressure that doesn't fall at night (impaired "circadian
clock" genes), and vasoconstriction, among other problems.

Many factors contribute to vascular cell senescence,
including DNA damage, the shortening of the telomeres,
the tumor suppression pathway, insulin, the renin-
angiotensin system, mitochondrial damage and a decrease

in endothelial progenitor cells. A select few of these factors
are discussed in this article.

AGE-RELATED DAMAGE TO VASCULAR DNA

As the vascular cells age, the DNA repair system
becomes imperfect; nucleotide bases are lost and cells
become damaged. The aging vascular cell also develops
problems with the telomere maintenance system. A telomere
is a region of highly repetitive DNA at the end of a linear
chromosome that functions as a disposable buffer. In a
sense, the telomere is like a protective cap on the chromo-
some. Telomeres are crucial to the life of the cell, as they
keep the ends of the chromosomes from accidentally
becoming attached to each other. During replication, howev-
er, the extreme ends of the chromosomes are not duplicated
completely, so a small portion of the telomere is "lopped
off." In the process, every time a cell with linear genes
divides, it loses a small piece of one of its strands of DNA.
It is believed that this shortening of the telomeres is related
to the aging process.

Besides aging, many other factors can contribute to the
shortening of the telomeres and thus the aging of the vas-
cular system, including inflammation, oxidative stress,
CHD, hypertension, obesity, smoking, atherosclerosis,
homocysteine, oxidized LDL, and a lack of arginine,
among others.
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ANGIOTENSIN II AND VASCULAR AGING

An important cause of telomere shortening and vascu-
lar aging involves the angiotensin II pathway. Angiotensin II
is a powerful blood vessel constrictor that triggers local
damage to the arteries, endothelial dysfunction, vascular
growth and blood clots. It also increases oxidative stress,
produces pro-inflammatory cytokines and reduces NO
bioavailability. All of these factors contribute to the aging of
the vascular smooth muscle cells (VSMC) and the death of
endothelial progenitor cells (EPC), the "stem cells" of the
vascular system.

One way in which angiotensin II increases oxidative
stress is by enhancing production of reactive oxygen species
such as superoxide dismutase (SOD) anions. This leads to
DNA damage and accelerated cellular aging. However,
when oxidative stress is inhibited, for example, by the addi-
tion of catalase or SOD, damage to DNA is reduced, nega-
tive effects on the telomeres are interrupted and cellular
aging is slowed.

The Mitochondrial Damage Theory of Aging
One theory of aging holds that oxidative damage to the

mitochondrial DNA (mtDNA) leads to mitochondrial dys-
function and the physiological decline associated with
aging. Several factors make mitochondrial DNA susceptible
to oxidative damage and rapid aging:

• MtDNA lacks protective histones.

• MtDNA is closer to the site of oxygen radical production
and lipid peroxidation.

• Enzyme DNA repairing systems are lacking in the mito-
chondria.

For these and other reasons, DNA repair capacity decreas-
es with age by 0.6% per year. (Figure 2)

Figure 1. Figure 1A.

Figure 2.
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SLOWING THE AGING PROCESS

Caloric Restriction

It has been well established that in animals a caloric
restriction of 30-50% can increase life expectancy (both
average and maximum) by 15-60%, enhance mitochondrial
function, decrease inflammation and reduce oxidative
stress. But what about in humans? 

In a 2007 study performed at Pennington Biomedical
Research Group, 36 overweight subjects were assigned to one
of three groups: calories restricted by 25%; calories restrict-
ed by 12.5% plus exercise sufficient to burn an additional
12.5%; or calories restricted by 100 kcal (control group).1

While no changes were seen in the control group, both the
calorie restricted and calorie restricted-plus-exercise groups
showed a significant decrease in DNA damage, plus an
increase in mitochondrial DNA and mitochondrial biogenesis.
The results suggest that caloric restriction improves mitochon-
drial function. Caloric restriction with exercise also reduces
inflammation and lowers insulin levels. (Figures 3, 3A)

Interestingly, results that nearly equaled those achieved
with caloric restriction have been seen in those who engage
in three 12-hour fasts per week, fasting from 6 p.m. to 6
a.m. the following day, three days a week. 

Simulated Caloric Restriction - The Sirtuins

Among the beneficial effects of caloric restriction is an
increase in the copy number and expression of sirtuins
(SIR-2, SIRT-1, SIRT-2, etc.). The sirtuins are involved in

deacetylation and act as silent information regulators (thus
the SIR part of their name). The sirtuins also play important
roles in DNA repair, RDNA recombination, cell survival,
energy metabolism and response to stressors.  SIR-2, found
in yeast, and SIRT-1, found in animals, have been shown to
extend the life expectancy in animals by mimicking the
effects of caloric restriction. 

Since most people find caloric restriction a difficult and
unpleasant way to achieve longevity, the idea of activating
SIRT-1 to get the same results is intriguing. Tests to deter-
mine which substance was most effective at mimicking
caloric restriction in this way found that the "winner" was
resveratrol, activating both SIRT-1 and SIRT-3 activity by
10-fold. Other SIRT-1 activators include quercetin (35% as
effective), IP6 rice bran oil (30% as effective) and genistein
powder (40% as effective).

Resveratrol

Found in the skin of grapes and in red wine, resveratrol
is believed to be a partial explanation for the French para-
dox - the fact that the French consume a high-fat diet yet
develop less heart disease than Americans. Large amounts
of resveratrol are found in the red wine they drink.

A recent study conducted at Harvard Medical School
found that resveratrol shifted the physiology of middle-
aged mice on a high-calorie diet to that of mice on a stan-
dard diet and significantly extended their life spans. Other
benefits of resveratrol included increased insulin sensitivi-
ty, reduced insulin-like growth factor-1 (IGF-I) levels,

STUDY RESULTS
Civitarese AE, et al.

C CR CREX

• 24 hour EE No changes     135 Kcal/d 117 Kcal/d
(p = 0.008)

• Gene Coding     No changes     PPAR-G-CIA PPAR-G-CIA
Proteins for TFAM TFAM
Mitochondrial ENOS ENOS
Function SIRT-I SIRT-I

PARL PARL
(All p < 0.05) (All p < 0.05)

• Mitochondrial    No changes     35% 21%
DNA (p = 0.005) (p = 0.004)

STUDY RESULTS
Civitarese AE, et al.

(continued)

C CR CREX

• Mitochondrial    No change       No change No change
Enzymes
TCA + ETC

• DNA Damage     No change       0.56 AU 0.45 AU
(p = 0.003) (p = 0.011)

• Myotubules        No change      NO donor NO donor
mito biogenesis mito biogenesis

Figure 3. Figure 3A.
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increased mitochondrial number, reduced inflammation and
improved motor function.2 The effective daily dose of
resveratrol in animals is 22 mg/kg of body weight (the
equivalent of 100 liters of red wine in humans!). The effec-
tive dose of resveratrol in humans is unknown, but is prob-
ably somewhere in the range of 200 - 400 mg/day.

Resveratrol has also been shown in numerous trials to
be vasculoprotective, with beneficial effects including a
decrease in endothelial cell death, platelet aggregation, vas-
cular smooth muscle proliferation, endothelial activation,
and monocyte adhesion, coupled with an increase in ROS
scavenging and vascular oxidative stress resistance.

TREATMENT SUMMARY

To slow the aging process, protect mitochondrial DNA
from damage, increase telomere length and protect the
telomere from undue shortening, the daily guidelines found
in figures 5-6A are recommended by Dr. Houston.

REFERENCES:

1. Civitarese AE, Carling S, Heilbronn LK, et al. Calorie
restriction increases muscle mitochondrial biogenesis in
healthy humans PloS Medicine, 2007;4(3):e76.

2. Baur JA, Pearson KJ, Price NL, et al. Resveratrol
improves health and survival of mice on a high-calorie
diet. Nature 2006; 444(7117): 337-42.
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Figure 5.

Figure 6. Figure 6A.

Figure 5A.

CLINICAL AGE 
MANAGEMENT / TREATMENT

• Anti-Senescence Therapy 
• Increase Telomere Length
• Increase Telomerase
• Protective Mechanisms for Telomere

• Resveratrol (trans) – 22 mg / kg (animals) 
200 – 2000 mg (humans)

• Caloric Restriction (CR) – 40%
• Exercise ( EE)

– Aerobic  +  Resistance – 60 minutes daily
– LMM, GH, testosterone
– estrogen / progesterone
– EPC’s, mitochondrial function

CLINICAL AGE 
MANAGEMENT / TREATMENT

(continued)

• Control CV Risk Factors
– Blood Pressure – 110 / 70 mm Hg
– LDL-C – 60 mg%
– HDL-C – > 80 mg%
– TG – 75 mg %
– FBS – 75 mg%
– Homocysteine – 5 ug / ml
– IBW / Composition
– Avoid Tobacco Products

• Sleep – 8 hours / night
• Relaxation / Meditation / Spirituality / Religiosity

Circ Res 2007; 100:15-26
Pharm Res 2007

Curr Hypertens Rep 2006; 8:84-89
Biochem Biophys Res Comm 2006; 349:987

Arzneim- Forsch / Drug Res 2006; 7:535

CLINICAL AGE
MANAGEMENT / TREATMENT 2

• Antioxidants / Vitamins / Nutraceuticals
– Omega 3 FA 3 grams DHA / EPA
– Gamma Delta Vitamin E 400 IU
– Vitamin C 2000 mg or more
– B Vitamins
– Polyphenols mixed F / V, dark

chocolate, berries
– Ginseng Anti-apoptotic, mito

caspase
– Arginine 5 grams ( ADMA, 

HO-I)

– R-Lipoic Acid 200 mg
– Daily Fruit & Vegetable 6 capsules daily

Phytonutrient Supplement

CLINICAL AGE
MANAGEMENT / TREATMENT 

• Antioxidants / Vitamins / Nutraceuticals
– Omega 3 FA 3 grams DHA / EPA

– Gamma Delta Vitamin E 400 IU

– Vitamin C 2000 mg or more

– B Vitamins

– Daily Fruit & Vegetable

– Phytonutrient Supplement

– Polyphenols mixed F / V, dark
chocolate, berries

– Ginseng Anti-apoptotic, mito
caspase

– Arginine 5 grams ( ADMA, 
HO-I)

– R-Lipoic Acid 200 mg
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C O N F E R E N C E R E P O R T

Nutritional Support for Adult Stem Cells:
Guidelines for the Clinical Practice

Proceedings Report from the American Nutraceutical Association’s 
Fall 2007 CME Conference held in Memphis, Tennessee 

Paula Bickford, PhD,* Professor, Center of Excellence for Aging and Brain Repair, 
Department of Neurosurgery, College of Medicine, University of South Florida, Tampa, Florida

Dr. Bickford has performed ground breaking work on
the effects of fruits and vegetables that are high in antioxi-
dants to reverse age-related deficits in learning and memo-
ry and in other biochemical and physiological markers. Her
career has been dedicated to the study of aging and the role
of oxidative stress. She was the President of the American
Aging Association in 2002 and has served on its governing
board for the past 15 years. The following report on her talk
at the ANA Fall CME Conference was prepared by JANA
Associate Editor Barry Fox, PhD.

WHAT ARE STEM CELLS?

Human stem cells (HSCs) are fundamental building
blocks of the body that can divide a number of times and
differentiate into many mature cell types for a variety of tis-
sues, including bone marrow, brain, adipose and muscle.
This plasticity, or pluripotency, allows stem cells to help
serve as a repair system for the body.

Adult stem cells are undifferentiated cells residing
among the differentiated cells found in tissues and organs,
including fat, muscle, the brain and bone marrow. The stem

cells reside in specific areas of the tissue and remain in a
quiescent state undifferentiated until they are activated by
disease or injury or required for normal tissue renewal.
Then they migrate to the appropriate tissues and promote
repair. Although the stem cells typically differentiate into
the cell type of the surrounding tissue in which they reside
– that is, stem cells in the bone marrow become blood cells,
while stem cells in the brain become brain cells, etc. – how-
ever, under certain conditions it is possible for them to dif-
ferentiate into other types of cells as well. For example,
bone marrow stem cells can produce brain cells under spe-
cialized conditions.

Evidence that stem cells can migrate to the site of injury
and differentiate is based on studies using Green
Fluorescent Protein (GFP) mice. These mice are ideal for
this type of study because their cells fluoresce green, allow-
ing them to be traced inside the body. If cells from the bone
marrow of GFP mice are transplanted into a control host and
certain tissues in the host are then deliberately injured, you
can easily track the GPF bone marrow cells as they move to
the injury site, differentiate into the appropriate type of cell,
and become incorporated into the surrounding tissue.

In one such study,1 transplanted bone marrow cells
migrated to the host pancreas and differentiated into islet cells.

It might be thought that the presence of this “stem cell
repair system” would prevent the development of many of
the ailments associated with aging. Unfortunately, this does
not appear to be the case. Indicators of aging, such as mark-
ers of oxidative stress and inflammation, increase with the
passing years. A reduction in the ability of body tissues to
regenerate, and an increase in degenerative processes are

* Correspondence:
Paula C. Bickford, PhD
MDC78 or Room MDT 1562
USF Health
12901 Bruce B Downs Blvd
Tampa, FL 33612
Phone: 813-974-3238  Fax: 813 -974-1364 
E-mail: pbickfor@health.usf.edu



Figure 1. Stem cells have been used in transplants for 30 years. also apparent. These changes affect the body and the mind
in challenging ways. (Figure 2) 

• Concomitantly, as aging occurs the number of adult stem
cells decreases and the cells lose their ability to help
maintain optimal health (figures 3A, 3B). Some of the
changes include: 

• The reduced proliferation of bone marrow stem cells.
Bone marrow cells transplanted from aged hosts are not
as successful as those from younger hosts.2,3

• In addition, a reduced proliferation of brain progenitors is
observed.4

• More over, there is a reduced proliferative capacity of
muscle stem cells (satellite cells), which may underlie
some aspects of reduced muscle repair in the elderly and
those with sarcopenia.5

A number of factors may contribute to the age-related
decrease in stem cell regenerative capacity, including pro-
grammed senescence and various environmental influences,
including elevated glucose levels and exposure to alcohol. 

The decline in the proliferation and abilities of adult
stem cells to differentiate, which leaves the body increas-
ingly exposed to injury and other health-related issues, rais-
es an intriguing question: Is aging a stem cell disease? 

This question gives rise to a second question: Can
nutritional supplementation increase the proliferation of
stem cells in the aged? If so, which supplements, either
individual or in combination, have beneficial effects? 

It is known that nutrition plays a role in regulating
oxidative stress and inflammation. For example, adding
spirulina, apple and spinach to the diet of test animals
improved norepinephrine levels and reduced pro-inflamma-
tory substances, allowing for an improvement in behavioral
functioning (Figure 4).

Delay Conditioning learning - 

Differences between young and 

aged rats
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Aging is associated with a 
decrease in learning on a 
classical conditioning task

This task is modulated by the 
neurotransmitter 
norepinephrine and blockade 
of NE by propranolol
decreases learning

NE function is decreased in 
aged rats and modulated by 
oxidative stress and 
inflammation

Nutritional supplements that 
modulate oxidative stress and 
inflammation, improve NE 
function and increase learning

Figure 2.

Figure 3A. Figure 3B.

Stem Cell Regenerative CapacityStem Cell Regenerative Capacity
Decreases with Age Decreases with Age --examplesexamples

Reduced proliferation of bone marrow stem cells.  Bone marrow 
transplants from aged hosts are not as successful (2x less rescue).

Reduced proliferation of brain progenitors – may be part of 
cognitive decline.

Reduced proliferative capacity of muscle stem cells (satellite cells) 
may underlie some aspects of reduced muscle repair in elderly and 
sarcopenia

Hematopoietic stem cells from aged mice have reduced repopulating 
potential and upregulated gene expression of stress response 
pathways and inflammation (Chambers et al, PlosBiol 2007).

Many organs like skin, gut and the hematopoietic system have short 
lived cells and require continual regeneration from stem cells.

Stem Cell Regenerative CapacityStem Cell Regenerative Capacity
Decreases with Age Decreases with Age –– why?why?

