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Editors note:  With all the news media on the measles 
catastrophe, it was amusing to come across the following  
editorial written ten years ago by Dr. Jack Kessinger. The 
same rules that apply to flu immunization are also true 
for the measles turmoil. Think about this: 180 people died 
from the measles vaccination and there are no fatalities 
reported from actually having measles. Where is the 
science behind the hype?

Flu Vaccine Shortage:  Hype or Genuine?

 Is the seemingly annual flu vaccine shortage real or hype?  
It seems every fall a flu vaccine shortage is reported, 
then somehow, miraculously, a surplus is found.  Is it 
just simply in the name of good business to generate the 
free advertising from the fear-mongering media?  This 
year’s flu vaccine shortage proved to be an ongoing major 
news media frenzy.  Is the so-called shortage really just 
a brilliant scheme to hype their product by suggesting 
there is simply not enough of this mystical product?  Elvis 
Presley’s manager, Colonel Parker, had a simple business 
philosophy — never give them all they want; leave them 
wanting more. 
 
After hearing all about a possible flu vaccine shortage in 
the fall, the following spring we get an explanation that 
our scientists had incorrectly guessed the specific strain of 
flu virus that would appear, resulting in the flu epidemic 
that occurred. 
 
Do we remember the swine flu vaccine disaster that 
occurred in 1976?  It was reported that an army recruit 
died within a very short period of time from a specific 
influenza not seen since the great epidemic of 1918-
19.  Shortly after the recruit’s death, health officials 
reported that he had been killed from a strain of virus 
labeled “swine” flu.  Public fear of an epidemic was soon 
cultivated; even though government doctors knew from 
tests that 500 soldiers at the same base had contacted the 
swine flu without even falling ill.  The doctors knew they 
would be roundly criticized if an epidemic broke out, and 
they had done nothing.  On the other hand, criticism was 
inevitable if they spent millions on a plague that did not 
happen.  Joseph Califano, whom President Jimmy Carter 
appointed Secretary of Health, Education, and Welfare, 
reported that doctors had no choice but to err on the side 
of caution.   
 
According to Arthur M. Silverstein, whose book, “Pure 

Politics and Impure Science”, suggests the influence 
America’s big drug manufactures had on Congress and 
President Gerald Ford in an attempt to vaccinate all 220 
million Americans, Congress finally appropriated the 
money and accepted liability for any harmful side effects 
of the vaccine.  Within days of the first inoculation, several 
people fell seriously ill.  Three elderly people are reported 
to have died within hours of getting the inoculation.  Side 
effects of the vaccine continued throughout the fall.  
 
After inoculating 40 million people for a flu that never 
came, increasing reports of the neurological side effects, 
especially the rare Guillain-Barre syndrome, caused the 
government to suspend the program.  Some believe the 
swine flu case of 1976 significantly reduced confidence in 
public health pronouncements from the government and 
helped foster cynicism about federal policy that continues 
to this day.  Has the profit-motivated pharmaceutical 
industry coerced our unwitting legislators and media to 
once again hype their product?  
 
After years of coercing senior citizens and those who have 
compromised immune systems to be vaccinated against 
the flu virus, new studies are showing maybe that’s not 
such a good idea.  In fact, a study based on more than three 
decades of US data suggests that giving flu shots to the 
elderly has not saved lives.  Led by the National Institutes 
of Health researchers, the study challenges standard 
government dogma and is bound to confuse older people.  
Lone Simonsen, a senior epidemiologist at the National 
Institute of Allergy and Infectious Diseases in Bethesda, 
Maryland, says that a sense of urgency is alleged and that 
we will all die if we don’t get the flu shot. 
 
The Centers for Disease Control (CDC) reported that 
only 59% of seniors got flu shots this season, down from 
65% in 2003.  However, based on her own research, 
Simonsen doesn’t expect to see a corresponding increase 
in flu-related deaths this year.  Other studies have shown 
a substantial decrease in flu-related deaths this year as 
compared to last.
 
What is not understood by the media or our legislators is 
that people are dying from the flu because they are sick 
and have a compromised immune system.  The optimum 
prevention for the flu is proactive prevention.  Eat the right 
foods, avoid junk foods, take orthomolecular nutritional 
supplements, get plenty of rest and exercise while 
avoiding unhealthy lifestyle decisions such as smoking 
cigarettes and drinking alcohol.  This will prove to be the 
only effective way to protect against the ravages of the flu, 
no matter which strain eventually comes.  u

From the 
Editors Desk
by: Virginia Kessinger

The Final Getaway
Hilton STL Airport
March 27-29, 2015

Don’t miss the last one!
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The 
Legacy 
Continues

It’s magic!!  The unexpected occurs just when your mind 
has been reset to view other deleterious venues.  It’s an 
illusion, magic is an aberrant view of reality of sorts. I 
saw first hand devastation wrought by the AIDS epidemic; 
however, I am suspicious of the impending ebola crisis 
that was touted on the news heavily less than a year ago 
as an impending human doomsday scenario player. I’ve 
been wondering, of late, what was out there the powers 
that be wanted us to take our eyes off of, and why was that 
deemed necessary.  I guess we’ll be able to someday chalk 
some new surprise or package of surprises up to magic!!!
 
Of late, measles have been in the headlines.  Not measles, 
but the lack of vaccination for measles by informed 
parents unvaccinated children which will increase the 
likelihood of exposure and contraction of measles. The 
sell is that measles is highly preventable through available 
common inoculation pediatric practices; however, the rub 
is that measles is not a serious threat to the health and 
livelihood of Americans.  The unvaccinated run the  risk 
of contracting a self limited non-life threatening case 
of the measles with a life long immunity against future 
outbreaks, whereas the vaccinated run an albeit small risk 
of immunological-genetic disturbances with a limited 
immunity that may require future booster shots against 
the measles.  Regardless, the media is being a sound 
board to the masses, leading the sheep in the direction of 
mandating all children to be immunized.  Even though 
measles inoculation are believed to render one safe from 
the measles contagion; i.e., those who have not been 
immunized, the threat of mass vaccinations is being 
highly pushed.
 
Let us take a quick look at polio, a disease thought to be of 
children that was believed to only be irradicated through 
the great scientific efforts of the council on vaccinations 
in America. It was a hoof and mouth disease with the most 
virulent contagion living within fecal excrements.  Once 
the causative factor was identified, it was noted most 
children develop a natural immunity. It was most common 
during the summer months, and struck young adults, 
like FDR who had not received natural immunity, most 
commonly with paralysis. The children who received 

paralysis were those who’d received inoculations of 
the time or tonsillectomies, and the limb that received 
the vaccination or the upper respiratory tract of the 
tonsillectomy patients were the areas of paralysis.  
Primarily, this was a disease of hygiene, or lack thereof, 
that was already meeting its Waterloo before Salk and 
Sabin had their respective vaccinations available to the 
masses.
 
The right to choose whether to vaccinate or not should 
stay in the hands of the parents.  In my personal opinion, 
this is  one more of our freedoms, the freedom of choice, 
being laid on the chopping block by the media. The 
more people start thinking as one, rather than becoming 
a better and more informed individual with an opinion 
based on personal wisdom gleaned from experience 
and facts, the more public opinion is based on mob 
mentality. 
 
I read many studies on measles. I will report on two.  
One from the WHO and the other using the CDC as its 
source.  The former study stated that  measles is one of 
the leading causes of death among young children, in 
2013 145,700 deaths, and that’s about 400 deaths per 
day or 16 deaths every hour.  The latter study claims 
that deaths due to measles in the U.S. during the past 
10 years is zero.  This may be a case of looking at the 
whole world versus the U.S., and/or (most likely) a case 
of figures don’t lie, but then again, liars figure. 
 
The purpose of this article is, as always, to be thought 
provoking.  Don’t follow the crowd just because that is 
the most common direction. Pick a path for yourself.  
There is strength in numbers; however, there is more 
stability in the well informed. u

by: A. Jay Kessinger IV,  DC,  ND, DABCI

MARK YOUR 
CALENDAR

THE FINAL
GETAWAY

March 27-29, 2015
See pages 240-241
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Introduction

Glandular therapy, also known as organotherapy, can 
trace its roots back to the earliest days of recorded human 
history. Research involving glandular therapy began in 
the early 1900’s and has been expanding ever since. The 
basic principle behind glandular therapy is that the oral 
ingestion of glandular material of a certain animal gland 
will strengthen the corresponding human gland, with the 
result being a general enhancement in that gland’s function 
and activity.1 Doctors have followed this model of “like 
heals like” for many years, prescribing an extract based 
on the weakened body tissue (i.e. supplementing thyroid 
extract in the case of hypothyroidism). Researchers 
and physicians alike have believed that the hormones 
contained within these glandular extracts would replace 
the ones not being made in sufficient quantity by the body; 
however, their true effect on the body is more complex. 

Glandulars 

Modern glandular therapy involves the use of concentrated 
glandular extract from animal (typically bovine) sources 
to promote healthy functioning of our internal organs. 
Glands used nutritionally include: Hypothalamus, 
pituitary, pineal, thyroid, parathyroid, pancreas, thymus, 
adrenal and gonads. Extracts from non-glandular tissue 
(heart, spleen, prostate, uterus, brain) are also used and 
still labeled as “glandulars.”2 

An important clarification must be made: most nutritional 
glandulars do not contain any significant level of active 
hormones, due to federal regulations. Rather, they contain 
tissue specific nutrients: vitamins, minerals, enzymes, 
peptides, nucleotides and others specific to each organ. 
These nutrients catalyze reactions, are used as co-factors 
or co-enzymes, act as precursors to hormones, and provide 
the essential building blocks for that organ’s optimal 
function.

Each of the different glandular extracts has its own 
beneficial effect on the body: adrenal extracts work great 
for chronic fatigue, aortic extracts for vascular issues, and 
pancreatic extracts for disorders of the GI tract. But, the 
remainder of this article will focus on the two glandulars 
best known for their benefit on the immune system: spleen 
and thymus extracts.

Spleen Extract

Splenic extracts are used clinically for immune 
potentiation and are beneficial in cases of low white blood 
counts, recurrent infections and as adjunctive therapy for 
cancer treatment.2 These immune boosting benefits can 
be attributed to the low molecular weight peptides found 
in splenic tissue extracts: tuftsin and splenopectin. These 
peptides have been shown to enhance general immune 
function.1 Tuftsin is responsible for mobilizing white 
blood cells (especially macrophages) and is beneficial in 
cases of frequent infection, even cancer.3,4 Splenopectin 
is responsible for enhancing the immune response by 
regulating colony-stimulating factors, which stimulate the 
production of WBC’s and through enhancing natural killer 
cell activity.5,6 The cancer fighting properties of splenic 
extract can be attributed to an enchantment of  gamma-
interferon activity.7

Research involving splenic extracts has shown promising 
results in many cases of depressed white blood cell 
counts.8,9,10 Patients suffering from any loss of immune 
system function could potentially benefit from this type of 
glandular therapy; as there are no known adverse effects. 
As with any nutritional product, be sure to only recommend 
quality supplements from reputable companies. 

Thymus Extract

The thymus gland is responsible for many immune system 
functions, including the production of T-lymphocytes, the 
white blood cell responsible for cell-mediated immunity. 
The thymus also releases hormones, which regulate 
many different immune functions. It should come as no 
surprise that thymus extracts are used clinically in cases 
of recurrent and chronic: viral infections, cancer, asthma, 
allergies, and various autoimmune disorders.2 

Thymus-derived polypeptides increase thymus gland 
activity causing a broad enhancement of the immune 
system. These extracts have also been shown to normalize 
the ratio of T-helper/suppressor cells, which, if either too 
low or too high, can create potentiate various conditions.2 
In conditions like chronic infections, AIDS, and cancer, 
thymus extracts raise the level of T-helper cells to 
reverse the detrimentally low white blood count.11,12,13,14 
In patients with autoimmune disorders, these extracts act 
to normalize the over-active immune system and restore 
normal function.11

There exists a significant amount of research illustrating 
the benefit of thymus extract in boosting immune function. 
One promising area in current literature is the benefit of 
thymus extract in children with respiratory tract infections. 

GLANDULAR 
THERAPY: 
KNOW WHAT 
YOUR PATIENTS 
ARE TAKING

by:Daniel Richardson, MSc, PhD, DAANC 
& Matthew Karminski, BS

(Continued on next page)
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12,15,16,17,18 Other sources have also demonstrated benefit in 
patients with asthma.19,20,21 As with splenic extracts, there 
are no known side-effects associated with thymus extract 
supplementation.

Oral Tolerance – A Potential Mechanism 

While most of the literature on glandular therapy focuses 
on the end-organ effects, there have been promising 
advances on the subject of oral tolerance. Oral tolerance is 
the idea that certain food proteins can act on gut-associated 
lymphatic tissue (GALT) to induce tolerance and prevent 
certain intestinal disorders such as: food allergies, celiac 
disease, and inflammatory bowel disease.22 The body’s 
GALT is the primary route by which we are exposed to 
antigens, making it the body’s largest immune organ. 
Food proteins act as an antigen to the gut immune tissue 
,and may lead to a transformation of inflammatory cells 
to less reactive regulatory cells. While the research in this 
area is still preliminary, this mechanism may provide an 
explanation of how certain glandulars effect the body’s 
immune system before they even reach their target 
endocrine organ.23 

Conclusion

Glandular therapy is a safe and effective treatment for a 
number of different conditions, especially those involving 
a compromised immune system. Glandular extracts supply 
the body with essential nutrients specific to organ recovery 
and optimal functioning. In a medical system where 
autoimmune diseases are on the rise, rampant healthcare 
costs and physicians prescribing excess pharmaceuticals 
there is a need for effective alternative therapies like 
glandular therapy.
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HOW GENETIC VARIANTS 
CAN IMPACT ATP 
PRODUCTION

by: Robert Miller, CTN

One of the most frequent complaints I hear in my office 
is extreme fatigue. When these individuals get a medical 
checkup, they are told they are fine, and maybe just need 
an anti-depressant.  However, many who go this route end 
up feeling no better, and may even have difficulties with 
daily tasks due to the fatigue.

