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PREFACE

This work represents the net result of faithful efforts carried out by
Raad Algen scientific office. We arloping that it will provide the
reader with scientifically proven data about the therapeutic effects
and their possible mechanisms beside all the basic data about this
amazing God made alga concerning its origin, composition, history of
use, safety and so on. We would like to thank all the sniests who
provided the humanity with these valuable scientific data specially
Dr. Jeffrey I. Bruno the author of (Edible microalgae; A Review of the
Health Research) and Dr. Christian Drapeau the author of (Primordial
Food Aphanizomenon FlosAquae). This essay is different from
previous works in paying some attention (in brief) to the normal
physiology of different body systems and the underlying causes and
pathogenesis of different diseasesThe scientific data presented here
are interacting and overlappng with each other makingdividing this
essayinto distinct chapters was so difficult, so it is recommended to
read the whole book to view the full imageAlso we should clarify
that this essay is a pure scientific work without any other purposes.
Some ofthe therapeutic effects are shared between blue green algae,
while others are unique to AFA. The diverse therapeutic effects of
AFA still need years and years of extensive researches. We have
mentioned only the scientificallyand clinically proven data provided
by many professorsand i gnored patients’ repor
extremely wide disease entities waiting for their scientific
explanations. We will be grateful for youfor providing us with your
suggestions and feed back to correct any unintended istakes and
avoid them in next editions. The authors
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WHAT IS IT?

Introduction to AFA

"When | was a child | often dreamed of becoming an oceapber.

Now as a psychologist | dream of how these tiny "living flowers of the

water" offer keys to open a treasure chest of optimal health, longer life

and a green sustainable future. Where some see an ugly primal slime, |

see a beautiful reminder thatwfe but take the time to appreciate nature

's web, we will see simple patterns that can inform our hearts and minds

and raise our humanity"

Jeffry J. Bruno, Ph.D.

Pacifica, California

"It is risky business to write a review of this sort aimed at a very

diverse audizence. For the interested layperson, there may be too many

references to scientific research, technical nomenclature, and complex

biological mechanisms. For the serious scientist, there are likely to be too

many questionable studies, conjecturasd hypotheses that require

further research. For the medical doctor, the health benefits may appear

too diverse to be credible, bringin
ncualel . 0 | n short, t her e S somet hi
anybody!"

Jeffrey J. Bruno, Ph.D. 2001
Edible microalgae A Review of the Health Research

It was extremely difficult to cover all the aspects of the microalgae
concerning the biochemistry, therape
hopes. So we were satisfiéd convey a snse of the enormity of the
possibilities that microalgae can offer to humanity. The sheer number of

studies cited most published in peeeviewed journald ought to at
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WHAT IS IT?

| east pi gue anyone o gnicroalgheeEvensamong n t h e
the manyscientsts who have studied microalgae, few appear to have
taken the time to view the big picture. It is important that the full range of

this information reach a broader audience.

This essay provides the kinds of scientific evidence that are required
for scienists and doctors to understand the potential therapeutic uses of
microalgae and thereby encourages further research and clinical
applicati on; and spurs gl obal t hi nki
role in helping to solve a number of urgentlgems faing humanity in

the 23Xt century.
Diet or Drug, what do we need?

Medicine has never been so sophisticated. Although there are more
medications available today for the treatment of diseases than ever
before, health is declining at an alarming r&gendng for health is now
second only to defens&Vhile antibiotics have been a good answer to
numerous threatening diseases, experience has shown that they are far
from the answer to all problems. The antibacterial model has skewed our
vision of health by makg us think in terms of eliminating disease rather

than regaining and maintaining hedlth

Health is gained and maintained by proper nutrition, attitude, sleep,
exercise and the judicious use of dietary supplem&wsoften think of
drugs and pharmacecals as an effective way of regaining and
maintaining health, and we may see it as the only real option. But what

about dietary supplement$® the drug model, dietary supplements are
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WHAT IS IT?