1 1 –– genetic control  genetic control  

22-- environmental, or the stem cell nicheenvironmental, or the stem cell niche

The cyclin dependent kinase inhibitor p16INK4a increases with age in 
many progenitors, down regulating p16 INK4a increases stem cell 
proliferation in aged animals   (Janzen et al, Nature 2006; Molofsky et 
al, Nature 2006; Krishnamurty et al, Nature 2006)

Mutations in ATR, a DNA damage response gene, leads to premature
aging and loss of stem cell proliferative capacity (Ruzankina et al, Cell 

Stem Cell 2007).

p53 – mice overexpressing p53 show early decline in stem 
cell proliferation and decreased learning (Medrano et al, 
Neurobiol Aging, 2007)

11--Examples of genes that regulate stem cell functionExamples of genes that regulate stem cell function
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Studies suggest that spirulina may be helpful in sup-
pressing inflammation and neurogenesis in the adult brain.
Spirulina’s beneficial effects can by correlated by noting that
inflammation is detrimental to the development of neurons
in the adult brain. Moreover, markers of inflammation tend
to increase with age. Rao, Hattiangady, Shetty.11 demon-
strated in rats the number of newly-generated brain cells
decreases with age. This is tracked by measuring the decline
in the number of doublecortin+ cells, a marker of newly-
generated neurons. However, supplementing the diet with
spirulina can reduce markers in inflammation. (Figure 5.) 

Blueberry has also proven to be beneficial. Researchers
have experimented with the transplantation of neural tissue to
cells that were damaged or destroyed by neurodegenerative
disease or brain injury. Unfortunately, transplanted tissues
have poor survival prospects, especially if the recipients are
aged. A 2005 study found that fetal hippocampal transplants
to middle-aged recipient animals had reduced growth and
compromised tissue organization, compared to similar trans-
plants in young animals.6 But when the middle-aged animals
were fed a diet supplemented with 2% blueberry extract,

transplant growth and cellular organization was comparable
to that seen with the young recipients. (Figure 6.) Blueberry
may exert its beneficial effects by increasing neural stem cell
proliferation, as more stem cells are observed in the trans-
plants grown in blueberry-fed aged animals. The effect is at
least in part mediated by increasing stem cell growth.

A NUTRITIONAL APPROACH TO IMPROVING
STEM CELL FUNCTION 

Numerous natural compounds have been found to pro-
mote healing, but it was not known whether they exerted
their beneficial effects by stimulating stem cells. In a 2006
study, Dr. Bickford and her colleagues examined the effect
of selected natural compounds on the proliferation of
human bone marrow and CD34(+) and CD133(+) cells.7

They found that blueberry, green tea, catechin, carnosine
and vitamin D(3) can promote healing by interacting with
stem cell populations.(Figure 7). 

Dr. Bickford and her colleagues have formulated a
combination of these nutraceuticals called NT-020. A 2007

Figure 4.
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study conducted by Dr. Bickford and colleagues found that
NT-020 protected bone marrow stem cells.8 (See Figure 8)
In their published report, the researchers noted that NT-020
“reduced oxidative stress-induced cell death of murine neu-
rons and microglial cells in vitro. Furthermore, when taken
orally for 2 weeks, cultured bone marrow stem cells from
these mice exhibited a dose-related reduction of oxidative
stress-induced cell death. This preclinical study demon-
strates that NT-020 can act to promote healing via an inter-
action with stem cell populations”

Dr. Bickford and her colleagues found in 2005 that
feeding laboratory animals diets enriched with blueberry,
spinach or spirulina reduced ischemia/reperfusion-induced
apoptosis and cerebral infarction following ligation and
reperfusion of the right middle cerebral artery.9 (Figure 9) 

A later study conducted by Dr. Bickford and colleagues
found that the specific nutraceutical combination that com-
prises NT-020 had a direct, positive effect on behavioral
deficits following a stroke10 (Figure 10).  One other aspect
of this effect is that there was a significant increase in the
numbers of neuronal stem cells found in the region of stroke
damage.  This indicates that the NT-020 might be acting by
increasing the recruitment and function of neural precursors
following brain injury.  Furthermore, there is a synergistic
effect of combining these ingredients together as the dose
needed to achieve the protection from stroke is 100 times
lower in the combined NT-020 compared to individual
ingredients given by themselves.  

These and other studies suggest that specific nutraceu-
ticals, and the nutraceutical combination NT-020, can help
protect the brain against injury by interacting with stem
cells, among other actions.

Dr. Bickford summed up her presentation by reviewing
the following key points: 

• Aging is associated with decreased stem cell proliferative
capacity; this is modulated by both intrinsic (genetic) and
extrinsic (inflammation/oxidative stress/ other modula-
tors) factors.

• Nutritional supplements offer one approach to increasing
stem cell proliferation in older subjects, and ameliorating
neurodegenerative disease. 

• Many nutritional approaches can lead to improvements of
neurodegenerative disease and may increase stem cell
proliferation in animal models. 

• combination of blueberry, green tea, carnosine and vita-
min D3 can increase human stem cell proliferation. This
formulation can also improve recovery from stroke in an
animal model via an interaction with stem cell prolifera-
tion. Synergistic effects of the combination lower the
doses of individual compounds needed to produce the
positive effects.

DISCLOSURE 
Dr. Bickford has received Grant/Research support from

the National Institute of Health (NIH) and Veteran Affairs.
She is also a consultant for Saneron CCEL Therapeutics,
Inc., and is the Co-Founder of Natura Therapeutics, Inc. 
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Figure 5. Villa et al. 2005, 2006
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ABSTRACT

A review of five natural ingredients that combine with
potential synergy to address key multiple factors common to
normal and accelerated cognitive decline. A combination of
well- studied pleotropic ingredients has been shown to pro-
vide broad spectrum antioxidant, anti-plaque, anti-excitotox-
icity and anti-inflammatory neuroprotective effects, while
enhancing neurotransmitter function, cerebral energy metab-
olism, calcium homeostasis and mitochondrial function. 

INTRODUCTION

“Cognitive vitality is essential to quality of life and sur-
vival in old age. With normal aging, cognitive changes such
as slowed speed of processing are common, but cognitive
decline is clearly not inevitable. Various therapeutics,
including cognitive enhancers and protective agents such as
antioxidants and anti-inflammatories, may eventually prove
useful as adjuncts for the prevention and treatment of cog-
nitive decline with aging.” Mayo Clinic, 2002

Cognitive decline is a relative term. Decline rate can be
age-associated, i.e., normal, or accelerated, i.e., abnormal.
There are states of cognitive function, aka cognitive status,
ranging from normal and low normal, e.g., AAMI, or age-

associated memory impairment,1 to the borderline transition-
al state of MCI, or mild cognitive impairment,2 to
Alzheimer’s disease (AD). Each state has standardized mem-
ory and cognitive test score metrics allowing for clinical
assessment based on percentile, or standard deviations (SD)
from the general population and/or age-matched norms. 

AAMI is indicated by a memory score at or below 1SD
(i.e., 17th percentile) of a young, high functioning group or
population, e.g., a 20-30 year old. AAMI may apply to 50%
or more of the general population over age 50-60.
Statistically, AAMI is three times more likely to progress to
dementia. MCI is indicated by a memory score at or below
1.5SD below age-matched norms, and progresses to AD at
the rate of 10-15% per year.2 Incidence of full blown AD
approaches 50% by age 80-90. Alzheimer’s is now assumed
to be a 20-40 year process until its obvious manifestation
and clinical diagnosis. AD has been identified via PET
scans in late 20 and early 30 year old brains. 

The author’s patented, (US Pat 5,911,581; 6,435,878)
computerized and web-enabled cognitive tests of brain pro-
cessing speed, clinically validated by Stanford and used by
medical schools such as Scripps and UC Irvine, were
administered to nearly 100,000 individuals and revealed a
“normal” decline in processing speed (aka brain power) by
up to 50% by age 50. A score between the 17th percentile
and 33rd percentile is typically considered normal, albeit
“low normal.”

The bottom line is that the brain appears to be declin-
ing faster than the body. This is a gradual process and it
may be important if not mandatory, in today’s stressful and
neurotoxic environment, to intervene and address this
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decline before it accelerates and converts from a normal to
an impaired status.

One purpose of this review is to put forth a compre-
hensive theory, including common mechanisms of action,
of the multiple causes and contributory factors to normal
age associated cognitive decline, accelerated decline includ-
ing low normal states, and transitional and abnormal states
of impairment.  A second purpose is to put forth an ideal
formulation of the fewest number of natural ingredients that
can optimally address the multiple mechanisms and factors
underlying normal age-associated states of cognitive
decline, accelerated rates and stages of decline, and abnor-
mal states of cognitive impairment, e.g., AD. 

Multifactorial Nature of Cognitive Decline

Many (if not most) states of cognitive decline from
healthy normal to diseased (e.g., AD) share common under-
lying causative or contributory factors, principally:
decreased brain blood flow (CBF), cerebral circulation
(blood volume, or CBV), cerebral metabolism (CMR) and
oxygen utilization (CMR02); 3,4,5,6,7 increased oxidative
stress, especially within the mitochondria;8 deficits in calci-
um [Ca2+] regulation,9 cholinergic,10 and mitochondrial
function;8,11 inflammation (immunity dysfunction); and
glutamate-induced NMDA receptor over-activation (excito-
toxicity) and subsequent calcium [Ca2+] mobilization and
ultimate cellular overload.9

Many of these factors are often locked into self-rein-
forcing feedback loops such as amyloid-beta or
Abeta=>oxidative stress=>Abeta, etc.,12 Abeta=> decreased
blood flow=> increased Abeta=> reduced blood
flow=>increased oxidative stress,10 and others.

Micro array gene chip analysis of age-related genes in
cognitive function has revealed downregulation of tran-
scriptional regulators expressed by mid-life in the absence
of observable cognitive deficits.13 These transcriptional
events were found to predict later cognitive impairment,
therefore, changes in gene expression at the transcriptional
level may significantly precede and predict later cognitive
impairment. This suggests the necessity to address a num-
ber of the above referenced causal or contributory factors,
especially reduced CBF, CBV, CMR, cholinergic and
increased oxidative stress factors that are believed to begin
relatively early in the process of accelerated brain aging,
cognitive decline and ultimate impairment.

Reduced Brain Metabolism, Blood Flow and Volume, or
Cerebral Circulation

General brain aging and cognitive decline, as well as
states of impairment, are accompanied by reduction in cere-
bral vascular blood flow (CBF) and metabolism (CMR).3,4

Regional cerebral blood flow (CBF) and cerebral blood vol-
ume (CBV, aka cerebral circulation), and cerebral oxygen
utilization (CMRO2) decline approximately 5% per
decade,7 possibly exceeding that rate in accelerated brain

aging. In addition, reduced brain blood flow and cerebral
circulation directly impact brain metabolism and energy
dynamics. Impaired brain energy production may drive AD
pathogenesis leading to Abeta overproduction,14 a process
representing one of the earliest pathogenic events in AD and
possibly akin to the plaque accumulation process in athero-
sclerosis.

Cerebral blood flow and volume (circulation), or
CBF&V, can be compromised by a number of factors,
including age, reduced capillary elasticity and vasodilatory
capacity, cholinergic deficits, vascular lesions and plaques,
oxidative stress, inflammation, stress (cortisol) and others,
thereby reducing oxygen and glucose supply to the brain, as
well as impairing glucose and oxygen uptake and utiliza-
tion.5 This leads to further oxidative stress-induced energy
deficits, vascular insults and blood flow decline resulting in
an eventual neurodegenerative cascade effect.14 Reduced
blood flow can also promote the vascular and neuronal
deposition of Abeta plaques, which increase oxidative
stress and in turn, render neurons significantly more sus-
ceptible to the damaging effects of reduced blood flow.10

Reduced brain blood flow can also compromise cholinergic
function, a leading theory of AD, and cholinergic dysfunc-
tion can further compromise blood flow.10

The following PET scans show the dramatic age-relat-
ed difference in cerebral blood flow and metabolism.

Reference: Bentourkia M., et al., (2000) Comparison of
regional cerebral blood flow and glucose metabolism in the
normal brain: effect of aging. Journal of the Neurological
Sciences.181;19-28

CHOLINERGIC DYSFUNCTION

The prevailing conventional wisdom regarding the
cause of AD is the “cholinergic dysfunction” theory. (10) In
recognition of the key role of impaired cholinergic function
in cognitive impairment, the first four FDA approved drugs
for Alzheimer’s, i.e., tacrine, donepezil, rivastigmine and
galantamine, were based on improving levels of acetyl-
choline (ACh) by inhibiting the enzyme acetyl-
cholinesterase (AChE). AChE breaks down and thus
reduces the synaptic levels of acetylcholine. These pharma-
ceutical agents along with a most promising herbal agent,

20
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huperzine A, are collectively known as acetylcholinesterase
inhibitors (AChEIs) and are used to slow down the rate of
cognitive decline.

Cholinergic deficits may be one of the earliest contrib-
utors to mild forms of cognitive decline, such as AAMI. In
fact, the acetylcholinesterase inhibitor, donepezil (Aricept),
was successfully used to retard memory decline in airline
pilots with AAMI.15 Cholinergic enhancement may also
help normal individuals as evidenced by use of the plant
based cholinesterase inhibitor, huperzine A, to improve
learning and memory in university students.16

Cholinergic deficits may promote the vascular and neu-
ronal deposition of amyloid beta (Abeta) plaques, which in
turn contribute to further chronic hypoperfusion.10 Lower
ACh levels have been linked to decreased cerebral vascular
blood flow as well as an increase in inflammation, including
microglial activation of pro-inflammatory cytokines, now
believed to contribute to both the formation and/or support
of Abeta plaques, a hallmark of AD pathology. ACh levels
and cholinergic deficits also coincide with the level of
impairment or cognitive status (e.g., MCI, AD).

CEREBRAL ENERGY METABOLISM

Cerebral glucose metabolism (CMR) is reduced in pre-
clinical AD, suggesting that impaired energy production
may be an early pathologic event in AD, as well as in the
earlier stages of accelerated and even normal age-associat-
ed cognitive decline. CMR may be one of the earliest indi-
cators, if not causative trigger factors, in the initial stages of
accelerated decline. The question is, does decreased
CBF&V reduce CMR, or vice versa?

Research has shown that experimentally induced
impairment of energy production in the brain increases
Beta-secretase [beta-site amyloid precursor protein-cleav-
ing enzyme 1 (BACE1)], a key rate-limiting enzyme for the
production of beta-amyloid (Abeta) peptide, which is
directly involved in the pathogenesis of Alzheimer's disease.
Therefore, a reduction in cerebral glucose metabolism may
drive AD pathogenesis by elevating BACE1 levels and
activity, which in turn leads to Abeta overproduction and
neuro-degeneration.14 Cerebral energy deficits have also
been shown to lead to an increase in both reactive oxygen
and nitrite radicals, such as the highly neuro-toxic perox-
ynitrites, and have been widely implicated in oxidative neu-
ronal apoptosis. Lipid peroxidation and peroxynitrites
inflict significant damage to cellular proteins, lipids and
nucleic acids. Thus, cerebral energy enhancers such as vin-
pocetine and acetyl-l-carnitine combined with antioxidants
specific to hydroxyl radicals, peroxynitrites and lipid perox-
idation (e.g., vinpocetine, acetyl-l-carnitine, alpha-lipoic
acid, Rhodiola, ginkgo and huperzine A) might contribute
significantly to prevent and retard the accelerated rate of
cognitive decline.

OXIDATIVE STRESS 

Oxidative stress may represent one of the earliest and
yet most pervasive and ubiquitous contributing factors to
neuro-cognitive decline and impairment. One reason is
because a multitude of factors contribute to oxidative stress,
including reduced brain blood flow, reduced oxygen and
glucose metabolism, mitochondrial dysfunction, hypercor-
tisolemia (“stress”), brain plaques (e.g., Abeta, AGEs, cal-
cium, cholesterol, et al.) and inflammation.10,12

Natural agents that address oxidative stress by confer-
ring neuroprotective antioxidant and anti-inflammatory
effects within the cellular cytoplasm and mitochondria have
a positive effect in reversing or at least retarding brain aging
and consequent decline in cognitive function. Antioxidants
such as acetyl-l-carnitine, alpha-lipoic acid, Rhodiola, vin-
pocetine and huperzine A, and especially the combination
of the five, scavenge extra-and intra-cellular reactive oxy-
gen and nitrogen species, including super oxide, hydroxyl
and peroxyl radicals, hydrogen peroxide, nitric oxide and
peroxynitrite, and may offer ideal synergy for the preven-
tion or amelioration of cognitive decline.