I have found that, for many of these people, they are 
suffering from genetic mutations that impact the Krebs 
cycle. Genes, which are segments of deoxyribonucleic 
acid, known as DNA, are responsible for inherited traits 
and human characteristics. DNA provides encrypted 
instructions for the creation and maintenance of human 
life; represented by meaningful sequences of double-
stranded subunits, known as nucleotides. Nucleotides 
consist of a base, a five-carbon sugar, and a phosphate 
group.  Bases are nitrogen containing molecules that 
exist as one of four variations; creating the encoding 
sequence of DNA. Known as adenine, thymine, cytosine, 
or guanine, bases play a critical role in the shape of DNA. 

Bases of corresponding nucleotide chains bond together, 
generating the double-stranded structure, selectively due 
to structural differences. Adenine matches with thymine; 
respectively, Cytosine matches with guanine.  Nucleotides 
are defined by their base and grouped in sets of three, 
called codons. Codons correlate to specific amino acids 
and are implemented as the sequential directions for a 
specific protein’s synthesis. Proteins are an essential 
building block for nearly all life forms.

DNA is inherited in a compact form known as a 
chromosome. This compact form is established with the 
help of proteins, called histones, that coils DNA. Humans 
have a total of 46 chromosomes, 23 from each parent. 
Conjunction of chromosomes from separate sources 
results in minor discrepancies in genes; these differences 
are represented by alleles. Alleles are alternative versions, 
on corresponding inherited chromosomes, of genes for 
similar proteins.1 This produces the mixture of traits from 
parents. Inheritance of two types of the same allele is 
called a homozygous; whereas, two different versions is 
referred to as heterozygous. Certain alleles are dominant, 
meaning they are expressed despite the other allele for 
that gene, while others are recessive and unexpressed. 

However, some heterozygous genes share dominance 
resulting in an intermediate display of characteristics.

Genetic mutations are abnormal variations of alleles 
that disrupt DNA sequences. Mutations can occur 
from mistakes in; DNA replication, exposure to toxins, 
and through inheritance. Types of mutations include: 
transposons, breakage, and addition or deletion of bases.
After witnessing the devastating effects of fatigue,  I made 
several observations and commonly found mutations of 
the ACAT gene as a contributor.  ACAT stands for Acetyl-
CoA acetyltransferase, a gene that creates the enzyme that 
catalyzes the reversible formation of acetoacetyl-CoA 
from two molecules of acetyl-CoA.2  Acetoacetyl-CoA is 
commonly found in fats, and proteins; the desired acetyl-
CoA is obtained and transferred with this enzyme.3

As you may recall from biochemistry class, acetyl-CoA 
is at the top of a long chain of reactions which create 
ATP. Known as the universal energy source, ATP stands 
for adenosine triphosphate and consists of ribose, an 
adenine base, and three phosphate groups. Energy is 
released when the third phosphate group is removed 
resulting in ADP, adenosine diphosphate. Observable in 
the supplemented illustration, the chain reaction of ATP 
generation is known as cellular respiration; comprised of 
the infamous Citric Acid Cycle or Krebs cycle, in respects 
to its discoverer Hans Krebs.1 Ultimately, low ATP output 
will lead to extreme fatigue.

Glycolysis for Carbohydrates

Although ACAT does not impact glycolysis, let’s first 
review this process, as it is an important precursor for 
ATP synthesis.  Glycolysis begins with a single glucose 
molecule, obtained from carbohydrates, and is broken into 
two glyceraldehyde-3-phosphate molecules through five 
different chemical reactions.  This conversion requires 
the use of 2 ATP molecules. Each glyceraldehyde-3-
phosphate is then transformed into a pyruvate molecule, 
a process requiring several enzymes. These enzymes 
participate in substrate-level phosphorylation by donating 
their phosphate groups to ADP molecules, generating 
2 ATP per glyceraldehyde-3-phosphate. Pyruvate 
creation additionally releases hydrogen atoms which are 
captured by the coenzyme NAD+, resulting in NADH. 
This translates into a net gain of 2 ATP, 2 NADH, and 2 
pyruvate per glucose molecule.1

The pyruvate from glycolysis then enters the mito-
chondria where it must undergo a preparatory step before 
being implemented into the Citric Acid Cycle.  This step 
catabolizes each 3-carbon pyruvate into a 2-carbon acetyl 
group; this is accomplished with the release of a hydrogen 
atom, and the extra carbon becomes CO2 waste. The 
hydrogen atom is collected by NAD+ and the acetyl 
group attaches to coenzyme A, creating Acetyl-CoA. 
Acetyl-CoA acetyltransferase, also a transfer enzyme, is 
responsible for efficient transportation of acetyl-CoA to 
the Citric Acid Cycle. In conclusion, this preparatory step 
will produce two Acetyl-CoA, and 2 NADH per glucose 
molecule.1

(Continued on next page)
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Our journey through cellular respiration has reached 
the Citric Acid Cycle. Known for its robust series of 
reactions, the Citric Acid Cycle is comprised of eight 
steps, each regulated by a separate enzyme. Acetyl-CoA 
begins the cycle and produces an ATP molecule, three 
molecules of NADH, and a molecule of FADH2. This 
corresponds to two ATP, three NADH, and 2 FAHD2 per 
glucose molecule. However, Acetyl-CoA is a derivative 
from several metabolic pathways.1

Beta Oxidation for Fats

Beta-Oxidation is involved in the metabolism of fats 
to acetyl-CoA. This is essential when low insulin and 
glucose levels are present and cells cannot provide 
efficient acetyl-CoA through glycolysis. The ketone 
bodies acetoacetate, beta-hydroxybutyrate, and acetone 
are produced through the coordination of the pancreas, 
liver and the stimulation of adipose lipase.  Adipose lipase 
releases triglycerides, stored in adipose tissue, which is 
turned into ketone bodies in the parenchymal tissue of 
the liver.4 These ketone bodies are used in beta-oxidation 
which occurs in the mitochondria but the peroxisomes 
are also involved. The initial stages of beta-oxidation 
are defined by a cascade of enzyme activity and the 
use of hydrolysis; resulting in the secretion of NADH 
and FADH2. During the last step of beta-oxidation, 
the acetyl-CoA acetyltransferase enzyme breaks down 
ketone bodies’ acetoacetyl-CoA during a process known 
as ketoylsis. The acetoacetyl-CoA is broken down into 2 
acetyl-CoA for the Citric Acid Cycle.  On the contrary, if 
there is an unequal number of fatty acid chains an acetyl-
CoA and propionyl-CoA is produced.5 The acetyl-CoA is 
fed directly into the Citric Acid Cycle. Propionyl-CoA is 
further indirectly converted into surccinyl-CoA, also an 
important contributor to the Citric Acid Cycle.

Mutations of the ACAT gene reduces or eliminates the 
efficiency of acetyl-CoA production; consequently, this 
causes a buildup of organic acids in the blood and urine 
because they are not being properly utilized. Known as 
ketosis, this typically leads to ketoacidosis, a harmful 
build-up of ketone compounds resulting in acidosis 
of the blood, which causes impaired tissue function. 
This impairment is especially evident in the central 
nervous which causes cerebral vasodilation leading to an 
increase in intracranial pressure.  The circulatory system 
is also critically altered through vasoconstriction of 
pulmonary arteries and peripheral veins, and myocardial 
contractility. In severe and chronic cases, sufferers may 
experience resistance to catecholamine stimulation and 
bone resorption.6

Proteins

The ACAT enzyme is also responsible for assisting in 
the process of breaking down proteins; specifically, 
this enzyme catalyzes the breakdown of the amino acid 
Isoleucine. Isoleucine, a branched-chain and essential 
amino acid, naturally originates from plants and bacteria 
but is found in animal products due to their diet. This amino 
acid has 4 branches of carbon with respective hydrogen 

and is found in the core of proteins as it has hydrophobic 
characteristics. Isoleucine is a versatile amino acid that 
can be converted into acetyl-CoA or succinyl-CoA, 
thus fed into the citric acid cycle, and is capable of 
being converted into oxaloacetate for gluconeogenesis. 
It is further implemented as a structural aspect of 
hemoglobin and regulates blood sugar levels. Acetyl-CoA 
acetyltransferase breaks down 2-methyl-Acetoacety-
CoA, found in Isoleucine, producing acetyl-CoA and 
propionyl-CoA.7 Again, Propionyl-CoA is capable of 
indirectly converting into succinyl-CoA. Known as 
Isoleucine catabolism, this reaction additionally yields 
NADH, FADH2, and is believed to only be catalyzed 
with this enzyme.8 Isoleucine catabolism is essential for 
optimal citric acid cycle efficiency.

A mutation causing insufficient processing  of  both  
ketones and isoleucine is known as beta-ketothiolase 
deficiency. Symptoms appear after early development 
and can result in progressive loss of mental and motor 
skills. In severely affected individuals, symptoms may 
include ketoacidotic attacks which can be encouraged 
by infections, fasting, or a high protein/low carb diet. 
Ketoacidotic attacks can cause episodes of fatigue, 
vomiting, trouble breathing, and seizures. These attacks 
have the potential to lead to a coma.7,9

Despite the source of Acetyl-CoA, it serves as a key 
component in cellular respiration. However, the journey 
to optimal ATP generation set in motion by Acetyl-
CoA is not over with the Citric Acid Cycle. All of the 
previously generated NADH and FADH2 create ATP 
through oxidative phosphorylation; this is done with 
correspondence to the electron transport system. NADH 
and FADH2 release electrons and hydrogen ions resulting 
in energy. This energy is used to transport the hydrogen 
ions across the inner mitochondrial membrane through 
a selectively permeable enzyme called ATP Synthase. 
Change in hydrogen ion concentration causes diffusion 
of hydrogen ions back into the inner mitochondrial space. 
Returning hydrogen ions create energy used to attach 
a third phosphate to ADP, thus resulting in ATP.  Per 
glucose molecule, oxidative phosphorylation produces 
about 36 ATP.1

Identifying ACAT

There are two methods to determine if there may be 
variants in the ACAT gene.  With simple saliva tests now 
available from companies like 23andme, we can easily 
scan the raw data to see if there are variants in the genes. 
The most important gene is located at rs3741049, but 
rs2280322, rs 10890819, rs3798211, rs9347340, rs25683 
and rs3465 have relevance as well.

The other method is to do urine organic acid testing.
 
If  Pyruvate or L-Lactate are high in the urine, there is a 
high probability that carbohydrates are not being converted 
to acetyl-CoA. If Adipate, Suberate or Ethymalonate are 
high, this may be a good indication that fats are not being 
turned into acetyl-CoA.10

(Continued on page 232)
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In my office we often do the genetic testing and then 
follow up with the organic acids testing. This is when we 
usually see the ACAT variants leading to disturbances in 
the organic acids. 

Supporting ACAT

Let’s first ascertain how to support the digestion of fats. 

Carnitine, biosynthesized from lysine and methionine, 
is capable of transporting fats across the mitochondrial 
membrane for metabolism. Carnitine also facilitates the 
removal of toxic compounds, thus preventing accumulation 
inside the mitochondria. Due to its characteristics, 
carnitine is concentrated in tissues that rely on fats as a 
primary fuel source. This includes skeletal and cardiac 
muscle. L-Carnitine or acetyl-L-carnitine, is a bioactive 
form of carnitine that with proper supplementation helps 
fat transportation for metabolism. Vitamin B2 is also 
involved with fat metabolism acting as a coenzyme and is 
a key structural component of NAD+.11

To support the breakdown of the proteins, vitamins B1, 
B2, B5 and alpha lipoic acid are needed.

Serving as a cofactor for the alpha-ketoglutarate 
dehydrogenase complex, Alpha-Lipoic Acid assists in 
the catabolism of branched-chain amino acids, including 
isoleucine.  Alpha-Lipoic Acid, a naturally occurring 
antioxidant, is also an important structural component 
of the pyruvate dehydrogenase complex; the enzyme 
responsible for converting pyruvate to acetyl-CoA. Its 
antioxidant characteristics protects against the harmful 
effects of free radicals on proteins, fats, and DNA. 12, 13

Pantothenic acid, also known as Vitamin B5, is a critical 
aspect to overall homeostasis. Vitamin B5 is fundamental 
component of coenzyme A and is therefore involved in the 
metabolic processes of fats, proteins, and carbohydrates. 
Cholesterol synthesis is also dependent on vitamin B5; 
similarly, vitamin B5 is used in the manufacturing of 
red blood cells, melatonin and the neurotransmitter 
acetylcholine. Pantethine, a derivative of pantothenic 
acid, has held claim to lowering high-density lipoproteins 
and triglycerides as cholesterol synthesis is dependent on 
vitamin B5.14,15

Since COQ10 and NADH are also part of this Krebs cycle, 
supplementing with them, as well as D Ribose to provide 
a natural source to support ATP, may also be beneficial. 
Also, calcium pyruvate may be needed to support the 
glycolysis process. 

Finally, I have found that plant based oils such as: olive, 
sesame seed, safflower, sunflower, borage and many 
more, can offer assistance if the ACAT is impacting fat 
utilization.

In summary, it is recommended to use 23andMe or another 
reliable source for genetic testing, to determine if they 
have ACAT. Follow up using the Urine Organic Acids 
test to verify and determine the severity of the problem. 

If there is an ACAT genetic variant, supplementing with 
the appropriate amino acids, B vitamins and Alpha Lipoic 
Acid may be quite helpful in restoring ATP and energy 
levels within your patients.

Robert Miller is a traditional naturopath, with his office in 
Ephrata, PA. He is researching how nutrition can be used 
to compensate for genetic variants. rmiller@tolhealth.
com   www.tolhealth.com.

