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Introduction

This book is an assembly of some of very important studies, reports and research papers that
were funded and supported by various governments, the World Health Organization, leading
scientists and doctors all interested in changing the lives and health of the general population.
It is not intended to make any statements about cure or treatment but instead, just to give the
reader an idea about some of the incredible natural healing opportunities that the body has as
well as nutrients and what you can do to support the body function and structure.
Many Experts around the globe realize that the miracle of the body and its ability to heal itself
might be the best way to regain or improve your health. Many of the illnesses of today and
yesterday are a result of our lifestyle, environment, the food we eat, stress and what we drink.
We have learned that if we give the body the nutrients it needs, the body will have a stronger
immune system and perhaps avoid sickness and disease. Also, if the body is weak and/or sick,
the studies have shown that the body can regain health with proper supplementation of the
nutrients it needs to build the immune system and fight the problem.
Feel free to study many of the additional reports and studies that can be found in PubMed and
other European Journals. There are so many more that talk about Nucleotides and immune
system. I am sure that there will be many more. Today, the value of nucleotides is such that it
is being put into baby’s formulas.
All studies we have seen have shown significant results and improvements. The word
“significant” is actually used in many of the studies in their conclusions. We hope that the
information provided is of value to you.
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What is IMUREGEN?
THE VALUE OF DNA/RNA NUCLEOTIDE SUPPLEMENTATION

The science which promotes healthy aging is designed to
preserve the human body in a healthy state for as long a period
as possible. Thus it seeks to maintain one’s mind and body
mentally alert and physically active so that one can enjoy
contentment throughout all of life, relatively free of stress.
One of the challenges to healthy aging is the ability for the body to
defend itself against disease and in increasingly unfriendly
environment. The present approach for dealing with health
problems is to treat the symptoms rather than the cause of the
disease or discomfort by drugs and/or surgery. Although this is
an effective means for resolving a serious infection or a life-threatening circumstance it is not a
panacea for resolving all medical issues.
It has been the vision of the scientific community to find a way to strengthen the immune
system, similar to vaccination, so that it will be ready to destroy pathogens; Imuregen was
created with this vision in mind. Based on long term experimental research and clinical studies in
Europe, it has been confirmed that Imuregen has positive effects on the total regeneration of the
body and immune system. It is especially suitable for persons who are under extreme physical
or mental stress. It fosters the regeneration of liver tissue and mucous membranes of the
digestive and respiratory systems. It also provides protection from viral and bacterial
infections.
Imuregen offers a new means of strengthening the immune
system and promoting cell regeneration. By using highly
efficient natural substances, such as essential nucleotides,
amino acids, oligopeptides and trace elements, Imuregen is able
to increase the body’s immunity and effect cell regeneration.
Imuregen is introduced into the digestive tract in active form thus
allowing the body to absorb only the substances it needs for
optimizing performance, avoiding stress and disease, and to
improve metabolism during a disease. Imuregen regulates the
body’s stamina by modulating
the cellular and hormonal function of the immune system.
Imuregen supplementation is thus one of the most rejuvenating, immune enhancing, and
tissue supporting regimens ever to be discovered. Numerous published scientific studies
indicate very significant health benefits from DNA and RNA component supplementation.
Almost every system of the body has documentation of improved health, vitality, or function
from providing supplements of these fundamentally important cellular elements, from infancy
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to advanced age. The following is a brief summary from the vast literature supporting the many
published benefits of nucleotide supplementation in the diet.

Tissue Regeneration
In order to sustain health, virtually every tissue in the body
must regenerate itself regularly. Having adequate supplies of
all the nucleic acid bases may be one of the
most significant limiting factors on whether a tissue will be able
to express its greatest capacity for regeneration and selfrepair.
Any tissue, in order to regenerate, requires the ability to make
DNA and RNA to support the process of making new cells.
Providing readily absorbed and assimilated nucleotides can be one of the most powerful ways
to assist any tissue to repair and renew itself.

Wound Healing

v

....

--

Several studies in wound healing have assessed the effects of
supplemental nucleic acids on wound healing. Compared to the
control group, those receiving the supplements showed more
rapid healing, greater tensile strength of the skin, and
significantly reduced scarring.

Endocrine Gland Repair
Some of the tiniest organs in the body have the most profound
effects on our health and well being. These are the endocrine
glands that secrete minute amounts of hormones into the blood
without which every function of the body can suffer.

▪
▪
▪
▪
▪

The pituitary gland
The adrenal glands
The thymus gland
The thyroid gland
The salivary glands
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Intestinal Integrity, Maturation, and Bowel
Flora
The intestinal lining replaces all of its cells every seven days.
Only a single layer thick, this lining is highly dependent on a
sufficient supply of nucleic acids to completely regenerate itself
every week. If nutritional support is inadequate, defective
regeneration of the intestinal mucosal lining impairs the
enzymatic stages of digestion, which can lead to a vicious
cycle of deteriorating digestion and nutritional status.
Upon administration of supplemental nucleotides, the appearance of the intestinal lining
greatly improved, with regeneration of the height of the absorptive intestinal villi. In addition,
the enzyme content and function of the Intestinal lining also greatly improved, permitting the
animals to recover and thrive robustly.

Regen - antimicrobial peptides and proteins
(AMPP)
AMPP’s have enormous importance for human health,
because they kill microorganisms (bacteria, viruses, fungi,
protozoa) on the interfaces between the external and internal
environment of the body (intestine, lung, skin, urinary tract)
and protects the circulatory system from the penetration of
microbes (Yu & comp. 2010). AMPP regulate immune
response and slows dangerous inflammatory responses,
which are dangerous to the body.
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HDL Cholesterol Levels
An additional finding in individuals who received nucleotide
supplementation was an improvement in their blood lipid
profiles. In particular, the individuals receiving added nucleic
acids were found to have higher HDL cholesterol levels, the
cholesterol fraction that protects against cardiovascular
disease the higher the level.

Growth and Development
Studies in young laboratory animals have assessed the effects
of supplementing DNA and RNA elements. Compared to
control animals, the supplemented animals grew, developed,
and increased muscle mass at a greater rate. Other vital
proteins were also built more readily in the treated animals.
The intestinal lining in particular matured more robustly in the
supplemented animals. Research thus far indicates that the
tremendous need for nucleic acids in growth and development is strongly beneficially
supported through supplementing these vital nutritional elements.

Cellular Immunity
Cellular immunity refers in particular to immune cells that have
the role of identifying cells in the body that have become
abnormal, so that the abnormal cells can be removed. The
main cellular changes sought through the cellular immune
system are the development of cancer cells or various types of
intracellular infection. The goal of the cellular immune system
is to eliminate cancer cells or infected cells before they can
become established in the body to cause serious illness. The main effectors of cellular
immunity are cells that arise in the thymus gland. These cells are often called T cells for their
thymus derivation, of which there are several types with varying functions. A special type of T
cell called a cytotoxic T cell has the role of finding and sticking to abnormal cells, then
releasing substances that selectively digest and clear the renegade cells.
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Memory Enhancement
Many studies in animals and humans have found a dramatic
improvement in memory function with nucleic acid
supplementation. Whether it is the ability to remember the right
pathway to get through a maze for a prize of cheese, or to
remember facts and figures, giving supplements of DNA and
RNA elements has highly significantly increased performance.
Perhaps most dramatically, one researcher has focused on
giving nucleic acids to persons with dementia. Even with advanced cases, if he went to high
enough delivery levels to his patients, in almost every case memory improvement was very
significant. The doctor reported that even in advanced cases of dementia dramatic memory
recovery occurred if high enough levels of nucleic acids were given.

Longevity
It is perhaps functional nucleic acid deficiency that limits our
potential for healthy longevity more than any other single
factor. Of all the interventions that have ever been attempted
to increase the life span of mammals, no method ever studied
has been more powerful for mammalian life extension than
nucleic acid supplementation. Compared to other techniques
that have increased longevity of experimental animals up to
50%, administering nucleic acids has doubled and even tripled the usual maximum life span.

Added ATP Benefits
ATP stands for adenosine triphosphate, perhaps the most
important of all the nucleic acid derivatives in the body. Its
effects are so powerful and essential to cellular function, a
description of its unique properties warrants special attention.
ATP is the fundamental currency of every cell in the body.
Virtually every activity in the body that requires energy uses
ATP as the source of power. Whether the function is building
complex molecules from building blocks, maintaining the
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electric potential of cell membranes, or allowing muscle fibers to contract for mobility, speed,
and strength, it is ATP that provides the electrochemical fuel.
The oxygenating effects of nucleotide supplementation combined with a supply of ATP is
likely to be additive and even synergistic at helping cells throughout the body achieve higher
energy potentials and more ideal energy balances.

Cellular Energy
There are two fundamental ways ATP is generated in the
body, one very efficient and one very wasteful. Efficient ATP
production occurs through aerobic metabolism in the
mitochondria, tiny organs or organelles within the cell that
burn fuels like fat and glucose to generate ATP. Aerobic
means that oxygen is used to completely burn a fuel for
maximum ATP production. For example, the complete
combustion of a single glucose molecule to carbon dioxide
and water yields a rich harvest of 36 molecules of ATP. As nucleotides boosts cellular
oxygen delivery, already making ATP production more efficient, the ATP has an ideal
environment for further boosting cellular energy conditions; thus all the desirable ATP effects
are likely to be even more potent.
The oxygenating effects of nucleotide supplementation combined with a supply of ATP is
likely to be additive and even synergistic at helping cells throughout the body achieve higher
energy potentials and more ideal energy balances.

Neurological Effects
ATP is the primary fuel that drives learning, memory, and concentration functions.
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Cardiac Strengthening
The cyclic contraction of cardiac muscle is highly ATP intensive
and thrives on aerobic metabolism. The combined oxygenation
and ATP delivery effects of DNA/RNA formulas provide the heart
with an enhanced energy supply for efficient function.

Muscle Performance
Skeletal Muscle also requires abundant quantities of ATP for
muscular contraction. Supplemental ATP has been described as
an explosive performance enhancer. Especially, if given with two
other nutrient supporters of muscle function, creatine
monohydrate and creatine pyruvate, muscle endurance,
performance, and recovery can be significantly boosted.

Lung Function
ATP administration has been shown to have numerous beneficial
effects on lung function, particularly the delicate lining membranes
of the airways and alveoli.
In some conditions, the blood pressure in the vessels in the lungs
can rise too high, a condition known as pulmonary hypertension.
ATP binds to the lining of the pulmonary vessels and stimulates a
cascade of events that cause the blood vessels to relax and lower
the pressure.
Cystic fibrosis is one of the most common inherited genetic diseases. Impaired water and
electrolyte secretion from the bronchial lining results in thick secretions that block the
bronchial tubes and result in recurring infections. ATP has been found to increase electrolyte
and water secretion with improved clearance of secretions, offering hope of a new and useful
intervention in this often aggressively progressive condition.
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Antitumor Effects
In test tube studies, adding ATP has shown the ability to
inhibit the growth of several types of human cancer cell lines.
The types of cancer cells inhibited include pancreatic cancer,
colon cancer, melanoma, androgen-independent prostate
cancer (i.e., not responsive to male hormone manipulation,
the most aggressive variant), breast cancer, myeloid and
monocytic leukemia (bone marrow derived tumors of blood
forming cells), and multidrug resistant colon cancer. In
contrast, normal cells from these tissues showed less inhibition of growth or no inhibition at
all, suggesting that increasing ATP outside cells may have a selective inhibitory effect on
several cancer cell lines.

Improved Stress Management
Under conditions of metabolic stress, such as depriving a
tissue of oxygen through reduced blood supply, a rapid and
massive depletion of ATP within cells occurs. REgen has
been described as a -natural defense system- to protect the
tissues from the effects of severe oxygen deprivation. These
protective effects include improved function of energy
generating mitochondria, better electrolyte transport,
increased ATP within cells, reduced oxygen consumption,
and improved function of messenger molecules within the cells.
Stress is a condition in which there is a generalized reduction of blood flow and oxygenation
to tissues below that required for their function. If stress is sustained, the prolonged tension
from internal or external stressors may cause various physical manifestations – e.g.,
asthma, back pain, arrhythmias, fatigue, headaches, irritable bowel syndrome, ulcers, and
suppress the immune system".
It can raise blood pressure, increase the risk of heart attack and stroke, increase
vulnerability to anxiety and depression, contribute to infertility, and hasten the aging
process.
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Sexual Function
In human tissue studies, the increase of ATP and adenosine
has been found to induce the smooth muscle relaxation that is
essential for erectile function. In diabetic men, erectile
dysfunction is common through several mechanisms. The
erectile tissue of diabetic men has been found to be especially
sensitive to the smooth muscle relaxation effects of ATP,
offering them a hopeful avenue of recovery of erectile function.

*Statements have not been evaluated by the FDA. No claims of cure, diagnosis, and
substitute for medicine, surgery or even prevention of diseases are implied. Always consult
your physician for any medical condition.
NO APPROVED THERAPEUTIC CLAIMS
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IMUREGEN SUMMARY OF CLINICAL STUDIES AND PRODUCT INFORMATION
By MUDr.Josef.Richter CSc.
ÚNZ Ústí nad Labem – Department of Immunology, Head of Department.
(Translated from Czech to English)

Industrial revolution of 20th century and subsequent worsening of environment/living
conditions triggered onset of civilization diseases and brought humankind to such situation,
that those former natural abilities of human organism for self-regeneration and self-healing
started to fade/diminish. Our immune system is daily bombarded with adverse effect of
civilization and pollution. Our daily fight with these will use almost all our defensive potential,
so when we are exposed to sudden onset of flu, cold or other disease, our organism can be
paralyzed. That’s why it is necessary to use prevention as a strategy, for to prepare our
organism for this fight.
There are many ways to prevention. For example we can go to environment not effected by
industrial pollution and consume uncontaminated food there. It would be ideal, however, only
a few can afford it. Most of us have to live where we can exist economically even if it is in the
places affected by civilization’s contamination. Therefore there is no other way then to
systematically look for alternative ways on how to prepare our organism for the most
important fight – the fight with diseases. Famous Czech pharmaceuticst/ pharmacist, Dr.
Rakus started as one of the first in 30’s and mainly in 40’s of 20 century with concept that we
have to treat human organism natural way and it can be done only with the extracts from
herbal and animal tissues. Not by the artificially created chemical substances.
If we can use the proper technology and extract the most effective substances, - i.e.
amino acids, peptides, oligopeptides, nucleotides and suitable organic salts – than we can
win our fight. The man, after all, is part of the nature, and much more beneficial for him are
natural complexes. These essential building elements have a great advantage. If a suitable
technology is used, they are absolutely non-toxic, non-addictive and they do not settle in the
organism. In addition, they effectively support the immune system.
Company “Jednota” started in highly specialized laboratories to manufacture product
IMUREGEN on the base of amino acids, peptides, oligopeptides, minerals, nucleotides and
suitable organic salts and vitamins. These in natural way increase energetic potential of
human cells and bring immune system to harmony and thus maximize immune protection of
organism.
In the year 1998 manufacturing and patent was brought by company which continues
in development, research and improvement of this unique product.
IMUREGEN is made from natural sources by a modern biotechnology, based on auto
enzymatic disintegration of the macromolecular protein component. The product of this
biotechnology is subject to long-term non-destructive careful extraction with a follow/up
natural separation of a set of effective low-molecular substances having a catalytic effect on
specific internal secretion glands while influencing favorably the intermedial metabolism of
cells. The effective complex of IMUREGEN is a quantitatively characteristic set of amino
acids and essential amino acids which are partly loose and partly in the form of low-molecular
peptides and oligopeptides, tied to the disintegrative products of haem, i.e. chained
porphzrine nuclei with loosened Fe++ and naturally formed compounds of elements
essential for the organism, [e.g. Se, Mn, Zn, Mg, K].
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IMUREGEN - is a substance intended for mass prevention of civilization diseases, (including
cancer, cardiovascular, diabetes, influenza, asthmatic diseases and bacterial infections). The
complexes of essential amino acids are showing favorable effects on internal secretion glands.
They incite the function of the pituitary gland and are functioning as regulators of the energy
system by means of the neurohormonal apparatus of the organism. The oligopeptide
complexes incite the function of the thymus and stimulate the function of the spleen, which
increases the immune response of the organism relatively quickly. The peptide complexes
provoke an important increase in lysoxine content in the blood, so that the effects of
IMUREGEN may be compared to the function of unspecified antibiotics, without, however, their
negative impact on the organism. The organically tied bivalent iron penetrates the intestinal wall
without oxidation, thus increasing the blood pool between the spleen and the bone marrow. Its
effects include improved memory; improved mobility and psychic balance, reduced fatigue and
better physical and mental working ability. Under its influence the course and the frequency of
allergies and common ailments, such as influenza, tonsillitis and colds, are improved. Wounds
and common injuries heal more quickly. The long-term testing of IMUREGEN has proved that it
is absolutely non-toxic, non-addictive and that it does not settle in the organism.
Clinical tests proved a significant strengthening of cell immunity, mainly increase of
T- lymphocytes and their activity, induction of mucous immunity response. Application of the
IMUREGEN has shown that there were significantly increased values of lysozyme and
increased values of many proteins. The application of the IMUREGEN significantly reduced
the increase of the C-reactive protein and the orosomucoid, which are the symptoms of
inflammatory processes. The top athletes and sport teams have shown an improvement of
power/strength parameters and training capacity and furtherm ore, there was also proved
the protective influence on liver parenchyma from the effects of physical load.
When IMUREGEN was applied to the patients with hyperlipidemia, there was noticed a
significant decrease of the cholesterol level. There was proved a significant reduction of
sickness in work collectives in the normal season and during seasonal viral diseases. The use
of IMUREGEN positively effects the health conditions of children, mainly in regions with
extremely damaged environment.
In the past IMUREGEN was successfully tested in following medical institutions:
•
•

•

VŠCHT Prague – Research department of Experimental Oncology- MUDr.Karel Cerný.
Thomayer Hospital - Institute of clinical and experimental medicine (IKEM) in
Prague- Krci - oncology, Head of Department MUDr.J.Korbelár CSc.
University Hospital in Motole, II. Childrens Clinic prof.MUDr.O.Hrodek, DrSc.
Hospital FN Na Bulovce –children’s department, head of Department Doc.MUDr.Václav
Špicák CSc.,
Radiotherapeutic Hospital SFN Olomouc, Head of Department Doc.Dr.Machácek CSc.
Clinic of Nuclear Medicine SFN Olomouc, Head Master Doc.V.Rýznar CSc.
Palackého University
Olomouc Kraj.
ÚNZ Ústí nad Labem – Department of Immunology, Head of Department
MUDr.Josef.Richter CSc.
Clinic of Neurology SFN Olomouc Doc.MUDr.Jos.Klapetek CSc.

•

Teaching Hospital Hradec Králové, Doc.MUDr.K.Martinik CSc.

•
•
•
•
•
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All results from all testing show very positive role of
IMUREGEN as a support treatment of malignant – cancer
diseases. Some of the results are shown below.
By Faculty Hospital, Clinic of Neurology of Medical Faculty–Palackého Universityin Olomouc–
report on application of product IMUREGEN, Clinic FNAF Olomouc–report on IMUREGEN,
Institute of clinical and experimental medicine of Academy of medical sciences – Novosibirsk
Head of Department: Professor MUDr.Jiří Hartl, DrSc.

Report On Application of Product IMUREGEN
(Translated from Czech to English)
By MUDr. Josef Klapetek Csc., Neurologic Clinic FN, Pavlova ul. 13, 77500
In Olomouc 3.May 03, 1989.
In the span of the years from 1955 to 1989 in the Clinic of Neurology of Faculty hospital in
Olomouc, many patients were treated for malignant cancerous growth, most often already
metastasized. Neurological therapy was in all cases symptomatic. The basic sickness with
malignant tumors (and metastasis) was treated in all patients with the basic of oncologic
therapy by actinotherapy, cytostatic a chemotherapy. In a patient E.R.(case # 5 in this report)
radioiodine 131 I was applied, later when metastasis were deference, radiation treatment was
stopped and patient were further treated only by analgesics.
In all observed patients beside the basic oncology therapy was also used support treatment
with product IMUREGEN. We have observed very interesting results with usage of
IMUREGEN. The first patient (A.K.) with histology diagnosis of stomach (penetration of tumor
into transverse colon, many metastases in omentum) is surviving practically 34 years after
palliative surgery. Another patient (E.R.) with metastasis of thyroid is living more than 30
month just with minimal allogenic problems.
We provide this informative report on just some patients from many.

Case #1 Patient A.K., born. January 13, 1895.
In May 1955 the patient was diagnosed with a large tumor penetrating the stomach wall from
the angulus to the pylorus. In May, 25 1955 during surgery by Prof.Dr.Rapant, D.Sc, they
found the tumor penetrating to transverse mesocolon, further metastasis to omentum. Palliative
resection was done. After the operation, healing was complicated by wound abscess.
Histological results showed: ventriculi retothel sarcoma.
Therapy:
Actinotheraphy of body cavity (4p. a 1250 r), during actinotheraphy decrease of leukocytes
was seen. In July 1955, they started with product IMUREGEN, 2x 0.50 mg weekly. Regulated
control function of the stomach was observed September 09, 1956 noted by MUDr.
Kameníček. The state of the surgical resection after two months showed smooth relief, walls are
smooth, regular gastrolith seen, no pain, no obstruction and no signs of relapse.
Conclusion:
This patient found with stomach tumor infiltrating from the angulus up to the pylorus. After
surgery they used IMUREGEN. The stomach and lungs did not shown any further relapses of the
tumor. After 34 years from palliative surgery, the patient who is 94 years old, was still healed.
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Case #2 Patient H.S., Born. March 15, 1933. Female
Since1953 the patient had complaints of swollen local lymph nodes in the neck. Patient was
hospitalized in Faculty Hospital in Olomouc, regular actinotheraphy treatment. In July 1955 one
of the lymph node started to grow rapidly, Biopsy was performed and histological test was
performed, suspected as malignant tumor. It was confirmed that the whole lymph node has
malignant tumor in heme lateral lobe of the thyroid gland.
Surgery done on August 09, 1955 by Doc.MUDr. Jan Burian.
There was total removal of right lobe and isthmus with complete histological test done.
Histology test:
Large metastatic infiltration in the thyroid gland.
Therapy:
After wound healing, patient went for radiation therapy in Oncology Department in Brno. Two
month after surgery, they started supportive therapy with IMUREGEN: 2 X 0.50 mg daily.
During the therapy, the patient got pregnant. She refused treatment interruption. Pregnancy
went without complications. She gave birth to healthy baby. Her health conditions were getting
better. Today she is retired and without any problems.
Conclusion:
At 22 year-old female patient undergone surgical removal of right lobe and isthmus of thyroid
gland diagnosed with malignant tumor. Metastasis also shown in two local lymph nodes.
Patient treated for 3 years in Institute of Oncology in Brno.
As a support treatment IMUREGEN was used. Patient’s health conditions improved. So later
she was removed from permanent disability support and 34 years after the surgery and
support treatment with IMUREGEN, the patient is healthy and retired. She is considered fully
recovered.

Case #3 Patient S.H., born. May 2, 1925.
In February 1980, a bleeding mole was surgical excised at right side of the chest. Biopsy and
histological findings proved as Melanoblastoma. In April 01, 1980 retesting was done and
proved to be a malignant melanoma. They applied 5 cycles of DTIC, Vincristine but further
treatment was abolished due to an allergic reaction to the chemotherapy.
Therapy:
In May 1980 they started support therapy with IMUREGEN (6 month daily 0.50 mg, then after
2x 0.50 mg a week.). Patient is feeling well. All clinical testing were negative. The patient is
famous music composer the country’s national artist. After overcoming initial depression, he
regained full physical and mental abilities. As a musical composer and a national artist, he has
written his best musical piece of his life which he got an awarded special award from Ministry of
Culture.
Conclusion:
A 55 years old patient with malignant melanoblastoma in chest area and proven metastasis
absolved 5 cycles of cytostatic chemotherapy treatment. Immediately after surgery started
supportive treatment with IMUREGEN product. Almost 9 years after treatment operational
mandatory follow up, he had shown very good physical and mental state. The patient is on the
top of his artistic creative ability again.
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Case #4 Patient A.P., born. April 14, 1948.
Problems started in beginning of August 1986. In just one week, she felt stiffness of the right
breast and complaint of “inner fever”. Her breast grew larger, skin redness due highly inflamed
breast and swelling of the right arm. On August 5, mammography was performed, which
showed significant difference in the breasts size and tumor was not evident yet.
Patient hospitalized in the oncology clinic. Objective exam shown that right breast is bigger,
and in upper quadrant was found tumor of size 12 x 7 cm. The lesion was movable at the lower
part and encapsulated. They also found 2 hard movable nodules of diameter 1.5 and 2 cm.
Biopsy showed conglomerates of malignant cells.
Diagnosis: Carcinoma of right breast with inflammation, T 3 A 1bMO II
Started massive actinotheraphy and chemotherapy (by Cooper) and gave a total 17 series of
chemotherapy CPM-MTX-5-FU.
Together with chemotherapy and IMUREGEN 0.50 mg daily was applied. Patient handled
massive chemotherapy unusually well, malignant objects in right breast and axilla are
disappearing. After more than 2 ½ years of follow-up, the patient is showed practically normal
clinical findings both hematologically and immunologically.
Conclusion:
At 38 years old female patient was proved to have carcinoma of right breast inflammation and
least 2 nodules close to the axilla after a short analysis. Started massive actinotheraphy,
chemotherapy and supportive therapy of IMURGEN. Patient is handling massive
chemotherapy unusually well.
After 2 years and 9 months since surgery her clinical test, hematological and immunological
finding absolutely normal.

Case # 5 Patient E.R. born. January 13, 1922.
In September 13, 1983 they found Struma Nodosa a form of thyroid cancer in this patient.
Biopsy was conducted, histological test showed the thyroid gland and nodes has malignant
tumor. On September 04, 1983 total surgical excision (strumectomy) was done.
Therapy: Liothyronin, KC1, Pyridoxin.
During illness metastasis of the malignant tumor and applied radioiodine 131.
In November 21, 1986 showed metastasis in neck and osteological changes or abnormal
expansion in left humerus. In the short span of time metastasis have reached the lower part of
the spine and left femur.
Application of radioiodine was suspended and used only palliative therapy. (Mainly
analgesics).
Therapy of IMUREGEN was started December 01, 1986 in doses 0.50 mg every two days. This
dose has been used currently. After use of IMUREGEN the pain rapidly subsided, physical and
mental condition of patient is improved. Gain in body weight, improved appetite. The cachectic
patient is obviously getting better. Regular clinical check-up, roentgenologic exam (x-ray),
hormonal and biochemical test show that malignant process has stopped. Patient is now home
and for two and half years in good shape needs only common medical check –up. She doesn’t
use analgesics anymore.
Conclusion:
At 63 years old patient was found malignant tumor of thyroid gland with metastasis. After 3
years tumor spread to lungs and bones, which brings terrible pain. Use of radioiodine was
suspended. After finding out that the cancer was spreading, they started with therapy using
IMUREGEN. In about two weeks the pain has subsided and general physical and mental state
of patient improved.
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Regular clinical check-up, roentgenologic, hormonal and biochemical test show that
malignant process has stopped. The patient is able to exist at home and normal ambulatory
care was all she needed. She was 67 years old at that time.

Clinic of Faculty Hospital and Medical Faculty of UP Olomouc:
Proclamation about IMUREGEN
By MUDr.Jindřich Machácek, Csc. Head of Oncology clinic FN and LF UP Olomouc, August 16, 1999.

So-called stimulating therapy has very long tradition in Czech. It is focused on increasing of
immunizing abilities of organism. On speedy healing of wounds, other defects, and on
defects of integrity of skin and mucus membrane. In radiation oncology helps with speedy
healing after radiation treatment and better tolerance of radiation. In chemotherapy,
Imuregen helps to reduce harmful side effects. Many years ago was used for this therapy so
called autohemotherapy, (own blood removed and later injected to muscles). Later on this
method was improved by using products prepared mainly from natural sources by a modern
biotechnology.
First products Retisin (first working name for IMUREGEN) and Lyastin. Both these products
were tested many years in oncology hospitals. Most often as stimulators of immunity of
organism against malignant melanoma. In last years were these products replaced by
product IMUREGEN, made with the same technology. Very positive effect on immune
system was documented when using this product. Especially increase in numbers of white
blood cells, which have important role in cellular immunity. In many cases was achieved
significantly better tolerance of cytostatic used of chemotherapy. Up to date experience is
showing that IMUREGEN, like its predecessors is very useful support in total oncology
treatment. Positive finding is that we have NEVER FOUND ANY SIDE EFFECTS of
IMUREGEN.

Institute of Clinical and Experimental Medicine, Academy of Medical Science,
Novosibirsk.
By Professor .MUDr. Martiník, DrSc and Testing was carried under the supervision of Academician
V.P. KAZNACHEYEV.

Testing of the influence of IMUREGEN on cell culture and on irradiated cell culture is
showing stimulating effects. The density of growth of the cell culture is 2-3 times higher than
in control culture. Control 3.99%, experimental sample 5.68%. Kidney tissue was used as
cell culture. After irradiating the cell tissues by a subtle dose of ultraviolet radiation, more
than 50% of the tissue showed necrotic signs. The tested preparation (IMUREGEN) was
applied after 24 hours and the cells began to normalize. The nuclei with nucleoli could be
seen distinctly and they showed a good reception of staining agents. There appeared
mitoses, which is unequivocal evidence of secondary regeneration. Therefore, the product
IMURGEN was recommended to the Institute of Clinical and Experimental Medicine for
application to persons irradiated after the Chernobyl disaster.
The character of the testing further shows, that if worked into suitable carrier, the IMURGEN
preparation will provide protection against ultraviolet radiation and will have a regenerative
effect on the skin affected by UV radiation.
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In the last years started to come on the market products, which can prepare organism to fight
bacterial and flu infection in very short time. They are called immune modulating, because
human body will receive certain preparation, which will create antibodies against certain
infections. This is a long-term application. Disadvantage is they work only against certain
specific strain and do not work against the others.
Finally there was found the most efficient way to fight viral diseases. It consist of application
of very effective elements - selected amino acids, nucleotides and other essential elements,
which will organism use to naturally build and increase immunity. These ways humans will, by
natural and easy way build-up protection against illness and complications.
The most effective product to fight flu (influenza) is IMUREGEN, which is natural “medicine” to
increase immune capacity. It consist of nucleotides, selected proteins, amino acids, minerals,
loosened Fe++ and naturally formed compounds of elements essential for the organism, in
optimal ratio. It very effectively modifies defense of organism against viral infections. It has no
side effects.

The Extract from Special Studies and Articles.
By Academy Of Sciences, Czech Republic, Medical Faculty, Health Department.
(Translated from Czech to English)

“Antibacterial peptides of organic origin, originally discovered in product IMUREGEN are the
latest discovery of last twenty years of 20th century. We are witnessing “genesis” of new
science stream, which brings almost daily new findings. If scientists will continue with the
research with this speed, we will witness unexpected development in treatment of diseases.
Not only those which we still cannot successfully cure, but also those so far unknown, which
will certainly arise in the future. As it happened in history of humankind over and over again.” RNDr.Petr Šíma, MUDr. I.Trebichavský
“The healing abilities of product IMUREGEN, are known since the year 1955, when testing
started in various clinics and oncology departments in Czechoslovakia and abroad. During this
time was proven, that product has healing effects on healing wounds and other defects, or
defects of the integrity of skin or mucus membrane. In radiation oncology IMURGEN helps
with speedy healing of reactions after irradiation, and better tolerance for irradiation. In
chemotherapy helps to minimize its harmful side effects. Product has been proven to be very
useful and effective support of the important and unreplaceable total oncological treatment.
Very positive finding was that in any medical case was never found any side effect of
IMURGEN.” - FN and LP UP Olomouc, Oncology Clinic.
In the past was known that product IMUREGEN works excellently, but it was not known why.
Scientific research of this product is ongoing and it is being tested on experimental animal
models in vivo, ex: vivo and in vitro. In tissue cultures and also on selected clinical settings.
Scientific research specialized in the field of dietary nucleotides lately comes to the
conclusion, that oligo and polynucleotides, which are present in product IMUREGEN, are
basic for synthesis of nuclide-acids at regeneration of tissue and influence mainly cellular part
of immune response. - AV CR, Medical Faculty, Institute of health.

“Product IMUREGEN has scientifically and clinically proven “normalizing”
function in immune system.”
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The product activates macrophages, big defensive cells, which can engulf “foreign” bodies
or cells. It also stimulates functions of lymphocytes T and B. IMUREGEN stimulates
immune defense of organism such, that organism can handle disease on its own. - Academy
Of Sciences, Czech Republic, Medical Faculty, Health Department.
"In fact we have an available efficient and absolutely safe preparation against cancer,
inflammation and for healing, which is absolutely non-toxic. IMUREGEN represents a
method that reaches – during basic oncology treatment, chemotherapy or irradiation – much
better results without health-damaging side effects."
Academy of Sciences of the CR, Faculty of Medicine, Health Institute
Hippocrates: "Let medicaments your food and your food your medicaments."

Nucleotides and Their Importance in Nutrition,
Prevention and Immunity.
By MUDr.Jan- Ševcík
Literature:
Richter J., Šíma P., Pelech L.Turek B., “Nucleotides and their importance in nutrition, prevention and
immunity.” Hygiena, 41, 19976, No 6, p.319-323

This completely natural, Czech made food supplement contains a complex of the
most efficient tissue substances supports natural regenerative abilities of human body. It
mainly saves the energy and supports human body during all metabolic processes such as
metabolism of proteins, fats and carbohydrates. Basics of IMUREGEN are nucleotides,
which are parts for creation of very important nucleic acids.
IMUREGEN, with its nucleotides – is product intended for mass prevention of
civilization diseases, including carcinogens, cardiovascular, diabetic, asthmatic and allergic
diseases. It is the source of very important minerals, mainly iron and zinc, which it contains
in very suitable easily absorbent form and so it accelerates production and development of
protective substance in our bodies.
IMUREGEN is important source of all essential amino acids and the basic building
blocks of protein, needed for protection and regeneration of tissue in human body. We know
that nucleotides positively influence some metabolic functions-absorption of iron, production
of muscular glycogen, lowering cholesterol level and so positively influence the physiological
and developmental course of the heart and cardiovascular disease.
Absolutely there is also an extreme importance of IMUREGEN serving for development of
fully functional mucous membrane of the small intestine and development of all and of its important
functions foir underdeveloped new born babies as well as at ill adults. Respectively, regeneration
of slowly deteriorating mental and physical abilities of senior citizens. It improves course and
frequencies of allergies, common illnesses – flu, strep throat, common cold etc. It helps with
speedy recovery at accident or after surgery conditions, IMURGEN works especially well as
prevention against cancerous/tumor diseases. In radiation oncology IMURGEN helps with
speedy healing of reactions after irradiation, and better tolerance for irradiation.
In chemotherapy, it helps to minimize its harmful side effects. This product was found
to be very useful at subsequent follow up treatment after cancerous conditions. At long term
testing IMURGEN proved to be non-toxic, non-addictive and it does not reside in human
body.

22

Evaluation of Product IMUREGEN
By:

MUDr. I. Hánou, DrSc- and RNDr. P. Šímou, CSc.
MUDr. Josef Richter, CSc., OHS Ústí nad Labem

We have found very significant amount of nucleotides in product IMUREGEN, beside
the other important components. Those (nucleotides) were in the span of 12 - 21% of total
volume. For this reason we consider this product to be significant regenerative product for
immunity functions of organism, as it was documented in conference on nucleotides in San
Diego, as well as in our article in magazine Czech Hygienic (1997).

At present time are nucleotides used in many products intended for peroral
supplementation of patients, mainly in after accident/surgery state (see World Congress in
Munich, March 2000) and at patients in pre-surgery state.

Numerous publications are showing reduction of 40-80% in post-surgery complications
and after accident infectious complication. From our own experience we can state that
supplementation with IMUREGEN has great influence on regeneration of intestinal cells and
the height of villi. It suppresses pathological changes of mucus membrane in intestines.

Supplementation influences positively function of liver and add at regeneration and
proliferation of immuno-competent cells. Product also functions as a regulating factor in
hemopoiesis.

Adding of nucleotides increases total immune capacity at cellular level and in humoral
immunity. It increases activity of NK- cells. Supplementation with this product in higher doses
works very well in regeneration of function of secretion immunity. We have proved increased
resistance against infections of respiratory tract in children’s population.

We are testing product IMUREGEN at present time in cooperation with The Czech
Academy of Sciences and we applied it in the complex of minerals and milk formula in children
collectives.
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ANTIDOPING COMMITTEE OF THE CZECH
REPUBLIC
170 00 Praha 7, U Sparty 10
Tel./Fax 33 37 01 49, E-mail :
antidopingvcr@mbox.vol.cz

Distributor - applicant :

Imuregen spol. s r.o., Malé Poříčí Na Brzdách 72, 547 03
Náchod

Name of product :

Imuregen®

Producer :

Imuregen spol. s r.o., Malé Poříčí Na Brzdách 72, 547 03
Náchod

Antidopping Committee of the Czech Republic on the basis of the expertise, according to
which the product does not contain forbidden substances,

AGREE
To the following marking of the product: “Suitable for sportsmen“ without any limitations
in the market.

In Prague 1999-10-4
Seal:

Antidoping Committee of the Czech Republic

Signature:

PhDr. Jaroslav Nekola
Chairman of the Antidopping
Committee
Of the Czech Republic

24

Czech Pediatric Society
Czech Medical Assoc. J.E.Purkyně
President : Prof. MUDr. Jiří Šolc, Csc., dětská klinika, FN, E.Beneše 13, 305 99
Plzeň
Tel./Fax :
420 (0) 19 27 25 70
Phone/Fax : 420 (0) 19 74 20 745
Phone :
420 (0) 19 74 02 212
Secretary :
Doc. MUDr. Jozef Hoza, CSc.

IMUREGEN
Malé Poříčí
Na Brzdách 72
547 03Náchod
Prague 1998-11-25
Imuregen Co. put forward preparation Imuregen (previously approved Juvenil) to the
Working Group for children´s gastroenterology and nutrition for approval.
An expert opinion is required in connection with the change of producer and new law on
foods, particularly on foods intended for special nutrition.
Imuregen is intended for stimulation of immunity system. It is produced of beef plasma and
contains amino acids, peptides, organic salts, bivalent iron. It has already been given to
children before under the name Juvenil – see previous expert opinions.
The Working Group have no objections to giving the preparation to children over 1 year of
age in doses of 10 to 30 drops daily.
MUDr. P. Frühauf , Csc
Csc

Doc.MUDr. O.Pozler ,

Doc. MUDr. J.Nevoral ,
CSc
Working Group for children´s gastroenterology and nutrition at the Czech Pediatric
Society

Signature
Czech Medical Association
PEDIATRIC SOCIETY
Working Group for Children´s Gastroenterology and Nutrition
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TESTING
THE INSTITUTE OF HYGIENY AND EPIDEMIOLOGY CZECH
MINISTRY OF HEALTH, DEPARTMENT OF NUTRITION
Testing was carried out under the supervision of Prof. Augustin WOLF, M.D., D. S c.
The Institute carried out the testing of the preparation as required by the Chief
Hygienist of the Czech Ministry of Health before approving the standard, and made
the following conclusion:

a) The preparation was tested for safety by microbiological and toxicological methods and
was found suitable for human consumption without restriction.
b) The biochemical indicators of nitrogen metabolism are with in standard, with 10%
reduction of the uric acid content.
c) Functional tests of the cardiovascular system showed a reduction of blood pressure
and an improvement of the heart load resistance index.
d) After fourteen days of application of the preparation, the tested persons showed a
19.8% recent memory improvement.
e) The analytical values show an extremely high proportion of free amino acids (51.4 %)
with well-balanced spectrum of 11%. Above limit values were found in tryptophan, but
only in bonded form, found in free form wer e leucine, alanine, valine, serine and
methionine.
ENDOCRINOLOGICAL RESEARCH INSTITUTE, CZECH MINISTRY OF HEALTH,
DEPARTMENT OF EXPERIMENTAL ONCOLOGY AND RESEARCH LABORATORY
FOR PSYCHOTRONICS AND JUVENOLOGY OF THE INSTITUTE OF CHEMICAL
TECHNOLOGY, PRAGUE .
Testing was carried out under the supervision of Karel ČERNÝ, M.Sc. and Zdeněk
REJDÁK, Ph.D.
The purpose of the testing was to prove an increased biological activity of the
organism. The preparation was administered to 156 malignant tumour patients, after their
causal treatment, as supportive therapy, and to another 12 patients suffering from repeated
virus diseases and partial loss of immunity.
The effect of the preparation was evaluated in 15 different tumourous sites according
to complete or partial remission and the period of its duration according to the Karnoff Index.
In about 90% of the tested persons there was a complete or partial remission in
tumours of the mammary gland, the ovaries, the digestive tract and the rectum, and them
alignity index became normalised.
In infaust cases a longer survival was recorded, and there was a strong mitigation,
and even complete disappearance of pain and the administration of generally toxic palliatives
could be substantially reduced.
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The eight-year clinical study showed that the preparation proved useful for the longterm therapeutical coverage of patients after the completion of protocolar therapy, when the
malignant process is usually regarded as being eradicated, without the removal of the
causes of the previous illness.
Patients suffering from repeated virus diseases showed a substantial reduction in the
recurrence of their disease, by having the immune response of their organism has increased,
as was verified by laboratory testing. On the basis of these long-term preclinical applications
it can be said that the administration of this preparation has proved an improvement of the
biological activity of the organism.

SEARCH LABORATORY, TĚCHONÍN, J.E. PURKYNĚ, MILITARY MEDICAL FACULTY,
CZECH ARMY.
Testing was carried out under the supervision of Col. Petr PROPPER,M.D., C.Sc
The purpose of the testing was to find whether it would be possible to use the
preparation to influence immunocomplete cell systems and to gain basic information about
the immunomodulating potential of the preparation. Its co-stimulative activity was monitored,
and it was found that in concentrations from 1.5 x 10-3 to 1.5 x 10-9 g/ml the preparation
inhibits significantly (p 0.05) the lymphoproliferative response of splenic cells to Con A. PHA
and LPS added to the cultures in optimum concentrations.
Other tests were carried out to find the proliferative response of splenic cells to
mitogens after the administration of the preparation in vivo. The preparation was
administration of the preparation in vivo. The preparation was administered to animals orally
during seven days. In this case, to the proliferative response of splenic cells to Con A
(5mg/ml) increased significantly (p 0.05) by from 0 .015mg/kg to 15mg/kg of the daily dose.
The response of splenic cells to PHA is significant in the full range of the doses used.
The administration of 15 to 150 mg/kg of the preparation in vivo increases the non
specific cytotoxic activity of adhering peritoneal cells against the targets K 562 and P 815.
The same result was achieved in studying the activity of natural killer s in the spleens of
mice.
SUMMARY: The testings show that the tested preparation influences the function of
the immune system either directly or indirectly by neurohormonal regulation. According to
findings on the radiation immunodeficient model, the influence of the preparation on there
distribution of blood-forming cells between the medulla, the spleen and the circulation field
may be expected. Thus, the preparation may be described as a substance influencing
favourably the organism‘s immune response.

.
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REGIONAL HYGIENIC STATION, IMMUNOLOGICAL DEPARTMENT, ÚSTÍ NAD LABEM
Testing was carried out under the supervision of Prof. J. RICHTER, M.D., C. Sc.

The Station studied the immunological findings and the dynamics of proteins after the
application of the preparation.
The testing involved 12 tumorous women patients aged from 38 to 58, to whom 2 mg doses of
the preparation were administered during 25 days. Blood samples were taken before and after
administration, and indicators shown in table 1 were determined. The findings were evaluated
by the usual statistical methods
The findings indicated in table 1 show that the preparation influences mainly the nutrition
condition markers. There has been a statistically important increase in pre- albumin values,
which rose from the lower level of 0.219 g/l to 0.267 g/l. Also, a statistically important
normalization of the transferin value occurred. The C-reactive protein alpha1– antitrypsine
figures also show an important change.
The test has revealed an increase in the leucocyte count, a changed distribution of
the lymphocytar population and the normalization of the proportion of terminal lymphocytes.
A clinical as well as subjective improvement of the patients was noted while the preparation
was administered.
Although the set of the tested patients was not fully representative, the unequivocal
dynamics of the changes of certain indicators seems to be trustworthy. The dynamics of the
changes in those proteins which are dependent on the nutrition condition testifies to the high
probability of the favourable effect of the preparation. It seems that like many
immunomodulators, the preparation too, may influence immune mechanisms by the
operation of free amino acids or oligopeptides. For example, the primary influencing of
prealbumine is probably later projected into a favourable influencing of the lymphocyte
population by thymosin - like“activity. The reduction of inflammation proteins and trace
element carrier proteins will have an equally favourable impact. The presence of trace
elements in the preparation is also expected to have a favourable effect. The findings reveal
that the studied indicators influencing the immune response mechanisms are showing
favourable results after the application of the preparation.

INSTITUTE OF CLINICAL AND EXPERIMENTAL MEDICINE, ACADEMY OF MEDICAL
SCIENCE, NOVOSIBIRSK.
Testing was carried out under the supervision of Academicien V. P. KAZNACHEYEV.
The Institute tested the influence of the preparation on cell cultures and on irradiated
cell cultures. The preparation showed a stimulating effect on the cell cultures. The density of
the growth of the cell culture is twice to three times higher after adding the preparation than
in control cultures. The mitotic activity is much higher than in the control culture: control
3.99%, experimental sample 5.68%. Kidney tissue was used as cell culture.
After irradiating the cell tissues by a subtle dose of ultraviolet radiation, more than
50% of the tissue showed nectoric signs. The tested preparation was applied after 24 hours
and the cells began to normalize, the nuclei with nucleoli could be seen distinctly and they
showed a good reception of staining agents. There appeared mitoses, which is unequivocal
evidence of secondary regeneration. Therefore, the preparation was recommended to the
Institute of Clinical and Experimental Medicine for application to persons irradiated after the
Chernobyl disaster.
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The character of the testing further shows that if worked into a suitable carrier, the
preparation will provide protection against ultraviolet radiation and will have a regenerative
effect on the skin affected by UV radiation.
INSTITUTE OF PARASITOLOGY, POLISH ACADEMY OF SCIENCES , WARSAW.
Testing was carried out under the supervision of Prof. Stefan GRABIEC, D. Sc.
The purpose of the testing was to establish the biological activity of the preparation.
The Institute of Parasitology developed a method of measuring biological activity by means of
studying photon emissions with the use of a photomultiplier.
The conclusions made on the basis of the model testing of the preparation are that the
preparation influences oxidoreduction and oxidoperoxide conditions, mitigates or eliminates
excitated energy processes. It behaves like a low-molecular substance with strong
penetration ability. It rapidly increases the energy level of the cell, after which it shows a slow
decline in its energy level. After repeated application the preparation improves the general
energy balance of the cell.

ACADEMY OF SCIENCES OF THE RUSSIA FAR EAST DEPARTMENT, COMPUTER
CENTRE, KHABAROVSK.
Testing was carried out under the supervision of Georgie CHUICH, M.D., D.S c.

The purpose of the testing was a comparison of the biological activity of the tested
preparation with an etalon – the common preparation ‘Salkoseyl’, produced in the Switzerland.
The biotest systém chosen was one based on the reaction of erythrocyte suspension. The
assumption was that the biological activity is the greater the larger the proportion of the
difference of the selected indicators between the high and low concentration of the etalon in
identical conditions. By repeated experiments with the use of the blood of white mice it was
found that the studied preparation was 130% more effective than the etalon.
The purpose of further testing was to find a suitable method for measuring the
preparation‘s standard and to make a comprehensive comparison with the above–mentioned
etalon. Eight criteria were used for this purpose. The results, in comparison with the etalon,
are shown in the diagrams.
The optimum criteria of measuring the standard of the preparation area the induction of
erythrocyte aggregation (FGA) and the speed of erythrocyte setting. These criteria may
beautomated and the measuring may be carried out according to a special analyser.
INSTITUTE FOR THE MOTHER AND CHILD, RUSSIAN REPUBLIC, MOSCOW.
Testing was carried out under the supervision of Prof. Svetlana ANIKIEVA, M.D., D.Sc .
The testing was carried out on pregnant rats. The experiment had two variants.
A) The first variant studied the indicator of biological usefulness of the preparation
on equal groups of pregnant and non-pregnant rats. Both groups were offered a free choice
of pure water and water with a 1 % solution of IMUREGEN. The quantity of the liquid
consumed was measured daily. An analysis of the measurings has revealed that pregnant
rats from the 11th day of gravidity (the whole period of gravidity is 22 days) were showing
strong preference for the water with a 1 % solution of the preparation (35 - 40 % more in
comparison with non-pregnant rats). This shows that in conditions of a free choice,
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pregnant rats from the second half of the gravidity period prefer to drink a solution
containing IMUREGEN.
B) The second variant studied the influence of the preparation on the weight of
pregnant rats and the increase in the level of haemoglobin in the blood of pregnant rats in
the newlyborn rats.
The experimental group was receiving a 1 % solution of the tested preparation, and
the control group was getting pure water to drink. During the period of gravidity, the animals´
weight and their haemoglobin concentration were studied over 5, 10, 15 and 20 days. It was
found that the weight increase was 25% higher in the tested group than in the control group.
As from the 15th day, the experimental group showed a 10-15% increase in the haemoglobin
content, as compared with the control group. The weight of the newly born rats the
experimental group was 18 % higher than in the newlyborn animals in the control group.

APPLICATION OF IMUREGEN IN MODULATION OF HEALTH
Literature available at Authors:

Richterová S.1
Richter J. 2
Turek B. 3

OHS (District Hygienic Station), Ústí nad Labem
Director MUDr. S. Richterová (M.D.) 1
KHS (Regional Hygienic Station), Ústí nad Labem
Director MUDr. A. Vorderwinkler (M.D.)2
SZÚ (State Health Institute), P r a g u e
Senior Lecturer MUDr. (M.D.), Csc.3
The last decade is characterized by the discovery of a series of information on effect
of various nutritional, supplemantary and supporting preparations which besides simple
substitutions are applied mainly in regenerating and immunomodulating processes. They are
preparations made from natural materials containing amino acids, polypeptides, nucleotides
and minerals inclusive some vitamins and albumins.
These preparations can be used separately as a regenerative and stimulating diet.
But the latest findings of research institutes (mainly Japanese and American) show that their
significance is far wider, mainly because of effect of individual components mentioned above
on many immunoregulative mechanisms. This is caused by the influence of preparations on
regeneration of cell substrate and immunity directly through individual components of the
preparation.
We will inform you about these functions below.
When analyzing preparation Imuregen made by UNIREGEN Co. (approved by the
Ministry of Health ČR /CZ Rep./, HEM – 350 – 29. 10. 1998–36469) we found that besides
components mentioned by the producer, i.e. minerals, oligopeptides, free amino acids,
vitamins, complex bound iron, there is also comparatively high share of dietary nucleotides
(3-5 mg/ml).
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Dietary nucleotides have recently been related to construction of normal immunity
response. But it appears that they can take part in a number of biological functions and that
they are basis of genetic codes (DNA, RNA). They also serve as a reserve of energy and
mediate hormonal effect (cAMP). Effects of dietary nucleotides were followed in detail in
literature (mainly by Japanese and American research institutes)and they are given in brief in
table1. It is evident from the data in the table that dietary nucleotides do not only take part in
increasing of cellular but also humoral mechanisms and secretion immunity. Of great
significance is thought to be the effect on repair of intestinum tenue (thin intestine) and thus
not only mechanisms of cellular immunity are influenced but it has definitely been proved
their effect on regeneration of microbial flora of intestinal tract, especially after an intensive
and long lasting treatment by antibiotics. These concerns also repeated treatment.
The effect of individual amino acids on immunitary mechanisms has been known and
described for a longer time. In those works a significant effect is given on repair of antitoxin
and also cellular immunity response. For example methionine increases antitoxin response
and decreases risk of bacterial infections. Phenylalanine shows practically the same
function. Lower levels of arginine, lysine, hystidine are related to substantial decrease of
cellular functions and also antitoxin response. Polypeptides are known to be able to
modulate the ability of antitoxin immunity. Iron effects on immunity response by direct
mechanism. It is known that transferin saturated by iron has significant antivirus effect.
Furthermore, significant effect is considered to be the influence of iron on utilization of iodine
which means, when supplementation in population was used, significant contribution in the
solution in the inadequate iodine level problem. Here, we wish to stress that nucleotides
accelerate utilization in human organism.
The groups of vitamins B can also be applied in regulation of immunity response,
mainly in influencing of antitoxin response (thiamine and riboflavin). Both of these vitamins
have been proven to be linked up with prevention of a number of infectious diseases.
Functional abilities of preparation Imuregen already published sometime ago showed
significant contribution of dietary nucleotides in nutrition of new-born babies and children.The
content of nucleotides in mothers’ milk are very high, while the share of nucleotides in cow’s
milk is very low. This in fact has lead to a number of manufacturers to supplement those
kinds of milk which are used for nutrition of babies and children with mixture of nucleotides.
Some authors speak about humanization of formulas.There are also appear works written
about significant contribution of nucleotides application to adults which leads to combination of
diets containing nucleotides.
Examples of this nutrition policy in the world and also in this country lead to
considerations on possibility of supplementation of baby (children) food with application of
nucleotides and if need be further micronutrients the chronic and general absence of which
our population is known (ascorbic acid, zinc, iron and iodine).
It has been shown that besides indications given for preparation of Imuregen because
of newly found presence of nucleotides it is possible to recommend the preparation in a
number of clinical diseases – and namely in cases in which we intend to influence fast
regeneration of cellular substrate, fast regeneration (repair) of psychical and immunity
functions.
Detailed information on function of nucleotides can be found in our communication:
Čs hyg, 41, 1996, p.319-323.
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On Expertise of Preparation Intended for Sports Nutrition
Applicant:

Imuregen spol. s.r.o., Malé Poříčí, Na Brzdách 72, 547 03
Náchod

Name of preparation:

Imuregen ® (solution 50 ml)

Kind of preparation:

Food for special nutrition

Producer:

Imuregen spol. S R.O., Malé Poříčí, Na Brzdách 72, 547 03
Náchod

Submitted documentation:

Application to Antidopping Committee of the Czech Republic for
expertise (1 sheet)
Abstract of Register of Commerce (1 sheet)
Decision of the Ministry of Health of the Czech
Republic, HEM-350-29.10.98-36469 (1 sheet)
Protocol – Analysis of amino acids etc (2 sheets)
Protocol – Analysis of Pb, Cd, Hg (1 sheet)
Protocol – Basic food characteristics (2 sheets)
Company standard – Imuregen – PN UN-01-98 (5 sheets)

Preparation description:
bouillon taste.