MITOCHONDRIAL DYSFUNCTION

Mitochondria produce 80-90% of the brain and body’s
primary energy source, ATP (adenosine triphosphate).
Mitochondrial function also decays with cellular aging and is
a leading theory of aging.8,11,17 Aging mitochondria mem-
branes lose their membrane potential resulting in depolariza-
tion, loss in ATP and increase in ROS generation and cell
death. One primary cause is the significant (>50%) reduction
in membrane cardiolipin levels, a key lipid that is essential in
maintaining adequate (electric) membrane potentials. 

Acetyl-l-carnitine has been shown to significantly
improve age-associated decline in cardiolipin.

Age-associated accumulation of oxidative damage to
mitochondria protein, lipid and nucleic acid leads to even-
tual neuronal and cognitive dysfunction. Oxidative damage
to nucleic acids occurs predominantly in RNA. Dietary
administration of nutraceutical ingredients, acetyl-l-carni-
tine and alpha-lipoic acid has been shown to significantly
reduce oxidized mitochondrial RNA, as well as reverse age-
associated mitochondrial structural decay.8,17 Acetyl-l-car-
nitine and vinpocetine have also been shown to improve
lipid, oxygen and glucose delivery for enhanced energy
metabolism and generation of ATP.17,18

GLUTAMATE-CALCIUM NEUROTOXIC
EXCITOTOXICITY

Glutamate is the major excitatory neurotransmitter in
the brain. Glutamate receptors, including sub-type NMDA
(N-methyl-D-aspartic acid) and AMPA receptors, are prone
to excessive excitability, especially within an environment
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of reduced blood flow, increased energy deficits and oxida-
tive stress. Glutamate-induced NMDA and possibly AMPA
receptor over stimulation drive cellular calcium destabiliza-
tion, mobilization and subsequent excessive cellular influx
and overload. This can especially impair NMDA function
within the hippocampus, critical to long- term memory stor-
age. Most seriously, cellular calcium overload can depolar-
ize the mitochondrial membrane, causing impaired ATP
synthesis, reduced energy metabolism and increased trans-
membrane leakage of harmful metabolites of respiration,
including over-oxidized enzymes and other reactive oxygen
species, ultimately leading to cell death. Perhaps uniquely,
acetyl-l-carnitine, huperzine A, vinpocetine, and especially
the synergy of the three, downregulate glutamate-induced
excitotoxicity by acting as NMDA and AMPA receptor
antagonists, thus exerting a major neuroprotective effect
and re-normalizing cerebral vascular, cellular and intra-cel-
lular calcium regulation.4,19,20,21,22 Additionally, vinpocetine
supports calcium efflux from cellular cytoplasm and mito-
chondrial compartments, protecting the mitochondria mem-
brane from calcium uptake and consequent depolarization
and death.23

COGNITIVE SUPPORT WITH NUTRACEUTICALS

Enhancement of cognitive function in normal and abnor-
mal states has been achieved via pharmaceutical and natural
agents addressing: CBF&V enhancement (vinpocetine gink-
go, acetyl-l-carnitine); CMR and CMR02 enhancement (vin-
pocetine, acetyl-l-carnitine); cholinergic system enhance-
ment via acetylcholinesterase inhibitors (donepezil, galanta-
mine, rivastigmine, huperzine A); cholinergic agonists
(galantamine, huperzine A); choline donors and ACh precur-
sors (Alpha-GPC, CDP-choline, phosphatidyl choline,
choline chloride, citrate and bitartrate); and acetylcholine
synthesis enhancers (acetyl-l-carnitine); catecholaminergic
system, dopamine and norepinephrine enhancers
(methylphenidate, selegilene, Rhodiola, huperzine A, acetyl-
l-carnitine and vinpocetine); glutaminergic system, NMDA
receptor antagonists (memantine, huperzine A); and antioxi-
dants, anti-inflammatory agents and enzymes (alpha-lipoic
acid, acetyl-l-carnitine, ginkgo, Rhodiola, vinpocetine,
huperzine A, curcumin, ibuprofen, vitamin E, N-acetyl-cys-
teine, glutathione, SOD and quercetin).

Following is a review of five natural ingredients that
offer promising synergistic potential to address the multiple
factors common to most stages of cognitive decline, espe-
cially the progressive states of low normally non-medical
impairment, e.g., AAMI to possibly MCI and even early AD.

ACETYL-L-CARNITINE

Acetyl-l-carnitine (ALC) is a quaternary amine found
in all animal tissue, especially skeletal muscle and liver.
ALC functions as a cofactor involved in the transport of

long chain fatty acids for oxidation in the mitochondria,
thereby generating ATP (adenosine triphosphate).8,17 ALC
also reverse-transports oxidized long, intermediate and
short chain lipids out of mitochondria, thus helping to clear
away metabolic debris before it accumulates to overload
and downregulate mitochondrial function. ALC increases
intracellular levels and binding affinity of choline acetyl-
transferase (ChAT), the enzyme involved in acetylcholine
synthesis.8,17 Levels of ChAT are considered biomarkers of
cognitive health, with lower levels typically found in cogni-
tive impairment and correlated to the degree of impairment.

ALC enhances cerebral vascular blood flow,25 and the
functional synthesis and release of acetylcholine via dona-
tion of its acetyl moiety. Therefore, ALC helps normalize
cholinergic deficits and improve cholinergic function.26

ALC has also been shown to downregulate the formation of
Abeta plaques, a hallmark of cognitive impairment, includ-
ing AD.27 ALC is a potent antioxidant28 and scavenges some
of the most neurotoxic oxyradicals, including protection
against amyloid-beta peptide 1-42-mediated oxidative stress
and neurotoxicity.29 ALC confers a neuroprotective effect
via antagonism of the NMDA receptor.19 ALC is perhaps
most highly acknowledged for its antioxidant and neuropro-
tective effects within the mitochondria.8,11 ALC also buffers
the brain, especially the hippocampus, against the deleteri-
ous effects of the stress hormone, cortisol, apparently by
normalizing the HPA (hypothalamus-pituitary axis).30

ALC has been repeatedly shown to enhance memory
and other cognitive functions in normal and impaired (MCI
and AD) individuals.8,26,31,32 ALC has also been shown to
significantly enhance the effect of acetylcholinesterase
inhibitors, including in non-responders to AChE inhibitors.33

ALC has been shown to act as an anti-depressant.31

ALPHA-LIPOIC ACID 

Alpha-lipoic acid (ALA), also known as alpha-lipoate
and thioctic acid, is a disulfide compound and a cofactor in
vital energy-producing reactions in the body. ALA is found
widely in plant and animal sources. ALA is a broad spec-
trum antioxidant against reactive oxygen species, such as
superoxide radicals, hydroxyl radicals, hypochlorous acid,
peroxyl radicals and singlet oxygen.34

ALA is a potent, broad spectrum neuroprotective and
antioxidant agent that most uniquely expresses its affects
within the mitochondria. ALA revitalizes glutathione, one
of the mitochondria’s most important antioxidant
enzymes.35 ALA also recycles other neuroprotective and
antioxidant agents, such as vitamins E and C, and CoQ10.34

ALA improves glucose tolerance, lowers insulin resis-
tance, and reduces the glycation of proteins and production
of advanced glycation end-product (AGE) plaques.36 AGEs
cause deleterious effects, including the generation of free
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radicals and the partial blockage of micro-vessels feeding
important neuro-cognitive areas and networks within the
brain. ALA has been shown to reverse neuropathy and alco-
hol liver damage.

ALA’s other mechanisms of action include: enhancing
ALC’s effects at mitochondrial levels;8 re-enforcement of
intra cellular and mitochondrial antioxidant and metabolic
enzymes, e.g., carnitine acetyltransferase;8,11,17 isocitrate
dehydrogenase, alpha-ketoglutarate dehydrogenase, succi-
nate dehydrogenase, NADH-dehydrogenase and
cytochrome-c-oxidase;35 reducing neurotoxic by-products
of Abeta plaque37 inhibition of formation of β-amyloid fib-
rils from amyloid β-protein38; and activation and support of
phase II detoxification enzymes.39

ALA has been shown to improve memory.8 ALA alone
and especially when combined with acetyl-l-carnitine has
demonstrated efficacy in slowing down brain aging at the
mitochondrial level, and restoring old brain cells to more
youthful levels of health and function.8,17

RHODIOLA

Rhodiola (RHO) is an herbal supplement derived from
the root of the Rhodiola rosea plant, also known as golden-
root, or roseroot. RHO appears to buffer the brain against
the negative effects of stress (cortisol) and other environ-
mental, physical and biochemical stressors such as mental
overload and work fatigue.40-42 RHO is shown to enhance
function of the entire catecholamine class of neurotransmit-
ters, bringing about neuro-endocrine balance and downreg-
ulation of cortisol. RHO is also a brain monoamine modu-
lator within the limbic as well as the frontal and prefrontal
cortex.43 RHO improves serotonin, dopamine and norepi-
nephrine function. It has also been shown to improve alert-
ness, enhance mood and reduce depression via direct action
on neuro-endocrine limbic centers, including amygdala and
hypothalmus. RHO reduces hyper excitability of the emo-
tional system by helping to buffer the hypothalamic-pitu-
itary-adrenal (HPA) axis against stress-induced perturba-
tions. Hyperexcitability undermines cognitive function and
accelerates oxidative stress and other neurotoxic factors.44

Studies have shown RHO to improve mental perfor-
mance in medical students and pilots under mental, physi-
cal and emotional stress.40-42 RHO was recently shown to
have an anti-depressant effect.45

VINPOCETINE 

Vinpocetine (VIN; ethyl apovincaminate) is a synthetic
analog of a major component of vincamine, an extract of the
Periwinkle flower, vinca minor. VIN is best known as a
potent vasodilator,46,47 regional cerebral vascular and glob-
al cerebromicrovasculature blood flow enhancer.48,49 VIN is
a potent enhancer of cerebral metabolism via upregulation

of glucose and oxygen utilization.49 VIN is a broad-spec-
trum antioxidant and neuroprotective agent,23 especially
protecting against calcium [Ca2+] overload and neurotoxic-
ity,4 including the hippocampal CA1 pyramidal and NMDA
receptor cells.22 VIN works at fundamental metabolic levels
within the mitochondria’s electron transfer chain, specifical-
ly upregulating function at ETC complexes II, III and IV,
principal sources of electron loss and generation of reactive
oxygen species.50 In addition, vinpocetine has been found
to suppress cytokine production by microglia.51

Perhaps most unique of vinpocetine’s many mecha-
nisms of action is its ability to alter the rheological proper-
ties of red blood cells by increasing the erythrocyte’s
deformability.48 VIN also decreases platelet aggregation.52

These two actions combine to enable the blood cells to bet-
ter penetrate the small, often obstructed vessels of the cere-
bromicrovasculature, thus delivering adequate supplies of
glucose, oxygen and other energy substrates and cell nutri-
ents for improved neuro-cognitive health and function. VIN
has also been shown to facilitate the release of oxygen from
hemoglobin and increase blood oxygenation.44,53

Vinpocetine’s neuroprotective action is partially based
on its inhibition of voltage-dependent sodium channels,
effectively blocking intra-cellular accumulation of sodium,
thus decreasing potential damage from ischemia and reper-
fusion, and the toxic effects of oxidative stress resulting
from hypoxia and ischemia.4,18 VIN has demonstrated an
ability to attenuate the oxidative stress and metabolic dys-
function induced by amyloid-beta peptides in PC12 cells.50 

Like Vitamin E, VIN is an effective scavenger of
hydroxyl radicals. It is also able to inhibit lipid peroxida-
tion,54 a particularly important function since the brain is
almost 70% fat, by dry weight, and lipid membranes are
highly susceptible to peroxide radicals. Recently it has been
shown that (E)-4-hydroxy-2-nonenal (HNE), a metabolite
of lipid peroxidation, is extremely neuro-pathologic and
may be a primary contributor to accelerated brain aging and
neuro-cognitive dysfunction, disease and death.55 VIN has
also been shown to act as a chelating agent for calcium and
aluminum in the central nervous system.56 Vinpocetine is a
cerebral vascular, cellular and mitochondrial calcium nor-
malizing agent.22,53

VIN has been shown to enhance cortical levels of nor-
epinephrine, a key neurotransmitter for alertness and long-
term potentiation for enhanced memory storage.
Vinpocetine has been clinically shown to improve memory
in both cognitively normal and compromised or impaired
groups.57-9,60

HUPERZINE A

Huperzine A (HUP) is a potent, reversible, selective
inhibitor of AChE with similar or higher potency than
donepezil.20,61 HUP is a weak nicotinic agonist and cerebral
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blood flow enhancer.62 HUP downregulates APP processing
and thus reduces generation of Abeta plaques. It also atten-
uates Abeta induced oxidative damage and neuronal degen-
eration.20,63,64 HUP is a potent antioxidant and enhancer of
NGF (nerve growth factor),20,65 a dopamine and norepi-
nephrine modulator,66 and a NMDA receptor antago-
nist.20,21,67 HUP also reduces deleterious lipid peroxidation
and hydrogen peroxide formation.20

HUP has demonstrated memory enhancing effects in
cognitive states ranging from normal to impaired, including
AD.16,20,21,65

SUMMARY

In light of the aging brain suffering from one or more,
and likely many of the above causal and contributory fac-
tors to accelerated cognitive decline, it eventually reaches a

threshold level of compromise, injury and toxicity.24

Consequently, the seemingly slightest stressor, such as a
head injury, sickness or infection, acute anxiety, Transient
Ischemic Attack (TIA), chronic or acute alcohol intake, a
traumatic stress event, a disease condition or physical
injury, can trigger a breakdown cascade with consequent
acceleration of cognitive decline and progression to and
through states of cognitive impairment culminating in
dementias such as AD. 

It would therefore seem prudent to address (intervene)
and support the underlying multiple mechanisms of the aging
brain as early as possible, before cumulative factors combine
to overload the system and trigger breakdowns culminating
in the acceleration of normal cognitive decline, impairment
and eventual dementia. The combination of nutraceuticals
covered herein offer a comprehensive, broad spectrum and
synergistic approach to retard cognitive decline.

ALC    ALA    VIN    HUP    RHO    GIN    DON    MEM 

Cerebral Blood Flow * ** * *

Cerebral Blood Volume

(circulation) * ** *

Oxygen Utilization **

rCMR * **

Acetylcholine ** ** * * **

Dopamine * * **

Norepinephrine * * **

Serotonin * *

Mitochondria Fnx ** ** * * *

Antioxidant Defense ** ** * * * **

Ca Balance **

Glutamate Excitotoxicity * * **

Inflammation * * * * *

Abeta Neurotoxicity * * * *

ALC = Acetyl-l-carnitine          VIN = Vinpocetine         

ALA = Alpha-lipoic Acid          HUP = Huperzine A        

RHO = Rhodiola                      DON = Donepezil HCL (Aricept™)

GIN = Ginkgo Biloba               MEM = Memantine HCL (Nemanda™)

Mechanisms of Action of Proposed Ingredients & Commonly Used Drugs

INCREASED

DECREASED
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ABSTRACT

Objective: Hypertension is a common condition with
high mortality from associated diseases. Epidemiological
evidence suggests that a dietary deficiency of vitamin C
may be a risk factor for hypertension. However, it remains
unclear whether vitamin C supplementation could reduce
blood pressure. Therefore, the purpose of this study was to
provide a comprehensive meta-analysis using randomized,
controlled trials looking at the effect of vitamin C supple-
mentation on blood pressure in patients with hypertension.

Methods: Nine randomized, controlled trials published
between 1966 and August 2007 with a total of 297 partici-
pants were identified using MEDLINE and a manual
search.  Using a random effects model, the effect sizes of
vitamin C supplementation on systolic and diastolic blood
pressure changes were estimated.