most often assumed to be ineffective or coincidental to recoverythéet,

effectiveness of certain dietary supplements is undeniable

Influenced by the pharmaceutical model, people seek dietary
supplements that will rapidly eradicate symptoms; that is not how dietary
supplements work. They work by helping the body regammal healthy
metabolism, they bring support to various organs so they can function
well, they assist the body in the essential processes of elimination,
nourishment and regeneration; and this is not easily demonstrated.
Gaining greater health often meam$nyriad of small transformations
greater energy, better mood, better sleep, elimination of little gches
which altogether lead to a greater quality of life. It is not like measuring
reduction in cholesterol level or decrease in blood pressure much
more complex, it goes much deeper into the meaning of health, and is by

consequence often more difficult to quantify. It is nonetheless ver§.real

When dietary supplement are studied for what they are, building
blocks of health and not more or lesnporary remedy to eliminate
discomforts or reverse a diagnosis, the approach is then completely
different, though not less powerful in revealing the health promoting
properties of specific herbs or plan@ne such plant is the cyanophyta
Aphanizomenonflos-aquae (AFA), which has clearly been shown in

scientific studies to warrant a great deal of atterition

Perhaps one of the reasangroalgal nutrients appear to work in so
many areas is that nature is conservative in its designs. Solutions that
workar e retained. For exampl e, chl or o

organisms to capture sunlight and produce sugars, first appeared-in blue

(=)
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green microalgae billions of years ago and is now used as a survival
strategy by all higher plants. Animals in tudepend upon chlorophyll

containing plants, directly or indirectly, as a food so@rte

These kinds of threads are repeated countless times throughout nature.
Ancient organic molecules, such as amino acids, which were found in
bluegreen microalgae ahe dawn of life, now act as basic building
bl ocks for alll of earthos -caroer@et ur es.
or glutathione) that originated in primitive microalgae are conserved and
widely used across nature. Likewise, essential fatty adifiAg) are
critical structural components of cell membranes and play a foundational
role in our brain chemistry. Microalgae are the primary sourég=éfs in
the food chain! In short, microalgae at the bottom of the food chain
provide an ancient biomolecula iphar macopoei ado upon

cellular life now depends

More than el even areas of research
ability to enhance brain function to issues of safety A few common
components found within microalgae, such as antiatgjassential fatty
acids, and amino acids, are significant across a range of topics.

i.e. Thousands of testimonials support the health benefits of. AFA

Why dietary supplements are not supported by pharmaceutical

companies?

You can see it would be foadhdy for a pharmaceutical company
to invest millions of dollars in scientific research to demonstrate the

efficacy of a given plant and then millions of dollars to promote the
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WHAT IS IT?

product if this investment cannot be protected by a patent. Consequently,
a decsion to research a substance is not based on its known effectiveness,
but first and foremost on whether it can be protected by patent and will
bring substantial financial gaiDietary supplements are nonetheless

and fortunately-- available on the madt place, but without the
protection of a patent few companies feel comfortable or able to invest
funds into scientific research that will prove the health benefits of dietary

supplements

In other words, most dietary supplement companies do not have
the money to perform the scientific studies that would provide the data
needed to meet the demands path by the pharmaceutical model.
Influenced by the pharmaceutical model, the market requests proof of
efficacy, toxicity studies, studies on pharmacokicgetidetermination of
active components and dose studies. But the financial resources within
the dietary supplement industry are not sufficient to carry such extensive
research work. So dietary supplements cannot be proven to the extent that
pharmaceuticatompounds can, in spite of the obvious health benefits

brought by numerous dietary supplements, without side effects

Multivitamins or whole diet, does it matter?

AVitamania, 0 as some critics call
supplements areoaring. In 2000 an estimated 100 million Americans
spend over $7 billion a year on nutritional supplements. That is over
twice as much as the $3 billion spent in 1990, according t&thecil
for Responsible Nutrition in Washington, DC, a trade group fothe
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vitamin industry. Although manyeople are convinced that vitamin
supplements are effective, one lagale, 13year government study of
10,758 Americans found multivitamin supplements provided no-long

term benefits in terms of increased lifespanentuced cancer risk.