References

1. Johnson D. Michael Human Biology: Concepts and Current 
Issues. 7th ed., San Francisco, CA: Benjamin-Cummings Pub. 
2013.

2. National Center for Biotechnology Information (NCBI). Gene 
ACAT 1 Gene ID:38; 2015 Summary. Available at: http://
en.wikipedia.org/wiki/ACAT1. Accessed February 6, 2015.

3. Genetic Home Reference. ACAT1 mutations. Reviewed January 
2008, Available at: http://ghr.nlm.nih.gov/gene/ACAT1. Accessed 
February 7, 2015.

4. BIOCARTA. Pathways Beta-Oxidation of Fatty Acids. 
March 2001. Available at: http://www.biocarta.com/pathfiles/
betaoxidationPathway.asp. Accessed February 7, 2015.

5. Oregon State University staff.  Fatty Acid Oxidation lecture notes. 
Author and Publication date unavailable. Available at:http://
oregonstate.edu/dept/biochem/hhmi/hhmiclasses/biochem/lect
noteskga/2kjan14lecturenotes.html. N.d. Accessed February 7, 
2015.

6. University of Connecticut staff. Acid Base Online Tutorial. 
Physiologic Effects of Acidosis. Faculty Advisor: Dr. Steven 
Angus. Available at: http://fitsweb.uchc.edu/student/selectives/
TimurGraham/Physiologic_effects.html. Accessed February 9, 
2015.

7. Fukao T. Bet-ketothiolase deficiency. In: Orphanet Encyclopedia. 
September 2001, update September 2004. Gifu, Japan: 500-8076. 
Available at: https://www.orpha.net/data/patho/GB/uk-T2.pdf. 
Accessed February 7, 2015.

8. King W Michael, PhD. Introduction to Amino Acid Metabolism. 
On: The Medical Biochemistry Page. 1996-2014, January 28, 
2015. Available at: http://themedicalbiochemistrypage.org/
amino-acid-metabolism.html. Accessed February 7, 2015.

9. Genetic Home Reference. Reviewed January 2008, Available 
at: http://ghr.nlm.nih.gov/condition/beta-ketothiolase-deficiency. 
Published: February 2, 2015. Accessed February 8, 2015.

10. Lord, Richard. & Bralley, J. A., 2012. Laboratory Evaluations 
for Integrative and Functional Medicine: 2nd Edition. Genova 
Diagnostics. Duluth, GA.  

11. Blackman R Mark, Foster W Daniel. National Institutes of 
Health. Carnitine: The Science Behind a Conditionally Essential 
Nutrient. Conference: March 25-26, 2004. Available at: http://
ods.od.nih.gov/News/Carnitine_Conference_Summary.aspx. 
Accessed February 8, 2015.

12. Higdon Jane, Drake J Victoria, Hagen M Tony. Oregon State 
University. Linus Pauling Institute. Micronutrient Information 
Center. Lipoic Acid. Written: April 2006. Updated in January 
2012. Reviewed April 2012. Available at: http://lpi.oregonstate.
edu/infocenter/othernuts/la/#biological_activity. Accessed 
February 8, 2015.

13. Ehrlich D Steven. University of Maryland Medical Center. Alpha-
lipoic acid. Reviewed on April 3, 2011. Updated June 20, 2013. 
Available at: http://umm.edu/health/medical/altmed/supplement/
alphalipoic-acid. Accessed February 8, 2015.

14. University of Michigan staff. Health System. Pantothenic Acid. 
Last reviewed April 15, 2014. Aisle7. Available at: http://www.
uofmhealth.org/health-library/hn-2927004. Accessed February 9, 
2015.

15. Higdon Jane, Drake J Victoria, Plesofsky Nora. Oregon State 
University. Linus Pauling Institute. Micronutrient Information 
Center. Pantothenic Acid. Written: May 2004. Updated April 
2008. Reviewed April 2008. Available at: http://lpi.oregonstate.
edu/infocenter/vitamins/pa/. Accessed February 9, 2015.u







THE ORIGINAL INTERNIST    MARCH 2015 235
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SUPPLEMENTATION, 
DIET, AND 
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PARKINSON’S 
DISEASE (PD):
 A REVIEW OF 
STUDIES
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ABSTRACT 

A wide range of genetic and environmental factors 
have been implicated in the onset and progression of 
Parkinson’s disease (PD). While studies spanning several 
decades have uncovered critical factors in the pathogenesis 
and progression of the disease, the precise etiology has 
remained elusive due to the complex nature of the disease.  
Research suggests that genetics and dietary factors are 
widely implicated in PD. While underlying genetic 
factors are critical in the onset and natural progression 
of the disease, nutritional status might modify the risk 
for developing and/or the progression of the disease.  
There is critical need to understand the role of nutritional 
factors and how they interact with genetics, in the hope of 
developing therapies or interventions based on nutritional 
supplementation.  Earlier studies took a broad view of 
the role of diet, however, most investigators currently 
have striven to understand the role of specific nutrients.  
Nutritional status has been cited in neurodegeneration, 
particularly in the degeneration of dopaminergic neurons 
in the substantia nigra pars compacta. Manifestations of 
PD such as postural instability and gait disturbance are 
exacerbated by nutritional deficiencies.  According to 
the findings of numerous studies, dietary antioxidants, 
vitamins, fats, and dietary stimulants such as caffeine 
clearly play a role in PD.  Genetic mutations can 
affect the proper metabolism of vitamins, enzymes, 
and antioxidants, causing neuronal dysfunction which 
may manifest as PD.  Short telomere length and other 
markers of oxidative stress have been implicated in PD. 
Glutathione deficiency, a critical marker in PD and other 
diseases of aging, is also linked to nutrient metabolism.  
These findings suggest the possibility of using nutritional 
supplementation to correct for altered nutrient metabolism 
or existing nutritional deficiencies in PD.

BACKGROUND

Parkinson’s disease is a chronic progressive disorder 
characterized by tremor, rigidity, bradykinesia, fes-
tination, dysphagia, fine motor changes, masklike faces, 
stooped posture, dyskinesia, among other symptoms 
(Fahn, 2003).1  In most patients, the onset of the disease 
takes place between 50 and 65 years, and has been 
identified as a leading cause of neurologic disorder in 
patients aged 60 years and above.  The disease occurs in 
males and females equally and affects people of all races.

Neurogenesis (the generation of new nerve cells) occurs 
shortly after birth in the olfactory bulb, prefrontal cortex, 
hippocampus and cerebellum.  Neurogenesis ceases in 
these areas of the brain around the second year of life, with 
the sole exception the hippocampus (which facilitates the 
functions learning and memory).  Specialized crescent 
shaped cells in the brain stem, known as substantia 
nigra (black substance), branch out from the midbrain 
into the left and right hemispheres of the brain. They are 
responsible for the release of neurotransmitters involved 
in balance, movement and coordination.  In Parkinson’s 
Disease, these cells are diminished significantly.  
When we are born, we are born with a set number of 
dopaminergic neurons in the substantia nigra.  Like the 
nephrons in our kidneys, the cells of the substantia nigra 
cannot be regenerated.  These neurons begin to die off in 
Parkinson’s Disease.  The goal of treatment in PD is to 
protect these neurons from dying.

Parkinson’s disease has a range of symptoms that impact 
on an individual’s physical, social and mental health. This 
is often referred to as health related quality of life (HQL).
 A number of therapeutic interventions have been designed 
to manage symptoms of Parkinson’s disease and, thereby, 
improve a patient’s quality of life (Fahn, 2003).2 

Much research has been carried out to uncover the 
cause(s) of PD, or primary Parkinsonism, and other 
forms of the disease. However, the root cause remains 
inconclusive due to the complex nature of the disorder.  
Studies have shown that many cases of PD are sporadic, 
though there have been a number of scientific findings that 
implicate genetic mutation as a major cause of primary 
PD (Damiano, Snyder, Strausser, & William, 1999).3  

Studies have revealed that many factors, including: 
increased oxidative stress, varying genetic susceptibility, 
mitochondrial dysfunction, proteasomal dysfunction, 
premature apoptosis, and inflammation contribute to 
the pathophysiology of the disease (Dean, et al., 2012).4  
Environmental factors such nutritional status might 
modify the risk and progression of the disease (Dean, et 
al., 2012).5 

People with PD are susceptible to weight loss and 
malnutrition. The involuntary movements that occur in 
PD patients have been linked to increased energy usage. 
Disease symptoms and medication side-effects can also 
adversely affect a patient’s food intake.  This makes 
diet and nutrition a critical component of managing 
the condition. Understanding PD and its nutritional 

(Continued on next page)
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implications is key to the development of adequate and 
appropriate management strategies.  This paper reviews 
genetics, nutritional supplementation, and diet and their 
impact on PD. 

GENERAL DIET AND PARKINSON’S DISEASE

Earlier studies that were conducted to identify the role 
of diet and nutrition in Parkinson’s disease often took a 
broad view of certain nutrients, or of groups of nutrients. 
Relevant studies and reviews in this section have been 
listed below. 

A study was carried out by Hellenbrand et al. (1996) to 
establish a possible link between Diet and Parkinson’s 
disease. The study specifically addressed the possible 
role regarding the intake of specific nutrients. This study 
compared the past dietary habits of 342 Parkinson’s 
disease (PD) patients recruited from nine clinics in 
Germany with those of 342 controls recruited from the 
same neighborhood. The data collected was grouped 
using structured interviews and self-administered food-
frequency questionnaires.
 
After adjustment for smoking, educational status, and 
total energy intake, patients reported a higher intake of 
carbohydrates compared to controls at the macronutrient 
level.  At the nutrient level this was reflected in higher 
monosaccharide sugar (such as glucose and fructose) and 
disaccharide sugar (such as maltose, lactose and sucrose) 
intakes. After adjustment for energy intake, no difference 
was seen between patients and controls in protein and fat 
intake.  No difference was observed between patients and 
controls for alpha-Tocopherol (vitamin E) intake after 
adjustment for energy consumption. 

The findings of the study suggested that if antioxidants 
play a protective role in this disease, then the amount 
provided by diet alone is not sufficient. The researchers 
reported that it was difficult to establish the inverse 
association between niacin intake and PD because 
there was high niacin content in coffee and alcoholic 
beverages, which had an inverse association in the study 
and further investigation was recommended to understand 
the association (Hellenbrand, et al., 1996).6 

A study was conducted by Anderson et al (1999) to 
identify the role of dietary factors in PD. The study 
specifically looked at the role of food groups and specific 
foods. The purpose of the study was to investigate the 
link between self-reported food intake and PD in a case 
control study that included men and women aged between 
40 and 89 years. 

The study identified newly diagnosed (idiopathic) PD 
cases from neurologist reports, outpatient databases, and 
computerized pharmacy databases.  This was done at the 
Group Health Cooperative (GHC) clinics in Washington 
State. The GHC patient roster was used to identify control 
subjects who had no history of neurodegenerative disease. 
Structured questionnaires were used to collect dietary 
data from participants.  The findings of the study showed 

that there was an increased risk of PD associated with the 
intake of foods rich in animal fat and foods containing 
vitamin D.  According to the researchers the intake of 
foods such as fruits, vegetables, meats, bread and cereals 
or foods that contain vitamins A, C, E or iron were not 
significantly associated with PD risk.  It was, however, 
noted that an increasing risk of PD was associated with 
the intake of vitamin A supplements. 

The findings of the study were consistent with the 
hypothesis that there was no association between past 
intakes of most foods and PD risk, but confirmed an 
increased PD risk in association with intake of foods 
containing animal fat (Anderson, Checkoway, Franklin, 
Beresford, Smith-Weller, & Swanson, 1999).7 It is 
important to note that some of the findings of this study 
are considered by some experts to be inaccurate or  have 
been challenged by subsequent research,  particularly in 
regard to the reporting that intake of foods containing 
vitamin D was associated with increased PD risk. Some 
experts have postulated that it may have been high animal-
fat foods (such as whole milk) containing high levels of 
vitamin D, and not the vitamin itself that was the culprit.
Chen et al. prospectively investigated the association 
between dairy intake and the subsequent risk of 
developing PD among 57,689 men and 73,175 women 
from the Cancer Prevention Study II Nutrition Cohort 
from the American Cancer Society.  The authors found 
a moderately elevated risk of PD among individuals 
consuming high amounts of dairy products.  This risk was 
highest for men (Chen, et al., 2007).8

A study carried out by Powers et al. (2003) evaluated 
PD risks in association with dietary iron, manganese, 
and other nutrient intakes. The study was based on 
findings which show increased role of oxidative stress in 
the etiology of PD. This was a population-based control 
study conducted among newly diagnosed (n=250) and 
control cases (n= 388) diagnosed between 1992 and 2002 
in Western Washington State (Powers, et al., 2003).9 The 
results showed that subjects with the highest level of iron 
intake had an increased risk of PD compared to those 
with the lowest intake.  Evaluation of iron and manganese 
intake occurring above the median showed a double 
risk compared to a lower intake of each nutrients. The 
study did not identify any strong association with fats or 
antioxidants. The researchers concluded that a high intake 
of iron, particularly when combined with manganese 
may be associated with increased PD risk (Powers, et al., 
2003).10

A review conducted by Ames (1983) suggested a 
role by dietary carcinogens and anticarcinogens in 
degenerative diseases. The review was based on earlier 
findings that natural mutagens and carcinogens, as well as 
anticarcinogens and antimutagens (free radical scavengers 
and antioxidants) form a bigger component of the human 
diet. According to the review, oxygen radicals may also 
act as endogenous initiators of several degenerative 
processes, including  DNA mutation and damage, and 
which could be related to a wide range of conditions 
such as cancer, aging, and heart disease (Ames, 1983).11 

(Continued on next page)
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In conclusion, the author pointed out the importance of 
characterizing and optimizing antioxidants in the diet 
for the purpose of minimizing age-related diseases and 
cancer.  