Results: Vitamin C supplementation was associated
with a significant reduction in systolic blood pressure with

an effect size of -2.37 mm Hg (95 % CI, -3.14 to -1.6 mm
Hg).  However, the mean change in diastolic blood pressure
was non-significant with an effect size of only -0.37 mmHg
(95 % CI, -1.5 to 0.76 mm Hg).

Conclusion: Vitamin C supplementation in hyperten-
sive patients appears to possess modest effects on reducing
systolic blood pressure.

INTRODUCTION

Hypertension affects at least one-quarter of the adult
population in the United States and is an important deter-
minant of the incidence of coronary heart disease and
stroke.1 Epidemiological evidence suggests that a deficien-
cy of vitamin C may lead to hypertension, and a negative
association between plasma vitamin C status and blood
pressure has been reported.2-7 However, this association
only suggests and does not prove that the intake of extra
vitamin C lowers blood pressure.  Clinical trials performed
to assess the effect of vitamin C supplementation on blood
pressure in hypertensive individuals have met with mixed
results.8-21 It has been stated that there are too few clinical
trials to provide confirmatory evidence for a causal rela-
tionship.22 Because of this lack of data from well-designed,
randomized, controlled trials, it has been further stated that
the use of vitamin C in the management of hypertension
should not be recommended.23 A 2006 publication
approved by the American Heart Association Science
Advisory and Coordinating Committee stated that it
remains unclear whether vitamin C supplementation could
reduce blood pressure.24

Since no meta-analysis has ever been published in
regard to the effect of vitamin C supplementation on blood
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pressure, it was believed that such an analysis was neces-
sary. This is especially true in light of the fact that uncer-
tainty exists about vitamin C’s efficacy, even though a
dozen randomized clinical trials have been conducted.  The
purpose of this study was to provide a comprehensive meta-
analysis of randomized controlled trials to investigate the
effect of vitamin C supplementation on blood pressure in
patients with hypertension.

METHODS

Selection of Studies 

A comprehensive MEDLINE literature search was per-
formed to locate relevant randomized controlled trials pub-
lished between 1966 through August 2007.  The following
headings were combined using the following Boolean oper-
ation (“vitamin C” OR “ascorbic acid” OR “ascorbate”)
AND (“blood pressure” OR “hypertension” OR “hyperten-
sive”). The search was restricted to key terms located in the
title/abstract, and was also restricted to studies published in
English-language journals.  Also, only full-length original
journal articles were considered, and no attempt was made
to include abstracts or unpublished studies.  A manual
search was also conducted by using reference lists from
original research papers and review articles.

To be included in the meta-analysis, a study had to meet
the following criteria: (1) the study was conducted using
hypertensive human subjects (systolic BP > 130 mm Hg);
(2) there was at least single-blinded, random allocation of

study participants to either vitamin C treatment or placebo-
controlled groups; (3) vitamin C was given orally with a
minimum dose of 500 mg per day; (4) the intervention was
greater than 4 weeks and less than 12 weeks; (5) the mean
blood pressure changes for systolic and diastolic blood pres-
sures in both the treatment and control groups (measured in
mm Hg) were reported.  The dose and intervention duration
cut-offs were chosen based on the observations that 500
mg/day is the required intake for 95 percent of the popula-
tion to achieve a saturated plasma vitamin C concentra-
tion,25 and that it takes 3 to 4 weeks to reach a plasma
steady-state following vitamin C supplementation.26

Nine studies met the eligibility criteria and were
included in the meta-analysis.8-16 Although 67 potentially
relevant studies were identified and screened, 58 trials did
not meet the eligibility criteria.  Major reasons for exclu-
sion of studies were (1) utilization of non-oral vitamin C
therapies (17 trials); (2) co-intervention with other thera-
pies (17 trials); (3) non-hypertensive subject populations (9
trials); (4) using oral doses of vitamin C less than 500 mg
per day (3 trials); (5) study populations overlapped with
other published studies (3 trials); (6) a treatment duration of
greater than 12 weeks (2 trials); (7) study populations were
not randomized (2 trials); (8) lack of utilization of a place-
bo-controlled group (2 trials); and (9) an absence of data to
calculate the net mean change in blood pressure from base-
line to end of follow-up (3 trials).  Figure 1 shows the num-
ber of studies that were identified and excluded at different
stages of the selection process.

Studies found in electronic database
using search phrase (n=656)

Potentially relevant studies (n=67)

RCT’s that met criteria (n=12)

RCT’s included in meta-analysis (n=9)

Studies excluded with reason:
Not oral vitamin C (n=17)
Co-intervention (n=17)
Not hypertensive population (n=9)
Dose <500 mg/day (n=3)
Overlap with other publication (n=3)
Not randomized (n=2)
No placebo group utilized (n=2)
Duration <4 and >12 weeks (n=2)

Studies excluded with reason:
1. Lacking or inappropriate BP data (n=3)

Figure 1. Study selection process for inclusion in a meta-analysis that investigates the effects of vitamin C supplementa-
tion on blood pressure reduction in hypertensive patients.
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Data Abstraction and Statistical Analysis

Information on sample size, participant characteristics,
study design, vitamin C dosage, duration, and treatment
results was abstracted from the 9 clinical trials.  To calcu-
late the overall effect size, each study was weighted by the
reciprocal of the variance for blood pressure changes.
Variances for blood pressure net changes between treatment
and control groups were provided for two studies, whereas
the variances for the remaining seven studies were calculat-
ed using the variances at baseline and at the end of follow-
up based on the methodology of Follmann et al.27 In this
method, a correlation coefficient of 0.5 between initial and
final blood pressures was assumed.  Within each trial, equal
variance was assumed between the control and intervention
groups, as well as between the beginning and end of each
trial.  For parallel and crossover trials, net changes in blood
pressure (BP) were calculated as (BP at end of follow-up in
the treatment group – BP at baseline in the treatment group)
– (BP at end of follow-up in the control group – BP at base-
line in the control group).

Estimates of the mean effect of vitamin C supplementa-
tion on blood pressure and the corresponding 95 % CI’s were
calculated using random-effects models.  The assumption of
heterogeneity implied by the use of the random-effects model
was plausible because of differences between trials in such
aspects as duration of the trial, dosages utilized, and sample
populations that differed by age and sex.  To examine poten-
tial publication bias, sample size was plotted against effect
size. Data analysis was performed using Comprehensive
Meta-Analysis software (version 2.0, Biostat, USA).

RESULTS

Participant Characteristics and Study Design

Participant and study design characteristics for the 9
randomized, controlled trials included in the meta-analysis
are presented in Table 1.  Collectively, the 9 trials conduct-
ed between 1991 and 2005 included a total of 297 subjects
(141 in the vitamin C supplementation group and 156 in the
control group).  All trials were conducted with adults, with
an age range of 48.5 to 73.7 years.  Men were the majority
in 5 of the 9 trials, with the pooled population made up of
60 % males.  Six trials had a parallel double blind design,
two used a crossover double blind design and one used a
parallel single blind design.  The study duration varied from
4 to 12 weeks, with a median length of 6 weeks.  Vitamin
C supplementation for 7 of the 9 trials was 500 mg/day,
while one trial used 1000 mg/day, and the remaining trial
used 1500 mg/day.  Average pretreatment blood pressure
ranged from 139 to 173.2 mm Hg for systolic and 78 to 90.2
mm Hg for diastolic blood pressure.

Net Change in Blood Pressure

The mean net changes in systolic and diastolic blood
pressure after vitamin C supplementation are presented in
Table 2.  Seven of the 9 trials had an intervention-related
trend toward a reduction in systolic blood pressure, with all
seven trials showing a statistically significant reduction
(p<0.05) in blood pressure when compared to the control
group (Figure 2). For diastolic blood pressure, a trend
toward intervention-related reduction was observed in only
4 of the 9 trials, with 3 of the 9 trials showing a statistical-

Osilesi et al. 19918 12 57.8 25 XD 1000 6 139 81  

Ghosh et al. 19949 48 73.7 38 PD 500 6 173.2 90.2  

Gokce et al. 199910 46 55.0 91 PD 500 4 145 78  

Fotherby et al. 200011 17 72.0 50 XD 500 12 149 84  

Duffy et al. 200112 39 48.5 49 PD 500 4 155 87  

Darko et al. 200213 35 56.0 66 PD 1500 4 141 80  

Mullan et al. 200214 30 59.5 73 PD 500 4 142.1 83.9  

Magen et al. 200415 33 52.0 52 PS 500 8 150.6 86.1  

Ward et al. 200516 37 61.5 70 PD 500 6 133.6 80.8 

Table 1. Population and baseline characteristics of trials included in the meta-analysis.

* XD, Crossover double blind; PD, Parallel double blind; PS, Parallel single blind

Source and Year Sample 
Size 

Mean 
Age Y

Male, % Study
Design*

Vitamin C
per Day, mg

Duration, 
wk

Systolic
mmHg

Diastolic
mmHg

Baseline
Blood Pressure
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ly significant reduction in blood pressure when compared to
the control group (Figure 3).  However, two trials showed a
statistically significant increase in diastolic blood pressure
after the vitamin C intervention.

The effect size along with the 95 % CI’s for each clin-
ical trial, as well as the overall effect size on systolic and
diastolic blood pressure in hypertensive patients, are pre-
sented in Figures 2 and 3.  The overall pooled estimate of

the effect of vitamin C supplementation on systolic blood
pressure was -2.37 mm Hg (95 % CI, -3.14 to -1.60; p =
0.000).  The overall pooled estimate of the effect of vitamin
C supplementation on diastolic blood pressure was -0.37
mm Hg (95 percent CI, -1.50 to 0.75; p = NS).

The plot of sample size versus effect size showed a typ-
ical “funnel” shape with little variation in effect size for
large sample studies, and an increasing spread of effect size

Source and Year

Net Change in Blood Pressure*

Sample 
Size

Systolic
mmHg

P Value § P Value §Diastolic,
mmHg

Table 2. Mean change in systolic and diastolic blood pressure after vitamin C supplementation.

Osilesi et al. 19918 12 -5.4 0.017 0.6 NS  

Ghosh et al. 19949 48 -2.6 0.010 -1.2 NS  

Gokce et al. 199910 46                        -10.0 0.000 1.0 NS  

Fotherby et al. 200011 17 -4.0 0.000 -2.0 0.011  

Duffy et al. 200112 39                        -10.0 0.000 -4.0 0.000  

Darko et al. 200213 35 2.0 NS 0.0 NS  

Mullan et al. 200214 30 9.8 0.000 -4.4 0.000  

Magen et al. 200415 33 0.2 NS 2.8 0.000 

Ward et al. 200516 37 -1.8 0.031 1.5 0.017 

* For parallel trials, the net change is (intervention final BP – baseline BP) – (control final BP – baseline BP); For crossover
trials the net change is intervention final BP-control final BP.   § The P value was calculated by the author.

Osilesi et al, 19918

Ghosh et al, 19949

Gokce et al, 199910

Fotherby et al, 200011

Duffy et al, 200112

Darko et al, 200213

Mullan et al, 200214

Magen et al, 200415

Ward et al, 200516

Overall Effect Size

Figure 2. Net change (and 95% CI) in systolic blood pressure associated with vitamin C supplementation. The overall effect
size is weighted by the inverse of the total variance of each trial.
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with smaller sample sizes.  The distribution of effects sizes
seen in the individual studies was symmetrically distributed
around the pooled mean effect size.

DISCUSSION

This is the first meta-analysis to provide a comprehen-
sive examination of the effect of vitamin C supplementation
on blood pressure and is based on nine randomized, con-
trolled clinical trials involving 297 participants.  The over-
all effect size estimates observed from the meta-analysis
were a 2.37 mm Hg reduction in systolic blood pressure and
a 0.37 mm Hg reduction in diastolic blood pressure.
Although the change in diastolic blood pressure was
insignificant, the significant reduction in systolic blood
pressure could potentially translate to a 7 percent reduction
in stroke and a 4 percent reduction in coronary heart dis-
ease.28-30 The effects of vitamin C supplementation on sys-
tolic blood pressure is consistent with epidemiologic obser-
vations that there exists an inverse relationship between
blood pressure and plasma vitamin C status.  This meta-
analysis supports that vitamin C supplementation has the
potential to positively impact both cardiovascular and cere-
brovascular disease rates.

A possible explanation for the non-significant observ-
able differences with diastolic blood pressure may be
because baseline levels were starting below 90 mm Hg
(except for one study), so there was no significant room for
improvement when subjects were supplemented with vita-

min C.  The one study that started with a baseline diastolic
blood pressure of 90.2 mm Hg, resulted in a mean net
change of -1.2 mm Hg when compared to the control group,
which was not statistically significant.

When compared to other proposed nutritional supple-
ments, Vitamin C may be as beneficial for reducing systolic
blood pressure.  A meta-analysis of potassium supplement
studies suggests a reduction in both systolic blood pressure
of approximately 3.1 mm Hg, and a meta-analysis of calci-
um supplement studies suggests and even smaller effect on
systolic blood pressure of 1.7 mm Hg.31-32 Vitamin C sup-
plementation is also comparable to the effects of alcohol
reduction and aerobic exercise on systolic blood pressure,
as these two meta-analyses showed reductions of 3.3 and
3.8 mm Hg respectively.33-34

In regard to mechanism of action, hypertension is asso-
ciated with higher than normal lipoperoxidation and an
imbalance in antioxidant status, suggesting that oxidative
stress is an important driving factor in the pathogenesis of
hypertension.35 Hypertension has been shown to be associ-
ated with impaired nitric oxide (NO) production.36

Vascular endothelium derived nitric oxide synthase (eNOS)
plays a critical role in the regulation of vascular tone, and it
appears that vitamin C can improve endothelium vasodila-
tion by augmenting NO bioavailability.37 Because super-
oxide radicals can degrade NO, it has been proposed that
vitamin C improves blood pressure by scavenging superox-
ide radicals and thereby preventing the inactivation of

Figure 3. Net change (and 95% CI) in diastolic blood pressure associated with vitamin C supplementation. The overall
effect size is weighted by the inverse of the total variance of each trial.

Osilesi et al, 19918

Ghosh et al, 19949

Gokce et al, 199910

Fotherby et al, 200011

Duffy et al, 200112

Darko et al, 200213

Mullan et al, 200214

Magen et al, 200415

Ward et al, 200516

Overall Effect Size

Hg
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NO.38-39 However, it has been reported that supraphysio-
logical concentrations of vitamin C are required to prevent
the superoxide radical destruction of NO.40

It is also known that oxidized LDL inhibits NO release
from endothelial cells, and therefore vitamin C may pre-
serve NO by preventing the oxidation of LDL.41-42 Vitamin
C may also increase NO production by enhancing eNOS
activity.43 This effect appears to be mediated through
increasing the intracellular content of tetrahydrobiopterin.44

Tetrahydrobiopterin is a cofactor for eNOS that requires vit-
amin C for stabilization as well as protection from oxida-
tion. These effects were evident as an increase in the half-
life of tetrahydrobiopterin inside the endothelial cell has
been observed.45

A major limitation of this study is the pooling together
of clinical trials that include a considerable amount of het-
erogeneity in design and population characteristics.
Average subject age varied between 48.5 and 73.7 years,
and it is known that vitamin C concentration in serum
decreases with aging, while a concomitant increase in blood
pressure occurs due to an increase in arterial stiffness.46 In
a comparative baseline study, it was found that vitamin C
supplementation with an elderly population in their late
70’s reduced systolic blood pressure by approximately 18.5
mm Hg more when compared to the change observed in an
adult population in their mid 50’s.47 Also, differences in
dietary characteristics may result in unevenly matched base-
line plasma vitamin C concentrations. In the 6 studies that
observed baseline plasma vitamin C concentrations, the
range varied between 44.6 to 74 mol.  This may confound
both the starting baseline blood pressures as well as the
absorbability of vitamin C supplementation, which is depen-
dent upon pre-absorption plasma concentrations.  Also, not
having evenly matched baseline blood pressures could con-
found the results, as populations with higher baseline blood
pressures could possibly exhibit more of a hypotensive
effect with vitamin C supplementation.  Confounders also
included differences between studies with vitamin C supple-
mentation dose (ranged between 500 to 1500 mg/day) and
study duration (ranged between 4 to 12 weeks).  