In fact, taking large doses of synthetic vitamins might even be
associated with an increased risk of some kinds of chronic diSe@se.
the other hand, the benefits of eating foods that contain a wide range of
nutrients are well sqaported by scientific researth.Eating the right
nutrients in the form of whole foods clearly increases life span and
decreases stroke and cancer ri§k&ccording to theSurgeon General,
eight of the ten leading causes of death in the United States are

diet related’

Despite the widespread use of multivitamins to fortify foods, most
consumers donot realize that synt he
chemically manufactured, may not provide the same benefits as vitamins
derived from whole food sourceGiant pharmaceutical companies (e.g.,
Merck and Hoffman-La Roche) and chemical companies (e.g.,
Eastman Kodak) manufacture most of the vitamin isolates that are put
into multivitamins and processed foods. Some of the same multinational
corporations thatedl synthetic vitamins later reap huge profits by selling
drugs to treat dietelated diseases. This is not a small business.
Alarmingly, some of these same pharmaceuttcainected companies
also sell genetically modified seeds, pesticides, and petrocAemi
fertilizers to farmers. Obviously, such corporations have little financial
incentive to spend millions of dollars to conduct clinical trials on the
health benefits of organic foods and herbs, which are not patentable and

are therefore less profitabl€hese corporations also have little incentive
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to make sure that the food on your table best supports and increases your
health!

For the sake of bigger profits, longer shelf life, and cosmetic

appearance, whole foods are robbed of their nutritional vaod are

t hen nenri chedo or nfortifiedo wi t h

minerals to comply with thécDAO s mi Ni mum recommend

allowancegRDAs). °

For example,General Mills uses a distillation process to extract
vitamin E and other essentiaubstances from soybean and cottonseed to
produce vitamin E capsules. What remains is then used as margarine and
cooking oil for commercial food products, so damaged by the heat and
distillation process, it is no longer a healtthilding food. Unfortunaly
too, because of the distillation process the fractionated vitamin E capsule

doesnot offer wh&le food benefits ei

AMIi I Il ing of whol e grain to make re
percent of the magnesium, 86 percent of the manganese, 40tpdrtee
chromium, 78 percent of the zinc, 89 percent of the cobalt, 48 percent of
the molybdenum, and 68 percent of the copper, in addition to comparable
| osses of selenium, vit a&mMareov&, and
heavy metals such as cadmidrecome more concentrated in refined
flour, while the protective nutrients, such as biologically chelated zinc,
which helps to eliminate that cadmium from our bodies are
mostly removed. To make matters worse, large amounts of sugar,

saturated fats, artifigl coloring, and preservatives are added to refined
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foods. Since a host of nutrients are required to best utilize the calories we
consume, the intake of refined foods typically nutritionally poor, but
calorie rich, tends to create longerm nutritionaldeficiencies that are

not remedied by fortification with synthetic vitamins and minefals.

"The real test of the value of refined (fortified) foods would be to put a

group of lab animals on a diet of white bread and compare them to a

group fed a diet oivhole-grain bread. In one such experiment, two thirds

of rats kept on a diet of enriched white bread died before the experiment

was fiffished. 66

What’s now? Is there any solution?

Before reviewing the extensive research on the health benefits of
microalgae, it is important to consider why microalgae are so seldom
mentioned in the herbal, botanical, nutritional, and alternative therapies

literature.