Pellucid, slightly yellowish liquid, soup spices smell, beef
Decision*

The present preparation does not create after taking any metabolic or psychic
addictive response that could be classified as drug addiction and for this reason it
cannot be considered as a doping narcotic substance.
The expertise only concerns the presented sample and the conclusions deduced from it
can be applied on other products only if their composition and properties are completely
the same as those of the presented product sample.
This expert opinion is a professional pharmaceutical expertise meant for binding decision of the
Ministry of Health Authorities of the Czech Republic.
Signature:
Doc. RNDr. Lubomír Opletal, CSc.
Pharmaceutical Faculty Hradec Králové
Department of pharmaceutical botany and ecology
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DEPARTMENT OF MIKROBIOLOGY ASCR
(Academy of Sciences of Czech Republic)
___________________________________________________
Department of Imunology and Gnotobiology
Institute of Mikrobiology,
Academy of Sciences of Czech Republic
Vídenská 1083
142 20 Praha 4

Characteristic of regenerating abilities of Czech patented product
Imuregen®
Czech patented food concentrate is showing significant abilities to increase immunity, in
humans and animals, which was tested on experimental animals in vivo, ex vivo and in vitro
on tissue cultures, and on selected clinical trials. Based on results from these testing,
Imuregen® was approved by Chief Hygienist of Czech Republic as a supplement for food
and beverages, and also for drinks, intended for special use. Especially for children and
seniors in city agglomerations, with increased levels of pollution, people recovering after
surgeries etc., workers in heavy industry, sportsmen and for prevention of seasonal repeated
inflectional epidemic diseases of upper respiratory tract.
Testing of Imuregen® has shown, that is contains protective factors* increasing readiness of
anti-infective defense of organism, and components** necessary for growth and regeneration
of tissue There have never been noted any signs of immunosuppression after using of
Imuregen® in any experimental administration.
Verification tests, which were done in Sector of Immunology a Gnotobiology of Department
of Microbiology of Academy of Sciences of Czech Republic have proven, that this product
(Imuregen® ) has significant immuno regulating properties with positive influence,
especially on manifestation of natural and cell immunity. In cooperation with Medical
Faculty of Charles University in Prague, research has proved positive effects of dietary
and drinking program supplemented with Imuregen®, on regeneration of mucous membranes
in intestines. This in final consequences meens improved sorption function of intestine and
increased use of nutrients, and at the same time optimization of function of mucous
membrane immunity. That is why it is possible to apply Imuregen® as a supporting
preparation on its own, or as an ideal supplement for beverages, milk, dairy products and
other foods in the framework of preventative programs, where the target is to increase
immunity of general population, especially children, youth and people recovering from
surgeries, ilness, infections, fatigue syndrome or after injuries and complicated surgeries
(post-traumatic syndrome). Imuregen® can be especially recommended as a preventativeprotective preparation, which increases resistance to infections in population living in areas
afflicted by nature disasters or other catastrophes, and for personnel under stress in extreme
conditions as in rescue and salvage operations, decontamination work, army combat, etc.
* Cationic peptides with pronounced anti-microbial abilities, some vitamins.
** Oligo-and polynukleotides, essential for cell multiplication, amino acids, peptides, and
some trace elements
RNDr. Petr Šíma, PhD In Prague, 10. 1. 2003
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Application of Imuregen Products
MUDr. Josef Richter, PhD.
Department of Science and Research KHS Ústí nad Labem
In relation to health and disease prevention it is recommended to use only 1 capsule of
Imuregen per day, in the weight category up to 50 kg of weight – children’s dose. Prophylactic
dose for adult person is 2 capsules. For overweight and obese individuals the dose is
doubled, the dose for individuals with critical BMI values of 32.5 and above - the
recommended dose is increased to triple. Due to the large loss of zinc in sweat (loses up to
80% zinc), we recommend administration of one tablet of Imuregen Chelated Minerals. The
dosage is adjusted according to climatic conditions - at elevated temperatures, additional
tablet of Imuregen Chelated Minerals should be taken.
For healthy individuals with increased physical activity (sports activity, wellness gym)
we are adding one tablet of Imuregen Eleutherococcus regularly. During expected increased
physical activity, such as sport competition, athletic competition and other sport activities, we
recommend 2-3 capsules of Imuregen Eleutherococcus. It is indeed proven that this drug
significantly reduced levels of lactic acid, thereby reducing the feeling of fatigue. In
accordance with Australian literature studying various athletic and sport activities (swimming,
cycling, rugby, gymnastics), this regime is very efficient and reduces the risk of infections in
athletes with high training loads.
Administration of product Imuregen in chronic fatigue syndrome should be
differentiated: we distinguish two units of chronic fatigue syndrome. We choose different
treatment strategy in CFS induced by EB virus infection and completely different strategy for
fatigue syndrome with clear clinical picture, where we first have to eliminate fatigue causes
such as: pulmonary diseases, hematologic diseases, metabolic diseases, malignancies,
infections of the urinary tract and overtraining syndrome. With CFS EBV infection (definite
diagnosis confirmed by PCR technique with the findings of more than 400 particles of EB virus
in saliva) we recommend: two capsules of Imuregen or two teaspoons of Imuregen liquid,
and two tablets of Imuregen with Beta Glucans preparation and one tablet of Imuregen with
Chelated Minerals.
The minimum treatment period is six months, then we check the value of the EBV virus
in saliva by PCR technique. In the case of negative value of the virus we change the
treatment scheme to the normal maintenance dose, as it is used in the healthy
population, with paying attention to the weight of the individual and other factors.
In CFS not inducted by EBV infection, and excluding the above clinical manifestations, we
recommend administration of Imuregen capsules at a dose of at least four capsules a day
and two capsules of Imuregen Eleutherococcus and one capsule of Imuregen with
Chelated Minerals. For most cases of CFS, especially where we measure mental stress
score (particularly in patients with long-term unclear diagnoses stigmatized often by
inadequate treatment), we also give one capsule of Neurofit.
In case of cancer diseases, nucleotides are used as adjunctive treatment which keeps
the immune system in best performance. During radiation treatment we take advantage of the
ability of pectin fibers to reduce radiation impact and we give Imuregen with fiber –
Imuregen V 270. During radiation treatment we recommend to administer at least six
capsules a day, then according to the clinical course of the patient's condition we serve the
daily maintenance dose of four capsules of Imuregen V 270.
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The initiation phase before the start of chemotherapy, respectively of radiotherapy, is
supported by administration of Imuregen with Vit C+E. We recommend two tablespoons a
day for at least fourteen days before beginning of treatment. Increased intake of antioxidants
reduces oxidative stress and reduces the risk of side-effects during treatment. We use the
same mode in the preoperative phase of all cancer diseases, and the same applications
regime at least fourteen days prior to surgery. During recovery time we reduce the dose
and serve Imuregen with Chelated Minerals in doses that we adjust accordingly as per
observed plasma concentration values of zinc and foremost the values of iron (we monitor
the risk of anemia b y monitoring i n d e x of the ratio of transferrin receptors to ferritin). After
all cancer treatment and in the recovery period we follow patients for the period of at least
4 years (monitoring of tumor markers, inflammatory proteins - CRP, SAA, IL6, orosomucoid,
pre-albumin and calculated ratio between orosomucoid and pre-albumin - CSI Cancer Serum
Index). Recovery period requires the same fundamental mode of the administration of
Imuregen as in healthy individuals, but always keeping an eye on the current state of the
individual, and in the case of finding of inflammatory symptoms, the incidence of viral
infections, herpetic infections we apply “fighting” dose of Imuregen with Beta Glucans
with a minimum dose of two tablets twice daily.
The administration of Imuregen in patients with Type -2 diabetes requires the
same treatment as the prevention in a healthy population, but it is necessary to monitor
number of factors. Particular attention should be paid to diabetics with increased weight,
where increased loss of minerals occurs, and also changes in microbial flora of intestinal
tract (GALT microbiome) and the resulting risks of frequent infections of mucosal surfaces.
The impact of the above mentioned factors is high demand for reparations/regeneration of
mucosal surface. These demands are covered by increased administration of Imuregen. Here
we prefer to use Imuregen liquid at a dose of at least two teaspoons a day. As with other
infectious states, in acute infections in Diabetics we recommend administration of increase
dose of Imuregen liquid at a dose of up to one tablespoon three times daily with a support
of one tablespoon of Imuregen with Vit.C+E.
The rationale for this procedure is that, the preparation Imuregen not only contains
nucleotides, but many other components with anti- bacterial properties, for example:
antimicrobial peptides and proteins, defensins, hepcidins, cathelicidins, lysozymes,
calprotectins, etc. The importance of these components of Imuregen culminates in recent
years, when there is a continual growth of antibiotics resistant microorganisms and antibiotic
treatment of many infections often fails.
Another positive effect of the administration of Imuregen is the influence on
growth of mucosal GALT, and positive influencing of bacterial components with an effect, that
may affect the metabolism of energy storage, regulation of values of Leptin and its effect on
immuno-regulatory mechanisms. At this point it is necessary to emphasize the general
positive effect, which the long term administration of these Imuregen products have on
preventing mild inflammatory reaction. It is known that subclinical and persistent inflammatory
stimulation with the presence of relatively low levels of CRP are an inducer of atherosclerotic
plaques. With Type -2 diabetics, according to our experience, this risk is many times higher,
mainly due to the frequently increased weight, recurrent infections of the respiratory tract and
especially infections of urinary tract and in the case of our population is graded by relatively
high prevalence of smoking, where smokers are at a high risk of damage to the immune
mechanisms due to oxidative stress and exposure to toxics in tobacco smoke.
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In inflammations of the joints we always define the origin of the disease and distinguish
the administering of Imuregen products: in autoimmune joint disease and in post infectious
joint disease (Chronic Borreliosis). In both cases we follow the basic regime for healthy
individuals and it is also recommended to use Imuregen with Beta Glucans in the
maintenance dose of one tablet daily, and in the event of flare up of the disease- two tablets a
day. Other Imuregen products are chosen more or less according to the recommended
treatment of the rheumatologist, in which case we follow balancing of oxidative stress with the
application of Imuregen with Vit C+E. at a dose of one teaspoon twice a day.
In diseases resulting from impaired intestinal mucosa, administration of Imuregen is
chosen according to the clinical diagnosis. Here are some selected examples of where we use
the effects of the Imuregen products: For HP disease after re-treatment of the disease
(according to the Maastricht Consensus triple) we try to repair the affected mucous
membrane by application of Imuregen liquid one teaspoon twice a day. Continuously
monitor for the incidence of HP in the organism (HP ELISA test in the stool). After a period of
convalescence we pay attention to maintaining good condition of the immune status by
continuous use of the Imuregen preparation as in healthy individuals. Virtually the same
process is kept with patients treated by a gastroenterologist for inflammatory disease of GI
(ulcerative colitis, Crohn's disease) with the fact, that with these individuals we
recommend intermittent application of Imuregen with Vit C+E.
Dysmicrobia manifestations ( including those after l o n g term antibiotic therapy) we
solve by application of Imuregen with Beta Glucans at a dose of one tablet twice a day for at
least two months and simultaneously we give quality probiotics (multi strain probiotics). With
these diseases we base dosage formulations by clinical manifestations of the disease and the
patient's symptoms and, of course, we follow the influence of supplementation quality by
testing of values of faecal calprotectin.
At this point, we note that all manifestations of inflammatory gastrointestinal tract can
be very well monitored by monitoring values of salivary albumin and salivary CRP. (C-reactive
protein).
Diseases resulting from stress stimuli are handled individually, the optimum is a basic
examination of salivary cortisol values for the definition of stress load. It is known that psychoimmunomodulation can control a number of different clinical manifestations. With these
patients we recommend Neurofit in higher and long-term doses at least two to four capsules a
day for one month, then two tablets daily. We do not forget the possibility of seasonal affective
disorder, so we regularly monitor the patients and adjust dose accordingly.
In our practice we very often meet with the disabilities of function of liver parenchyma,
these are usually post-infectious inflictions (hepatitis A, B, C, E, infectious mononucleosis, and
others). For these individuals, we recommend use of Imuregen DNA at an initiating dose of
three capsules a day for a period of one month and then maintenance dose of one capsule
twice a day. We realize that the composition of Imuregen is similar to number of
pharmacological drugs with hepato-protective effect. In the toxic liver damage (acute ethanol
disability) we have used repeatedly mega-doses of Imuregen product with excellent effect and
clear impact on the repair of entire spectrum of liver tests, after a six-week Imuregen
administration.
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In these patients, we have used a dose of two tablespoons of Imuregen liquid per day
throughout the monitored period until normalization of both: the laboratory and the clinical
findings. Due to the psychological impacts we have continued in these patients with
administration of Neurofit at a dose of one capsule twice daily.Towards the note on the
possible effects of the Imuregen in terms of increased blood pressure, we state that we
cannot confirm your findings. We believe, however, that it would be appropriate to verify this
claim, not only with the administration of the preparation, but also with the placebo effect, of
course, with corresponding standard measurement technique (repeated BP measurements in
thirty minutes intervals).
An interesting chapter is the administration of Imuregen in individuals with allergies.
Given that a large proportion of allergic individuals whom we monitor are undergoing oral
vaccination regimen using appropriate allergens (allergy monitoring measuring the specific IgE
method CAP phadiatop) we have positive experiences with these individuals, with adding of
any of available Imuregen product in dosage, which corresponds to dose of healthy population,
or adding concentrated agent directly into the oral vaccine. In these patients findings of
improvement are in both laboratory and clinical.
Fat metabolism (cholesterol, HDL, and cholesterol index) can be affected in our
opinion, only partially and we do not find even after long-term administration of the preparation
significant changes in values. More or less the effect could be achieved by long-term
administration of Imuregen V 270, however for a really good answer we would have to perform
necessary studies with a placebo.
Applications of nucleotides and related products is widely monitored and studied and at
present we have at least sixty papers dealing with this issue. I refer to the available database,
or we can provide a list of citations of works that deal with this issue. In any case, there are
very interesting studies of Australian origin, following application of nucleotides to top athletes,
and polar explorers. These studies are supported by high-quality laboratory testing, monitoring
especially the parameters of mucosal immunity, which comports with us- we also advocate for
non-invasive methods of samples of biological material.
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Health Institute at Ústí nad Labem
400 01 ÚSTÍ NAD LABEM, MOSKEVSKÁ 15
By MUDr. Josef Richter, CSc.
Ústí nad Labem, Czech Republic 2 7 . 1 0 . 2 0 0 5
(Translated from Czech to English)

Re: The expert opinion on preventative function of product IMUREGEN (IMUN Plus) on viral
infections including Bird Flu virus.
Centrum of Immunology and Microbiology, department: Research and International
cooperation. Influenza (flu) is illness affecting mainly people with weakened immune system.
Most often the high risk groups (seniors and people with chronic illness). World Health
Organization recommends vaccination against flu as an important part of prevention against
this illness. But vaccination effectiveness is not higher than 70%, mainly because of
weakened immune system of many people, which is not able to completely ensure immunity
against flu. It is known that it is partially caused by deficiency of various micro-nutrients
(minerals, vitamins, amino-acids) and other substances able to repair weakened immune
system and mucus membrane which ensure our resistance to illness.
That is why to strengthen immune system should be our choice not only before epidemic, but
also during flu epidemic and when being ill with flu or other illness of upper respiratory tract.
IMUREGEN is excellent for this purpose.
The product IMUREGEN (IMUN Plus) can be used on its own or added to drinks. It contains
mix of nucleotides, polypeptides, amino-acids, ascorbic acid (vitamin C) (also zinc-gluconate,
and herbal extracts).
IMUREGEN increases absorption of micro-nutrients including iron, which increases human
anti-flu immunity and have direct effect on some viruses, mainly flu virus. The herbal additions
contain substances, whose anti-oxygenous effect is together with zinc, guarantee of
minimizing risk of infections and influencing their course.
The Product IMURGEN:
•
•
•
•
•
•
•

Increases immunity
Improves quality of mucus membrane
Improves function of central nervous system
Enhances power of organism as a whole
Works as a prevention
Improves resistance against viral infections including flu viruses and bird flu viruses
Increased immunity during preventative use leads to increased immune answer after
vaccination against any flu.
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Imuregen - Antimicrobial Peptides and Proteins.
By Dr. Petr Sima, PhD. - Immunologist - deals with the evolution of immunity and the
influence of nutrition on immunity.
Since 1967 until the present time is still working in the Institute of Microbiology ASCR. In
addition, he worked in the Bay of Kotor in Yugoslavia at the Institute for Research on marine
animals, Basel Institute for Immunology in as well as a specialist haematologist-immunologist
at the University Hospital in Angola Luanda. It carries Medals JEPurkyně for the development
of life sciences and has authored or co- authored more than 200 scientific publications. Since
1990 is an investigator and co-investigator 19 grant projects. He is a member of Czech and
international scientific societies.
All living organisms are protected from parasitic microorganisms by immune system.
One of the important factors of the immune system immediate protection are its own
substances that have an antimicrobial effect. They either stop the proliferation of microbes or
kill them directly. Such antimicrobial substances were first discovered in the human body, by
the discoverer of penicillin - Sir Alexander Fleming in 1922. His discovery, unfortunately, did
not have a followers. And oth - er similar substances were discovered 40 years later. Today
(fifty years later) we know that these substances are found in all living organisms and
represent a fundamental pillar of innate immunity.
Throughout the animal kingdom can be several million different substances with
antimicrobial effect. They are species-specific and, moreover, for each species there are
dozens of different substances. Many hundreds of them have been discovered in mammals,
and dozens in people. They occur in all tissues, but their number is highest in white blood
cells, in the glands and secretions, mucous membranes and other barriers of organism (see
recent review of Dr. Sima & Co. 2003). Most of them are peptides, but since these also include
small proteins, thus they are properly called AMPP - antimicrobial peptides and proteins.
AMPP have enormous importance for human health, because they kill particularly transit
microorganisms (bacteria, viruses, fungi, protozoa) on the interfaces between the external and
internal environment of the body (intestine, lung, skin, genitor-urinary tract) and protects the
circulatory system from the penetration of microbes (Yu & comp. 2010). Residential harmless
commensal microflora of the skin and mucous membranes is living in an environment
containing AMPP.
Antimicrobial effect of AMPP is caused by:
1.) Binding to the parasite membrane and subsequent penetration into the cell interior, where
they can bind to DNA directly, or directly by penetration of parasitic cell membrane and
killing them by osmosis (these are called cationic peptides - defensins, catelicidins, BPI)
2.) Enzymatic lysis of important microbial structures (lysozyme, elastase, phospholipase A2)
3.) Linkage of vital substances (lactoferrin - bound iron and calprotectin - zinc binding)

In addition to the above effect, AMPP regulate immune response and slows dangerous
inflam-matory response which are dangerous to the body. Beneficial effects on human health
is caused at many probiotics mainly by induction and secretion of AMPP in the intestinal
lining and intest - inal immune cells (Trebichavský I. and I. Splichal, 2006). Their content in
the blood varies de - pending on activity of white blood cells. These cells are a storage depots
of tens of AMPP. Substrate from which Imuregen is prepared, contains dozens of
antimicrobial peptides. From cathelicidins - there are are bactenecins Bac-5 and Bac-7
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(which at a concentration of 2-50 µg / mL, kill: dangerous gram-negative enterobacterias
of salmonella, krlebsiella and E. coli and common triggers of frequent nosocomial “hospital”
infection), myeloid antimicrobial peptides BMAP 27, 28 and 34 and two very small peptides
indolicidin and dodecapeptid. Indolicidin, which contains the most amino acid tryptophan
(39%) of all known protein, binds to the mem - brane and the parasite and penetrates into the
cells where binding to DNA to inhibit its synthesis. Thus kills gram-negative and gram-positive
bacteria, fungi and parasitic protozoa.
Of the thirteen beta-defensins BNDB that occur in the granules of white blood cells,
there were ten of them isolated from the substrate Imuregen (BNDB-1, 2,3,6,7,8,9,10,11 and
13). All of these defensins have antimicrobial effect on the golden staphylococcus and E. coli.
Were also found lysozyme, lactoferrin, and BPI (bactericidal permeability-Increasing Protein)
calprotectin (synonym calgranulin or MRP 8 / 14), which constitutes 30% of all proteins of the
cytoplasm of neutrophils (these cells represent half of the white blood cells) and is highly
effect - ive against yeasts, staphylococci and salmonellae (Stříž Trebichavský and 2004) and
numerous antimicrobial enzymes such as elastases, cathepsin G, azurocidin, and
phospholipase A2. Lactoferrin of the substrate Imuregen, breaks by proteolysis (for example,
pepsin in gastric juice) into a very effective lactofericin. This substance has a strong
antimicrobial effect, and has a positive anti tumor effect and effect against high pressure.
Literature:
Striz I, Trebichavský: Calprotectin - a pleiotropic molecule in acute and chronic inflammation. Physiol.
Res. 53: 245-253, 2004.
Sima P., Trebichavský I., Sigler K.: Mammalian antibiotic peptides. Folia Microbiol. 48: 123137, 2003.
Trebichavský I., Splichal I.: Probiotics manipulate host cytokine response and antimicrobial pep - tides
Induce. Folia Microbiol. 51: 507-510, 2006.
Yu PL, van der Linden, DS, Sugiarto H., Anderson RC: antimicrobial peptides isolated from the Plasma
of farm animals. Animal Production Science, 50: 660-669, 2010. Ilya Trebichavský

IMUREGEN
We, signed below, recommend the product Imuregen containing important bio-active
substances. Based on long-term experimental and clinical tests, it was confirmed that the
product Imuregen has positive effects on the total regeneration of the organism and the
immune system. It is especially suitable for people under extreme physical and/or mental
stress. It fosters restoration of liver tissue and mucous membranes of digestive and
respiratory system and it also provides protection from viral and bacterial infections
(Hepatitis, leptospirosis, Weil’s disease, salmonellae, typhoid diseases).
For the above stated reasons the product Imuregen is especially suitable for personnel
under stress in extreme conditions, as in rescue and salvage operations and
decontamination work in flood-affected regions.
MUDr. Josef Richter, PhD.
Department of Science and
Research KHS Ústí nad Labem
RNDr. Petr Šíma, PhD.
Sector of Immunology and Gnotobiology
Institute of MicroBiology, Academy of Science CR
Ústí nad Labem, 28 August 2002
(This above statement was released during summer 2002 as a respond to the extreme flooding in Europe)
___________________________________________________________________________________________
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Optimal solution can be offered by the product IMUNPLUS,
made by company Imuregen
Hitherto Conclusions from Repeated Testing of the Preparation IMUNPLUS
Supplementation of human nutrition with immunity-enhancing substances can be very
beneficial, because our human bodies have become imbalanced. The overwhelming cause
of this imbalance is poor lifestyle and environment, pollution, stress, nutritional
deficiencies, toxicity and infections, and they all erode our health and lead to a decrease in
our immune system effectiveness. The reduction of immunity causes various diseases of
viral, bacterial and metabolic character. The only solution is strengthening – balancing – of
the organism stamina – its immunity. Optimal solution can be offered by the product
IMUNPLUS, made by company Imuregen.
IMUNPLUS
Food concentrates with efficient component of nucleotides

IMUNPLUS is a natural complex of
trace elements. These substances
increase the immune system of a
stamina, from the point of view of
immunity.

essential amino acids, nucleotides, oligo-peptides and
in their complex are able to activate, and positively
human. There are able to harmonize the organism
immuno-modulation of cell and hormonal part of the

Bio-complex of active substances creating efficient regeneration and stimulation
dietetics.

The food supplement IMUNPLUS ranks among modern preparations produced on the purely
natural basis. It is designed for adults and children from 1 year of age and it does not contain
alcohol or any inorganic chemical substances. It is particularly suitable for diabetics and for
athletes supporting the muscle mass growth and improving regeneration of
strength/endurance, during exercise or training.

IMUNPLUS is one of the most efficient preparations fighting the flu.
IMUNPLUS offers new approach to solving the fight against viral diseases by using the
application of highly efficient substances – selected amino acids, nucleotides and other
essential substances used by the organism to increase its immunity.

Using of IMUNPLUS will boost natural resistance to illness and disease and will naturally
improve immune system capacity. People will avoid light flu as well as possible negative
effects on vital organs – heart, lungs or kidneys – and consequent danger for the whole
organism.
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Composition
This purely natural product was developed at the beginning of the 50’s under management of
a popular pharmacist Dr. Rakús in Czech laboratories. It contains a balanced complex of the
most efficient plant and animal substances. Essential amino acids, nucleotides, proteins,
peptides, oligo peptides, organic salts and vitamins in natural relations increase the power
potential of human cells,which can stimulate the immune system.

Use
IMUNPLUS is absorbed in the digestive system in an active form – the organism absorbs
only the substances it needs for managing the performance, to avoid stress and civilisation
diseases and for improvement of metabolic process during a disease.
The product IMUNPLUS does not contain sugar and it is suitable even for diabetics. It can be
used for an unlimited time period without any risk of addiction, or negative side effects.

Effects
IMUNPLUS reduces chronic fatigue, eliminates feelings of weakness and depressions,
speeds up healing and regeneration and has positive effects on the digestive system, kidney
and liver function.
IMUNPLUS is suitable for healthy people as well as for people under mental or health stress,
in any age groups.
Healthy Individuals can use IMUNPLUS in case of fatigue and as prevention of stress
situations. It reduces the risk of the organism damage by civilization diseases.
When Used by Athletes, it increases the muscle growth and positively effects the power
metabolism by arranging several ways of power supply to cells. It improves regeneration of
strength/stamina.
When Used by Ill People, it creates a base for speeding up the process of healing,
reduces the time of regeneration and thus improves the efficiency of treatment. It is suitable
as a prevention of arteriosclerosis and it is one of the basic substances in the methodology of
JUVENOLOGY (postponement of ageing and keeping and improvement of active life from the
mental, physical and sexual point of view). It is suitable for both acute and chronic illness.
Application of IMUNPLUS is beneficial as prevention of the illness as it eliminates excessive
deviations in the organism homeostasis and even long-term chronic diseases can be
significantly improved or even cured.

IMUNPLUS does not have any harmful side effects.
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The basic biologically active substances of IMUNPLUS are:
Nucleotides
•

The synthesis of nucleotides in liver is very demanding from the point of view of energy
and that is why the intake of exogenous nucleotides in the periods of increased demand
(after surgery, traumas, burns or system diseases) is necessary.

•

Period of growth of organism up to the adult age, significantly increase the demands of
the organism towards the consumption of nucleotides. They are applied also in induction
of anti-substance response and they non-specifically increase the production of immunoglobulins, mainly of the IgG and IgM class.

•

Experiments proved that nucleotides increase resistance to infection with Staphylococcus
Pyogenea and Candida Albicans, they also increase production of interleukin IL2 and
increase functions of microphages.

•

They significantly stimulate the creation of lymphocytes, which are a base of immunity.

•

They improve the utilization of vitamins and trace elements.

Amino Acids
• Some of them directly effect immunity
• Arginine and glutamine have immuno-regulation functions and they cause an
increase of proliferation of lymphocytes and an increase of some sub-populations of
lymphocytes.
Iron
• Necessary for arrangement of cells proliferation and bio-synthesis of ribonucleotides to deoxiribonucleotides, the basic elements of DNA.
• Deficit of iron leads to reduction of dermal cell response, reduction of
lymphocytes proliferation, reduction of bactericide capacity, it also reduces the antisubstance response, it increases the sensitivity towards infections.

Proven facts related to the IMUNPLUS preparation
•
•
•
•
•
•
•

Clinical tests proved a significant strengthening of cell immunity, mainly increase of
T- lymphocytes and their activity, induction of mucous immunity response.
Application of the IMUNPLUS has shown that there were significantly increased
values of lysozyme and increased values of many proteins.
The application of the IMUNPLUS significantly reduced the increase of the Creactive protein and the orosomucoid, which are the symptoms of inflammatory
processes.
The top athletes and sport teams have shown an improvement of power/strength
parameters and training capacity and furthermore, there was also proved the
protective influence on liver parenchyma from the effects of physical load.
When IMUNPLUS was applied to the patients with hyperlipidemia, there was noticed
a significant decrease of the cholesterol level.
There was proved a significant reduction of sickness in work collectives in the
normal season and during seasonal viral diseases.
The use of IMUNPLUS positively affects the health conditions of children, mainly in
regions with extremely damaged environment.
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Evaluation of the IMUNPLUS Product in Relation to Cellular Part of
Immunity - Prof. MUDr. J. Kocián, DrSc. 1st Clinic of Internal Diseases IPZV – FNT
Prague 4
In our clinic we tested products with high contents of polynucleotides – i.e. substances
contained in cytoblasts of all and any cells. As soon as the 3rd day from the start of the
application of products, there was an increase in the numbers of white blood cells
responsible for protection of the body against infections – the increase fluently continues
up to the 28th days when the numbers of cells reach as much as 200% of the original
values. It was mainly the IMUNPLUS preparation that has been proven well.

Evaluation of the IMUNPLUS Product In Relation To Infections of
the Upper and Lower Respiratory System, Tonsillitis And Flu.
By MUDr. H. Černochová, ZORA Olomouc.
The product Imuregen was given to a selected group of employees in the ZORA Olomouc
plant during the period of increase of viral diseases. The employees were in the age of 19 –
64 years. The sickness leave representing a comparative group was significantly lower in
employees using Imuregen.
Serving the preparation – mainly in large work teams with high physical or mental load –
is efficient and economical in the periods of an increased occurrence of respiration viral and
bacterial diseases.
By TT Viadrus ŽDB A.S., MUDr. Masařek
The product Imuregen was daily given to a selected group of employees of the foundry in
the TT Viadrus ŽDB, A.S. plant.
For evaluation of efficiency of the Imuregen: comparison has shown decrease in the
illness rate of the upper respiratory tract by 47%.
MUDr. Štaket from the department of work and medical care:

He recommends IMUNPLUS product to be used mainly for
professions:
•
•
•
•
•
•

Under mental stress (managers, drivers)
Working in the environment with exposure to carcinogens chemical
Working under the risk of ionizing radiation
Working with organic solvents
Working in physically demanding jobs
Working in shifts work
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Immunological Findings in Groups of Children after Compensation
Measures. By Doc. MUDr. J. Richter, CSc., MUDr. Ladislav Pelech from National Institute
of Health – Department of Immunology in Ústí nad Labem.
200 children permanently living in a region with high degree of environmental pollution spent
14 days in a region with healthy environment and they were given product Imuregen. As a
result, their parameters of secretion immunity have significantly improved. Decrease of
albumin values signalizes a significant reduction of the inflammable irritation of the respiration
system. There were also significantly reduced the specific antibodies IgE of the respiration
type of allergy. On the basis of hitherto experience, just the stay in the region with highquality air positively influences 80 – 90% of people for a period lasting for 2 – 3 months. This
period can be significantly prolonged by using the product Imuregen.

Findings from children supplemented with the IMUNPLUS product.
By Doc. MUDr. J. Richter, Dr. S. Richterová, Dr. T. Kolinová
KHS Ústí nad Labem, OHS Ústí nad Labem, OHS Litoměřice
Group of 35 children in the age of 11 – 15 years, who were given product Imuregen for
the period of 1 month, was observed. Statistically was proved a significant reduction of
inflammable reactions, there was increase of the values of secretion immunity and there
was normalizations of many values of biologically important proteins, mainly the transferrin.
Monitoring the Effects of the IMUNPLUS product in a group of 53 persons in VÚ Kbely
By Dr. M. Švec Clinical Laboratory ÚVN Prague – Strešovice
The product Imuregen was continually given to the group of 53 people aged 20 – 50 years,
for a period of 2 months. Comparison of laboratory tests was done for the evaluation of
cellular immunity before application of Imuregen to group, and after termination of
Imuregen product use. The Rosette test proved a significant increase of T –
lymphocytes and the test of lymphoblast transformation proved a significant increase of
their activity.

Preliminary Findings in Population of Seniors supplemented with product IMUNPLUS.
By MUDr. J. Richter, D. Jílek, V. král, A. Vorderwinker, Dr. T. Kolinová, M. Hanusová KHS Ústí
nad Labem, OHS Litoměřice, OHS Chomutov.
Total of 151 seniors from nursing homes were monitored – seniors received a dose of
Imuregen for a period of 3 months. The values of IgG and IgE immunoglobins which prove
optimization of the immunity system regulation, were normalized. Significant decrease of the
C-reactive protein proves the significant anti-inflammation effects of the product Imuregen.
Normalization of the transferrin values confirms the positive adjustment of the iron
metabolism. There was also a significant decrease of the SP3 protein values, which are
indicators of hormonal dysfunction but also possibly of tumor activity or inflammations. The
dynamics of changes of the pre-albumin values confirms significant improvement of
nutrition status and an improvement of detoxification processes.
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Verification of Effects of IMUNPLUS in the Sphere of Top-Performance Sports
By RNDr. P. Fořt, CSc.Administration of Top-Performance Sports – Prague

The extensive study of power demanding sports and endurance types of sports confirmed
highly with positive effects of Imuregen mainly in the following points:
•
•
•
•
•

Significant improvement of power/strength/stamina parameters, improvement of
training capacities
Significant reduction of sickness rates
Improvement of the regeneration course
Protective influence on liver parenchyma from the effects of physical load
Stimulation of protein synthesis

Use of IMUNPLUS in Patients with Elective Surgery
By MUDr. M. Hladký, MUDr. V. Táborský, MUDr. J. Červinka, MUDr. M. Průcha, MUDr. M.
Dostál, Department of Surgery of the Hospital Na Homolce, OKBHI Hospital Na Homolce,
Institute of Experimental Medicine, Academy of Science Czech Republic.
The product Imuregen was given to 24 patients in the dose of 2x1 tablet/day 7 days
before, and 30 days after surgery. The patients showed a statistically significant decrease of
activity values of liver amino-transfers that were significantly pathological at some patients
before starting the application of Imuregen.
Furthermore, there was statistically
significant decrease of the transferrin values, which proves positive restoration effects of
Imuregen during inflammation. There was also proven a modulation effect of Imuregen in
the sphere of cellular immunity due to statistic increase of the amount of CD 3+
lymphocytes in comparison with the control group. The results confirm suitability of
Imuregen use as a non-specific supporting product for patients, where it can be possible to
expect immunodeficiency in the sphere of cell-mediated immunity.

Clinical Testing of the IMUNPLUS Product at the Surgery Department
By MUDr. A. Skřivánek, Hospital in Mladá Boleslav.
Patients with so-called unhealable defects were selected for clinical tests – i.e. patients
with poorly healing fractures, decubitus and patients with varicose ulcers or with burns of 3
rd degree. After 3 months of serving Imuregen, all the patients showed a significant
improvement. While the healing time – i.e. the reduction of the term of treatment – reached
7 to 10 days.

Immunological Findings and dynamics of Proteins after Application of IMUNPLUS
By. MUDr. J. Richter, CSc., Regional Hygienic Station in Ústí nad Labem.
Patients aged 39 – 58 years with diagnoses of non-plasmatic diseases were given Imuregen
in the dose of 2 mg/day for the period of 25 days. Chemical examinations before and after
the therapy proved statistically significant increase of pre-albumin values, normalization
of transferrin values and values of C – reactive protein of alpha I – antitrypsin. There was
also proved an increase in the number of leucocytes, adjustment of distribution of
lymphocyte population and normalization of the share of terminal lymphocytes.

46

Nucleotides. A Review and Current Advances
By MUDr. Josef Richter, PhD. Department of Science and Research KHS Ústí Nad Labem
Ústí nad Labem 15.11.2002

The endogenous supply of nucleotides is maintained de novo synthesis and the
salvage pathway. Because they are metabolically costly processes, it is more efficient to use
already formed nucleotides. This is particularly true in rapidly dividing tissues, such as
intestinal and lymphoid tissues, which require nucleotides for the synthesis of nucleic acids.
One DNA replication requires at least 109 nucleotide molecules. An exogenous source of
nucleotides, such as dietary supplement, could optimize the tissue function by sparing the
cost of de novo synthesis or salvage. This may be especially important during periods of
rapid grows.
Dietary nucleotides can improve the growth and differentiation of the intestinal cell lines,
the response to injury of the intestinal track and positively influence the bacterial flora in
infants. In the intestine of breast fed infants, bifidus bacteria were predominant, while gramnegative bacteria predominate in those of infants fed cow´s milk based formula. Breast milk
contains about hundred times the level of nucleotides present in cow´s milk. Nucleotides
supplemented milk increased HDL and decreased VLDL in infants, suggesting that
nucleotides enhance lipoprotein synthesis particularly in the intestine.
Feeding nucleotides to infants improve hepatic function and restoration and has been
associated with increased polyunsaturated fatty acids in erythrocytes, suggest in that
nucleotides play a role in the conversion of 18C essential fatty acids to 20C-22C very long
chain polyunsaturated fatty acids.
In humans, rapidly proliferating lymphocytes require an exogenous supply of nucleotide
for optimal function even if de novo synthesis and salvage pathways have been
demonstrated. –lymphocytes seem to require dietary nucleotides for normal maturation and
function. In mice and humans, a nucleotide free diet significantly depressed IgM and IgG
antibody production from spleen cells. Host resistance to bacterial and fungal infection
decreases on nucleotide free diets. In human, parenteral and/or per oral solutions with
nucleotides given to postoperative cancer patients improve immune function and infectious
complications and length of hospital stay was reduced compared to a control group.
A large number of clinical studies on human infants has been conducted to investigate in
particular the gastrointestinal and immunological effects of dietary nucleotides. Beneficial
effects of dietary nucleotides on mucosal regeneration, immune function have been
demonstrated. 'Immunonutrition' is a term which has been adopted to describe diets that
contain several additives. Some in the form of glutamine. Arginine, fish oils and nucleotides
alone or in combination.
A result of an intervention study-Iodine supplementation of Gipsy children for a period of
three month with humanized milk (nucleotides and polypeptide) has regulating effect in the
iodine metabolism as well as in secretory immunity. In supplemented children a significantly
lower frequency of diseases and shorter periods of morbidity were recorded.
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Regional Hyg ienic Sta tion in Ústí
nad Labem
Office: MUDr.Josef Richter, Csc.
Moskevská 15, P.O. BOX 72/U2, 40078 Ústí nad Labem
Tel: 047 / 277 01 55, Fax: 0 4 7 / 277 01 56, e-mail: jrichter@khsulbukov.cz

In Ústí na d Labem 25th January, 2000
Risk of contamination through infectious spongiform encephalopathy

According to the report and findings of the WHO consultative commission, whose session
was held from 9th to 11th February 1998 and solved problems of viral particles and prions infection risk
from initial material (beef corpuscles) , the risk is zero.

This risk as mentioned in the material above is also reduced by method of preparation. Its
final product is a mixture of amino acids, polypeptides and nukleotides under the tradename
IMUREGEN.

Possible more detailed information in case of doubt can be get at the WHO consultants´
addresses (Prof. Herbert Budka, Institute of Neurology, Vienna, Austria and Prof. Henry Barona,
WHO, Geneva).

Signature
MUDr. Josef Richter , Csc
REGIONAL HYGIENIC STATION
Section of Immunology
Moskevská 15 P.O. BOX 78/U2
400 78 ÚSTÍ NAD LABEM
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SUMMARY OF CLINICAL
RESEARCH FOR

DIETARY NUCLEOTIDE

MUDr. Josef Richter, CSc.
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Summarization of the properties and application of the product
Dietary Nucleotide - IMUREGEN
Fully-fledged nutrition adequate to age is one of the basic conditions for the harmonic body
development. It provides for all physiological functions of human organism, including immunity.
That´s why it must incorporate balanced content of low-molecular substances (trace elements,
minerals, vitamins, etc.) and macromolecular ones (saccharides, fats, and proteins). Some of these
ingredients need higher intake in some life periods, primarily for growth of body, ageing, recovery,
increased physical load or in the case of infectious diseases. This demand is caused by higher
utilization of the proteins, trace elements, vitamins, and antioxidants.
To provide high-quality development of immune system, which is able to react to infectious load,
it is necessary to assure higher supply of some substances, which are normally available. We have to
point out dietary nucleotides, their consumption in conditions of higher load and during
convalescence is increased to such a level, when they become essential. Based on recent discoveries,
the dietary nucleotides in combinations with other substances, like amino acids, N3 fat acids, beta glucans, and vitamins are considered to be the basic compositional units of immunonutrition.
High efficiency of IMUREGEN is just based on high contents of nucleotides. Nucleotides
(further NT) comprise nitrogenic base, pentose sugar and group of phosphates. Nitrogenic base
consists of purine and pyrimidine.

Cells of mammals, bacteria and plants contain various

nucleotides. Cellular DNT contained in IMUREGEN is possible to find in milimolar concentrations
and they may have a lot of functions:
1. They secure energetic metabolism.
2. Precursors of nucleic acids (DNA and RNA) consist of nucleotide units.
3. They serve as physiological mediators of many metabolic processes.
4. They are constituents of coenzymes.
5. They are carriers of activated messengers for a lot of reactions (e.g., glycogenic a
glycoprotein synthesis, metabolism of phospholipids).
6. They work as cellular agonists.
7. They can work as effective agonists providing impulses to intracellular transduction
cascade including cAMP.
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Thirty years ago, there were discussions at symposium of the American Society of
Nutrition, whether there exist biochemical or physiological arguments to consider dietary NT
essential from the nutritional point view, in spite of their insignificant role in nitrogen
metabolism.
Then IMUREGEN was already successfully tested. It was supposed, that main source of NT
in organism is endogenic synthesis of purines and pyrimidines, which is more effective than use
of dietary NT arising from degradation of nucleic acids in food.
NT can be synthesized in endogenic way, this was used as a reason to deny their essential role in
nutrition. New research in 90´s of previous century gave clear evidence that dietary NT are
important and from many points of view indispensable nutritional component. An organism is
able use them directly from food avoiding their highly energetic demanding de novo synthesis.
Insufficient supply of NT via food may not express only as an imbalance of immune
functions, it may reflect disorder of physiological functions of the gut and its microbiome, liver,
heart, developmental retardation of CNS, immune system, and general growth. Just at correction
of lack in NT supply, the IMUREGEN provides excellent results. Supplementation is
highly effective even in relative low dosage.

Importance Of Dietary Nucleotides (Dnt) During Postnatal Period
An adult gets daily 1.5 to 2.5 g of dNT on an average, it is much more than the whole intake of
vitamins. For sucklings and infants in the period of accelerated growth is necessary to provide
sufficient supply of nucleotides, which are necessary especially for maturation of GI tract and
its enzymatic equipment, and for metabolism of lipoproteins and linoleic acid. NT take part in
the growth of microbiome and selection of microorganisms positive for physiological functions
and suppression of pathogenic microorganisms. Maternal milk is indispensable source of NT.
It contains 20 to 25 % of non-protein nitrogen on an average whilst cow milk only 2 to 5
%. From the 5th to 8th month of lactation, the maternal milk contains 10 to 120 mg/L DNA and
100 to 600 m/L RNA. Human maternal milk is generally considered to be “ gold
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standard “ for suckling nutrition. Now available infant nutrition is prepared in industrial way to
approximate to maternal milk. Cow milk is supplemented by nucleotides.
Such enriched formulas were available in Japan in 60 ´s of previous century. In 1991, Scientific
Committee for Food recommended supplementation by 10 mg dNT/L, later it was increased to 70
mg/L. There are used dNT, which add a flavor to infant formulas. Pleasant, so called fifth flavor
“umami” contains glutamic acid and IMP. There were messages, that such supplemented
formulas were consumed by sucklings in increased amounts due to adaptation of taste.
Optimal intake of dNT for sucklings is 160 mg/kg per day and it corresponds to average
weight increase 10 g/kg per day.
New findings about significance of NT show that their relevance in adult nutrition is
remarkable as well. Supplementation by the IMUREGEN is being linked with restoration of
lost immune functions. Administration of dNT contained in the IMUREGEN results in fast and
vigorous improvement of disordered human physiological functions.

Metabolic Functions
Nucleotides in the IMUREGEN are building blocks of nucleic acids and they as mono-, di-and
triphosphates are involved in practically all metabolic functions. They represent integral part of
protein, saccharide, and lipid metabolism as well as metabolism of nucleic acids. In form of
nucleosides, they take part in metabolism of active substances, especially co-enzymes. They
work in energetic metabolism as donators of phosphate, their mediator function is necessary for
aggregation of blood platelets and vasodilatation.
It is estimated that during 24 hours is destructed and renewed about 300 g of enterocytes in an
adult. Further load and high demand is increasing during induction of immune response due to
clonal expansion and merging of lymphoid cells into effector ones. Another amount of
nucleotides is necessary for regeneration of tissues, renewal of mucous epithelia, induction
of haemopoiesis and renewal of skin cells as well. Supplementation b y the IMUREGEN
successfully prevents complications arising from the lack of nucleotides.

Gastrointestinal Benefits
Dietary NT contained in the IMUREGEN play significant role in the development of GI. It
increases production of mucosal protein, DNA, height of villi and other activities of
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intestinal mucosa. Repeatedly was demonstrated positive influence of the IMUREGEN on
reparation of intestinal damage both in models and in children and adult population. Our tested
IMUREGEN proved significant anti-inflammatory effect of administered NT in children allergic
population. It resulted in decrease of salivary albumin and at the same time there were higher
levels of secretory IgA and salivary lysozyme. These significant changes came before
improvement of health, including higher resistance and diminished morbidity of respiratory
tract. In literature there are published reduction of mortality and decrease of inflammatory
symptoms in model experiments.
Substantial changes are elicited by given dNT through influencing the intestinal microflora. It
results in significant growth of Bifidobacterium in intestinal tract with consequent decrease
of pH in intestinal contents. Low pH is able to prevent proliferation and growth of pathogens,
especially Bacteroides and Clostridium. Effects of IMUREGEN on Bifidobacterium are reported
in children fed industrially produced children nutrition supplemented by dNT.
IMUREGEN as an exogenous source of dNT is able to optimize function of intestinal
epithelia especially in the period of accelerated growth and during convalescence after
damage of mucosa. Administration of IMUREGEN has positive effect on a lot of inflammatory
diseases of GI, e.g., ulcerous colitis, Crohn’s disease, and irritable bowel syndrome. In the
same way was repeatedly proved positive influence on reparation of intestinal mucosa after
bacterial infections of intestinal tract. IMUREGEN possesses significant influence on healing of
diarrhoeic disorders caused by lactose diet.

Benefits on the Liver
The liver plays important role in provision of dNT for organism, mainly through active synthesis
and release of dNT for other tissues. Extracellular nucleotides influence growth of hepatocytes
and their regeneration as well. Disorder of hepatic tissue leads to increased consumption of
nucleotides where regeneration of tissue is replenished by increased synthesis of DNA and
RNA. IMUREGEN improves function of hepatic parenchyma and its reparation, is involved in
detoxification of mycotoxins and significantly ameliorates post-stress disorders. We proved that
administration of the IMUREGEN in conditions with significant damage of hepatic tissue results
in rapid decrease of aspartate aminotransferase
(AST), alanin aminotransferase (ALT) and glutamic acid-pyruvate transaminase (GPT).
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The same positive effect of IMUREGEN was repeatedly proved in models on experimental
animals.
It was revealed that levels of mycotoxins in the liver of pork and poultry supplemented by
IMUREGEN were significantly lower than in animals with a standard diet. Higher levels of
mycotoxins in feces of experimental animals were statistically significant. IMUREGEN
modulates growth of hepatocytes and their regeneration including synthesis of glycogen. Positive
effect of IMUREGEN was proved in cases of toxin-induced fibrosis of hepatic parenchyma.
Hepato-protective effect of IMUREGEN was proved in cases of EBV infection with damage of
hepatic tissue.
Our experience shows significant preventive influence of IMUREGEN given prophylactically
in frame of fluid intake

as well as in workers with high exposition to chemical substances

(negation of hepatotoxic effects). This experience led us to administration of high doses of
IMUREGEN to intoxicated individuals. Fourteen days of daily administration of IMUREGEN
resulted in normalization of all indicators of hepatic damage (liver function tests, tissue
polypeptidic antigen, and orosomucoid). In longitudinally observed groups of individuals with
the risk of exposition to hepatotoxic substances, we also found significant decrease of
cholesterol levels with increase of HDL and normalization of the index.

Influence on Lipid Metabolism
In children with diet supplemented with dNT was found increase of levels of HDL already in the
first month after birth. It seems that IMUREGEN increases synthesis of lipoproteins especially in
intestinal tract. Administration of the IMUREGEN leads to increase of omega
3 and omega 6 PUFA in plasma and in RBC membrane in experimental animals.

The Immunity
It was repeatedly proved that IMUREGEN increases specific and non-specific immune
functions, proliferation activity of lymphoid cells with the consequent corresponding
reaction of both cell and humoral immune response. Administration increases not only
numbers but first of all the activity of natural killers, production of some cytokines. This may
be used for reparation of tumorous conditions during and after conventional therapy.
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Significant effect of IMUREGEN is proved towards the parameters of humoral immunity,
including B l ymp h oc yt e s -regulated

production o f ant i bodi es t o g e t h e r w i t h

i n c r e a s e d resistance to bacterial and viral infections. Endogenous nucleotides positively
influence antibody r e s p o n s e a n d keep i t s optimal f u n c t i o n . Significant i n f l u e n c e o n
levels o f antibodies against tetanus in vaccinated children population was proved. In
comparison with control group there were statistically significant differences in antibody
responses. Repeatedly was proved protective effect of IMUREGEN in therapy of mycotic
infections. Nucleotides
up lymphoproliferation

influence

mechanisms

of

cellular

immunity.

They

speed

induced b y a l l o a n t i g e n , correct i m m u n o s u p p r e s s i o n

induced b y malnutrition, increase number of NK cells and their activity. They increase
production of IL-2 and take part in increase of number of macrophages and at the same time they
increase their fagocytary activity. It is proved that IMUREGEN increases proliferation of
bone marrow and proliferation of peripheral neutrophils.
Administration of IMUREGEN increases resistance against infections both in animal
models and humans. In an experimental model was proved significant resistance to infections
caused by Candida Albicans and Staphylococcus Aureus. Survival of exposed animals was
statistically significant in comparison with control group.
IMUREGEN adjusts the ratio of cellular subpopulations Th1 and Th2 and in such way
significantly decreases risk of sensibilization and induction of IgE response. Already 0.5 % of
dNT contained in IMUREGEN proved reduction of induction risk of allergic symptoms in
experimental

model o f

inhalation

allergy.

It w a s

proved

that

a d m i n i s t r a t i o n of IMUREGEN to premature children was connected with significant
increase of CD4+ lymphocytes.

Secretory Immunity
Long term administration of IMUREGEN results in positive influence on factors of mucosal
immunity. It was revealed, that there is increase of secretory IgA, significant decrease of albumin
and C-reactive protein together with overall recovery. In groups with physical load, IMUREGEN
induced increase of secretory IgA, IgG and IgM in saliva. In comparison with placebo group,
there was increase of mucosal lysozyme levels and so provision of higher resistance to
infectious load.
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Dietary nucleotides in IMUREGEN influence generally production of antibodies via T helpers
and the earliest phase of antigen presentation. Immune response is regulated by interaction with
T regulation cells. In repeated studies, following health conditions of children hospitalized in
sanatorium for pulmonary and allergic diseases we revealed that after 1 month of IMUREGEN
administration there was not only significant improvement of secretory immune response
represented by increase of SIgA, salivatory IgG and lysozyme together with decrease of
salivatory C-reactive protein. Moreover, there was significant decrease of cortisol in saliva
representing normalization of stress response.
There was not only significant improvement of respiratory functions of followed children with
decrease of levels eNO by 15%, besides that there was improvement of physical condition
represented by increased endurance. Measured entrance values of 6-minute walk test were
increased after stay in sanatorium by 17%. Control testing showed persistence of positive
findings during 6 months, slow worsening reflected mostly staying in environment contaminated
with exhaust gases, chemicals, products of local stoves and in more than 50% of cases there was
exposition to indoor contaminants (smoking parents).

Dietary Nucleotide and CNS
Appropriate intake of dNT contained in IMUREGEN in early development results in
positive influence on growth of CNS and improves memory. There in literature is possible to
find reports on significant improvement of health conditions in individuals with destruction
of brain functions, e.g., in patients with dementia. It was proved that ATP is indispensable not
only for learning, but also for memory and ability to concentrate. It is important for mediation of
signals from CNS to PNS.

Cardiovascular system and Dietary Nucleotide
Heart contractions are ATP-dependent and supplementation of nucleotides assures physiological
function of cardiovascular system.

Tumors and Dietary Nucleotide
Administration of the preparation may increase efficacy of antitumor chemotherapy and reduce
the collateral symptoms. IMUREGEN is able to decrease toxicity of some antitumor substances.
Co-administration with doxorubicin revealed increase of level by 50% in tumor cells in
comparison with patients without IMUREGEN. The same positive effects of given dNT were
described in therapy of pulmonary tumors.
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There are discussed two possible effects of IMUREGEN in tumorous conditions. Firstly it is an
increased effect of IMUREGEN, on the other hand it is increased function of immune
mechanisms. Our experience points to ability of IMUREGEN to keep constant number of white
blood cells or to prevent their decrease much more than in patients without IMUREGEN.
Increased physical load and Dietary Nucleotide
IMUREGEN has its use in individuals with increased physical load. Regular administration in
professions with increased physical demands decreases morbidity and inability to work. In
model study of more than 2,000 individuals exposed to high physical load and to high
temperatures, administration of IMUREGEN in drinking fluids led to decrease of inability to
work by 50%. The same application of IMUREGEN with the same effectiveness is useful for
some professions (firefighters, policemen, drivers, etc.).
Administration of IMUREGEN alone or in mixtures with other substances is now in focus and it
is used by a lot of top level athletes. On this spot, it is necessary to distinguish administration of
substances and their doses during increased training load, in period of competitions, and in period
of convalescence. Our experience shows that administration of IMUREGEN led not only to
increase in performance, but at first to reduction of morbidity during period of competitions.
Positive effect of IMUREGEN may be mediated via increased resistance to stress. We revealed
that in children administered IMUREGEN was swiftly reduced level of salivary cortisol.

MUDr. Josef Richter, CSc.
Expert of the World Health Organization
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INTRODUCTION
Inadequate nutrition has its big share on health deterioration of general population,
not only by poor eating habits, but also by unbalance of basic nutrition components in
food. It is generally calculated fact, that 15-25% of all death is related to improper
nutrition.
The

optimal presence

of

vitamins

and

trace

elements

in

nutrition/food,

is

constantly repeated basic demand, influencing quality of health of the population.
Inadequate composition of nutrition/food influences our immune system analogically just
like food deficiency, especially at both sides of age span of humans, in the period of
growth ( childhood) and at the period of ageing. The present styles/conceptions of the
world health policy are based on these ideas/ conclusions. These policies concentrate
on preventative programs with effort to reach possibly the widest parts of population.
For these reasons our health policies should include research and clinical verification
of different food supplements, in which their positive influence on metabolic, physiologic
an immune functions has been proven. These aspects are substantially recognised in
developed countries, where increased attention is paid to the questions of food
supplementation with various micronutrients. Japan, USA, and some European
countries have been developing programs for so called functional food. Lots of above
mentioned aspects are being closely looked at WHO materials, “The Health for all in
21st century“.
The goal of our project was verification of the possibility to influence the health and
immune system by nutrition and supplementing by nutritional products with high content
of DNA. We have explored the effects of highly purified DNA of yeast origin on selected
immune parameters, in the experiments and in clinical and preventative studies. We
have found that the some result can be achieved by product Imuregen which has high
content of amino acids, polypeptides, and oligo-polypeptide. Advantage of this product
is very good financial accessibility (the cost for one day application is 20x lower than
German product “Torula”). We have stated/determined the optimal dose of the
supplement in relation to dosage for preventative treatment and dosage for medical
treatment. In the aim of the project we have started from assumption that
immunoregulating effects of the exogenous DNA are very useful for synthesis of nucleic
acids during cell division. Dietary nucleotides are, from the view of energetic coverage in
this application much more suitable also because their partial fission in GI tract leads
to their fast absorption and thus to the improved cellular reparation of different tissues
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of the organism, which were dependent on supply/feeding of exogenous nucleotides. In
many cases it can be stated that in the importance of nutrition, dietary nucleotides are
from this view essential. Absence of dietary nucleotides in human organism can lead
even to the symptoms of malnutrition, which is described under the name NAIDS
(Nutritionally Acquire Immune Dysfunction Syndromes). We have tried in our study not
only to verify the functionality of supplementation with dietary nucleotides, but also their
positive effect in preventative and clinical application. In the layout of individual clinical
studies we have surpassed the scope of initial goals, due to the fact, that we have
achieved

important

results

with

application

of

dietary

nucleotides

in

many

diseases/illnesses. For this reason we continue studying the clinical indications/
applications further. We recommend the possibility of wide spread use of product
Imuregen in the form of beverages (which is at present time produced by company
“Dobra Voda”) as substantially beneficial to public.
Due to the fact that the scope of the study was so broad, many other
articles/sub-studies will be published during year 2004. Publications in Czech Republic
and abroad in English language will be gradually published, some after processing of
finished stages, others after finishing of studies on sufficient number of followed
individuals.

EXPERIMENTAL PART

1. Goal Of The Experimental Part Of Project

It was necessary in the scope of the of the project, (which is the verification of
possibility of the positive influence on immune system by nutrition, by the way of
supplementing with food products with high content of dietary nucleotides (dNT) and
thus positively influence the general health of population), to supplement clinical
studies with the results from experimental animal models, which cannot be obtained
in clinical studies on humans, for practical or ethical reasons. And which are important
for understanding of mechanisms of imunoregulating effects/influence of dNT.
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1.1. Starting premises:

The exact mechanism of influencing of immune processes dNT is not entirely
understood.

It is believed, that dNT in organism works on many levels. Especially

by increasing supply of endogenous nucleotides, which are used by proliferating
and differentiating immuno-competent cells. Intensive onset of creation of
nucleotides after activation of immuno-competent cells by antigen, is explained by
high demands on preparation of energetic metabolism, needed for synthesis of
nuclei acids, and also that lymphoid cells have limited ability of

synthesis and

endogenic reutilization of especially pyrimidine nucleotides.

It has been proven, that reducing of dNT in food will be reflected by lowering of
immunologic readiness of organism, especially by reaction of cellular (T- component)
immunity. (lowering proliferation of lymphoid cells after allogeneic induction, lowering
of production of interleukin-2 and lower expression of receptor for IL-2) and
humoral (B-component), which is effective in anti-infection immunity.
On contrary, supplementation of dNT supports not only normal physiologic
functions, but it becomes necessary for regeneration processes. Lots of indication
shows

that

immunocytes

stimulated

by

antigen

and

the

cells

metabolically actively participating on immune functions (macrophages, granulocyts
etc.) have increased demand on supply of dNT.
Proliferation differentiating processes of antigen activated lymphocytes demand
additional increased supply of nucleotides (ensured by endogen synthesis, or by
reutilization from exogenic source - nutrition), which are used in energetic
metabolism and later in synthesis of nuclei acids at clone expansion during immune
response.

2. Experimental Model

For s e t t i n g of basic/starting parameters of antiinfection and antitumor immunity
were, as the experimental animals used mice of defined inbreeded group Balb/c
(MBÚ AV ČR, Praha) and mice of defined inbreeded group C57Bl/6 (AnLab,
Praha).
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3 month old, and average weight 20g, kept in standard conditions (temperature,
illumination, unified diet ad libitum); control and testing groups were 16 mice each.
C57Bl/6 mice were S.C. inoculated by melanoma cells B16F10 (Weizmann Inst.,
Rehovot, Israel). All experiments were done in two parallel tests and repeated
three times.

As

a

source

of dNT

were

used standard

highly

purified

yeast

RNA

(Ribonucleic acid-core Torula sp. Type II-C, Sigma-Aldrich Chemie, Gmbh, Steinheim
Germany)

and

product

Imuregen® in preventative time protocol (4 weeks)

drinking(feeding) program ad libitum and dosage (100 mg/l (kg) dNT) set by
programs recommended by speciality literature data.

Using/coming from above shown

assumptions, we have set basic/starting

parameters of anti-infection and antitumor immunity after application of dNT by set
harmonogram of the project on mice experimental model in comparison with
control (dNT uneffected) animals.