A case-controlled study carried out by Logroscino et 
al. (2004) investigated the role of dietary lipids and 
antioxidants in Parkinson’s disease. Basing their 
study on previous research suggesting that oxidative 
stress plays an important role in the pathogenesis of 
PD, the researchers sought to examine whether dietary 
intake of antioxidants or  oxidative compounds had any 
link to PD. The researchers established a higher caloric 
intake in patients with PD, but this finding was similar 
in patients with both decreased and increased duration 
of their PD symptoms. Energy-adjusted intake of fat 
was also observed to be higher among PD patients as 
compared to control subjects.  The intake of both proteins 
and carbohydrates was found to be similar in both PD 
patients and controls. Fat analysis indicated that increased 
animal fat intake was significantly associated with PD. 
The researchers did not establish any association between 
vitamin intake and antioxidant activity (Giancarlo, et al., 
2004).12  It was concluded that their finding of  increased 
consumption of animal fat in PD patients was consistent 
with the previous observation that lipid peroxidation 
and stress are important contributing factors in the 
pathogenesis of PD. Vitamins from normal diet or from 
nutritional supplements did not show any association with 
antioxidant activity. 

A study conducted by Rijik et al. (1997) investigated 
the role of dietary antioxidants in PD. The study was 
conducted as part of a larger community study in the 
Netherlands in which participants were screened for PD 
and asked to complete a food frequency questionnaire. 
The odds ratio for PD was established as follows for 
different antioxidant intake, adjusted for sex, age, energy 
intake and smoking habits: 0.5% per daily 10mg intake of 
vitamin E; 0.6% per intake of 1mg beta carotene; 0.9% 
per 100mg vit C intake; and 0.9% per 10mg intake of 
flavonoids (Rijik, et al., 1997).13 The findings suggested 
that a higher intake of dietary Vitamin E may offer 
protection against the occurrence of PD. 

A review was conducted by McCarty (2001), to establish 
if a vegan diet reduced the risk of Parkinson’s disease.14  

The review was based on the observation that a diet that 
is high in animal fat or cholesterol was associated with an 
increased risk for PD.  This was contrasted with fat from 
plant products which did not appear to increase the risk 
of PD. 

According to the review, age-adjusted prevalence rates of 
PD are similar in Europe and Americas.  However, among 
rural Chinese populations, sub-Saharan Black Africans, 
and Japanese groups whose diets are predominantly vegan 
or quasi-vegan, there appears to be lower prevalence rates 
of PD. 

Since there is no significant difference between the 
prevalence of PD in white Americans and Black 

Americans, McCarthy hypothesized that environmental 
factors and not race might be responsible for the lower 
rates observed in Black Africans. 

The findings suggested that vegan diets might have a 
protective role with respect to the development of PD. 
However, the findings offered no insight on the specific 
components of animal fat, or protein that might mediate 
the increased risk of PD.

The review highlighted the findings of research which 
shows that caloric restriction has a protective effect 
on the central dopaminergic neurons from neurotoxins 
administered to mice. This is partly achieved by induction 
of heat-shock proteins and it is possible that the protective 
mechanism in vegans follows a similar mechanism. 

Therefore, there is a possibility that vegan diets could 
benefit PD patients, by inhibiting the rate at which 
dopaminergic neurons are lost (McCarty, 2001).15

 
MALNUTRITION

A study was carried out by Sheard et al. (2013) on the 
association between markers of disease severity and 
malnutrition in Parkinson’s disease.  The study was 
based on the fact that little research has been done to 
explore the importance of these factors in patients with 
malnutrition and PD.  The aim of the study was to identify 
the determinants of nutritional status in patients with PD.  
The authors used the Unified Parkinson’s Disease Rating 
Scale (UPDRS) to evaluate disease severity.

The researchers recruited and administered self-report 
assessments to obtain information on age, PD duration, co-
morbid conditions, medications, and living circumstances.  
The results of the study showed that 15% of the subjects 
were malnourished and most of these were elderly and 
had more severe disease.  The authors found that UPDRS 
II, UPDRS III, and levodopa equivalent daily dose were 
significantly higher in the malnourished group. 

Regression analysis revealed diagnosis at an older age, 
higher dose of Levodopa per bodyweight, greater UPDRS 
III score, greater depression (higher BDI, or Becks 
Depression Inventory) and lower anxiety (lower STAI, 
or Spielberger Trait Anxiety Inventory) were significant 
predictors of malnutrition. 

The findings of the study suggested that nutrition screening 
should be done more often in patients with more severe 
disease and in PD patients with depression (Sheard, Ash, 
Mellick, Silburn, & Kerr, 2013).16

COFFEE/CAFFEINE AND TEA IN PARKINSON’S 
DISEASE

A study by Ross et al. (2000) investigated how coffee 
and caffeine intake is associated with PD risk. The 
study was conducted against the increased need to identify 
factors that either prevent or promote PD.  To explore the 
association of dietary caffeine and coffee, the authors 
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analyzed data from up to 30-years follow up of 8,004 
participants (Ross, et al., 2000).17 The results collected 
during follow up showed a consistent decline in PD 
incidence with increases in amount of coffee consumed. 
A similar association was also observed with caffeine 
intake in coffee and other non-coffee sources (Ross, et al., 
2000).18 There was no relationship between PD incidence 
and other nutrients in coffee such as niacin. The study 
concluded that higher consumption of coffee and caffeine 
were associated with a reduced risk of PD.
 
A study conducted by Hu et al. (2007) assessed coffee 
and tea consumption and their association with PD 
risk.  Many earlier prospective studies that have evaluated 
the association between the consumption of coffee and 
the risk of PD have given inconsistent results, and the 
authors wanted to further examine these associations. 
The link between coffee and or tea consumption and PD 
risk was evaluated in 29,335 individuals aged between 25 
and 74 years without a history of PD as a baseline (Hu, 
Bidel, Jousilahti, Antikainen, & Tuomilehto, 2007).19  In a 
mean follow-up of 12.9 years, 102 males and 98 females 
developed PD. The results were multivariate-adjusted and 
showed that the hazard ratios associated with level of daily 
coffee consumption (0,1-4, and ≥ 5 cups) were found to 
be 1.00, 0.55 and 0.41 in men, and 1.00, 0.50, and 0.39 in 
women (Hu, Bidel, Jousilahti, Antikainen, & Tuomilehto, 
2007).20 As for tea, the multivariate, combined findings 
for subjects taking ≥ 3 cups of tea in comparison with 
nondrinkers was 0.41%. The findings suggested that a 
lower risk of PD was associated with coffee drinking. 
While more tea was required for a lower PD risk. 

A study conducted by Tan et al. (2007) investigated the 
differential effects of black versus green tea on risk 
of Parkinson’s disease in a health study in Singapore 
Chinese people. The researchers utilized data from a 
cohort of 63,257 of Singapore Chinese men and women. 
Baseline data was collected through interviews utilizing 
structured questionnaires.  The risk of PD was observed to 
be inversely-related to caffeine intake.  Black tea, which 
contains up to 90 mg of caffeine, demonstrated an inverse 
relation with PD risk but this was confounded with total 
caffeine intake. Green tea (typically containing no more 
than 70 mg of caffeine) drinking had no relationship 
with PD (Lous, et al., 2007).21 Diet was also observed 
not have any strong influence on the risk of PD. The 
researchers concluded that ingredients of black tea other 
than caffeine could be responsible for its inverse relation 
with Parkinson’s disease. 

VITAMIN D DEFICIENCY AND PARKINSON’S 
DISEASE

For decades, the medical community has understood 
that vitamin D promotes calcium uptake and formation 
of strong bones, but recent studies have demonstrated 
the important role of calcium in the regulation of the 
immune system and in the development of the nervous 
system (Evatt, Delong, Kumari, Auinger, McDermott, & 
Tangpricha, 2011).22  Vitamin D is obtained from exposure 
to sunshine, from fortified foods such as cereals and milk, 

and dietary sources naturally rich in the vitamin such as 
fatty fish. There is growing evidence that suggests a link 
between low levels of serum vitamin D and Parkinson’s 
disease.  This is in addition to the finding that vitamin 
D is associated with many chronic degenerative diseases 
including diabetes, cardiovascular disease, and several 
autoimmune diseases. 

According to recent research, vitamin D is no longer 
classified as a vitamin but a hormone that has both 
paracrine and autocrine functions that go beyond the 
simple regulation of calcium and maintenance of bone 
health (Evatt, Delong, Kumari, Auinger, McDermott, & 
Tangpricha, 2011).23 Vitamin D receptors are found in 
many areas of the body including muscle, spinal cord 
and the brain. This supports the finding that vitamin D is 
required in the functioning of the central nervous system 
and the peripheral nervous system (Evatt, Delong, Kumari, 
Auinger, McDermott, & Tangpricha, 2011).24  Areas of the 
brain that are known to be affected by Parkinson’s disease 
and other diseases that affect gait have been found to have 
vitamin D receptors and vitamin D activating hormone. 

Parkinson’s disease is known to affect nerve cells in many 
areas of the brain, mainly those that utilize dopamine to 
control movement. This often results in various symptoms 
including stiffness, slowness of gait, and tremor (Dean, et 
al., 2012).25 

 A number of studies have highlighted a role for Vitamin D 
levels in the development and progression of Parkinson’s 
disease.  Some key findings have been listed below. 

i. Studies on Vitamin D and Parkinson’s Disease Risk

A study was carried out by Knekt et al. (2010) to establish 
whether levels of serum vitamin D could be used to 
predict the risk of PD. This cohort study was based on 
a health survey conducted in Finland from 1978 to 1980, 
including a PD occurrence follow-up until late 2007. The 
study included 3,173 male and female participants. Up 
to 50 cases of PD occurred during the 29-year follow-
up period. The levels of 25-hydroxy vitamin D were 
determined from frozen samples obtained and stored at 
baseline. An estimation of the relationship between PD 
incidence and the concentration of vitamin D in serum 
was established using the Cox model. 

The findings of the study showed that individuals with 
higher concentration of vitamin D in their serum had 
a reduced risk of Parkinson disease. The relative risk 
identified between the highest and lowest quartiles was 
found to be 0.33 (95% confidence interval, 0.14-0.80) 
after adjusting for age, sex, marital status, education, 
physical activity, smoking, alcohol consumption, BMI, 
and month when the blood sample was drawn. 

The findings were consistent with the suggestion that 
high levels of vitamin D provide protection against PD 
(Knekt, Kilkkinen, Rissanen, Marniemi, Saaksjarvi, & 
Heliovaara, 2010).26 
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A study conducted by Evatt et al. (2011), showed that 
there is a high prevalence of hypovitaminosis D in 
patients with early PD. The study was based on research 
findings that show patients with PD are most likely to 
be vitamin D deficient. However, it is not clear if having 
a chronic disease that results in reduced mobility can 
contribute to vitamin D deficiency.   

The study was carried out to examine the prevalence of 
vitamin insufficiency in a cohort of untreated patients, 
suffering from early PD (diagnosed within 5 years of 
the start of the study). The study utilized the Deprenyl 
and Tocopherol Antioxidative Therapy of Parkinsonism 
DATATOP) cohort of subjects with early PD. The 
researchers carried out a survey study on vitamin D status 
in blood samples obtained from patients with Parkinson’s 
disease and those who were enrolled in a DATATOP trial 
placebo group. Samples were obtained from both baseline 
visits and end point visits and tested for 25-hydroxyvitamin 
D (25[OH]D) concentration.

The findings of the study showed that the prevalence of 
vitamin D insufficiency (25[OH]D concentration <30.0 
ng/ml) was 69.4% and 51.6% at baseline and endpoint 
respectively. 

The researchers concluded that the prevalence of vitamin 
D insufficiency in patients diagnosed with early PD was 
equal to or higher than the prevalence reported in earlier 
studies. Additionally, the concentration of Vitamin D 
was not observed to decline with the progression of the 
disease.  Further studies were recommended to investigate 
the history of vitamin D insufficiency in Parkinson’s 
disease (Evatt, Delong, Kumari, Auinger, McDermott, & 
Tangpricha, 2011).27

ii. Studies on vitamin D metabolism-linked Genes and  
association with Parkinson’s Disease

A study conducted by Muhlemann et al.(2013) and 
published in the Acta Physiologica reported that Kinase 
LRRK2, a gene that is mutated in Parkinson’s disease, 
is required for vitamin D3 and phosphate metabolism. 
The study was conducted on the basis that mutations 
occurring in the Leucine Rich Repeat Kinase (LRRK2, 
Park8) accounts for 5% of familial and 1-2% of sporadic 
cases of PD. LRRK2 is expressed everywhere in the body, 
though high levels are found in the kidney, brain, and 
lungs. There is currently no clear understanding of the 
role of LRRK2, its regulators and targets in PD. 

The objective of the study was to show that phosphate 
metabolism is highly disturbed in mice that lack LRRK2 
or express the G2019S mutant (a common mutation seen 
in PD patients) and rats that are deficient in LRRK2.  The 
findings of the study showed that levels of PTH, FGF23, 
and 1,25OH2-vitamin D3 were adjusted in all three 
animal models. Renal excretion was elevated in animals 
lacking LRRK2 and decreased in G2019S mutants. It was 
also demonstrated that expression of vitamin D receptor 
and the vitamin D activating and inactivating enzymes 
Cyp27bi and Cyp24a1 and Klotho (coligand for FGF23) 

were altered in many organs that expressed LRRK2.  
Changes in the intake of dietary phosphate in LRRk2 WT 
and KO mice were observed to alter phosphate and vitamin 
D target genes in a manner that depended on LRRK2 and 
the application of vitamin D3 to wild mice increased the 
expression of LRRK2. The in vitro inhibition of LRRK2 
was observed to alter the expression of Cyp24al and 
NaPillb (an intestinal phosphate transporter). The findings 
of the investigation suggested LRRK2 played a central 
role in the regulation of phosphate metabolism and the 
various hormones involved in controlling it (Muhlemann, 
et al., 2013).28 

Another study was conducted in Taiwan by Lin et al (2014) 
to establish vitamin D receptor genetic variants and 
Parkinson’s disease in the local population. The study 
was based on the findings of a recent study that showed 
the presence of hypovitaminosis D status and genetic 
variants of vitamin D receptor (VDR) in the Caucasian 
population.  The researchers therefore sought to identify 
variations in a large scale Asian population.  