First, in Western botanical traditions herbs are by definition -land
based plants, which categoricaltxclude aquatic algae. For all practical
purposes, Western herbal medi ci ne
surface. Significantly, thePhysician’s Desk Reference for Herbal
Medicine (1999) makes no mention of microalg&eNeither doesDr.
Mervyn Werback’s (1993) Nutritional Influences on Illness: A
Sourcebook of Clinical Reseaftlone of the most comprehensive

nutritional reference books to date

Second microalgae can potentially affect many different systems in
the body. This multiplicity of effects uns against the Western
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mechanistic search for a fnNmagic bul
il Il ness and thus falls into-atlhles,oor de
are not widely embraced by Western medicine; such therapies might
include diet, exeise, prayer, or laughter as part of the treatment. Only

lately have we seen the emergence of holistic health models that better
explain, for example, why the same treatments that improve intestinal

function might also benefit our brain and immune systems.
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BLUE-GREEN ALGAE

Fig. 1; The tree of life (From Algae to the Rescue!, by Karl Abrams, Logan
House Publications, 1996 )
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Review Of Microalgae

Oriental medicine experts, such as macrobiotic counselors or Chinese
doctors, though, do utilize algae and recognize thealth benefits.
However, these Eastern approaches tend to rely more upon empirical

observations and tradition rather than experimental research méthods.

The Raw Food Pyramid

¥ -

Herbs &
Juicing Grasses

/*Nuts&Seeds.\
/ .. Sprouts . ‘\

/ % Fruit m ' \
' -,_:; \

Medicinal Foods and Protein

/B - E Vegetables g)
/Ex B W Leaty Greens ' &\
Z = .o Water (lonized Water) & _;_ & \

m-mn—-—- Carb

| _ Foundation Foods

v mr e -

Fig. 2 ; The raw food pyramid.

Another area where algae are medically established is in thedamop
health spas. Arounti867, Bonnardiere, a French physician, coined the
word At hal assotherapyo (from the Gr e

sea therapies that had been used for centuries into a health spa regime,
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which included seafood and seegetabd diets, seawater drinks, hot
seawater baths (38°C), bathing in brown kelp seawater solutions, kelp
meal and seawater massages, skin fomentation with ocean bottom mud,

and sunbathing.

Numerous health spas continue to use forms of thalassotherapy and
algotherapy in France, West Germany, Belgium, Spain, Italy, Yugoslavia,
and along the Black Sea coast. Throughout these countries and the Orient

these seaand algaebased therapies have long been used for:

"...treatment of such problems as chronic rheummatgout, neuralgia,
asthma, wounds, eczema, hemorrhoids, scrofulosis, neuroses; stress
related diseases, and aging, as well as rehabilitation as performed by
qualified specialists. [Also] In Japan, Eisenia and Ecklonia added to hot

bath water are suppostziprevent ocure palsy and hypertensioh.*

In Western Europe, powdered sea vegetables (Fucus, Ascophyllum, or
Laminaria) are kneaded into a paste and sometimes combined with other
fomentation agents for use as plasters on arthritic joints or umsed
combination with massage. In some instances, powdered sea vegetables
and effervescent salts are added to the bath water to beautify thé skin"
For a more comprehensive list of medical benefits of marine algae read:
Hoppe H. Marine Algae in Pharmaceutical Science. De Gruyter and
Co, 1975.%

By some estimates there are more than 30,000 different species of

microalgae. Microalgae make up half of the plant kingdachiefly a

separate and unexplored kingdom, as unknown and potentially valuable
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as the rainfagsts. Microalgae can be separated into two large categories,

based on their cellular organization

The bluegreen microalgae are closely related to bacteria, and are, in
fact, known scientifically as cyanobacteria. All other algae, which are
consideredmore advanced in their cellular organization, are separated
into ten different phyla, which are designated by their color (e.g., brown,
goldenbrown, green, red). Precious few algal species have been
researched for medical or nutritional usage. Many speaie probably
still unidentifiedd waiting to be discovered. The most popular edible
species of algae in North America are large seaweeds, like kelp and nori,
microalgae like Chlorella and Dunaliella (green), and Spirulina and

phanizomenon floaquae (AFA) both bluegreen!

While microalgae share some similarities, they also have important
and unique differences from species to species. For example, Chlorella (a
green microalgal species) contains more chlorophyll, less protein, and has
an indigestible ower cell wall, which needs to be mechanically broken
down before the cell contents can be digested. Spirulina (agbdes
microalgal species) has widely studied sulfolipids and readily grows in

man made ponds, especially in warm climates.