3. Results
3.1. Influence of production of IL-2, IL-4, IL-12, TNF-α, and IFN-γ

3.1.1. Criteria of selection of cytokines:

IL-2 is the marker of activation of Th1 lymphocytes by antigen. It is the growth
factor for T and B cellular population and also for Tc and NK cells. In “Th” cells it
stimulates production of IL-4 and IFN-a. It stimulates proliferation and differentiation of
CTL and NK cells and increases their cytotoxicity activity. It also increases
proliferation and differentiation of B cells. Increase of production of IL-2 means
increased T component immunity and IL-2 is therapeutically used in oncology.
IL-4 is produced by Th2 lymphocytes and it stimulates differentiation of B-cells
for production of IgM and IgG antibodies. It also supports differentiation of CTL and
granulocytes, decreases production pro-inflammation cytosines (example. TNF- α).
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IL-12 is produced by cells of monocyte-macrophage system and supports
activation and cytotoxicity of NK cells and their transformation in to more effective LAK
cells similarly like IL-2. Furthermore, it is the key stimulator of production of IFN-γ in
Th1 cells. It is application /used in treatment of tumorous and parasitic diseases.
TNF-α (cachectin) has cytostatic and cytotoxic effect on tumorous cells. As a proinflammation factor (endogenous pyrogen) induces inflammation (through stimulation
of production mainly of IL-1 and GM-CFS) and it supports the toxic effects of endotoxin
G- bacteria’s. It produces TNF-α and is inhibited by other cytosine and also by IL-4.
IFN-γ has regulating pleiotropic effects in immune system. Among others, it
supports differentiation of B and T cells and stimulates expressing of HLA-1, by which it
makes easier/assist in antitumor hit/effect by CTL. IFN is activator of macrophages
and endothelial cells. Recombinated IFN-γ is used in prevention and therapy of viral
diseases (Actimun).

3.1.2. Arrangement of Experiment:
Preventative application of dNT (Torula) for 30 days to the mice, group C57Bl/6,
inoculated by tumorous melanoma cells. Concentration of cytosine was identified by
method ELISA (see Picture. 1).

Picture. 1. Comparing concentrations of researched cytosines against control
group.
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3.1.3. Conclusion:

Preventative 30 days application of dNT on tumorous mice (mice with tumor)
shown substantial increase of IL-2, IL-4, IL-12 and the most of IFN-y, compared to
control group. While the production of TNF-α was not effected and it’s concentration
remained on the level of control group.
It can be stated, that preventative application of dNT supports production of regulatory
important cytosines, especially those, which are important for development of antitumour composition of immunity. Which is: directly stimulating differentiation and
activity of CTL and the cells NK (IL-2, IL-4, and IL-12, IFN-γ), some from these are
already used therapeutically (IL-2, IL-12, IFN-γ), or are important for development of
complex immunity. Which means also of B-component, on which resides antiinfection immunity (IL-2, IL-4) and the cells of monocyte-macrophage system,
important at processing and presentation of antigen, at T and B cellular co-operation
(IFN-γ).
On contrary, preventative application of dNT did not result in increase of TNF-α,
which is an important pro-inflammatory factor, and it can be indirectly assumed, that it
could be result of increased production of IL-4, which TNF-α inhibits. (See above).

We can conclude, that effects of dNT applied by the form of preventative long
term drinking/beverage regime (Torula and Imuregen), in the environment of
experimentally induced tumours process (mice-melanoma), have clearly supportive
influence on production of cytosines, positively influencing preparation and
development of the immunity’s anti-tumor component. On contrary, it does not affect
amount of production of TNF-α, which, even for its cytostatic-cytotoxic effects, is
mainly strong pro-inflammation factor.

3.2. Quantification of cells making haemolytic antibodies IgM and IgG

3.2.1. Criteria of stating of amounts of IgM and IgG:
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IgM presents main group of antibodies at onset of primary immune reaction.
Effective humoral immunity in later phases of immune response, rests mainly in
antibodies class IgG. Quantification of cells, making haemolytic antibodies IgM and
IgG can give information, to what level are, by preventative application of dNT
influenced not only differentiation of precursor immuno-competent cells for both
classes of immunoglobulin, but also the dynamic of molecular shift of IgM in IgG
during primary immune reaction.

3.2.2. Arrangement of Experiment:

Absolute amount of spleen lymphoid cells creating haemolytic antibodies class IgM
and IgG after i.p. immunization by T-dependant antigen (0,5 ml 4% sheep’s
erythrocytes, 5th. day of primary immune response)

were detected by modified

Jerneho “plak” method, where the cells secreting antibodies are identified by binding
guinea pig complement and creation haemolytic zone .
Mice group Balb/c were compared after 30 days of application of preventative drinking
program/regime dNT (Torula and Imuregen). Values are presented as the averages of
absolute amounts of cells creating haemolytic antibodies. Determined/detected in
individual tested animals and calculated to 108 lymphoid cells. The average values of
parallel tests, which were repeated three times, are shown in Table 1, and Picture 2.

Tab. 1. Average absolute numbers of cells producing haemolytic antibodies IgM
and IgG in conversion on 108 spleen cells.
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Obr. 2. Average absolute numbers of cells producing haemolytic antibodies IgM and
IgG in conversion on 108 spleen cells.

3.2.3. Conclusion:

After 30 day preventative application dNT in the form of drinking/beverage regime
at both tested products, Torula and Imuregen substantially increased absolute
amounts of cells creating/producing haemolytic antibodies IgM and IgG in

spleen

of immunized animals in comparison with control animals, not supplemented
with dNT. Differences between both tested products (Torula and Imuregen) were not
substantial. However, increase of absolute number of cells is not exhaustive (exceeds
only 1st order).

It can be expected, that after long term supply of dNT in the form of preventative
drinking/beverage regime with tested samples of Torula and Imuregen is created the
tendency for non-exhaustive stimulation of differentiation of immuno-competent cells
towards production of humoral protective antibodies and thus to higher readiness of B
cells component of i m m u n e system, on which cellular capacity directly depends
the effectiveness of anti-infection immunity.
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3.3. Influencing of cytotoxicity of effector cells (Natural Killers NK)

3.3.1. Criteria determination of cytotoxic capacity of NK cells:

Determination of cytotoxic activity of lymphoid cells enables to obtain
information on effect of dNT on differentiation of NK cells.

3.3.2. Arrangement of Experiment:

Cellular cytotoxicity is quantified by measuring of amount of

51

Cr, which is released

from marked target (tumorous) cells (T), which are killed by effector NK, from cells
(E) of tested animal. As a cytotoxic testing system were used target cells of mice
tumorous line YAC-1 (American Type Culture Collection).

Compared were mice Balb/c, after 30 day application of preventative drinking
regime dNT, products Torula and Imuregen. The values are shown as an average
percent of cytotoxic activity of splenocytes, after 3, 5 and 18 hours incubation of
effector cells with target cells YAC1, marked

51

Cr, in ratios E : T: 200 : 1; 100 :

1; 50: 1; 25: 1. The values of cytotoxic activity were calculated by equation:

% cytotoxicity = (cpmexp - cpmspont: cpmmax - cpmspont) x 100

From the maximal yields of cytotoxicity and are expressed as averages of
percent of cytotoxic activities, established in individual tested animals and 3 x
repeated tests. (Picture. 3).
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Picture. 3. Mean cytotoxic activity of lymphoid effector cells of spleen (NK), after
preventative application of drinking regime dNT; comparison of products
Torula and Imuregen.

3.3.3. Conclusion:

30 days preventative application of dNT in the form of drinking regime with both
tested products Torula and Imuregen substantially increased cytotoxic activity of
effector cytotoxic splenocytes (NK cells) oriented on target tumours cells YAC1 in in

vitro model cellular system.

It can be judged, that long term supply of dNT presented in products Torula and
Imuregen, by the form preventative drinking regime will have tendency positively
stimulate some part of antitumor component of immunity. These results are
corresponding with findings at testing of proliferative activity co-stimulated by mitogen
ConA, which stimulates mainly T -cellular sub-population (see part bellow. 3.4.3).
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3.4. Determination of Proliferative Activities of Lymphoid Cells

3.4.1. Criteria of determining proliferative activities:

Immuno-competent cells after encounter with antigen, go through proliferating
processes, in which course are differentiated in terminal stage of effector cells.
Therefore the determining of proliferative activity of lymphoid cells is the substantial
information on the state of immune potential of organism. Co-stimulation by Tdependent mitogen ConA determines influence of tested matter on T cellular
component, co-stimulation LPS gives a picture on influence on B cellular
component.

3.4.2. Arrangement of Experiment:

Cellular proliferation in proliferative test ex vivo is quantified by measuring of
amount 3H-thymidin, which is in S-phase of cellular cycle incorporated in
nuclear/nucleus DNA.

Mice group Balb/c were compared after 30 days of application of preventative
drinking regime dNT products Torula and Imuregen. Measured was the complete basal
(„tranquil“) proliferation of splenocytes uninfluenced by mitogens and compared with
proliferation after co-stimulation ConA and LPS. Average values of proliferative
activities are presented as proliferous indexes, stating the intensity of cellular fission
(see Picture. 4).
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Obr.4. Basal and Co-Stimulated Proliferative Activities.
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3.4.3. Conclusion:

Total basal proliferation of lymphoid spleen cells is not substantially influenced
after 30-day preventative application dNT in the form of drinking regime at both tested
products (Torula and Imuregen). There are substantially increased proliferative
activities of co-stimulated lymphoid cells dNT on tested/influenced mice (using Torula
and Imuregen), namely ConA induced T cellular subpopulation. Compared to
proliferative activities of control group (uninfluenced dNT).
(Comp. above part: 3.3.3.)

Application of dNT administered via products Torula and Imuregen in the form
of long-term preventative drinking regime significantly stimulates proliferating lymphoid
cells induced by T and B mitogen. It can be expected, that supply of dNT will more
positively influence T cellular component of immunity.
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3.5. Flow Cyteometry

By the flow cyteometry were identified specific surface markers IgM and IgG,
CD4 and CD8, CD11b, CD14, CD45 and Dx5 on splenocytes of experimental mice in
both groups, which were supplied with dNT (Torula and Imuregen) and control mice
(without supply of dNT). Application of dNT in preventative 30 day drinking regime did
not influence expression of any followed markers compared to control group. For this
reason we do not show resulting values.

3.5.1. Conclusion

On experimental model (mice Balb/c; tumor carrying mice C57Bl/6) preventative
application of dNT (source Torula and Imuregen) given for 30 days in the form of
drinking regime did not have toxic effects on organism.

Immunologic tests, focused on basic manifestation of natural and specific humoral
and anti-tumoral immunity, didn’t show inhibiting effects in any experimental set
up/arrangement.

Preventative application of dNT conclusively supports cellular and humoral
component of immunity and thus entire immune readiness of organism.
Experimental testing indicated, that dNT might become suitable supplement of
nutrition, recommended in preventive health programs.

3.6. Regeneration of Soft Tissue Of Ilea By Diet Enriched With Nucleotides.
Epithelium of the digestive tract has very important role not only in digesting and
absorption of nutrition, but also in transfer of antigen and pathogen signals for
intestines lymphatic tissue. Different stages and forms of malnutrition are considered
as the most frequent cause of dysfunction of the Immune system.
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Current Scientific research on dietary nucleotides comes to the conclusion, that oligo
and poly-nucleotides, which are present in the food (nutrition) present the most
important parts of nutrition due to their importance for all kinds of metabolic and
energetic process in human organism. Nucleotides are the base for synthesis of
nucleic acids at regeneration of tissue.

Exogenous nucleotides are necessary building stone for some cellular systems, which
are unable to use endogenous sources, for example cells of red blood line, white blood
line, central nervous system and partially cellular substrate of liver tissue.

Most of the up to date medical publications, show positive influence of dietary
nucleotides on growth and maturing of intestines epithelium. We have previously
published the results of testing on animal model, with application of extracts of animal
origin, with substantial impact on increase of immune response.

3.6.1 Material and Methodic
In this study were 3 month old female mice group: Balb/c, fed by: 1. Standard diet, 2.
Diet enriched by Imuregen supplement
3. Standard diet and water enriched by
Imuregen supplement for the time of four weeks. In all cases was used product
Imuregen.
Supplement dose of 100mg per 1kg of food. Or 100mg per 1L of water contained
Imuregen, product of company Imuregen, Nachod Czech Republic.
Samples of terminal Ilea from all three groups were taken for histology
test/examination and for observation in raster electronic microscope. The tissue for
histology testing was fixed, coated in paraffin, dyed with hematoxyline eosin and by
method on proving acid mucopolysacharides by Hale-Muller and studied in electronic
microscope.
The length of villi was evaluated morphometricly. The samples for raster electronic
microscope were dried by hexamethyldisylazan, gold coated and looked at/examined
under raster electronic microscope Tesla BS 301.
3.6.2 Results
There were found no pathological changes of intestines villi in experimental groups.
The highest growth of intestines villi were observed in group #3, which was fed with
standard diet and water supplemented with Imuregen. Evaluation of morphometric data
have proven statistically significant difference in the length of villi of experimental
groups. (graph 1)
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Morphology of individual selected founds from groups 1 – 3 is shown in pictures 1,2 and
3.

Pic.1

Pic.2

Pic.3

Control group.

Experimental group #1

Experimental group #2

Standard diet and
drinking regime
liquid.

Diet enriched by Imuregen
dose 100mg/1Kg Dose

Diet (normal) and drinking
regime enriched by
Imuregen liquid Dose
100mg/1L

Morphometric evaluation of the height of villi (lining) of terminal ileac.
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Graphic Presentation of Test Results
1. Standard diet.
2. Diet enriched by Imuregen – dose 100mg/ 1kg
3. Supplementation of drinking regime with Imuregen – (standard diet +
Imuregen in drink – dose 100mg/1L) (Animals had free access to drink and
food, experimental nutrition was served for duration of four weeks.)

3.6.3 Statistical Evaluation and Conclusion:
Differences of measured values of the heights of villi in control group and both
experimental groups were evaluated by Snedecorov F-test. To evaluate value of zero
hypothesis about difference of averaging mean measured values, the Student t-test
was used. The differences in averaging mean values of the height of villi were
considered to be statistically significant, if value of testing characteristic was bigger
than relevant kvantil of Student’s discrimination to 5% level significance (p < 0.05).
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3.6.4 Conclusion
In this experiment was found statistically significant growth of the mean length of villi of
terminal ilea of mice group Blab/c after four weeks of serving of the mix of oligopolynucleotides in dietetic product IMUREGEN, in comparison with control group.

The most significant growth was proven in the case of serving Imuregen in drink.
(p < 0.005) than it was in food with the some product (Imuregen) (p- < 0.025). There
were found no pathological changes of intestines villi in experimental groups.
This test/experiment has proved positive influence of mix of nucleotides in dietetic
immune stimulating product Imuregen on regeneration and growth of epithelial of
terminal ileac.

4. Preventative Programs
4.1. Nutrition Compensation of Pre-School School Age Children.

There is more and more evidence about the fact, that even in the society
with high standard of living, unbalanced supply of nutrition components exists,
which demands solution by compensation nutritional means. There have been
efforts in the last years to increase quality of supplementation. Together with
vitamins and minerals are being introduced/recognised another micronutrients,
like for example flavonoids, DNA and nucleotides. In this section of work/research,
the effort was to verify the effect of the products with high contents of oligo and
polynucleotides on growing children population.
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4.1.1. Summary and Method

Number of children from preschool settings was divided in two groups. The first
group was given Imuregen supplemented food, the second group was given food with
placebo. The course of supplementation is shown on picture 1.

Supplementation was done during the scope of 3 month in the spring, and again in
the fall.
During the study, samples of saliva were taken always before supplementation and
after supplementation, in both springtime and the fall.
The concentration of lysozyme, SIgA and albumin in the saliva, was followed by
method of simple radial immuno-diffusion. Secretion index was calculated from values
SigA and albumin.
Sickness of children was observed/followed during supplementation, from the view of
frequency of sickness and from the view of length/duration of sickness.
The results were statistically evaluated with the use of Microsoft Excel and with the
use of programs accessible in InStat 3. Two samples from individual children were
evaluated with the use of the two sided pair T-test.
4.1.2. Results

When comparing values of the supplemented and the control groups, it is
obvious from the results that the biggest changes that we have found were at values
of albumin. While in the supplemented group, decrease of values of albumin
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(decreased inflammatory reaction) always occurred after the course of supplementing
with Imuregen, in the control group value increase occurred in both testing
seasons (spring and fall) (pic.2).

Obr. 2: Values of Salivary Albumin at Supplemented and Control

Less pronounced are changes of values of lysozyme, where in the controlled and
in the supplemented, changes were more noticeably effected by seasonal and
circadian rytmicity (pic. 3). Only after spring supplementation there was noticed more
pronounced increase of values of lysozyme in the group of supplemented.

Obr. 3: Values of Lysozyme at Control and Supplemented Children
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We have found similar findings in values SIgA, where significant change was
detected in supplemented group, only in the spring sample.

Values SIgA in Control and Supplemented Children (Log. Averages)

As it is clear from graph 4, the findings from secretion index (ratio albumin / SIgA)
are statistically highly important, which is influenced mainly by decrease of inflamative
irritation in the group of supplemented.

Ratio SIgA / Albumin In Supplemented and Control
(Log. Averages)
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The significant reduction of sickness in followed group of supplemented children
is a substantial benefit of supplementation with Imuregen. In the “influenced” group the
sickness was decreased by 50% and statistically significantly shorten the amount of
sick days in supplemented children. We consider these findings as beneficial also from
the point of view, that they verify the importance of rational supplementing and
document our opinion, that recessive trend on supplemental policy of children
population is not a good solution. We realise this particularly in the context with
joining European Union, where supplementing mainly by milk products is common
norm.

5. Supplementation of School Age Children

5.1. – Rom (Gypsy) population

We have done complex observation of children’s population of elementary
schools in city Ústí nad Labem, as an entry study for project SZO-RHN. In the
scope of this study were observed not only economical and social criteria, but also
health aspects. As a beginning, we have evaluated literature information, showing
predisposition for a number of illnesses, for example increased prevalence of
malfunction

of

thyroid

gland.

We

have

adopted

(started

with)

model

of

supplementation, in which we used humanised milk (addition of nucleotides- Imuregen)
with daily addition of 150ug iodide potassium. (Prepared by company Nutricia
Opočno.) Supplement was served for duration of 2 month.

5.1.1. Summary and Method

In the group of 120 Rom (Gypsy) children we took samples of saliva before and after
nutrition intervention. From the complete number of 120 children, we have got pairs of
saliva samples from 77 children, which is 64.2%. 33 children were given milk with
supplement, 34 children were given milk without supplement. Children were given
milk daily, in amount 200 ml of milk.
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Obtained samples of saliva were evaluated/examined by method of simple radial
immunodiffuse, and values of SIgA, of albumine and lysozyme were followed/examined.
We have used again ratio of SIgA and albumine to calculate secretion index. Statistical
evaluation was done with use of program: Microsoft Excel and InSTAT 3.
Graph 1. Salivary albumin before and after supplementing
(Log Values)

Graph 2: Albumin in Saliva of Control Group
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Graph 3: Albumin in Saliva of Suplemented Children

5.1.2. Results and Discussion

Graph 4: Secretion index before and after supplementing
(Log values)
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In graph#1 are shown values of salivary albumine in supplemented and
unsupplemented children before and after nutritional influence. It is obvious, that in
supplemented children occurred substantial decrease in values of albumine from mean
value 117 mg/l saliva to value 79 mg/l saliva. While in unsupplemented were values
insignificantly increased from value 95 mg/l saliva to 105 mg/l saliva. Higher values in
control group show chronic inflaming irritation, which can also be related to the state of
oral hygiene.
Surprising are findings of single doubles/couples of albumine before and after
supplementation, at control group and at supplemented group. While in control group
occurred in some cases increase and decrease of values (graph 2.). In graph#3 is
quite obvious very significant decrease in values of albumine in supplemented children,
mainly in samples with extremely high level of albumine. This decrease is so
significant, that in the values signalling inflammation (over
100 mg/l saliva) were found only 7 individuals from original 14 of extremely increased
findings, after supplementing with Imuregen. These finding documents significant antiinflammatory effects of nucleotides, probably on the base of activation of immune
functions of compete immune system GALT.

As we have proved on animal models, substantial growth and reparation of
intestines villi leads probably not only towards increase of immune functions, but also
by activation of alpha and beta defenzines to comprehensive improvement of
homeostasis of immune functions. In the graph 4. Is shown, that local production of
IgA is in supplemented children much more pronounced, than in children not
supplemented. It is necessary to mention here, that selected group of followed/tested
population was often in nutritional deficit and, as we have found from survey, our
supplied snack was for most children the second meal of the all day.

5.1.3. Conclusion

Nutritional supplementation by milk enriched by nucleotides (Imuregen) and
polypeptides substantially influenced parameter of secretional immunity. The result is
more evident/pronounced in the group of Rom (Gypsy) children mainly for the
reason of covering necessary basic energetic needs.
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We have proved in context with opinion of the other authors, the importance of
ecoimmune

nutritional

interference

in

regulation

and

keeping/maintaining

of

homeostasis of immune mechanisms of mucus membrane.

6. New Ways of Supplementation

6.1. Senior Population

There a r e many components of food/nutrition, which i n current epidemiological
studies

show important benefit

in prevention of tumours, cardiovascular and

autoimmune diseases. Even when these nutrients have much higher importance
mainly in early age, we cannot underestimate their effect on health in mature and
elderly population.
After experiences in our workplaces with application of nucleotides,(where the
world’s literature presented much evidence on their importance in reparation of many
physiological functions), we have initiated study on effects of nucleotides in the
preparation complex, consisting of:
-

1 mg Imuregen

-

5 mg dihydroquercetine

-

50 mg vitamin C

-

20 mg Zn lactate

Preparation was given to the groups of senior population in various institutions
In Ústeckého region.

6.1.1. Summary and Method

3-month of serving product Imuregen to 30 seniors, was controlled/compared
with the group of 15 individuals, to whom was provided placebo product. To follow up
the effects, we have used samples/collections/takings done in the frame of regular
complete health check- up. Beside the series of 17 parameters of humoral
immunity, we have also followed quality of psychological state of individual and
his/her wellness. Evaluation was done from the initial check up, and the check up after
termination of program.
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6.1.2. Results and Discussion
Evaluation of the results in observed individuals with supplement and without
supplement was very difficult, mainly because of t h e heterogenesis age group and
o f t e n t h e r e were pronounced changes at entry check-up, which often signal serious
illness. Inspite of this, we have noticed significant influence in the markers of
inflammation, where we have proved decrease of values C- reactive protein from 75 to
43 mg/l (P=0,01). In connection with this we have found improvement of values of
complement’s components – mainly C3, where was increase from 96 to 123 mg
(p=0,001). Important is also increase of value of pre-albumin from 0,221 mg/l to 233
mg/l, primarily for the reason of its decrease in the control from 0,219 to 0,174 mg/l
(p=0,047). It shows significant improvement of nutritional state. Very surprising for us
are findings of changes in values of rheumatic factor, where we have found after 3
month of supplementation significant decrease (p=0.0039) compared to control group
(graph 1.). It corresponds with significant decrease in values of circulating immune
complexes, while in control group, increase in values occurred. Improvement i n
quality of

immune

response

even

after

short

term supplementation is

documented by increase in mean values of natural antibodies (xenoaglutinin), which
at control group didn’t show any changes.
Graph 1: Rheumatic factor before and after supplementing of seniors
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6.1.3. Summary and Conclusion

We have repeatedly proved the importance of supplementation in senior population with
the use of supplement containing nucleotides. We also take into account obvious
additive effect of positive psychological alteration of this population group/sample. We
believe that nutritional influence has importance even in senior population, mainly for
the reason to positively influence health and psychological well-being. In accordance
with literature we consider necessary to pay attention to this issue, as senior
population will show continuous increase in coming years.

CLINICAL PART

1. Benefits of Speleotherapy with Nutritional Regime for Treatment of
Allergic Diseases
Significant growth of allergic diseases in children’s population leads towards the quest
for another possible medical treatments, which would enhance improvement of health
in affected children. One of the possible ways is to remove child away from harmful
exposure in domestic environment (living space) as well as from exterior environment.
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For treatment of allergic children in our republic are already used capacities of various
establishments with suitable climate for additional treatment of allergies. Some of these
are (for example) therapeutic stays with speleological therapy regime, where additional
therapy/treatments including nutritional treatment are used. In the scope of research we
have observed /explored the influence of speleological therapy on health state of
allergic persons.
1.1. Summary and Method

In the first stage we have compared healthy individuals in situ (were not sent to
treatment facility) with allergic individuals as well without sending them to treatment
facility, and allergic individuals, who underwent speleotherapy treatment/regime. In the
first group of healthy individuals we observed 23 children in the age of 8-12 years.
In the second groups of allergics (without sending them to treatment facility) we
observed 21 children of the same age average. And in the third group we observed 31
children, who underwent 3 weeks treatment in facility “Zlatých horách’ with
speleoterapy treatment, (without additional nutrition). In all observed individuals
were taken samples before commencing study, next one after undergoing of 3
weeks treatment/regime and the last sample was taken three month later. In saliva
were evaluated/examined values IgG, SIgA, IgM, lysozyme and albumin. The results
were statistically evaluated with the use of program Microsoft Excel and InSTAT 3.

1.2. Results and Discussion
It is obvious from graph 1, that values of albumin at healthy individuals were
statistically significantly lower, compared to allergic children who were sent to
treatment facility and to those who were not sent to facility. These values were
practically not changed during the whole course of observation of the control group of
healthy children. Also the values of salivary albumin in allergic children who were
not sent to facility did not show statistically substantial changes during the all
course of observation. However, in children with speleotherapy regime we have found
significant decrease of values of albumin, after going through speleotherapy regime.
But after three month period values of albumin were gradually increasing.
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Inspite of this, these values were substantially lower than those of allergic children
who were not sent to treatment facility and there was no difference from findings
in healthy children.
Graph 1: Salivary albumin in allergic children and control (average values and
SD)

.
Green: Healthy. Orange: Allergics without Treatment.

Yellow: Speleotherapy

Graph 2 shows that values SIgA are statistically substantially higher in allergic children,
then it is in control group of children. This is also partially caused by contamination
of saliva by serum IgA. In allergic children who underwent speleotherapy treatment was
found substantial decrease in values SIgA, which lasted even in last taken sample.
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Dynamic of changes IgA and albumin was shown in values of secretion index
(Graph 3), where we have found important increase in the second taken
sample followed by decrease to the some values as in individuals without
speleological treatment.
Graph 3: Ratio SIgA/albumin (Scretion Index)
(Average Values and SD)

Taken Sample

1.3. Conclusion

In this first part we have proved beneficial influence of therapeutic stay with
treatment/regime of speleotherapy in children with allergic disease/illness. We consider
important to follow this effect repeatedly with the use of longer stay/regime of treatment
and with the back –up of another treatments, which would positively influence
health/well-being of allergic population. For this reason we h a v e i n i t i a t e d
treatment/regime o f s p e l e o t h e r a p y i n c o m b i n a t i o n w i t h nutritionally
influencing children population.
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A: Bronchial asthma + supplement Imuregen
B: dtto without supplement
C: Chronic infection of upper respiratory tract + supplement Imuregen
D: dtto without supplement

In the continuation of this study we have tested total of 45 children with
bronchial asthma and 43 children with chronic infections of upper respiratory
tract. As is obvious from graph 1, pronounced improvement in findings occurred,
mainly

in

children

with

nutritional

regime

(supplement

with

poly

and

oligonucleotides - Imuregen), group A and C. Values of albumin in individuals with
bronchial asthma were statistically significantly decreased, as well as in children with
chronic infections of upper respiratory tract. Improvement in children without
supplement was less pronounced, but provable. Overall findings are in accordance
with literature sources, which presents, that even short supplementation with
corresponding dose of nutritional supplement can lead to fast modification of
immune parameters.
We continue in this study with evaluation of samples, which are done 6
month after undergoing through treatment regime.
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2. Influence on Health Conditions in Individuals with Clinical Manifestation Of
Chronic Fatigue Syndrome with Definition of EBV Infection

Clinical m a n if e s t a t io n o f f a t i g u e i s a c c o m p a n y i n g o c c u r r e n c e o f m a n y
chronic infections, nutritional insufficiency (deficit of iron) and others, up to day,
unspecified diseases. It is obvious, that diagnosis of chronic fatigue syndrome is
expression of inability of medicine to closer define and specify whole group of diseases.
Aspects of chronic EBV infection, respectively polyherpetic syndrome, (study by
Japanese authors) are constantly followed subject in world literature. All persons
affected by this clinical syndrome are showing together with clinical manifestation of
tiredness/fatigue also high score of Holmes’s criteria. In the scope of complex
observation and treatment of this syndrome, we have used beside treatment by
transmitable factor also possibilities of nutritional supplementation in observed
individuals by use of minerals and for this study also product Imuregen, with high
content of polypeptides, oligo polynucleotides.

2.1. Summary and Method

We have included total of 26 patients in the group, one half with placebo
preparation, second half supplemented with product Imuregen in dosage 2x2 tablets
daily for duration of 3 month. Before and after nutrition supplementation was done
complex/complete immunologic check-up, observing parameters of humoral immunity,
antibody response against heretic viruses (HSV1, HSV2, and HSV6) and against CMV
and EBV. Cellular immunity was examined with immunophenotypicality by method of
flow cytometry. Based on findings on animal model, we have paid attention mainly to
observation of spontaneous cytotoxicity cellular population (NK).
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2.2. Results

Results are shown in graph 1. While in the group with placebo were not
found

important

changes

in

this

lymphocyte

subpopulation,

in

the

group

supplemented with nucleotides was increase in the number of cells from average
value 257 to 354 cells in microliter of serum (p=0,000913).

NK lymphocytes in EBV infection after nutritional intervention.
(N = supplemented, P = placebo)

2.3. Conclusion

By nutritional supplementation we have achieved important adjustment of
laboratory parameters and clinical indications of symptoms, in the patients with chronic
fatigue syndrome on base of activated EBV infection.
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3. Supplementation of Patients with Inhalation Allergy, Caused By Mites in
Domestic Dust
Continuous increase in indications of inhalation allergies in the world, as well as in
our republic is serious health problem. In the present time we are finding in the
epidemiological studies, done in “Ústecko” regions/counties already more than 50% of
respondents with positivity of complete IgE, or specific antibodies IgE against inhalation
allergens, food allergens and latex allergens. In this population’s sample with positive
responsiveness we are finding more than
30% of individuals with clear clinical presentations of inhalation allergy. Beside the
classical treatment of allergic diseases, we see more and more of nutritional treatments
used around the world, not only with preventative aim (pregnant women), but also with
the effort to accelerate corresponding basic treatment.

4.1.

Summary and Method
We gradually include in the group persons with inhalation allergy, defined by

clinical presentations of symptoms together with activity of specific antibodies IgE
against allergen d1 (Dermatophagoides pteronyssin). In all individuals was
examined/checked complete basic spectrum of inhalation allergens with the use of
diagnostic sets made by company Phadiatop. Furthermore were observed the values
of complete IgE, values ECP, values of basic proteins and values of eosinophils. In
this spot we refer to the first results of the study, where we served/added with the
basic treatment also the supplement of nucleotides in the dose of two tablets a day
and individual vaccine against mites in domestic dust. Totally was supplemented 12
individuals, placebo was given to 8 individuals.

3.2. Results and Discussion
The results in supplemented patients with respiratory allergy treated by
standard

treatment,

treated

by

standard

treatment,

vaccination

with

supplementation and without supplementation (with placebo), are shown in graph 1.
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Influence of Supplementing With Nucleotides on De-Sensibleness with
Allergen D1

It is obvious from the graph, that course of de-sensibility since the entry exam,
is during one year of application of nucleotides together with vaccine substantially more
effective.

Statistically important decrease in antibodies against d1 occurred, in

comparison with the group-using placebo, however even in this group is noticeable
important effect of vaccination. This improvement is probably
reparation

caused

by

the

processes, r e n e w i n g intestinal mucus membrane, with the induction of

other mediators, which influence recognition of given medicine and its effect. We also
calculate with the possibility of induction another regulating mechanisms, on cellular level
and also the level of immune processes in intestinal mucus membrane (betalyzins,
mucins etc.). We intend to continue to study this problematic issue. Quick reparation of
clinical symptoms in supplemented individuals, with respiratory allergy, leads us to the
efforts for the same treatment in allergic manifestations in food allergies and atopy
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.4. Supplementing With Nucleotides in Inflaming Diseases of Gastrointestinal
Tract
Chronic unspecified inflammations of gastrointestinal tract, are very often
accompanied

by

extreme

loses,

not o n l y

energetic,

but

also

loses

of

micronutrients. Changes in the specific immune response and in unspecific response
are generally studied i n

the patients with this clinical condition, and there is

continuous effort for detailed definition of pathogenesis of sickness. The attention to
this problem was given by the medical team in “Usti Hospital” under the leadership of
Professor Bitter MD, in the beginning of the seventies.
hospital in regular time frames.

We co- operate with this

In accordance with our previous findings, we are

trying to equalize effects of chronic inflammation on parameters of immune response in
the patients with ulcerative colitis and with Crohn’s disease. In this study we have paid
attentions to the questions of energetic supplementation with the use of DNA and
nucleotides on the group of
30 patient with ulcerative colitis.

4.1. Summary and Method
We have chosen for this study 30 patients diseased with ulcerative colitis, with
defined clinical course, histologically verified. We are observing total of 17 women of
average age 63,5 years (in the span of 44 – 90 years) and 13 man of average age
65,7 let (in the span of 38 – 79 years).
All observed patients were supplemented with product Imuregen with high
content of oligo and polynucleotides and they were immunologically observed for
duration of 2 month of supplementation with the dose: 2 – 6 tablets a day (by the
physical weight of the patients). The control samples were done/taken after 6 months
since the beginning of supplementation. In this part of the study we have focused on
following of parameters of humoral immunity and mainly of the indicators of
inflammation and indicator of nutritional status.
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4.2. Results and Discussion

In graph 1 are shown values of albumin at entry examination/testing, after the
application, and in the third sample are values from 6 month after the application of
product Imuregen. We have found statistically important the increase in values of prealbumin between first and second sample, and between first

and

third

sample,

which documents not only improvement in nutritional status, but also improvement
of immune potency in observed individuals. The higher value of pre-albumin
documents higher level of immunoregulating functions of organism. It is well known
that pre-albumin has the structure very close to thymus elements (Thymosin), acting
as a modulator of T-cellular immune answer. We have also found important reaction in
the observed component parametres of the complement C3 (graph 2).

Graph 1: Pre-albumin in Colitis Ulcerosa, Supplementation with Imuregen
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We have found statistically important decrease of values C3 practically in all observed
persons,

which

documents

on

one

hand

decrease

in

reaction

of chronic

inflammation, and on the other hand substantially decreased consumption of component
C# (graph 2). It corresponds with the dynamic of changes in values of immunoglobulin
class

M.

Where

after

the

first

increase

in

values

in

the sample after

supplementing, comes to the normalizing of values, this normalizing documents the
substantially lower infectious alteration and probably increased ability of secretionary
immunity to equalize antigen impulses via GI tract (graph 3). It indicates, that
nucleotides contribute (as well as in model tests) to accelerate repair of mucous
membrane of GI tract, increase production of mucin and other components of
unspecified immunity like for example lysozyme and betadefenzine. Together with this
adjustment we can also proclaim important feeling of satisfaction/contentment of the
patients with this treatment. Due to the fact that the base group of registered patients of
Masaryk Hospital in the city Ústí nad Labem, is comprehensive/wide enough and well
clinically defined, we consider as a beneficial to follow up with these individuals. Not
only from the view of nutritional influence, but also from the view of their more
detailed immunogenetic classification. In the frame of this study we have found, that
sickness with ulcerative colitis effects more often patients with dysfunction of trypsin
(finding of ZZ deficit alpha 1 antitrypsin), which happens in these afflicted 40x
more often than in normal population.

Graph 3: The Effect of Supplementation with Imuregen on Component Parametres
of Complement C3
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Values IgM after supplementation with Imuregen in the sick with ulcerative colitis

4.3. Conclusion
Our results prove, that supplementation with dietary nucleotides contributes
substantially to reparation of immune functions of the sick persons affected by
ulcerative colitis disease.
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5. Final Conclusion
In the scope of this project we were considering the possibility of using product made in
Czech Republic, suitable for application in nutrition supplementation, in preventative
and clinical medicine.
In comparison with other DNA products, we have found that products of domestic
(Czech Republic) production base on oligopeptides and polynucleotides have
practically the same effects with economically and expensive DNA products, prepared
from yeast, (company SIGMA, Germany).
We are documenting its use in preventative applications on children at preschool and
school age and in elderly population. We also documented the effects in several clinical
studies on particular diseases, as demonstrated in experimental studies done in the
scope of this project.
Good experience with this product (Imuregen) including its financial affordability leads
to suggestion about the possibility of wide use of this product (Imuregen) in the
drinking program application. Especially for population which is substantially affected
by higher risk of their profession and exposition of harmful chemical and physical
emissions.
Based on our findings, we have recommended using formula of products: oligo and
polynucleotides (Imuregen) together with mix of flavonoids (Grape seed oil) and
vitamin C, and low amount of Zinc.
In the pilot study we have tested the effects of this formula/mix in small short test series
on workers at company GLAVERBEL (manufacturer of industrial glass). We had the
possibility to define consumptions of drinks with the above mentioned formula and the
resulting effect of this experiment, (by the use of computer systems). We have found
that application of this formula in the critical flu epidemic 2003/2004 led to substantially
reduced sickness among the workers.
Based on these results/data, we have recommended, together with The Institute of
Work Medicine/SZU (Professor Cikrt), the wide spread of this application to the other
industrial productions – workplaces with higher health risks.
At present time, the drink with above-mentioned formula (oligo and polynucleotides
(Imuregen) together with mix of flavonoids (Grape seed oil) and vitamin C, and low
amount of Zinc) is programmed and approved by The Chief Hygienic of the Ministry of
Health of Czech Republic for distribution and sale to the public. Company Good Water
prepares the drink product in Czech Republic.
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The Value of DNA / RNA Nucleotide Supplementation
In this era of an increasingly enlightened public about the health benefits of nutritional
supplements, there is a new area perhaps more overlooked than any other. This central area of
health and nutrition is the ingestion of dietary nucleic acid bases, NUCLEOTIDES, which the
essential building blocks of DNA and RNA.
Numerous studies in animals and humans show dramatic benefits in health, function, and survival
with the supplementation of nucleic acid elements. These effects are so powerful that survival in
life threatening assaults ranging from radiation to infection to shock has been markedly increased.
From the standpoint of longevity studies, no single method has increased longevity more than
supplementing DNA and RNA elements.
Nucleotide supplementation is thus one of the most rejuvenating, immune enhancing, and tissue
supporting regimens ever to be discovered.
Recent evidence indicates that the body is often not able to make enough DNA and RNA to protect,
repair, and regenerate cells to their optimum function. This is especially true for cells that have
high turnover rates such as the intestinal lining that may fully replace itself every week. The
demand for production may particularly exceed synthetic capacity under conditions of stress in
which the demand for greater cell activity and function becomes acute, particularly for the dynamic
populations of cells in the immune system.
When demand exceeds production capacity, DNA and RNA base components become essential
nutrients for protecting and preserving health. Numerous lines of evidence will be presented to
show the far-reaching health benefits of supplementing DNA and RNA during health stresses and
even for general well-being and longevity.
Numerous published scientific studies indicate very significant health benefits from DNA and
RNA
component supplementation. Almost
every system
of
the body
has
documentation of improved health, vitality, or function from providing supplements of
these fundamentally important cellular elements, from infancy to advanced age. The
following is a brief summary from the vast literature supporting the many published
benefits of nucleotide supplementation in the diet.
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Thousands of published scientific studies in the metabolic pathways related to the formula
components also suggest the following potential benefits of these nutrients:
1. Cell membrane repair
2. Increased SAMe and serotonin levels
3. Balance of neurotransmitter chemistry in the brain
4. Increased melatonin with immunologic, antiaging, and antioxidant effects
5. Regeneration and repair of insulating myelin sheaths of nerves
6. Rejuvenating degenerating proteins into functional proteins again
7. Required for full antioxidant potency of antioxidant proteins in every cell and tissue
8. Repair of joints and cartilage
9. Reduced risk of colon and other cancers
10. May help reverse precancerous lesions to normal cells
11. Improved histamine clearance
12. Supports detoxification pathways in the liver

When DNA and RNA are ingested intact, they are intensely metabolized
by intestinal bacteria and the intestinal lining.
Recent evidence indicates that the body is often not able to make enough DNA and RNA to protect,
repair, and regenerate cells to their optimum function. This is especially true for cells that have high
turnover rates such as the intestinal lining that may fully replace itself every week. The demand for
production may particularly exceed synthetic capacity under conditions of stress in which the
demand for greater cell activity and function becomes acute, particularly for the dynamic
populations of cells in the immune system.
When demand exceeds production capacity, DNA and RNA base components become essential
nutrients for protecting and preserving health. Numerous lines of evidence will be presented to show
the far-reaching health benefits of supplementing DNA and RNA during health stresses and even for
general well-being and longevity.

Numerous published scientific studies indicate very significant health
benefits from DNA and RNA component supplementation
Almost every system of the body has documentation of improved health, vitality, or function from
providing supplements of these fundamentally important cellular elements, from infancy to
advanced age. The following is a brief summary from the vast literature supporting the many
published benefits of nucleotide supplementation in the diet.

Tissue Regeneration
In order to sustain health, virtually every tissue in the body must regenerate itself regularly. It is
now known for example that even neurons in the brain have the capacity to regenerate. Having
adequate supplies of all the nucleic acid bases may be one of the most significant limiting factors
on whether a tissue will be able to express its greatest capacity for regeneration and self-repair.
A study in rats looked at the ability of the liver to regenerate depending on whether or not injections
of nucleic acid bases were given. In this study, the rats had 70% of their livers surgically removed.
The animals that received IV nucleic acids showed liver regeneration rates that were significantly
greater than the untreated control animals.Any tissue, in order to regenerate, requires the ability to
make DNA and RNA to support the process of making new cells. Providing readily absorbed and
assimilated DNA and RNA bases can be one of the most powerful ways to assist any tissue to repair
and renew itself.
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Wound Healing
A wound, surgical or otherwise, results in severing the usual integrity of tissue organization. It is a
special case of tissue regeneration in which cells migrate into the area of the wound to either
regenerate new tissue or to fill the defect with scar tissue. The type of healing depends on the tissue
~ the liver will tend to restore normal liver cells in the wound, whereas the skin will tend to fill the
breach with scar to heal the opening and restore strength.
Several studies in wound healing have assessed the effects of supplemental nucleic acids on wound
healing, especially of surgical wounds. Compared to the control group, those receiving the
supplements showed more rapid healing, greater tensile strength of the skin, and significantly
reduced scarring.

Endocrine Gland Repair
Some of the tiniest organs in the body have the most profound effects on our health and well-being.
These are the endocrine glands that secrete minute amounts of hormones into the blood without
which every function of the body can suffer.
The pituitary gland located at the base of the skull has been called the ~master gland~ because
it makes hormones that control the functions of other endocrine glands. It secretes hormones that
regulate the thyroid and adrenal glands, the ovaries and testes, and the production of breast milk.
The posterior region of the gland exerts control over the kidneys to adjust fluid balances throughout
the body. Perhaps most important for longevity, the pituitary also makes growth hormone, that has
been shown to have some of the most powerful age- reversing effects of any hormone ever studied.
Inadequate nutritional support to this gland can have devastating and far-reaching effects
throughout the body.
The adrenal glands, situated atop the kidneys, secrete adrenaline and noradrenaline, the fight or
flight hormones. These powerful hormones increase heart rate and blood flow to muscle so that the
body is immediately prepared for vigorous physical activity. In our ancestral past, this rapid
preparation was a key to surviving in a hostile environment. However, modern living often puts a
chronic stress on the adrenal glands, the myriad stimuli that surround us tending to keep the fight
or flight mechanism constantly activated. The result is often varying degrees of adrenal burnout,
exhausting the reserves of the gland to make the fight or flight hormones when really needed.
Burned out adrenals give rise to a chronic low energy state, fatigue, and poor stress tolerance, like
depleted batteries that fail to get recharged. These glands are especially prone to nucleotide
deficiency under chronic stress, a condition that supplementation can help to restore, much as
giving a long-needed recharge to a nearly totally drained battery.
The thymus gland, residing behind the breastbone, is often considered the organ of
rejuvenation and longevity. It is the gland in which the T cells of the immune system are formed
and given identity. Upon release it is the T cells that help find and destroy cancer cells and cells
that have become afflicted with viruses. The thymus gland tends to shrink with time, yet specific
supplementation has been found to bring this vital organ back to more youthful function. In
particular, providing nucleic acid bases for this gland with very dynamic cell turnover can
significantly rejuvenate this gland and its life preserving activities.
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The thyroid gland, at the base of the neck in front of the windpipe, produces thyroid hormones,
the main control mechanism for setting basal metabolic rate. In some circles it is believed that we
are in the midst of an epidemic of undetected deficiency of thyroid function. Tests of thyroid function
may not show overt clinical disease, but low-level deficiency can significantly reduce quality of life.
Effects are subtle and can include generally low energy, sluggish bowel function, lack of initiative,
tendency to depressed mood, and weight gain with great difficulty losing the added pounds. Dietary
iodine and the amino acid tyrosine are important building blocks to make thyroid hormone naturally
from the gland. In addition, correcting insufficient nucleic acid production under stress will also
support recovery of a sluggish gland.
The salivary glands reside in several pockets in the mouth. Although not as essential as the other
glands to sustain life, they provide a vital role in the first stages of preparing food for complete
digestion. These metabolically active glands also require a rich supply of nucleic acids to maintain
adequate salivary flow.
Nucleotide supplementation can thus be a very powerful tonic to sustain and boost the functions of
the most vital glands in the body. These glands set our level of energy, our ability to respond to
stress, our capacity to maintain strong immune defenses, the hydration of our bodies, and a wide
range of hormone balances essential to a high quality of life.

Intestinal Integrity, Maturation, and Bowel Flora
The intestinal lining replaces all of its cells every seven days. Only a single layer thick, this lining is
highly dependent on a sufficient supply of nucleic acids to completely regenerate itself every week.
If nutritional support is inadequate, defective regeneration of the intestinal mucosal lining impairs
the enzymatic stages of digestion, which can lead to a vicious cycle of deteriorating digestion and
nutritional status.

Cellular Immunity
Numerous studies in animals and humans have shown that supplementing nucleic acid elements
has profoundly beneficial effects on boosting the function of lymphoid tissue. In part, the reason for
this is that lymphoid tissue is highly dynamic such that cells that have become sensitized to
microbial invaders or cancer cells need to divide rapidly to make an army of specifically targeted
cells to eliminate the invader.
A rich supply of nucleic acids, often beyond that the body can readily make, may be required for all
the activities required for expanding the cells that prevent a minor invasion from becoming an
overwhelming infection or uncontrolled malignancy.
Published studies have particularly demonstrated that cellular immunity is significantly
strengthened with nucleic acid supplementation. Research that has examined natural killer cell
function has shown especially dramatic effects on increasing the activity and function of these tumor
surveillance and elimination cells. Improved health of body tissues in general and enhanced cellular
immunity, likely accounts for the vastly improved outcomes observed in the face of a wide range of
minor to life threatening insults.

Memory Enhancement
An adequate pool of RNA is needed to manufacture new proteins that are essential to memory
function. Although other support nutrients are an important factor, optimum memory function is
not possible without a rich supply of nucleic acids.
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Many studies in animals and humans have found a dramatic improvement in memory function with
nucleic acid supplementation. Whether it is the ability to remember the right pathway to get through
a maze for a prize of cheese, or to remember facts and figures, giving supplements of DNA and
RNA elements has highly significantly increased performance.
Perhaps most dramatically, one researcher has focused on giving nucleic acids to persons with
dementia. Even with advanced cases, if he went to high enough delivery levels to his patients, in
almost every case memory improvement was very significant. The doctor reported that even in
advanced cases of dementia dramatic memory recovery occurred if high enough levels of nucleic
acids were given.

Longevity
It is perhaps functional nucleic acid deficiency that limits our potential for healthy longevity more
than any other single factor. Of all the interventions that have ever been attempted to increase the
life span of mammals, no method ever studied has been more powerful for mammalian life
extension than nucleic acid supplementation. Compared to other techniques that have increased
longevity of experimental animals up to 50%, administering nucleic acids has doubled and even
tripled the usual maximum life span.
In a landmark study, a strain of rats was used that had a usual life span of 800-900 days. The study
began with all of the animals at day 750, rather advanced in age at the entry of the test protocol.
Half of the animals were used as controls and received their standard diet, housing, and care. The
treatment group animals were given identical conditions with the exception of receiving weekly
injections of DNA and RNA. After eight weeks the control rats looked much worse than at the start
of the study, losing fur and muscle mass, and showing reduced physical activity. In sharp contrast,
at this time in the study, the treated animals actually looked and behaved like younger animals.
They regrew fur and increased their muscle mass, had renewed libido, and were significantly more
active.
By day 150 of the study, all of the untreated control animals had died. In dramatic contrast, the
minimum additional life span in the treated animals was 850 days, minimally doubling the usual life
span of the animals. Perhaps most noteworthy, the longest-lived animal in the treatment group
survived 1500 days from the start of the study.
This is the greatest life extension ever reported for a mammal; nearly triple the usual maximum
life span. It is especially remarkable because the animals were of advanced age at the start of the
study. Weekly injections of DNA effectively increased the remaining life spans of the animals by
500-900%.
It is as yet unknown whether even greater degrees of life extension could be achieved by beginning
nucleic acid supplementation at an even earlier age, before any organ deterioration had occurred.
It is likely that the longevity achieved would be at least as great or greater.
Any intervention that slows, stops, and reverses the loss of methyl groups from DNA is slowing,
stopping, and even reversing aging at the DNA level. Supplemented nucleotides provide the most
powerful nutrient factors for improving DNA methylation ever studied.
The most sensitive blood chemistry test for determining the rate of methyl group loss from DNA is
called homocysteine. The higher the homocysteine level above 4-6, the greater the rate of methyl
group loss from DNA. The teenage level of homocysteine is 4-6, which tends to rise
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1-2 points per decade, such that at 60-70, the level is typically 12-15 or higher. Elevated
homocysteine has in parallel with aging effects also been found to be a cardiac risk factor. Above a
level of 6.3, cardiac risk rises exponentially, with a level of 15 carrying a risk four times, and a level
of 20 carrying a risk that is nine times greater for a major cardiovascular incident than that of the
general population.
In a major double blind randomized placebo controlled clinical study the effects of laser- enhanced
nutrients on homocysteine reduction and other important metabolic factors and clinical symptoms.
This study was reviewed and approved by the Western Institutional Review Board as meeting the
international standards for the design and safety of human clinical research.
Perhaps the single most powerful homocysteine-lowering nutrient is trimethylglycine, or TMG. This
molecule has three methyl groups to donate, hence the prefix trimethyl. It is also known as betaine
because it is a natural substance derived from sugar beets.
Previous research has shown that high dose betaine can reduce the risk of mortality the first year
after a heart attack from 25% to 0%. In addition, high dose betaine in conjunction with vitamin
cofactors has been the only intervention that has permitted women with a genetic disease of high
homocysteine levels (homocystinuria) to conceive and have normal gestations and deliveries. In
other persons with homocystinuria, adding betaine has reversed neurologic defects and caused gray
hair to darken and lost hair to regrow.
The study formula for boosting methyl group transfers and reducing homocysteine contained
betaine as the main component. In addition vitamin cofactors that are known to support these
pathways were also included, particularly vitamins B6, B12, and folic acid. Niacin was also included
to assist with fat metabolism in addition to homocysteine reduction, for further cardiovascular
support.
The treatment group received increasing doses of the methylation formula over a 3-month period
of time, whereas the placebo group only received sugar pills. Subjects had blood drawn at baseline
and every month for homocysteine levels, blood counts, and other metabolic tests. Subjects
completed daily written reports and each week completed an extensive standardized symptom
survey.
By the completion of the study, the treatment group showed very dramatic metabolic improvements
not seen in the placebo group. Homocysteine levels for the treatment group started at values that
on average carry about double the cardiac risk that by the end of the study reduced to values at
less than the risk of the general population. The reduction at every dosage level was highly
statistically significant, the homocysteine reduction for the group suggestive of a 20-30 year
physiologic reduction in this aging measure.
The placebo control group showed no significant change in homocysteine level. The study
compellingly demonstrated that the laser enhanced methylation formula was the essential factor in
significantly lowering homocysteine and thereby improving methyl group transfer chemistry. In
addition to reduced homocysteine, the treated subjects also showed highly statistically significant
improvement of several clinical symptoms that included the following:
1. Reduced anxiety
2. Decreased body aches and pains
3. Elevation of mood

Tel.: 241 062 345, 241 062 353

118

Fax.: 241 721 143
E-mail: immuno@biomed.cas.cz

4. Decreased paranoia and obsessive-compulsive scales
5. Reduced hostility
6. Much decreased global symptom profile (all symptoms taken together in one comprehensive
score)
Reducing homocysteine and improving methyl group transfers does more than protect and repair
DNA and lower cardiac risks. Thousands of published scientific studies in the metabolic pathways
related to the formula components also suggest the following potential benefits of these nutrients:
1. Cell membrane repair
2. Increased SAMe and serotonin levels
3. Balance of neurotransmitter chemistry in the brain
4. Increased melatonin with immunologic, antiaging, and antioxidant effects
5. Regeneration and repair of insulating myelin sheaths of nerves
6. Rejuvenating degenerating proteins into functional proteins again
7. Required for full antioxidant potency of antioxidant proteins in every cell and tissue
8. Repair of joints and cartilage
9. Reduced risk of colon and other cancers
10. May help reverse precancerous lesions to normal cells
11. Improved histamine clearance
12. Supports detoxification pathways in the liver

ATP Benefits
ATP stands for adenosine triphosphate, perhaps the most important of all the nucleic acid
derivatives in the body. Its effects are so powerful and essential to cellular function, a description
of its unique properties warrants special attention. ATP is the fundamental currency of every cell
in the body. Virtually every activity in the body that requires energy uses ATP as the source of
power. Whether the function is building complex molecules from building blocks, maintaining the
electric potential of cell membranes, or allowing muscle fibers to contract for mobility, speed, and
strength, it is ATP that provides the electrochemical fuel.

Cellular Energy
There are two fundamental ways ATP is generated in the body, one very efficient and one very
wasteful. Efficient ATP production occurs through aerobic metabolism in the mitochondria, tiny
organs or organelles within the cell that burn fuels like fat and glucose to generate ATP. Aerobic
means that oxygen is used to completely ~burn~ a fuel for maximum ATP production. As
nucleotides boosts cellular oxygen delivery, already making ATP production more efficient, the ATP
has an ideal environment for further boosting cellular energy conditions; thus all the desirable ATP
effects are likely to be even more potent.
Inefficient ATP production occurs through anaerobic metabolism. Anaerobic means without oxygen,
so very little energy and ATP are extracted from fuels. When glucose is broken down through
anaerobic metabolism, each molecule of glucose only gives rise to 2 molecules of ATP, wasting 95%
of the potential glucose energy. Further, the by-product of this reaction is two molecules of lactic
acid, which makes the cells more acidic and less functional. In athletes, lactic acid accumulation
causes muscle fatigue and the ~burn~, whereas in cancer cells lactic acidosis is a long recognized
metabolic disturbance that can promote a dwindling spiral of progressive malignancy.
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The direct suppression of tumor cell lines by ATP is likely related to increased cellular energy
efficiency.
The oxygenating effects of nucleotide supplementation combined with a supply of ATP is likely
to be additive and even synergistic at helping cells throughout the body achieve higher energy
potentials and more ideal energy balances.

Neurologic Effects
ATP is the primary fuel that drives learning, memory, and concentration functions. ATP is essential
to maintain the membrane potentials that permit nerves to integrate and transmit signals
throughout the central and peripheral nervous system.
In addition, giving ATP or its breakdown product adenosine intravenously has shown pain relief
comparable to injected morphine for pain due to ischemia (impaired blood flow). Two surgical
studies have shown a 25% reduction in the need for postoperative narcotic pain relievers when
adenosine was given IV.
Perhaps most remarkable, peripheral neuropathic pain is one of the most difficult pain syndromes
to manage. Excruciating constant pain may resist all but the most drastic measures. IV adenosine
for 45-60 minutes reduced neuropathic pain for 6 hours to 4 days in
86% of persons tested.

Cardiac Strengthening
The cyclic contraction of cardiac muscle is highly ATP intensive and thrives on aerobic metabolism.
The combined oxygenation and ATP delivery effects of DNA/RNA formulas provide the heart with
an enhanced energy supply for efficient function.
Providing intravenous ATP has been shown to slow conduction through the AV node, which has
been used to slow down certain excessively fast heart rated called tachycardias. Occasionally
chest symptoms can occur with rapid intravenous infusions of ATP that resolve within seconds
after stopping the infusion. ATP is not known to cause excessively slow heart rates in persons
whose heart rates are normal.

Muscle Performance
Skeletal Muscle also requires abundant quantities of ATP for muscular contraction. Supplemental
ATP has been described as an explosive performance enhancer. Especially, if given with two other
nutrient supporters of muscle function, creatine monohydrate and creatine pyruvate, muscle
endurance, performance, and recovery can be significantly boosted.