The researchers genotyped 6 VDR genetic variants in a 
total of 1,492 Taiwanese subjects (700 patients with PD 
and 792 control subjects marched by gender or age). The 
findings of the study did not reveal any significant link 
between the studied genetic variants of VDR and their 
risk of PD, and the authors concluded that the genetic 
variants of the VDR gene did not play a major role in the 
Taiwanese PD population. The findings highlighted the 
need for more studies on VDR and how it interacts with 
serum vitamin D (Lin, Chen, Chen, I, & Wu, 2014).29 

A study was carried out by Torok et al. (2013) to establish 
the association between vitamin D receptor gene 
polymorphisms and PD in Hungarians.  As seen in some 
other studies outlined in this section, the study examined 
the role played by the Vitamin D receptor (VDR) gene 
in calcium homeostasis and immunoregulation, and 
the link with PD and other neurological disorders. The 
study included 100 confirmed PD cases and 109 healthy 
controls sampled from the Hungarian population. The 
samples were genotyped for four polymorphic sites 
present in the VDR gene, including BsmL, Apal, Fokl 
and Taql.  Polymerase Chain Reaction and Restriction 
Fragment Length Polymorphism (PCR-RFLP) was used 
to determine the polymorphisms (Lin, Chen, Chen, I, & 
Wu, 2014).30

The findings of the study showed that there was an 
association between Fokl C allele and PD. This suggested 
a role played by the polymorphism in the development of 
Parkinson’s disease in patients (Torok, et al., 2013).31 

iii. Studies on the link between levels of Hydroxyvitamin 
D and Parkinson’s Disease

An investigation conducted by Dean et al. (2012), 
established that 25-Hydroxyvitamin D depletion does 
not exacerbate MPTP-induced dopamine neuron 
damage in mice. The study was based on the new clinical 
findings that show a link between 250hydroxyvitamin D 
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insufficiency (serum 25-hydroxyvitamin D [25(OH)D] 
levels <30 ng/ml) and PD.  

In order to study the effects of 25(OH)D depletion on 
neuronal susceptibility to toxic states, the researchers 
induced a state of 25(OH)D deficiency in mice then 
treated them with dopaminergic neurotoxin 1methyl-
4-phenyl-1,2,3,6 tetrahydropyridine (MPTP). No 
difference was found between the 25(OH)D deficient 
mice and control in corresponding dopamine levels or 
in the expression of tyrosine hydroxylase and dopamine 
after treatment with MPTP.  In addition, the researchers 
did not note any difference in the expression of tyrosine 
hydroxylase in the substantia nigra pars compacta. The 
nerve cells of the pars compacta comprise a portion of 
the substantia nigra (Latin for “black substance”) within 
the mid brain.  Cells of the substantia nigra are blackened 
by the pigment neuromelanin on histologic examination.  
The substantia nigra is a brain structure which facilitates 
movement and plays an important role in reward and 
addiction. The degree of pigmentation increases with 
the subject’s age. Thus the findings suggested that in this 
model system of Parkinsonism, the reduction of 25(OH)D 
levels in mice serum has no impact of the susceptibility of 
nigral dopaminergic neurons (Dean, et al., 2012).32 

A study was conducted by Petersen et al. (2014) to 
investigate the role of vitamin D levels and vitamin 
D receptor polymorphism on Parkinson’s disease 
in the Faroe Islands. The study sought to advance the 
research on the findings that both vitamin D receptor 
polymorphisms (VDR) and serum 25-hydroxyvitamin 
D levels (25(OH)D) have been associated with PD.  The 
study sought to establish the association between 25(OH)
D and 3 VDR polymorphisms and Parkinson’s disease in 
Faroese population where prevalence has been found to be 
particularly high.  The research employed a case-control 
approach in which 121 cases were investigated for 25(OH)
D levels and VDR polymorphisms. This was compared 
to 235 controls that were randomly selected and grouped 
by age and gender.  The results showed no significant 
difference in 25(OH)D levels between confirmed PD 
cases and the controls (P=0.49).  Additionally, there were 
no differences observed in genotype frequencies between 
PD and control samples in the VDR polymorphisms 
investigated by researchers. It was nevertheless established 
that VDR Apal/AC genotype was highly associated with 
25(OH)D levels (P=0.01). In conclusion, the researchers 
did not rule out a weak association between PD and 
vitamin DS polymorphisms ad 25(OH)D levels. However, 
the findings were not sufficient to explain the doubling 
of PD prevalence in Faroe Islands using polymorphisms  
investigated in the VDR gene or levels of 25(OH)D 
(Petersen, Bech, Christiansen, Schmedes, & Halling, 
2014).33 Further research was therefore recommended. 

A study was carried out in Iran by Mohaddasi et al (2013) to 
identify the concentration of serum 25-hydroxyvitamin 
D3 concentration in Iranian patients diagnosed 
with PD. The study sought to establish the level of 
vitamin D in patients with PD and further identify how 
it relates with severity of the symptoms observed. The 

researchers recruited 83 patients with PD and used 
electrochemiluminescence immunoassay (ECLIA) to 
measure the level of 25-hydrovitamin D [25(OH)D3].

Findings of the study showed that the concentration 
of 25(OH)D3 was lower in PD cases compared to the 
normal group. The study also associated lower levels of 
25(OH)D3 with abnormal posture and postural instability 
(Moghaddasi, Mamarabadi, & Aghali, 2013).34 

iv. Studies on the link between neuronal function, 
vitamin D and Parkinson’s Disease

A pilot study was conducted by Peterson et al. (2013) to 
establish the relationship between balance control and 
vitamin D in Parkinson’s disease. The study was based 
on the background that balance problems are a major 
cause of morbidity and mortality in patients suffering 
from Parkinson’s disease.  Balance function and vitamin 
D concentration were quantified in a series of patients 
with PD in an observational, cross sectional study. This 
was necessary for the establishment of relationships and 
selection of outcomes measures for vitamin D intervention 
study. 

The study established an inverse correlation between 
vitamin D concentration and PD severity as measured by 
the motor Unified PD rating scale. 

The findings of the study were consistent with the 
hypothesis that vitamin D is essential for balancing in PD 
patients. 

A study was conducted by Peterson et al. (2013) to 
establish the association between Memory, mood, 
and vitamin D in persons suffering from Parkinson’s 
disease.35 The study was based on the findings of recent 
studies which show that vitamin D plays a significant 
role in the functioning of the central nervous system.  
As shown in animal studies, vitamin D is crucial in the 
development of neurons, stabilizing of the functions 
of mitochondrial functions, antioxidation, and the up 
regulation of neurotrophic factors. 

The objective of the study was to establish the relationship 
between serum vitamin D and neuropsychiatric function in 
individuals with PD.  The study was conducted as an add-on 
to a longitudinal survey researching on the neuropsychiatric 
performance and serum 25-hydroxyvitamin D in PD 
patients. The baseline neuropsychiatric performance and 
serum 25-hydroxyvitamin D were examined for up to 286 
confirmed PD cases. 

Several measures were administered, including global 
cognitive function (MMSE, MOCA, Mattis Dementia 
Scale), Verbal Memory (Hopkins Verbal Learning 
Test), Fluency (Animals, Vegetables, and FAS words), 
visuospatial function (Benton Line Orientation) 
Executive function (Trails Making Test and Digit-Symbol 
Substitution), Depression (Geriatric Depression Scale 
[GDS]) and PD severity (Hoehn & Yahr and Unified PD 
Rating Scale). 
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The researchers used a multivariate linear regression 
to assess how vitamin D concentration related to 
neuropsychiatric function. This was done in both 
demented subjects and non-demented subjects. 

Numerous neuropsychiatric tests showed better 
performance with higher vitamin D concentrations in 
the non-demented subset of the cohort. In particular, 
there was a significance association between vitamin 
D concentration with verbal memory and fluency. A 
correlation was also established between depression 
scores and the non demented subset. 

The researchers concluded that higher levels of vitamin 
D is essential for better cognition and better mood in PD 
patients without dementia (Peterson, et al., 2013).36 

iv. Vitamin D Supplementation and Parkinson’s disease 

A randomized, double-blind, placebo-controlled trial 
of vitamin D supplementation in PD was carried out by 
Suzuki et al. (2013). The study was based on the findings 
of a previous study conducted by the same researchers 
and which showed that a higher serum 25-hydroxyvitamin 
D [25()H)D] concentrations and the vitamin D receptor 
(VDR) Fokl CC genotype were linked with milder cases 
of PD. 

The objective of the study was to evaluate whether 
vitamin D3 supplementation inhibited the progression of 
PD on the basis of patient VDR groups. 

During the study, patients diagnosed with PD were 
randomly selected to receive vitamin D3 supplement or 
a placebo for a period of 12 months in a double blind 
setting. 

The outcomes were measured as clinical changes from 
baseline and the percentage of patients indicated with a 
worsening modified Hoehn and Yahr (HY) stage and the 
Unified PD Rating Scale (UPDRS). 

The findings of the study showed that vitamin D3 had a 
significant effect in the prevention of the deterioration of 
the HY stage in patients as compared with placebo.  VDR 
Fokl genotypes were seen to modify the effect of vitamin 
D3 on the changes that take place in the HY stage. 

The findings led to the conclusion that vitamin D3 
supplementation, may stabilize PD for a short time in 
cases where patients have Fokl TT or CT genotypes 
without resulting in hypercalcemia (Suzuki, et al., 2013).37 

TELOMERE LENGTH IN PD

A study conducted Watfa et al. investigated telomere 
length and different markers of oxidative stress in 
patients suffering from PD (2011).38  The study was based 
on the findings of several studies that show an association 
between short telomere length (TL) with high oxidative 
stress in several age-linked diseases. PD is an age-related 
disease and even though the pathogenic mechanism is not 

well understood, oxidative stress is thought to play a role.  
The study assessed TL and other biomarkers of oxidative 
stress in patients suffering from PD in comparison to age-
matched control subjects.  20 PD subjects and 15 >65 
years of age controls were investigated. Southern blotting 
was used to measure TL in samples from white blood 
cells. Superoxide dismutase (SOD) activity and plasma 
levels of the level of protein carbonyls and glutathione 
were measured (Watfa, et al., 2011).39  The results showed 
a trend for lower TL in PD subjects. There was however 
no significant difference established between the groups 
in relation to oxidative stress markers. Age was a key 
determinant in telomere shortening in the controls. In PD, 
the concentration of carbonyl proteins was a key factor 
in telomere shortening, and a negative association was 
established between plasma carbonyl protein levels and 
SOD activity. The researchers concluded that the absence 
of age-related telomere attrition in PD patients could be 
due to telomere regulation by other mechanisms (Watfa, 
et al., 2011).40

COQ-10 DEFICIENCY AND PD

A study was conducted by Mischley et al. to investigate 
Coenzyme Q10 deficiency in patients with PD. The 
study was based on the background that several studies 
have shown that reactive oxygen species (ROS) play 
a role in the pathophysiology of PD, and that many 
clinical antioxidant trials are underway in PD patients 
but facing challenges from the lack of peripheral markers 
for antioxidant research (Mischley, Allen, & Bradly, 
2012).41  In the study, 22 patients diagnosed with PD were 
selected to undergo Functional Intracellular Assay (FIA) 
between 2004 and 2008. Each finding was compared 
to four controls matched by gender and age (8=88) in 
four random and separate iterations utilizing lab data 
collected around the same period of time.  The functional 
deficiency in the antioxidant nutrients (coenzyme Q10, 
glutathione, vitamin E, selenium and alpha-lipoic acid) 
was determined using logistic regression. Chi(2) test was 
also used in the comparison of the cases with functional 
deficiency and that of the controls. 

The findings of the study showed that compared to cases, 
PD patients showed higher odds of Q10 deficiency. 
This was not however the case for selenium, Lipoic 
acid, Vitamin E or glutathione (P>0.05). Coenzyme q10 
deficiency was also found to be significantly higher in 
cases compared to controls. 

The researchers conclude that deficiency of Coenzyme 
Q10 as established via FIA should be investigated as 
a candidate biomarker for antioxidant status in PD 
(Mischley, Allen, & Bradly, 2012).42 

A study conducted by Yang et al. investigated whether a 
combination therapy with coenzyme Q10 and creatine 
produces additive neuroprotective effects in models of 
Parkinson’s and Huntington’s diseases (HD) (2009).43  

Creatine and Coenzyme Q10 are known to improve 
mitochondrial function and cellular bioenergetics, this 
together with their properties as antioxidants, makes them 
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suitable agents for neuroprotection in neurodegenerative 
diseases.  The researchers examined whether an additive 
neuroprotective effect in MPTP mouse model of PD, 
3-NP rat model of HD, and the R6/2 transgenic mouse 
model of HD could be achieved by combining CoQ10 and 
creatine. The study showed that the combination of the two 
agents produced additive neuroprotective effect against 
dopamine depletion in the striatum and loss of tyrosine 
hydroxlase neurons in the substantia nigra pars compacta 
(SNpc) following a chronic subcutaneous administration 
of MPTP (Yang, et al., 2009).44 A significant reduction 
in lipid peroxidation and pathologic alpha-synuclein 
accumulation in the substantia nigra pars compacta of 
the mice that were treated with MPTP was achieved 
following the combination treatment.  The researchers 
also noted additive neuroprotective effect in the reduction 
of the volume of striatal lesion produced by subcutaneous 
3-NP administration.  A significant effect in blocking 
3-NP mediated harm to glutathione homeostasis was also 
achieved through the combination treatment, and thereby 
reducing lipid peroxidation and DNA oxidative damage 
in the striatum (Yang, et al., 2009).45 The combination 
treatment also showed an improvement in the motor 
performance and prolonging survival in the transgenic 
R6/2 HD mice. 