Aphanizomaon flosaquae (AFA) is a blugreen microalgal species,
like Spirulina, but most AFA is harvested from the wild in volcanic
regions, leading to high levels of trace minerals. It thrives in cold
climates, resulting in higher levels of essential fatty adiisaliella (a
reddishcolored, green microalgal species) is mass cultivated and has the
highest levels ofbetacarotene, but also the lowest protein and
chlorophyll content of the commonly eaten microalgal species. The
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unique health advantages of theivas species are only beginning to be
understood with the vast majority of microalgae still to be studied; yet
many common characteristics and benefits are shared by these primitive

organisms:

The environment in which algae grows, what nutrients ardailea,
the pH, light, and temperature levels and the manner in which it is
processed, further contribute to important differences. For example, the
more expensive, lowemperature freezeéried forms of some AFA algae

result in a higher net protein utilizan.

According to chemistry professdfarl Abrams, AFAGS net pr

utilization is n75 %, whil e that of S

and 20 %, respectively. o Toxins in th

or pesticides, may contaminate microadgahis possibility has posed a

concern with some imported Chlorella or Spiruliffa.

Blue-green algaés one such product marketad a health promoting
supplement. lts oftensoldin theform of capsulesand drops meartio be
ingested dailyAs a food source,it hasbeen researcheextensivelyin
terms of its nutritional contentand application for cultivationMore
recently however, there has been particuiterest in thgotential usef
blue-greenalgaeas a supplement withactivity as a biologicalresponse
modifier. That is, the potential for use of bhgeeen algae as a therapeutic
tool in preventing and combating certain disease Staidthough
anecdotal claimdor the effects of blugreen algae supplementation

rangefrom complete recoverirom chronic illnesso improvedlearning
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in children,thereare unfortunatelynot enoughwell structured animal or

clinical studiedo fully back up such claims.

Although the consumption of microalgae is not commonplace on a
global scale, there are severalasons why microalgae have become

increasingly attractive as a commercial food crop:

1. Biomass: The amount of biomass microalgae produce is
extraordinary.They can produce more food per acre and per unit time
than any other of the common cropsnéa™ '* Microalgae culture
systems can produce up to 15,000 kg of protein per acre perlyear.
comparison, soybeans, a crop relatively high in protein content, typically

produceless tharv50 kg of protein per acre per yeH

2. Nutrients: Theyarethe mast nutrientdensefood currently known? 2
29.30 For example, AFAs 60- 70% protein by weight andontains a rich
source of vitanms, especially vitamin B12 arfeicarotene, mineralgnd

is one of thdewdietaa y s o udliolensgc acdf 9o

3. Environmental aspects: Cultivation of microalgae does not contribute
to soil erosion, requires little or no pesticides or herbicides, and requires a
minimum of energy to wWtivate and processMicroalgae are indeed a

very energy, and landfficient protein soure

Nonetheless, the current price per kilogram of protein derived from

microalgalsources remains high developed countries.
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Microalgae: A Historical Perspective

"In blue-green algae we find three and ehalf billion years of life

on this planet encoded in their nucleic acids (RNA/DNA). At the same

time, all microalgae supply that fresh burst of primal essence that

manifested when life was in its birthing stag At a moment in_history

when the survival of the human species is in jeopardy, many people have

begun instinctively to turn to these original life forms for nutritional
ul, 7

support.

For thousands of years, algae have been used worldwide as a food

source or as a remedy for a wide variety of physical ailments and

diseases. In coastal reqgions of the Far East, notably in Japan, there is

evidence that algae were used as a food source around 6000 BC, and

there are records of many species of seaweed usasbdsafound 900

AD. Many reports during the time of the Spanish conquest reveal that the

natives of Lake Texcoco, near the city of Tenochtitlan (Mexico City

today), collected blugreen algae from the waters of the lake to make

sundried cakes called tecust.®

Prescottr eported in his book Conquest
gathered from the lake by the inhabitants of Tenochtitlan and eaten as a
nutritious cakeThey collected this green substance floating at the surface
of the water and dried it in ¢hsun. They gavit the name tecuitlatbr
excrement of stone, as they believed it came from the stdiey,.
consumed the algae as cheese, which it resembled in aroma and taste, and
they sold it in the marketplacdn addition, Dangeard, a French