Lung Function
ATP administration has been shown to have numerous beneficial effects on lung function,
particularly the delicate lining membranes of the airways and alveoli. In the lung, branching tubes
called bronchi and then bronchioles deliver air to and from the tiny air sacs called alveoli. The
alveoli form a large membrane only a single cell in thickness through which capillary blood can
pick up a new supply of oxygen and unload carbon dioxide with every breath.
In vitro, or test tube level research, has shown that ATP increases secretion of surfactant in the
alveoli. Surfactant is an essential substance that keeps the alveoli from collapsing when the breath
is
exhaled,
preserving
integrity
of
functional
gas
exchange.
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The bronchial tubes are lined with tiny brush like structures called cilia that are constantly
sweeping particulates that get into the lung upward and outward. ATP not only increases the
ciliary beat frequency, it also increases the secretion of mucus and water from the bronchial lining,
to help keep the lungs clear at all times.
In some conditions, the blood pressure in the vessels in the lungs can rise too high, a condition
known as pulmonary hypertension. When given intravenously, ATP binds to the lining of the
pulmonary vessels and stimulates a cascade of events that cause the blood vessels to relax and
lower the pressure.
Cystic fibrosis is one of the most common inherited genetic diseases. Impaired water and
electrolyte secretion from the bronchial lining results in thick secretions that block the bronchial
tubes and result in recurring infections. ATP has been found to increase electrolyte and water
secretion with improved clearance of secretions, offering hope of a new and useful intervention
in this often aggressively progressive condition.

Cellular Immune Enhancement
Natural killer cells and cytotoxic T cells as reviewed are subtypes of effector lymphocytes that
have a vital role in immune defense against tumors and virus-infected cells. Recent research
suggests that ATP may play an important role in the mechanism through which these effector
cells eliminate the target abnormal cells. In test tube studies, ATP has been shown to enhance
the ability of cytotoxic lymphocytes to rupture the membranes of tumor cells.

Antitumor Effects
In test tube studies, adding ATP has shown the ability to inhibit the growth of several types of
human cancer cell lines. The types of cancer cells inhibited include pancreatic cancer, colon
cancer, melanoma, androgen-independent prostate cancer (i.e., not responsive to male hormone
manipulation, the most aggressive variant), breast cancer, myeloid and monocytic leukemia
(bone marrow derived tumors of blood forming cells), and multidrug resistant colon cancer. In
contrast, normal cells from these tissues showed less inhibition of growth or no inhibition at all,
suggesting that increasing ATP outside cells may have a selective inhibitory effect on several
cancer cell lines.
Administering ATP may also enhance the effectiveness of cancer chemotherapeutic agents,
increasing the antitumor effect of a given dose, or greatly reducing the dose required for a
therapeutic effect. In particular, decreasing the dose of the treatment agents can dramatically
reduce the toxicity of these antitumor drugs.
For example adding ATP to the drug doxorubicin to cultures of human ovarian cancer cells doubled
the tumor cells eliminated compared to using doxorubicin alone. When ATP was given,
30-50% more doxorubicin accumulated in the cancer cells, whereas giving ATP to healthy human
cells did not increase the accumulation of the drug.
In a randomized human clinical study, intravenous ATP was given to patients with advanced lung
cancer at 2-4 week intervals. Whereas the control patients lost 2 pounds per month, the treated
patients had stable to slightly increased weight. Over the six months of the study, the control
patients lost one third of their muscular strength, while the ATP treated patients lost no strength.
Although some medications may maintain weight in cancer patients, this is usually due to fat gain
while muscle is lost. Intravenous ATP is the first intervention ever studied that appears to be able
to maintain muscle mass, body weight, and muscle function in advanced cancer patients.
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Thus ATP may be broadly beneficial in supporting antitumor cell biology. ATP enhances cellular
immune function, inhibits the growth of several types of tumors, and in some cases may be able to
cause direct elimination of tumor cells. In addition, ATP protects from radiation injury and may
preserve weight and muscle strength. Further study will be needed to assess the full range of
benefits it may provide. Given its high safety profile, ATP use may be one of the most beneficial
adjuncts developed for supportive care, enhancing the results of conventional treatments.

Improved Human Survival of Shock
Under conditions of metabolic stress, such as depriving a tissue of oxygen through reduced blood
supply, a rapid and massive depletion of ATP within cells occurs. Giving ATP or its metabolite
adenosine has been described as a ~natural defense system~ to protect the tissues from the effects
of severe oxygen deprivation. These protective effects include improved function of energy
generating mitochondria, better electrolyte transport, increased ATP within cells, reduced oxygen
consumption, and improved function of messenger molecules within the cells.
Shock is a condition in which there is a generalized reduction of blood flow and oxygenation to
tissues below that required for their function. If shock is sustained, organ failure or death may
occur. Once shock is reversed, supportive measures to assist tissue recovery can significantly affect
quality of outcome.
In a study of 32 patients with acute kidney failure or multiple organ failure due to shock, highly
beneficial effects of intravenous ATP were observed. The patients were randomly divided into the
treatment group that received intravenous ATP or the control group that did not. The survival rate
of 73% in the control group was increased to 100% survival in the ATP treatment group, showing
the powerful tissue restorative effect of this intervention.

Sexual Function
In human tissue studies, the administration of ATP and adenosine has been found to induce the
smooth muscle relaxation that is essential for erectile function. In diabetic men, erectile dysfunction
is common through several mechanisms. The erectile tissue of diabetic men has been found to be
especially sensitive to the smooth muscle relaxation effects of ATP, offering them a hopeful avenue
of recovery of erectile function.
The one precaution is that the purine nucleic acids adenine and guanine are metabolized to uric acid
in the body. Persons with elevated uric acid or a history of gout may have a very slightly increased
risk of an episode of gout while taking nucleic acid supplements. Because of the very high potency
and bioavailability of the nucleic acid elements in known nucleotide formulas, the specific quantities
of purine bases are well below that usually associated with an increased risk of elevating uric acid.
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Translation from Czech into English language

INSTITUTE OF MICROBIOLOGY OF THE ASCR
Immunology and Gnotobiology Sector
Institute of Microbiology of the Academy of Sciences
Czech Republic Videňská 1083,142 20 Prague 4
In Prague on 31.1.2002
IMUREGEN® is a product with significant bioactive effects. It is non-toxica, without mutagenic
activityb and exhibits immuno-regulatory propertiesb. It has been approved as a Czech product by
the Ministry of Health of the Czech Republic (HEM-350-29.10.1998-36469) and is patented and
trademarked.
a) National Institute of Public Health, Prague
b) Institute of Microbiology of the Academy of Sciences of the Czech Republic, Prague, Jan Evangelista
Purkyně Military Medical Academy, Hradec Králové, Regional Hygienic Station, Ústí nad Labem

Imuregen® is prepared by auto-enzymatic digestion of animal tissues using a precisely controlled
technological process. It contains a mixture of free essential amino acids1, low- molecular
peptides2 and cationic proteins3, nucleotides4, and organically bound iron5 and zinc6 in optimal
ratios.
1) Amino acids are the building blocks of proteins. Amino acids that must be supplied to the
body in the form of food are referred to as essential.
2) Proteins are composed of several polypeptide chains, which consist of peptides (short
chains of amino acids).
3) Cationic proteins are low molecular weight proteins characterized by antimicrobial and
antibiotic properties. They are part of the natural immunity of the body.
4) Nucleotides are the building blocks of nucleic acids. Deoxyribonucleic acid (DNA) is
contained in the core (nucleus), and in the cytoplasm of animal and plant cells, carrying the
encoded characteristics of the organism in the form of genes, and ribonucleic acid (RNA),
important for transcription and the ultimate manifestation of these properties.
5) Iron (Fe) is an important trace element necessary for proper growth, development and
functional maturation of cells and tissues.
6) Zinc (Zn) is an essential trace element, ensuring the functionality of the immune system.
Bioactive properties of Imuregen®
The ingredients contained in Imuregen® are important to the growth and division of cells, and
tissue construction. It plays a supporting role in liver disease, healing of wounds and fractures
and restoration of the function of the digestive system after intestinal infection.
Immuno-regulatory properties of Imuregen®
Imuregen® supports the overall anti-infective immunity of the body. It increases the readiness of
the immune system by giving the body components, which are necessary for the development of
protective and anti-inflammatory factors and antibodies, and which also inhibit the accompanying
symptoms of allergic diseases.
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Thanks to these immuno-regulatory properties, Imuregen® is recommended as a preventive
product before the onset of seasonal infectious diseases as well as a supportive product
in the treatment of conditions where the body's immunity is reduced for whatever reason.
Therefore, its regular use is suitable for children who do not yet have fully developed immune
function as well as for the elderly with reduced efficiency of the immune system, and also during
any states reduced efficiency of the immune system in adults (polluted environment, chemical
plants, hard labor, challenging sports training, recovery from surgery, injuries and burns,
starvation, or infectious and other diseases).
Use of Imuregen®
The balanced bioactive and immuno-regulatory properties of Imuregen® make it an ideal
supportive dietary supplement that may be used alone in the form of drops, and capsules and
tablets, or as an ingredient in food products. It does not affect the taste of food or aroma of
beverages.

Conclusion
Preventive application of IMUREGEN® did not exhibit generally toxic effects on the body.
Immunological tests focusing on the core symptoms of innate immunity (distribution of NK cells),
specific immunity T and B component (relative proportions of cell subpopulations CD4, CD8 and
IgM and IgG) and the formation of humoral IgM and IgG showed no inhibitory effects.
The product does not exhibit properties that would lead to excessive exhaustive stimulation of
observed immunological parameters and unproductive immuno-stimulation, resulting in the
exhaustion of the immune capacity of the body.
Tests demonstrate that the product has desirable sparing immuno-stimulatory properties and
optimally selected time and preventive dosage application will increase the readiness of both
natural and specific cellular and humoral immunity
RNDr. Petr Šima, CSc
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JUVENIL
Regenerative and mass prevention preparation
Food concentrate
Characteristics and Concept

JUVENOLOGY AND MASS PREVENTION
(Translated from Czech to English)

Ten years ago, the IMUREGEN at Male Porici was the first in

the former

Czech

Republic to start a program, which not only propagated the Juvenological Concept and Mass
Prevention, but also began to implement it with a concrete production program.
What is the JUVENOLOGICAL CONCEPT (Anti-aging)? The Juvenological Concept is striving
to preserve the condition a n d characteristic of a healthy and

young organism

as long as

possible and consequently to prepare conditions for active psychic and physical longevity. In
other

words,

to

prolong

the

time

for an active life and to prepare conditions for a

contented life in old age relatively free of stress.

What is MASS PREVENTION? The civilization diseases and the deteriorated environment have
brought about a situation in which we must give equal care to the healthy as to the sick. The
outbreak of a disease always signifies an upsetting of the balance of the organism (our body). It is
therefore our duty to delay the moment of its outbreak as much as possible or to prep are
conditions in the organism that will ensure a short and unproblematic course of the disease. Therein
lies the sense of mass prevention: to see to it that the energy balance in the organism may support its
natural self-regeneration and self- recuperation abilities as long as possible.
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There

are

different

approaches

to

the

JUVENOLOGICAL

CONCEPT

and

MASS

PREVENTION. For example we may live in an environment relatively unaffected by excessive
industrialization, and eat uncontaminated food. This would be ideal, but we know that only few
people can do this today. So there

is

not

much

left

for

us

t o

d o

but

to

begin

supporting our organism (selves) daily, while staying where we are as required by our professional
duties. It was no coincidence that so much importance was advocated to take vitamins, trace
elements

and minerals helping us. These substances, however, could not solve all the health

problems.
For decades researchers have concerned themselves with the importance of amino
acids and especially essential amino acids, both in loose form and in the form of peptides and
oligopeptides. They knew, that these were other invaluable building elements o f

the body. It is

true that the body produces them itself, but in a worsened environment and debilitating state of health,
the body is unable to produce a sufficient quantity of these critical elements.

In addition, if the

bodily system gets into trouble, it produces even less. So there is nothing left for us but to add an
exogenous source to our system to prepared in the moment when the disease strikes, our
body can fight back!
It was good luck for us in Bohemia that as far back as in the

late

1930´s,

and

especially in the l940´s, the wel l –known Czech pharmacist Dr. Rakús developed a concept in
which all problems of the body must be tackled in a natural way, with the help of vegetable and
animal tissues extracts, we can get the most effective substances, i.e. amino acids, peptides,
oligopeptides and suitable organic salts, from them by a right technology, we shall have won.

This concept of Dr. Rakús was brought to its culmination in the early 1950´s
unfortunately,

this

was

a

time

when

someone

else‟s

concept

prevailed

–

but

namely

CHEMOTHERAPHY - the idea that it can solve everything. Its advantage was that it was using amply
well-defined chemical substances. What they did not take into consideration that the human, after all, is
part of the nature, and it is much more beneficial for him to choose
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the natural complexes provided by nature, in a suitable combinations of amino acids, essential amino acids,
peptides and oligopeptides. We already know quite a few things about the mechanisms of their effects, but
must learn still more about them. These essential building elements have a great advantage. If a correct
technology is used, they are absolutely non-toxic, non-addictive and they do not settle in the organs. In
addition, they effectively support the immune system.

The IMUREGEN Company Ltd. at Malé Poříčí began to manufacture a tissue preparation, first in pilot
plant conditions, and later in normal production conditions, based on amino acids, essential amino acids,
peptides, oligopeptides, organic salts, bivalent iron and hemoglobin. Its working name is JUVENIL and its
trade name IMUREGEN. The first preparations produced at IMUREGEN were subject to different kinds of
testing. We would like to inform you about the results of the testing of JUVENIL – IMUREGEN, the product
we are manufacturing at Malé Porící.

NAME OF PREPARATION:

IMUREGEN
DECLARATION:
FOOD CONCENTRATE for separate use or as a supplement in combination with other
natural stimulants, such as vitamins, trace elements, minerals, roughage and as a component of
suitable victuals.

BRIEF CHARACTERISTICS:
IMUREGEN i s m a d e f r o m n a t u r a l sources by a modern biotechnology, based on auto-enzymatic
disintegration of the macromolecular protein component. The product of this biotechnology is subject
to long-term non- destructive careful extraction with follow up natural
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separation of a set of effective low-molecular substances having a catalytic effect on specific
internal secretion glands while influencing favorably the intermedial metabolism of cells. The
effective complex of IMUREGEN is a qu antitatively characteristic

set

of

amino

acids

and

essential amino acids which are partly loose and partly in the form of low -molecular peptides and
oligopeptides, tied to the disintegrative products of haemoglobins, i.e. chained porphzrine nuclei
with loosened Fe ++ and naturally formed compounds of elements essential for the organism [e.g. Seselenium, Mn- Manganese, Zn- Zinc, Mg- Magnesium, K- Potassium] .

COMPOSITION:
With the serving of 3 Imuregen Capsules
1. Whey 566 mg
2. Nucleotide
a. Adenosine monophosphate 130.5 mcg
b. Inosine monophosphate 10.5 mcg
c. Cytidine diphosphate 4.5 mcg
d. Cytidine monophosphate 4.5 mcg
3. Amino acids
a. Essential amino acids from Imuregen extract
i. Leucine
27.9 mcg
22.65 mcg
ii. Valine
iii. Histidine
10.35 mcg
iv. Lysine
6.15 mcg
v. Phenylalanine
7.05 mcg
vi. Threonine
7.95 mcg
vii. Methionine
1.35 mcg
viii. Isoleucine
1.95 mcg
ix. Glycine
1.35 mcg
x. Alanine
69.60 mcg
xi. Serine
15.45 mcg
xii. Proline
7.65 mcg
xiii. Tyrosine
4.65 mcg
xiv. Glutamic
4.20 mcg
xv. Aparagic
7.50 mcg
4)
5)
6)
7)
8)
9)
10)

Oligopeptides and peptides
Lipids
Proteins
Iron (Fe++) in natural form
Mineral salts
Nucleoproteins
Vitamin C (as ascorbic acid)

PROPERTIES
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IMUREGEN - a food concentrate – is a substance intended for mass prevention of
civilization diseases, including carcinogenous, cardiovascular, diabetic and asthmatic diseases. Its
effects may be specified according to its structure. The complexes of essential amino acids are
showing favourable effects on internal secretion glands. For example, they incite the function of
the pituitary gland, but only up to the physiological norm, and are functioning as regulators of the
energy system by means of the neuro-hormonal apparatus of the organism. The oligopeptide
complexes incite the function of the thymus and stimulate the function of the spleen, which
increases the immune response of the organism relatively quickly. The peptide complexes
provoke

an

important

increase in lysoxine

content

in

the

blood, so that the effects of

IMUREGEN may be compared to the function of unspecified antibiotics, without, however, their
negative impact on the organism. The organically tied bivalent iron penetrates the intestinal wall
without oxidation, thus increasing the blood pool between the spleen and the bone marrow.
The above- mentioned components contained in IMUREGEN have a polyvalent effect and influence
the organism in a non -specific way: they strengthen the organism non-specifically in directions, in
which its own regulation system does not ensure a correct energy balance. Its effects include
improved memory; improved mobility and psychical balance, reduced fatigue and better physical and
mental working ability. Under its influence the course and the frequency of allergies and common
ailments, such as influenza, tonsillitis and colds, are improved. Wounds and common injuries heal
more quickly. It mitigates pain, including pain in the terminal states of cancer, so that the administration
of ordinary

analgesics

is

sufficient,

without

the

need

to

use strong painkillers [narcotics].

IMUREGEN has oxido-reduction properties, mitigates or eliminates agitated conditions, and slows
down conditions with strongly excited energy processes. The long-term testing of IMUREGEN
has proved that it is absolutely non-toxic, non-addictive and that it does not precipitate in the
organs.
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INDICATION

Due to the polyvalent effects of essential amino acids and low-molecular peptides and
oligopeptides, IMUREGEN is suitable for use in prevention and as a supportive means for
carcinogenous, cardiovascular and diabetic diseases and for the reduction of the incidence of
influenza, tonsillitis and colds and for mitigating their course, as well as for prevention , to protect
and maintain a good energy balance of the organism in all age groups.
For middle-aged and older people it is suitable as a means to improve their physical
condition and to ease their mental fatigue and exhaustion, and in cachexic conditions. It can be
used with advantage in the terminal states of cancer. For younger people it is suitable for
prevention and as a supportive means in allergies.

COUNTERINDICATION
Has not been proven.

DOSAGE
For direct dosage the preparation is mostly used in liquid form. The dry matter is usually
dissolved in distilled water according t o d o s a g e r e q u i r e m e n t s .

If

the

application

is

intended for mass prevention, in conditions of increased fatigue and exhaustion, a double to
triple dose is recommended. THERE IS NO DANGER OF OVERDOSE. Application is best on a
lump of

sugar

or

a

piece

of

bread,

to

be

application is recommended.
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absorbed

slowly

in

the mouth. Long-term

Assessment of the Imuregen Preparation
By MUDr. Josef Richter, CSc. OHS Ústí nad Labem
This pilot study is a preparation for grant research in co-operation with professor MUDr. I.
Hána, DrSc. and RNDr. P. Šíma, CSc.

Except for the signed composition, i.e. mineral substances, proteins, natrium, free amino
acids, fats, carbohydrates and cholesterol, we found in the preparation quite significant
quantity of nucleotides. It reached the extent of 12 - 21% of the total charge. Due to these
reasons we consider the preparation to be an important regeneration means for immunity
functions as proved by the conference on nucleotides in San Diego as well as our clear
article in Československá Hygiena (1997). At the present time, nucleotides are used in
many dietary preparations for mouth supplementation of patients mainly with extensive
post-traumatic conditions (see the World Congress in Munich, March 2000) as well as at
patients in pre- operation stage. Numerous publications show reduction of post-operation
complications and post-injury infections complications in as much as 40 - 80%. On the
basis of our experience we can say that supplementation affects the renewal of intestinal
cells, height of cilia, it inhibits the endotoxin – induced intestinal translation of bacteria and
it inhibits pathological changes of intestinal mucosa. The supplementation affects the
functions of liver, regeneration procedures and it supports renewal and proliferation of
immuno-competent cells. The preparation acts as a regulation factor of haemopoesis.
Addition of nucleotides increases the general immunity capacity in cellular section as well
as in humoral section of immunity. It increases the activity of NK cells. The preparation
supplementation in a high dose supports renewal of secretion immunity functions, we
proved an increased resistance mainly against infections of airways at children. At the
present time, we are testing the preparation in co-operation with the Czech Academy of
Sciences and we serve it in a complex with minerals in milk formula to children groups.
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The Expert Opinion on Preventive Function of Product
IMUREGEN on Viral Infections.
By Professor MUDr. Martiník, DrSc
Do you know that one flu epidemic in recent history killed more people than First World War?
Do you also know that in the flu epidemic not only people die, but also they can they develop
chronic damage of lungs, heart and brain which can result is many disabled people. Also people
who are being treated for more serious illnesses can die very quickly for failure of life important
functions of organism. Not only during epidemic, but also as a result of undergone virosis, many
years after the epidemic.
Flu epidemic occurs as a disease of the upper and lower respiratory tract. It can be fairly mild
illness, however in small children, health compromised individuals or in elderly it can cause such a
serious illness, that basic physiological functions are affected very fast and result is many short
term or chronic complications.
If a person is treated for some serious illness and viral sickness complicates it, the death can
be the result. Because patient did not take important preventative steps. Research has shown that
serious damage to the organism may not occur, if endangered population is prepared for incoming
epidemic. Flu (influenza) viruses are changing constantly and mild virus causing running nose and
fever can become killing virus even for healthy individual. Just remember “Spanish” flu, killing
people all over the world.
Treatment of complicated viral diseases is very difficult and expensive and often useless.
If organism cannot defend itself, then the course of disease can be very dramatic. Only
effective protection is to prevent contact with sick people. Not to go to public places where more
people are together, but it is difficult way of protection/prevention, because infected person is able
to infect hundreds of other people before the symptoms are showing.
Pharmaceutical industry came with many preparations to fight viruses, but their effectiveness is
judged skeptically. What is mostly recommended are vitamin preparations and local disinfection?
Results of studies did not uniformly confirm their importance. We all know uselessness of mass
vaccination, because vaccine is not good at all for changing structure of flu virus, which is coming.
In the last years started to come on the market products, which can prepare organism to fight
bacterial and flu infection in very short time. They are called immune modulating, because human
body will receive certain preparation, which will create antibodies against certain infections. This is
a long-term application. Disadvantage is they work only against certain specific strain and do not
work against the others. Finally there was found the most efficient way to fight viral diseases. It
consist of application of very effective elements – selected amino acids, nucleotides and other
essential elements, which will organism use to naturally build and increase immunity. These ways
will humans, by natural and easy way build-up protection against illness and complications
.
The most effective product to fight flu (influenza) is IMUREGEN, which is natural „ medicine”
to increase immune capacity. It consist of nucleotides, selected proteins, amino acids, minerals,
loosened Fe++ and naturally formed compounds of elements essential for the organism, in optimal
ratio. It very effectively modifies defense of organism against viral infections. It has no side effects.
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Conclusion:
If you want effective prevention against viral illness and prevent complicated course of flu, use
product IMUREGEN. You will prevent not only onset of mild course of viral illness and running
nose, but mainly prevent complications like inflammation of sinuses, lungs and other damage to
organism. In children, elderly and weekend individuals will prevent death. Use the possibility to
use products, which do not have side effects and help to fight viral infection. They create
needed immunity, which will protect you against flu.

Use of the Imuregen Preparation for Supportive Nutrition in HIV
Infections
MUDr. Josef RICHTER, CSc.
Zdravotnf ustcv se sfdlem v Ustf nad Labem
(Health Institute in Usti nad Labem) Czech Republic
Translation: Associate Prof. Dasa Slizova, MD, PhD, Dept. of Anatomy, Medical Faculty in
Hradec Kralove Charles University in Prague
Czech Republic
Malnutrition is an accompanying effect of HIV infection due to a lot of reasons. At first, the
infested people are not provided with sufficient amount of food, they have decrease appetite, further
there are altered metabolism and decreased absorption of nutrients.
Both the insufficient intake of energetic sources of food and micronutrients deepen cachexia and
lead to higher risk of some other infectious diseases which then frequently have fatal outcome.
In era of high-quality treatment of retroviral infection, the adequate and reasonable nutrition
becomes a base for long-term survival of infested individuals. Professionally managed nutrition
regimen is a basic prerequisite for the infested individuals.
Imuregen preparation, due its composition - high ratio of amino acids and nucleotides, grants
provision not only of energy but of building elements as well. The preparation enable fast reparation
of immune system, it secures physiological functions of the gastrointestinal tract and in such way it
renews and makes stronger both immune system and enteric mucosa (GALT).
It enhances detoxification via reparation of hepatic cells, increases quality of body functions,
diminishes exhaustion and influences functions of central nervous system as well.




The preparation meets almost all criteria published in a guide of ANSA (Association of
Nutrition Services Agencies), in a material called Guidelines for Agencies Providing Food to People
Living with HIV disease.
It contains a lot of micronutrients, from those recommended mostly vitamins of B series (B12).
It contains microelements, high dose of iron, amino acids and many antioxidants.
In our studies, we have proved a significant effect on restoration of cellular immune response,
especially via activation of NK-cells.
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We have documented significantly positive effect on reparation of enteric mucosa with activation of
parameters of secretion immunity together with a significant improvement of specific antimicrobial
immunity.
Thus we confirmed the results of J.P. Schaller (2004) who used dietary nucleotides for the same
purposes.
We can state that the preparation meets all criteria for its incorporation into the category of
functional food and that it is suitable for wide use.
I

Charles Univesiity in P rague
Faculty of Medicine in Hradcc Kralove
Department of Anatomy I
Simkovu 870, postovni pfihradka 38
500 38 Hraclec Kralove, Czech Republic
Phone/fax: 42- 495 511 711
.
www.lfhk.cuni.cz/anatomic/
•
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Nutritional Effects on Chronic Active EBY Infection with a
Preparation Containing Amino Acids, Nucleotides, Apple
Pectin and Fiber
Richter, J.I, Slizova, D.2, Sima, P.3, Jilek, D.I
I -Public Health Institute in Usti nad Labem, Czech Republic
2 - Department of Anatomy, Faculty of Medicine in Bradec Kralove, Charles
University in Prague, Czech Republic
3 - Czech Academy of Science in Praf,' l le, Czech Republic

Summary
Nutritional supplementation using Imuregen, containing dietary nucleotides, amino
acids and other components with the additional of apple pectin and fiber, was used in by 36
patients suffering, from chronic fatigue syndrome.
Half of the monitored patients was administered a preparation not containing any active
components. Before and after supplementation, the natural killer population (NK cells) was
monitored, and statistically relevant increases in NK cells were found established in
supplemented patients after a three-month nutritional intervention. The laboratory findings
revealed established a significant change. The issue of supportive nutritional intervention
in the clinical disorder of EBV-induced chronic fatigue syndrome is being discussed.
Key words: nucleotides; apple pectin; chronic fatigue syndrome; NK cells
Chronic fatigue syndrome is characterized by serious health disorders accompanied
by symptoms of extensive fatigue and a number of other clinical symptoms. There have
been many attempts to define chrome fatigue syndrome, of which two criteria have
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prevailed in the last two years; i.e. the British criterion (Oxford), t ak ing into account
particularly mental symptoms, and the American criterion (CDC), emphasizing particularly
physical symptoms of the illness, corresponding with the hypothesis of infection or
immunological etiology of the illness (Reid et al., 2000; Straus et al., 1993).
Clinical symptoms of the fatigue syndrome can also be affected by nutrition, for
example, such as an insufficient supply of iron or great losses of it. An iron deficiency is
often a secondary symptom of chronic inflammatory alteration based on persisting microbial
infection. In the group of patients showing clinical symptoms of chronic fatigue syndrome
examined at our center, an iron deficiency in more than half of the monitored patients was
established.
The second group of individuals often linked with the clinical symptoms of iron
deficiency are patients showing chronic active EB virus infection (Kimura et al., 2001;
Wallace et al., 1999).
Based on the favorable background materials achieved from pilot clinical studies and
model experiments (Slizova et al., 2004), we have decided to carry out this study, monitoring
lg supplementation by a preparation containing nucleotides
and
amino
acids
supplemented with apple components (apple pulp, pectin and fiber). The preparation is
produced by Imuregen, Czech Republic and approved by the Ministry of Health to be applied
as a nutritional supplement.

Group Methodology
A total of 36 patients showing symptoms of chronic active Epstein Barr virus infection as
well as the diagnosis of chronic fatigue syndrome were placed in the this group. The
following diagnostic criteria were established in all the patients:





Length of the disorder and problems exceeding 6 months increased temperature
Myalgia, or arthralgia
Increased EBY antibody levels (VCA, lgG, EA, AB and EBNA)
Others

AU the monitored
patients were examined for
cell-mediated
and humoral
immunity both before the nutritional intervention and 2 weeks after the supplementation.
Half of the patients was administered the preparation containing
active
components
(Table I), the other half was administered the preparation without the active component
(placebo), both for a period of 3 months.

II
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The natural killer population (NK cells) was established by immuno-phenotypisation using
the flow cytometry method and the results were statistically evaluated using MS Excel and IN
stat 3A programs.

Results
The group of supplemented individuals showed an increase in NK cells from 247.3
to 354.7 cells. The control group showed 292.9 cells before supplementation, there being
no statistically significant change after the supple mentation, and the number of cells
established amounted to 287.1 (Table 2). The findings of the supplemented group of patients
are significant from the statistical point of view - p <0,001 (Tuckey - Kramer, Multiple composition
test).

Discussion

This is
study
is based
on the experimental
findings
that prove
that
supplementation with nucleotides affects immunity, but also other physiological mechanisms.
Apart from others, in the course of our experimental work we have monitored the influence
of dietary nucleotides on the regulation and stimulation of ideal epithelium in experimental
animals, and we have established essential morphological
changes in Balb/c mice
(Slizova et al., 2004).We have also established an increase in number of NK cells in
supplemented patients showing clinical symptoms of fatigue syndrome a 1 ready after a
relatively short period of supplementation. The favorable findings in the experimental pail of
the study were an impulse for us to use the lmuregen preparation as a nutritional
supplement in a number of other patients showing deficiency in cell immunity response. In
this part of the study, the findings achieved in patients suffering from chronic active EBY
infection and chronic fatigue syndrome symptoms are presented. The reason why the
preparation was administered was the favorable effect of dietary nucleotides on better
functioning of fast dividing cells as well as hepatocytes (Carver, 1994), established both in
experimental and clinical testing, Moreover, one of the EBY infection symptoms is a slight
alteration of liver functions. At the same time, a diet with increased number of dietary
nucleotides improves a number of cell immunity functions (Jyonouchi et a 1., 1996).
In addition, we should not forget the positive effects of other preparation components,
particularly pectin and fiber (Aprikian et al., 2003; Gonzales et al., 1998). Favorable
effects on the lipid level and the anti-oxidation effects of the components is secondarily
reflected in improvement of immunity functions, particularly in the regulation of NK cells,
which might be a symptom of pectin effects on fat metabolism. At the same time, pectin
affects cholesterol metabolism and it significantly reduces 137 Cs level (Nesterenko et al.,
2004).
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The most important findings, in our opinion, not only the changes in the NK cells, but particularly
subjective and objective manifestation of favorable changes in the clinical condition of
patients. The clinical symptom rate has been reduced and the feeling of' well-being" has been
increased.
Based on both experimental and clinical administration of lmuregen, the preparation
appears to be an effective supplementary nutritional reparation to improve the health of patients
showing chronic fatigue syndrome.
This study was supported by research task No. 000q73536 of the Ministry of Health of the
Czech Republic.
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PROTOCOL
on test results of food for special nutrition

IMUREGEN
The customer – (IMUREGEN Co, Nachod) – delivered for analysis the sample food for
special nutrition IMUREGEN in quantity 4 X 50 ml in bottles of brown glass content 50 ml with
plastic cover, label with the name of product, number 4 and information on dry concentration
(100g).
Free amino acids were determined in the laboratory VU Servis S.R.O. Pohoi'elice using
the chromatography method on ionexes (AAA) in analyzer arrangement for Amino Acid (AA) in
hydrolysis production.

Further components of the sample were determined in the laboratory of Clinical
Biochemistry MEDSERVICE S.R.O. Co., Brno in the system usual for blood analysis.

The results of both the laboratories were corrected to the found real dry matter content
(100g preparation IMUREGEN - see the Protocol). The result were then converted into dilution
corresponding to the final product i.e. 1:100 drymatter content 100mg/100g of Imuregen
preparation.

The result corrected like this and given in table 1 and 2 were used as data
determination of the composition of Imuregen composition.

The

working

protocols

are

an
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intergral

part

of

this

PROTOCOL.

0.50

0.09

0. 31

0.53

4.64

0.47

1.03

1.51

0.69

0.28

0.13

0 .41

0. 51

1. 86

0.09

13.05

Table 2: Component s Co ntent in Imuregen Prepar ation (Final Product)

Na

12.88

Urea

0.92

K

3.29

Ere A

52. 76

Ca

5.21

Glu

Mg

1. 91

Uric Acid

52.95

Fe

12.01

P

42.16

0.39

Li

4.83

Bi Ii.

50.40

Cl

20.06

Chol.

0.34

Proteins
Total

35.11

Albumin

23.40
0.60
1. 80
4.00
4.90

Seal
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EXPERT OPINION (EXPERTISE)
ON THE DIETETIC PREPARATION INTENDED AS A PART
OF SPORTS NUTRITION
Name
and producer
: 50 ml)
Imuregen
® (solution,
Imuregen, Spol. S R.O., Malé Poříčí, Na Brzdách 72, 547 03 Náchod.
Protocols on composition (PN-UN 01/ 98) and analysis are enclosed.
Composition of the Preparation:
100g of the preparation contains (mg): mineral substances 40g, proteins 35g, free amino acids
13g, fats 5g, saccharides (sweetener) 0.4g, cholesterol 0.34g, Na 13g.
Auxiliary substances (%):
E 218 (methyl-p-hydrobenzoate) max. 0.1.
Energetic Value:
0.8 kJ / 0.19 kcal.
From the mentioned additives the result is one market sort.

Biological Activity of Preparation Components In View Of Declared Effect:
The preparation is declared as a food for special nutrition.
Imuregen ® is an extract of dried beef plasma prepared by 95 % ethanol. This extract after
thickening is dispersed in diethyl ether. Adipose substances are dissolved in this solvent.
Mixture of contained substances, i.e. free amino acids (asp acid, threonine, serine, glutamic acid,
proline, glycine, alanine, methionine, isoleucine, leucine, tyrosine, phenylalanine, histidine,
lysine, arginine), oligopeptides, vitamins (thiamin, riboflavin) and other substances are deposited
in powder form which is dried and treated again ( it is dissolved in water or added as powder
trituration into food products).
Detailed analysis of peptide substances (i.e. isolation of individual components and determination
of their structure by physico-chemical methods and tracing their biological activity) has not
been carried out so far. For this reason, it is possible only to describe summary effects of
the preparation, the composition of which depends on provenance of initial material. However, it
is evident that present oligopeptides are absorbed after per oral application. They are not
destructed in digestive chain (although they are of protein character) and show biological
activity likewise as it is known for example at ß-casomorphins.
Substances of the preparation accelerate healing processes, reduce time of patient‗s
convalescence, are effective at tiredness and influence negative impact of stress factors for
organism. When taken by sportsmen in combination with other substances, more intensive
progress of proteo-synthetic responses, faster return to metabolic organism balance and
apparently more effective utilization of energy sources (compared to control groups) have
been observed. Positive influence on organism immunity has also been found. General
improvement of health state and feelings of receivers have also been observed.
Positive effect of substance complex from blood tissue has not only been found with people but
also with domestic animals. The tissue extract is able to prevent organism from destruction
because it causes its time reduction.
Therapeutic dose is not determined because this material is not classified as medicine. The
producer recommends utilization of the preparation for nutrition of general population including
sportsmen as a prophylactic remedy for prevention of diseases development and with sportsmen
for improvement of metabolic state of organism.
The declared effect of the preparation is in compliance with biological activity of present
components.
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Dosage:
The producer recommends 30 to 60 drops daily for adults, 10 to 30 drops for babies and
children daily up from 1 year of age. Although it is possible to consume the preparation with
other foods, according to judge opinion it is advisable to take it with an empty stomach (half
an hour before meal or between meals) because of better biological availability of contained
substances.
Toxicity of Components:
The main component of the preparation has been approved by certificate HEM. There is no risk
of toxicity at mentioned quantity and recommended dosage, it is not harmful for organism from
the standpoint of metabolic load or undesirable secondary effects.
Preparation Stability and Possibility of Decomposition Products Emergence in View of
Application Form and Interaction of Individual Components:
The preparation stability is good, development of significant quantity of disruptive products is not
assumed on the condition that the preparation is kept at temperature from 10 to 25 °C in closed
container, protected from the sunshine and used not later than 12 months from the date of
production.

Interaction of Individual Components in Organism from the Standpoint of Undesirable Effects:
Interactions with exogenously taken substances (medicines and food components) are not
known from the literature and are not expected.
Possibility of Preparation Abuse – So Called Doping:
Doping abuse for this special nutrition is not possible.

EVALUATION
The Standard for the preparation is made up rationally, objectively and corresponds to
requirement for products of this kind.
The product can be recommended without reservation as a food for special nutrition.

Rectifying Proceeding Recommendation
Rectifying proceeding is not suggested.

In Hradec Králové 28th September 1999

Signature :
Doc. RNDr. Lubomír Opletal, CSc.
Pharmaceutical Faculty Hradec Králové
Department of pharmaceutical botany and ecology

-------------------------------------------------------i

Brantl, V., Teschemacher, H. (eds.): ß-Casomorphins and Related Peptides. Recent Development, Wiley VCH, 271 pp.
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THE MINISTRY OF HEAL TH OF THE CZECH REPUBLIC,
128 01, PRAHA 2, Palackeho nam. 4, P.O.B. 81
In Prague 27th November 1998
cj. HEM-350-29.10.98-36469
Imuregen Spol. S R.O.
(Limited Liability Company)
Male Pofici
Na Brzdach 72
547 01 Nachod
The Czech Republic

RESOLUTION
According to enactment of § 11, par. 2 letter b) and par.4 Law No. 110/1997 Sb. on
food and tobacco products and on change and supplement of related legislation the Ministry
of Health of the Czech Republic
is agreeable to
sell the food intended for special nutrition in accordance with § 1 par. I letter d) Decree No.
336/1997 Sb., suitable for diabetics as well, under the name IMUREGEN, specified in
company standard PN UN-01/98, producer IMUREGEN spol. s r.o., Male Porfci, Na Brzdach
72, 547 01 Nachod, under the following conditions: The covering shall include:

1. Notice:

,, The preparation is suitable for diabetics as well"
,, The product is not intended for children under 1 year"

2. Dosage:

Adults 60 drops a day
Children 10 - 30 drops a day

Justification
IMUREGEN spol. s r.o., Male Porict, Na Brzdach 72, 547 01 Nachod, 29th Oct.1998
asked The Ministry of Health of the CR in accordance with enactment of § 11, par. 2, letter
b) and par. 3 of the above mentioned Law for the agreement to introduce the product to the
market. From the documents enclosed to the application it has been proved that the food
cannot threaten the health of persons.
The health unexceptionable nature of the preparation was also examined with to the
way of application and necessary health notices, both proposed by the applicant in
his application and confirmed by the standpoint of the State Health Institute in Prague of 22
nd
Oct.1998, reg. No. CZZP 16-2712 I 98 EX 181594, in the standpoint of Doc. MUDr.
Nevoral, CSc. (The Czech Pediatric Society) of 26 th Nov.1998 and in the standpoint of doc.
MUDr. L.Kuzela, DrSc. (The Ilnd Internal Teaching Hospital of Faculty Hospital /FN/,
Kralovske Vinohrady) ofth Oct. 1998.
The applicant shall therefore not only specify the data on the covering according to common
binding rules (legal) but also data stated in the decision of the conditions mentioned the food
could not be declared suitable for health reasons.

Information:It is possible to appeal against the present Resolution to the Ministry of
Health of the CR within 15 days after the date of delivery.
Round Seal: The Ministry of Health
MUDr. Jifi Vytlacil
Chief Hygienist
The Czech Republic
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INTERVIEWS WITH THE TEAM OF
DOCTORS, RESEACHERS AND
FOMULATORS
From Health Conference in Czech
Republic 2016
(Translated from Czech to English Language)

Prof. RNDr. Macela Aleš DrCs
...“ it (Imuregen) gives body substances, that are necessary for optimal
functioning of these (bodily) systems”…

Imuregen is very complex component as a dietary supplement and it is actually complex, which
enormously potentiates regenerative mechanisms and immune mechanisms. It contains an
oligonucleotides and these oligonucleotides are necessary for the organism, and they actually save
energy for the organism to synthetize them, which is necessary because they are the building blocks
of nucleic acids, the genetic base of the cells. That's one thing. Another thing is that imuregen
contains iron which originates from red cells and this iron is extremely needed for the vitality of the
our cells. Furthermore, it contains defensins. These Defensins are simple peptides compounds which
have antimicrobial effects, so for these reasons Imuregen is very useful for the regeneration and for
boosting of immunity of organism.
You can call Imuregen normalizing preparation because it does not increase the immune response,
but it gives body substances, that are necessary for optimal functioning of these systems. So that's
about all, what I could say about Imuregen
Q:When nutritional immunology and immunology is promoted, to what extent this science, or
knowledge can be developed, and actual recommendations to have more ability to heal
people naturally and actually help them with immunity?

In essence, this is a little complicated question, because certainly nutrition is for man extremely
important,and comprehensive nutrition is needed for comprehensive functional expression of all the
mechanisms and all the processes that are actually taking place in the body. Composition of this
nutrition should be truly optimal, all ingredients in it should be balanced. The problem is that when it
is done artificially, some ingredient is synthetic and when it is added, it creates two problems.
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First, we often miss physiological value of this component, so we add too much or too little. That’s
one thing. The second thing is that biotechnologically produced ingredients are not completely
identical to the original nature, so artificial ingredients are actually absorbed or only consumed
partially and most are decomposed and not exactly made beneficial molecules, so for this reason it is
good to have a nutrition with natural material. So nutrition is really very much needed, as is
documented in a number of studies in many countries, where nutrition is not at a certain level, and
children, adults and old people suffer from various health problems.

MUDr. Turek Bohumil Csc.
“So in that respect Imuregen’s content of nucleotides has a prominent position
in cancer prevention”…
I'll talk about Imuregen as a food supplement. A dietary supplement must always have a certain
principle. Reason to sell and circulate them should have is their importance to human health. The
dietary supplement according to the legislative arrangement can only promote and maintain health. It
is not intended for sick people, because it’s purpose is, people who are using it do not get sick in the
first place! This is the importance of supplementation. Regarding Imuregen, even the title has the two
components, immunity and regeneration. I will focus on regeneration, because thats where I see a
significant opportunity, how this product can keep you healthy. It contains nucleotides. These are
substances which are a main component of nucleic acids. Nucleic acids are substances that actually
organize protein utilization. Without nucleotides there would only be the depth of proteins that have
no meaning. But nucleotides give it sense, meaning and order, because they actually organize the
entire renewal of cells and tissues and organize how proteins will be further used. So this is
unusuallly important to have this product, because the regeneration of cells and tissues has
enormously significant. It is a fact that nucleotides can improve or regulate renewal of cell and
tissues, they can actually reduce the risk of mutagenic agents, which may arise either from
the influence of the environment or food like over burned fats etc which can then impair
replacement of cells and may eventually even lead to increased risk of formation of tumors.
So in that respect Imuregen’s content of nucleotides has a prominent position in cancer prevention.
Because this cannot be placed on the labels with regard to the principles of the health claim, it is
necessary to say that Imuregen improves health maintenance and ensures good recovery of eroded,
even mutagenic damaged tissues in the human body. Regarding immunity, dependence is entirely
clear, because we do not just talk about infectious immunity, but we can say that also about antitumor immunity. The organism must be protected from damage, for example during formation of
mutagenic substances; the body has to be in some way protected.
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There are two possibilities. First is that immune system will find and destroy such damaged,
mutagenic cell. If not, then another process must occur, which have to repair that cell. And the
reparation actually depends only on nucleotides. Even zinc, as part polymerized proteins contributes
to this process. So does folic acid and vitamin B12 contribute to this process, they are all growth
factors that are regulating recovery of body tissue and maintain it in good order.

Prof. MUDr. Weigl Evžen Csc

“…flexible react to potential danger which threatens the integrity of the
organism or the homeostatic function of immunity and that, Imuregen is
irreplaceable.”

Imuregen is perceived as immunomodulator with a relatively large potential. So I include it in the
range of those resources that allow immunological intervention in the body. It is the music of the
future, it is a matter of extreme perspective for reason, that more and more often we see appearance
of microbial strains that are multidrug-resistant and that resistance is gradually excluding them from
the possibility of conventional medical treatment. General trend indicates that we will probably lean
more towards strengthening the resilience and immunological fitness of body and therefore the
means, that allow us to increase the readiness of the organism to the immune response and that
allow us to increase the availability of the organism to the immune response, readiness to be able to
adequately defend the organism, will in the near future, maybe today, become dominant and will
constitute a huge reserve that medicine currently have. I think that Imuregen belongs among the
tools that are promising in this respect and I do not want to discuss details of the mechanisms by
which Imuregen acts on the immune system, it would probably belonged to specialized categories for
some expert lecture, but I can simply say with experience and discussions that we are hawing that
Imuregen is a very promising tool for this purpose.

Q: Do you think that Imuregen is the future replacement of antibiotics or is it a way
how to treat the new way?

No, I would not dare to say this so directly into the camera, specifically to say this about the
formulation like Imuregen, because we were discussing here range and limitations, which product
like Imuregen has. And to say, that it can replace antibiotics or that it is so strong on the immune
system that it would replace antibiotics, that I cannot say. But I can say quite responsibly, that it is
one of those tools that enhance the readiness of the system as an organism to be flexible react to
potential danger which threatens the integrity of the organism or the homeostatic function of
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immunity and that, Imuregen is irreplaceable. It belongs to the range of immunomodulatory agents,
and experience shows that it could be very efficient and especially the possibility of its use, as it was
gradually applied, whether it was in drink or other forms of administration, which Imuregen allows,
seem to be very promising and I personally do give it great perspective. Moreover, it is a product
which certainly faces a relatively large development potential.

Doc. MUDr. Sližová Dagmar

“It is actually proven that substances in Imuregen have amazing regenerative
ability…”
Well I must say that I came across Imuregen many years ago, because it is old Czech patent,
absolutely amazing, but I started working with it later during cooperation with colleagues from Prague
and for me by far the most interesting and far the most important was the study in which we actually
watched the effect of Imuregen on the intestinal mucosa, the intestines. And it may look at this
moment: “the effect on the intestines”, why should it be too significant?
But it is significant after application of antibiotics which today is a huge problem, as current abuse of
antibiotics is now so prevalent in the population, that this in principle will very often do more harm to
the body then good. And in this connection, it is necessary to put intestinal mucosa in order. And we
tried on animal models of course, to create a situation where we watched how this preparation,
complete Imuregen, taken orally in water, will have effect on intestines. While I myself expected that
there will be some effect, I would never believe how excellent and proven the effect was. We have
really seen on the specimen from the intestines the wonderful regenerative growth of the intestinal
mucosa, classical regeneration after damage. So we have measured, calculated, and finally
published it.
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You can also read the complete study. It is actually proven that substances in Imuregen have
amazing regenerative ability and when I imagine how important is the regeneration of the intestinal
mucosa, which is very sensitive to all pollutants, which we ingest in food, then I consider it one of the
most important or very important factors or steps we can do for ourselves. Because we do a lot of
harm to our organism with wrong type of food. And if we can somehow improve this situation and
regenerate the intestinal mucosa, then we are in essence in a completely different level of care for
our body.

Today, in the Czech Republic we are forefront in the incidence of colon tumors, then all of the tools
that can help us to prevent the emergence of such malignant tumors or to treat bowel, I consider
Imuregen extremely important in prevention of these - what we call civilization diseases. Diseases of
lifestyle, diseases from improper nutrition etc. so it appealed to me incredibly and surprisingly at the
same time. And I must say that the way Imuregen was tested it turned out that it actually works in the
human body, and I think there's nothing more I can say to this.

RNDr. Trebichavský Ilja
“Imuregen regulated my heart pressure. Thus, it is a product that I can
recommend and that is very beneficial.”
Imuregen is a product which contains a very important immunomodulatory agents.
Immunomodulatory agents are those that help our immune system to handle combat with microbes
and viruses that get into our bodies. These agents are actually substances that are contained in the
bodies of all animals, and we call them antimicrobial peptides. These peptides have a very important
role in combating infection, and they can reduce inflammation, therefore they have amazing antiinflammatory properties. Essence of Imuregen is that it can improve the condition of our health. It
helps us to be more fit, which means we have more nucleotides and other important substances
which are found in the plasma. It can increase proliferation, cell division, and thus has significant
regenerative abilities. I would like to compared Imuregen to that what drink Masaya, African tribe
drink and they excels among African natives in being well build, healthy and fit and basically this
drink is able to maintain the health of these natives. I would like to confirm that I have observed
personally positive effects of Imuregen especially in a time where I was weakened by illness or
when I had problems with hypertension - Imuregen regulated my heart pressure. Thus, it is a product
that I can recommend and that is very beneficial.
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I can say that basically Imuregen contains peptides, which are able to puncture the bacterial
membrane and other peptides that are able to scavenge the ions needed for the life of bacteria and
thus impoverishes their life environment and prevent their future life. One of the other peptides that
are very well studied is lactoferrin. Lactoferrin is an antimicrobial peptide that is present e.g. in
mother’s milk, but occurs also in white blood
cells, it forms half of the plasma, and when we imagine that in white blood cell is so many of these
antimicrobial peptides, like there is hemoglobin in red blood cells -we can easily calculate that at
1000X smaller number of white blood cells, there is in all our body around 3-5 g of antimicrobial
peptides. If you imagine the penicillin or other tablets, it is as if we are constantly taking antibiotics. It
means that our body need is constantly covered by this amazing natural supply. And what is
significant to Imuregen is that this natural supply that we have already in our bodies, we can even
increase with the dose of Imuregen, which contains these antimicrobial peptides.
One peptide, which is lactoferrin, takes away iron and microbes cannot live without iron. The second
peptide, which is called calprotectin will uptake manganese and zinc - which are for some bacterial
enzymes absolutely necessary and if these anti-micro bacterial peptides pick up these very important
metal ions from environment, it will exert the antimicrobacterial effect of these formulations. So it is
one of the most significant effects Imuregen has.

RNDr. Šíma Petr, Csc
“…it is logical that if we eat any food we eat actually cells, so we eat cores where there are
nucleic acid (Imuregen).”
In essence, man must eat. We are made by nature or by God, - living organism, and we have to
receive some information in the form of food. And in our diet are certain ingredients. The basic
components are proteins, then are fats, carbohydrates, etc, as they were gradually discovered. At the
beginning of the last century were vitamins, then came the nuance such as flavonoids, which are
basically vegetable dyes and that was the effect, which was then in the 80s of last century called French
paradox, which meant that the Mediterranean nations, in particular the French drink wine and have also
the lowest number of heart attacks and cardiovascular disease. It was discovered that in flavonoids are
numerous substances which atracted great attention. Main are quercitrin and resferatrol. Contrary the
Finns in the north, who had milk diet and severe fatty meats were known in Europe with their history of
cardiovascular disease. But once they voluntarily switched to a diet of Mediterranean people,
cardiovascular disease in Finland was reduced to general average level.
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Sometime in the 80's of last century someone came up with the idea that there is another ingredient that
is mostly negated even by nutritional specialists and these are called nucleotides or dietary nucleotides.
These are actually nucleic acids or enzymes, which are not nucleotides, it is DNA in the nucleus, RNA
in mitochlondria and in a number of enzymes and nobody really recognize that it is logical that if we eat
any food we eat actually cells, so we eat cores where there are nucleic acid. There is a great intense
research since the 80s, which is now essentially closed, as research of vitamins, but unfortunately it still
did not get into awareness or experts that the body needs those nucleotides. A certain researches in
their group LERLEIKA, I think it is an American group, devoted enormous attention and found out that
actually the whole period of development, the organism learned to use these dietary nucleotides as
material for cell division, for regeneration. It's still better, as I always tell the students that you build the
house faster from the panels than from brick, cement, water, etc. So nucleotides are actually sort of
building panels for ours dividing cells. And what it means dividing cells? It means recovery of all cells
like: skin, intestinal mucosa, lung epithelium. Unfortunately the old cells die, the body is removing them,
and the cell must divide.The French had figured out, even without knowing that those nucleotides will
one day become a nutritional supplement,- Roax I think did it in 1975, that one cell on average need
10 to power of nine of nucleotides, which means one billion. So where the body has to take it from? it
will not be “slapping it of cement, sand and water”, but it will take it from the food straight across grafts,
as olidlo or polionukleotides. Single nucleotide is such, than it is oligo that is more nucleotides in a row
or polynukleotides, that are all grafts of DNA, RNA. But as I say, it's for regeneration and from it follows
logically the next thing. It is not only child's body that needs to grow tissues, muscles, bones, nervous
system, but also older people need it. Because as people are older, there are now hundreds of millions
of old people and it will continue to increase, so there it comes to protecting the quality of life, not only
extended the age, but also to preserve its quality. And those older people also need nucleotides for the
tissue repair.
And now we get to immunity. If cell meets some pathogen, it is generally called an antigen, it receives
such impulse that begins to divide. And for the cells to produce antibodies against some bacterial
infection or the flu, it takes several generations of cells, we measured it once, that generational time of
any cell which will produce antibodies is approximately 10-12 hours.
This means that the cell gets to the stage of precursor, then further development and further and
after 36 to 72 hours organism is able to respond to the infection, the disease. This means that it
needs supply of nucleotides for the division of a hundred millions of lymphoid cells, to make it
quickly. And these are the two reasons that totally justify that professionals start to take dietary
nucleotides as other nutrients entirely seriously, which is still not happening and that those experts
recommended that the nucleotides are very important in three periods of life. Nucleotides are
absolutely irreplaceable in growth period, the period of infection and the recovery from the illness,
even postoperatively or after chemotherapy and during aging. Of course, we need proteins, we need
vitamins, but those are catalysts that help, but the nucleotides have to be taken into account for their
importance.
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Abstract: Heavy industrial pollution and/or passive smoking negatively
affect the overall immune health of a population. We used a model of
children with chronic respiratory problems and evaluated the effects of
short term supplementation of their diet with nucleotides. We measured the
level of sIgA, eNO levels and total physical activity. We found positive
effects of oral supplementation with commercially available nucleotides.
Our data demonstrate strong improvements in physical activity, strong
decrease of eNO levels and maintaining of the levels of sIgA. We conclude
that supplementation with nucleotides offers an easy way to improve health
conditions in children.
Keywords: Nucleotides, sIgA, Immunity, Children, Physical Activity,
eNO

Introduction
A long-term focus of our laboratory is the research
of how the environmental conditions affect the health
of population. We are particularly interested in the
possible regeneration of physical status of children
exposed to environmental pollution of both internal and
external environment (Lee et al., 2013; Richter et al.,
2014; Vaclav et al., 2013a; 2013b; 2013c). We are
focused most of all on children with chronic
respiratory problems caused by living in industrial
regions of northern Bohemia and northern Moravia
where the extremely high concentration of
environmental contamination helped to gain the term
Black Spot of Europe. The fact that this region is
populated mostly by people with lower education,
often disregarding the basic rules of healthy living,
with a prevalence of smoking reaching 60-90%,
makes the health situation even worse. The effects of
passive smoking are further increased by the small area
of apartments, often with less than 10 m2 of space per
person. In addition, this population traditionally
consumes less fruit and vegetables than the rest of the
Czech population. A high frequency of automobile
traffic, with the average age of a car reaching almost
15 years, is responsible for extreme pollution from
exhaust fumes.
~
~
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The prevalence of respiratory problems and allergies in
this region is more than two times higher than in the
rest of the Czech Republic.
These facts led us to this study to improve the health
of the population at the biggest risk-the children. The
first step is to guarantee a short-term stay in an
environment with very low pollution (app. 20% of the
original level). It was found that the climatotherapy
treatment together with speleotherapy, higher physical
activity and improved nutrition resulted in significant
medical improvements (Vetvicka et al., 2013a; 2013b;
2013c; Ostojic et al., 2013). As confirmed by other
authors (Schuh, 1993), we showed that this improved
regime leads to significant improvements of immune
functions, lowering of the risk of infections and
improvements in the state of current diseases such as
respiratory problems or asthma bronchiale (Buka et al.,
2006; Davis et al., 2004). In addition, it is clear that a
high prevalence of diseases and related deaths resulting
in extreme pollution of the environment have high
economic effects (Lee et al., 2013; Buka et al., 2006;
Linares et al., 2010).
We decided to test the effects of improving the
nutritional conditions by supplementing the food with
samples with high level of nucleotides. Nucleotides in
the form of Nucleic Acids (NA) affect several

© 2015 Richter Josef, Svozil Vladimir, Král Vlastimil, Rajnohová Dobiášová Lucie, Stiborová Ivana, Pohořská Jitka and
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153

Richter Josef et al. / American Journal of Immunology 2015, 11 (2): 26.32
DOI: 10.3844/ajisp.2015.26.32

Biochemical processes necessary for adequate
functions of the living organism. Nucleic acids are
monomeric units with both RNA and DNA genetic
code (Devresse, 1999; Lerner and Shamir, 2000).
They are involved in biosynthesis of glycogen, such
as UDPP galactose is involved in synthesis of lactose
of UDP glucose. In addition, nucleotides are parts of
some coenzymes NAD, FAD and A. In addition, they
serve as a biological regulator-cAMP decreases
cascade of second messenger, which has a key role in
regulation of biological processes and simultaneously
represents an extremely important source of energy
(Lerner and Shamir, 2000).
An animal model indicated strong effects of 4 weeks
supplementation with dietary Nucleotides (dNT) used in
drinks on development and quality of terminal ileum
(Slizova et al., 2004). In addition, positive effects of
dNT on growth and quality of intestinal flora and iron
absorption were also demonstrated (Lerner and Shamir,
2000). Human milk contains a higher level of dNT and
higher biological availability of iron than bovine milk
(Leach et al., 1995; ATSCPSCPFL, 2002; Thorell et al.,
1996). In breast-fed infants dNT positively influenced
NK cell activity and levels of IgM, IgA and sIgA. The
addition of dNT increased the effect of vaccination
(Lerner and Shamir, 2000; Leach et al., 1995). dNT also
affected liver function and liver regeneration and
stimulated production of some components of the
complement cascade. On the other hand, dNT deficit (in
dNT-free diets) resulted in suppression of some immune
reaction, mostly in decrease of IL-2 and IL-3 production
and in decrease in numbers of pluripotent stem cells.
It is not surprising, therefore, that this complex
role of dNT is currently the focus of extensive interest
of both theoretical scientists and clinicians. More and
more groups study individual aspects of postnatal
development and development of malnourished
children living in areas with a contaminated
environment. In addition, more and more attention is
focused on how to improve immune functions before
the start of the expected epidemic of infectious
diseases. Supplementation with dNT might offer some
help in regeneration processes, normalization of
metabolic, physiologic and immune functions in a
wide range of patients, from people with high stress to
chronically ill patients or the elderly.