The findings of the study suggest that by using a combined 
treatment of CoQ-10 and creatine, better treatment of 
neurodegenerative diseases such as HD and PD can be 
achieved (Yang, et al., 2009).46 

GLUTATHIONE AND PARKINSON’S DISEASE

i. Glutathione implication for health

A review was carried out by Wu et al. (2004) to establish 
the implications of glutathione (GSH) metabolism 
for health. The review was based on findings that 
show adequate protein availability is crucial for the 
maintenance of GSH homeostasis in both humans and 
animals. This is particularly true in the synthesis of 
GSH from Glutamate, cysteine, and glycine through the 
activity of gamma-glutamycysteine synthetase, cytosolic 
enzymes and GSH synthetase.  Additionally, cystine (both 
enteral and parenteral), N-acetyl-cysteine, methionine, 
and L-2-oxothiazolidine-4-cardoxylate have been found 
to be effective precursors of cystinefor use in tissue GSH 
synthesis. 

The review also identified the critical role played by 
glutathione in nutrient metabolism, regulation of cellular 
events and, most importantly, in the antioxidant defense. 
Glutathione deficiency contributes to oxidative stress, 
which plays a significant role in the aging and pathogenesis 
several diseases, including  Parkinson’s Disease, cystic 
fibrosis, sickle cell anemia, HIV/AIDS, cancer, heart 
attack, diabetes, stroke, seizure, Alzheimer’s disease, and 
Kwashiokor (Wu, Fang, Yang, Lupton, & Turner, 2004).47

New knowledge has since been developed to show a 
deeper understanding of the regulation on glutathione 
metabolism and PD. 

ii. Glutathione Deficit and Parkinson’s disease
 
Ballatori et al. conducted a review on glutathione 
dysregulation and the etiology and proegression of 
human diseases (2009).48  The review was based on the 
finding that GSH plays an important role in a multitude of 
cellular processes, including differentiation, proliferation, 
and apoptosis, and therefore, homeostatic disturbances in 
GSH are implicated in the etiology and/or progression 
of a number of diseases, such as cancer, aging diseases, 
cystic fibrosis, inflammatory, cardiovascular, immune, 
metabolic, and neurodegenerative diseases (Ballatori, 
Krance, Notenboom, Shi, & Hammond, 2009).49 

However, the pleiotropic effects of GSH on cellular 
functions have made it difficult to clearly pinpoint the 
role of GSH in the onset and/or expression of human 
diseases, though there is much progress in that direction. 
Studies have shown that the level of GSH, turnover rates, 
and oxidation state can be altered by acquired or inherited 
defects in enzymes, transporters, signaling molecules, or 
transcription factors that play a role in its homeostasis, 
or following exposure to metabolic intermediates or 
reactive chemicals (Ballatori, Krance, Notenboom, Shi, 
& Hammond, 2009).50  Deficiency in GSH or a decreased 
GSH/glutathione disulfide ratio is largely manifested 
through increased susceptibility to oxidative stress, and 
the damage that occurs is thought to play a role in diseases 
such as cancer, Alzheimer’s disease, and PD.  The immune 
system is also affected by GSH imbalances and this plays 
in the aging process (Ballatori, Krance, Notenboom, Shi, 
& Hammond, 2009).51 

A study was carried out by Kaur et al. to investigate 
how the increased labile iron pool due to glutathione 
depletion in immortalized midbrain-deprived 
dopaminergic neurons means for PD (2009).52  The 
study was based on the finding that GSH depletion is one 
of the events detected early in the substantia nigra of PD 
patients. However, it remains unknown if it is a causative 
agent in the ensuing molecular events associated with the 
disease. According to the researchers, the increase in the 
cellular labile iron pool (LIP) is independent of neither 
iron regulatory element/iron regulatory protein (IRP/
IRE) nor hypoxia inducible factor (HIF) induction but is 
dependent on both H(2)O(2) and protein synthesis (Kaur, 
Lee, Ragapolan, & Andersen, 2009).53  The findings of 
the study suggested that a novel mechanistic link between 
dopaminergic glutathione depletion and increased iron 
levels based on translational activation of TFR1 (Kaur, 
Lee, Ragapolan, & Andersen, 2009).54 This could have 
a role in the nuerodegeneration seen in PD in which 
reduction in GSH and elevations in iron are evident. 

A review was conducted by Johnson et al. on the 
dysregulation of glutathione homeostasis in 
neurodegenerative diseases (2012).55 The review was 
conducted against a background of increasing implication 
of glutathione-dependent enzyme activities in the 
induction and progression of neurodegenerative diseases 
such as Alzheimer’s PD, HD, Friedreich’s ataxia, and 
amyotrophic lateral sclerosis. The review focused on the 
provision of background on the synthesis, transport, and 
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regulation of GSH, particularly in the brain (Johnson, 
Wilson-Delfosse, & Mieya, 2012).56  The review also 
included a brief description of the role of glutathione 
in cellular maintenance and survival, and the functions 
of different GSH enzymes. The review established that 
the major contributors to initiation and progression 
of neurodegenerative disease to be oxidative stress, 
protein misfolding, and protein aggregation (Johnson, 
Wilson-Delfosse, & Mieya, 2012).57 The mechanisms 
of glutathione and/glutathione-dependent-dependent 
enzyme regulation that play a role in the pathogenesis of 
neurodegenerative diseases were discussed. 

A study was carried out by Sian et al. to examine the 
alterations in glutathione levels in Parkinson’s disease 
and other neurodegenerative disorders affecting basal 
ganglia (1994).58 During the study, researchers measured 
reduced GSH and oxidized GSH (GSSG) levels in various 
brain areas, including substantia nigra, putamen, caudate 
nucleus, cerebral cortex, and globus pallidus in patients 
dying with PD, multiple system atrophy, progressive 
spranuclear palsy, and HD against controls with no 
neuropathological changes in the substantia nigra (Sian, 
et al., 1994).59  The findings showed that the levels of 
GSH were reduced in the substantia nigra of PD patients 
(40% compared to controls) and GSSG levels marginally 
elevated.  No changes were observed in other brain areas.  
The only significant change observed in multiple-system 
atrophy was elevation in glutathione (196%) together 
with a reduction in GSSG (60%) in the globus pallidus 
(Sian, et al., 1994).60  The only change seen in progressive 
supranuclear palsy was a reduction in the level of GSH 
in the caudate nucleus (51%).  In spite of the fact that 
the substantia nigra had more profound cell loss in PD, 
progressive supranuclear palsy, and multiple-system 
atrophy, the level of glutathione in the substantia nigra was 
reduced significantly in PD. The findings showed that the 
GSH changes observed in PD are not solely due the death 
of nigra cells or explained by drug therapy. The modified 
GSH/GSSG ratio in the substantia nigra observed in PD is 
consistent with findings that have shown oxidative stress 
being a major component in the pathogenesis of nigral 
cell death in PD (Sian, et al., 1994).61 

A study conducted by Groger et al. investigated dopamine 
reduction in the substantia nigra of PD patients using 
in vivo magnetic resonance spectroscopic imaging 
(2014).62 The study sought to confirm metabolic changes in 
the substantia nigra of PD patients which had traditionally 
been investigated using different molecular-pathological 
examinations. The researchers aimed at measuring the 
in vivo alterations using a three-dimensional magnetic 
resonance spectroscopic imaging. During the study, 21 PD 
patients and 24 controls were examined using the magnetic 
resonance spectroscopic imaging at 3 Tesla (Groger, 
Kolb, Schafer, & Klose, 2014).63 The LC model was used 
to analyze the spectra of rostral and caudal regions of the 
substantia nigra. The in vivo spectra were produced by an 
adjusted data set with macromolecules and metabolites.  
The researchers established a significantly decreased 
N-acetylaspartate, creatine, choline, glutathione, myo-
inositol, and dopamine concentrations in PD patients as 

compared to the controls. However, the level of glutamine 
+glutamate, Y-aminobutyric acid, and homovanillic acid 
were slight enhanced (Groger, Kolb, Schafer, & Klose, 
2014).64 The results showed clear biochemical profiles 
between caudal and rostral substantia nigra in the two 
groups. 

The researchers concluded that reduced levels of 
dopamine and N-acetylaspartate concentrations resulted 
from the progressive degeneration of dopamine-producing 
neurons in the substantia nigra. The decrease in the level 
of creatine was interpreted as an impairment in energy 
metabolism due to a dysfunction in the mitochondria. The 
lower levels of glutathione were interpreted as a result of 
oxidative stress (Groger, Kolb, Schafer, & Klose, 2014).65 

A study was conducted by Elokda et al. to establish 
the effects of exercise induced oxidative stress on 
glutathione levels in Parkinson’s disease during off 
and on medication (2010).66 The study was conducted 
on the findings that show resting plasma GSH levels to 
be lower in people suffering from PD in comparison to 
other neurological conditions. Furthermore, medications 
used in the treatment of PD have been shown to cause a 
further depletion in resting plasma GSH.  Acute exercise 
is known to produce oxidative stress which is detected 
by lower levels of GSH.  The study aimed at establishing 
how PD responds to acute exercise stress and how 
medication affected such responses. The researchers 
subjected 14 men with PD and 14 men without PD to 
an exercise stress test.  The subjects with PD did the test 
while off PD medication for 12 hours and repeated it one 
week later while on PD medication. GSG and GSSG 
samples were collected via blood at rest following peak 
exercise together with peak VO(2).  The results showed 
that the levels of GSH and the GSH:GSSG ratio were 
found to be significantly lower in the PD- on medication 
and PD-off medication compared to the controls (Elokda, 
DiFrancisco-Donoghue, Lambarge, & Werner, 2010).67  

The level of GSSG was found to be significantly higher in 
both medications at rest and peak exercise as compared to 
controls. Comparison between PD on medication vs. PD 
off medication and peak exercise, the PD on medication 
was found to have lower levels of GSH, and a lower GSH: 
GSSG ratio but a higher level of GSSG. VO (2) was 
found to correlate positively with the levels of GSH. Thus 
the findings showed that PD patients had lower levels of 
plasma GSH compared to healthy people at rest and peak 
exercise (Elokda, DiFrancisco-Donoghue, Lambarge, & 
Werner, 2010).68 

A study was conducted by Chen et al. to establish whether 
increased oxidative damage in peripheral blood 
correlates with severity of PD ( 2009).69  Basing their 
research on the findings that show neuronal dysfunction 
due to increased oxidative stress in PD patents, the 
researchers sought to investigate whether the pathological 
changes that occur in the brain of PD patients are also 
present in peripheral tissues. Measures of leukocyte 
8-hydroxydeoxyguanosine (8-OHdG), erythrocyte 
glutathione peroxidase (GPx), plasma malondialdehyde 
(MDA) and plasma vitamin E (vit E) were done in 211 
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PD subjects and 135 healthy controls (Chen, et al., 
2009).70 The results showed an elevation in the level of 
Leukocyte 8-OHdG and plasma MDA, whereas the level 
of plasma vitamin E and erythrocyte GPX were reduced 
in PD patients in comparison to the healthy controls. After 
adjusting for environmental factors, logistic regression 
showed that PD severity had an independent correlation 
with 8-OHdG and MDA level, and inversely correlated to 
GPx activity and vitamin E level.  The results suggested 
an increase in oxidative damage and decreased antioxidant 
capacity in the peripheral blood, and a significant 
correlation between leucocyte 8-OHdG levels and the 
severity of the PD disease (Chen, et al., 2009).71 

iii. Glutathione Genes and Parkinson’s disease

A study was conducted by Wang T and Wang B to establish 
the association between Glutathione S-transferase 
M1/Glutathione S-transferase T1 polymorhisms and 
Parkinson’s disease (2013). The study was based on the 
extensive but inconclusive findings that show Glutathione 
S-transferase M1 (GSTM1) and Glutathione S-transferase  
T1 (GSTT1) as potential candidate genes for the risk of 
PD. 