CONCLUSION

In summary, this meta-analysis has shown that supple-
mentation with at least 500 mg/day of oral vitamin C, for a
minimum of 6 weeks, can lower systolic blood pressure.
Although the reduction in systolic blood pressure was mod-
est, any small reduction can have beneficial effects on the
incidence of coronary heart disease and stroke, especially in
light of the low cost and absence of toxicity when vitamin
C supplementation is within the ranges of 500 to 1000
mg/day.48
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ABSTRACT

Purpose: To examine the tolerability of non-denatured
whey protein isolate (NWPI) in children with autism. Many
children with autism are low in glutathione and have high-
er levels of oxidative stress. NWPI can raise glutathione
levels and reduce oxidative stress. However, anecdotal
reports suggest that NWPI may be problematic in children
with autism because it contains cysteine and other sulfurat-
ed amino acids.

Methods: A 6-week open-label trial was conducted,
supplementing 10 children with autism or autism spectrum
disorder (ASD), 3-15 years of age, with NWPI
(Immunocal®). To measure possible side effects, proce-
dures that examined the frequency, intensity, and types of
side effects, as well as behavioral measures, were complet-
ed at baseline, and at days 3, 14, 30, and 45. 

Results: Seven of the ten children took the supplement
over the six-week trial and tolerated it well. Two children
discontinued after two weeks due to possible side effects:
one due to gastrointestinal disturbance and one due to being
less responsive to parents. Another child discontinued due
to difficulty of administering the product. 

Conclusion: This study suggests that NWPI can be
used as a supplement for this small population of children
with autism without high rates of side effects, which means
that further studies to determine its safety and efficacy in
larger populations might yield the same promising result.
Larger studies are planned to determine its efficacy in rais-
ing glutathione levels.

INTRODUCTION

Five recent studies showed that oxidative stress and/or
lipid peroxidation are increased in autism,1-6 including
research by James et al4,5 that suggests that glutathione
(GSH) is lower in children with autism than in control chil-
dren, and that a higher fraction of their glutathione is oxi-
dized. For a more complete review of the possible role of
oxidative stress and toxicity in the pathology of autism, see
Kern and Jones.7 

A safe supplement that can normalize glutathione lev-
els and reduce oxidative stress could potentially be benefi-
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cial in autism. To raise glutathione levels, humans require
the building blocks or precursors of glutathione because
oral glutathione is considered ineffective.8,9  Glutathione
(GSH), or 2-amino-5-{[2-[(carboxymethyl)amino]-1-(mer-
captomethyl)-2-oxoethyl]amino}-5-oxopentanoic acid, is a
small protein made up of three amino acids: glycine, cys-
teine, and glutamic acid. GSH is a thiol and thus contains
sulfur.10,11  The side-chain sulfhydryl residue (-SH) that is in
the cysteine part of the molecule is what provides most of
its physiological properties.10,11 Cysteine is the rate-limiting
substrate for GSH production.12

Non-denatured whey protein isolate is cysteine-rich in the
form of cystine (two cysteine molecules linked by a disulfide
bond). The term “non-denatured” is preferable to the less pre-
cise “un-denatured” to describe a protein that has been pre-
served in its native state and has retained its original physical
characteristics and conformation. Changing a milk protein’s
native conformation can alter its biological activity.13 Cystine
(reduced cysteine) is much more stable than cysteine and
accounts for 90% of the amino acid in the plasma; once it
crosses the cell membrane, it is oxidized to cysteine and then
used to make glutathione.10,14 Non-denatured whey protein
concentrates and isolates have been shown to increase glu-
tathione levels in many diseases and disorders such as acquired
immune deficiency syndrome (AIDS), cystic fibrosis, lung dis-
ease, chronic fatigue syndrome, hepatitis B, and cancer (e.g.,
colon, liver, breast, pancreas), without any toxicity or adverse
events.10,14-26 There have been only occasional cases of gas-
trointestinal upset reported.14

Non-denatured whey protein isolate use has not been
examined in autism; and although reports are conflicting,
some anecdotal reports suggest that some children with
autism may have problems with ingestion of cysteine-rich
or any sulfur-rich compound, such as whey protein. Whey
protein concentrates (>70% protein) which contain the milk
protein caseine can be further problematic. The problems
anecdotally reported are worsening of behavior and gas-
trointestinal disturbance with dysbiosis (specifically, an
increase in yeast). In this population, food intolerances and
GI disturbance are commonly reported.27 Because of the
anecdotal reports that suggest that children with autism may
not tolerate sulfur-rich compounds, combined with the evi-
dence that non-denatured whey protein isolate is safe and
effective in raising glutathione levels and reducing oxida-
tive stress in other disorders and diseases, it was determined
that a trial using non-denatured whey protein in autism to
examine its tolerability in this population was necessary.
This study used Immunocal®, a non-denatured whey pro-
tein isolate (>90% protein), which is a medically recog-
nized option for raising glutathione levels.

The study was conducted to determine if: (1) the chil-
dren would take this supplement, which is a bland-tasting
powder, and (2) the supplement would be tolerated even
though it is a sulfur-rich compound. 

METHODS

Design: The study, which used Immunocal®, was a
six-week, open-label clinical trial with ten children previ-
ously diagnosed with autism or ASD. Informed consent and
HIPAA forms were obtained from every child’s parent.
Children were always in the presence of one or both par-
ents. At baseline, information regarding demographics, for-
mal diagnosis, age at diagnosis, age of apparent onset,
information regarding delay or regression, any current
medical issues, medications, and allergies was obtained on
each child. A Childhood Autism Rating Scale (CARS)28

was also completed at baseline. After a stool specimen was
collected (by the parent at home) for analysis, each child
was started on Immunocal®. The stool specimen was com-
pleted on seven of the ten children before the treatment to
acquire a baseline for dysbiosis (three parents were not able
to obtain usable specimens). Other measures examining
behavior and side effects were used as repeated measures
and were completed periodically by the parents to examine
any clinical change in the child. These measures are listed
in the measures section.

Location: This study took place at the Mood Disorders
Research Program and Clinic at the University of Texas
Southwestern Medical Center (UTSW) in Dallas, Texas.
The study protocol received Institutional Review Board
(IRB) approval from the University of Texas Southwestern
Medical Center. All parents signed a consent and Health
Insurance Portability and Accountability Act (HIPAA) form
and all received a copy. 

Subjects: Subjects for this study were recruited from
autism societies and physicians from the Dallas/Fort Worth
area, and via the Internet (by posting on the UTSW study
site). The children were three to fifteen years of age. Six
had a formal diagnosis of autism and four had a formal
diagnosis of ASD. The CARS ranged from 30 to 43 with a
mean of 35.4 (SD= 4.4), thus ranging from mild to severe
autism. There were nine males and one female. Eight chil-
dren were Caucasian and two were African-American. The
exclusion criteria were: (1) already taking whey protein or
starting any new drug or therapy; and (2) a comorbid diag-
nosis of Fragile X disorder, tuberous sclerosis, phenylke-
tonuria (PKU), Lesch-Nyhan syndrome, fetal alcohol syn-
drome, or a history of maternal illicit drug use. 

MEASURES

Comprehensive Parasitology (CP3): The CP3 panel
includes a standard microbiology (bacterial culture), yeast
culture and speciation, microscopic evaluation for yeast
(KOH stain), and parasites. This test was completed before
treatment to acquire a baseline for possible dysbiosis.

Childhood Autism Rating Scale: The CARS is a 15-
item behavioral rating scale developed to identify autism as
well as to quantitatively describe the severity of the disor-
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der.28 Independent reports on CARS indicate that it has high
validity. Eaves and Milner29 found that it correctly identi-
fied 98 percent of autistic subjects and correlated (r = 0.67)
with the Autism Behavior Checklist. In another similar
study, 92 percent of subjects were correctly classified, and
the CARS correlated with the Real Life Rating Scale.30 The
CARS was completed by the Principal Investigator by
observing the subjects and interviewing parents at baseline.
The CARS was also completed by a parent on study days 1,
3, 14, 30, and 45.

Frequency and Intensity of Side Effect Rating
(FISER)/Global Rating of Side Effect Burden
(GRSEB)/: The FISER/GRSEB surveys include global
measures, each using a 7-point Likert-type scale rated 0 to
6. One rate is anchored for frequency, another rates the
intensity of side effects encountered in the prior week that
the caregivers believe were due to the treatment, and the
third asks caregivers to estimate the overall burden or
degree of interference in day-to-day activities and function
due to side effects attributable specifically to the treat-
ment.31 The survey was completed by a parent on study
days 3, 14, 30, and 45. 

Patient Rated Inventory of Side Effects (PRISE)—
modified: The PRISE lists a variety of possible side effects
to choose from and a scale to rate the specific side effect.
The list also includes gastrointestinal side effects. In addi-
tion, the measure has a place to list any side effects not pre-
viously listed. The survey was completed by a parent on
days 3, 14, 30, and 45. 

Aberrant Behavior Checklist, Subscales I to V
(ABC): The ABC scale rates inappropriate and maladaptive
behavior.32  The ABC was designed to monitor the behav-
ioral effects of psychotropic drugs. The scale was complet-
ed by a parent at baseline, and at days 3, 14, 30, and 45.

Clinical Global Impression Scale (CGI): The CGI
three-item scale asks the caregiver to mark the patient as bet-
ter (1), the same (2), or worse overall (3). The scale was com-
pleted by the parent at baseline and at days 3, 14, 30, and 45. 

Treatment Adherence Measure (TAM): The TAM is
a ten-item, Morisky-type self-report on treatment adherence
that asks specific questions regarding the dose and frequen-
cy of use. The TAM was used to determine the level of
adherence to the treatment. Morisky-type adherence mea-
sures have been used widely and have shown good reliabil-
ity for a self-report measure.33 The measure was completed
by a parent at days 3, 14, 30, and 45. 

Product Used: A medically recognized option for rais-
ing glutathione levels, Immunocal® is a bovine milk serum
protein or non-heated non-denatured whey protein isolate
manufactured in a way that preserves the native protein
configuration of the whey. It is a white powdery substance
that comes in an airtight and humidity resistant envelope.
Immunocal® contains <1 percent lactose, <1 percent fat,

and minimal amounts of caseine (Physician’s Desk
Reference; PDR). 

Dosing and Administration: Recommended dosing
for children is 10g per day for those over 40 pounds and 0.5
grams per kilo (2.2 pounds) of body weight for children
under 40 pounds. Due to reports of intolerance of sulfur-
rich foods in this population, the dosing of the non-dena-
tured whey protein isolate was cautiously titrated. Dosing
began at one-fourth dose for 5 days, then one-half dose for
5 days, then three-fourths dose for 5 days, and finally a full
dose by approximately the third week. Immunocal® was
taken with a light meal or on an empty stomach once or
twice per day. The powder was mixed with fruit juice or
food. It was not heated or blended in a power blender.
Parents gave the children Immunocal® mixed in a variety of
ways (e.g., orange juice, Hershey’s chocolate syrup, ice
cream, chocolate milk, Carnation Instant Breakfast, apple-
sauce, peanut butter and jelly, yogurt, and Boston
Chicken’s Caesar salad dressing).

RESULTS

Seven out of the ten children took the supplement over
the full six-week trial and tolerated the supplement. Three
children discontinued after two weeks of the trial. One
child discontinued because of gas and bloating. This
occurred at a higher dose level, but not at a lower dose
level. This child’s baseline bowel flora was within normal
limits, but the child did have a history of chronic diarrhea.
No other children had any gastrointestinal changes, even
the two children who had dysbiosis at baseline. One child
discontinued the study due to being less responsive to par-
ents. Another discontinued because one parent had difficul-
ty administering the whey product. Of the completers, two
parents verbally reported that their children became more
hyperactive initially; however, the hyperactivity resolved in
a few weeks.

Data were collected on a number of behavioral mea-
sures, the Childhood Autism Rating Scale, the Aberrant
Behavior Checklist, and a Clinical Global Impression mea-
sure. Means for the three non-completers and seven com-
pleters are presented below (Table 1). These measures were
used to examine any clinical change in the child that we
would need to be concerned about based on anecdotal
reports. The data were insufficient for statistical analysis. It
is worth noting that the changes in the behavioral measures
appear to be in a positive direction (Figure 1). Caution should
be used in interpreting these findings since any meaningful
test would require a larger study and a control group.

Treatment adherence in the completer group was good,
with most participants taking their doses 75 to 100 percent
of the time. Parents were allowed to mix the whey with
anything as long as it was not blended with a power blender
or heated (to avoid denaturization). Some parents had more
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difficulty getting their child to take the whey than others,
with some parents having to try several different ways to
mix it and some having no difficulty at all.

A stool specimen (CP3) was completed on seven of the
ten children (three parents were not able to obtain usable
specimens) before the treatment to acquire a baseline for
dysbiosis. Two children had dysbiosis at baseline: one child
had moderate yeast overgrowth and one child had
Staphylococcus Aureus (a bacterium). Neither of these two
children had any GI changes with treatment.

DISCUSSION

The study suggests that, for the most part, children with
autism do not have problems tolerating cysteine in this form
(cystine/whey protein isolate). The results are limited due to
fact that the study was conducted on very small sample and
for a relatively short period of time. Therefore, a larger and
longer study would be necessary to get specific estimates of
tolerability and to measure the possible benefits.

Baseline Day 3 Day 14 Day 30 Day 45
Measures Mean Mean Mean Mean Mean 

(SD) (SD) (SD) (SD) (SD) 
n=10 n=10 n=9 n=7 n=7 

CARS 33.1 (6.6) 33.4 (6.36) 32.6 (4.8) 32.1 (5.3) 31.7 (5.5)

ABC I 10.6 (7.6) 10.7 (7.5) 9.8 (6.6) 7.3 (5.4) 6.7 (5.0)

ABC II 8.2 (8.5) 8.3 (8.4) 9.3 (8.3) 7.0 (7.3) 7.0 (7.3)

ABC III 4.1 (3.2) 4.0 (3.2) 3.8 (3.3) 4.3 (3.9) 4.3 (3.9)

ABC IV 16.5 (13.3) 17.0 (13.5) 13.7 (9.6) 12.4 (11.2) 12.4 (11.2)

ABC V 3.7 (3.1) 3.9 (2.8) 3.8 (3.1) 2.6 (1.6) 2.6 (1.6)

CGI* 2 2.2 (0.4) 2.1 (0.3) 1.7(0.5) 1.6 (.5)

Table 1.

This table shows the mean and standard deviation (SD) of the parent-rated measures on all participants (completers and non-
completers), pre-treatment (baseline), and post-treatment. A decrease in score represents improvement. *Note that all par-
ticipants started as a 2 on the CGI.

Figure 1.

Percentage from Baseline

This figure shows the percentage change (lower is better) over time on CARS, ABC I-V, and CGI. 
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As mentioned, one child discontinued the study
because of gas and bloating. A variety of medical conditions
is often reported in children with autism, including different
GI symptomatology.34 In this study, for example, four chil-
dren were reported to have GI function within normal lim-
its, three were reported to have chronic constipation, and
three were reported to have chronic diarrhea (prior to the
start of the study and did not change). This variation sug-
gests that children with autism may tolerate some supple-
ments or treatments better than others. It can be hypothe-
sized that reactions to whey proteins in these individuals
may be due to the presence of casein, another milk protein
that can be present in whey concentrates or other whey
products. Casein-elimination diets have been reported as
beneficial in ASD.35

Also, as mentioned, one child discontinued the study
due to being less responsive to his parents. Overall, the
parental reports and measures suggest that, generally, there
was no worsening of behavior. Interestingly, four parents
reported improvements in their children’s ability to com-
municate and willingness to interact with others, and the
CARS, ABC, and CGI all showed a trend toward the posi-
tive. Figure 1 shows that trend. However, since the trial was
not a blinded trial, it is difficult to determine what was
placebo effect and what was treatment effect. 