In this study, we report our results in supplementation
of food with high content of dNT in children from a
heavily contaminated environment.

Materials and Methods
Protocol
The same protocol that was previously described
(Vaclav et al., 2013b) was used throughout this study.
Briefly, a randomized trial compared one dose of
Imuregen (Imuregen, Nachod, Czech Republic), 2
mg/day-4 weeks and a placebo in children. A total of
138 children from the sanatorium were enrolled in the
4-week trial testing. The trial was conducted at the
Sanatorium EDEL (Zlate Hory, Czech Republic) and
the study was approved by the Ethics committees of
the Public Health Institute based in Usti nad Labem
and Sanatorium EDEL, Zlate Hory, Czech Republic.
As a part of the clinical evaluation at the starting point
of the study, all children were tested for their height,
weight and BMI (Body Mass Index) and its percentile
was calculated in relation to age and sex (Table 1).
Ninety three children (43 females and 50 males)
formed the group supplemented with Imuregen, 45
children (24 females and 21 males) formed the control
(placebo) group. This study was performed in
agreement with Helsinki declaration (revised version
2000.09.01) and in full compliance with the rules for
clinical testing in the Czech Republic. Parental
consent was given in all cases. Subjects were
routinely evaluated by the medical staff. Imuregen is a
food supplement approved by the Chief hygienist of
the Czech Ministry of Health.

Tests
In all subjects we obtained saliva at the beginning of
the study and at the conclusion of their stay in
Sanatorium. We used identical times (between 8 and 9
am) for sampling, so the possible influence of circadian
rhythms could be eliminated.
Saliva was collected using a commercial Salivette
device (Sarstead, Orsay, France). After two minutes of
chewing, the cotton swab was added into a sterile
container and centrifuged at 1,000 g for 15 min and
stored at -15°C. We measured the levels of sIgA using
nephelometer Siemens BMII as suggested by the
manufacturer.
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Table1.Bodymassindexanditspercentilecalculatedinrelationto
ageandsex

Results

n
Age-mean(SD)
BMI-mean(SD)
Percentilesmean(SD) BMI<90%
percentiles
Nucleotides Males
50
10,7 (3,01)
Females
43
9,55 (2,98)
Placebo
Males
21
11,00(2,18)
Females
24
10,62 (2,58)

Figure 1 summarizes our measurements of the
6MWT in children at the beginning and at the end of
19,31 (3,89)
61,46 (31,33)
40
their stay in Sanatorium EDEL. We divided all
18,03 (3,21)
58,86 (27,91)
20,9
children not only into supplemented and control
18,77 (2,99)
58,52 (28,09)
23,8
(placebo) groups, but also based
on sex. In the
18,89 (4,79)
53,33
(35,62)
supplemented group, we found a 25
significant increase
in 6MWT levels in both the female and male groupsfrom 448 to 470 in males, from 403 to 427 in females.
Richter Josef et al. / American Journal of Immunology 2015, 11 (2): 26.32
The results in control groups were minor -12 m
DOI: 10.3844/ajisp.2015.26.32
increase in male group, 5 m increase in female group.
Figure 2 shows the levels of eNO at the beginning and
All participants absolved at the beginning and at the
the end of the experiment. The decrease of the level at the
end of the 6 Min Walk Test (6MWT) based on suggested
end of the stay is significant, particularly in the male
development, including evaluation of additional
group, where we found a decrease from 25.3 to 14.48 ppb.
parameters such as frequency before and after physical
In females, the decrease from 15.04 to 11.39 ppb was less
stress, oxygen saturation, interruption of stress due to
pronounced, but still significant. A decrease in the eNO
tiredness. These tests were done 2 h after the meal. We
levels was also observed in the control group-nonused recommendations of the American Thoracic
significant in the male group (from 19.08 to 11.57 ppb)
Society (ATSCPSCPFL, 2002).
and significant in females (from 14.88 to 11.79 ppb).
In addition, both weight and height were measured
Our findings of sIgA levels were not significantly
and BMI calculated. BMI levels were subsequently
changed by diet supplementation with dNT (Fig. 3). In
transferred into age percentiles (Body Mass Index for
male group, the levels were not changed (app. 185 mg
Age Percentiles) according to the CDC (2000). We
L1). In females, we found a non-significant decrease
found that CDC percentiles are identical to levels found
from 208.9±34.6 to 153.8±36.6 mg L1. However, in
in the population of Czech children of the same age
the control group we found a significant decrease in
population as determined by The National Institute of
the sIgA levels in saliva of both groups. The decrease
Public Health, Prague, Czech Republic. All tested
in the male group was from 309.7±33.4 (mg L1) to
children had minimal physical activity for 2 h prior to
169.0±32.9 and in female group from 217.0±20.9 to
the test with guaranteed no special energetic income. The
102.1±18.7. Mean values and SD for all our data are
track used for all testing was long and wide enough to
summarized
in
Table
2.
ensure no risk of physical constraints during the test.
At the beginning and the end of the study we also
evaluated eNO levels using the American Thoracic
Society recommendations (ATSCPSCPFL, 2002) as
described in our previous studies (Vetvicka et al., 2013c).
During the whole stay at the Sanatorium EDEL, all
children were subjected to the same dietary regime
corresponding to their age category.

Statistical Analysis
Statistical significance was evaluated by a pair t-test
and unpaired t-test using a GraphPad Prism 502 software
(GraphPad Software, USA).
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Fig. 1. Effect of supplementation with nucleotides on six minute walk test. A - day 1, B - day 30
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Fig. 2. Levels of eNO in children supplemented with nucleotides or placebo. A-day 1, B-day 30
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Fig. 3. Effect of supplementation with nucleotides on sIgA levels in saliva. A-day 1, B-day 30
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Table 2. Mean values and SD for all presented data
Nucleotides
mean(SD)A
6 MWT
M
448 (85)
F
403 (83)
SIgA
M
185,4 (22,7)
F
208,9 (34,6)
eNO
M
25,3 (27,2)
F
15,4 (17,8)

Placebo
mean(SD)B
469 (85)
427 (83)
182,0 (32,2)
153,8 (36,6)
14,5 (10,6)
11,4 (8,5)

mean(SD)A
465 (65)
461 (95)
309,7 (33,4)
217,3 (20,9)
19,0 (21,1)
14,9 (13,4)

mean(SD)B
478 (79)
466 (83)
169,0 (32,9)
102,1 (18,7)
11,6 (9,7)
11,8 (10,8)

Discussion
eNO values, which were found in all groups. It is
clear that the abandoning of the highly polluted
conditions (both internal and external such as passive
smoking) plays an important role in these findings.Our
results confirmed the data achieved by other groups
that the 6MWT is a simple, objective and reproducible
comparison of the functional capacity both in clinical and
rehabilitating programs (ATSCPSCPFL, 2002; Grinnel,
2010; Ulrich et al., 2013).
The salivary samples for evaluations of the level of
mucosal immunity were used primary for the easy and
non-invasive way to obtain samples. Saliva offers a
possibility to test the whole range of important
information about the state of mucosal immunity, which
can be further used for determination of the general
quality of immune reactions. Currently, medical practice
offers a wide spectrum of these indicators (Gillum et al.,
2013; Koh and Koh, 2007; Krasteva and Kiselova, 2011;
Malamud and Rodriguez-Chavez, 2011). We used sIgA
because it offers a good indication for testing of the
effects of physical stress on mucosal immunity
(Gillum et al., 2013; Yi and Moochhala, 2013).

Nutritional intervention in the form of food
supplementation, with nucleotides, bovine colostrum or
glucans, in groups with increased physical challenge
have become the main research approach of numerous
laboratories (Ostojic et al., 2013; Davis et al., 2004;
Gunzer et al., 2012; Ostojic and Obrenovic, 2012; Riera
et al., 2013; Stier et al., 2014; Wolvers et al., 2006). It is
the results of our quest for an increase of immune
reactions not only in athletes, but also in clinical
medicine (Ciacio et al., 2014) and in possible
renovation of damaged mucosal immunity in children
exposed to effects of environmental contaminants
(Richter et al., 2014; Vetvicka et al.,
2013a; 2013b; 2013c). Based on these trials, several
commercial supplements appeared on the market,
including Oral Impal from Nestle (Ciacio et al., 2014;
Sublingual nucleotides, extract from germinated barley
(Ostojic and Obrenovic, 2012) or Immunoactive from
Bioiberica Spain (Wolvers et al., 2006).
Our previous studies showed significant effects of
dNT on repairs of mucosa in distal ileus (Slizova et al.,
2004). Our data demonstrated that even short term
supplementation with dNT affected physical stress
related changes by holding the levels of salivary IgA
steady, which was strongly suppressed in the control
group of children. As high doses of dNT were shown
in murine models to increase the allergic reactions
(Lerner and Shamir, 2000), it is important to carefully
find the optimal dose of dNT. In our current study, we
found no dose-related problems, neither clinically or
in the laboratory. The effects of dNT supplementation
suggests their importance in keeping the optimal
quality of physiological functions and supporting
some mechanisms of both specific and nonspecific
immune reactions. Physical conditions in children
supplemented with dNT were significantly improved
in the female group. The results of the 6MWT in the
male group were at the limit of statistical importance,
most probably due to the higher number of obese
individuals (over 40%). A male group showed in
relation between BMI percentile and 6MWT
statistically significant linear regression at p<0.0001
level. We can presume that improvement in 6MWT
levels might be in relation to strong improvements in

Conclusion
From our results, we can conclude that
supplementation with nucleotides caused significant
improvements in all tested reactions.
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Jyonouchi 1994, Rudolph 1994, Sanderson and He
1994, Uauy 1994) and elsewhere [Rudolph et al. 1990).
Recent literature in experimental transplantation
has
demonstrated that exogenous nucleotides are important
for maintaining host immunity to allogeneic tissues;
restoring specific immune responses to foreign
antigens requires providing exogenous nucleotides. Thus,
exogenous nucleotides
appear to be required for
maintaining specific host immunity.

ABSTRACT:
Dietary nucleotides, found in normal
diets, have been recently determined to be required for
normal immune defenses.
Reaction of cardiac
transplants, graft vs. host disease, and delayed
cutaneous hypersensitivity in animal models are all
suppressed by a diet deficient in nucleotide. Tlymphocytes seem to require dietary nucleotides for
normal maturation and function. Host resistance to
bacterial and fungal infections is decreased in mice on
nucleotide free diets ; addition of RNA prevents this
vulnerability to Infection. Dietary RNA is require t o
restore lost Immune function after protein deprivation.
Adequate calories and protein alone do not return
immune function to normal. Dietary nucleotides can
restore lost Immune function even during protein
starvation and weight loss. Because all parenteral and
most enteral nutrient solutions are nucleotide free,
clinical studies were under· taken comparing a new
nucleotide containing diet (Impact) to a standard
high protein enteral feeding. In two separate double
blind clinical studies the patients fed the enteral diet
containing nucleotides had Improved Immune function
c o m p a r e d with p a t i e n t s r e c e i v i n g a nucleotide
free diet. In addition, infectious complications and length
of hospital stay were reduced In postoperative cancer
patients f e d Impact c o m p a r e d with a control group. J.
Nutr. 124: 160S-164S, 1994.

INFLUENCE OF NUCLEOTIDES ON
LYMPHOCYTE FUNCTION AND
CELLULAR IMMUNITY
These observations, while significant, have been
relevant primarily to clinicians in suppressing the
immune responses for successful organ transplantation.
To test the hypothesis that dietary nucleotides might
influence nonspecific host responses to infective
organisms, the contralateral footpads of BALB/c mice
fed a protein-free IPF diet were injected with BALB/c
spleen cells (Kulkarni et al.
1989). Syngeneic
inoculation was chosen for controlling for nonspecific.

INDEXING KEY WORDS:
•
•

dietary • nucleotides
lymphocyte • immunity
1. Presented at the symposium ―Nucleotides and Nutrition‖ held in
The symposium was co•
sponsored by the American Institute of Nutrition and Wyeth·
Ayerst International. Funding for the symposium and the publi•
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supplement was W. Allen Walker, Massachusetts General Hospital,
149 13th Street, Charleston, MA 02129.
2. The costs of publication of this article were defrayed in part by
the payment of page charges. This article must therefore be hereby
marked "advertisement" in accordance with 18 USC section 1734
solely to indicate this fact.
3. Abbreviation used: NF diet, nucleotide-free diet; NFA diet,
nucleotide-free diet plus 0.06% adenine; NFR diet, nucleotide-free
diet plus 0.25% RNA; NFU diet, nucleotide-free diet plus 0.06%
uracil; PF diet, protein-free diet.
New Orleans, LA, March 28, 1993.

Conditional requirements for dietary substrates
have become important considerations in human
nutrition. The best defined of these substrates are
amino acids, such as arginine, which are required for
growth in infants and for maintaining host immune
responses in animals. Another amino acid, histidine, is
required by persons with chronic renal failure.
Nucleotides are ubiquitous i n cells, in either monomeric
or polymeric form, and are vital for the function
of the organism. The metabolism and importance of
these substrates have been reviewed in this supplement.
[Bustamante et, al. 1994, Carver 1994,
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immune stimulation. After inoculation, the mice
were either continued on the PF diet or switched to a

nucleotide-free INFI, nucleotide- free plus
0.25% (NFR), nucleotide-free plus 0.06%

RNA

uracil
(NFU), nucleotide-free plus 0.06% adenine INFAJ
or commercial diet [containing -0.25% RNA by
weight based on analysis in our laboratories). The
mice were weighed daily, and were killed 7 d after
inoculation. The popliteal lymph nodes from both hind
limbs were harvested, and a stimulation index of
immune responsiveness was calculated by dividing
the weight of the allogeneically stimulated nodes by
contralateral
nodes.
the weight of popliteal
the
All mice that were switched from a PF diet
regained the weight that they had lost. No difference
was noted in the weight restoration between these
groups. In contrast, the mice that were maintained on
the PF diet continued to lose weight, and their weight
loss was 30% when they were killed.
The restoration of immunity depended on the
presence of either RNA or uracil in the diet. In the
mice maintained on the NF diet, even though they
~regained the lost weight, the immune response was
equivalent to that in the mice continued on the PF
diet (Table 1) Thus, providing calories and protein
alone is insufficient to reverse the immunosuppression induced by protein starvation. Dietary
nucleotides or dietary pyrimidines were necessary
to
restore
the lost immune function [Pizzini et al. 1990).
These findings, if extended to humans, may help
ex•
plain the lack of association in previous clinical
studies of an improved nitrogen balance after nutri•
tional support with any change in the infection or
mortality rates.

INFLUENCE OF NUCLEOTIDES ON
HOST RESPONSE TO INFECTION

The studies discussed above focused on the
fluence of dietary nucleotides on lymphocyte
function and cellular immunity. To test the
hypothesis that these findings altered the host
re•
sponse to infective organisms, we intravenously in·
oculated BALB/c mice that were fed an NF, NFR,
NFU, NFA or commercial diet with either fungal
!Candida albicans) or bacterial IStaphylococcus
aureus) pathogens. The amount of RNA, pyrimidine
[uracil] or purine [adenine] was calculated on the basis
of the amounts of The nucleotides or nucleobases
present in a normal commercial diet. All mice were
maintained on the assigned diets for 3 wk before
inoculation. In the mice inoculated with C. albicans,
survival was significantly greater IP < 0.02) in
those fed the NFR and NFU diets than in those fed
the NF and NFA diets [Fanslow et al. 1988).
Decreased resis• tance to fungal infection was
reflected in the ability to culture more viable
organisms from the spleens of
162

the animals fed the NF and NFA diets, a finding
because of the importance of cellular immunity in
In study of the influence of the diet on resistance
to bacterial infection, a dose of
aureus that was
lethal in 50% of mice fed a commercial diet resulted
in 100% mortality when it was given to mice fed an
NF diet. Supplementation with RNA or uracil
resulted in increased survival after inoculation with
the bacteria, but supplementation with adenine had
no beneficial effect [Kulkarni et al. 1986). Because
cellular immunity is not known to have an important
role in host defenses against gram positive bacterial
infections, the macrophage responses were examined.
The phagocytic ability of the macrophages could not
account for the differences in survival. Macrophages
isolated from the NFR group had a greater ability to
engulf radiolabeled bacteria and no difference
was observed in the phagocytic ability of
macrophages isolated from the NF and commercial
groups, yet the mortality was higher in NF diet fed
Instead, the bactericidal ability of splenic
macrophages after phagocytosis appeared to correlate
with in vivo resis-tance to
aureus. The ability to
kill engulfed
teria was greater in the mice fed
the NFR, NFU and commercial diets than in those
fed the NF and NFA diets. Further studies showed
that the production of superoxides in macrophages
from animals fed the NF diet was less than that in
animals fed the NFR and chow diets [Kulkarni et
al.
Thus, the
quirement for dietary
nucleotides appeared to be im-portant
for
nonspecific as well as specific host defenses
These studies are significant for two reasons. First,
bacteria and fungi are important pathogens in
cally
hospitalized patients and are major
butors to morbidity and
Second, all total
parenteral
on solutions and most enteral
These studies
feeding solutions are
patients of
suggest that depriving these critically
dietary nucleotides might adversely affect their
ability to fight infection.

INFLUENCE OF NUCLEOTIDES ON
LYMPHOCYTE RESPONSIVENESS
The finding that macrophage as well as lymphocyte
function appears to depend on exogenous
nucleotides has suggested a more basic role for
these
a mouse model of bone marrow transplantation to
study acute
-host disease the ability to
cause
host
disease in H2-incompatible
irradiated recipients was less in donors maintained
on an NF diet than in donors fed commercial diet
[Kulkarni et al.
The influence is not
The bility to cause graft-vs.-host
disease was
suppressed in radi- ation chimera donors fed the NF

025%)
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tinal cancer
The caloric intake was
con trolled for in this study, which resulted in the
Impact group receiving significantly more nitrogen
than the Osmolite group,
as expected, the
nitrogen balance was better in the Impact group
However, no matter how large the positive nitrogen
balance in the Osmolite group, no improvement in
the immune
re- sponse
and
no
association
between
the nitrogen balance and the immune
function
noted ain statistically
this
group.
In were
contrast,
significant
provement in the immune function was demonstrated in the Impact group The clinical
associated with this improved immune response was
outcome
a 70% reduction in infectious and wound complica•
tions in the Impact group
% incidence) from that
in the Osmolite group (37% incidence). This reduced
complication rate resulted in a 22 reduction in the
length of hospitalization in the Impact group
The results of these two comparative clinical
studies suggest that specially formulated enteral solu•
tions that contain nucleotides favorably influence the
outcome in hospitalized patients. Enteral feeding
so• lutions that have not been evaluated for their
effects on the immune response may not be
optimum for critically
patients.

SUMMARY
was less. The patients were examined before enteral
Exogenous nucleotides appear to support normal
feeding and throughout the course of the study for
nonspecific and specific immune defenses. Investigalymphoproliferative responses to phytohemagglu•
tions in animal models and recent clinical literature
concanavalin A and tetanus toxoid
suggest that administering dietary nucleotides will
Both groups of patients remained on study for an
average of 9 The average total duration of hospitali•
help to minimize infectious complications, improve
zation was 37 d in the Impact group and 55 d in
clinical outcomes and provide the most cost-effective
the
nutritional support
Osmolite group. Because of the small number of patients and the wide standard error, this difference was
not statistically significant. However, the trend is
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Abstract
Curr Opin Clin Nutr Metab Care. 2001 Jan;4(1):5764.

Grimble GK , Westwood OM.

Dietary nucleotides, like glutamine, have attracted attention as a key ingredient missing
from nutritional formulae for many years. They are the building blocks of tissue RNA and
DNA and of ATP and their presence in breast milk has stimulated research in babies
which has indicated that supplementation of infant formula milk leads to improved
growth and reduced susceptibility to infection. Animal studies have confirmed some of
these data. In particular, dietary nucleotides modulate immune function, promote faster
intestinal healing and have trophic effects on the intestine of parenterally-fed rats which
are similar to those resulting from glutamine supplementation, but at much lower
intakes. Nucleotide supplementation has also been shown to improve some aspects of
tissue recovery from ischaemia/reperfusion injury or radical resection. There is,
however, a fundamental paradox. The intestine and liver possess powerful homeostatic
mechanisms which degrade intake of purines and pyrimidines (i.e. salvage) and replace
it with de novo synthesised output. It is possible that peripheral tissues receive only
small amounts of nucleotides of dietary origin. Previously, nucleotides have been
proposed as being conditionally essential nutrients that provide an adequate supply of
purines and pyrimidines for nucleic acid synthesis in neonates or in the stressed patient.
This review explores this puzzle in the light of recent data from nutritional studies and
from research into purinergic signalling in the intestine, heart and cells of the immune
system. We propose that dietary nucleotides should be considered within a
pharmacological and metabolic framework.
PMID: 11122561 [PubMed - indexed for MEDLINE]
http://www.ncbi.nlm.nih.gov/pubmed/111225
61
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Abstract
Acta Medica (Hradec Kralove). 2004;47(3):1636.

Slízová D , Síma P, Richter J, Krs O, Zavadilová J.

The gastrointestinal tract epithelium plays an important role not only in digestion and
absorption of nutrients, but also in antigen and pathogen signal translocation toward
the gut associated lymphoid tissue. Malnutrition in various degrees is recognized as
the most common cause of the immune system dysfunction. Research done in the
past several years has revealed that dietary nucleotides (dNT) represent an
essential compound of nutrition because of their importance in metabolic pathways,
energetic processes and nucleic acid synthesis during tissue renewal. Much
evidence accumulated suggests that dNT are essential for the growth and
maturation of the gut epithelia. In previous experiments we have documented
immunoregulative properties of dNT-containing extracts. In this study Balb/c female
mice were fed (1) standard diet, (2) dNT-supplemented diet, and
(3) dNT-supplemented water for 4 weeks. The supplement in dose of 100 mg/kg/l
comprised original extract (Imuregen, Náchod, Czech Republic). Samples of
terminal ileum in each dietary group were removed for histological examination.
The length of villi was evaluated by computer morphometry. The highest growth of
intestinal villi was observed in group administered dNT-supplemented water. We
have found no pathological changes of intestinal epithelium in any experimental
group.
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Dietary nucleotides have been re portedly beneficial, especially for infants, since they positively influence lipid
metabolism, immunity, and tissue growth, development and repair. Rapidly proliferating tissues, such as the immune system or
the intestine are not able to fulfil the needs of cell nucleotides exclusively by de novo synthesis and they preferentially
utilize the salvage pathway recovering nucleosides and nucleobases from blood and diet. In the present review we describe
the modulatory effect of dietary nucleotides on the immune system together with some of their effects on gut-associated
lymphoid tissue. Dietary nucleotides influence lymphocyte maturation, activation and proliferation. Likewise, they affect the
lymphocyte subset populations in both the small intestine and blood. Moreover, they are involved in enhancing macrophage
phagocytosis and delayed hypersensitivity as well as allograft and tumour responses. In addition, they contribute to the
immunoglobulin response in early life, having a positive effect on infection. In fact the incidence and duration of acute
diarrhoea is lower in infants fed supplemented-nucleotide formulas. The molecular mechanisms by which dietary nucleotides
modulate the immune system are practically unknown. Dietary nucleotides have been shown to enhance the production and
the genetic expression of IL-6 and IL- 8 by foetal small intestinal explants. Dietary nucleotides may influence protein
biosynthesis as well as signal membrane transduction mediated by the interaction of exogenous nucleosides and their
receptors may also contribute to modulate the expression of a number of genes, some of which can directly affect the levels of
intestinal cytokines.
European Journal of Clinical Nutrition (2002) 56, Suppl 3, S1 – S4.
doi:10.1038=sj.ejcn.1601475
Keywords: dietary nucleotides; immunity; gut-associated lymphoid tissue

Introduction

20% of the non-protein nitrogen and nucleotide patterns are species
specific (Gil & Uauy, 1995). Although nucleotide deficiency has
not been related to any particular disease, dietary nucleotides
have been reported to be beneficial for infants since they
positively influence lipid metabolism, immunity,
and
tissue
growth,
development
and
repair (Carver & Walker, 1995;
Sa¨nchez-Pozo et al, 1999; Gil, 2001).
Rapidly proliferating tissues, such as the immune system or the
intestine are not able to fulfil the needs of cell nucleotides
exclusively by de novo synthesis and they pre- ferentially utilize
the salvage pathway, recovering nucleo- sides and nucleobases
from blood and diet. An exogenous supplement of these
compounds through the diet may be essential to sustaining
growth and to maintain the cellular function in these tissues
(Uauy et al, 1996; Gil, 2001).
The modulator effects of nucleotides on the intestinal and
immune tissues have been traditionally considered as separate
issues. However, nowadays it is well known that both are closely
related, not only because a significant proportion of intestinal
cells are of immune origin but also because

Nucleotides are low molecular weight intracellular compounds,
which play key roles in nearly all biochemical processes. Nucleotides
are naturally present in all foods of animal and vegetable origin as
free nucleotides and nucleic acids. Concentrations of RNA and DNA
in foods depend mainly on their cell density. Thus, meat, fish and
seeds have a high content of nucleic acids and milk, eggs and
fruit have relatively lower levels. The total content of RNA
oscillates between 50 and 400mg =100g for animal viscera, 80 and
350 mg=100 g for marine foods and 140 – 490 mg =100g for dry
leguminosae. Soluble nucleotides are present in milk from
various mammals, contributing up to
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intestinal epithelial cells can produce immunomodulatory
molecules, such as cytokines, which regulate the immune
response (Walker, 1996). Following these considerations, in
the present review we describe the modulator effect of diet- ary
nucleotides on the immune system together with some of their
effects on gut-associated lymphoid tissue. Finally, we discuss
the potential molecular mechanisms by which dietary
nucleotides influence the immune response.

Nucleotide effects on
activation and proliferation

lymphocyte

maturation,

The terminal deoxynucleotidyl transferase (TdT) enzyme has
been referred to as an index of the immaturity of lymphocytes. Mice fed on a nucleotide-free diet have shown a higher
percentage of TdT-positive cells proceeding from the thymus
and the spleen than those fed on a diet supplemented with
RNA, adenine or uracil, suggesting that dietary nucleotides
could stimulate the maturation of lymphoid cells. The suggested mechanism proposes that dietary nucleotides exert a
predominant effect upon the initial phase of antigen processing and lymphocyte proliferation suppressing the uncommitted T lymphocyte responses, as demonstrated by higher
levels of TdT for undifferentiated lymphocytes in primary
lymphoid organs in mice fed a nucleotide-free diet (Kulkarni et
al, 1989). On the other hand, a regulatory role of dietary
nucleotides in immuno-hematopoiesis has also been proposed (Rueda & Gil, 2000).
Dietary nucleotides have been reported to enhance the
maturation of enterocytes both at weaning and during adult life
in rats (Uauy et al, 1996). Since enterocytes are not only
absorptive
cells
but
they
are
also
involved
in
processes related to the immune response, namely in cytokine
produc- tion and antigen presentation, it might be assumed
that dietary nucleotides may contribute to the maturation of
the gut-associated lymphoid system.
There is numerous evidence demonstrating that exogenous nucleotides increase the proliferative response to T cell
dependent mitogens (PHA, ConA, PWM) whereas no effects
are seen when B cell dependent mitogens are used; this has
been reviewed extensively in previous works (Kulkarni et al,
1989; Jyonouchi et al, 1994; Carver & Walker 1995; Gil et al,
1997, Rueda & Gil, 2000; Gil, 2001).
In animal models stimulated with allogenic spleen cells,
dietary
nucleotides
enhance
the
lymphoproliferative
response, particularly during the recovery of protein-energy
malnutrition and it has also been reported that in nucleotide-starved rats the parenteral administration of a mixture
of nucleotides and nucleosides (OG-VI) determined an
increase in the lymphoproliferative response to ConA in
spleen cells. It has also been demonstrated that Balb=c
and DBA=2 mice present an increase in the popliteal lymph
node blastogenic response to antigens, allogens and
mitogens when they are fed with a diet supplemented with a
mixture of nucleosides and nucleotides (Kulkarni et al, 1989; Gil
et al,
1997, Rueda & Gil, 2000; Gil, 2001).
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Dietary nucleotides and lymphocyte
subpopulations
It has been reported that there are no major
differences in the T and B lymphocyte subpopulations
between mice fed on diets enriched in RNA, uracil or
adenine, compared with to those fed a diet without
nucleotides. The effects of
dietary nucleotides on
lymphocyte subset populations in preterm infants have
been reported recently: CD4þ cells from children fed
the nucleotide formula showed a significantly higher
percentage than those fed the standard formula at 10
days of life (Navarro et al, 1999).
Modulation of the macrophage phagocytic activity by
dietary nucleotides

A number of reports have related dietary nucleotides and
macrophage activity. In mice inoculated with S. aureus,
the phagocytosis of microorganisms was lower in those that
were fed on a nucleotide-free diet than in those fed on
a diet supplemented with RNA or adenine. Dietary
nucleotides enhance the interaction of macrophages and T
cells, explaining the higher susceptibility of mice fed a
nucleotide-free diet to Candida infection (Kulkarni et al,
1989).

Nucleotide modulation of the delayed
hypersensitivity and allograft and tumour
responses
The first studies worked out to determine the effects
of dietary nucleotides showed that mice fed a
nucleotide-free diet and previously challenged with an
intravenous stimulus of sheep red blood cells (SRBC)
exhibited an enhanced delayed cutaneous response
when these cells were injected in the mice legs. An
increase in the delayed hypersensitivity response to SRBC
and to DNFB in BALB=c and DBA=2 mice fed a diet
supplemented with a mixture of nucleotides and
nucleosides has also been reported (Kulkarni et al,
1989; Carver & Walker, 1995; Rueda & Gil, 2000).
One of the most studied models to ascertain the
influence of dietary nucleotides on immunity is the
evaluation of the response of the host against allografts.
The duration of heart allografts implanted on mouse ear
was shown to increase when the diet was devoid of
nucleotides; the addition of yeast RNA to the diet resulted
in a reduced period of allograft survival. Likewise, the use
of cyclosporine as an immuno- suppressor agent in
mice had a synergic effect when com- bined with a
nucleotide-free diet, leading to a higher period of allograft
survival (Kulkarni et al, 1989). However, no differences
were seen when mice were inoculated with a
fibrosarcoma or the LSTRA syngenic lymphoma, which
is highly agressive (Navarro et al, 1996).
Natural killer (NK) cells are one of the main populations
involved in the immune response against transformed cells.
The activity of NK cells is increased in the mice fed a
diet supplemented with nucleotides respect to those fed
a diet without nucleotides. Likewise, Carver has shown in
human

newborns, that NK cell activity at the second month of life is
increased in infants fed formula supplemented with nucleotides (Carver & Walker, 1995).

Modulation of immunoglobulin production by
nucleotides
Experiments carried out in mice fed a nucleotide-free diet for 3
weeks have shown a profound decrease of specific antibody
responses to T cell-dependent antigens and a retained
response to T cell-independent antigens and lypopolysaccharide (Jyonouchi et al, 1994). Likewise, a mononucleotide – nucleoside mixture used in experimental total
parenteral nutrition,
restored
the humoral
immune
responses to T cell-dependent antigens in mice fed a nucleotide-free diet. However, this solution did not show any effect on
the in vitro specific antibody production in response to T celldependent antigens. More recently, our work group has
reported in BALB=c mice that the addition of nucleotide
mixtures to a nucleotide-free diet resulted in an increase in the
response of haemolytic IgG-forming cells induced by
previous immunization with sheep erythrocytes; when the
diet was supplemented with single nucleotides, AMP, GMP or
UMP increased the IgG response whereas CMP and IMP had
no effect. GMP was the only nucleotide that increased the
haemolytic IgM-forming cell response (Navarro et al, 1996).
In recent years, our group has done a series of studies to
determine the influence of dietary nucleotide supplementa- tion
to infant formulas on the levels of circulating antibodies in
preterm infants. Total serum IgM and IgA levels increased
significantly for the first 3 months of life, whereas no
differences were detected for serum IgG; levels of IgE
were undetectable (Gil et al, 1997; Navarro et al, 1999).
Another study with preterm infants showed higher concentration
of specific IgG against a-casein and b-lactoglobulin for the first
month of life in newborns fed a low-birth-weight infant
nucleotide-supplemented formula (Mart´ınez-August´ın et al,
1997). In a third study, the influence of dietary nucleotide
supplementation on the recovery of infected and malnourished children has been evaluated (Rueda & Gil, 2000).
Refeeding after malnutrition did not produce any significant
changes either in serum total and specific immunoglobulins
against a-casein and b-lactoglobulin or in saliva IgA levels
(Mart´ınez-August´ın et al, 1997). Finally, a recent study
has also shown that dietary nucleotides may modulate
the immune response in normal infants, enhancing the production of specific IgG against low response antigens, namely H.
influenzae type b, a bacterium responsible for meningitis
episodes in early infancy (Pickering et al, 1998).

Dietary nucleotides and defence against infection
Animals injected intravenously with C. albicans or Staphylococcus aureus and fed a nucleotide-free diet had a significantly
lower survival rate than mice fed RNA, adenine or uracil
supplemented diets. On the other hand, intraperitoneal
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administration of a nucleoside – nucleotide mixture for 14
days was associated with reduced translocation of Gramnegative enterics to the mesenteric lymph nodes and
spleen in comparison to control animals. The extent of the
damaged mucosa was greater in controls and these animals
were more susceptible to the lethal effects of the endotoxin
lipopolysaccharide from E. coli, which suggests that dietary
nucleotides may block the bacterial translocation by preventing endotoxin-induced mucosal damage (Kulkarni et al,
1989; Carver & Walker, 1995, Gil, 2001).
One of the potential mechanisms by which nucleotides
reduce the incidence of infection is the modulation of the
intestinal microflora. Our group reported for the first time
that nucleotide supplementation to an infant formula
reduced the counts of enterobacteria and increased
the counts of bifidobacteria in the fecal microflora (Gil & Uauy,
1995; Uauy et al, 1996). These results suggested that nucleotides could act as prebiotics favouring the proliferation of the
beneficial flora and inhibiting that of potential pathogens.
These results support clinical findings showing a low incidence of acute diarrhoea in infants fed nucleotide supplemented formula in developing (Brunser et al, 1994) and
developed countries (Pickering et al, 1998).

Potential mechanism of action of dietary
nucleotides
It has been proposed that dietary nucleotides exert effects
upon cellular immune functions by acting on the T-helper=inducer population with the predominant effect on the
initial phase of antigen processing and lymphocyte proliferation. The suggested mechanism would be the suppression
of uncommitted T-lymphocyte responses as demonstrated by
higher activities of deoxynucleotidyl transferase, a marker of
undifferentiated lymphocytes, in primary lymphoid organs of
mice fed a nucleotide-free diet (Kulkarni et al, 1989).
Another hypothesis is that exogenous nucleotides may
modulate T-helper (Th) cell-mediated antibody production
(Jyonouchi et al, 1994). It has been suggested that dietary
nucleotides may favour the balance of T cell differentiation to
Th-2 cells, which are mainly involved in the B-cell
response and in the suppression of pro-inflammatory reactions induced by Th-1 cells.
The molecular mechanisms by which dietary nucleotides
modulate the immune system are practically unknown. It
has been suggested that the small intestine should play a key
role in the regulatory effects of nucleotides upon the
immune response. The gut-associated lymphoid tissue can
initiate and regulate T cell development and may act as a
thymus analogue (Walker, 1996). Dietary nucleotides have
been shown to enhance the production and the genetic
expression of IL-6 and IL-8 by foetal small intestinal explants
when challenged with IL-1 beta, the response being
nucleotide concentration dependent. Furthermore, the addi- tion
of AMP to the culture media resulted in the suppression of crypt
cell proliferation followed by the restoration of

Figure 1

Potential mechanism of action of dietary nucleotides on immunity.

differentiation and the induction of apoptosis across the
human small intestinal epithelium (Sa´nchez-Pozo et al,
1999). Dietary nucleotides may influence the protein biosynthesis by regulating the intracellular nucleotide pool. In
addition, signal membrane transduction mediated by the
interaction of exogenous nucleosides and their receptors
may also contribute to modulate the expression of a
number of genes, some of which can directly affect the
levels of intestinal cytokines (Figure 1).
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SUMMARY
Chromosomal instability in early cancer stages is caused by stress on DNA replication. The
molecular basis for replication perturbation in this context is currently unknown. We studied the
replication dynamics in cells in which a regulator of S phase entry and cell proliferation, the RbE2F pathway, is aberrantly activated. Aberrant activation of this pathway by HPV-16 E6/E7 or
cyclin E oncogenes significantly decreased the cellular nucleotide levels in the newly transformed
cells. Exogenously supplied nucleosides rescued the replication stress and DNA damage and
dramatically decreased oncogene-induced transformation. Increased transcription of nucleotide
biosynthesis genes, mediated by expressing the transcription factor c-myc, increased the
nucleotide pool and also rescued the replication-induced DNA damage. Our results suggest a
model for early oncogenesis in which uncoordinated activation of factors regulating cell
proliferation leads to insufficient nucleotides that fail to support normal replication and genome
stability.

INTRODUCTION
NIH-PA Author Manuscript

Oncogenesis drives cell proliferation by interfering with various cellular pathways. One
such pathway is the retinoblastoma (Rb) E2F pathway (Rb-E2F), an important regulator of
cell proliferation. Rb is a key player in cell-cycle regulation, restricting cell proliferation by
direct inhibition of the E2F family of transcription factors (van den Heuvel and Dyson,
2008). One oncogene deregulating the Rb-E2F pathway is the human papillomavirus (HPV)
E7, which binds and degrades Rb. This degradation leads to aberrant activation of the E2F
family of proteins, which promotes cell proliferation and DNA synthesis. HPV infection is
the major cause of cervical cancer in women.
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Another oncogene that aberrantly activates the Rb-E2F pathway is cyclin E, which is
overexpressed in many cancers, including carcinomas, lymphomas, leukemias, and sarcomas
(Akli and Keyomarsi, 2003). Cyclin E regulates S phase entry by Rb phosphorylation and
inactivation, facilitating E2F release. Overexpression of cyclin E greatly accelerates S phase
entry in cultured cells (Ohtsubo and Roberts, 1993).
Aberrant activation of the Rb-E2F pathway leads to the formation of DNA double-strand
breaks (DSBs) and chromosomal instability (Frame et al., 2006; Pickering and Kowalik,
2006). This leads to senescence or apoptosis, providing a barrier to cancer progression. In
order to overcome this barrier, the high-risk HPV expresses the E6 oncoprotein, which
induces proteasomal degradation of p53, thus avoiding cell-cycle arrest or apoptosis. Hence,
together, E6 and E7 enable proliferative activity of HPV-infected cells (Duensing and
Münger, 2004). In cancers involving cyclin E overexpression, additional mutations
abrogating the DNA damage response are required to overcome the apoptosis/senescence
barrier (Gorgoulis et al., 2005).
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Chromosomal instability is a hallmark feature of nearly all solid tumors and adult onset
leukemias. This instability develops at early stages of cancer neoplasia and can be detected
even in premalignant lesions (Duensing and Münger, 2003; Klausner, 2002). Different
mechanisms have been suggested to explain this genome instability, including shortening of
telomeres (Plug-DeMaggio et al., 2004), defective DNA damage repair (Duensing and
Münger, 2002), oxidative stress (Bartkova et al., 2010), and chromosomal segregation errors
(Duensing et al., 2000). These mechanisms contribute mainly to chromosomal changes,
which appear in more advanced stages of cancer development (Gorgoulis et al., 2005). In
early stages, the instability was found preferentially at fragile sites, genomic regions
sensitive to replication perturbation (Gorgoulis et al., 2005). More recently, genomic
instability in early cancer stages was shown to be caused by stress on the DNA replication,
conferred by oncogene expression (Bartkova et al., 2006; Di Micco et al., 2006). However,
the molecular events leading to the formation of replication stress, DSBs, and chromosomal
instability shortly after oncogene expression are still unclear.
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Here, we show that viral (HPV-16 E6/E7) or cellular (cyclin E) oncogenes, leading to
abnormal activation of the Rb-E2F pathway, enforce cell proliferation with an insufficient
pool of nucleotides to support normal DNA replication. This leads to replication
perturbation, DNA damage, and genome instability. Importantly, an exogenous supply of
nucleosides rescues the replication stress, decreases the replication-induced DNA damage,
and reduces transformation of the cells expressing the oncogenes. We suggest that the lownucleotide pool is a result of an unbalanced activation of nucleotide biosynthesis genes. We
further show that activation of the cellular nucleotide biosynthesis pathways increases the
nucleotide pool and rescues the replication-induced DNA damage. Altogether, our study
reveals that nucleotide insufficiency plays an important role in the replication stress and
genomic instability caused by aberrant activation of the Rb-E2F pathway.

RESULTS
As a first step in investigating the early events leading to DNA damage and genomic
instability in cancer development, we studied the effect of aberrant activation of the Rb-E2F
pathway by HPV-16 E6/E7 oncoproteins. For this, we used primary keratinocytes derived
from adult skin biopsies, which have a very poor proliferation capacity ex vivo. The cells
were infected with a LXSN-based retroviral vector, which did not affect cell proliferation or
DNA replication (Figures S1A and S1B available online). Keratinocytes from the same
donor were infected with the LXSN vector containing the HPV-16 E6 and E7 viral genes.
We verified the expression of E6/E7 by RT-qPCR using primers for each of these viral
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genes. Using quantitative real-time PCR (RT-qPCR), we found that the expression level of
E6 and E7 in these keratinocyte cells was ~2 times lower, compared to the level in a cell line
originating from HPV16-induced cervical cancer (CaSki) (Figure S1C), showing that the
E6/E7 expression in keratinocytes is at physiological levels. As expected, E6 and E7
transcripts were detected only in keratinocytes infected with the E6/E7 vector and not in the
primary keratinocytes of the same donor (data not shown). Importantly, the E6/E7expressing cells continued to proliferate at least 100 days, indicating their successful
immortalization. These results show that E6/E7 genes were expressed and enforced
continuous proliferation of the infected keratinocytes. In order to investigate early events
induced by E6/E7 expression, the experiments were performed in newly transformed cells
2–6 weeks following E6/E7 infection and before anaphase bridges and micronuclei are
visible.
HPV-16 E6/E7 Expression Generates Stress on the Cellular DNA Replication
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In order to investigate the effect of HPV on the cellular DNA replication, we took advantage
of the DNA combing approach, which enables replication analysis on single DNA
molecules. The newly synthesized DNA labeled with IdU and CldU was detected by
fluorescent antibodies (green and red, respectively) (Figure 1A). The replication dynamics
were studied in normal primary keratinocytes obtained from adult skin samples of two
individuals and in keratinocytes from the same donors expressing E6/E7 proteins for 2–6
weeks.
First, we analyzed the effect of E6/E7 expression on the cellular DNA replication fork rate
(Figure 1B). The results show a dramatic decrease in the mean replication rate, from 1.3 ±
0.06 Kb/min (n = 130) in human primary keratinocytes to 0.75 ± 0.05 Kb/min (n = 144) in
cells expressing E6/E7 (p < 1.5 × 10 –14). Importantly, a dramatic increase in the percentage
of very slow forks was observed following E6/E7 expression (Figure 1B). Similar results
were obtained in the analysis of keratinocytes from another donor (Figure S2A). These
results indicate that, shortly following expression of the viral E6/E7 proteins, there is a
significant decrease in DNA fork progression rate.
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The two replication forks emerging from the same origin tend to exhibit the same replication
rate (Conti et al., 2007). However, under replication stress conditions, perturbed fork
progression might lead to asymmetric progression of the outgoing forks (Di Micco et al.,
2006). Hence, we compared the progression of the left and right forks emerging from the
same origin in primary and E6/E7-expressing keratinocytes from the same donor. As
previously suggested (Conti et al., 2007), a symmetric progression of the two forks was
considered when the ratio of left and right forks was > 0.75. The analysis revealed a
significantly decreased symmetry between the right and left fork progression in the E6/E7expressing cells compared to the primary cells (p < 3 × 10 –6). In the primary replicating
cells, the mean ratio was 0.81 ± 0.01 (n = 156), and only 23% of the replication bubbles
showed asymmetric dynamics. In contrast, in the E6/E7-expressing cells, a poor symmetry
was found with a mean ratio of 0.71 ± 0.01 (n = 194), and 47% of the origins showed
asymmetric replication progression (Figure 1C and Figure S2C). This indicates that, a short
time following E6/E7 expression, the processivity of the DNA replication machinery is
perturbed.
Previous studies indicate that slow fork progression correlates with increased number of
active origins (Anglana et al., 2003; Courbet et al., 2008; Ge et al., 2007). Hence, we studied
the effect of E6/E7 proteins on the origin density by measuring the distance between two
adjacent origins. The results showed that the mean origin distance in the primary
keratinocytes was 187 ± 26 Kb (n = 67), whereas in the E6/E7-expressing keratinocytes, it
was significantly shorter, only 121 ± 24 Kb (n = 93) (p < 5 × 10–5). Furthermore, a dramatic
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increase in the fraction of molecules with very short origin distance was observed following
E6/E7 expression (Figure 1D). Similar results were obtained from other donors (Figure S2B
and data not shown). These results indicate that E6/E7 expression leads to activation of an
increased number of origins. Altogether, the replication dynamic results show that, in newly
transformed E6/E7-expressing cells, the host cell DNA replication is dramatically perturbed.
Chronic HPV-16 E6/E7 Expression Causes a Change in the Programmed Activation of
Dormant Origins
Dormant origins activation could occur in S phase to enable completion of DNA synthesis in
perturbed replicons (Ge et al., 2007). In this case, a difference in the firing time of adjacent
origins is expected. Alternatively, dormant origins could already be licensed in G1 as a
cellular response to chronic replication stress (Courbet et al., 2008). In this case, a
synchronic replication time between adjacent origins is expected.

NIH-PA Author Manuscript

In order to study the dynamics of origin firing as a result of the viral E6/E7 expression, we
estimated the relative firing time of every two adjacent origins in the analyzed fibers (Figure
S2D). In primary keratinocytes, the mean difference in firing time between two adjacent
origins was 26 ± 3.1 min (n = 50). No significant difference (p > 0.95) in firing time was
observed in primary keratinocytes expressing E6/E7 (mean of 26 ± 3.8 min [n = 89]) (Figure
1E). These results support the possibility of programmed activation of dormant origins in G1
prior to the replication initiation in S phase.
HPV-16 E6/E7 Expression Leads to Loss of Heterozygosity at Common Fragile Sites
Chromosomal instability can lead to loss of heterozygosity (LOH). Previous studies have
demonstrated that, in early stages of cancer development, the instability occurs preferentially
in genomic regions that are sensitive to replication stress, defined as fragile sites (Bartkova
et al., 2005; Di Micco et al., 2006; Gorgoulis et al., 2005; Tsantoulis et al., 2008). Later in
cancer development, the instability is found along the entire genome (Gorgoulis et al.,
2005). LOH analysis was performed using single-nucleotide polymorphism (SNP) array. The
heterozygosity in primary keratinocytes was compared to that in keratinocytes expressing
E6/E7 for 100 or 250 days.
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The results showed that, 100 days following expression of E6/E7, 1.4% of the informative
SNPs in the entire genome revealed LOH, indicating that E6/E7 expression leads to genome
instability. The instability is dramatically increased with time, and after 250 days, 17% of
the informative SNPs showed LOH. In the fragile sites, the most replication-sensitive sites
(FRA3B, FRA16D, and FRA7G) revealed 4.1% LOH after 100 days, which is significantly
higher than found in the entire genome (p < 0.0024). After 250 days, even less-sensitive
fragile sites showed significantly higher LOH frequency (p < 9 × 10–4) (Table S1),
indicating a preferential instability along common fragile sites. In several fragile sites, a
dramatic LOH of 31% (FRA11E) and 50% (FRA9G) was found. These results indicate that,
in early stages of cancer development, the replication stress caused by E6/E7 expression
leads to increased genomic instability at the most sensitive fragile sites, followed by
instability at other fragile regions. As previously shown, in later stages of cancer
development, a massive genomic instability is found in fragile and nonfragile regions in the
genome (Gorgoulis et al., 2005).
Copy number variation (CNV) analysis of the same experiment revealed after 100 days a
loss of chromosome 8p and a gain of the entire chromosome 20 in the E6/E7-expressing
cells. Interestingly, chromosome 20q amplification is recurrently observed in cervical
carcinoma cells (Tsantoulis et al., 2008). Analysis of cells expressing E6/E7 for 250 days
revealed additional amplifications, which frequently appear in cervical cancer (Table S2),
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mainly in chromosomes 8q, 7p, and 11q (Harris et al., 2003). Overall, the LOH and CNV
results indicate that similar instability events are found in ex vivo and in vivo cell
proliferation and transformation processes.
A Low-Nucleotide Pool in Cells Expressing HPV-16 E6/E7 Leads to Replication Stress,
Genome Instability, and Tumorigenicity
The replication dynamics is largely determined by the size and balance of the nucleotide
pool (Anglana et al., 2003; Courbet et al., 2008). Hence, we studied the effect of E6/E7 on
the nucleotide pool using the high-performance liquid chromatography (HPLC) method. Our
results show a 2- to 5-fold decrease in the level of the four dNTPs following E6/E7
expression for 2–4 weeks (Figure 2A and Table S3A). Interestingly, a 2-fold decrease was
also found in the level of all ribonucleotides (rNTPs) (Figure S3A and Table S3B),
indicating that the nucleotide biosynthesis is disturbed upstream in the pathway. These
results suggest that the replication perturbation and genomic instability found in the E6/E7expressing cells result from an insufficient nucleotide pool required to support extensive
proliferation.
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In order to test this hypothesis, we analyzed whether exogenous supply of nucleosides can
modulate the replication dynamics in E6/E7-expressing cells. For this, primary keratinocytes
and keratinocytes expressing E6/E7 for 2–4 weeks were grown for 48 hr in a medium
supplemented with the four nucleosides (A, U, C, and G). Evaluating the replication
dynamics using DNA combing revealed that exogenous supply of nucleosides to
keratinocytes expressing E6/E7 led to a dramatic increase in the replication rate to an
average of 1.1 ± 0.06 Kb/min (n = 155), as compared to 0.75 ± 0.05 Kb/min (n = 150) (p = 8
× 10–7) in the same cells grown in a normal medium (Figure 2B). Moreover, the average
replication rate after supply of exogenous nucleosides reached 90% of the mean fork rate in
primary keratinocytes. Similar results were obtained using cells from another donor (Figure
S3B). It is important to note that exogenous supply of nucleosides had no effect on the
replication rate and interorigin distances of normal primary keratinocyte cells (1.2 ± 0.04
Kb/min [n = 83]; 129 ± 11 Kb [n = 42]) (Figures S3D and S3E).
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Subsequently, we studied the effect of exogenous nucleosides supply on the interorigin
distances. In accordance with the replication rate, E6/E7-expressing cells supplied with
nucleosides showed a dramatic increase in the average interorigin distance compared to that
of E6/E7 cells grown in a normal medium, 165 ± 12 Kb (n = 89) and 120 ± 10 Kb (n = 93) (p
= 8 × 10–7), respectively. Whereas E6/E7-expressing keratinocytes exhibited in 45% of the
cases an origin distance < 80 Kb, after supply of exogenous nucleosides, the fraction of these
distances was only 22% (Figure 2C). Similar results were obtained using cells from another
donor (Figure S3C).
Our LOH results revealed that replication-induced DSBs are generated following E6/E7
expression. Hence, we further investigated whether exogenous supply of nucleosides can
decrease these replication-induced DSBs. For this, we analyzed the formation of γH2AX
foci, known to localize at DSBs (Rogakou et al., 1998). Immunofluorescence analysis using
antibodies directed against γH2AX was performed in cells expressing E6/E7 for 2–6 weeks,
grown in a normal medium and in a medium supplemented with exogenous nucleosides. The
analysis showed a significant decrease in the number of γH2AX foci following exogenous
nucleoside supply compared to cells grown in a normal growth medium, 4 ± 1 (n = 70) and
9 ± 1.1 (n = 52) foci per nucleus, respectively (Figure 2D) (p < 7 × 10 –4). Importantly, a
high level of γH2AX foci (>10 foci per nuclei) was observed in 40% of the nuclei from cells
expressing E6/E7 grown in a normal keratinocyte medium, whereas such a high focus level
was found in only 13% of the cells supplemented with nucleosides for 48 hr.
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Furthermore, 70% of supplemented nuclei revealed a very low focus level (0–2), similar to
that found in > 90% of primary keratinocytes.
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Keratinocyte cells expressing the full-length HPV-16 genome (F1 cells) for 6 weeks
revealed replication stress and DNA damage similar to that observed in cells expressing only
HPV-16 E6/E7 (Figures S4A–S4C). Importantly, both the replication stress and DNA
damage in these cells could be rescued by exogenous supply of nucleosides (Figures S4A–
S4C), indicating that the replication-induced DNA damage indeed results from the
expression of the HPV-16 E6/E7 oncogenes and is not affected by expression of other viral
proteins.
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Altogether, our results show that, following E6/E7 expression, a low-nucleotide pool causes
replication perturbation, leading to genomic instability and increased tumorigenic potential.

We then studied whether the nucleotide pool can modulate oncogene-induced cell
transformation. We tested this using the common in vitro transformation assay that measures
anchorage-independent growth in soft agar. The cells grown in the normal medium showed
a significant (p = 0.02) anchorage-independent growth in soft agar, whereas cells grown in
the nucleoside-enriched medium formed rare and small colonies: 25.3 ± 6 and 2.3 ± 1
colonies per plate, respectively (n = 3) (Figure 2E). It is important to note that exogenous
supply of nucleosides to E6/E7-expressing cells did not affect cell proliferation (Figure
S4D), indicating that the decrease in soft agar colony formation, following exogenous
nucleoside supply, is not due to a decrease in the rate of cell proliferation.