The researchers used an updated meta-analysis to deter-
mine the effect of GSTM1 and GSTT1 polymorphisms 
on PD. The researchers used a fixed-effect model to 
calculate the combined odds ratio of different ethnicities, 
at 95 confidence intervals. The researchers evaluated the 
homogeneity of the studies included in the evaluation. 
There was no association established in the analysis of 
different races, except for a weak association that was 
established in the GSTM1 variant in Caucasians (Wang 
& Wang, 2013).72 

iv. Treatment of PD with Glutathione

A randomized, double-blind pilot evaluation of 
intravenous glutathione treatment in PD was 
conducted by Hauser et al ( 2009).73 The objective of 
the study was to investigate the safety, tolerance, and 
preliminary efficacy of intravenous glutathione in PD 
patients. The study was carried out as a randomized, 
double-blind, placebo- controlled trial in subjects 
with PD whose motor symptoms were not adequately 
controlled with their currently used medication regimen.  
A random assignment of three times a week intravenous 
administration of glutathione 1,400 mg or placebo for 
four weeks was conducted on the subjects. A total of 21 
subjects were included, 11 to glutathione administration 
and 10 to placebo.  One participant in the glutathione 
group withdrew due to personal reasons prior to the 
start of the assessment. Glutathione was well tolerated 
as no adverse effects were reported in the group. No 
significant differences were established in the Parkinson’s 
disease Rating Scale (UPDRS) scores (Hauser, Lyons, 
McClain, Carter, & Perlmutter, 2009).74 During the four 
weeks of administration, UPDRS ADL + motor scores 
showed improvement by a mean of 2.8 units more in the 
glutathione-administered group (P=0.32). This however 
worsened by a mean of 3.5 more in the glutathione 

group in the subsequent 8 weeks (P=0.54).  Therefore, 
preliminary data of intravenous treatment of PD with 
glutathione indicate a possibility of mild symptomatic 
effect, though this remains to be studied in a larger group 
(Hauser, Lyons, McClain, Carter, & Perlmutter, 2009).75 

A review was conducted by Jin et al. on mitochondria-
targeted antioxidants for treatment of PD both in 
clinical and clinical phases ( 2013).76  The review 
was based on the findings that show that mitochondrial 
dysfunction and oxidative stress play a central role in 
the dopaminergic neurodegeneration in PD. Therefore, 
therapies that are targeted at the mitochondria to improve 
mitochondrial function might be useful in the treatment 
and prevention of PD. The review elaborated on the 
recent developments relating to the antioxidants that are 
targeted to the mitochondria and the potential application 
in correcting mitochondrial dysfunction in PD (Jin, 
Kanthasamy, Ghosh, Anantharam, Kalyanaraman, & 
Kanthasamy, 2013).77

v. Effect of N-Acetylcysteine on glutathione levels in PD

A study conducted by Holmay et al. established that 
N-Acetyl cysteine boosts the brain and blood levels 
of glutathione in Gaucher disease (GD) and PD 
(2013).78  The study utilized adult subjects, 3 with PD, 3 
with GD, and 3 healthy controls. 7-T magnetic resonance 
spectroscopy (MRS) was used to measure baseline brain 
GSH concentrations. The baseline ratios of reduced to 
oxidized GSH were established for every subject.  The 
findings of the study showed that N-acetylcysteine (NAC) 
increased the redox ratios of PD in the blood with those 
diagnosed with GD, PD and the healthy controls and this 
was followed by an increase in the levels of brain GSH in 
all subjects (Holmay, et al., 2013).79 The study indicated 
that with the use of MRS, it was possible to measure 
and monitor the increase in levels of GSH in the brain 
following intravenous administration of a single dose of 
NAC.  Thus MRS can be used in the establishment of 
dose regimens for clinical trials of the antioxidant therapy 
in GD and PD, in addition to other neurodegenerative 
diseases (Holmay, et al., 2013).80 

vi. Cysteine as a precursor of glutathione through 
Levodopa action

A study was conducted by Muller and Muhlack to 
investigate the effect of Levodopa intake in patients 
suffering from PD (2012).81 The study was carried out 
on the background the redox milieu is established by thiol 
homeostasis and therefore scavenging for free radicals 
like GSH. The process of forming GSH occurs following 
a combination between I-glycine and glutamine acid 
(Muller & Muhlack, 2012).82 Additionally, an up-
regulation of free radicals is identified as a major feature in 
neurodegeneration. Levodopa (LD) is thought to support 
the synthesis of free radicals through the degradation of 
the dopamine derivative in mitochondria. The researchers 
therefore purposed to investigate the impact of LD on 
the turnover of free cysteine in plasma. 200mg LD/50mg 
carbidopa (CD) was administered to 13 PD subjects. The 
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levels of LD and free cysteine in plasma were measured 
before and after the LD/CD application. As expected, the 
level of LD increased with the decay of cysteine. The 
researchers concluded that the decrease in cysteine may 
be due to an up regulation of GSH synthesis in response 
to the enhanced presence of free radicals associated with 
the turnover of LD in mitochondrial monoaminooxidase 
(Muller & Muhlack, 2012).83

MTHFR POLYMORPHISM, HOMOCYSTEINE 
LEVELS AND PARKINSON’S DISEASE

A review was done by Garilli (2012) on MTHFR 
Mutation: A missing piece in the chronic disease puzzle. 
Methylenetetrahydrofolate reductase (MTHFR) is very 
important enzyme that plays a critical role in numerous 
biochemical processes.  Non optimal production and 
utilization of MTHFR has been linked to an increased risk 
of several chronic diseases including stroke, myocradial 
infarction, cancer, many neuropsychiatric diseases, 
inflammatory bowel disease, and a number of congenital 
defects (Garilli, 2012).84 Mutations in MTHFR have been 
associated with neuropsychiatric conditions because of 
the indirect involvement of MTHFR in production of 
dopamine, norepinephrine, and serotonin, in addition to 
adverse effects of hyperhomocysteinemia. According 
to the review, mutations of the MTHFR gene has been 
linked to PD, Alzheimer’s disease, bipolar disorder, 
Schizophrenia, and vascular dementia (Garilli, 2012).85  

A study conducted by Yasui et al. (2000) measured 
the level of cysteine and homocysteine in 90 patients 
with PD and with the MTHFR c677T (T/T) genotype. 
The results showed that the levels of homocysteine 
were enhanced by 60% in patients who were treated 
with Levodopa. The highest elevation occurred in 
T/T genotype patients. The researchers concluded 
that MTHFR genotype, Levodopa and folate might be 
associated with increased homocysteine (Yasui, Kowa, 
Nakaso, Takeshima, & Nakashima, 2000).86 

A study conducted by Nakaso et al. (2003) reported that 
hypertrophy of IMC of carotid artery in Parkinson’s 
disease is associated with L-DOPA. Homocysteine 
(Hcy), and MTHFR genotype. The study was prompted 
by the increased interest in understanding the association 
between hyperhomocysteinemia and PD. According to 
the study, a mild hypertrophy of the carotid artery intima –
media complex (IMC), a systemic atherosclerosis marker, 
is seen in patients with PD in comparison to normal 
subjects. Hypertrophic IMC was observed in patients 
following a lengthy treatment with L-DOPA.  In cases that 
had a hypertrophic IMC of the carotid artery, an elevation 
in the plasma levels of Hcy associated with C677T 
genotype of 5,10-methylenetetrahydrofolate reductase 
(MTHFR) was witnessed (Nakaso, et al., 2003).87 The 
findings of this study suggest that atherosclerosis can be 
enhanced in PD patients by hyperhomocysteinemia via 
the C677T MTHFR genotype and a prolonged L-DOPA 
treatment. 

A review was carried out by Mattson and Shea (2003) 

on folate and homocysteine metabolism in neural 
plasticity and neurodegenerative disorders. This was 
based on the finding that, among other functions, folate 
plays a role in remethylation of homocysteine, which 
can in turn induce breakage of DNA, oxidative stress, 
and apoptosis (programmed cell death). Dietary folate 
regulates programmed cell death and neurogenesis 
(Mattson & Shea, 2003).88  The authors evaluated studies 
that link folate deficiency, increased homocysteine and its 
association with neurodegenerative diseases such as PD, 
Stroke and Alzheimer’s disease. Genetic and clinical data 
were cited as critical pointers to the role of homocysteine 
and folate in pathogenesis of psychiatric disorders 
(Mattson & Shea, 2003).89 

A study conducted by Religa et al. (2006) sought to 
establish the effect of duration of PD on hyper-
homocysteinemia. The study focused on the influence 
of different factors such as levodopa dose, duration of 
therapy and disease, in addition to MTHFR polymorphism 
and other environmental factors (Religa, et al., 2006).90 

Among other findings, the researchers established that PD 
patients subjected to levodopa treatment showed elevated 
levels of homocysteine in plasma when compared to the 
control subjects, the levels did not however depend on the 
doses of levodopa (Religa, et al., 2006).91 The researchers 
concluded that hyperhomocysteinemia was linked with 
levodopa treatment, duration of PD and probably with the 
PD itself. 

A study conducted by Todorovic et al. (2006) sought to 
clarify whether Levodopa treatment was necessary 
for homocysteine serum levels in PD patients 
with MTHFR C677T genotype. The total level of 
homocysteine (tHcy) and MTHFR C677T in serum 
were investigated in both PD patients who were treated 
and those not treated with levodopa, as well as healthy 
controls matched by gender and age (Todorovic, et al., 
2006).92 The results of the study showed that tHcy was 
elevated in both levodopa-treated and untreated PD 
compared to the controls (Todorovic, et al., 2006).93  

The findings indicated that MTHFR C677T was a key 
factor in the occurrence of hyperhomocysteinemia in 
patients with Parkinson’s disease, regardless of levodopa 
treatment status. 

PARK 7/ DJ -1 GENE AND PARKINSON’S DISEASE

PARK7/DJ-1 is a gene that codes a protein belonging 
to peptidase C56 proteins family. PARK7 is part of 
four chromosomal loci (PARK2, PARK6, PARK7, 
and PARK9) which are linked to autosomal recessive, 
early onset of PD (Bonifati, et al., 2003).94  The protein 
functions as positive regulator of androgen transcription. 
It also acts as redox-sensitive chaperone, mitochondrial 
regulator, and oxidative stress sensor, protecting neurons 
from cell death and oxidative stress (Bonifati, et al., 
2003).95 Defects in this gene are thought to result into 
autosomal recessive early onset of PD7. 

A review conducted by Bonifati, Oostra, and Heutink 
(2004) sought to understand the pathogenesis of PD 
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by linking DJ-1 to neurodegeneration. Based on the 
findings in the rare monogenic forms of PD, the review 
sought to expand the knowledge on the molecular 
pathways involved in the common forms of PD.  The 
review specifically focused on PARK7, an autosomal gene 
observed in the early onset of PD and which occurs due to 
mutations in DJ-1 (Bonifati, Oostra, & Heutink, 2004).96 
The review discussed how a dysfunction in DJ-1 might 
lead to neurodegeneration, and its implications for PD.  A 
specific understanding of the role of DJ-1 was not made 
but its role as an oxidative sensor was consistent with 
current theories adopted to describe PD pathogenesis.

A study carried out by Hedrich et al. (2004) compared the 
rate of Dj-1(PARK7) mutations and Parkin (PARK2) 
mutations in the early-onset of PD.  The study was 
conducted against a background of increased implication 
of Parkin gene and DJ-1 in the early onset of PD. The 
authors investigated the frequency of DJ-1 and Parkin 
gene mutations by performing a mutational analysis of 
coding exons using quantitative PCR assays and high 
performance liquid chromatography (Hedrich, et al., 
2004).97  The findings showed that DJ-1 mutations occur 
less frequently compared to Parkin in early-onset PD 
patients, however, DJ-1 mutations should be considered 
as a possible cause of early-onset PD (Hedrich, et al., 
2004).98

A review conducted by Ariga et al. (2013) on the 
neuroprotective function of DJ-1 in Parkinson’s disease 
revealed interesting information. First, it was observed 
that excessive oxidation of DJ-1 renders it inactive, 
an occurrence observed in patients with Alzheimer’s 
disease and sporadic PD. The finding suggested that DJ-1 
plays a role in the onset and pathogenesis of sporadic 
Parkinsonism and familial PD (Ariga, et al., 2013).99 

SUMMARY

As revealed by the studies reviewed in this paper, in 
addition to genetics, diet and nutrition play a significant 
role in the development and progression of Parkinson’s 
disease.  Though the research is still ongoing regarding 
on the role played by genetics and a wide variety of 
nutrients and dietary factors, there is a clear implication 
of vitamin D deficiency and the intake of foods containing 
animal fat.  Additionally, there is evidence to show that 
glutathione deficiency could be contributing to the 
development of PD, as it is the case for other degenerative 
conditions.  The findings of the studies reviewed indicate 
that supplementation of vitamin D, coenzyme Q-10, 
glutathione precursors, coffee and black tea consumption, 
and consumption of other nutrients identified, could offer 
short term reprieve for patients suffering from PD. 
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THE 
GENTLE 
DETOX
by: E.Blaurock-Busch PhD

The Toxicity of Metals in General Health Care
In the USA, the Agency for Toxic Substances and Disease 
Registry (ATSDR) and the Environmental Protection 
Agency (EPA) prepare a list of substances that are 
considered to pose the most significant potential threat 
to human health. If you live in an industrial area or near 
a toxic dump, beware. Consider a hair analysis to see if 
toxic metals have accumulated over time.  

It should be noted that this priority list is not a list of “most 
toxic” substances, but rather a prioritization of substances 
based on a combination of their frequency, toxicity, and 
the potential for human exposure.

Of the 275 substances listed, only some are shown here, 
in alphabetical order. Ranking is shown for the year 2005 
and 2007. Cadmium and nickel are ranked higher in 2007 
than in 2005, indicating a higher potential for exposure.

SUBSTANCE NAME 2005 RANK 2007 RANK
ARSENIC 1 1
LEAD 2 2
MERCURY 3 3
CADMIUM 8 7
CHROMIUM, 
HEXAVALENT

18 18

BERYLLIUM 40 42
COBALT 50 49
NICKEL 55 53
CHROMIUM(VI) 
OXIDE

66 65

ZINC 74 74
CHROMIUM 77 77
BARIUM 109 109
MANGANESE 115 117
METHYLMERCURY 121 123
LEAD-210 124 125
COPPER 133 128
SELENIUM 147 147
PALLADIUM 177 180

ALUMINUM 186 187
VANADIUM 198 198
SILVER 213 214
CHROMIUM 
TRIOXIDE

218 215

ANTIMONY 222 219
ARSENIC ACID 226 223
ARSENIC TRIOXIDE 227 224
ARSINE 237 234
CALCIUM 
ARSENATE

244 241

MERCURIC 
CHLORIDE

244 241

SODIUM ARSENITE 244 241
 
TOXIC  METALS and Symptoms of Metal 
Intoxication
Occupational or accidental exposure may result in acute 
symptoms of metal intoxication. Symptoms of chronic 
exposure may follow acute exposure or are the result 
of long term, low level exposure. Acute intoxication 
is generally followed by symptoms that are typical for 
that particular poison. Chronic exposures, however, 
are generally accompanied by diverse or non- specific 
symptoms. This means an acute exposure is usually 
easily identified, whereas a chronic exposure may go 
undetected for a long time, simply because symptoms are 
not easily identified.

The treatment following acute intoxication needs 
to be timely to relieve life-threatening symptoms. 
Such treatments must be carefully supervised by 
an occupational physician or a physician trained in 
toxicology. Poison centers are located worldwide, and 
will respond to emergency calls to provide expert advice 
to physicians and those attending patients.