phycolaist, documented that natives of the Lake Chad area also used
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microalgae as fab’ It is used to make hard cakes called Dihé. Like the
inhabitants of Tenochtitlan, these natives collect patches of floating
micro-algae and sudry them in shallow holes dug the sand along the
shores of the lake. Once dried, the sand is cleaned from the algal cakes.
They are broken into pieces and are then ready to be eaten or sold at local

markets.

Reports by the United Nations have documented the superior overall

health condition of people living around lake Chad who eat these Dihé

cakesh > "8

In_a brief presented to the Food and Drug Administration (FDA)

Select Committee on the Worldwide Use and Safety of Algae as a Food

Source, the authors reported that some celsuinave relied on algae for
up to 25% of their diet®

Yet, while a number of ancient cultures understood and used algae as
a food, it wasnodot until the early 19
source for humans began to gain momentum in the Westobiologists
began to speculate that since algae have such high nutritive value (as
much as 65/0% protein); largescale production methods could lead to a

revolution in agriculture

Il n the 1960s, t hi's specul ation fue
between the United States and the USBR.William Oswald of the

University of California at Berkeley demonstrated a means by which

algae could be used to support the entire metabolism of an adultman.
He called his | i dlgatrom® u pseoad recgchedst e m a
oxygen created, and food grown on board a space€Hitis results were
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soon supported by research in Japan and the Soviet Union that pointed to

algae as an ideal food for loAgrm space missions.

During the 1970s, international resgaron the mass production of
microalgae led to the early conclusion that microalgae were not cost
competitive when compared to less expensive protein sources, such as
soybeans. An understanding of the health benefits of microalgae would
come later. The emegi ng nGr een Revolutiono t
direction to feed the worl ddos hungr.y
chemical fertilizers, pesticides, and genetic engineering to provide food
for the masses. While this ®alled Green Revolution did sidicantly
increase food supplies worldwide, it has also resulted in serious problems
associated with decreased seed stock, genetically engineered foods, and

overreliance on petrochemical fertilizers and pesticiti&s.

While microalgae are generally doexpensive to be considered a
staple food for mass consumption, in wealthier countries, such as Japan
and the United States, the use of microalgae as a nutritional health
supplement is part of a mubillion dollar industry that is contributing to

a consimetled health revolution in modern medicih&

A hundred years ago, when medicinal herbs and natural remedies were
the most common means of regaining and maintaining health, the blue
green alga Aphanizomenon flaguae (AFA) growing abundantly in
Klamath Lake might have been a household name. It would have had a
reputation for being a food which gave a person added energy and mental
clarity, boosted the immune system, and had a remarkable regenerative

effect, even when consumed in small quantities.
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Today, AFA enjoys a growing popularity among hundreds of
thousands of people who report adeirange of benefits. Nearly three
decades ago, it was discovered growing in wild abundance in a pristine
lake in Southern Oregon. It has recently come to the aitenfimedical
researchers, who are now conducting studies on this unique food to
understand and wuncover its secrets.

foodt?

Ecology of Klamath Lake *

Klamath Lake is the largest freshwater lake in Oregon (125 Tniles
325 knf) with a watershed drainage exceeding 3,800 m{@850 knf).
This shallow lake with an average depth of eight feet is flanked by the
Cascade Mountains to the west and the Winema National Forest to the
east. It is 4,139 feet above sea level aad two major tributaries, the
Williamson and Wood Rivers, as well as many smaller springs and

stream inflows, providing Klamath Lake with waters of exceptional

purity.