A Low-Nucleotide Pool in Cells Expressing Cyclin E Leads to Replication Stress and
Genome Instability
We further investigated whether aberrant activation of the Rb-E2F pathway by cellular
oncogenes also leads to an insufficient nucleotide pool, required for normal DNA
replication. For this, we expressed the human cyclin E, which is frequently overex-pressed in
human precancerous and cancerous lesions. Cyclin E has a major role in the control of G1/S
transition as it mediates Rb phosphorylation, which inactivates Rb and facilitates E2F
release. Like the viral E7 oncogene, cyclin E activity leads to G1 shortening and forces cells
to enter S phase (Hwang and Clurman, 2005).
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Using retroviral infection, we expressed the human cyclin E in human primary fibroblasts
from healthy donors or immortalized foreskin fibroblasts (BJ cells). The expression of cyclin
E was verified by RT-qPCR and western blot (Figure S5A). First, we measured the
nucleotide levels in BJ cells expressing cyclin E or an empty control vector for 2–4 weeks,
before senescence prevents cell divisions in the tissue cultured cells. The results revealed a
50% decrease (p = 0.03) in the rNTP pool following cyclin E expression (Figure 3A and
Table S3D). Importantly, the dNTP levels decreased dramatically to a level that is below
detection (Table S3C). A similar decrease was found in primary fibroblast cells (Table S3E
and data not shown).
Next, we analyzed the effect of exogenously supplied nucleosides on the replication
dynamics of cells expressing cyclin E. The analysis revealed a significant perturbation in the
replication dynamics following cyclin E expression. The mean fork rate in BJ cells
expressing the empty vector was 1.5 ± 0.03 Kb/min (n = 163), whereas following cyclin E
expression, the rate was significantly slower (1.0 ± 0.03 Kb/min, n = 165) (p < 3 × 10–28).
The fraction of very slow forks (<0.75 Kb/min) was 10 times higher (Figure 3B). Exogenous
supply of the four nucleosides for 48 hr increased fork rate to 1.3 ± 0.03 Kb/min (n = 173),
which constitutes an 87% recovery (p = 6 × 10–6). Similar results were found in primary
fibroblasts from an adult donor expressing the cyclin E oncogene. Fork progression rate
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decreased from 1.2 ± 0.06 Kb/min (n = 125) in the primary cells to 0.8 ± 0.06 Kb/min (n =
62) (p < 2 × 10–7). Exogenous nucleoside supply increased the fork rate to 1.1 ± 0.05 Kb/
min (n = 80), a 92% recovery (p = 0.0002) (Figure S5B).
Subsequently, we analyzed the interorigin distance. The analysis in BJ cells revealed a
significant decrease from 289 ± 25 Kb (n = 45) to 168 ± 14 Kb (n = 34) following cyclin E
expression (p < 2.5 × 10–5). Importantly, exogenous nucleoside supply increased the distance
to 237 ± 14 Kb (n = 46) (p < 4 × 10 –4) (Figure 3C). Similar results were found in primary
fibroblasts. The interorigin distance decreased from 172 ± 12 Kb (n = 47) to 127 ±
15 Kb (n = 27) (p = 0.01) following cyclin E expression, and exogenous nucleoside supply
increased the interorigin distance to 159 ± 11 (n = 42) (Figure S5C). These results indicate
that cyclin E overexpression leads to replication stress that can be rescued by supply of
exogenous nucleosides.
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Next, we studied the effect of exogenous nucleoside supply on the DSBs induced by cyclin
E overexpression. The analysis revealed a significant increase in the level of DSBs following
cyclin E expression, as measured by γH2AX foci: 7.7 ± 1.5 foci/cell (n = 35) to
18.5 ± 1.9 foci/cell (n = 39) in fibroblasts expressing cyclin E (p = 5 × 10–5) (Figure S5D)
and 1.2 ± 1.5 foci/cell (n = 57) to 27 ± 2.5 (n = 110) foci/cell in BJ cells expressing cyclin E
(p = 1 × 10–15) (Figure 3D). As found in E6/E7-expressing cells, exogenous nucleoside
supply decreased the extent of DNA damage in the cyclin E expressing cells to 3.5 ± 2.1
foci/cell in BJ cells (n = 64, p = 8 × 10–13) and 3.3 ± 0.8 foci/cell in primary fibroblasts (n =
44) (p = 5 × 10–9) (Figure 3D and Figure S5D). Altogether, these results indicate that
activation of the Rb-E2F pathway by cellular or viral oncogenes results in an insufficient
nucleotide pool, leading to replication stress and DNA damage. Importantly, this replicationinduced DNA damage can be rescued by exogenous supply of nucleosides.
Activation of the Nucleotide Biosynthesis Pathways Rescues the Replication Stress and
Genome Instability
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We aimed to further understand the molecular basis for the low-nucleotide pool in cells
enforced to proliferate by oncogene expression. Cell proliferation depends on coordinated
activation of the different nucleotide metabolic genes (Liu et al., 2008; Mannava et al.,
2008), which are tightly regulated by the transcription factors and master regulators of cell
proliferation. Hence, we hypothesized that the low-nucleotide pool in oncogene-expressing
cells results from insufficient activation of the nucleotide biosynthesis pathways. In order to
test this hypothesis, we performed unbiased whole-transcriptome analysis of BJ cells in
comparison to BJ cells expressing cyclin E. The analysis revealed that the most significantly
upregulated pathways pertain to cell cycle (p = 1.52 × 10 –15) and DNA replication (p = 3.2 ×
10–12) (Table 1). Importantly, cyclin E expression failed to upregulate the nucleotide
biosynthesis pathways. The expression levels of eight important genes in the purine and
pyrimidine biosynthesis pathways—PPAT, DHODH, ADSL, CTPS, NME1, IMPDH2, TS,
and RRM2—are shown in Figure S6A. We further verified these results using RT-qPCR in
both BJ and keratinocyte cells compared to cells expressing cyclin E or E6/E7, respectively.
The results revealed that, following oncogene expression, the level of most genes was not
altered (six and seven genes, respectively) (Figure 4A, black bars, and Figure S6B). These
results suggest that Rb-E2F aberrant activation enforces cell proliferation but fails to
activate the nucleotide biosynthesis pathway, leading to insufficient pool of nucleotides
required for normal replication.
Nucleotide biosynthesis was recently found to be regulated by c-Myc, a master regulator of
many genes that are involved in DNA replication and cell proliferation (Liu et al., 2008;
Mannava et al., 2008). However, the expression of c-myc is not altered following E6/E7 or
cyclin E expression (Figure 4A, black bars, and Figure S6B) (Gross-Mesilaty et al., 1998).
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Whole-transcriptome analysis of BJ cells expressing retroviral vector containing the human
c-myc cDNA for 3 weeks revealed, as expected, that the most significantly upregulated
pathways are DNA replication (p = 8.34 × 10 –12), cell cycle (p = 5.36 × 10–10), pyrimidine
(p = 7.24 × 10–7), and purine (p = 4.98 × 10–6) metabolism (Table 1 and Figure S6A). It is
worth noting that primary keratinocytes expressing c-myc are unable to proliferate; hence,
the whole-transcriptome analysis could not be performed in these cells.
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It is important to note that Rb-E2F aberrant activation fails to activate many important genes
from the nucleotide biosynthesis pathways, whereas c-myc significantly upregulates the
purine and pyrimidine metabolism pathways. Hence, it was interesting to study the effect of
upregulation of nucleotide biosynthesis pathways by increased c-myc expression in
aberrantly activated Rb-E2F cells. For this, we expressed c-myc in BJ and keratinocyte cells
expressing cyclin E or E6/E7 for 2–4 weeks. Whole-transcriptome analysis in the BJ cells
coexpressing cyclin E and c-myc revealed that the most significantly activated pathways are
DNA replication (p = 2.45 × 10–14), cell cycle (p = 3.34 × 10–8), pyrimidine (p = 4.37 ×
10–8), and purine metabolism (p = 1.04 × 10–6) (Table 1 and Figure S6A). These results
indicate that c-myc expression upregulates the nucleotide biosynthesis in cells forced to
proliferate by aberrant activation of the Rb-E2F pathway. We verified these results using
RT-qPCR analysis in keratinocyte cells coexpressing E6/E7 and c-myc. The analysis
revealed a 2- to 5-fold increase in the transcript levels of important nucleotide biosynthesis
c-Myc targets (IMPDH2, NME1, ADSL, DHODH, CTPS, PPAT, RRM2, and TS),
compared to levels in cells from the same donor expressing only E6/E7 for the same time
period (Figure 4A, gray bars). We further tested whether this activation of biosynthesis genes
can modulate the nucleotide levels in the E6/E7-expressing keratinocytes. Indeed, HPLC
analysis revealed ~3.5-fold increase in the levels of dATP, dTTP, and dCTP in cells
expressing E6/E7 upon activation of the nucleotide biosynthesis pathways (Figure 4B and
Table S3).
We then analyzed the replication dynamics in these cells. The results showed a significant
increase in the replication rate, from 0.86 ± 0.06 Kb/min (n = 173) in the E6/E7-expressing
cells to 1.14 ± 0.05 Kb/min (n = 175) in the E6/E7- and c-myc-expressing cells (p < 4 ×
10–8) (Figure 4C). Activation of the nucleotide biosynthesis in BJ cells overexpressing
cyclin E also led to a higher fork progression rate (from 0.84 ± 0.04 Kb/min [n = 72] to 0.97
± 0.03 Kb/min [n = 104] [p = 0.005]) (Figure S6C).
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We further hypothesized that the increased levels of the nucleotides and the rescue of the
replication stress would lead to a decrease in the DSBs in these cells. To test this, we
measured γH2AX foci formation. The results show a highly significant (p < 5 × 10–24)
decrease in γH2AX foci formation in keratinocytes expressing E6/E7, in which nucleotide
biosynthesis was upregulated by c-Myc (4.4 ± 0.6 foci per cell, n = 103) compared to cells
expressing only the E6 and E7 genes (19.6 ± 1 foci per cell, n = 80) (p < 5 × 10–24) (Figure
4D). BJ cells expressing cyclin E revealed similar results. Upregulation of the nucleotide
biosynthesis led to a decrease in γH2AX foci (1.3 ± 0.3 foci per cell, n = 48) as compared to
the control cells expressing cyclin E (3.0 ± 0.5 foci per cell, n = 64) (p < 0.009) (Figure
S6D). It is important to note that c-Myc activates a large number of genes; hence, additional
effects of c-Myc cannot be excluded.
Another mechanism that may lead to a low-nucleotide pool in cells expressing E6/E7
oncoproteins is E6-mediated p53 inactivation, which inhibits the expression of the
ribonucleotide reductase M2 B (RRM2B) gene. RRM2B is required for deoxynucleotide
biosynthesis during DNA repair (Kimura et al., 2003; Tanaka et al., 2000). In order to test
this possibility, we infected keratinocyte cells expressing E6/E7 for 3 weeks with a retroviral
vector containing the human RRM2B cDNA. First, we verified the RRM2B expression
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using RT-qPCR (Figure S6E). We then analyzed the effect of RRM2B expression on the
replication dynamics. Our results show no effect of RRM2B expression on the replication
stress caused by the E6/E7 expression. In primary keratinocytes, the mean replication rate
was 1.2 ± 0.04 Kb/min (n = 169), and the mean interorigin distance was 132 ± 8 Kb (n =
67). Following ~3 weeks of E6/E7 expression in cells from the same donor, the replication
rate was 0.54 ± 0.2 Kb/min (n = 161), and the interorigin distance was 69 ± 4 Kb (n = 94). In
cells expressing E6/E7 and RRM2B, the mean rate was 0.59 ± 0.04 Kb/min (n = 60), and
the mean interorigin distance was 79 ± 7Kb (n = 32). These results indicate that the RRM2B
expression did not rescue the replication stress conferred by the expression of the E6/E7
oncogenes (Figures S6F and S6G). Aberrant activation of the Rb-E2F pathway by cyclin E
does not lead to p53 degradation; hence, it seems unlikely that RRM2B plays an important
role in the mechanism leading to a low-nucleotide pool in these cells.
In summary, our results show that activation of the Rb-E2F pathway fails to activate many of
the nucleotide biosynthesis genes. Upregulation of the nucleotide biosynthesis pathways
increases the nucleotide pool, rescues the replication stress, and decreases the DNA damage.

DISCUSSION
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Here, we show that the basis for genome instability induced by oncogenes activating the RbE2F pathway is uncoordinated S phase entry, leading to insufficient factors required for
normal DNA replication. We revealed that cells are forced to proliferate with an insufficient
pool of nucleotides to support normal DNA replication. Under these conditions, the
replication machinery fails to achieve regular rate and processivity, resulting in DNA
damage and genome instability.
A great effort has been made in the last decade to understand the mechanisms leading to
genomic instability in cancer development. Different models have suggested that this
instability is caused by shortening of telomeres (Plug-DeMaggio et al., 2004), hypoxia
(Coquelle et al., 1998), defective DNA damage repair (Duensing and Münger, 2002),
chromosomal segregation errors (Duensing et al., 2000), abrogated mitotic checkpoints
(Thompson et al., 1997), and reactive oxygen species (Klaunig and Kamendulis, 2004).
More recently, oncogene-induced DNA replication stress was suggested as a model
(Halazonetis et al., 2008). According to this model, the mechanism by which oncogenes
induce genomic instability in early stages of cancer development is by causing replication
stress leading to DNA double-strand breaks. However, the molecular basis for this
oncogene-enforced replication stress remained largely unknown.
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In our study, we investigated the mechanisms leading to DNA damage in cells expressing the
HPV-16 viral oncogenes E6/E7 or the cellular oncogene cyclin E, both activating the RbE2F pathway, a master regulator of cell proliferation and DNA replication. Our results
show that abnormal activation of the Rb-E2F pathway by viral or cellular oncogenes leads to
perturbed progression of the replication forks and a poor symmetry between forks emerging
from the same origin (Figures 1B and 1C, Figure 3B, Figure S2A, and Figure S5B). This
indicates a poor processivity of the replication machinery, which leads to replication fork
collapse and DSBs (Figure 2D, Figure 3D, and Figure S5D). The LOH analysis provides
further evidence for perturbed replication by showing preferential instability at common
fragile sites, known to be sensitive to replication stress conditions (Tsantoulis et al., 2008).
Previous studies showed the importance of the nucleotide pool for normal DNA replication
(Anglana et al., 2003; Courbet et al., 2008). Hydroxyurea, an inhibitor of ribonucleotide
reductase, lowers the dNTP pool and leads to slow DNA replication rate (Anglana et al.,
2003), short interorigin distance (Ge et al., 2007), formation of DSBs (Saintigny et al.,

190

Bester et al.

Page 10

NIH-PA Author Manuscript

2001), and expression of fragile sites (Yan et al., 1987). Our results show that the nucleotide
pool is reduced dramatically following expression of the Rb-E2F-activating oncogenes
(Figure 2A, Figure 3A, and Table S3). Furthermore, an increase of the nucleotide pool
rescued the perturbed replication and the replication-induced DNA damage in the oncogeneexpressing cells (Figure 2, Figure 3, Figures S3B and S3C, Figures S4A–S4C, and Figures
S5B–S5D). Importantly, exogenous nucleoside supply decreased the anchorage-independent
growth of the cells in soft agar (Figure 2E), suggesting reduced tumorigenic potential.
Altogether, our study indicates that induction of nucleotide synthesis by oncogene-induced
Rb-E2F expression is insufficient to support the extensive proliferation of the cells, leading
to replication-induced DNA damage and increased tumorigenicity.
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As previously suggested, the nucleotide pool size may modulate the replication in two
distinct ways. It can activate dormant origins during S phase (Ge et al., 2007), leading to
asynchronous origin firing. Alternatively, a poor nucleotide pool can determine origin choice
in G1, when origins are committed to become active during S phase. Recently, Courbet et al.
(2008) studied the replication dynamics of cells exposed to aphidicolin, an inhibitor of DNA
polymerase α and δ that affects the replication rate in S phase. Using DNA combing, they
revealed an asynchronous firing of adjacent origins, as expected by the first model (Ge et al.,
2007). Here, we demonstrate a modulation of origin firing in pre-S phase. We suggest that,
under a chronic exposure to a low-nucleotide pool, the cells compensate for the DNA
replication stress by determining an increased origin density during G1, rather than by
activating the dormant origins during S phase (Figure 1E).
Oncogenic activation of the Rb-E2F pathway by cyclin E or HPV-16 E6/E7 causes
upregulation of many genes involved in cell proliferation and DNA replication, among
which are many E2F targets (Garner-Hamrick et al., 2004; Hwang and Clurman, 2005). Our
results (Figure 4A, Figures S6A and S6B, and Table 1) suggest that the low-nucleotide pool
in the cells results from uncoordinated activation of the nucleotide biosynthesis pathways
and cell cycle. Recently, it was shown that c-Myc is an important regulator of nucleotide
biosynthesis and that its expression increases the nucleotide levels and cell proliferation (Liu
et al., 2008; Mannava et al., 2008). Indeed, coexpression of cyclin E and c-myc revealed that
the most significantly upregulated pathways are cell cycle and DNA replication, as well as
purine and pyrimidine metabolism (Table 1, Figure 4A, and Figures S6A and S6B). This
leads to an increased nucleotide pool, resulting in a rescue of the replication stress and DNA
damage in these cells (Figure 4B and Table S3).
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Altogether, we suggest that activation of the Rb-E2F pathway by cellular or viral oncogenes
leads, in early stages of cancer development, to a change in the transcription of many genes
involved in cell-cycle control, forcing cell proliferation and DNA replication. This leads to
an uncoordinated entry to S phase, with aberrant activation of the nucleotide biosynthesis
pathways. As a result, DNA replication starts with a low-nucleotide pool, leading to
replication stress and DNA damage. Our results indicate that elevating the cellular nucleotide
pool can rescue this oncogene-induced replication stress, reduce DNA damage, and decrease
tumorigenicity of cells overexpressing these oncogenes. In more advanced
stages of cancer development, additional mechanisms likely lead to chromosomal instability,
such as telomere shortening, defective DNA damage repair, chromosomal segregation
errors, and oxidative stress (Figure 5).
Disease progression in cancer is complex and multifactorial and depends on acquiring
adaptive mutations. In many cancers, c-myc is highly expressed at a later stage in
development (Grandori et al., 2000). This leads to enhanced proliferation and reduced DNA
damage (Gordan et al., 2008). Apparently, high expression of c-myc in advanced stages of
cancer development enables cells to proliferate more efficiently and increases the
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tumorigenicity of the cells (Narisawa-Saito et al., 2008). Whereas in many types of cancer,
genomic instability may initiate with uncoordinated cellular pathways leading to insufficient
nucleotides, in other cancers such as those with high expression of c-myc at early stages,
chromosomal instability may be caused by other mechanisms.
The nucleotide pool is also affected by environmental factors such as folate, which is an
essential vitamin involved in the metabolism of many cellular components, including the
synthesis of dTTP. Hence, proper levels of folate in the diet are required for normal DNA
replication (Rampersaud et al., 2002). In recent years, many studies showed a correlation
between folate deficiency and the development of several types of cancer, including HPVinduced cervical carcinoma (García-Closas et al., 2005; Rampersaud et al., 2002). Our
replication dynamics analysis showed that the expression of the HPV oncogenes and cyclin
E leads to insufficient nucleotide pool. Together with a low folate intake, the replication is
expected to be highly perturbed. This may lead to an increased risk for carcinogenesis due to
a high rate of DSB formation and genomic instability.
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In summary, replication stress and the resulting genomic instability are prominent driving
forces of early stages of cancer development. Our results shed new light on the molecular
basis of oncogene-induced replication stress, showing that oncogene-induced cell
proliferation may fail to achieve a sufficient nucleotide pool to support normal DNA
replication. Our results suggest a new model of uncoordinated regulation of essential
pathways required for the production of a balanced level of cell proliferation factors. This
raises the possibility for the development of new approaches for protection against
precancerous development.

EXPERIMENTAL PROCEDURES
Molecular Combing
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Unsynchronized cells were pulse labeled for 30 min by medium containing 100 μM of the
thymidine analog iododeoxyuridine (IdU). At the end of the first labeling period, the cells
were washed twice with a warm medium and pulse labeled once more for 30 min with
medium containing 100 μM of another thymidine analog chlorodeoxyuridine (CldU). Cells
were then harvested, and genomic DNA was extracted, combed, and analyzed as previously
described (Herrick and Bensimon, 1999; Lebofsky et al., 2006). The primary antibody for
fluorescence detection of IdU was mouse anti-BrdU (Becton Dickinson), and the secondary
antibody was goat anti-mouse Alexa Fluor 488 (Invitrogen). The primary antibody for
fluorescence detection of CldU was rat anti-CldU (Novus Biologicals). The secondary
antibody was goat anti-rat Alexa Fluor 594 (Invitrogen). The length of the replication signals
and the distances between origins were measured in micrometers and converted to kilo bases
according to a constant and sequence-independent stretching factor (1 μm = 2
Kb), as previously reported (Herrick and Bensimon, 1999).
Nucleotide Pool Analysis
Keratinocytes were harvested, and cellular nucleotides were extracted with 0.4 N perchloric
acid and neutralized with potassium chloride. Deoxynucleotides were separated from
ribonucleotides using a boronate affinity column (Shewach, 1992). Deoxynucleotides were
analyzed by HPLC using UV absorbance at 254 and 281 nm for identification and
quantitation as previously described (Flanagan et al., 2007).
Soft Agar Assay
Following E6/E7 expression in primary keratinocytes, cells were grown in two different
growth conditions: (1) normal keratinocyte medium and (2) nucleoside-enriched medium
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(50 nM of A, U, C, and G). After 3–4 weeks, the cells were trypsinized, and 250K cells were
plated in 0.3% low gelling temperature agarose (Agarose, Type VII, Sigma) to a final
volume of 1 ml per well; on the top of the 3% agar layer, 0.5 ml medium was added (normal
medium or enriched with nucleosides). Colonies were counted after 4–6 weeks of growth.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Replication Dynamics in Primary and HPV-16 E6/E7-Expressing Keratinocytes

NIH-PA Author Manuscript

(A) Example of a single combed DNA molecule labeled with IdU (green) and CldU (red),
showing replication from two adjacent origins. Green arrows, orientation and length of fork
progression.
(B) Fork rate (Kb/min) distribution. White bars, primary keratinocytes (n = 130); black bars,
keratinocytes expressing E6/E7 (n = 144).
(C) Progression ratio between left and right forks emerging from the same origin. Primary
keratinocytes (n = 156); keratinocyte-expressing E6/E7 (n = 194).
(D) Origin density distribution. White bars, primary keratinocytes (n = 67); black bars,
keratinocytes expressing E6/E7 (n = 93).
(E) Differences in firing time between adjacent origins. The groups represent different
relative firing time in minutes. Primary keratinocytes (n = 50); keratinocytes expressing E6/
E7 (n = 89).
See also Figure S1, Figure S2, Table S1, and Table S2.
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Figure 2. The Effect of an Exogenous Supply of Nucleosides on the Replication Dynamics, DNA
Damage, and Transformation in HPV-16 E6/E7-Expressing Cells

(A) The nucleotide levels in keratinocyte cells expressing E6/E7 normalized to the level in
primary cells of the same donor. *p < 0.05. The levels are expressed as mean fold change ±
SEM (n = 3).
(B) Fork rate (Kb/min) distribution. White bars, primary keratinocytes (n = 130); black bars,
keratinocytes expressing E6/E7 (n = 150); gray bars, keratinocytes expressing E6/E7 grown
for 48 hr with exogenous supply of nucleosides (n = 155).
(C) Origin density (Kb) distribution. White bars, primary keratinocytes (n = 67); black bars,
keratinocytes expressing E6/E7 (n = 93); gray bars, keratinocytes expressing E6/E7 grown
for 48 hr with exogenous supply of nucleosides (n = 89).
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(D) (Left) Examples of nuclei with γH2AX foci following expression of E6/E7 grown in a
normal medium (E6/E7) and in a medium supplied with exogenous nucleosides (E6/
E7+AUCG). The nuclei were stained with DAPI. (Right) Percent of nuclei with the indicated
number of γH2AX foci. Primary keratinocyte cells (n = 51); keratinocytes expressing E6/E7 (n
= 52); keratinocytes expressing E6/E7 supplied with exogenous nucleosides (n = 70).
(E) (Left) Examples of anchorage-independent growth in soft agar. (Right) Mean number of
colonies per a soft agar plate. Cells expressing E6/E7; cells expressing E6/E7 supplied with
exogenous nucleosides. The number of colonies per plate is expressed as mean ± SEM (n =
3).
See also Figure S3 and Figure S4, and Table S3. Bester et al.
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Figure 3. The Effect of an Exogenous Supply of Nucleosides on the Replication Dynamics and
DNA Damage of BJ Cells Expressing Cyclin E

(A) rNTP pool following cyclin E expression in BJ cells. The levels are expressed as mean
fold change ± SEM (n = 4).
(B) Fork rate distribution (Kb/min). White bars, BJ cells (n = 163); black bars, BJ
expressing cyclin E (n = 165); gray bars, BJ expressing cyclin E grown for 48 hr with
exogenous supply of nucleosides (n = 173).
(C) Origin density distribution (Kb). White bars, BJ cells (n = 45); black bars, BJ expressing
cyclin E (n = 34); gray bars, BJ expressing cyclin E grown for 48 hr with exogenous supply
of nucleosides (n = 46).
(D) Percent of nuclei with the indicated number of γH2AX foci. BJ cells (n = 57); BJ
expressing cyclin E (n = 110); BJ expressing cyclin E grown for 48 hr with exogenous
supply of nucleosides (n = 64).
See also Figure S5 and Table S3.
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Figure 4. The Effect of c-myc Expression on the Expression of the Nucleotide Biosynthesis Genes,
Nucleotide Pools, Replication Dynamics, and DNA Damage

NIH-PA Author Manuscript

(A) Fold change in the expression level of c-Myc targets from the nucleotide biosynthesis
pathways. Black bars, expression of E6/E7 normalized to the level in primary keratinocytes; gray
bars, expression of c-myc in E6/E7-expressing keratinocytes normalized to the level in cells
expressing only E6/E7. The levels are expressed as mean fold change ± SEM (n = 3). (B) Nucleotide
levels in primary keratinocytes, keratinocytes expressing E6/E7, and keratinocytes coexpressing
E6/E7 and c-myc. *p < 0.05. The levels are expressed as mean fold change ± SEM (n > 3).
(C) Fork rate distribution (Kb/min). Black bars, keratinocytes expressing E6/E7 (n = 173); gray bars,
keratinocytes expressing E6/E7 with enhanced nucleotide biosynthesis by c-Myc (n = 175).
(D) Percent of nuclei with the indicated number of γH2AX foci in cells expressing E6/E7 (n
= 80) and in keratinocytes expressing E6/E7 with enhanced nucleotide biosynthesis by c- Myc (n
= 103).
See also Figure S6.

Figure 5. A Model for the Events Leading to Genomic Instability in Early Stages of Cancer
Development

Oncogene expression forces cell proliferation by aberrant activation of cell-cycle regulators
(Rb-E2F). Insufficient activation of the nucleotide biosynthesis pathways results in a low- nucleotide pool
that fails to support normal DNA replication.
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This leads to replication stress and promotes genomic instability during early stages of cancer development.
Additional factors contribute to genomic instability in different stages of tumorigenesis, such as reactive
oxygen species (ROS), telomere loss, hypoxia, abrogated mitotic checkpoints, and loss of
the DNA damage response (DDR).
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Table 1

The Significant Upregulated Pathways following the Expression of Cyclin E, c-Myc, or Coexpression of Both
Genes in BJ Cells

Term
Cyclin E

c-Myc

NIH-PA Author Manuscript

Cyclin E c-Myc

P Value
10–18

Fold
Enrichment
8.693907512

FDR
1.52 × 10–15

Cell cycle

1.42 ×

DNA replication

2.98 × 10–15

16.8358209

3.20 × 10–12

Oocyte meiosis

1.32 × 10–8

5.962686567

1.4 × 10–5

Systemic lupus erythematosus

5.45 × 10–6

5.183660644

0.00580449

Progesterone-mediated oocyte maturation

1.08 × 10–5

5.34784899

0.011501479

DNA replication

7.02 × 10–15

10.63095238

8.34 × 10–12

Cell cycle

4.50 × 10–13

4.953161593

5.36 × 10–10

Pyrimidine metabolism

6.07 × 10–10

4.876691729

7.24 × 10–7

Purine metabolism

4.18 × 10–9

3.68627451

4.98 × 10–6

Oocyte meiosis

4.30 × 10–6

3.543650794

0.005126052

Progesterone-mediated oocyte maturation

1.36 × 10–5

3.791596639

0.016195283

DNA replication

2.12 × 10–17

12.87671233

2.45 × 10–14

Cell cycle

2.89 ×

10–11

4.939591287

3.34 × 10–8

Pyrimidine metabolism

3.78 × 10–11

5.611535689

4.37 × 10–8

Purine metabolism

8.97 × 10–10

4.090249799

1.04 × 10–6

Oocyte meiosis

1.17 × 10–5

3.648401826

0.013464979

1.19 ×

10–5

5.794520548

0.01377895

3.33 ×

10–5

8.061941632

0.038459564

Nucleotide excision repair
Mismatch repair
Pathways discussed in the text are set in italics.
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Microgravity and its environment have adverse effects on
the immune system. Abnormal immune responses
observed in microgravity may pose serious consequences,
especially for the recent directions of NASA for longterm space missions to Moon, Mars and deep Space
exploration. The study of space flight immunology is
limited due to relative inaccessibility, difficulty of
performing experiments in space, and inadequate
provisions in this area in the United States and Russian
space programs (Taylor 1993). Microgravity and stress
experienced during space flights results in immune
system aberration (Taylor 1993). In ground-based mouse
models for some of the microgravity effects on the human
body, hindlimb unloading (HU) has been reported to
cause abnormal cell proliferation and cytokine production
(Armstrong et al., 1993, Chapes et al. 1993). In this
report, we document that a nutritional nucleotide
supplementation as studied in ground-based microgravity
analogs, has potential to serve as a countermeasure for the
immune dysfunction observed in space travel.
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Figure 1-A. Effect of diet ary nucleot ides and housing on in vivo
poplit eal lymph node (P LN) proliferat ive response in mice.
RNA : RNA supplement ed Cont rol diet (0.25%)
Uracil : uracil supplement ed Diet diet (0.06%)
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We employed two ground-based analogs, HU as an in
vivo model and a clinostat bioreactor (BIO) as an in vitro
cell culture model.
We examined the effects of
supplemental nutritional nucleotides on immune function
in these analogs. BALB/c female mice (8-10 week old)
were divided into the following two groups: control nonHU, and HU for 7 days. Mice were fed either control
chow or chow supplemented with RNA or Uracil
(referred as NT). Immune function was assessed by in
vivo popliteal lymph node proliferation (PLN), and in
vitro phytohemagglutinin (PHA)-stimulated proliferation
of splenocytes and their cytokine production, (Kulkarni et
al, 2002). PLN response was calculated as weight gain in
allogeneic challenged lymph node versus weight gain in
syngeneic challenged contralateral lymph node.
Splenocytes were cultured in vitro in BIO with/without
PHA and nucleoside/nucleotide mixture (referred as
NS/NT).
Cell proliferation was assessed by tritiated
thymidine uptake assay by thymidine uptake in stimulated
cultures versus unstimulated cultures. Cytokines released
by c u l t u r e d and stimulated cells were quantified
by ELIZA method (Cayman Co.). PLN response was
significantly suppressed in HU mice (P<0.05) and was
restored by NT supplemented diets (Figure 1).
Splenocytes from HU mice had decreased PHA
stimulated proliferation and decreased IL-2 and IFN-γ
cytokine levels (P<0.05) as well (Figure 1-A,B,C). These
responses were restored by NT diets. In BIO cultures,
PHA response was suppressed significantly, and NS/NT
restored the proliferation response (Figure 2). Results in
these figures are expressed as percent changes in groups.
In both models, we documented that dietary and
supplemental nucleotides (NT or NS/NT) restored several

HU
Hou si n

Figure 1-B. Effect of diet ary nucleot ides and housing on ex vivo mit ogen (P HA)
proliferat ive response in mouse splenocyt es. RNA : RNA supplement ed Cont rol diet
(0.25%)
Uracil : uracil supplement ed Diet diet (0.06%)
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Figure 1-C. Effect of diet ary nucleot ides and housing on in vit ro
cyt okine (IL-2 and INF-♦) product ion by splenocyt es
RNA : RNA supplement ed Cont rol diet (0.25%)
Uracil : uracil supplement ed Diet diet (0.06%)

% Increase in mitogen
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Figure 2. Effect o f supplemental nucleotides o n mitogen (P HA) stimulated
pro liferative respo nse in mouse spleno cytes. Control flask and BIO (Bioreactor)
NS/NT: Nucleotide and nucleoside mixture supplemented medium
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Understanding of the mechanisms of immune restoration
in microgravity analogs, including CNS mediated effects
and their implications, is important in addressing the
NASA‘s CRP and CRL maps. Nucleotide metabolism is
very important for cell cycle. Perturbations in nucleotide
metabolism that lead to a variety of diseases are primarily
in the de novo pathways. Supplemented nucleotides
participate and contribute primarily in the salvage
pathway and they are utilized by rapidly proliferating
target cells (Kulkarni et al 1990). As compared with the
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synthesis and the endogenous salvage pathway, the levels
of supplemental nucleotides in the experimental (Kulkarni
et al., 1990, 2002) and clinical studies are much smaller
(Bower et al. 1995, and Carver and Walker, 1995) and
without any adverse or untoward effects. The amount of
NT added was minimal in all the groups; however, the
beneficial effect was seen only in the microgravity
analogs of HU or BIO and not in any control groups
where there was no demand or stress involved. Thus, in
conclusion our studies presented in this report document
the critical need of NT supplementation in physiological
stress situations; such as space travel, where nutritional
supplemental nucleotides have up-regulating and
immunoprotective effects with potential as a
countermeasure to the observed immune dysfunction in
true microgravity.
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Making a case for the role of DNA repair in autism
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Abstract
Autism spectrum disorder (ASD) is a neurodevelopmental condition characterized by behavioral and
social impairments and genetic predisposition. The genetic heterogeneity of autism and the complexity
of the disease have made it difficult to delineate one mechanism or diagnostic biomarker that influences
ASD risk. Mounting evidence points towards exposure to DNA damaging environmental pollutants as a
major ASD risk factor. Studies have also identified genomic instability, defective DNA repair and greater
oxidative DNA damage using ASD animal models and patient samples. This review highlights the salient
findings that connect defective DNA repair with ASD risk and makes a case for the need of functional
DNA repair assays characterizing the role of DNA repair mechanisms in autism etiology.
Keywords: autism, ASD, DNA damage, DNA repair, environmental pollutants, polycyclic aromatic
hydrocarbons
necessarily be directly involved in CNS
development [7-12]. This increased association
between autism and exposure to environmental
pollutants bears striking resemblance to the
influence of exposure to carcinogens on
elevated cancer risk [13-16]. Moreover, a lot of
these environmental pollutants such as
cigarette smoke, exhaust fumes and oxidative
stress elicit their cellular effects through DNA
damage, which is also a mechanism of
carcinogenesis [12, 15-19]. In the present
article, I highlight studies that provide evidence
for the association between DNA repair and
ASD risk. This review aims to summarize the
potential
correlation
between
genome
protective DNA repair mechanisms with the
neurological and genetic observations made in
ASD patients and to discuss further strategies in
delineating this association for diagnostic or
therapeutic purposes.

Introduction
Autism spectrum disorder (ASD) is characterized
by
complex
neurodevelopmental
and
behavioral dysfunction along with social and
communication impairment [1]. While ASD is
diagnosed by clinical, psychological and
behavioral observation, there are no currently
available biomarkers or genetic tests used for
detection or confirmation of diagnosis [2].
Although a genetic basis of the disease has
been widely accepted, the complexity of the
disease poses a challenge in delineating the
genetic components that contribute towards
autism initiation and severity [3].
Several studies using linkage analysis,
bioinformatics and high throughput genomic
strategies have attempted to identify the
neurobiological basis of this disease [4-6].
Although a majority of these early studies
focused on genetic determinants associated
with central nervous system defects, current
research is veering focus towards factors such
as exposure to environmental toxins and
systemic genetic defects that may influence
response to these toxins but may not

DNA repair in the brain
The structural effects of DNA damage are highly
diverse and a single repair process cannot cope
with the multiple types of DNA lesions [20, 21].
Hence, specific recognition and repair
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mechanisms operate based on the type of DNA
damage. For instance, bulky adducts formed by
a common class of environmental pollutants
called polycyclic hydrocarbons is repaired by
the nucleotide excision repair pathway (NER).
Homologous recombination (HR) and nonhomologous end-joining (NHEJ) are the two
main pathways involved in repairing doublestranded DNA damage and act differentially
depending on cell cycle phase [22-26]. The
MMR pathway plays an essential role in the
correction of base-base mismatches that result
from the misincorporation of nucleotides and
BER targets small chemical alterations of the
DNA bases, which generate miscoding lesions
possibly resulting from cell metabolic events or
single-strand breaks [21]. From the context of
DNA repair mechanisms involved in neural
development, the early cortical progenitors are
hypersensitive to replication-associated DNA
damage making mechanisms such as HR and
MMR critical in repair during this stage [27, 28].
In the mature brain, on the other hand, cells are
more susceptible to oxidative damage and may
hence employ the BER or NER pathways [2931]. The neurodevelopmental changes in autism
are thought to correspond to early
embryogenesis or prenatal environmental
influences [32].

at Columbia University used a family-based
cluster detection approach designed to localize
significant rare disease-risk variants clusters
within the chromosome 15q13.3. Unlike other
previously used methods which identify variants
only within a specific gene, Karayiorgou’s group
used a scan statistic approach which identifies
association and clustering of variants in a small
window of a larger genetic region by analyzing
the findings from two independent whole
exome sequencing data sets. Using this rigorous
methodology, they implicated a region mapping
to a 20kb window of the Fanconi-associated
nuclease 1 gene (FAN1) in autism susceptibility.
FAN1 functions within the Fanconi Anemia
pathway that is involved in DNA repair of
interstrand crosslinks and replicative DNA
damage. This latest finding is in line with a
previous study by Peprah et al. which reported
a significant down regulation of DNA
damage/repair pathway transcripts in the
expression profiles of autistic males due to a
Fragile X mutation. Since Fragile X syndrome is
currently the leading genetic cause of autism,
this study was a significant indication of the
relevance of DNA repair pathways in the
genetics of autism. In 2011, Kinney et al
discussed the puzzling association between high
autism rates and hypomelanotic skin disorders
suggesting that UV-B protection and vitamin D
deficiency may play a large role in influencing
autism risk [34]. While this review briefly
mentioned the role of vitamin D in DNA repair,
much remains to be understood about the
precise pathway by which vitamin D in regulates
DNA repair or nucleotide excision repair in
particular since it is the primary pathway
involved in repairing of UV-B induced DNA
damage [35, 36]. This is especially important in
the context of autism because of accumulating
evidence that supports the association between
vitamin D deficiency and ASD risk as well as at
least one report of an autistic patient with an
XPC splice site mutation [37, 38]. XPC is
required for genomic nucleotide excision repair
and a long-term deficiency in XPC reportedly is
also associated with suppressed double
stranded break repair in combination with

DNA repair defects, environmental pollutants
and ASD risk
ASDs and intellectual disability often overlap: it
is estimated that 70% of individuals with autism
also have an ID. Both ASDs and ID are defined
behaviorally and their onset is associated with
neurological development. Additionally, both
ASD and ID are associated with de novo copy
number variants (CNV) a form of genetic
instability that was recently associated with
error-prone DNA repair mechanisms. In 2009,
Dorus et al concluded that autosomal genes
involved in DNA repair (FANCA, FANCC, NBS1,
and
XRCC8),
demonstrated
significantly
elevated frequencies of positive Darwinian
selection compared to other categories in ID
[33]. Most recently, Maria Karayiorgou’s group
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other genetic defects. A hallmark study
published in Nature reported that that
inhibition of topoisomerases adversely affects
the expression of long genes, including
numerous long genes associated with synaptic
function and ASD [39]. These findings make it
imperative to evaluate two alternative
hypotheses 1) environmental toxins result in
mutations within DNA repair genes such as
topoisomerases causing widespread genome
instability that influences specific genetic
hotspots or 2) inherent repair deficiencies in
autistic individuals makes them more
susceptible to the DNA damage inflicted by
environmental pollutants resulting in the
downstream genetic mutations.

Despite mounting evidence for the role of
aberrant DNA repair mechanisms in autism, the
general consensus within the field remains that
autism is a highly complex disorder that may
involve several gene loci, low penetrance alleles
and gene-environment interactions that define
its etiology thus complicating diagnosis. While
the focus of current studies remains on the
means to identify single genetic biomarkers or
cytogenetic characteristics for diagnosis, there
are no reports about the impact of DNA repair
defects and exposure to environmental toxins
using high-throughput functional assays on DNA
repair capacity during neuronal development
associated with ASD risk. Several genes are
involved in the maintenance of genome
integrity in response to environmental
pollutants, and there is great variation amongst
individuals
with
respect
to
common
polymorphisms that impact on the activity of
these enzymes. Hence there is a need for
molecular diagnostics that can a) identify the
aberrant DNA repair mechanism and b) identify
the stage of neurodevelopment where the
repair deficiency is most critical in influencing
ASD risk. These functional repair assays can
examine pre/peri or gestational exposure to
DNA damaging environmental pollutants in
place of biomarkers of these toxins which have
thus far resulted in inconsistent findings [43].
While Fenech et al demonstrated that autistic
individuals are not abnormally susceptible to
oxidative stress compared to their non-autistic
siblings, the authors did acknowledge that there
was a need for more DNA repair markers and
assays to test the differential effects of DNA
damage in vivo on autistic neural cells [44].

An analysis of 100 million US medical records
recently revealed that autism and intellectual
disability (ID) rates are correlated with an
increased incidence of genital malformations in
newborn males which is also an indicator of
possible congenital exposure to harmful
environmental factors [40]. Although DNA
defects vary for ASD cases, Courchesne et al,
using brain tissue samples from ASD samples
discovered a shared set of overlapping gene
pathways that included DNA damage detection
and repair as one of the major mechanisms
influencing dysregulation of early brain
development [41]. This finding is further
supported by Jeggo et al. where the authors
theorize that high levels of oxidative DNA
damage during neuronal development would be
consistent with roles for HR, ATR-signaling and
NHEJ proteins in protecting proliferating cells
from damage [42]. In an excellent review
published in Nature Neuroscience, Dr. Peter
McKinnon makes the case for the role of various
DNA repair pathways in maintaining neural
homeostasis especially during early embryonic
development when neurogenesis is driven by
proliferation and cells are most susceptible to
replicative or environmental DNA damage [27].

It is also tempting to speculate if reduced
maternal DNA repair capacities combined with
environmental factors can increase autism risk.
Studies using brain tissue or neurons obtained
from patients can be subjected to highthroughput DNA repair assays that are currently
being used in the cancer genetics field to assess
repair defects that contribute towards cancer
risk or therapeutic outcome [45-51]. Similarly,
the impact of vitamin D or nutritional element

Perspective
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on repair efficiency or protein kinetics is worth
examining in cellular models of autism. The
advent of somatic cell reprogramming now
makes it possible to study ASD at a cellular level
using pluripotent patient-derived cells [52-54].
This model offers an excellent tool to study the
effects of various forms of DNA damage and the
DNA repair capacity of cells derived from ASD
versus normal cohorts. If a repair deficiency is
identified, this cell model can also enable
screening of phytochemicals or genes that can
correct this defect.

3.

4.

5.

Summary
6.

In conclusion, the pattern of DNA repair
pathways and defects emerging repeatedly in
assessing autism susceptibility is highly
suggestive of a role for DNA repair mechanisms
in autism risk.
The biological connection
between DNA repair and autism deserves
further analysis considering the now wellestablished link between environmental DNA
damage, down-regulated DNA repair pathways
and ASD risk in available literature and recent
reports.
Since
dysfunctional
cellular
mechanisms of genomic stability during early
embryogenesis and neural development can
result in a plethora of genetic mutations and
brain abnormalities, it is important to evaluate
whether the link between environmental
pollution and ASD is driven by DNA damage and
exacerbated by reduced DNA repair capacity.
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NUCLEOTIDES
What Are Nucleotides?
Nucleotides are ubiquitous compounds in the cells of all living organisms and play a
critical role in many biological processes. Nucleotides are found in all cells and nuclei
are formed after cleavage of nucleic acids.
They are the building blocks of nucleic acids DNA and RNA, which are bearers of
heredity. They are also part of many important enzymes necessary for nutrition and
energy metabolism.
Chemically nucleotides are ubiquitous low molecular weight compounds consisting of
six-membered or five-membered purine pyrimidine nitrogenous bases and pentose
(ribose or deoxyribose) together with one or more phosphate groups. From the
pyrimidines
are
cytosine
(2-hydroxy-4-amino-pyrimidine),
uracil
(2,4-dihydroxypyrimidine), and thymine (5-methyl-2,4-dihydroxypyrimidine) of purines
adenine (6-aminopurine) and guanine ( 2-amino-6-hydroxypurines). If present in the
molecule nucleotide ribose, regards ribonucleotide, if present deoxyribose, regards
deoxyribonucleotide.

Nomenclature Of Nucleotides
BASE
Adenine
Guanine
Hypoxantine
Cytosine
Uracil
Thymin

NUCLEOPHILIC
Adenosine (A)
Guanosine (G)
Inosine (I)
Cytdine (C)
Uridine (U)
Thymidine (T)

NUCLEOTIDE
Adenosine 5‘-monophosphate
Guanosine 5‘-monophosphate
Inosine 5‘-monophosphate
Cytdine 5‘-monophosphate
Uridine 5‘-monophosphate
Thymidine 5‘-monophosphate

AMP is sometimes called adenylic acid (adenylate). b This is reserved for thymidine
deoxyribonucleoside, therefore abbreviation dT.

What Is Our Body Needs?
The food which have support all physiological functions, must be represented in adequate
proportions of low molecular substance (trace elements, minerals, vitamins, etc.), And
high molecular weight substances (carbohydrates, lipids, proteins). Only in the period of
growth and aging, exhaustion or diseases are some components of priority (increase
intake of certain trace elements, vitamins and proteins), sometimes restricted
(carbohydrates and saturated lipids).
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It turned out that it is under the above circumstances rising requirements of the organism
to some other low molecular weight substances, which are indeed present in the normal
diet, but not in sufficient quantities. They are mainly nucleotides of skin, mucosal
epithelium, and hematopoiesis. Previously experts thought that the body can generate
enough of them even in case of increased needs, but it turned out that it is necessary to
supply extra food.
It is therefore necessary to ensure their intake during childhood growth of the organism,
in adulthood and old age for tissue regeneration, during convalescence after illness or
surgery, especially for a full course of the immune response. It is appropriate to increase
their income as a precaution during the expected epidemic of infectious diseases.

Nutrition and Immunity
Interconnection terms nutrition and immunity is particularly recently the subject of basic
research. It turns out that lifestyle changes in recent decades, including changes in
nutritional status has an impact on a number of diseases that are mediated immune
responses.
Disease resistance and quality and length of human life rests on three pillars: mental
stability, reasonable and adequate physical activity and a balanced diet (nutrition). Over
the past 150 years was extended in industrialized countries, life expectancy, mainly due to
the introduction of public health measures in the 19th century, having resulted in the
spread of the deadliest pandemics and epidemics of infectious diseases, and in no small
part thanks to the discovery of effective drugs such as as chemotherapeutics and
antibiotics.
However, at least since the middle of last century, began professional and general public
to realize that lifestyle in these countries brings the negatives: the declining•population
immunity to infectious diseases and an increase in allergic, autoimmune, cardiovascular,
neurodegenerative diseases and cancer.
The inversely related to the aforementioned triad: the ever-increasing trend of
engagement work is accompanied by increased mental stress, lack of time for active
relaxation (physical activity) and changing eating habits (preference technologically
modified food), which is often compensated by increased consumption of food products
and support drugs.
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Finally Genes regulating metabolic functions of the human body have evolved over
millions of years and are still adapted to the way of feeding our prehistoric ancestors.
Eating habits fundamental changes accompanying the modern lifestyle may not always be
in conformity with genetically given metabolism.
Types of food from the Paleolithic hunter gatherer-society has changed dramatically. It is
estimated that our ancestors diet contained over current our diet 10-15 times more fiber,
5-10 times more n-3 polyunsaturated fatty acids and antioxidants, and 3 times more
protein and potassium salts. In contrast, today receives 10 to 20 times more of sodium
chloride and at least 4 times more saturated and 2 times more monounsaturated fatty
acids.
To this must be added the consumption of "high-energy" but "nutritionally empty" food
and lack of exercise. The consumption of fats has increased from 20% in the 19th century
to today 50%, at the expense of low-energy diet, whose intake decreased over the same
period by half.
Mutual relations of the immune system and nutritional components are essential for
growth, development and health of the individual.

The Role of Nucleotides in the
Prevention and Immunity
Twenty years ago, noted the symposium the American Society for Nutrition, that is
biochemical or physiological reason for it to be nutritionally nucleotides considered
essential, because in nitrogen metabolism play a negligible role. New research yielded
unambiguous demonstration that the nucleotides are important from many points of view
indispensable nutritional component. The organism is a food can be used directly,
without having to construct high energy de novo.
Their insufficient food intake may result not only larger variability range of immune
functions but mainly reflected in the function of liver, heart and intestinal tract. In
childhood, then delays the development of the CNS, immune system and overall growth.

211

Nucleotides in Child
Nutrition
Importance of nucleotides in nutrition excel, when you realize that when they divide
each cell must create a new nucleotides, which are then composed an exact copy of
nucleotides to daughter cells. Admittedly cells can produce by themselves, but the
formation of new nucleotides of the elements and simple compounds is very energy
intensive. Most of these substances require cells rapidly growing tissues and blood
production, as well as some cell types that are responsible for defense against
infection. Also, each of starvation or prolonged administration and fiduciary
unbalanced diet is reflected particularly in the development of brain centers that are
responsible for the development of intelligence. It is not accidental that in
malnourished children who grow up in areas long affected by various natural disasters,
their mental development lags.
For nutrients, including nucleotides in the diet, however, is to tissues and the brain is
still a long way to go. First, it must be appropriately digested and processed to transition
to the blood which is conveyed to the target tissues. We know that newborns and infants
are not able to eat normal food. Their digestive system must also evolve, which also
needs nucleotides. The situation is even more complex. Digestive system and especially
the gut, are accompanied by a highly specialized tissue that is populated by cells that
guard the "purity" of the internal environment of the body.
There are different types of cells absorbing any foreign particulate matter, including
micro-cells that produce effective antimicrobial agents and, ultimately, cells producing
antibodies. All these diverse cells are collectively referred to immunocompetent cells,
abbreviated immunocytes, because it forms the immune system, which is responsible for
the destruction of all harmful bacteria and parasites that when they get further into the
blood, can cause serious illness. The intestine is from this perspective, the largest organ
of our immunity is logical, because the easiest way to germs get into the body with food.
The immune system of the intestine is developing most rapidly during the first two years
after birth. Therefore it is very important that especially during this period the child
received full diet containing adequate amounts of nucleotides.
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From 1993 to 1997, held its first comparative study on infant care facilities in the USA,
Japan and Spain, which confirmed the important role of nucleotides for premature and
artificially fed babies. Those which received food fortified nucleotides quickly drove
weight deficit and had higher levels of antibodies in serum. Even more
immunostimulatory effect of nucleotides reflected in malnourished children and children
who have suffered long-term diarrhea as a result of intestinal infections. In the group fed
with diet containing nucleotides condition rapidly improved and also increase the
amount of protective compounds in serum.
The best food for newborns and infants breast milk. Nucleotides are present in breast milk
(among other substances) in relatively large concentrations. The first study, which
showed the presence of various grafts nucleic acids in the form of POLYNT, NT,
nucleosides, or their various compounds in breast milk dates back to 1960. Most of these
substances, ie mixtures, often referred to as "total available nucleotides" contains
-1
colostrum (colostrum), 50-60 mg.l .
During breast-feeding their content in milk decreases for about 3 months at 30 mg.l -1 .
The total concentration of the individual components depend on the nutrition of the
mother. Over time, as the child becomes another diet, their content in milk decreases.If
we bear in mind the role they play nucleotides in infant feeding, breast milk can not
totally replace cow‗s milk. Breast milk contains up to 5 times more usable nucleotides
compared to cow's milk. Preschool children and older children already receive a normal
diet that includes adequate supply of nucleotides (and other food ingredients) necessary
for their growth.
The situation is different in patients after an illness or injury and recovering children,
eventually. Children living in areas affected by industrial air pollution in urban areas or
high traffic. It is with these children, whose immune system is subjected to permanent
stress, it would be necessary to increase the daily ration supplemented with nucleotides
appropriately food preparations. (Sima, P. Nucleotides in child nutrition. Nutrition and
Food, 2001, vol. 56, no. 1, . 4-5).
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Nucleotides in the Elderly
Nutrition
We know that to a healthy life need varied diet containing essential components
(proteins, fats, carbohydrates), as well as vitamins, mineral substances and many other
substances (flavonoids, probiotics, prebiotics). However foods are always present also
nucleic acids DNA and RNA, the carrier of the gene in cell nuclei, which are also part of
important enzymes. Internationally known as "dietary nucleotides".
Less already known that in various diseases, either infectious or chronic, but especially
during aging, oraging requires a sick organism increased intake nucleotides. Their
importance will stand out, when you realize that when they divide each cell must create a
new nucleotides, which are then consist of a subsidiary cell exact copies of DNA and
RNA. Cells can nucleotides they can, however, create their own, but their formation from
the elements and simple compounds is very energy intensive. The body is therefore
"learned" effectively take advantage of ingested food.
Nucleotides are crucial for tissue repair, especially in the aging organism. On one single
cell dividing them consumes a billion. It can deduce how many nucleotides in an
organism is only required for cell division when replacing cells of the skin and mucous
membranes as well as for blood formation. For illustration, only the cells of the intestinal
mucosa in man replaced daily average of about 300 g.
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However, there is increasing demand for nucleotides during the immune response when
the cells divided vigorously responsible for defense against infection.
The aging body no longer requires such as food intake for youth. The total volume of the
diet of many elderly decreases to 20%. Accordingly, they should share the missing
nucleotide supplement in the form of dietary supplements. Already, because due to
weaken immune function seniors are more susceptible to infectious diseases and slower
to heal. This also applies to support the treatment of chronic diseases, especially for
speeding up recovery after illness or surgery.
Dietary supplements containing nucleotides correspond to the objectives and nutritional
recommendations of the World Health Organization, which are included in the "Nutrition
for Health in the 21st Century" aimed at reducing infectious, cardiovascular,
neurodegenerative diseases and cancer, and improving the quality of life in old age.

Importance of nucleotides for aging body:





Slow down aging, because they facilitate tissue repair;
Protects against infectious diseases, because they increase the readiness of
immunity;
Support the treatment of chronic diseases;
Accelerates recovery.

Nucleotides Protect Aging Body and Enhance the
Quality Of Life of Seniors.
The number of people older than sixty years already long climbs worldwide. The
discoveries of modernmedical science, new, hitherto unknown drugs with high efficiency,
eradication of pandemic infectious diseases, improvement of communal hygiene, and
medical oversight of food and drinking water were reflected in both the decrease in
mortality and in life expectancy.
According to the World Health Organization in 2000, this aged and elderly survived
worldwide to 600million people and an estimate for 2025 is that the number of seniors
will exceed more than a billion. In industrialized countries are the fastest growing part of
the senior population is people over eighty years. It means that age takes a relatively
large part of the time span of human life, but also that in the near future seniors will
occupy an increasing share in the overall population.
The World Health Organization therefore regularly publishes a number of resolutions and
challenges, which draws attention to the health problems of aging. UN General Assembly
decided that from 1991 on 1 October celebrated "International Day of Older Persons‖.
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The European Union declared 2012 the 'European Year for Active Ageing and Solidarity
between Generations ", whose central idea was that life does not end after the sixties that
active seniors are playing and will play in modern society increasingly important role.
The programs promoting the values of active aging is connected, the Czech Republic a
number of projects that are focused on health stays, fitness programs and education for
the elderly. The essence of all these activities is to inform people and health professionals
given the increase in life expectancy must be accompanied by an increase in quality of
life, and that this phase of life could be lived in good health and actively as possible.
Also, members of younger must realize that they have a high probability to live to an
even greater age, which will certainly want to live as actively and health.
The most important and relatively simplest way to achieve active aging adhering to the
principles of good nutrition and lifestyle from an early age. In old age is to be expected
with the dual threats to health: obesity, or vice versa malnutrition.
Significant changes that accompany aging?
- Physiological: changing the composition of body tissues, decreasing muscle mass (about
20 percent)
- Energy: reduced physical strength and endurance performance (seniors have reduced
demands on energy intake by 20-30% ) decreases heat production.
Which basic principles must nutrition programs for seniors respect?
 Adjust food intake changes accompanying aging;
 Appropriate diet to slow the degenerative processes and enhance tissue regeneration
organism;
 Respect the nutritional and energy requirements of an aging organism
 Respect century cultural eating habits.
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NUCLEOTIDES- The Definition
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NUCLEOTIDES
Where Do Nucleotides Come From?
Dietary nucleotides, as their name implies, come from our diets. These are
termed exogenous since they are created external to our body from various food
sources. Our body can also create nucleotides. These are referred to as
endogenous since they are created within. The creation of new nucleotides is
referred to as de novo synthesis. For dietary sources of nucleotides, please refer
to the following chart.

Dietary Sources of Nucleotides (milligrams/100 grams)
Source
Beef liver
Beef kidney
Beef heart
Pork liver
Chicken liver
Chicken heart
Fresh seafood
Clams
Mackerel
Salmon
Sardines
Squid
Dried legumes
Split peas
Lentils
Blackeyed peas
Pinto Beans

Adenine
62
42
15
59
72
32
8
14
11
26
6
18
17
88
54
104
46

Guanine
74
47
16
77
78
41
185
24
26
80
118
15
14
74
51
82
39

Total Purines
197
213
171
289
243
223
411
136
194
250
245
135
56
195
162
222
144

RNA
268
134
49
259
402
187
341
85
203
289
243
100
356
173
140
306
485

Nucleotides are some of the largest molecules synthesized by our cells, and their
creation requires many substrates, many steps and huge amounts of energy. They
biosynthesis of nucleotides is under very tight control since energy is wasted when
making too much, and DNA replication and cellular metabolism is slowed down
when making too little. Our cells are also very sensitive to the amount of free
nucleotides floating within the nucleus or the cytoplasm. The cell will always
choose to use the nucleotides that have already been created before synthesizing
new ones. Cellular energy is conserved and DNA replication is enhanced by
making sure that your cells are constantly supplied with exogenous nucleotides.

http://nucleotideresearch.com/chptr05.ht
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NUCLEOTIDES
What Are The Differences Between RNA And DNA?
The 3 nitrogenous bases of both remain the same (adenine, guanine, and
cytosine) except DNA uses thymine as the 4th base, and RNA uses uracil.RNA is
composed using the 5-carbon sugar, ribose, and, DNA uses deoxyribose.
DNA contains double strands of nucleotides, while RNA has only one strand.
Please refer to Diagram 4.