The main purpose of this study was to establish some
level of understanding of the safety and tolerability in the
use of a cystine-rich (sulfur-rich) compound in the treat-
ment of autism. Ultimately, it is important to know whether
non-denatured whey protein can be used to raise GSH lev-
els in these children.

As mentioned in the Introduction, non-denatured whey
protein isolate has been shown to increase glutathione lev-
els and improve the healing process in many diseases and
disorders, such as cystic fibrosis, lung disease, AIDS and
other types of immune deficiencies, chronic fatigue, hepati-
tis B, and cancer, with no toxicity or adverse events.14-26

Immunocal®, a non-denatured whey protein isolate, has
been shown to augment GSH levels and to improve clinical
parameters.

For example, a study by Grey et al.26 showed that, com-
pared to casein, Immunocal®, 10 g twice a day, increased
glutathione levels in patients with cystic fibrosis. An over-
abundance of oxidants relative to antioxidants is associated
with cystic fibrosis.26 Glutathione functions in the lung as a
major frontline defense against oxidative stress.

A Canadian clinical trial using Immunocal® was con-
ducted in children (8 months to 15 years old) with AIDS
and wasting syndrome. Immunocal® was administered for
six months. All of the children experienced weight gain. Six
of the ten patients had improved anthropometric parameters
(skin-folds/triceps/mid arm circumference). The GSH-pro-
moting activity of the whey supplement showed in six out

of ten subjects.14

Watanabe et al.20 showed that Immunocal® improves
GSH levels, as well as liver and immune function, in
hepatitis B patients. Serum alanine aminotransferase activ-
ity decreased, lipid peroxide levels significantly decreased,
and interleukin 2 levels and natural killer activity increased.

A study of performance enhancement with Immunocal
was conducted with 10 healthy males and 10 healthy
females by Lands et al.36 Lymphocyte GSH was signifi-
cantly higher in the treatment group. Likewise, the supple-
mented subjects had a significantly improved peak power
and 30-second work activity as compared to placebo.

Because this product is safe and effective in raising
glutathione levels in other disorders and diseases, it is pos-
sible that it can be used in autism. This current trial sug-
gests that non-denatured whey protein isolate can be used
as a dietary supplement for children with autism without
high rates of GI disturbance or other side effects. However,
because autism involves a heterogeneous population, par-
ents and clinicians should observe each child individually
and understand that it may be better tolerated in some chil-
dren than others. Since it shows acceptable tolerability, fur-
ther research is needed and planned to determine its effica-
cy in raising GSH levels in those with autism and its effect
on behavior in autistic children.
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ABSTRACT

β-glucans have been extensively studied for their phar-
macological effects. Despite in-depth research, little is
known about the optimal dose and/or optimal route of appli-
cation. In this paper, we are reporting the result of compar-
ing the immunostimulating activities of four commercially
available glucans differing both in their solubility and
source. In addition, we compared intraperitoneal and oral
application, and the differences between a single versus
repeated doses.

Our data showed strong differences in activities of indi-
vidual glucans, with glucan yeast-derived #300 being the
best, and grain-derived ImmuneFiber being the worst.
Furthermore, we demonstrated that oral delivery of glucan
resulted in significant immunological activity, which albeit
slightly lower, corresponded with injectable application.
Depending on the applied dose, the effects of individual
glucans were long-lasting and in some cases, lasted up to
two weeks.

In conclusion, our report represents further evidence
about differences among commercial glucans and shows
that these biological response modifiers can be similarly
active when used in both injectable and oral form.

INTRODUCTION

Natural products, useful in treating or preventing vari-
ous diseases, have been sought throughout the history of
mankind. Most of these natural products are plagued with a
common problem, i.e., the fact that they often represent a
complex mixture of individual ingredients, each of which
can contribute to their biological activities. Natural (1,3)-β-
D-glucans from yeast, grain and mushrooms are well-estab-
lished biological response modifiers,1,2 representing highly
conserved structural components of cell walls in yeast,
fungi, seaweed, or grain seeds.

Numerous types of glucans have been isolated from
almost every species of yeast, grain and fungi. (1,3)- β-D-
glucans have been extensively studied for their immunolog-
ical and pharmacological effects. More than 2,000 papers
describing the biological activities of glucans exist in the
literature.3 Another advantage of glucans is the fact that all
sufficiently purified polysaccharidic immunomodulators
distinguish themselves by very low toxicity (e.g., for mouse
lentinan has LD50 > 1600 mg/kg4).

Despite detailed knowledge of the activities of many
glucans, limited information is available regarding the
mechanisms of action by orally delivered glucans. For some
time, there were even suggestions that orally administered
glucans have no activity at all. Only recently has more
information about the mechanisms of action of orally deliv-
ered glucans become available.5,6

The limited number of papers dealing with the prob-
lems of glucan transfer through the gastrointestinal tract
mainly focus on the fact that fluorescent-labeled glucan can
be detected in cells isolated from various tissues.7 The stud-
ies of Ross’s group indicated that orally-administered (1,3)-
β-D-glucan is taken up by gastrointestinal macrophages
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and subsequently shuttled to the reticuloendothelial system
and bone marrow. Recent observation found that both insol-
uble glucans and soluble seaweed-derived Phycarine have
similarly pronounced effects when applied via intraperi-
toneal or oral administration.7,8,9

The aims of the present study were to follow up our
previously published comparison of commercial β-glu-
cans10 and to test the effect of different commercially avail-
able glucans on both the cellular and humoral branches of
immune reactions using different routes of administration.

MATERIAL AND METHODS

Animals

Female, 6 to 10 week old BALB/c mice were pur-
chased from the Jackson Laboratory (Bar Harbor, ME). All
animal work was done according to the University of
Louisville IACUC protocol. Animals were sacrificed by
CO2 asphyxiation.

Materials

RPMI 1640 medium, sodium citrate, dextran, ovalbu-
min, Ficoll-Hypaque, antibiotics, sodium azide, bovine
serum albumin, Wright stain, Limulus lysate test E-TOX-
ATE, Freund’s adjuvant and Concanavalin A were obtained
from Sigma Chemical Co. (St. Louis, MO). Fetal calf serum
(FCS) was from Hyclone Laboratories (Logan, UT).

ββ -1,3 glucans

The glucans used in this study were purchased from the
following companies: NOW BETA glucan from NOW
FOODS (Bloomingdale, IL), Krestin from Biotec (Kureha
Chemical Industries, Tokyo, Japan), Glucan #300 from
Transfer Point (Columbia, SC), and ImmunoFiber from
(Whole Control, Arvada, CO).

Glucan treatment

Individual glucans were applied either intraperitoneally or
orally. The samples were collected at different intervals after
either single or three ip. injections (100 mg of glucan/mouse)
or after one day or a fourteen-day feeding with glucan-con-
taining diet. All diets (Laboratory Rodent Diet 5001 enhanced
with various doses of glucan) were formulated and prepared by
Purina (Richmond, IN). Diet ingredients for all groups were
identical except for the proportion of glucan.

Antibodies

For fluorescence staining, the following antibodies
have been employed: anti-mouse CD4, CD8 and CD19,
conjugated with FITC, which were purchased from
Biosource (Camarillo, CA).

Flow cytometry

Cells were stained with monoclonal antibodies on ice
in 12 x 75-mm glass tubes using standard techniques.
Pellets of 5x105 cells were incubated with 10 µl of FITC-
labeled antibodies (1 to 20 µg/ml in PBS) for 30 minutes on
ice. After washing with cold PBS, the cells were re-sus-
pended in PBS containing 1% BSA and 10 mM sodium
azide. Flow cytometry was performed with a FACScan
(Becton Dickinson, San Jose, CA) flow cytometer and the
data from over 10,000 cells/samples were analyzed.

Phagocytosis

The technique that employs phagocytosis of synthetic
polymeric microspheres was described earlier.11,12 Briefly:
peritoneal cells were incubated with 0.05 ml of 2-hydrox-
yethyl methacrylate particles (HEMA; 5x108/ml). The test
tubes were incubated at 37° C for 60 min., with intermit-
tent shaking. Smears were stained with Wright stain. The
cells with three or more HEMA particles were considered
positive. The same smears were also used for evaluation of
cell types.

Evaluation of IL-2 production

Purified spleen cells (2x106/ml in RPMI 1640 medium
with 5% FCS) were added into wells of a 24-well tissue cul-
ture plate. After the addition of 1 mg of Concanavalin A
into positive-control wells, cells were incubated for 72 hrs.
in a humidified incubator (37°C, 5% CO2). At the endpoint
of incubation, supernatants were collected, filtered through
0.45 mm filters and tested for the presence of IL-2. Levels
of the IL-2 were measured using a Quantikine mouse IL-2
kit (R&D Systems, Minneapolis, MN).

RESULTS

Most published studies describe effects of injected β-
glucans (either ip., iv. or sc.). However, it is necessary, in
the event of clinical practice, to evaluate the possibility of
oral delivery. 

Phagocytosis is one of the biological activities tradi-
tionally connected with effects of immunomodulators,
including glucans. Therefore, we started our study by com-
paring the effects of orally and intraperitoneally applied
glucans. When used as a single dose, ip. application showed
more profound effects than oral application (Figure 1 A,B).
In addition, some glucans (such as NOW and Krestin)
exhibited either longer effects or were effective only after
injection. When we repeated the glucan administration for
three consecutive days, we found not only higher phagocyt-
ic activity, but that it also lasted significantly longer (in the
case of #300 and Krestin, up to 7 days). Oral delivery also
showed higher effects, but similar to a single dose, signifi-
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cant effects were observed only in the case of #300 (Figure
2 A,B).

Next, we evaluated the effects of our glucans on the
expression of some immunologically important surface
markers on spleen lymphocytes isolated from mice stimulat-
ed with individual glucans. Using ip. injection, we found that
24 hrs. later, all glucans increased expression of CD4, but this
effect was long-lasting only in the case of #300 (Figure 3A).
When testing CD8 expression, the effects of three active glu-
cans, #300, NOW and Krestin, were observed for 48 hrs.
(Figure 4 A).  None of the tested glucans affected the number
of CD19-positive cells (B lymphocytes (Figure 5A). 

A similar situation has been found in orally-stimulated
mice; the only exception was no activity of ImmunoFiber
(Figures 3B,4B). Again, no effects on expression of CD19
(Figure 5B).

Production of IL-2 belongs to the valuable indicators of
the immune activities. Therefore, we compared the effects of
tested glucans on the secretion of IL-2 by spleen cells iso-
lated from glucan-treated mice. The IL-2 production was
measured after a 72 hr. in vitro incubation of cells. The
results, summarized in Figure 6, showed that even when all
tested glucan stimulated IL-2 production, there were huge
differences between individual glucans (i.e., #300 stimulat-
ed IL-2 secretion 3.5 times more than ImmunoFiber). The
activity of all tested glucans slowly decreased with time, but
was still measurable 14 days after injection (Figure 6A).
Virtually identical, albeit lower, results were found in the
case of orally-treated mice (Figure 6B). 

When we evaluated the IL-2 production after repeated
stimulation with glucans, we found a higher overall secre-
tion of IL-2. Using ip. injection, #300 was more active than

Figure 1. Figure 2.

Effect of an administration of 100 µg of different glucan samples
on phagocytosis by peripheral blood granulocytes (A intraperi-
toneally, B orally). Glucans were applied three times. Each value
represents the mean ± SD. *Represents significant differences
between control (PBS) and glucan samples at P ≤0.05 level.

Effect of an administration of 100 µg of different glucan samples
on phagocytosis by peripheral blood granulocytes (A intraperi-
toneally, B orally). Each value represents the mean ± SD.
*Represents significant differences between control (PBS) and
glucan samples at P ≤0.05 level.

A A

B B
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Concanavalin A up to seven days after last application, with
both Krestin and NOW showing strong stimulation (Figure
7A). The same situation was found after oral application,
where we discovered significant stimulation in each glucan
even two weeks after the last application (Figure 7B). It is
important to note that the secretion of IL-2 by control (i.e.,
non-stimulated cells) was almost zero; therefore, all glucans
yielded statistically significant stimulations. When com-
pared to stimulation with Con A, #300 showed stronger
effects, Krestin and NOW were comparable, and
ImmunoFiber showed lower activity. 

Glucans are usually considered more as stimulators of
the cellular branch of immune reactions; however, some
glucans can act as nonspecific adjuvant. Using an experi-
mental model of ovalbumin immunization, we applied glu-

can either intraperitoneally together with two doses of anti-
gen (Figure  8A), or orally for two weeks (Figure 8B). In
both cases, only glucans #300, Krestin and ImmunoFiber
showed stimulation of antibody response. 

Finally, we evaluated whether the glucan feeding was
reflected in changes of weight of individual organs. As seen
in Table 1, there were no differences in the weight of any
tested organs. In addition, the ip. injection had no effects
(results not shown).

DISCUSSION

β-Glucans show notable physiological effects, which is
the main reason why so much attention has been devoted to
them. They belong to a group of physiologically active

Figure 3. Figure 4.

Effect of application of 100 µg of tested glucans on the expression
of CD4 marker by spleen cells (A intraperitoneally, B orally). The
cells from three donors at each time interval were examined and
the results given represent the means ± SD.

*Represents significant differences between control (PBS) and
samples at P ≤ 0.05 level. 

Effect of application of 100 µg of tested glucans on the expression
of CD8  marker by spleen cells (A intraperitoneally, B orally). The
cells from three donors at each time interval were examined and the
results given represent the means ± SD.  *Represents significant dif-
ferences between control (PBS) and samples at P ≤ 0.05 level.

A

B B

A
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Figure 5. Figure 6.

Effect of application of 100 ?g of tested glucans on the expression
of CD19 marker by spleen cells (A intraperitoneally, B orally). The
cells from three donors at each time interval were examined and
the results given represent the means ± SD.

Effects of glucans on Con A-stimulated secretion of IL-2 by spleen
cells (A intraperitoneally, B orally).

Table 1.

Control                     #300                     Krestin                  ImmunoFibre                 Now

Total weight 23.33 ± 1.06 24.34 ± 1.27 24.11 ± 1.48 24.99 ± 4.11 26.99 ± 2.77

Liver 1.77 ± 0.23 1.49 ± 0.31 1.55 ± 0.19 1.54 ± 0.38 1.47 ± 0.35

Spleen 0.16 ± 0.09 0.17 ± 0.06 0.14 ± 0.05 0.17 ± 0.07 0.16 ± 0.03

Thymus 0.05 ± 0.02 0.06 ± 0.01 0.06 ± 0.01 0.05 ± 0.01 0.08 ± 0.02

Heart 0.16 ± 0.06 0.17 ± 0.10 0.18 ± 0.08 0.16 ± 0.03 0.17 ± 0.03

Kidneys 0.14 ± 0.10 0.38 ± 0.07 0.40 ± 0.12 0.40 ± 0.15 0.42 ± 0.05

Lung 0.16 ± 0.02 0.17 ± 0.02 0.15 ± 0.02 0.18 ± 0.03 0.18 ± 0.05

B B

A A
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compounds, collectively termed biological response modi-
fiers. Thus far, among many known and tested immunomod-
ulators of the first order, polysaccharides isolated from dif-
ferent microorganisms and plants hold a formidable place.
A large number of such polysaccharides, that act only as
immunopotentiators are well known.13

Binding of β-glucan to specific receptors (either CR3
or Dectin-1) activates macrophages. The activation consists
of several interconnected processes including increased
chemokinesis, chemotaxis, migration of macrophages,
degranulation leading to increased expression of adhesive
molecules, and adhesion to the endothelium. In addition, β-
glucan binding triggers intracellular processes, character-
ized by the respiratory burst after phagocytosis of invading
cells (formation of reactive oxygen species and free radi-
cals), the increase of content and activity of hydrolytic
enzymes, and signaling processes leading to activation of
other cells and secretion of cytokines. For an excellent

review regarding interaction of glucans with macrophages,
see  Schepetkin and Quinn.14

Regarding the question as to whether glucans are sim-
ilarly active when administered orally, we compared the
oral and intraperitoneal applications. To allow our experi-
ments more relevancy in the use of natural immunostimu-
lants, we compared the effects of a single application with
repeated doses. 