Symptoms of a chronic overexposure are generally not 
easily diagnosed and the long term effect can vary in 
severity, particularly if untreated.

Natural detoxification treatments are suitable for chronic 
exposures only and for most cases, time is not critical 
when it comes to treating symptoms of a chronic exposure. 

Metal Acute Chronic 
Arsenic Nausea, vomiting, 

c o n v u l s i o n s , 
severe diarrhea

Hyper- and 
hypopigmentation, 
skin problems, skin 
cancer

Bismuth Renal failure; 
acute tubular 
necrosis

Diffuse myoclonic 
encephalopathy

Cadmium Pneumonitis 
(oxide fumes)

Proteinuria, lung 
cancer, osteomalacia

(Continued on next page)
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Chromium GI hemorrhage, 
hemolysis, acute 
renal failure 
(Cr6+ ingestion)

Pulmonary fibrosis, 
lung cancer 
(inhalation)

Cobalt Beer drinker’s 
(dilated) 
cardiomyopathy

Pneumoconiosis 
(inhaled); goiter

Copper Blue vomitus, 
GI irritation/ 
hemorrhage, 
hemolysis, 
MODS 
(ingested); MFF 
(inhaled)

Vineyard sprayer’s 
lung (inhaled); 
Wilson disease 
(hepatic and 
basal ganglia 
degeneration)

Iron Vomiting, GI 
hemorrhage, 
cardiac 
depression, 
metabolic 
acidosis

Hepatic cirrhosis

Lead Nausea, vomiting, 
encephalopathy 
(headache, 
seizures, ataxia, 
obtundation)

Encephalopathy, 
anemia, abdominal 
pain, nephropathy, 
foot-drop/ wrist-drop

Manganese MFF (inhaled) Parkinson-
like syndrome, 
respiratory, 
neuropsychiatric

Mercury Elemental 
(inhaled): 
fever, vomiting, 
diarrhea, ALI;  

Inorganic salts 
(ingestion): 
caustic 
gastroenteritis

Nausea, metallic 
taste, gingivo-
stomatitis, tremor, 
neurasthenia, 
nephrotic syndrome; 
hypersensitivity 
(Pink disease)

Nickel Dermatitis; 
nickel carbonyl: 
myocarditis, ALI, 
encephalopathy

Occupational 
(inhaled): pulmonary 
fibrosis, reduced 
sperm count, 
nasopharyngeal 
tumors

Selenium Caustic burns, 
pneumonitis, 
hypotension

Brittle hair and nails, 
red skin, paresthesia, 
hemiplegia

Silver Very high doses: 
hemorrhage, 
bone marrow 
suppression, 
pulmonary 
edema, 
hepatorenal 
necrosis

Argyria: blue-grey 
discoloration of skin, 
nails, mucosae

Thallium Early: Vomiting, 
diarrhea, painful 
neuropathy, 
coma, autonomic 
instability, 
MODS

Late findings: 
Alopecia, Mees 
lines, residual 
neurologic 
symptoms

Zinc MFF (oxide 
fumes); vomiting, 
diarrhea, 
abdominal pain 
(ingestion)

Copper deficiency: 
anemia, neurologic 
degeneration, 
osteoporosis

Abreviations:
MFF = metal fume fever
MODS = multi-organ dysfunction syndrome; 
ALI = acute lung injury; 
ATN = acute tubular necrosis; 
ARF = acute renal failure; 

Diagnosing Metal Exposure

Hair mineral analysis to define past and/or chronic 
exposures.
The diagnostic concept of hair mineral analysis is similar 
to drug testing in hair.  Abuse a drug chronically or be 
exposed to toxic metals for a long time, and the toxins 
will eventually show up in hair tissue, because what is 
fixed in hair will remain. 
Blood is different. If you are exposed to a toxin on a 
relatively low level, the blood concentration may not rise 
above existing reference ranges.
.
1. Hair mineral analysis (HMA) reflects how efficiently 

the root was nourished (or intoxicated) over time. 
Hair grows approximately 1cm per months. If hair 
is cut close to the scalp, measuring 5cm in length, 
test results provide information about the metal 
absorption into the hair follicle that happened over 
the past 5 months. As long as even small amounts of 
metals circulate in the blood stream, the hair follicle 
will be supplied. This feeding and storing mechanism 
depends on blood supply and time. Consequently, 
the concentration of metals in hair tissue tell us that 
metals were transported by the blood stream to the 
hair follicle and were absorbed into hair tissue over 
a certain time. 

2. HMA values do NOT reflect today’s exposure. Hair 
tells what happened in the past. 

3. Hair metal concentrations ONLY support blood 
or urine metal concentration when daily exposure 
exists and continues over a given time. 

That was the case with the children of Punjab, India. 
Through our study of hair and urine analysis, we found 
high concentrations of toxic metals such as lead and 
uranium in the hair and the urine of our test group. Urine 
results reflected immediate exposure, and the high metal 
concentration in hair signaled long term exposure. The 
logical conclusion to be drawn: the children had been 
exposed daily over many months. For more upload 
details, see http://www.tracemin.com/en/metals-and-
disease-research/retardation-physical-mental/
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binding ability, which decreases with age. This implies 
that an older, grey-haired individual is less likely to store 
metals in hair tissue. Therefore, if elevated levels of any 
toxin are seen in a grey-haired person, beware.  

Accuracy of Testing
Method development and increased instrument sensitivity 
have improved metal analysis of all specimen, including 
hair. The accuracy of hair analysis is similar to that of 
blood, urine or water testing.

Sampling Instructions

• Hair provides a record of past and current trace element 
levels. As hair grows, nutrient and toxic elements 
are deposited from the blood stream into the hair 
follicle and hair shaft. Once a trace element has been 
incorporated into the hair, it remains fixed. To measure 
these values reliably and with good reproducibility, 
the following criteria applies:

• Untreated head hair that is cut from the occipital area 
(back of head) is the preferred sample.

• Substitutes for head hair are pubic or beard hair, 
or clippings of finger nails (underarm hair is not 
acceptable).

• Because some sample loss results during processing, 
an adequate amount of sample (about one tablespoon 
filled with hair) is needed for testing. 

• DO NOT MIX different sample types (i.e. hair with 
nails). 

• Hair roots are NOT needed.
• Hair that has been chemically treated (“permed”, dyed, 

bleached, or otherwise treated) WILL NOT provide 
accurate results, no matter what some laboratories 
claim. During  chemical treatment the hair shaft opens 
like a pine cone, allowing external contaminants to 
enter inside. This alone causes false results. 

• Hair dyes contain metals such as manganese, copper 
etc., and those will affect the chemical make up 
of the hair tissue. Thus, the analysis of dyed hair 
provides falsely elevated results, and there is no 
way around it. Since today’s cosmetic industry uses 
many different chemical agents, it is impossible to 
accurately determining what metals are contained in 
hair colorings and how their use affects test results.

Another study we participated in focused on autistic Arab 
children. Through our cooperation with Prof. Omnia 
Raffat and colleagues of the University of Cairo, we 
were able to compare urine and hair results of healthy 
vs autistic children. The conclusion drawn was that 
the autistic children are chronically more exposed than 
healthy children. http://www.tracemin.com/en/metals-
and-disease-research/autism/

People living in polluted cities are exposed to higher levels 
of toxins on a daily basis than people residing in cleaner 
areas. People living in polluted areas for a long time will 
show a higher metal intake and a higher urinary excretion 
of toxins than those living in a cleaner environment. Urine 
reflects the daily intake and output. And because the daily 
toxic exposure continues over time, the concentration of 
toxins in hair will rise with time. 

To summarize: as long as we are exposed to toxins and as 
long as these metals circulate in the blood stream, the hair 
follicle will absorb toxins. The toxic metal concentration 
in hair will steadily rise over time. Supporting evidence 
can be found in severely polluted countries. 

4.  People living in cleaner environments are less exposed. 
The metal concentration found in their blood is usually 
low, and in most cases levels are slightly below the 
expected reference range. While the concentration of 
metals in blood fluctuates, depending on exposure, 
people living in cleaner environments show lower 
blood levels of toxins than people living in polluted 
areas. Other sources such as amalgam fillings may 
become a problem.

Example: a patient has several amalgam fillings in his 
mouth. Through teeth grinding dental metals are released. 
Through bacterial action in the gut this elemental mercury 
can be turned into the highly toxic methyl mercury. Old 
dental materials are usually brittle, constantly releasing 
small amounts of metals through simple chewing of food 
and while the amount of metals released on a daily basis 
may be insignificant, not causing a rise in blood mercury 
concentration, the circulation of small amounts of metals 
in blood will ‘feed’ body tissues including hair tissue. 
Consequently, hair metal levels slowly rise.  

Normal hair levels
A ‘normal’ mercury or lead level does not necessarily 
exclude a metal burden. If metals such as mercury or lead 
fully crossed the blood brain barrier and no additional 
exposure exits, the metals are no longer circulating in the 
blood stream, meaning the hair root will not be supplied. 
When nothing circulates within the blood stream, metals 
are not delivered to hair tissue. Urine levels will also 
be inconspicuous, because urine analysis shows what 
metals are excreted after circulation. If nothing circulates, 
nothing can be excreted.

This principle applies to all metals capable of crossing the 
blood brain barrier. 

Hair tissue storage depends on the body’s protein-metal 
(Continued on next page)
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• Bleaching and/or “Perming” of hair results in altered 
levels of calcium, magnesium, zinc, copper, nickel 
and other metals. 

• If hair has been treated, it should be allowed to grow 
for at least 3 months before sampling is recommended.

Nutritional Detoxification Protocol for Adults

One-day Test Program:
Mornings, 20 minutes before breakfast
     Take with 1 cup of water or diluted juice
• 1/2 of your daily maintenance dose of Vit C in powder 

or capsule form 
• 400IE Vitamin E
• 250mg of L-Cysteine in powder or capsule form
• 250mg Glutathion
Mornings, with breakfast
• One tablet or capsule of a multimineral/vitamin 

supplement
• Take extra selenium or zinc, depending on need
• Eat 1 cup of plain yoghurt. Add 1 handful of oats and 

1 teaspoon of linseed for fiber. (Fiber stimulates liver 
and gallbladder function, an important part for the 
elimination of toxins). Add seasonal fruit, if possible.

20 minutes before Lunch
Take with 1 cup of carrot or beet juice
• 1/4 of your daily maintenance dose of Vit C in powder 

or capsule form 
• 200IE Vitamin E
• 250mg of L-Cysteine in powder or capsule form
• 250mg Glutathion
Take with lunch
• One tablet or capsule of a multimineral/vitamin 

supplement
20 minutes before dinner
Take with 1 cup of carrot or beet juice
• Take 1/4 of your daily maintenance dose of Vit C in 

powder or capsule form 
• 200IE Vitamin E
Take with dinner
• One tablet or capsule of a multimineral/vitamin 

supplement
Take before bedtime
• One tablet or capsule of a multimineral/vitamin 

supplement with magnesium, depending on need. 

If your patient experiences digestive problems or 
discomfort, stop the program. Also note that allergy 
reactions can occur, most likely to colorings, sugars 
and other additives. Changing products, or altering the 
program can help.

Follow-up Program, Take 1-31x/week 
(continue, if no problems were encountered during the 
Start-Up Program)

Mornings, 20 minutes before breakfast
Take with 1 cup of water or diluted juice
• 1/2 of your daily maintenance dose of Vit C in powder 

or capsule form 
• 400IE Vitamin E
• 500mg of L-Cysteine in powder or capsule form

• 250mg Glutathion

Mornings, with breakfast
• One tablet or capsule of a multimineral/vitamin 

supplement
• Take extra selenium or zinc, depending on need
• Eat 1 cup of plain yoghurt. Add 1 handful of oats and 

1 teaspoon of linseed for fiber. (Fiber stimulates liver 
and gallbladder function, an important part for the 
elimination of toxins). Add seasonal fruit, if possible.

20 minutes before Lunch
Take with 1 cup of carrot or beet juice
• 1/4 of your daily maintenance dose of Vit C in powder  

or capsule form 
• 200IE Vitamin E
• 500mg of L-Cysteine in powder or capsule form
• 250mg Glutathion
With lunch
• One tablet or capsule of a multimineral/vitamin 

supplement
20 minutes before dinner
Take with 1 cup of carrot or beet juice
• Take 1/4 of your daily maintenance dose of Vit C in 

powder or capsule form 
• 200IE Vitamin E
• 500mg of L-Cysteine in powder or capsule form
• 250mg Glutathion
With dinner
• One tablet or capsule of a multimineral/vitamin 

supplement
Before bedtime
• One tablet or capsule of a multimineral/vitamin 

supplement with magnesium, depending on need. 

Observe and monitor your patient while he/she is on this 
program. Depending on his condition, the program may 
be followed over 4-6 months, after which dosage may be 
reduced. If possible, stop all supplements after 6-8 months, 
allowing the body’s internal homeostatic mechanism to 
readjust. This gradual redistribution of the remaining 
metals (toxic and essential) of the difficult to access body 
systems is responsible for the effective detoxification of 
the nervous system and provides an explanation for the 
improvement of neurological patients. 

The follow up hair analysis after a total of 9 months can 
be compared to the initial test and generally demonstrates 
the effect of the Gentle Detox. One word of caution: hair 
samples must be taken correctly and chemically treated 
hair is unacceptable as it provides falsely elevated results. 

Nutritional detoxification works, but it works gently and 
slowly. Inform your patient that patient is a virtue and that 
he must follow your advice, regarding treatment time. 

Add adjunct therapies such as colon cleanse, and don’t 
forget to inform the patient that exercise and a healthy 
diet is needed to stimulate metabolic processes.

Good luck. This is an excerpt from the author’s book, The 
Gentle Detox. It can be downloaded www.tracemin.com/
en/books-by-eblaurock-busch/e-book-gentle-detox/ u
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