Nitrogenous
Bases

RNA

DNA

Ribonucleic acid

Deoxyribonucleic acid

Nitrogenous
Bases

Diagram 4
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NUCLEOTIDES
Genes, Chromosomes, and Junk DNA?
Genes, Chromosomes, and Junk DNA
Each cell in our body contains a lot of DNA. In fact, if our cells were enlarged to
the size of an aspirin pill, our DNA would be 10,000 meters long. This is
equivalent to a 10 K run or the length of 109 football fields! The DNA is wrapped
around specialized proteins, and this DNA-protein is tightly packed to form
chromosomes. Every cell in your body has two sets (one from Mom and one from
Dad) of 23 chromosomes for a total of forty- six. Every living thing on the planet
contains relatively the same DNA. It is the genetic material in all forms of life. This
means that the DNA of all organisms, from bacteria to onions to gorillas, is made
of molecules using the same kinds of instructions. However, the number of
chromosomes is quite different. Please take a look at the following chart.

Organism

Number of chromosomes

Human
Chimpanzee
Carp
Gorilla
Dog
Chicken
Frog
Housefly
Mosquito
Onions
Corn
Tobacco

46
48
104
48
78
78
26
12
6
16
20
48

So we have 1 trillion cells in our bodies with 46 chromosomes found in each
nucleus. Each set of chromosomes contains 50,000 to 100,000 genes carried in 3
billion nucleotide pairs of DNA. So what are the genes? A gene consists of a
specific sequence of nucleotides found on a strand of the DNA molecule. It is a
segment of DNA that contains the information necessary for the creation of a
sequence of amino acids essential for a specific enzyme or other protein. The sum
total of the genes contained in an organism’s full set of chromosomes is termed the
genome. Some of these proteins are created through the action of only one gene.
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Other, more complicated, proteins are created using several genes. A gene can be
made up of only a few hundred nucleotide bases or it may require thousands of
bases. In the1980’s researchers learned that only 28% of human DNA is made up
of genes and only 5% of the nucleotide bases found within these genes actually
contain coding sequences for proteins. In fact, humans have more non- coding
DNA than any other species studied thus far. The non-coding DNA that makes up
about 98% of the human genome was formerly known as junk DNA, since its
functions had not been discovered.
Recently investigators have discovered that some of this junk DNA found at the
ends of the chromosomes, known as telomeres, is involved in cellular aging and
controls the number of times that a cell can divide. Other non- coding segments of
DNA have been found to switch on and off certain genes, and function as
regulators influencing other different gene activity. There are some researchers
who theorize that some of the junk DNA is deactivated genetic material from our
earlier ancestors. Maybe one day we will find that it truly serves a purpose and
really isn’t junk afterall.
RNA and Protein Synthesis Whereas DNA’s primary role is passing on exact
genetic information through cell division, and providing templates for protein
synthesis, RNA is concerned with protein synthesis only. I think most of us tend to
think of muscles, ligaments, or tendon tissues when we think of proteins, but in
reality they are much more than that. For example, hemoglobin, found in our red
blood cells, is a protein that transports oxygen throughout our bodies. Collagen is
the most abundant protein in the body and is a component of all connective
tissues in the body. Hormones are also proteins that are produced and released
from glands. These proteins, or hormones, travel to specific sites and help to
regulate all tissue and organ function. Other proteins include enzymes. Some
enzymes are digestive and help break down foods into usable forms, while other
metabolic enzymes function as chemical modulators and cause specific chemical
reactions to take place, while increasing the rate at which these reactions occur.
All protein synthesis occurs in the cytoplasm of the cell within organelles called
ribosomes. Remember that the DNA is found only in the nucleus. So how does
this information get from the inside of the nucleus to the ribosomes found outside
of the nucleus? This is accomplished by making copies of certain portions of the
DNA that provide a template for specific amino acids and proteins. These copies,
known as the messenger RNA (mRNA), are created using free-floating
nucleotides found within the nucleus. The nucleotides are grouped in groups of
three each or triplets. These triplets are also known as codons. The mRNA can
travel through the nuclear membrane to the ribosome. The mRNA can be made
up of anywhere from 5,000 to 200,000 nucleotides. The process of creating
mRNA from DNA templates is called transcription.
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The final process, known as translation, is accomplished by a different type of RNA
known as the transfer RNA (tRNA). Unlike mRNA, tRNA is located outside of the
nucleus, in the cytoplasm, and carries information for only one amino acid. Once
the mRNA reaches the ribosome, the tRNA, carrying three nucleotides specific for
an amino acid, deposits these nucleotides on the corresponding codon. As the
second tRNA deposits its group of nucleotides, it is bound with the first group to
form chains of triplets to form amino acids. As the amino acids are bound together,
polypeptides and longer-chained proteins are formed. In the case of the amino
acids tryptophan and methionine, only one mRNA codon is required for their
creation. Other amino acids, like arginine, leucine, and serine require six mRNA
codons. For example purposes, I’ve listed the essential amino acids and the base
pair sequences required for their synthesis. The essential amino acids are those
that can not be manufactured by our body and must be obtain from our diets. For
fun, cover up the DNA triplet section and see if you can give the corresponding
nucleotide. Remember that DNA uses thymine and RNA uses uracil.
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The Frequently Ask Questions
By Professor Jose M. Oclarit M.D. Ph.D Applied Biochemistry & Molecular
Biology, Scientist on Natural Products and Medical Scientist

What Are Some Interesting Facts About
Nucleic Acids
A nucleic acid is one of the four biomolecules (carbohydrates, lipids, and
proteins and nucleic acid) that are found in all livingthings including human
beings. It is primarily composed of a monomer unit called the mononucleotide
(consists mainly of three parts: phosphoric acid, a pentose sugar, and a
nitrogenous base). When polymerized, it now becomes a chain of nucleotides
called the polynucleotides which becomes the very code of life that dictates
the structure, functions and characteristic of every cell, tissues, organs, body
systems, and the entire human body. In short the nucleic acid embodies the
whole structure and function of a particular organism, be it a plant, animal,
microorganism, virus, or human beings. Without the nucleic acid, the other
three molecules will never be formed in a cell.
Structurally, a nucleotide forms this way:
Ribose sugar + Nitrogenous Base = Nucleoside
Ribose sugar + Nitrogenous Base + Phosphoric Acid = Nucleotide
The nitrogenous bases are classified into two: Purines and Pyrimidines
The purines are: (two rings structure)
1)
Adenine
2)
Guanine
The pyrimidines are: (one ring structure)
1)
Thymine
2)
Cytosine
3)
Uracil (only in Ribonucleic Acid or RNA)
The purine-pyrimidine pairing is constant and is naturally paired in solution.
Therefore, this characteristic pairing is the primary reason why this macromolecule can be inherited throughout the generations because once the
sequence is determined in a particular gene, this is then carried into the next
generation with perfect fidelity because of complementary pairing.
Adenine (A) pairs with Thymine (T) and
Guanine (G) pairs with Cytosine (C) in the Deoxyribonucleic Acid or DNA and
Adenine (A) pairs with Uracil (U) if it is a Ribonucleic Acid (RNA).
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How will life start with a Nucleic Acid?
THE CENTRAL DOGMA OF LIFE
Every living cell in the body is governed by this central dogma:

DNA ---- RNA---- PROTEIN
This is the heirarchy of life in sequence:
Amino acid - protein - cell
The protein is a fundamental structure to form the cell membrane that defines a
living cell. In other words it forms the framework of every cell.
But there is no amino acid if there is no DNA or RNA because in order to create
amino acid it must require three nucleotides (triplet code). Every amino acid is
dictated by a particular codon.

What is a Codon?
A codon, is composed of three nucleotides to dictate the kind of amino acid.
There are twenty different amino acids in this planet. Any combination or
sequence of these amino acids forms the different types of proteins that are
found in the body. Every protein has unique sequences of amino acid. Any
alteration of its sequence may change the structure of the protein hence a
change in its function and behavior.
So, if there are three positions in the codon, there are 64 codons will be the
result of such probabilities:
First position
(4)

Second Position Third Position
(4)
(4)

Therefore: By Laws of Statistical Probabilities,
4 x 4 x 4 = 64 codons
but only
61 codons can dictate
20 amino acids because the other 3 codons are
Stop Codons
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So, if there are only 20 different amino acids and there are 61 functional
codons, therefore, there are redundant codes in some particular amino acids.
This redundancy is beneficial because a change in the codon may not
necessarily detrimental to the body. Redundancy of codes can prevent
mutation of proteins. The Intelligent Designer of Life (GOD) allowed such so that
we can be protected from possible mutations that could lead to diseases and
dysfunctions.

What are nucleic acid polymers?
There are two nucleic acid polymers: The Deoxyribonucleic Acid (DNA) and
The Ribonucleic acid (RNA).
A DNA is a double stranded molecule while an RNA is a single stranded
molecule. One striking difference between them is that the pyrimidine Thymine
in DNA is replaced by Uracil in RNA. So,
In DNA we have these pairings:
Adenine – Thymine
Guanine – Cytosine
But in RNA:

Adenine – Uracil
Guanine – Cytosine

The DNA is first transcribed into RNA, then RNA to translate into Protein structure.
Therefore, without the DNA sequence, there will never be a protein. Without a
protein there will be a cell and there is no cell, there is no life or organism. RNA
in this case is the Transcriptor of the code of life before it becomes a protein
structure in a cell.
The sugar component in RNA is called ribose, while it is deoxyribose in DNA. The
difference between these two molecules is only in carbon position 2 out of the
five carbons in a pentose sugar. At carbon 2 in DNA it is only Hydrogen (H)
while in RNA it is Hydroxyl group (OH). Hence, the name deoxyribose for DNA
because the oxygen is removed.

How will the proteins be formed from DNA?
As mentioned above the DNA sequence has first to be transformed into RNA
molecules. But there are three basic types of RNA molecules:
1) ribosomal RNA (rRNA)
2) transfer RNA (tRNA)
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3) messenger RNA (mRNA)
To form a protein from DNA, the three RNAs must be functional:
The rRNA is found in the ribosomes where proteins are manufactured inside the
cell;
The tRNA is found in the cytosol (cytoplasm) that picks up the free amino acids
in the cell and bring it to the ribosomes. Since there are 20 different amino
acids, there are also 20 different types of aatRNA. Only one amino acid is
picked up by one type of aatRNA. But the sequence of amino acids to be
brought to the ribosome (the protein producing machine) depends on the
sequence of mRNA codons that attaches to the ribosome itself.
Out of the three RNA molecules, the two are synthesized or produced once
and for all (i.e., rRNA in the ribosomes and tRNA in the cytoplasm of the cell).
While mRNA is synthesized only when needed. There is only one mRNA for every
protein we have inside the human body. Every part of the cell has unique type
or set of proteins to form an organ or tissue, therefore, there are several mRNAs
that are found in the body. One-gene-one protein theory of life. After the
mRNA is translated into protein, it is degraded. So, if repair of the cell is needed
another set of mRNAs are needed therefore, another set of DNA is required.
Hence, nucleotides must be supplied all the time, if the cell has to continue its
growth and development. This is one important essence of the nucleotide
supplementation.
The mRNA is the one that dictates the amino acid sequence which was
transcribed from DNA sequence.

What Is the Function of Nucleic Acids?
Nucleic acids are store of genetic information which is determined by a
specific sequence or set of nucleotides. It is considered the code of life. Every
structure or characteristic inside the cell or tissues or organs is determined by
the specific sequence in a nucleic acid.
The DNA stores the genetic data that is needed to create new cells. The DNA of
every cell forms the blue print of the structure and function of the cell, the tissue
and eventually the whole body. Without the duplication of the DNA there will
never be the creation of another cell because DNA synthesis is the pre-requisite
for cell division.

Processes of Expressing DNA into Proteins
There are two processes involved in the expression of DNA into proteins:
Transcription and Translation.
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1) Transcription – it is a process of transcribing DNA codes into RNA codes,
(Example: tRNA, rRNA and mRNA).
2) Translation – it is a process where mRNA is converted into proteins in the
Organelle called Ribosomes.
The mRNA has set of codons to form into functional proteins. The mRNA
dictates the sequence of amino acids (peptides). One protein, has a unique
set of mRNA codes. So, there are as many mRNAs as there are many proteins.

Processes involved to Form New Cells?
There are 3 processes in building New Cells:
Transcription; 3) Translation

These are 1) Replication;

2)

Replication (also known as DNA Synthesis) - it is a process of duplicating DNA
which is a cardinal requirement for cell division.
Transcription (also known as RNA Synthesis) – it is a process of converting the
DNA codes into mRNA codes that dictates the set of proteins for every cell in
the body. This is done inside the nucleus of every cell.
Translation (also known as Protein Synthesis) – it is process whereby the set of
mRNAs are then translated or protein structure called polypeptide to form into
a functional protein that forms the building blocks of cells and all structures
inside the cell or the entire tissue or organs. This process is done in the
cytoplasm or outside the nucleus.
The DNA is stable because it is protected by proteins called histones and nonhistones what intertwines with every DNA molecule. The whole complex is
called Nucleoproteins. But they can be unstable and usually damaged
especially during cell division because a DNA cannot be duplicated unless the
proteins that associates with them are dismantled during cell division. All DNA
therefore during cell division DNA have vulnerability to x-rays, gamma-rays and
ultraviolet rays (UV). The first two radiations are also known as ionizing radiations
capable of knocking out nucleotides causing them to be unstable and may
cause mutations. Mutagenic substances like food colorings and preservatives
can cause potential damage to DNA and may cause cancer and other forms
of cellular dysfunctions and alteration of stored genetic information.
When the amount of damage is greater than the ability of the DNA to repair it,
the dysfunctional or defective are formed, which leads to rapid aging, disease
and all forms of disorders.
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What Is the Purpose of DNA?
“The primary purpose of DNA is to store the hereditary information within the
cells of all living things. It is a molecule that encodes the genetic instructions
used in the development and functioning of all known living organisms.
“DNA dictates and facilitates biological synthesis specifically in the creation of
RNA molecules and cellular proteins.
“Information stored in DNA is in the form of a code consisting of four chemical
bases: adenine, guanine, cytosine and thymine. These bases specifically pair
up with each other to form base-pairs. This process is known as base pairing,
and it occurs when the bases attach to one another through hydrogen bonds.
Each base is attached to a sugar molecule and a phosphate molecule.
Collectively, a base, sugar and phosphate form a nucleotide. Sequence of
nucleotides is called polynucleotides or otherwise known as Nucleic Acids.
“DNA Nucleotides are arranged in two biopolymer strands called
polynucleotides. Polynucleotides coil around each other in a double helix,
which takes a form similar to a ladder's. Nucleotides are connected to one
another in a chain by covalent bonds between the sugar of one nucleotide
and the phosphate of the next. This chemical bond is called the phosphodiester bonds, a kind of strong covalent bond that forms the backbone of
every DNA or RNA.
This sequencing of the bases that connect the two
biopolymer strands determines the natural characteristics of the living thing in
which that specific DNA exists.”

Why Is DNA Called the Blueprint of Life?
“Just as blueprints direct the building of a house, DNA molecules contain the
genetic instructions used in the development and functioning of a living
organism. The DNA of eukaryotic organisms such as plants and animals is
organized into linear chromosomes and stored within the nucleus of every cell.
“DNA has a double helix structure, which appears like a twisted ladder. The
sides of the DNA ladder are composed of alternating deoxyribose sugar
molecules and phosphate groups. The rungs of the ladder are nucleotide base
pairs, which are the genetic information of the DNA.
Each nucleotide can be adenine, thymine, cytosine or guanine. Genetic
information is read in sequence of three bases called triplets. Each triplet codes
for a specific amino acid during protein synthesis. “ So the sequence of
nucleotides determines also the sequence of amino acids and the sequence of
amino acids determine the kind protein it will produce. Sets of proteins may
characterize a particular tissue in an organ. So therefore, an organ may have
different sets of DNA activated and expressed into respective proteins that
charterizes the tissue itself.
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Why Do We Need DNA?
“Without DNA, life would not be able to perpetuate itself.
“DNA is needed as it is the blueprint of life.
“Every species of plants and animals contains a genetic substance called DNA
that passes on the physical characteristics of an organism from one generation
to the next. You can imagine set of letters to represent a gene or set of
genomes in an organism.
“DNA contains all information that tells a cell how to grow, elongate, and form
tissues, organs and organ systems. DNA, which stands for deoxyribonucleic
acid, is found in every living cell. Each cell contains a nucleus at the center;
within the nucleus, there are a specific number of chromosomes. Every species
has a fixed number of pairs of chromosomes. For instance, humans have 23
pairs of chromosomes, therefore, each human cell has 46 chromosomes.
“A chromosome has three sections with a central portion called the
centromere. The two ends of the chromosomes attached to the centromere
are called chromatids. Inside the chromatids are strands of DNA.
“DNA consists of a double helix or a double chain of nucleic acids that are
coiled around like a spiral staircase. The four subunits, or nucleotides of human
DNA are adenine, guanine, thymine and cytosine. These form genes that are
the basis of various characteristics or physical traits. These four nucleotides are
paired differently along the entire length of the DNA, giving rise to genes.”
A gene is a set of DNA sequences that governs a particular trait or
characteristics. Therefore, set of genes are actually set of DNA molecules that
are translated into proteins to be expressed in an organism.

What Is the Purpose of DNA
Replication?
“DNA replicates in order for cells to divide.”
“Without replication of DNA there is no cell division” because DNA duplication
is a pre-requisite to cell division. An organism (e.g. plant, animal or human)
cannot grow without cell division. It cannot also develop new cells without DNA
synthesis. Therefore, continuous supply of nucleotides for a cell or organ to
maintain, grow and specialize. “DNA replication” allows all cells to contain the
full genetic code for the body.
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“It replicates by unraveling each of the strands of DNA that make up the
double helix. Because each of the four nucleotides can only connect to one
other, each of the single complement DNA act as a template to build the other
half. The nucleotide thymine can only bond with adenine using two hydrogen
bonds, and guanine can only bond with cytosine using three hydrogen bonds.”

What Is DNA and RNA?
“DNA and RNA are nucleic acids, which are also considered polymers.
Deoxyribonucleic acid is used to create ribonucleic acid that, in turn, contains
the primary sequence of amino acids needed to make proteins.
“While DNA and RNA are found in different parts of the cell and have different
functions, they are always found together due to how they function. Without
DNA, there would be no RNA to assist in the production of protein.
“In human cell, the DNA is located in the nucleus of the cell while RNA is first
synthesized in the nucleus but eventually transported to the cytoplasm because
that is where RNA is becomes functional. Both of these cell components
encode genetic information, but of the two, only RNA catalyzes and
synthesizes protein for biological functions.
“Both DNA and RNA are found in all living cells, no matter what species or
kingdom they belong. What really differs in different organisms is the sequence
of DNA and the manner by which they are expressed but in so far as operations
are concerned they are universal at molecular level.

What Is DNA Sequencing Used For?
“DNA sequencing is used to identify individual genes within the DNA of any
organism. This information can be used to identify specific sequence of a gene
governing a trait or it can detect variants and mutations that may cause
diseases and disorders.
“The process of DNA sequencing is used today by researchers and physicians
around the world. This is due in large part to the success of a research project
known as the Human Genome Project (HGP), which began its work in 1990. The
HGP sought to map all three billion base pairs of the human genome,
according to the National Human Genome Research Institute. The project
concluded with the identification of about 30,000 genes in the human body.
“Automatic sequencing machines read electrophoresis gels, resulting in faster
and more accurate DNA sequencing. These machines can produce a rough
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draft of a DNA sequence of 20,000 to 50,000 bases in a few hours. Firstgeneration DNA sequencing technology employed the Maxam-Gilbert method
and the Sanger method. Finishing is a method that involves the final assembly of
the raw sequences that come out of the sequencing machines. Newer
sequencing technologies have made it possible to sequence the genomes of
several organisms, including the mouse, the rat, a malaria-carrying mosquito
and mustard weed.
“Scientists can use sequence information to determine which sections of DNA
contain genes. Scientists can analyze those genes for mutations that may
cause disease. The sequencing of the human genome has given scientists a
blueprint of the human being, allowing them to find answers for complex
biological processes, including how a baby forms from a single cell, how the
human brain works, and how genes regulate tissue and organ functions.
“Genetic sequencing methods have helped scientists to discover more than
1,800 disease-causing genes and to create more than 2,000 genetic tests to
identify medical conditions, according to the National Institute of Health.”

How Does DNA Differ From RNA?
“DNA is a stable, double helix that functions in long-term storage of genetic
material, while RNA is a reactive, single helix that transfers information. There
are also slight differences in base pairs between DNA and RNA.
“The sugar deoxyribose makes up DNA while RNA utilizes ribose. This means that
DNA contains carbon to hydrogen bonds, making it very stable. RNA, on the
other hand, contains more reactive oxygen to hydrogen bonds. The double
helix structure of DNA involves small grooves that provide little space for
enzyme attachment, but the single strand of RNA has larger, more spacious
grooves. Because of these structural differences, DNA is much more stable and
more suitable for long-term storage of genetic information as it degrades very
little over time.
RNA is fairly reactive and is subject to frequent recycling and reformation; this
makes RNA a better candidate to translate a genetic code into a protein
material which the final expression of the nucleic acid. Both DNA and RNA use
adenine, guanine and cytosine as base pairs, but DNA contains thymine while
RNA contains uracil.
“DNA is a self-replicating molecule, capable of replenishing itself whereas RNA
forms, when the need arises, from DNA. Despite the relative stability of DNA, it is
actually more vulnerable to damage from ultraviolet radiation than RNA.
“DNA is self-replicating and serves the function of storing and transferring
genetic data from one cell to another during reproduction through
chromosomes. Chromosomes contain genetic information necessary for cell
reproduction and the determination of individual traits in new organisms.
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RNA is synthesized from DNA, and its sequence is translated into a chain of
amino acids. The RNA molecule that is mostly synthesized are the mRNA that
forms the codons. One codon translate into one or more amino acids. There
are redundant codes because, by laws of probability, there are 64 possible
codons three of which are stop codons that do not have specific amino acid.
So, there are 61 codons, coding for 20 naturally occuring amino acids.
Redundant codons prevents the occurrence of a visible mutation. Wobble
base mutation may occur but there is no visible mutation because there is no
change in amino acid sequence.
All proteins are produced in the ribosomes as a consequence of the mRNA that
is bound to ribosomes which later on forms into polymers of amino acids called
polypeptides.

How Do Cells Use Energy?
“Cells use energy in order to grow, regulate metabolism and reproduce. This
energy is obtained from a source such as food molecules or light from the sun,
and through processes like glycolysis, the citric acid cycle and oxidative
phosphorylation, an energy-rich molecule is then created. The cell can then
use the energy in the protein molecule to help it function.
“The powerhouse of an animal cell is called the mitochondria. In plants,
chloroplasts carry out a similar function. Eukaryotic cells, or cells that contain a
nucleus (which includes both plant and animal cells), can use three different
modes to create energy molecules from an energy source.
“Glycolysis, also known as fermentation, involves catalyzing glucose (sugar)
molecule into two molecules of pyruvates, a 3-carbon sugar molecule. No
oxygen is needed for this reaction, but if some is present, then the pyruvate
molecules can enter the mitochondria to be transformed into two acetyl-CoA
molecules and one carbon dioxide molecule. This particular energy process is
called the citric acid cycle or tricarboxyilic acid cycle.
“The third and final process is oxidative phosphorylation, which involves a build
up proton gradient in the intermembrane spaces of the mitochondria as the
electrons are passed from high energy molecule NADH and FADH2 to oxygen
as the final electron acceptor to form water. The flow of electrons happens in
the inner membrane of the mitochondrion facilitated by two electron carriers:
uniquinone (CoQ) and Cytochrome c that transfers electron from one
acceptor to the other. For every molecule of NADH, 3 molecules of ATP are
produced and for every molecule of FADH2 2 molecules of ATP are produced.
ATP is formed from a mononucleotide Adenosine monophosphate which is a
nucleotide. In other words, there will never be energy production without the
presence of nucleotides.
This is one important aspect of nucleotide
supplementation.
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What Is Released During Cellular
Respiration?
“The major products released during cellular respiration are carbon dioxide,
water and energy in the form of ATP molecules. These are all generated in
several steps in the progressive breakdown of glucose molecules through
reactions with oxygen and other molecules.
“There are four major stages of cellular respiration. The first is Glycolysis, which breaks a single
glucose into two molecules known as pyruvate without needing oxygen. This process produces
a net of two ATP molecules and 2 molecules of NADH. The second stage of cellular respiration
is the Oxidation of Pyruvates into AcetylCoA molecule that occurs inside the matrix of a
mitochondrion. In the this second stage, there are no ATPs produced however, two molecules
of NADH are produced. The third stage of Cellular Respiration is known as the Kreb’s Cycle or
the Citric Acid Cycle. In this third step, there are 6 molecules of NADH and 2 molecules of
FADH2 which are the sources of high energy molcules which are being fed into the Fourth stage.
This fourth stage is called as the Electron Transport System (ETS) or also known as Oxidative
Phosphorylation. In this step, there are four major process why this is called oxidative
posphorylation: (1) it requires oxygen as the final acceptor of electrons; (2) the electron flow
from either NADH or FADH2 to pass through Complex protein acceptors (Complexex I, II, III and
IV) until accepted by oxygen attached to Cytochrome Oxidase complex to finally form into
water; (3) the build up of proton gradient in the intermembrane space brought about during the
electron flow; (4) Chemiosmosis which is the flow of protons through the ATP synthase complex,
to the matrix of the mitochondrion. The downhill flow of protons from the intermemabrane
space to the the matrix of the mitochondrion causes the activation of the synthase leading to
the phosphorylation of ADP into ATP through the catalytic function of the ATP synthase activated
by the proton flow.
The fourth and the last of cellular respiration produces 34 ATPs out of 38 ATP molecules in the
complete breakdown of one molecule of glucose. This is why mitochondria is labeled as the
power house of the cells. But such conversions of ADP to ATP is a function of the nucleoside
adenosine (a kind of nucleotide pre-molecule.

What Are the End Products of Cellular
Respiration?
“The most significant end products of cellular respiration are adenosine
triphosphates, or ATPs also known as the energy currency in all cells of the entire
body. Cellular respiration yields 38 ATP molecules in one molecule of glucose,
34 ATPs are produced in the mitochondria in the presence of oxygen. Aside
from ATP other end products are found such as: carbon dioxide, and water are
the molecules produced during cellular respiration. Most ATPs are produced
inside the mitochondrion particularly during the oxidative phosphorylation.
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At What Stage in Cellular Respiration Is
Most ATP Produced?
“In cellular respiration, the electron transport stage is when most adenosine
triphosphate (ATP) is produced. Electron transport is the fourth stage in cellular
respiration.
Glycolysis and ATP Production
“Glycolysis occurrs in a cell's cytoplasm. During this phase, a molecule of
glucose is broken down into two molecules of pyruvate. These two molecules
then move on to the second phase of the cellular respiration process. The
second phase which is the oxidation of pyruvates. Two molecules of NADH are
produced during this phase. The third step is Krebs cycle, and it begins when
the pyruvates have been converted to Acytl-CoA inside the mitochondrion.
The Krebs cycle ends in a complete breakdown of the glucose molecule.
Majority of ATP production happens during the oxidative phosphorylation.
There are 34 out of 38 ATP units are produced during this phase and in the
presence of oxygen, representing about 90% of all total number of ATPs due to
the presence of oxygen.
Aerobic and Anaerobic Cellular Respiration
“Cellular respiration can be performed with and without oxygen. Cellular
respiration that requires oxygen is called aerobic respiration. Cellular respiration
that does not need oxygen is called anaerobic respiration. Anaerobic
respiration first appeared when the earliest life forms arose on Earth and did not
have access to oxygen. Oxygen began appearing on Earth around two or
three billion years ago. At that point, living organisms could begin using oxygen
to produce ATP. Most organisms use aerobic respiration instead of anaerobic
respiration. “
Uses of Cellular Respiration
“Plants and animals both use cellular respiration to perform life functions on a
daily basis. Plants use it to perform photosynthesis, which provides the
sustenance they need to stay alive. However, plants have a reverse cycle of
cellular respiration, which produces oxygen as an end product. Animals take in
oxygen and give off carbon dioxide. This delicate balance makes animals and
plants dependent on each other for survival.”

How Is ATP Formed?
“Adenosine triphosphate, or ATP, is formed via photosynthesis and cellular
respiration. ATP is the high-energy carrying molecule that drives vital biological
functions for an organism to survive.
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“ATP is utilized by the cells in a variety of ways. It is mainly used in most animals
for muscular contraction, nerve impulse transmissions, protein synthesis,
cognitive processes and all life processes. Photosynthetic organisms, however,
use ATP as a raw material to produce essential bio-molecules, such as glucose
and oxygen.”
Photosynthesis
“Organisms that are capable of photosynthesis, including green plants and
other autotrophs, create ATP from carbon dioxide, water and captured sunlight
energy. This process involves two stages: light reactions and dark reactions.
During the light reactions, the energy from the sun is converted into chemical
energy in the form of ATP. Adenosine diphosphate, or ADP, undergoes
photophosphorylation, where a phosphate group is added to it to form ATP
molecules.
Another product of the light reactions is NADPH. During the dark reactions, also
referred to as the "Calvin cycle," the ATP and NADPH molecules are broken
down to provide the energy required for the synthesis of glucose.”
Cellular respiration
“Animals rely on cellular respiration to produce usable energy. This set of
metabolic pathways is driven by glucose, the primary organic product of
photosynthesis. These pathways include glycolysis and aerobic respiration,
further broken down into two: citric acid cycle and electron transport chain.
Through a series of biochemical reactions coupled with enzymatic actions,
glucose becomes completely oxidized at the end of cellular respiration to form
36 molecules of ATP”

What Is Responsible for Making ATP?
“Adenosine triphosphate (ATP) is created in organisms through the processes of
photosynthesis, glycolysis, cellular respiration and fermentation. Photosynthesis
and fermentation are restricted to plants and fungi, respectively, but glycolysis
and respiration occur in both plant and animal cells.
“Photosynthesis is the process by which photons are captured in the pigments
and activates in the production of ATP and NADPH through chloroplasts in
plant cells. This process creates ATP and electron carriers. The ATP and NADPH
are used to fix carbon dioxide into glucose or carbohydrates.
“Glycolysis occurs either when a plant consumes its stored glucose or when the
plant is consumed by another organism. Two ATP are created as a result of the
breakdown of glucose into two pyruvate subunits. During cellular respiration,
pyruvate is then combined with oxygen, creating carbon dioxide, water and 17
ATP per unit of pyruvate and since there are two units of pyruvates in one
molecule of glucose then17 x 2 = 34 ATPs are produced to oxidative
phosphorylation.
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“Fermentation converts pyruvate into ATP, carbon dioxide and ethanol. While
not as efficient as other methods, fermentation is able to produce ATP in an
anaerobic environment.”

Why Is ATP Important in Cells?
“Adenosine triphosphate, or ATP, is a molecule that stores all the energy
required for cells to function. It is present in the nucleoplasm and cytoplasm of
every cell. All of the energy needed to perform physiological operations is
directly obtained from ATP.
“An ATP molecule has three components: a sugar molecule center called
ribose, a base of linked nitrogen and carbon atoms called adenine and a string
of phosphate groups.
“Energy is released from ATP molecules by a reaction that eliminates one of the
phosphate-oxygen groups, leaving adenosine diphosphate, or ADP, behind.
After an ATP molecule has been converted to ADP, the energy is spent.”

What Is ATP Energy?
“Energy that is produced in cells by a molecule called adenosine triphosphate
is called ATP energy. ATP energy is essential for many living processes, including
muscle contraction and nerve impulses. In order to provide continuous energy
to cells, ATP molecules must have continuous access to foods that contain
energy.
“ATP is a molecule that generates energy by breaking down food in cells. Aside
from muscle contraction, ATP is essential for creating nucleic acids in the body.
Nucleic acids store DNA, and they are vital for healthy cell functioning.
“The ATP molecule is made from a mixture of hydrogen, carbon, nitrogen,
phosphorus and oxygen atoms. The bonds between some of these atoms
contain large amounts of energy. When the bonds are broken, the excess
energy is used to power the cell. Some of this energy can also sometimes be
released as heat.
“Once an ATP molecule has generated energy, it becomes adenosine
diphosphate. In order to regenerate into ATP, the molecule uses fats and
carbohydrates found in foods. The energy from the food recreates the bonds
that were broken through a complex chemical process. This is why a constant
supply of carbohydrates and fats is essential for a cell to survive.”
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What Makes Plant and Animal Cells
Different?
“There are several key differences between plant and animal cells, such as cell
wall structure, presence or absence of plastids, lysosomes and centrioles and
shape of vacuoles. These characteristics are the primary and most distinct
differences between plant and animal cells. However, they only exist in
organisms classified as eukaryotic, and occur primarily in central organelles
“Cell wall structure varies considerably between plant and animal cells. In plant cells, walls
have shape but lack a clearly defined and rigid structure; biologists refer to this as having
nearly-present walls. Animal cells, on the other hand, have no cell walls present outside their
cell membranes. In plant cells, plastids are located in the cytoplasm while animal cells lack
plastids. Most animal cells contain lysosomes, which are located primarily in their cytoplasms.
Plant cells do not typically have lysosomes; if they do, those structures are also located in their
cytoplasms. Organelles called centrioles occur in some plant cells, but are only found in cells of
lower plant varieties. Centrioles are found in all animal cells, however. The last primary
difference between plant and animal cells is that all plant cells contain structures called
vacuoles, which are filled with gel-like cell sap. Some animal cells contain vacuoles, too; if
present, those vacuoles are temporary or small and contractile.”

What Is the Purpose of Cell Division?
Cell division has three purposes for an organism:
1) Reproduction,
2) Growth and
3) Maintenance.
For single-celled organisms, this is their direct and only method of
reproduction, and it serves no other purpose. For multicellular organisms,
cell division is a step in reproduction and is necessary for growth and
maintenance.
“Cell division occurs in two different basic ways. The first, and by far the most
common, is mitosis. Mitosis is the only way in which single-celled organisms
divide, and the vast majority of cell division for multicellular life is mitosis as well.
In mitosis, a cell divides into two smaller cells, known as daughter cells, with
identical genes. In single-celled organisms, these daughter cells generally have
the same basic characteristics as the parent cell. In multicellular organisms,
these can either be similar to the parent cell or, as in the case of the production
of blood cells, very different, although the genes are the same.
“Meiosis, on the other hand, produces gametes, daughter cells that are
structurally different from their parent cells and contain only half the number of
genes. Theses gametes are used for sexual reproduction in multicellular life and
must combine with another corresponding gamete before they can begin
growing via mitosis.”
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If a Human Cell Has 46 Chromosomes,
How Many Chromosomes Will Each
New Skin Cell Have After Mitosis?
“Human skin cells reproduce continuously, and each daughter cell carries a
complete set of 46 chromosomes. Nucleated somatic cells, which make up the
body and carry a complement of DNA, all have the same number of
chromosomes as their parent cells.
“The cells in the human body only undergo division when their DNA has been fully duplicated.
Once the second string of DNA has been assembled, the cell divides into a pair of cells with
roughly equal amounts of cytoplasm and organelles. This process leaves the cells of the body
with full, identical complements of genes. Only germ-line cells undergo partial separation and
carry 23 chromosomes.”

Why Does a Cell Make a Copy of Its
DNA Before Mitosis Occurs?
“A cell makes a copy of its DNA before mitosis occurs so there is a set of DNA
for the daughter cell after mitosis has occurred. Because each cell needs its
own set of DNA, there must be two sets of DNA present in a cell before it divides
into two.
“Mitosis is the process of cell division that creates a new cell identical to the
original. Somatic cells, such as muscles, hair and skin, undergo mitosis regularly
in humans and other organisms. This is an important type of cell division needed
to facilitate the repair of damaged cells, growth and replacement of old cells
with new ones.
“When a new cell is created, it must have the same library of genetic
information all other cells in the body have access to. Because all the material
in the new cell must come from the first cell, the original cell must make a copy
of its DNA before completing the process of mitosis. These two sets of DNA only
exist for as long as it takes the cell to undergo mitosis, which can be anywhere
from 30 to 90 minutes in certain human cells. When the cell division is complete,
both of the cells have a single identical copy of DNA.”

What Is a Summary of Mitosis?
“During mitosis, a cell enlarges, splits and multiplies DNA, and then separates
into two daughter cells. During this reproductive cycle, the cell goes through
five different phases
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“The five main phases of mitosis are:
1)
2)
3)
4)
5)

prophase,
prometaphase,
metaphase,
anaphase and
telophase.

“Some mitosis timelines include interphase, where the cell begins preparing
to undergo mitosis. Prophase is the official start of mitosis, and during this
step duplicated DNA strands condense into a more compact form and take
on the traditional X shape of chromosomes.
“During prometaphase, the membrane around the cell's nucleus dissolves so
that the chromosomes can move into place at the center of the cell. Spindle
fibers align the chromosomes in the center of the nucleus during metaphase.
This phase is essential to the health of the daughter cells, since it lines the
chromosomes up evenly so they can be easily split in the next phase.
During metaphase, the two sister chromatids aligned at the equatorial plate.
Through the kinetochore attached to the centromere, the two daughter cells
are then oriented in opposite regions. The chromatids are attached to the
spindle fibers ready to migrate to the opposite poles.
“Anaphase is the phase where two different cells start truly forming. The
chromosomes are pulled apart, and half of each chromosome is pulled to
separate ends of the cell, creating two bundles of chromosomes.
“In telophase, these bundles of chromosomes are enclosed in a new nuclear
membrane. Once safely enclosed, the chromosomes break up again and lose
their compact look. Finally, in cytokinesis the two sides break apart to create
two new identical daughter cells.”
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Abstract: Glucan is the most studied immunomodulator. Among its properties, effects on cancer are the closest
to clinical use. In our study, we evaluated the effects of short-term supplementation with glucan on NK cells in
patients recovering from different types of cancer treatment. NK cells represent a distinct sub-population of
lymphocytes endowed with the capacity to kill tumor cells without prior sensitization and form one of the most
important defense mechanisms against cancer. To measure the numbers of NK cells, flow cytometer measuring
four colors was used. Using a double-blind, placebo-controlled clinical trial, we found that adding glucan to the
diet strongly increased the number of NK cells in blood.
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1. Introduction
Natural killer (NK) cells form app. 5 to 12% of peripheral
blood lymphocytes. These cells represent the first line of
defense against infections with the strong ability to
spontaneously kill virus infected and cancerous cells.1 In
addition, their ability of immunoregulation has strong effects
on adaptive immunity.2 The functional activity of NK cells is
regulated via their receptors which are able to activate and
inhibit ligand recognition. NK cells can form
anti-inflammatory conditions and are defined by three
characteristics: lymphoid morphology, lack of activation
recombinant gene and expression of myeloid markers such as
a CD56 molecule with a subgroup CD56dim NK with an ability
to express a CD16high NK marker. CD56 markers are
expressed by additional cells, such as NKTS, dendritic cells
and monocytes.3 Recent studies suggested that failures in NK
cell functions are connected with higher disposition or
formation of autoimmune diseases.1 Immune and cancer cells
are closely related and significantly affect each other. On one
hand, immune cells can suppress the growth of cancer cells, on
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the other hand cancer cells can bypass defense mechanisms of
the immune system via several modulators. Cytotoxic
mechanisms of NK cells represent secretion of perforins and
granzymes and their activation is regulated by IL-15. Detailed
understanding of molecular mechanisms regulating NK cell
activity is necessary to fully use targeted immunotherapy of
cancer.4
The immune and central nervous systems closely
communicate. There are two ways the central nervous system
stimulates psychogenic stress. The first employs
hypothalamic-pituitary-adrenal axis, resulting in cortisol
production, the second uses the sympathetic nervous system
with subsequent release of catecholamine (noradrenalin and
adrenalin). These neuroendocrine stress systems coordinate
response of additional physiological mechanisms, including
immune mechanisms.5 It is well known that fatigue caused by
cancer growth does not adequately react to prescribed
antidepressive medication.6 This type of fatigue, commonly
named cancer related fatigue,7 is influenced and significantly
started by chirurgical treatment and subsequent chemotherapy
and/or irradiation. In addition, the effects of the environment

(such as aggressivity of surrounding persons, depression or
loneliness) after the end of the treatment strongly influences
cancer related fatigue.8
Cancer related fatigue was a dominating diagnosis in all our
patients who finished cancer treatment.7 This fatigue was
accompanied by mild inflammation, nutritional imbalance and
most of all persistent stress. As glucan is well-established
immunomodulator, we decided to test the effects of glucan
supplementation on NK cell levels in patients with
cancer-related fatigue. From the whole spectrum of
immunological tests performed in these patients, our paper is
focused entirely on NK cells, where significant effects have
been found.

2. Material & Methods
2.1. Glucan
Yeast-derived insoluble Glucan #300 (>85% dry w/w basis)
was kindly donated by Transfer Point (Columbia, SC, USA).
This glucan contains 96% carbohydrate and 2.1% protein. The
neutral sugar analysis confirmed 91.3% glucose and 8%
mannose. Patients obtained 100 g of glucan daily, the control
group obtained the same looking pill containing placebo. This
glucan is currently the most studied glucan on the market.
2.2. Protocol
A randomized, double-blind, placebo-controlled trial
compared -glucan #300 and a placebo in patients at the end
of complex treatment of cancer disease. We evaluated 36
patients 2 to 6 months after the end of either chirurgical,
chemotherapeutical or radiation therapy of cancer. All patients
were diagnosed as potential immune deficiency and were
showing strong fatigue, subfebrile stages, and additional
clinical problems (rhinopharyngitis, pharyngitis etc.). All
patients were fulfilling all conditions for a fatigue syndrome
diagnosis based on the International Case Definition criteria
with Cancer Related Fatigue criteria. All patients were tested
for comorbid health state, possible effects of medical
treatment, and psychological factors such as depression and
anxiety. Subjects were randomly assigned to groups which
were blinded to the intervention. During the intervention
period, the subjects consumed 200 mg/d of β-glucan or
placebo for 60 days. The glucan and placebo capsules looked
identical. Subjects were routinely evaluated by the medical
staff. At the end of the study, we again performed the full
immunological evaluation, including native and acquired
immunity. After elimination of patients, which did not finish
the food supplementation or did not arrive for the final
evaluation,
we
evaluated
10
patients
in
the
placebo-supplemented group with an average age 60.75 (56 to
83) years, and 26 patients in the glucan-supplemented group
with an average age 60.75 (43 to 79) years. For our study, we
used patients diagnosed with either breast (females), prostate
or gastrointestinal (males) cancer. The glucan group involved
16 females and 4 males, the placebo group consisted of 10
females and 6 males.

This study was performed in agreement with the Helsinki
declaration (revised version 2000.09.01) and in full
compliance with the rules for clinical testing in the Czech
Republic. All patients were fully informed about the goals of
the study and their consent was given in all cases.
2.3. Tests
NK cells were measured using flow cytometer
FACSCalibur (BD Biosciences, USA) with 4 color test. We
used anti-CD16-FITC, CD56-FITC, CD56-PE, CD45-PerCP,
CD3-APC, CD11b/PE and HLA-DR/PE monoclonal
antibodies (BD Biosciences, USA). NK cells were identified
as CD45+, CD16+, CD56+ and CD3- cells. Absolute numbers
were calculated from numbers of leukocytes and lymphocytes
(hematological analyser XS 800) and relative percentage of
NK cells.
2.4. Statistical Analysis
Statistical significance was evaluated by a Wilcoxon paired
t-test using a GraphPad Prism 5.04 software (GraphPad
Software, USA). Statistical significance between individual
groups used a P < 0.05 level. The results represent mean and
SD. The assumption that the differences are sampled from a
Gaussian
distribution
was
tested
using
the
Kolmogorov-Smirnov distance test.

Figure 1. NK cells findings in patients supplemented with β-glucan (G) and in
placebo group (P). G1 - glucan-treated group at the beginning of the study;
G2 - glucan-treated group at the end of the study; P1 – placebo-treated group
at the beginning of the study, P2 - placebo-treated group at the end of the study.
Results are given as mean ± SD. * Represents statistically significant
difference between G1 and G2 group.

3. Results
Table 1 and Figure 1 summarize our findings of the number
of NK cells in patients supplemented with glucan. Our results
showed an increase from 211 cells/ l to 294 cells/ l in the
glucan-supplemented group (p<0.0001). In the placebo group,
the numbers of NK cells remained the same with some small
decrease from 271 cells/ l to 264 cells/ l (p<0.08652). The
normal values of NK cells determined by our Department are
in the range of 250 to 400 cells/ l. In the placebo group, we
found low levels of NK cells in 43.75% of patients at the start
of the study and in 56.3% of patients at the end of the study. In
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the glucan supplemented group, we found low levels of NK
cells in 55% of patients at the start of the study, but only in
40% of patients at the end of the study. In the glucan group, all
patients with an originally low number of NK cells showed a
significant trend to increase the NK cell numbers.

4. Discussion
Our previous work was devoted to the possibility of
positively influencing some immune mechanisms in patients
suffering from cancer related fatigue.7 The relation between
cancer and fatigue is well established as well as the positive
effects of glucan treatment in both experimental and clinical
models of cancer. The aims of this study was to evaluate the
hypothesis that glucan supplementation might influence the
NK cells in patients with cancer-related fatique. This study
clearly demonstrated the positive effects of short-term glucan
supplementation on post-surgery and the rehabilitating phase
of patients overcoming cancer disease. The connection of the
fatigue syndrome with problems of immune system and with
lower activity of the hypothalamic-pituitary-adrenal axis is
well established.9-11 Our working hypothesis is the possibility
to use noninvasive methods to influence both the immune
system and neurocrine system which might help to understand
the interaction among these two systems and its significance
for the development of fatigue syndrome.
In our study, we found a significant difference in the
numbers of NK cells at the start of the study, and both groups
were statistically identical. We cannot completely disregard
the possibility of a placebo effect, as we did not include the
third group (non-placebo control).
Medical treatments of cancer cause significant changes in
physiological mechanisms. In the immune system, the most
affected part is the hematopoiesis with resulting suppression
of number of immune cells.12 It was found that glucans
stimulate chemotaxis and adhesion of neutrophils, have
synergistic effects with myeloid growth factors and mobilize
progenitor
cells
resulting
in
regeneration
of
hematopoiesis.13-18 In mice and monkeys treated with either
myelosuppressive
or
myeloablative
doses
of
cyclophosphamide, prophylactic administration of glucan
accelerated the recovery of peripheral blood cells19 and the
number of bone marrow cells with chromosomal aberrations.20
Our previous studies revealed that 60-day treatment with
glucan had positive effects on hematopoiesis in patients after
cancer treatment.21 Since glucan is nearing use in clinical
practice, attention has returned to the potential role in
implementing changes in the hematopoietic system and more
and more studies describe positive effects of glucan in cancer
22-26
treatment.
The positive effects of glucan supplementation are well
established with over 8,000 published studies. This knowledge
results in more and more common use of glucan in prevention
and the direct treatment of many diseases. Glucans have
stimulating effects on both nonspecific and adaptive immunity.
These effects also include positive improvements of health
27
conditions in people with high physical activity and stress.

Glucans are tested for use in cancer treatment, which is based
not only on hundreds of animal studies, but also on the fact
that in Japan, glucan has been used in treatment of
gastrointestinal cancer since 1983.28 Beside direct palliative
effects, glucan is also evaluated for application in cancer
patients undergoing chemotherapy, where glucan has
repeatedly shown to have significant positive effects on
hematopoietic recovery.13,14 Our group also found positive
effects of glucan on hematopoiesis.7 Radioprotection of
lymphocytes by glucan resulting in protection of stability of
the whole spectrum of lymphocytes was reported.17 Some
studies suggested that the effects vary based on the biological
variability of glucans caused by their source,23 therefore it is
imperative to pay attention to the quality of glucan.29 It is
known that the biological effects of glucan are influenced not
only by its purity, but also by physicochemical characteristics,
and size. Some studies suggested that high molecular weight
glucans are more effective than low molecular weight
glucans.23 On the other hand, small synthetic glucan-based
oligosaccharides have at least as good activity as native
glucans.30, 31
In the first periods of chirurgical, chemotherapeutical or
radiation treatment, we routinely observed unexplained
periodic increases in temperature. It is extremely difficult to
better characterize these clinical cases, but is absolutely
necessary for the differential diagnosis leading to the
prognosis of health of these patients. With the higher age of
our patients, we can expect a wide spectrum of clinical
symptoms where this autoinflammatory syndrome can occur.
The role of NK cells in anticancer response is well
documented.3, 21, 22 Based on these data, we can now evaluate
not only the ways to activate them, but also how to use them in
therapy. Detailed information of molecular mechanisms
controlling NK cell activity will offer novel approaches to
cure cancer.13 To achieve this goal, we need to get better
knowledge of a NK cell – cancer cell interaction. One of the
results
of this
interaction
is
development
of
immunosuppressive conditions, affecting T lymphocytes3 The
ability of NK cells to help in breast cancer treatment and the
stimulation of NK cell activities by glucan are the focus of
both experimental and clinical studies.22, 32-34 Our clinical
study confirmed that it is possible to influence the quality of
cellular immunity by glucan supplementation. We conclude
that glucan treatment has positive effects on
immunoregulatory activities, particularly on adaptive
immunity.
Table 1. NK cells findings in patients supplemented with β-glucan (G) and in
placebo
group
(P).
Title

G1

G2

P1

P2

Sample size (N)
Mean
Standard deviation (SD)
Std. error of mean (SEM)
Lower 95 % conf. limit
Upper 95 % conf. limit
Paried t-test P value

20
211.15
108.24
24.204
160.49
261.81
0.0001

20
294.05
100.5
22.474
247.01
341.09

16
271.625
79.458
19.865
229.29
313.96
0.8652

16
264
127.27
31.817
196.2
331.8
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β-glucan affects mucosal immunity in children with chronic
respiratory problems under physical stress: clinical trials
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The role of β-glucan in children with respiratory problems is getting more and more
with β-glucan on physical activity and

this report we focused on the effects of 30 days oral
status of children with respiratory

Methods: We measured the level of sIgA, eNO and physical activity [using a 6-minute walking test
77 children and evaluated the effect of 100 mg/day oral

Results: We found a significant difference between males and females in physical endurance. In the glucan
the positive effects of glucan were significant in both age groups. In the glucan group, we found significant
of eNO levels and stabilization of the sIgA levels.

Conclusions:

β-glucan stimulated physical

oral application of natural

in children with respiratory problems and, via stabilization of the sIgA levels, helps their mucosal
Glucan; children, saliva; IgA; physical
Submitted Feb 20, 2015. Accepted for publication Mar 02,
doi:
View this article at:

for children from the most polluted regions to have
stays in
clear areas, with optimal
higher physical activity and stimulation of
immunity using specific
β-glucan
It is hypothesized that medium physical
can result in an increase of immune mechanisms
subsequent lower risk of upper respiratory infections.
the other hand, heavy physical challenge might
immune mechanisms and result in higher risk of
well-designed animal studies
negative effects of long term physical challenge on
the risk of upper respiratory problems. These
are a direct result of the lower activity of macrophages,
cells, antigen
and other immune
Recently,
focused on finding ways to
the level of immune reactions during physical load
with various
such as
zinc, amino acids, or antioxidants (7,8).

Respiratory tract infections represent the most
cause of sickness in the child population of
i
countries (1). In the Czech Republic, the highest
of these health problems occurs in industrial parts
Bohemia and
Moravia (2-4).
se
are areas of extreme
of the
mostly due to the presence of coal mines, heavy
al
industry and power stations using low quality coal.
addition, the high frequency of automobile traffic
high
particles from car exhausts
another source of
The intensity of
is steadily increasing due to the
carpool, as the average age of a car in the Czech Republic is
around 14
Ever increasing numbers of respiratory
allergies and asthma led us to the studies focusing on a
search for possible solutions. Among possible solutions
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β -glucans are natural polysaccharides isolated
a i s a
al a ials
ch as
a ,
seaweed or grains. β-glucans show notable
effects; this is their most
quality and
reason why so much
has been devoted to
molecules. They belong to a group of
acti v e co mpo unds , co ll ect i vel y t erme d
response modifiers. In Asian medicine,
of different medicinal mushrooms (such as shiitake
maitake) has a long tradition. In detailed studies of
biological effects of these mushrooms, especially
anticancer action, β -glucans were again found to be a
main cause of non-specific
thousands of published studies showed that glucan a
significant effects on both branches of immune
on reducing stress, lowering cholesterol, regulating
blood sugar and
against the negative
of
toxicity [for review see (9)].
decades of intensive research, studies
effects of glucan in the prevention of negative effects
physical challenge are
it is normal to evaluate the
immune reaction not only with respect to the
of defense reactions, clinical manifestation and
functions, but also by using a 6-minute walking
It is expected that a response of an
on physical challenge can offer
i
about overall health status of an individual and
li
risk of numerous diseases (10-12). The main
why the
test is so popular is its simplicity, l
financial
and solid reflection of the
health. Several modifications and methodic
have been made in the last few years, resulting in trying
standardize this test. Materials from the American
of Pulmonary Physicians and from the Czech
of
Physicians led to subsequent
evaluating effects of both technical conditions (such as size
and length of the track) and personal conditions (such as
age, sex, weight or race of the tested individual)
More and more studies are trying to prepare
for the
in a healthy population in relation to
sex and other parameters (3,16-19). These facts led us
try to evaluate the physical endurance of children
i
their stay at the Sanatorium
Zlate Hory, z c
Republic. This paper offers the results of our clinical
describing the possibilities of using the
test
evaluation of the effects of the curative stay of
with chronic respiratory

© Annals of

and
Protocol
The same protocol that was previously described (4) was
used
this study. Briefly, a randomized,
blind,
trial compared β-glucan #300
a placebo in children. Seventy seven children (43
34 males, average age 10.3±2.1) from the sanatorium
enrolled in the 4-week trial testing for respiratory diseases.
The clinical trial was conducted at the Sanatorium
(Zlate Hory, Czech Republic) and the study was
by the Ethics committees of the Public Health
based in Usti nad Labem and Sanatorium
Hory, Czech Republic. As a part of the clinical
at the starting point of the study, all children were
for their height, weight, and body mass index (BMI) and
percentile has been calculated in relation to age and sex (20).
Thirty two children (19 females and 13 males) formed
group
with glucan, 45 children (24
and 21 males) formed the control (placebo) group.
study was performed in agreement with Helsinki
(revised version 2000.09.01) and in full compliance with
rules for clinical testing in the Czech Republic.
consent was given in all cases. Subjects were
evaluated by the medical staff.