The rationale for the choice of glucans parallels what
was stated in our previous paper.10 We chose four glucans
widely sold and available in the US, Europe, and the Far
East, representing grain-, mushroom- and yeast-derived glu-
cans in soluble and insoluble form. Briefly, #300 is insolu-
ble yeast-derived glucan; Krestin is soluble mushroom-

Figure 7. Figure 8.

Effects of glucans on Con A–stimulated secretion of IL-2 by
spleen cells (A intraperitoneally, B orally).  Glucans were applied
three times.

Effects of two ip. injections (A) or two week oral delivery (B) of test-
ed glucans on formation of antibodies against ovalbumin. Mice
were injected twice (two weeks apart) with antigen and the serum
was collected 7 days after last injection. Level of specific antibod-
ies against ovalbumin was detected by ELISA.  As a positive control,
Freund’s adjuvant was used. *Represents significant differences
between control (ovalbumin alone) and samples at P ≤ 0.05 level.

A A

BB
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derived glucan; ImmunoFiber represents soluble grain-
derived glucan; and NOW is a mixture of both insoluble glu-
cans from yeast and soluble glucans from mushrooms.

There are very few comprehensive reviews focused on
biological properties of glucans from various existing
sources. The comparative reviews focus mainly on the
reflection of chemical characteristics of glucans on their
biological and immunological properties.15,16

In this paper, we continued the comparison of several
commercially important glucans.10 Glucans are well known
for their ability to stimulate the innate immunity and the
cellular branch of immune reaction.13 Therefore, our initial
focus was phagocytic activity with the use of peripheral
blood neutrophils and synthetic microspheres as a model.
Our results confirmed our previous studies showing that
glucan #300 was one of the most active glucans, regardless
of the route of application.8,10,17-19 Additional data showed
that the duration of these effects depends on the strength
and timing of the glucan treatment since repeated doses
clearly resulted in stronger and longer action stimulation.

We then turned our attention to the effect of glucans on
surface markers. In the case of CD4-positive lymphocytes,
one injection of any of the glucans was enough to increase
the influx of these cells. In the case of oral application, the
data were similar with the exception of ImmunoFiber,
which showed no activity. Similar data were observed in the
case of CD8-positive splenocytes. In both cases, only #300,
Krestin and NOW showed longer effects — two days for
Krestin and NOW, and up to one week for glucan #300. The
number of CD19-positive cells (B lymphocytes) did not
change. These findings were in agreement with previous
data established using Phycarine20 or lentinan.21 When we
measured repeated doses of glucan, the results were identi-
cal to those shown in Figures 3 to 5, and due to the restrict-
ed space, were not included in this report.  

It is assumed that glucan application results in signal-
ing processes leading to activation of macrophages and
other cells, and subsequent secretion of cytokines and other
substances initiating inflammation reactions (e.g., inter-
leukins IL-1, IL-2, IL-6, and  TNF-α).22-24 We found that all
tested glucans stimulated splenocytes to produce IL-2, with
#300 and Krestin showing the strongest and longest effects.
Our findings were similar to previously published data.8,10,20

As some recent studies established that glucans can
also support the humoral branch of the immune reaction by
serving as adjuvant,25 we compared the adjuvant activities
of tested glucans with Freund’s adjuvant. Our results
showed that even when the activities were always lower than
those of Freund’s adjuvant, they were nevertheless signifi-
cant, with the higher activity found in the previously almost
inactive ImmunoFiber. These data correlate well with the
previous finding of significant adjuvant activity with grain-
derived glucans.10 It is important to note that in these exper-

iments, we applied the glucans either two times ip. (togeth-
er with the antigen) or for a full two weeks (in case of oral
application).

The present paper represents yet another proof of vast
differences among commercially available glucans. To con-
clude — glucan #300 was again a highly active glucan with
a sufficiently broad range of action. We demonstrated that
oral application is comparable to the intraperitoneal route,
and that the somehow lower effects after oral stimulation
can be easily overcome by repeated oral doses.
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ABSTRACT

Withania somnifera (WS) has historically been used in
Asia for treating stress-related health conditions. In this
study, we investigated the effects of standardized WS root
and leaf extract (WSE) in chronically stressed humans in a
modern clinical trial. Participants were randomly assigned
to WSE (125 mg QD, 125 mg BID, or 250 mg BID) or
placebo groups. Stress levels were assessed at Days 0, 30,
and 60 using a modified Hamilton anxiety (mHAM-A)
scale. Biochemical and clinical variables were measured at
Days 0 and 60. Of 130 subjects enrolled, 98 completed the
study. Between Days 0 and 60, the WSE 125 mg QD group
decreased significantly more than placebo for mean
mHAM-A score, serum cortisol, serum C-reactive protein,
pulse rate and blood pressure, and increased significantly
for mean serum DHEAS and hemoglobin. Other WSE treat-
ment groups had greater dose-dependent responses in these
parameters and had significantly greater responses com-
pared to placebo in mean fasting blood glucose, serum lipid

profiles and cardiac risk ratios. Participants and dropouts
reported no adverse effects. Therefore, this study provides
evidence that the consumption of WSE significantly
reduces experiential and biochemical indicators of stress
without adverse effects.

Key words: Withania somnifera, antistress, withanolides,
sitoindosides, cortisol, C-reactive protein.

INTRODUCTION

Stress is a major component of modern life, causing
adverse physiological conditions such as cognitive deficien-
cies, impaired glucose and lipid homeostasis, immunosup-
pression, sexual dysfunction, gastric ulceration, and alter-
ation in serum cortisol and dehydroepiandrosterone sulfate
(DHEAS) levels.1 Development of active management and
treatment protocols that control stress-related symptoms
with minimum adverse effects would be of great benefit.

Withania somnifera Dunal (Solanacea) (WS) has tradi-
tionally been used in Asia for safely managing and treating
stress. Also known as Ashwagandha, Indian ginseng and
winter cherry, it belongs to a rasayana (vitalizer) group of
medicinal plants that stabilize and revitalize systemic func-
tions. The Ayurvedic system of medicine claims that it pro-
motes stress relief, health and longevity by potentiating the
immune system, arresting premature aging, restoring
homeostasis and increasing resistance to adverse environ-
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mental factors, collectively known as the antistress-adapto-
genic effect.2-4 However, its healing effects on chronically
stressed individuals have never been evaluated in a random-
ized, controlled clinical trial.

Several bio-actives, including withanolide glycosides
(also known as sitoindosides) and withanolide aglycones,
are considered to be responsible for the medicinal proper-
ties of WS.5,6 Traditional medicinal use of WS has
employed root powder derived from wild plants,7 which are
relatively low in concentration of bioactives.5 Cultivated
WS varieties differ morphologically from wild WS,8 and
have higher levels of bioactive components.5,9 Methods to
further concentrate levels of bioactives in standardized WS
extracts (WSE) have also been developed.9  

The objective of this study was to investigate, in chron-
ically stressed adults, the impact of WSE on experiential
and biochemical indicators of stress and anxiety as well as
cardiovascular risk, and to evaluate WSE tolerance.

MATERIALS AND METHODS 

This double-blind, randomized, placebo-controlled study
was conducted from November 2004 to October 2006 at the
Central Research Institute (Ayurveda), Ministry of Health
and Family Welfare, Bidhan Nagar, Kolkata, India (CRI), in
accordance with the World Health Organization's Guideline
for Good Clinical Practice and the World Medical
Association Declaration of Helsinki.10, 11 The CRI Ethics
Committee approved the protocol. Patients identified as
stressed in the CRI outpatient department were assessed clin-
ically (blood pressure, resting heart rate, reflexes, and neuro-
logical and psychological status) and completed a question-
naire assessing the severity of stress symptoms (cognitive,
mood and behavioral) based on a Bengali version of a modi-
fied Hamilton anxiety (mHAM-A) scale for stress.12, 13

In the questionnaire, patients rated symptoms of anxi-
ety (fatigue, flushing, perspiration, loss of appetite,
headache and muscle pain, feelings of impending doom,
palpitations, dry mouth, sleeplessness, forgetfulness, irri-
tability and inability to concentrate) on a 5-point scale (0 =
no symptoms; 1 = occasional; 2 = mild/poor; 3 = moderate;
4 = severe). The total score was calculated by adding the
score from individual questions. 

Men and women aged 18 to 60 years were eligible for
the study if they had a mHAM-A score of 24 to 42.
Exclusion criteria were any concomitant serious physical
disorder(s) or antistress treatment (antidepressants, anxi-
olytic) that was ongoing or had occurred during the previ-
ous month. Exercise as well as drugs that lower serum
lipids, blood pressure or blood sugar were not considered
exclusion criteria, but this was not considered a significant
bias in the study because only two participants (1.5% of the
total) were taking drugs of this nature (hypertensive) and

they were allocated randomly into different treatment
groups. Participants provided written informed consent in
English and Bengali, the local language, and were random-
ly divided into four groups using a computer-generated ran-
dom number list: WSE 125 mg QD, WSE 125 mg BID,
WSE 250 mg BID, and placebo.

The WSE used in this study {trade names Sensoril®

(Natreon Inc., New Brunswick, New Jersey) and Essentra®

(NutraGenesis, LLC, Brattleboro, Vermont)} was derived
from a withaferin A and corresponding withanolide glyco-
side-predominant, genetically uniform chemotype, which
was cultivated in the central and northern provinces of
India. WS root and leaf material was processed using a
water-based extraction protocol and assessed using high
performance thin layer chromatography analysis of frac-
tions against standard references (CAMAG Linomat V
applicator, CAMAG TLC Scanner, and WinCats software
version 1.3.4; CAMAG, Sonnenmattstr. Muttenz,
Switzerland) in accordance with US Patent 6,713,092. The
single lot of WSE used in the study had a composition that
was standardized to a minimum of 8% withanolide glyco-
sides and 32% oligosaccharides, and a maximum of 2%
withaferin A.

WSE (125 mg or 250 mg) plus excipients or excipients
only (placebo) were placed in coded hard-gelatin capsules
identical in size, shape, color (opaque white) and texture.
Participants received two bottles of capsules and were told
to take one capsule from Bottle 1 before lunch and one cap-
sule from Bottle 2 before dinner for 60 days. Participants in
the WSE 125 mg QD group took a 125 mg WSE capsule
before lunch and a placebo capsule before dinner.
Participants in the other groups took two of the same cap-
sule (corresponding to the group name, e.g., the placebo
group took two placebo capsules, etc.) each day. At each of
four visits, participants received a 15-day supply of cap-
sules. Compliance was monitored by counting the remain-
ing pills at each follow-up visit and at the end of the study.
Information about tolerance (i.e., treatment-emergent
adverse effects) was obtained by questioning the partici-
pants and clinically examining them at each visit. 

Experiential feelings of stress and anxiety were
assessed by calculating the sum of scores from the mHAM-
A questionnaire taken at baseline (Day 0), Day 30 and Day
60. To measure biochemical markers of stress and anxiety,
participants fasted overnight prior to visits at baseline and
Day 60 to avoid diurnal variations (particularly in serum
cortisol concentration14). Blood samples (6–10 mL) were
collected in vacutainer tubes (BD Vacutainer Systems
Medical Supplies, Plymouth Devon, UK) between 9 a.m.
and 11 a.m., stored at 4°C, and assayed for serum concen-
trations of cortisol, dehydroepiandrosterone sulfate
(DHEAS), C-reactive protein (CRP), fasting blood glucose
(FBG), total cholesterol (TC), triglycerides (TG), low-den-
sity lipoprotein cholesterol (LDL-C), very low-density



lipoprotein cholesterol (VLDL-C), high-density lipoprotein
cholesterol (HDL-C), and hemoglobin at a laboratory
(Doyen Diagnostic & Research Foundation, 59 Bhupen
Bose Avenue, Kolkata-700004) accredited by the National
Accreditation Board for Testing and Calibration
Laboratories, Dept. of Science and Technology,
Government of India. Pulse rate and blood pressure were
also determined.

Difference scores were calculated by subtracting sum
values at 30 days from baseline, 60 days from baseline, and
60 days from 30 days for each variable individually and for
the total anxiety score. Difference scores were then com-
pared among groups using 1-way analyses of variance with
post hoc pairwise comparisons of the three treatment
groups with the placebo group using the least significant
difference method. Percent changes were expressed as the
difference between the means of the baseline and treatment
phases divided by the mean of the baseline phase multiplied
by 100. Cardiovascular risk ratios (TC:HDL-C and LDL-
C:HDL-C) were calculated as TC divided by HDL-C and
LDL-C divided by HDL-C, respectively. Values between 3.5
and 5 for TC:HDL-C and between 1.1 and 3.6 for LDL-
C:HDL-C indicate average risk of developing coronary
artery disease and heart disease.15 Sample size calculations
were not done for this study. P < 0.05 was considered sta-
tistically significant.

RESULTS

Out of 160 eligible participants, 130 (95 men, 35
women; mean age= 39.8 years) initially enrolled in the study
(Table 1) and 32 (26 men, 6 women) dropped out (WSE 125
mg QD group, 11; WSE 125 mg BID group, 5; WSE 250 mg
BID group, 1; and placebo group, 15). Reasons for study

withdrawal were protocol violations, 6; being lost to follow-
up, 10; physician’s decision, 4; and lack of efficacy, 12. This
dropout rate (and the fact that lack of efficacy was the largest
category of dropouts) is fairly common in clinical trials of
psychiatric drugs and is well within professionally recog-
nized limits.16 Because dropouts were not included in the
final analysis, per-protocol analysis was followed and intent-
to-treat analysis was not performed.17

Participants in all WSE treatment groups experienced
improved well being at Day 30 and Day 60 (Figure 1). The
125 mg QD group decreased significantly (P<0.001) in
mean sum mHAM-A score from baseline (29.9) to Day 30
(18.1; -39.5%) and to Day 60 (11.3; -62.2%) compared to
the placebo group, which showed no significant mean
change in sum mHAM-A score throughout the study. Mean
sum mHAM-A scores for the other WSE groups decreased
even further than for the 125 mg QD group in a dose-
dependent manner. The mean sum mHAM-A score for the
placebo group at baseline, 27.6, was lower than those of the
WSE-treated groups (which ranged between 29.2-29.9), but
not significantly. Mean scores for individual questions on
the mHAM-A questionnaire also decreased significantly
(P<0.001) at Day 30 and Day 60 for all WSE treatment
groups versus the placebo group (Table 2).

Mean values (SD) of biochemical and clinical parame-
ters investigated for each treatment group are summarized
in Tables 3 and 4. Between baseline and Day 60, the WSE
125 mg QD group decreased significantly (P<0.05) more
than the placebo group for mean serum cortisol (-14.5%),
serum VLDL-C (-8.9%), systolic BP (-1.6%), diastolic BP
(-5.6%), and (P<0.001) serum CRP (-31.6%) and pulse rate
(-6.0%), and increased significantly (P<0.05) more than the
placebo group for mean serum DHEAS (13.2%) and hemo-
globin (6.3%). For the same period, the other WSE treat-

Table 1. Baseline demographic and clinical characteristics of study participants (N = 130).z

Characteristic Group

WSE 125 mg QD

 (n = 30)

WSE 125 mg BID

(n = 35)

WSE 250 mg BID

(n = 35)

Placebo

(n = 30)

Age, mean (SD), y 37.8 (12.4) 39.4 (12.6) 40.0 (9.9) 42.1 (9.6)

Sex, no. (%)

  Men 22 (73.3) 27 (77.1) 23 (65.7) 23 (76.7)

  Women 8 (26.7) 8 (22.9) 12 (34.3) 7 (23.3)

Weight, mean (SD), kg 58.9 (9.9) 60.5 (9.0) 59.1 (9.2) 59.1 (6.6)

Height, mean (SD), cm 161.8 (9.3) 161.5 (7.7) 162.7 (7.3) 159.4 (6.7)

WSE = Withania somnifera extract.
z No significant between-group differences were found.
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ment groups had even greater responses in these parameters
than the WSE 125 mg QD group in a dose-dependent man-
ner. In addition, the WSE 125 mg BID group had signifi-
cantly (P<0.05) greater reductions, compared to the place-
bo group, in mean FBG (-4.7%), serum TC (-7.0%), serum
TG (-9.5%), and serum LDL-C (-9.0%). The WSE 250 mg
BID group had similar to greater responses in mean FBG,
and serum TC, TG and LDL-C than the WSE 125 mg BID
group, and also had a significantly (P<0.001) greater
increase in mean serum HDL-C compared to the placebo
group (17.3%). Cardiac risk ratios, at the higher end of the
average risk range at Day 0 for all treatment groups,
improved for the two higher dosage WSE groups at Day 60
by decreasing significantly (P<0.05) compared to the place-
bo group (data not shown).