Yeast-derived insoluble glucan #300 (>85% dry w/w basis)
was kindly donated by
Point (Columbia,
USA). This glucan contains 96% carbohydrates and
proteins.
sugar analysis confirmed 91.3% l c
and 8% mannose.
obtained 100 μg of glucan
the control group obtained the same looking pill

In all subjects we obtained saliva at the beginning of
study and at the conclusion of their stay in Sanatorium.
used identical times (between 8 and 9 a.m.) for
so the possible influence of circadian rhythms could
Saliva was collected using a commercial Salivette device
(Sarstead, Orsay, France). After 2 minutes of chewing, the
cotton swab was added into a sterile container and
centrifuged at 1,000 g for 15 minutes and stored at −15 ℃. We
measured the levels of sIgA using nephelometer Siemens

Medicine. All rights
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(D/m)

BMII as suggested by the
All participants absolved at the beginning and at the
the
based on suggested development, i cl i
evaluation of additional parameters such as frequency
and after physical stress, oxygen saturation, i
i
of stress due to the tiredness. These tests were done 2
after the meal. We used
of the
Society (21).
In addition, both weight and height were
and BMI calculated. BMI levels were
into age percentiles (Body Mass Index
Age Percentiles) according to the CDC (19). We
that CDC percentiles are identical to levels found in
population of Czech children of the same age
as
by The National Institute of Public
Prague, Czech Republic. All tested children had
physical activity for 2 h. prior the test with guaranteed
special energetic income.
track used for all
i
was long and wide enough to ensure no risk of
constraints during the
At the beginning and the end of the study we al
evaluated eNO levels using the American
(21) as described in our previous studies

A

A

B

Figure 1 Distance walked in groups of children
glucan or placebo. (A) Before therapy; (B) after therapy.
6-minute walking

Different values were found when we compared
values according the sex of the children.
showed statistically significant increase from 403.5 to 427.9
(P<0.0195), the levels in males were borderline
vs. 469.6, P<0.052). Our data clearly show
differences. The average level of
is 448.3 m
males and 403.5 m in females (P<0.007) in the
of the study, 30 days later we found an increase to 469.6
in males and to 427.9 m in females (P<0.01). In c
under 10 years of age
with glucan, we
an increase in
levels from 444.4 to 464 m
In older children the increase was from 446.8 to 479.3
(P<0.01). In the control group we found
changes both in younger and older children
Table 1 shows levels of the
in both the control
glucan group, the increase of physical activity in
children is
3 s h o w s l e ve l s o f e N O i n b o t h
and placebo group. In the glucan group we
found significant decrease of eNO levels from 14.59
10.16 ppb (P<0.04), the decrease was also significant in
placebo group
The levels of sIgA did not change in the
group (381 mg/L at the beginning
398 mg/L at the end of the study), but were
depressed in the placebo group (273 vs. 174 mg/L;
(see

Statistical
Statistical significance was evaluated by a pair t-test
unpaired t-test using a
Prism 502
Software,

characteristic in both weight and
is almost identical in both the glucan (G) and placebo
group. Average height was 145.5±13.3 cm in the G group vs.
143.7±16.0 in the P group. Average weight
44.0±12.3 kg in
G group and 40.1±14.4 kg in the P group. No
were found in BMI (index 20.4±3.6 in G group and
in P group). However, percentile calculation
significant differences. Level in G groups was
whereas in the P group it was 55.76±32.43
Glucan
caused significant increase in
values from the initial 442.1 to 469.4 m
In the control (P) group we found only insignificant
from 463.3 to 471.8 m (P<0.371).
of
values from the beginning of the study showed
differences (P<0.122) and the differences between
were not significantly different even at the end of the
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A
A

B

A

B

A

B

A

B

A

B

B

Figure 4 Effects of glucan on levels of sIgA. (A) Before therapy; (B)
after
Figure 2 Effect of glucan and placebo on the
in
different age groups. (A) Before therapy; (B) after therapy.
6-minute walking
Table 1

in groups of children

glucan or placebo according to the
>90%

P

<90%

GL1

441.9

0.0079

442.3

GL2

477.7

PL1

490.1

PL2

474.9

P
0.0248

463.0
0.110

455.7

0.197

470.9

(ppb)

6MWT, 6-minute walking test; BMI, body mass

A

B

A

B

Figure 3 Effects of glucan on eNo levels. (A) Before therapy; (B)
after

evaluation of functional activity of an individual (22).
This test is optimal for evaluation of cardiovascular
respiratory problems. However, it is getting more and

© Annals of Translational Medicine. All rights reserved.

common in testing of
before and after
medical or
procedures and for testing
general endurance (12,13,17,18). The high
of this test allows the use as a reliable indicator of
quality of life (4,10,21,22). More
indication and
for this test are given in
American
Society document (23).
Our study was fully based on these
One has to keep in mind that the comparison of our
with that of other authors, when evaluating
age groups, living in different geographical and
conditions, has limited values. Another problem
be the use of different types of tracks, different lengths
the track or different surfaces of the track. Similar to
published data, our results showed significant
with respect to age and sex (13,14,16,17,19,24).
et al. (15) found no
between BMI and
levels, but these authors did not consider recalculating
into percentiles (20). The 20% obese children
in this study is less than was found in our groups.
difference might be responsible for the differences i
the physical activity, as in our group of children are
anamnestic data on free time physical activities very
which subsequently might influence the lower
found in our
tests. World Health
informs that at least 60% of population has
physical activity (11). Significant changes in the
with the level of illness (11,12), which was
confirmed by our
BMI levels in our groups differ with only 22.2%
children with higher weight than 90% percentile BMI vs.
43.8% in the glucan group. These differences are shown
Table 1. In the glucan group, we found a significant
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clinical trials of yeast-derived β-(1-3) glucan in
with chronic respiratory problems. Ann

of
levels particularly in the subgroup of
with highest weight, whereas in the placebo group
increase was very limited (in some cases we even found a
decrease of the test levels). The same effects were found
subgroups with normal weight. It is possible to
that these findings might reflect the fact that the
children had to use higher physical challenge than
were used to do. The overall physical conditions of the
population in the Czech Republic have a decreasing
O ur in din gs m igh t be t h e r e ult of gluca
as glucan positively affects mental
and also unexpected or strong physical challenge (25,26).
addition, glucan was repeatedly confirmed to have
ii
effects on children with respiratory problems
The findings correlate with the levels of sIgA, where we
found no changes in the glucan
but significant decrease in the control group. These
correlate with other authors (7,8,24,28). Our findings of
eNO levels are in close relation to the changes in
of
as was previously
living in the Sanatorium Edel, Zlate Hory,
Republic, are exposed to a significantly better
both outside and inside the buildings. The reduction
exposition to passive smoking in more than 50% of
tested population represents another positive
Our data showed strong effects of glucan
on the overall health status of all children in this group.
propose than the stabilization of the sIgA levels
the most positive effect of
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Non-prescriptional use of medicinal herbs among cancer patients is common around the world.
The alleged anti-cancer effects of most herbal extracts are mainly based on studies derived from in vitro
or in vivo animal experiments. The current information suggests that these herbal extracts exert their
biological effect either through cytotoxic or immunomodulatory mechanisms. One of the active
compounds responsible for the immune effects of herbal products is in the form of complex
polysaccharides known as β-glucans. β-glucans are ubiquitously found in both bacterial or fungal cell
walls and have been implicated in the initiation of anti-microbial immune response. Based on in vitro
studies, β-glucans act on several immune receptors including Dectin-1, complement receptor (CR3)
and TLR-2/6 and trigger a group of immune cells including macrophages, neutrophils, monocytes,
natural killer cells and dendritic cells. As a consequence, both innate and adaptive response can be
modulated by β-glucans and they can also enhance opsonic and non- opsonic phagocytosis. In animal
studies, after oral administration, the specific backbone 1→3 linear β-glycosidic chain of β-glucans
cannot be digested. Most β-glucans enter the proximal small intestine and some are captured by the
macrophages. They are internalized and fragmented within the cells, then transported by the
macrophages to the marrow and endothelial reticular system. The small β-glucans fragments are
eventually released by the macrophages and taken up by other immune cells leading to various immune
responses. However, β-glucans of different sizes and branching patterns may have significantly variable
immune potency. Careful selection of appropriate β-glucans is essential if we wish to investigate the
effects of β-glucans clinically. So far, no good quality clinical trial data is available on assessing the
effectiveness of purified β-glucans among cancer patients. Future effort should direct at performing
well-designed clinical trials to verify the actual clinical efficacy of β-glucans or β-glucans containing
compounds.

Introduction
A significant proportion of cancer patients have been taking
complementary medical therapies while receiving their
conventional anti-cancer treatments [1-6]. Among them,
herbal extracts such as Ganoderma lucidum are one of the
most common modalities being consumed especially among
Oriental

*7-10+. Two mechanisms have been proposed to be
responsible for the anti-cancer action of these herbal extracts;
one is via direct cytotoxic effect and the other is indirectly
through immunomodulatory action *11, 12+. Many cytotoxic
chemotherapeutic agents currently in use such as vincristine,
taxol and etoposide are originally purified from herbs.
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On the other hand, herbs with
immunomodulatory
functions have mainly been advocated by commercial sectors
and most of them can be directly purchased over the counter
or the internet. Unfortunately, organized efforts to investigate
the actual useful- ness of this group of herbs as well as
their active ingredients are lacking. In recent years, one of
the
active
ingredients
responsible
for
the
immunomodulation of many of these herbs was found to
be a form of complex polysaccharides known as "β-Dglucan", or simply called β-glucan *8,13+. The receptors and
mechanisms of action of β-glucans have recently been
unfolded via in vitro and in vivo animal experiments. Since βglucans are inexpensive and have good margin of safety
based on historical track records, their potential therapeutic
value deserve further investigation. We reviewed here the
literature and our experience on the in vitro and in vivo
animal biological studies of β-glucans, particularly on their
immune and anti-cancer mechanisms.

Physical and chemical properties of β-glucan
β-glucans are one of the most
abundant forms of
polysaccharides found inside the cell wall of bacteria and
fungus. All β-glucans are glucose polymers linked together
by a 1→ 3 linear β-glycosidic chain core and they differ
from each other by their length and branching structures
*14+ (Figure 1). The branches derived from the glycosidic
chain core are highly variable and the 2 main groups of
branching are 1→4 or 1→6 glycosidic chains. These branching
assignments appear to be species specific, for example, βglucans of fungus have 1→6 side branches whereas those of
bacteria have 1→4 side branches. The alignments of
branching follow a particular ratio and branches can arise
from branches (secondary branches). In aqueous solution,
β-glucans undergo conformational change into triple helix,
single helix or random coils. The immune functions of βglucans are apparently dependent on their conformational
complexity *15+. It has been suggested that higher degree of
structural complexity is associated with more potent
immunmodulatory and anti-cancer effects.
For research purposes, the composition or structural
information of β-glucans can be evaluated by a variety of
methods
including
liquid
chromatography/mass
spectrometry (LC/MS) [16], high performance liquid
chromatography (HPLC) [17] and less often X-ray
crystallography [18] or atomic force microscopy [19].
However, due to the tedious and lack of quantitative nature
of most of these technical methods, they cannot be applied
routinely as a screening tool. Other less sophisticated
techniques in studying the β-glucans contents include
phenol-sulphuric acid carbohydrate assay, aniline blue
staining method and ELISA. Because chemical modification
invariably induces changes in the natural conformation, most
of these methods
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cannot reflect the genuine relationship between the structure
and the bioactivity. Among them, aniline blue staining
method is a relatively simple method to screen for β-glucan
because of its ability to retain the natural con- formation of βglucans during the staining process. It also has a good
specificity for β-glucans but its limitation is that it can only
measure the core 1→3 linear glycosidic chain and not the
branches.
Endotoxin contamination is another important issue affecting
the safety and potential biological effect of β-glu- can.
Lipopolysaccharide (LPS) is an endotoxin found inside the
Gram negative bacterial cell wall and consists of three main
parts including lipid A, core and polysaccharide chain [20].
Among them, lipid A was found to be the major component
that can initiate an immune response. LPS contamination can
occur during the culture or preparation of β-glucans. Since LPS
is one of the most potent immune stimulator and its
contamination can lead to false positive results in immune
tests, quantification of LPS should be performed, which can
be evaluated by either the rabbit pyrogen test or the
modified limulus amebocyte lysate (LAL) assay with devoid
factor G [21].
& Pharmacokinetics of
Most β-glucans are considered as non-digestible
carbohydrates and are fermented to various degrees by the
intestinal microbial flora *22-24+. Therefore, it has been
speculated that their immunomodulatory properties may be
partly attributed to a microbial dependent effect. How- ever,
β-glucans in fact can directly bind to specific receptors of
immune cells, suggesting a microbial independent
immunomodulatory effect *25+. The pharmacodynamics and
pharmacokinetics of β-glucans have been studied in animal
and human models
Animal Studies
Study using a suckling rat model for evaluation of the
absorption and tissues distribution of enterally administered
radioactive labeled β-glucan, it was found that the majority of
β-glucan was detected in the stomach and duodenum 5
minutes after the administration *26+. This amount rapidly
decreased during first 30 minutes. A significant amount of βglucan entered the proximal intestine
shortly
after
ingestion. Its
transit
through the proximal intestine
decreased with time with a simultaneous increase in the ileum.
Despite low systemic blood levels (less than 0.5%), significant
systemic immunomodulating effects in terms of humoral and
cellular immune responses were demonstrated.
The pharmacokinetics following intravenous administration of
3 different highly purified and previously characterized βglucans were studied using carbohydrates covalently labeled
with a fluorophore on the reducing terminus.
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Figure 1
β-glucan is one of
key
nk to one another by 1→3
various
are widely
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of the fungal cell wall. The basic subunit of the
β-glucan is
chain with 1→6
branches. The length and branches of the β-glucan

The variations in molecular size, branching frequency and
solution conformation were shown to have an impact on the
elimination half-life, volume of distribution and clearance [27].

The low systemic blood level of β-glucans after
does not reflect the full picture of the pharmacodynamics
of β-glucans and does not rule out its in vivo effects.

ung-VKN et al. labeled β-glucans with fluorescein to track their
oral uptake and processing in vivo. The orally administered βglucans were taken up by macrophages via the Dectin-1
receptor and was subsequently transported to the spleen,
lymph nodes, and bone marrow. Within the bone marrow, the
macrophages degraded the large β-1, 3- glucans into smaller
soluble β-1, 3-glucan fragments. These fragments were
subsequently taken up via the com-
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plement receptor 3 (CR3) of marinated granulocytes. These
granulocytes with CR3-bound β-glucan-fluorescein were
shown to kill inactivated complement 3b (iC3b)- opsonized
tumor cells after they were recruited to a site of complement
activation such as tumor cells coated with monoclonal
antibody *28+ (Figure 2). It was also shown that intravenous
administered soluble β-glucans can be delivered directly to the
CR3 on circulating granulocytes.
Furthermore, Rice PJ et al. showed that soluble β-glucans such
as laminarin and scleroglucan can be directly bound and
internalized by intestinal epithelial cells and gut associated
lymphoid tissue (GALT) cells *29+. Unlike macrophage, the
internalization of soluble β-glucan by intestinal epithelial
cells is not Dectin-1 dependent. How- ever, the Dectin-1 and
TLR-2 are accountable for uptake of soluble β-glucan by GALT
cells. Another significant finding of this study is that the
absorbed β-glucans can increase the resistance of mice to
bacterial infection challenge.
Human Studies
How β-glucans mediate their effects after ingestion in human
remained to be defined. In a phase I study for the assessment
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of safety and tolerability of a soluble form oral β-glucans *30+.
β-glucans of different doses (100 mg/day, 200 mg/day or 400
mg/day) were given respectively for 4 consecutive days. No
drug-related adverse events were observed. Repeated
measurements of β-glucans in serum, however, revealed no
systemic absorption of the agent fol- lowing the oral
administration. Nonetheless, the
immunoglobulin
A
concentration in saliva increased significantly for the 400
mg/day arm, suggesting a systemic immune effect has been
elicited. One limitation of this study is the low sensitivity of
serum β-glucans determination.
In summary, based on mostly animal data, β-glucans enter
the proximal small intestine rapidly and are captured by the
macrophages after oral administration. The β- glucans are then
internalized and fragmented into smaller sized β-glucans and
are carried to the marrow and endothelial reticular system.
The small β-glucans fragments are then released by the
macrophages and taken up by the circulating granulocytes,
monocytes and dendritic cells. The immune response will then
be elicited. However, we should interpret this information
with caution as most of the proposed mechanisms are based
on in vitro

Figure 2
The uptake and subsequent actions of β-glucan on immune cells. β-glucans are captured by the macrophages via the Dectin-1
receptor with or without TLR-2/6. The large β-glucan molecules are then internalized and fragmented into smaller sized β-glucan
fragments within the macrophages. They are carried to the marrow and endothelial reticular system and subsequently released.
These small β-glucan fragments are eventually taken up by the circulating granulocytes, monocytes or macrophages via the
complement receptor (CR)-3. The immune response will then be turned on, one of the actions is the phagocytosis of the
monoclonal antibody tagged tumor cells.
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and in vivo animal studies. Indeed, there is little to no
evidence for these hypothesized mechanisms of action and
pharmacokinetics occurred in
human subjects at the
moment.
β-glucans as immunomodulating agent
Current data suggests that β-glucans are potent
immunomodulators with effects on both innate and adaptive
immunity. The ability of the innate immune system to quickly
recognize and respond to an invading pathogen is essential
for controlling infection. Dectin-1, which is a type II
transmembrane protein receptor that binds β-1,3 and β-1,6
glucans, can initiate and regulate the innate immune
response *31-33+. It recognizes β-glucans found in the
bacterial or fungal cell wall with the advantage that β-glucans
are absent in human cells. It then triggers effective immune
responses including phagocytosis and pro-inflammatory
factors production, leading to the elimination of infectious
agents *34, 35+. Dectin-1 is expressed on cells responsible for
innate immune response and has been found in
macrophages, neutrophils, and dendritic cells *36+. The
Dectin-1 cytoplasmic tail contains an immunoreceptor
tyrosine based activation motif (ITAM) that signals through
the tyrosine kinase in collaboration with Toll-like receptors
2 and 6 (TLR-2/6) *34,37,38+. The entire signaling pathway
downstream to dectin-1 activation has not yet been fully
mapped out but several signaling molecules have been
reported to be involved. They are NF-κB (through Sykmediate pathway), signaling adaptor protein CARD9 and
nuclear factor of activated T cells (NFAT) *39-41+ (Fig. 3).
This will eventually lead to the release of cytokines including
interleukin (IL)-12, IL-6, tumor necrosis factor (TNF)-α, and IL10. Some of these cytokines may play important role in the
cancer therapy. On the other hand, the dendritic cell-specific
ICAM-3- grabbing non integrin homolog, SIGN- related 1.
(SIGNR1)
is another major mannose receptor on
macrophages that cooperates with the Dectin-1 in nonopsonic recognition of β-glucans for phagocytosis *42+ (Fig
3). Furthermore, it was found that blocking of TLR-4 can
inhibit the production of IL-12 p40 and IL-10 induced by
purified Ganoderma glucans (PS-G), suggesting a vital role
of TLR-4 signaling in glucan
induced dendritic cells
maturation. Such effect is also operated via the augmentation
of the IκB kinase, NF-κB activity and MAPK phosphorylation
*43+. One additional point to note is that those studies
implied the interaction between β-glucans and TLR all used
non-purified β-glucans, therefore the actual involvement of
pure β-glucans and TLR remains to be proven.
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triggers phosphatidylinositol-3 kinase (PI3K), Akt kinase and
p38 mitogen-activated protein kinase (MAPK) signaling
pathway *44+(Fig. 3). But no specific β-glucans scavenger
receptor has been identified so far. Candida albicans derived
β-glucans but no other forms of pathogenic fungal βglucans can bind to LacCer receptor and activate the PI-3K
pathway in con- trolling the neutrophil migration *45+ (Fig. 3),
but such activation pathway may involve other molecules
found in the Candida derived β-glucans.

We found that β-glucans can induce human peripheral blood
mononuclear cells proliferation *46+. It can also enhance
phenotypic and functional maturation of monocyte derived
dendritic cells with significant IL-12 and IL-10 production.
Similar findings were found by Lin et al. using PS-G, in addition,
treatment of dendritic cells with PS-G resulted in enhanced T
cell-stimulatory capacity and increased T cell secretion of
interferon-γ and
IL-10 *43, 47+. This action is at least
mediated in part through the Dectin-1 receptor. The potency
of such immunomodulating effects differs among β-glucans
and purified polysaccharides of different size and branching
complexity. In general, bigger size and more complex β-glucans
such as those derived from Ganoderma lucidum have higher
immunomodulating potency.

The adaptive immune system functions through the
combined action of antigen-presenting cells and T cells.
Specifically, class I major histocompatibility complex (MHC- I)
antigen presentation to CD8 (+) cytotoxic T cells is lim- ited to
proteasome-generated
peptides
from
intracellular
pathogens. On the other hand, the class II MHC (MHC-II)
endocytic pathway presents only proteolytic peptides from
extracellular pathogens to CD4 (+) T helper
cells.
Carbohydrates have been previously thought to stimulate
immune responses independently of T cells [48]. How- ever,
zwitterionic polysaccharides (polysaccharides that carry
both positive and negative charges) such as β-glucans can
activate CD4(+) T cells through the MHC-II endocytic
pathway *49+. Β-glucans are processed to low molecular
weight carbohydrates by a nitric oxide-mediated mechanism.
These carbohydrates will then bind to MHC-II inside antigenpresenting cells such as dendritic cells for presentation to T
helper cells. Initial data suggested that it subsequently
leads to Th-1 response, but there are conflicting data
related to this aspect. In our in vitro data, β-glucans do
not tend to polarize T cells into either Th-1, Th-2 or
regulatory T cells [46]. However, recent publications
suggested β-glucans such as zymosan may induce T-cells into
T-reg cells in a NOD mice model *50+. Therefore, whether βglucans can induce important immunologic responses
through T cell activation remain to be further investigated.

Other possible receptors and signaling pathways induced by βglucans are less definite at the moment. For example, lentinan,
a form of mushroom derived β-glucans, has been found to
bind to scavenger receptor found on the surface myeloid cells
and
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Figure 3
Immune activation induced by β-glucans. β-glucans can act on a variety of membrane receptors found on the immune cells. It
may act singly or in combine with other ligands. Various signaling pathway are activated and their respective simplified
downstream signaling molecules are shown. The reactors cells include monocytes, macrophages, dendritic cells, natural killer
cells and neutrophils. Their corresponding surface receptors are listed. The immunomodulatory functions induced by β-glucans
involve both innate and adaptive immune response. β-glucans also enhance opsonic and non-opsonic phagocytosis and trigger a
cascade of cytokines release, such as tumor necrosis factor (TNF)-α and various types of interleukins (ILs).
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Another mechanism of β-glucan action is mediated via the
activated complement receptor 3 (CR3, also known as
CD11b/CD18), which is found on natural killer (NK) cells,
neutrophils, and lymphocytes. This pathway is responsible for
opsonic recognition of β-glucans leading to phagocytosis and
reactor cells lysis. β-glucans bind to the lectin domain of CR3
and prime it for binding to inactivated complement 3b
(iC3b) on the surface of reactor cells. The reactor cells can
be of any cell type including cancer cells tagged with
monoclonal antibody and coated with iC3b. The β-glucansactivated circulating cells such as the CR3 containing
neutrophils will then trigger cell lysis on iC3b-coated tumor
cells *28+. Similarly, majority of the human NK cells express
CR3 and it was shown that opsonization of NK cells coated
with iC3b leads to an increase in the lysis of the target.
The beta chain of the CR3 molecule (CD18) rather than
the
alpha chain (CD11b) is responsible to the β-glucan
binding *51, 52+.
This concept was supported by in vivo study demonstrating
barley β-1,3;1,4-glucan given orally can potentiate the
activity of an antitumor monoclonal antibody (antigenglioside-2 or "3F8"), leading to enhanced tumor regression
and survival on a human neuroblastoma xenografts mouse
model *53+. 3F8 plus β-glucan was shown to pro- duce nearcomplete tumor regression or disease stabilization whereas
3F8 or β-glucan alone showed no significant effect. The
median survival of the 3F8 plus β-glucan group was 5.5-fold
higher than that of the control groups, and up to 47% of
the mice remained progression free in contrast to <3% of
controls at the end of the study period. No toxicities were
noted in all mice treated with β-glucan, 3F8, or 3F8 plus βglucan.
A similar xenograft model was adopted subsequently for
investigating various targeted tumor antigens and tumor
types. It was found that β-glucan exerts similar anti-tumor
effects irrespective of antigens (GD2, GD3, CD20, epidermal
growth factor-receptor, and HER-2) or human tumor types
(neuroblastoma, melanoma, lymphoma, epidermoid
carcinoma, and breast carcinoma) or tumor sites
(subcutaneous versus systemic). The effect was correlated
with the molecular size of the β-1,3;1,4-glucan *53,54+.

Furthermore, 2 other receptors known as scavenger *55+ and
lactosylceramide *56, 57+ also bind β-glucans and can elicit a
range of responses. β-glucans can enhance endotoxin
clearance via scavenger receptors by decreasing TNF
production leading to improved survival in rats subjected to
Escherichia coli sepsis *58+. On the other hand, β-glucans
binding to lactosylceramide receptor can enhance myeloid
progenitor proliferation and neutrophil oxidative burst
response, leading to an increase in leukocyte antimicrobial activity. It is also associated with the activation of
NF-κB in human neutrophils *59+. Again in other
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studies, structurally different β-glucans appear to have
different affinity toward these receptors. For example, only
high molecular weight β-glucans can effectively bind to the
lactosylceramide receptor. Therefore, markedly different host
responses induced by different β-glucans are expected.
In summary, β-glucans act on a diversity of immune related
receptors in particularly Dectin-1 and CR3, and can trigger a
wide spectrum of immune responses. The targeted immune
cells of β-glucans include macrophages, neutrophils,
monocytes, NK cells and dendritic cells (Figure 3). The
immunomodulatory functions induced by β- glucans involve
both innate and adaptive immune response. β-glucans also
enhance opsonic and non- opsonic phagocytosis. Whether
β-glucans polarize the T cells subset towards a particular
direction remains to be explored.
Anti-cancer effects of β-glucans
It is becoming clear that β-glucans themselves have no direct
cytotoxic effects. Studies implicating the cytotoxic effects of
β-glucans were either from studies using crude extracts of βglucan containing herbs or the use of β-glucan primed
monocytes. For β-glucan containing herbs like Ganoderma
lucidum (Lingzhi), there are other active components such
as ganoderic acid from its mycelium [60] and triterpenes
from its spore [61-63], which have all been shown to
have direct anti-cancer effects independently. We did not
find any direct cytotoxic effects of β-glucans on a panel of
common cancer cell lines tested including carcinoma,
sarcoma, and blastoma. β-glucans also did not trigger any
apoptotic pathways and had no direct effect on the
telomerase and telomeric length of the cancer cells
(unpublished data). In contrast, it stimulated the
proliferation of monocytic lineage leukemic cells in- vitro
and can facilitate the maturation of dendritic cells derived
from leukemic cells [64]. Hence, whether it is beneficial to
apply
β-glucans
on
leukemic patients remains
controversial and has to be considered with caution.
In the English literature, there are no clinical trials that
directly assessed the anti-cancer effects of purified β-glucans
in cancer patients. Most studies were assessing the toxicity
profile or underlying immune changes of the cancer patients
without addressing on the change of cancer status. In
addition, most of the related studies used either crude herbal
extracts or a fraction of the extracts instead of purified βglucans. Therefore, it is difficult to identify whether the
actual effects were related
to β-glucans or other
confounding chemicals found in the mixture.
In a prospective clinical trial of short term immune effects of
oral β-glucan in patients with advanced breast cancer,
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23 female patients with advanced breast cancer were
compared with 16 healthy females control [65]. Oral β1,3;1,6 glucan was taken daily. Blood samples were
recollected on the day 0 and 15. It was found that despite a
relatively low initial white cell count, oral β-glucan can
stimulate proliferation and activation of peripheral blood
monocytes in
patients with
advanced breast cancer.
Whether that can be translated into clinical benefits
remains unanswered.
Clinical trials on anti-cancer effects of natural products
with β-glucan
Many edible fungi particularly in the mushroom species yield
immunogenic substances with potential anticancer activity
*66+. β-glucans are one of the common active components
(Table 1). In limited clinical trials on human cancers, most
were well tolerated. Among them, lentinan derived from
Lentinus edodes is a form of β-glucans [67]. Since it has poor
enteric absorption, intrapleural, intra- peritoneal [68] or
intravenous routes had been adopted in clinical trials which
showed some clinical benefit when used as an adjuvant to
chemotherapy [69]. Schizophyllan (SPG) or sizofiran is
another β-glucan derived from Schizophyllan commune. Its
triple helical complex β-glucans structure prevents it from
adequate oral absorption so an intratumoral route or
injection to regional lymph nodes had been adopted [70, 71].
In a randomized trial, SPG combined with conventional
chemotherapy improved the long term survival rate of
patients with ovarian cancer [72].
But whether the
prolonged survival can subsequently led to a better cure rate
remain unanswered.
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Maitake D-Fraction extracted from Grifola frondosa
(Maitake mushroom) was found to decrease the size of the
lung, liver and breast tumors in >60% of patients when it
was combined with chemotherapy in a 2 arms control study
comparing with chemotherapy alone [73]. The effects were
less obvious with leukemia, stomach and brain cancer
patients [74]. But the validity of the clinical study was
subsequently questioned by another independent observer
[75]. Two proteoglycans from Coriolus versicolor (Yun Zhi) –
PSK (Polysaccharide-K) and PSP (Polysaccharopeptide) – are
among the most extensively studied β-glucan containing
herbs with clinical trials information. However, both PSK and
PSP are protein- bound polysaccharides, so their actions are
not necessary directly equivalent to pure β-glucans [76]. In a
series of tri- als from Japan and China, PSK and PSP were well
tolerated without significant side effects [66, 77-81]. They
also prolonged the survival of some patients with carcinoma
and non-lymphoid leukemia.
Ganoderma polysaccharides are β-glucans derived from
Ganoderma lucidum (Lingzhi, Reishi). While β-glucan is the
major component of the Ganoderma mycelium, it is only a
minor component in the Ganoderma spore [7]. The main
active ingredient in the Ganoderma spore extract is
triterpenoid which is cytotoxic in nature. In an open label
study on patients with advanced lung cancer, thirty- six
patients were treated with 5.4 g/day Ganoderma
polysaccharides for 12 weeks with inconclusive variable and
results on the cytokines profiles [82]. Another study on 47
patients with advanced colorectal cancer using the

Table 1: Selected Medicinal Mushroom with β-glucans as Active Components
Herbs

Common Name

β-glucans structure

Types of β-glucans

Lentinus edodes

Shiitake mushroom

β-1,3;1,6-glucan

Lentinan

Schizophyllan
commune

Brazilian mushroom,
Schizophyllan

β-1,3;1,6-glucan

Schizophyllan (SPG) or sizofiran

Grifola frondosa

Maitake mushroom

β-1,3;1,6-glucan with xylose
and mannose

Maitake D-Fraction

Coriolus versicolor

Yun Zhi

Protein bound β-1,3;1,6glucan

PSP (polysaccharide peptide) PSK
(polysaccharide-Kureha or polysaccharide-K,
krestin)

Ganoderma lucidum

Lingzhi, Reishi

β-1,3;1,6-glucan

Ganoderma polysaccharides,
Ganopoly

Agaricus blazei

Brazilian sun-mushroom,
Himematsutake mushroom

Protein bound β-1,6-glucan

Agaricus
polysaccharides

Pleurotus ostreatus

Oyster mushroom, píng gû

β-1,3-glucan with galactose
and mannose

Pleuran

Shaggy ink cap, lawyer's wig,
or shaggy mane

β-1,3-glucan

Coprinus polysaccharides

comatus
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Table 2: Summary on the Limitations of Current β-glucans Research
Current Pitfalls or Limitations in β-glucans Research
• No β-glucan control standard with specific molecular weight and branches are available. Most of the β-glucans publication used zymosan, which is a
mixture of chitosan, β-glucans, and cell wall particles.
• Most of the β-glucan containing herbal research are based on extracts rather than purified β-glucans
• No well characterization methods either qualitatively or quantitatively are currently available for assessing and comparing β-glucans from different
sources.
• Lack of translational approach to apply knowledge of receptor and signal pathways of β-glucan to animal studies or clinical trials.
• The exact immunological actions and signaling pathway induced by β-glucan are still unclear and have to be further defined.

same dosage and period again demonstrated similar variable
immune response patterns [83]. These results high- light the
inconsistency of clinical outcomes in using immune enhancing
herbal extracts clinically, which may partly be due to the
impurity of the products used.

Fund, URC/CRCG Grants Paediatric Education & Research Fund,
URC/CRCG Grantsand Pau Kwong Wun Charitable Foundation for
supporting the beta-glucan related works.
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Conclusion
The intrinsic differences of the β-glucans derived from different
sources will elicit variable immune and anti-cancer responses.
We summarized the current limitations of β- glucan research
from the literature (Table 2). The limitations are further
complicated by the fact that many studies on β-glucan related
herbs often used crude extracts rather than purified compounds,
therefore the confounding effects of other chemicals cannot be
totally ruled out *84+. Careful selection of appropriate β-glucan
products with good pre-test quality control is essential if we
want to understand and compare the results on how β-glucans
act on our immune system and exerting anti-cancer effects. A
possibly well-defined β-glucan standard is urgently needed
in this field for controlled experiments. So far, there are very few
clinical trial data on using purified β- glucans for cancer patients.
Future studies should aim to obtain such information so it can
assist us in applying β- glucans rationally and effectively to our
cancer patients in the future.
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Fulvic Mineral
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WHAT IS FULVIC ACID?
“Fulvic acid is a part of the humic structure in rich composting soil. It is an acid created in extremely small
amounts by the action of millions of beneficial microbes, working on decaying plant matter in a soil
environment with adequate oxygen. It is of low molecular weight and is biologically very active".
"Fulvic acid usually carries 70 or more minerals and trace elements as part of its molecular complexes.
These are then in ideal natural form to be absorbed by plant roots and interact with living cells. Plants
readily absorb high amounts of fulvic acid, and maintain it in their structure".

Generally, low-molecular-weight substances are 100% permeable to cell membranes, and highmolecular-weight substances are not. Fulvic acid, in conjunction with water, is very low-molecular-weight
and thus in its pure form 100% absorbable to living cells. Furthermore, fulvic acid lowers the surface
tension of water allowing the water to penetrate other ORGANIC molecules better, and has been shown
to increase solubility of otherwise insoluble organic materials at least 20 times or 2,000% greater than
water alone. Fulvic acids can 'fix' high-molecular-weight ORGANIC compounds and cause them to
become water soluble. Fulvic acid also has the ability, over time, to chelate inorganic elements, metals
and other inorganic compounds and turn them into organic molecules thus making them soluble, low
molecular-weight, and absorbable.
'Genuine' Plant Derived Humic and Fulvic Minerals are a highly purified water extract of 100% ORGANIC
origin, and have been thought to reside on the far acid side of the pH scale. This has changed do to a
propriety and patented organic extraction process which renders the extracts in an alkaline state.

Fulvic Acid Minerals Information
Fulvic acid, origin and overview
In the beginning
In the beginning the Earth was blessed with optimum organic growing conditions. The soil had a wealth of
minerals, trace elements, and rich humus soil teaming with microbes. The Earth's minerals had not yet
leached and eroded into the seas, and because of that, the soil was exceptionally fertile. The vegetation
was very lush and abundant, as is evidenced by ancient remains that we know were formed into coal and
oil deposits.
Humic deposits
But there have been found other most unusual remains that geologists call humic deposits. They also
came from that ancient lush vegetation. These humic deposits never did turn into oil or coal. They are
quite rare and can be found in various areas of the world. Some of these deposits are exceedingly rich in
a little known substance called fulvic acid.
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Fulvic acid
Fulvic acid has been discovered to be one of the most important miracles of life itself. Fulvic acid is a part
of the humic structure in rich composting soil. It is an acid created in extremely small amounts by the
action of millions of beneficial microbes, working on decaying plant matter in a soil environment with
adequate oxygen. It is of low molecular weight and is biologically very active. Because of its low
molecular weight, it has the necessity and ability to readily bond minerals and elements into its molecular
structure causing them to dissolve and become mobilized fulvic complexes. Fulvic acid usually carries 70
or more minerals and trace elements as part of its molecular complexes. These are then in ideal natural
form to be absorbed by plant roots and interact with living cells. Plants readily absorb high amounts of
fulvic acid, and maintain it in their structure. In fact it has been discovered that these fulvic acid
complexes are absolutely essential for plants to be healthy, and the same is true of animals and man.
Microbial action
We know that ancient plant life had ample fulvic acid as is evidenced by the exceedingly rich and unusual
deposits that are located in various areas of the world. This fulvic acid in these deposits came from
massive amounts of vegetation and its further decomposition by microbes. Fulvic acid is then a naturally
occurring organic substance that comes entirely from microbial action on decomposing plants, plants
themselves, or ancient deposits of plant origin.
Fulvic acid is lacking in food crops
It seems obvious that most of the plants and food crops of today would also contain adequate amounts or
at least some of the miracle fulvic acid and its related mineral complexes, but few do. As human beings it
would be reasonable to assume that we should be consuming fulvic acid complexes in the plants we eat,
and consequently have fulvic acid in our systems. It is obvious that this is the way nature intended it. But
this is not the case, nor has it been for a long time.
Our soils are sick from poor agricultural practices, pesticides, chemical fertilizers, erosion, and mineral
depletion, as well as sterile conditions that prohibit microbial activity. Because of this our plants are sick,
containing very little nutrition, especially minerals. For generations adequate fulvic acid that should have
been contained in the plants we eat has been missing from our diets, yet it is essential for our cell
metabolism. Scientists have found that nutritionally we need 90 different nutrients in our diets. Over 60 of
these are minerals and trace elements. We are simply not getting them today from the plants we eat.
Re-mineralization of soils would be of little benefit without microbes, the fulvic acid they produce, and
return to better farming practices. Re-mineralization of our bodies without the fulvic acid that should be
contained in the plants we eat, has proven just as useless. People are sick with degenerative and
deficiency related diseases now more than ever. With fulvic acid supplementation and return to proper
diet and farming practices these situations have the potential to be remedied.
Fulvic acid in science and medicine
Fulvic acid is still not well known or understood by most of the scientific or medical community. Fulvic
acids have not been able to be synthesized by chemists, and are unable to be clearly defined because of
their extremely complex nature. This perplexity warrants little opportunity for science or medicine to
exploit fulvic acid, or profit from new patents. Historically, traditional medical claims of encouraging health
benefits have been simply remarkable. Many of these health assertions have also shown that fulvic acid
is disease preventative in nature and may dramatically increase longevity. The health benefits seen to
this point demonstrate that fulvic acid potentially poses a substantial threat to the future of pharmaceutical
companies, medical doctors, and health professionals. Until recent, fulvic acid has been entirely
overlooked or misunderstood.
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Benefits of Fulvic acid
Some scientists have recently been studying fulvic acid, and have come up some amazing facts. They tell
us that fulvic acid is the finest electrolyte known to man. It assists with human enzyme production,
hormone structures, and is necessary for the utilization of vitamins. It has been found to be essential to
living cells in carrying on metabolic processes. It maintains the ideal environment for dissolved mineral
complexes, elements, and cells to bio-react electrically with one another causing electron transfer,
catalytic reactions, and transmutations into new minerals. It is also the most powerful anti-oxidant and
free radical scavenger known. It has the unique ability to react with both negatively and positively charged
unpaired electrons and render free radicals harmless. It can either alter them into new useable
compounds or eliminate them as waste. Fulvic acid can similarly scavenge heavy metals and detoxify
pollutants. Fulvic acid helps to correct cell imbalances.
Fulvic acid, a hidden treasure
A water solution can contain much higher mineral concentration when dissolved into fulvic acid than it
could otherwise hold. It is most important to realize that fulvic acid is nature’s own perfect vehicle for
transport of minerals to living cells. This is because fulvic acid bonds with minerals and other molecules
and transforms them.
Since fulvic acids are formed by decomposition of once living matter, fulvic acid contains hidden treasures
of the past, in the perfect plant form, in nature's own recycling process. Mineral, metal, and trace element
complexes with fulvic acid become an additional bonus to the miracle of fulvic acid. These fulvic
complexes are hundreds of times smaller than living cells, and are amazingly absorbable by them. It is
most important to know that fulvic acid has the unique ability to enhance, potentiate, and increase
absorption of many other compounds such as vitamins, herbs, minerals, tinctures, and foods with which it
is combined. Fulvic acid is one of nature’s miracles of unparalleled proportion.
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Help For Flu Vaccine Shortage
An old remedy from the soil resurfaces to help those who cannot access flu
vaccines. Natural humic acid coats viruses and makes it more difficult for them to
attach to healthy cells and multiply. It has shown to reduce viral counts in
numerous patients with a variety of viral inflictions including hepatitis and HIV.
(PRWEB) November 5, 2004 -- Viruses are extremely small organisms that can
easily get inside cells. They are parasitic in that they enter healthy cells where they
reside and feed off these cells. They raise their young within these cells to be
spread to other cells inside and outside the body (through sneezing, excretion of
body fluids, sexual transmission, etc.)
Viruses contain a receptor-binding protein that keeps them attached to the healthy
cell. This protein encapsulates the virus and makes it resistant to attacks from the
immune system. Humic acid is a nutrient from the soil that dilates a healthy cell
and causes permeability so it can enter.
When humic acid finds a virus it coats it with a substance that not only prevents
the virus from attaching to a healthy cell, but also sends a signal to the immune
system alerting it of the invader. This kicks the immune system into action against
the virus that has been laid vulnerable by this coating. As explained by Dr. Howard
Peiper in the book, "Live Disease Free" (to be released in December, 2004) special
processing by some supplement manufacturers creates a "viral infusion inhibitor"
that prevents the virus from reproducing. Therefore, viral counts are reduced and
the immune system is more successful in ridding the body of the virus before it can
gain a foothold and create an illness.
Humic acid is selective and seems to know which cells are virus laden. It coats
only those cells, leaving the healthy cells alone so the immune sys-tem will attack
only the virus. Studies have shown no negative side effects when using humic acid.
The National Institute of Health in 2002 concluded that humic acids exhibit effects
both as a preventive and a curative from a broad range of viruses. They also
indicated that if taken before introduction of the virus, patients exhibited a strong
prophylactic effect. As quoted from Experientia, 1972 28(5) by Klocking and
Sprossig, "Medical studies show that difficult respiratory illnesses common in
children are readily resolved with humic acid dietary supplementation." With
results like these humic acid would be a worthy addition to a dietary regime during
the flu season.
www.prweb.com/releases/2004/11/prweb174822.htm
270

HEALTH VALUE OF HUMIC SUBSTANCES
Blood Properties
It has been found that humic acid in dose levels of 100-300 milligrams per kilogram body weight
has no effect on bleeding time, clotting time, thrombin time, plate count, or induced platelet
aggregation (49). Red blood cells and hemoglobin stay on normal levels under the influence of
humate in comparison with control groups (15). Literature has indicated that the red blood cells
have the capability of carrying higher percentages of oxygen when in the presence of humate.
Human subjects taking humate have reported feelings of euphoria, similar to hyperventilating,
during the first few days of taking humate. This euphoria is a result of additional oxygen.
Healing of injuries, as a result of additional oxygen, is much quicker. Cutting horses have ankle
inflammations frequently from their rigorous training programs. Healing times for these injuries
have been reduced by the usage of humates.
Mineral Transfer
Humates contain both humic and fulvic acids. The fulvic acid is the chelator that carries the
minerals. The humic acid acts as dilator increasing the cell wall permeability. This increased
permeability allows easier transfer of minerals from the blood to the bone and cells. Testing on
cows has indicated an increase of 16% more calcium (48). It has been shown that incubation of
cultured human umbilical vein endothelial cells with natural or synthetic humic acid results in an
enhanced surface expression of tissue factor activity. There are also changes in intracellular
divalent calcium levels (1). Literature reports additional transport of iodine from foods into the
thyroid glands (2). Just as fulvic acid carries life-sustaining minerals to the body, it also captures
and removes toxic metals from the body. Detoxification takes place within first three to four days
of usage. Both human and animal have reported looseness of bowels due to detoxification during
this period and return to more solid manure after the third to fourth day.
Stress Management
Literature has reported that humates block or reduce the production of stress causing hormones.
This has been observed in animal behavior, in particular with show calves first entering the
arena. Animals on humate are less affected by the outside stimulus of the crowds or confining
areas of the arena. This effect has been noted on sheep, horses, cattle and hogs. In dairy
operations, those animals not on humate aggressively eat their feed rations while humate animals
leisurely graze. Laboratory testing at Penn State physically restrained rats by binding them to
artificially create stress and measured hormones known to cause stress. Those rats fed humate
showed significantly less amounts of those hormones.
Cell Mutation
Humates within the body work with DNA and cellular division. It has been noted that the humate
tends to prevent cellular mutation during reproduction. Several technical papers were noted
during literature research for this paper regarding cancer research with humates. Natural humic
acid administered prophylacticly to rats can decrease significantly the amount of gastric mucus
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damage induced with ethanol. Humic acid also significantly accelerated the healing process of
experimentally induced ulcers (52).
Microbial Interaction
Humates are known to stimulate microbial activity. In soil testing for microbial activity, levels
increased 400 to 5000 times with the introduction of humate (300 ppm) into the soil. Humates
added to feed rations stimulate the microbial growth and the extent can be quite large depending
upon the species, the culture medium, and the environment (45).
Humic substances have been also known to exhibit anti-microbial properties.
Species for which natural humic substances have been shown to be inhibitory include C. albican,
Ent. Cloacac, Prot. Vulgaris, Ps. Aeruginosa, S. typhimurium, St. aureus, St. epidermidis, and Str
pyogenes (12). It seems that within the body, humates stimulate the "good" microbes while
suppressing the "bad" microbes. Testing of milk during field trials indicated a large increase of
microbes within the milk. This is usually an indication to the dairyman of impending mastitis (tit
infection). The opposite actually happened. Mastitis cases within the milking herd dropped from
an average of 3 to 4 cases daily to 4 cases in a month (26). Additional conformation of reduction
of mastitis was observed in lactating female goats. Three female goats with severe mastitis were
administered doses of humate over a two-week period. At the end of 7 days, swelling of the
mammary glands had subsided and the goats were back to normal activity allowing the kids to
nurse without discomfort.
Immune System
Humates bolster the immune system. Dr. Daryl See, MD, formerly an Immunologist of UCI
Medical School, suggests that the mechanism is related to the humates ability to complex
(assemble) sugars within the body. The abundance of these complexed sugars allows the body to
manufacture glycoproteins that attach to the killer and T cell acting as a modulator or
communication link between the cells. This regulates the immune system cells and prevents
either the T or Killer cells from becoming out of balance. Excessive killer cells can attack bone
and joints causing arthritis. Conversely, excessive T cells can cause auto-immune diseases.
Along this same line, burn victims and radiation sickness experience immune system responses
that attack the bodyís dead cells creating unwanted infections. Humates cause the immune
system to recognize its own dead cells thereby reducing infection. Baylor Medical School is
currently researching humates both topically applied and internally dosed for burn victims to
reduce infections. Russian scientists are using the same principle for the treatment of radiation
sickness. Sodium humate has been found to increase the lifespan of mongrel rats exposed to
lethal doses of cobalt radiation (8).
Anti-inflammatory Properties
Humic acids isolated from peat exhibited significant efficacy for adhesions when tested on
female rats that had standardized lesions placed on both uterine horns and the peritoneum of the
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anterior abdominal wall (1). Humic substances, including peat and sodium humates, are known to
exhibit anti-inflammatory properties (47). Inflammatory states of the cervix, especially cervical
erosion (generally known as cervicitis) can be treated with humic preparations (41).
Not only does the humate relieve swelling from joint inflammation, it has been shown to bond to
the collagen fibers to aid in repair of damaged tendons and bone. Tendon strength has been
shown to increase by as much as 75% (9) (48).

Anti-Viral Properties
Humates are effective media additives for the production of antibiotics in the soil (45). Humic
substances have long been known to exhibit antiviral properties (44) in particular rhinoviruses (35).
Viral pathogens for which soil-extract materials have been shown to be effective include in
particular Coxsackie virus A9 (34), herpes simplex virus type 1 and 2 (10),(11), (21), (29), (36), and (37),
human immunodeficiency virus (HIV) (22), (30), (31), (38), and (39), influenza type A and B (22), (35),
(38), and (40),
as well as other respiratory tract infections. (33), (34), (35), (37), and (41).
The mechanism whereby humic substances inhibit the cytopathicity of a number of viruses
has been studied in some depth. It is thought that the materials prevent viral replicating by
sorbing onto the viral envelope protein and thereby blocking the sorption of viral particles
to cell surfaces (31).
Humic acids have also been employed as veterinary medicine therapy successfully employing
peat mull (extracted humic acid) to prevent the transmission of foot and mouth disease in pigs
(33)
. Humate is a pharmacy that raises non-specific organism resistance. This fact was confirmed
by using such models as atoxic anemia, toxic hepatitis, peptic ulcer and hypercholesterolemia
(15)
.
Liver Effects
The effect of natural humic acid on the regenerative response of liver tissue has been examined
in rats submitted to two-thirds hipatectomy. Long term application of humic acid resulted in the
stimulation of omithine decarboxylase, an increase in spermidine and histamine as well as DNA
and RNA levels, and in overall liver mass (50). Humic as well as fulvic acids extracted from peat
have been shown to stimulate respiration in rat liver mitochondria when present at concentrations
of 40-360 micrograms per ml. Humic substances at concentrations of 40-400 micrograms per ml.
also increased the efficiency of oxidative phosphorylation in mitochondria in vitro, particularly
after contact periods of over 1 hour (51).
A large part of the humate takes an active part in the liver metabolism. The use of humate plays a
role in the liver function and protects it somewhat from disease and/or disturbances (15).
Detoxifying Properties
Fulvic acid, a component of humate, is a strong chelator. It is unique in its chelating ability. Life
sustaining minerals, when chelated by fulvic, are placed in a chemical state (phyto-state) such
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that they are readily absorbed by the cell or organism. Toxic heavy metals are also chelated but
placed in a chemical state that is difficult for cellular absorption. Fulvic acid in the soil acts as a
filter for toxic metals. It will grab the toxic metal and immobilize it which prevents it from
migrating or chemically reacting. When crops are grown on soils deficient in fulvic acid, toxic
metals can be absorbed by the plant and passed into the food chain. Many of our foods present
today are grown under conditions of "worn out" soil. As a result, more toxic metals are being
ingested. Fulvic acid has the capability of removing these toxic metals from the body.
Odor Reduction
Texas A&M University System researchers have discovered that using humate decreases volatile
ammonia in animal waste by 64%, reduces odor, and improves the nitrogen to phosphorus ration
in the waste. Scientist are developing ration formulations to enhance manure characteristics
while maintaining animal performance as well as devising other approached to maintain feedlot
efficiency and manage waste (25). Observations from field trials on dairy animals indicate a more
complete digestion of feed as observed from the manure and urine. Manure from the humate test
herd consisted of fine particle, low odor matter while control animals contained lumps of corn
and straw and high ammonia odors. Urine from the test herd was clear and odorless while the
control herd was amber with odor (25). A similar effect has been observed on hogs. Hydrogen
Sulfide (H2S) (rotten egg odor) has also been reduced by the addition of humate to the mix.
Wagner Quarries Company has demonstrated reductions in H2S by humate interaction. The
mechanism is not fully understood, but results indicate good odor reduction (23).
Miscellaneous Properties
Chemically (strophantinum) induced heart stoppage in frogs was examined. Frogs that were
given humate continuously for 10 days prior to the drug increased the time of heart activity
48.7% in comparison with the control group. Additionally the protective property of the humate
was revealed when toxic doses of strychnine (inhibits metabolism in the central nervous system)
were administered to test mice. Those mice (70%) given humate 10 days prior to the treatment
lived while 100% of the control died (15).
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CASE HISTORIES ANIMAL USE
Beef Cattle
Texas A&M under the leader ship of Dr. Chirase performed humate feeding trials on steers at a
feedlot in the Amarillo area. Reported results of the 56-day study indicated a 12% increase in
feed efficiency. Manure samples were of a fine texture with reduced odor. Blood data indicated
increases in hemoglobin and antioxidants (53). Follow up testing on the odor indicated a 64%
reduction in ammonia from the animal waste when humate was mixed into it (24). A farmer in
Waco, Texas, mixed humates into the rations of a mature cow and three calves. Reports after 60
days indicated coloration and health of the animals to be excellent. Weight gain on the calves
was reported to be above the norm. Although no usable data was collected on this test, the
cattleman did report something that was significant. He had been trying to breed the cow over a
three-year period without success. During the testing period, the cow became pregnant.
Dairy Test
Canton, Texas. This test was run on 500 high producing dairy cattle over a 28-day period. Milk,
blood and animal waste were analyzed before, during and after the testing period. The
introduction of the humate into the diet produced 1.9 pounds of extra milk daily per animal. The
feed consumption dropped from 38 lbs. per day to 36 lbs. per day during the test. At the
conclusion of the test period, consumption returned to 38 lbs. With these changes in feed
quantities, it can be concluded that the animal was digesting its nutrient more completely, thus
creating greater milk production. Additionally the humates produced a calming effect on the
animals as exhibited by lowered aggressiveness in eating and reduced the effects of heat stresses
produced by summer temperatures. Lactation decline curves flattened significantly during the
testing period. This indicates that longer milking periods can be achieved raising the cumulative
amounts of milk received from each cow. Odors from the animal wastes were reduced. Less
volumes of manure and reductions in ammonia odor results in less waste and reduces the effects
of potential insect born diseases (26).
Goats
Sunset, Texas. Nursing female goats were experiencing mastitis (tit infection) and would not
allow the kids to nurse. Humate was introduced into the ration and within one week all infection
had cleared up.
Brady, Texas. Angora goats are being fed humate to improve the quality of the wool. Reports
from the wool buyers indicate that the humate fed goats have longer staple and more lanoline in
the wool. Pricing on angora wool is based on quality.
Hogs
Dr. Matt Colvin, DMV reports that he is using humates in the diet to treat scours in piglets. His
experience with the humates indicates that it is a very effective treatment. Additionally, he is
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reporting additional weight gain with meat that is lean with good textured and excellent taste.
Reproduction from the humate fed sows is excellent and produces larger than normal piglets.
Rattan (Ostrich, Emus)
Clayton, New Mexico. A farmer raising ostrich has reported plumage development on young
birds has been accelerated. Eggshell development is excellent and uniform. The yokes are
reported to be firmer. A greater percentage of hatchings are being produced. The farmer also
reported that hoof rotation has ceased to be a problem. Hoof rotation is a problem on long legged
animals. It results when tendon and muscle grow faster than bone in young animal and results in
a clubfoot. Prior to the humate, the farmer was experiencing about 5% of his young birds
experiencing some degree of hoof rotation. Since the introduction of humate, bone growth has
kept up with muscle grown and reduced hoof rotation problems to below 0.5%.
Waco, Texas. The farmer was raising emus. Since the market price on emus had fallen, he was
allowing the flock to forage and supplementing with millet (a low cost feed). At the time the
humates were introduced into the diet, the birds were in poor to fair shape. Hot summer
temperatures had taken their toll on the birds and plumage and skin were in poor condition.
Humate was fed over a 60-day period. The health of the birds greatly improved and plumage
became excellent with bright coloring. Under hot dry conditions the females do not start the
reproduction cycle until late fall when the summer heat breaks. The females in this flock started
the reproduction cycle in mid September (still hot). The only way this can happen is for the bird
to be in excellent health.
Chickens
Purcell, Oklahoma. Two pens (20 each) of newly hatched chicks were used for a test and control.
The test birds were fed humate in the diet while the control was not. Feather development came
earlier on the humate birds. The test group was fully feathered a full week ahead of the control
group. Weight gain of the test group after 30 days amounted to 1.5 pound more mass than the
control group. Of notice was the calming factor of the humate. One could enter the test pen and
the birds continued with their normal pecking and wanderings while those in the control pen
would became extremely excited and run with wildness. The test was continued onward for a
period of six months. The mature birds were monitored for egg production. Eggs shells from the
humate group were thicker and more uniform in size. Hatchling chicks from the test group were
larger and more active.
Horses
Excerpt of letter from cutting horse owner in Boyd, Texas. "I started using humate in my horses
6 years ago. I have found that even in the winter when the animal's hair is long and coarse, that
my horses have a deep, rich, shining coat and bright eyes. They are very alert but not hyper. I
haven't had a sick horse in years and their hooves grow well and hold a shoe extremely well. My
horses overall health and performance, since I have been feeding the humate is excellent."
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Willow Springs, Texas. Willow Springs is the site of a large training area for racing and cutting
horses for the Dallas Fort Worth metroplex. The training regimen for these animals is quite
intense. Front ankle injuries with swelling are quite common and require several weeks of
inactivity to heal properly. This inactivity extends the expensive training time. Several of the
trainers tested the humates in their animals. They found that healing times for the ankle injuries
were reduced by one to two weeks. In timing trials, the humate horses were performing better. It
is not uncommon for a quarter horse on humate to be able to shed a few tenths of the second on
his time. In quarter horse racing those few tenths can mean the difference between winning and
losing. Fort Worth, Texas. This horse was a successful registered western pleasure paint that
suddenly came up with severe degenerating hooves. The attending farrier hadn't seen such a
sever case in years. On all four hooves, there was insufficient nail to place a shoe. Humate was
introduced into the ration. Hoof grow out was immediately outstanding. Shoes were able to be
put on in about 4 to 5 months and the horse was back in the show ring. The farrier was shocked
at the improvement.
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HUMAN TESTIMONIALS
Excerpt from letters:
Male, aged 63, Boyd, Texas. "I feel I need to respond about the wonderful qualities I have found
in my six plus years use of your natural humate product. I found my skin and complexion to
improve; the graying in my hair changed to the deeper richer color of my original hair color and
my all around health has improved greatly. I haven't been to the doctor in years, no colds,
allergies, etc."
Male, aged 72, Fort Worth, Texas. This individual has been taking the humate for a period of 7
years. Before and during the period he has been taking the humate, he has taken a yearly physical
under the same doctor. These physicals require two to three days in the hospital for testing,
poking and probing. The doctor was notified of the humate and has watched for signs of body
change from the 30 years of history accumulated on this individual. Yearly medical reports from
the doctor indicate the overall health of the individual has improved. Blood oxygen has increased
and fatty cholesterol levels have lowered without changes in diet. Heart functions have improved
on a yearly basis. The doctor has noted no ill effects from the humate and has advised the
individual to remain on his current regimen of humate. During the seven years, the individual has
only experienced one case of sinusitis and no cases of flu or colds.
Female, aged 38. Raton, New Mexico. This individual has had a history of anemia. After 60 days
on humate, the anemia conditions went away. That was five years ago and the condition has not
returned. Her doctor has confirmed these facts and now recommends humate for his patients with
anemia problems.
Female, aged 13. Cincinnati, Ohio. This young female was experiencing anemia. She had
received the humate from a friend and began taking it without her parent's knowledge. Her father
is a medical doctor and learned of her activities during a physical examination. The anemia was
not present and he questioned her to see what lifestyle changes she may have made. The doctor,
after researching, now commonly prescribes humate to help build up his patients health.
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THE CONTENT OF THIS BOOK ARE NOT
INTENDED TO DIAGNOSE, TREAT, CURE OR
PRESCRIBE A COURSE OF ACTION FOR ANY
MEDICAL CONDITION OR CLAIMS FOR
HEALTH
BENEFITS,
THIS
IS
FOR
EDUCATIONAL PURPOSE ONLY.
IF YOU HAVE ANY CONDITION OR CONCERN
ABOUT HEALTH MATTER, PLEASE CONSULT
YOUR PHYSICIAN, DOCTOR OR HEALTH
PRACTITIONER.
DIETARY NUCLEOTIDE, BETA GLUCAN AND
FULVIC MINERAL ARE FOOD SUPPLEMENTS
AND
THEREFORE
THERE
ARE
NO
THERAPEUTICS CLAIMS.
HOWEVER, THERE ARE LARGE BODY OF
SCIENCE SUPPORTED BY MANY CLINICAL
STUDIES, SCIENTIFIC REPORTS TO REVIEW
OR CONSIDER.
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