No significant difference was observed in the placebo
group between baseline and Day 60 for any biochemical or
clinical parameter measured. In addition, no study partici-
pant or dropout experienced any adverse effects or with-
drawal effects, regardless of the dosage or frequency.

Table 2. Mean (SD) scores by treatment group for individual symptoms of stress and anxiety based on a modified Hamilton anx-
iety scalez at Day 0 (baseline) and after 30 and 60 days of treatment with Withania somnifera extract (WSE) or placebo (n = 98).

Symptom

Fatigue Flushing Perspiration Loss of appetite Headache and
muscle pain

Feelings of
impending doom

Group Day

0

Day

30

Day

60

Day

0

Day

30

Day

60

Day

0

Day

30

Day

60

Day

0

Day

30

Day

60

Day

0

Day

30

Day

60

Day

0

Day

30

Day

60

WSE 125 mg QD

(n = 19)

3.2

(0.7)

1.9

(0.7)†

1.5

(0.7)†‡

2.1

(1.0)

1.1

(0.8)†

0.4

(0.6)†

2.4

(1.2)

1.6

(0.8)†

1.2

(0.7)†

1.3

(0.6)

1.1

(0.8)†

0.9

(0.7)†‡

2.4

(1.0)

1.1

(0.8)†

0.6

(0.6)†

3.2

(0.8)

1.7

(0.7)†

0.8

(0.6)†‡

WSE 125 mg BID

(n = 30)

2.9

(0.9)

1.3

(1.0)†

0.6

(0.6)†‡

1.6

(1.1)

0.8

(0.9)†

0.4

(0.6)†

1.9

(1.1)

1.3

(0.6)†

0.9

(0.4)†

1.7

(1.1)

0.8

(0.7)†

0.5

(0.6)†

1.7

(1.1)

0.8

(0.7)†

0.5

(0.6)†‡

3.6

(0.6)

2.0

(0.9)†

0.9

(0.8)†‡

WSE 250 mg BID

(n = 34)

3.0

(1.0)

1.4

(0.8)†

0.4

(0.5)†‡

1.8

(1.0)

0.7

(0.7)†

0.4

(0.5)†

1.8

(1.3)

1.2

(0.4)†

0.8

(1.3)†

1.4

(0.7)

1.0

(0.4)†

0.8

(0.4)†‡

1.7

(1.0)

0.5

(0.6)†

0.3

(0.5)†‡

3.1

(0.7)

1.4

(0.6)†

0.5

(0.7)†‡

Placebo

(n = 15)

2.9

(1.0)

2.9

(0.9)

2.7

(0.8)

1.9

(1.0)

1.7

(1.2)

1.5

(0.9)

1.5

(0.9)

1.5

(1.1)

1.5

(0.7)

1.2

(0.6)

1.5

(0.5)

1.5

(0.5)

2.1

(0.8)

1.9

(0.8)

1.8

(0.8)

3.1

(1.0)

3.0

(1.0)

3.2

(0.9)

Symptom

Palpitations Dry mouth Sleeplessness Forgetfulness Irritability Inability to concentrate

Group Day
0

Day
30

Day
60

Day
0

Day
30

Day
60

Day
0

Day
30

Day
60

Day
0

Day
30

Day
60

Day
0

Day
30

Day
60

Day
0

Day
30

Day
60

WSE 125 mg QD

(n = 19)

1.9

(0.8)

1.1

(0.8)†

0.6

(0.5)†

1.4

(1.0)

0.8

(0.8)†

0.5

(0.6)†

3.1

(0.9)

1.9

(0.8)†

0.9

(0.8)†‡

2.7

(0.7)

1.8

(0.5)†

1.4

(0.6)†‡

3.1

(0.7)

1.9

(0.9)†

0.9

(0.5)†‡

3.2

(0.5)

2.1

(0.7)†

1.6

(0.8)†‡

WSE 125 mg BID

(n = 30)

2.2

(1.1)

0.9

(0.9)†

0.6

(0.6)†

1.5

(0.8)

0.7

(0.7)†

0.4

(0.5)†

3.1

(1.0)

1.9

(1.1)†

1.0

(0.8)†‡

2.8

(0.8)

1.8

(0.8)†

1.2

(0.6)†‡

3.4

(0.6)

1.9

(0.7)†

0.8

(0.6)†‡

3.3

(0.7)

1.6

(0.8)†

0.8

(0.6)†‡

WSE 250 mg BID

(n = 34)

2.2

(1.1)

0.8

(0.8)†

0.6

(0.7)†

1.5

(1.0)

0.4

(0.7)†

0.0

(0.0)†

3.2

(1.1)

1.6

(0.7)†

0.5

(0.7)†‡

2.8

(0.7)

1.1

(0.5)†

0.9

(0.5)†‡

3.2

(0.7)

1.7

(0.6)†

0.4

(0.6)†‡

3.1

(0.9)

1.5

(0.7)†

0.5

(0.6)†‡

Placebo

(n = 15)

2.2

(0.7)

2.1

(0.7)

1.9

(0.7)

1.5

(0.9)

1.5

(0.9)

1.4

(0.7)

2.7

(1.2)

2.7

(1.2)

2.7

(1.1)

2.8

(0.4)

2.5

(0.5)

2.5

(0.5)

2.7

(1.1)

2.8

(1.1)

2.9

(1.1)

3.0

(0.9)

3.0

(1.0)

3.0

(0.9)

z Scale: 0 = never; 1 = occasional; 2 = mild/poor; 3 = moderate; 4 = severe.

†P < 0.001 versus Placebo Group, ‡P < 0.05 versus 30 days of treatment. 

DISCUSSION

Several studies have been carried out during the last
few decades on the chemical constituents of WS18 and its
biological activities, mostly using powder (or non-standard-
ized extracts) derived from the roots of wild plants.
Experimental studies of WS have assessed its antistress,19

antioxidant,20 immunomodulatory,21, 22 anticancer,23 antitu-
mor,24 cardioprotective,25 antiosteoarthritis26 and antiag-
ing27 activities. Our study is the first to evaluate the thera-
peutic benefits of standardized WSE in human subjects
using modern clinical trials.

Our findings that WSE reduces experiential feelings of
stress and anxiety at all dosage levels tested supports the
traditional claims of WS’s antistress-adaptogenic effect. All
WSE-treated groups showed improvement in mHAM-A
stress and anxiety scores at both Day 30 and Day 60 as a
result of participants feeling less fatigue, flushing, perspira-
tion, loss of appetite, headache and muscle pain, feelings of
impending doom, palpitations, dry mouth, sleeplessness, for-
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getfulness, irritability and inability to concentrate. The place-
bo group did not display changes in mHAM-A score
throughout the study. Feelings of frustration that treatment
was not helping their stress may have contributed to the high-
er dropout rate in this group. The placebo group had nine par-
ticipants drop out due to lack of efficacy compared to three
for all WSE-treated groups combined (data not shown).

WSE’s therapeutic activity may be attributed, at least in
part, to its effect on the hypothalamic-pituitary-adrenal axis,
which regulates serum cortisol concentration.28 The link
between adaptogenic effects and cortisol has previously
been described.29 In fact, the mean serum cortisol concen-
tration in all three WSE-treated groups, while being in the
normal range throughout the study, declined between base-
line and Day 60. In individuals with normal circadian
rhythm, serum cortisol concentration is high in the morning
and tends to decrease throughout the afternoon, reaching its
lowest point around 11 p.m.14 One of the effects of chronic
stress is that serum cortisol concentration peaks in the after-
noon, rather than becoming lower.28 Supplementation with
WSE may offset this afternoon cortisol peak in stressed indi-
viduals, although future studies are needed to confirm this.

Many types of physical and emotional stress, particu-
larly those that are chronic in nature, reduce serum DHEAS
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Figure 1. Mean sum (SD) total stress and anxiety scores
based on a modified Hamilton anxiety (mHAM-A) scalez by
group for Day 0 (baseline), Day 30 and Day 60 of treatment
with Withania somnifera extract (WSE) or placebo (n = 98). 

zScale: 0 = never; 1 = occa-
sional; 2 = mild/poor; 
3 = moderate; 4 = severe.

DHEAS = dihydroepiandrosterone sulfate; CRP = C-reactive protein; FBG = fasting blood glucose; TC = total cholesterol; TG = triglyc-
erides; LDL-C = low-density lipoprotein cholesterol; VLDL-C = very low-density lipoprotein cholesterol; HDL-C = high-density lipopro-
tein cholesterol. * P<0.05 versus Placebo Group, † P<0.001 versus Placebo Group, ‡ P<0.05 versus WSE 125 mg QD Group, # P<0.05
versus WSE 125 mg BID Group.

Table 3. Mean (SD) values and percentage changes by treatment group of biochemical variables measured at Day 0 (base-
line) and after 60 days of treatment with Withania somnifera extract (WSE) or placebo (n = 98).

Biochemical Variables

Serum Cortisol

µg/dL

Serum DHEAS

µg/dL

CRP

mg/L

FBG

mg/dL

Serum TC

mg/dL

Group Day

0

Day

60 %∆

Day

0

Day

60 %∆

Day

0

Day

60 %∆

Day

0

Day

60 %∆

Day

0

Day

60 %∆

WSE 125 mg

QD (n = 19)

13.1

(3.0)

11.2

(2.1)

–14.5* 167.4

(37.8)

189.5

(40.8)

 13.2* 3.8

(1.2)

2.6

(1.1)

–31.6† 88.1

(12.5)

87.6

(11.7)

–0.6 176.4

(30.0)

173.5

(27.6)

–1.6

WSE 125 mg

BID (n = 30)

12.8

(3.9)

9.7

(2.4)

–24.2† 152

(48.9)

200.7

(54.6)

32.2†‡ 4.1

(1.0)

2.6

(1.0)

–36.6† 94.4

(16.5)

90.0

(13.6)

–4.7* 176.0

(33.4)

163.7

(30.9)

–7.0*

WSE 250 mg

BID (n = 34)

14.1

(3.3)

9.8

(2.4)

–30.5†‡ 159.6

(61.7)

212.1

(74.7)

32.5†‡ 5.4

(1.4)

3.5

(2.6)

–35.2† 91.9

(11.2)

86.3

(8.7)

–6.1* 193.5

(27.2)

168.1

(27.5)

–13.1†‡#

Placebo

(n = 15)

13.5

(3.2)

14.1

(3.3)

4.4 166.7

(32.9)

149.3

(35.6)

–10.8 6.4

(3.7)

6.0

(3.7)

  –6.3 91.2

(12.2)

93.1

(11.1)

  2.1 171.1

(18.6)

172.7

(22.7)

0.9

Serum TG

mg/dL

Serum LDL-C

mg/dL

Serum VLDL-C

mg/dL

Serum HDL-C

mg/dL

Group Day

0

Day

60 %∆

Day

0

Day

60 %∆

Day

0

Day

60 %∆

Day

0

Day

60  %∆

WSE 125 mg

QD (n = 19)

119.4

(45.5)

114.2

(41.6)

   –4.4 122.7

(25.0)

114.9

(18.3)

 –6.4 25.9

(8.9)

23.6

(6.0)

–8.9* 37.9

(4.9)

39.0

(5.0)

 2.9

WSE 125 mg

BID (n = 30)

135.3

(40.5)

122.4

(34.9)

–9.5* 118.1

(26.2)

107.5

(22.7)

 –9.0* 32.5

(12.2)

27.1

(10.4)

–16.6† 37.3

(6.4)

39.0

(5.2)

 4.6

WSE 250 mg

BID (n = 34)

132.8

(46.0)

117.3

(35.7)

–11.7†‡ 134.7

(20.4)

111.2

(14.0)

-17.4†‡# 32.7

(7.8)

24.9

(7.0)

–23.9†‡ 34.6

(7.0)

40.6

(6.4)

17.3*‡#

Placebo

(n = 15)

127.9

(31.4)

133.9

(33.3)

     4.7 119.5

(28.6)

118.8

(26.9)

 –0.6 27.1

(7.8)

29.4

(8.8)

   8.5 39.3

(4.9)

39.1

(5.5)

–0.5
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concentration, which can be used as a marker of stress.30 In
the present study, the WSE-treated groups displayed
increased serum DHEAS concentrations by the end of the
study, compared to the placebo group. The normalizing
action of WSE may also be due to neuroprotective proper-
ties of withanolide glycosides and withaferin A that help
reduce the stress-induced generation of reactive oxygen
species in various parts of the brain.22, 31-33

Chronic stress has been found to be associated with
higher than normal levels of serum CRP, a systemic marker
of inflammation that is associated with increased risk for a
host of chronic diseases.34 Use of WSE at all doses and fre-
quencies in this study resulted in a decrease in mean serum
CRP concentration, indicating that systemic inflammation
may have declined in members of each WSE-treated group.
Ingestion of WS root powder has decreased inflammation in
animal models.35 Together these findings suggest that WSE
use might contribute to decreased risk of chronic disease, an
idea meriting further investigation. 

Reduction in fasting blood glucose concentration in the
two highest dosage WSE-treated groups was also found.
This finding may be related to the observed concomitant
reduction in serum cortisol concentration. Cortisol is a glu-
cocorticoid hormone that performs several functions,
including regulation of blood sugar levels.36

CONCLUSIONS

This study determined that daily consumption of stan-
dardized WSE at three dosages (125 mg QD, 125 mg BID,

and 250 mg BID) reduced experiential feelings of stress and
anxiety, serum concentrations of cortisol and CRP, pulse
rate and blood pressure; and increased serum concentration
of DHEAS in the chronically stressed adults who complet-
ed the study. The WSE 125 mg BID and WSE 250 mg BID
dosages also improved fasting blood glucose levels and
lipid profiles for study participants in those groups. Cardiac
risk ratios improved for the two higher dosage WSE groups.
Although the 25% dropout rate may have partially skewed
results, the observed dose-dependent, significant trends in
most variables evaluated support the view that daily use of
WSE would benefit people suffering from the effects of
stress and anxiety without any adverse effects.
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Table 4. Mean (SD) values and percentage changes by treatment group of clinical variables measured at Day 0 (baseline)
and after 60 days of treatment with Withania somnifera extract (WSE) or placebo (n = 98).

Clinical Variables

Hemoglobin

g/dL

Pulse rate

Beats/min

Systolic

Blood Pressure (BP)

mm Hg

Diastolic

Blood Pressure (BP)

mm Hg

Day

0

Day

60
%∆

Day

0

Day

60
%∆

Day

0

Day

60
%∆

Day

0

Day

60
%∆

WSE 125 mg

QD (n = 19)

12.7

(1.2)

13.5

(1.5)

6.3* 76.4

(4.6)

71.8

(1.4)

–6.0† 121.6

(11.7)

119.6

(7.0)

–1.6* 83.5

(10.1)

78.8

(5.8)

 –5.6*

WSE 125 mg

BID (n = 30)

12.6

(1.3)

13.1

(1.4)

4.0* 80.7

(6.4)

74.1

(3.7)

–8.2† 126.3

(13.6)

122.0

(8.6)

–3.4† 82.8

(7.1)

78.7

(4.4)

 –5.0*

WSE 250 mg

BID (n = 34)

12.1

(1.2)

13.2

(1.1)

9.1† 78.8

(7.7)

73.6

(4.3)

–6.6† 120.0

(15.2)

116.1

(9.8)

–3.3† 81.6

(9.5)

76.4

(7.1)

–6.4†

Placebo

(n = 15)

12.7

(1.2)

12.5

(1.2)

–1.6 78.4

(2.3)

80.0

(3.4)

  2.0 118.7

(11.4)

125.6

(8.0)

  5.8 83.5

(6.7)

86.3

(4.5)

  3.4

* P<0.05 versus Placebo Group, † P<0.001 versus Placebo Group.
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