Klamath Lake, along with Tule Lake, are the shrunken remnants of
ancient Modoc Lake. Thme have been many opinions regarding the age
of the Klamath Basin, but the most recent work estimates the formation
of the Klamath bed sediments at the Pliocene epoch, more than two
million years ago. At that time, Modoc Lake is estimated to have covered
over a thousand square miles. At the end of the Pleistocene epoch (about
12,000 years ago), Klamath River began to form, slowly draining Modoc
Lake and lowering its surface altitude. Sites of higher elevation began to
show and to divide Modoc Lake into sealesmaller bodies of water,

| eading to todayo%keKl amath Lake and
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Fig. 3; Eruption of Mt. Mazama »? Painting by Paul Rockwood

Fig. 4; At 7,100 feet altitude, Crater Lake is located in the caldera of former
Mount Mazama. Crater Lake is 2,000 feet deep, and for decades its water
has been used as a standard for water purity.
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North of Klamath Lake is located the remnant of Mount Mazama,
originally estimated to stand at 12,500 feet. Nearly 7,000 years ago,
Mount Mazama erupted, pulverizing the top®) feet of the mountain
and throwing millions of tons of ashes into the atmosphere. The
magni tude of Mount Mazamabds eruption
Mount St. Helens. The ashes covered most of the state of Oregon and
reached as far as seven othtates. After the explosion, Mount Mazama

coll apsed, forming a caldera that is

At a depth of more than 2,000 feet, Crater Lake is the deepest lake

in the United States. Its extremely low temperature and purity create

physical charateristics that reflect light in a manner that gives the water

a unique and vibrant dedpue color. While standing at the rim of Crater

Lake, it is easy to understand the spiritual fascination that the lake has

held for the native people and the early lsest

Crater Lake to Klamath Lake *

Nearly 90 percent of the water flowing into Klamath Lake comes
from springs and rivers of exceptional beauty, bringing nearly 5,400acre
feet of water every day, 650 billion gallons annually. Althoubk
question remas officially unanswered, most estimates indiciat the
spring waters flowing into Klamath Lake come from Crater Lake, after a
journey of approximately 15 miles through minerah underground

aquifers.
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Generally, algae are found in bodies of watet @dwre stagnant or
deteriorating. Klamath Lake is an exception; it has always been and is
still extremely robust and supports not only a tremendous biomass of
AFA Dbut also fish, waterfowl, and predatory bird speci¥fen ice was
first collected from thedke in 1906, it was reported to be green with
algae. Lake sucker fish were so common that people used pitchforks to
harvest them. Ospreys were reported in densitfegp to 10 nests per

square mile.

Today, the Klamath Basin is still home to the largssitering
congregation of bald eagles in the lower 48 states and is the largest
stopover for waterfowl in the Pacific flywaillamath Lake is located in
a relatively undeveloped area, surrounded by publicly owned land such as
the Crater Lake National Parthe Winema National Forest, the Lower
Klamath National Wildlife Refuge and the Tule Lake National Wildlife
Bird Refuge.With the Cascade Mountains to the west, thousands of
square miles of National Park to the north and east, and the city of
Klamath Fallslocated downstream at the southern end of the lake,

Klamath Lake is virtually untouched by industrial activity and pollution.

Stories that Klamath Lake is polluted come from the fact that at
certain seasons, fish die from oxygen deprivation due to thages
brought on by massive algal growth. During AFA blooms, the water of
Klamath Lake can reach a pH of 11, and dissolved oxygen can go under 3
ppm. This can be deadly for fisklamath Lake is actually rather pristine.

It is devoid of industrial activiegs and surrounded by national parks:

Crater Lake National Park to the north, Winema National Forest to the
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east, and the Cascade Mountains to the west. The city of Klamath Falls is

downstream to the south.

Fig. 5; A map demonstrating the position of Klam ath lake.

Why AFA Flourishes *

AFA is unique in its ability to fix atmospheric nitrogen. This very
characteristic gives it a rare advantage over other types of algae existing
in Klamath Lake. In the harvest season, it grows by consuming
atmospheric nitrg e n and the | akeds avail abl
enormous bloom that is virtually 100 percent pure AFA. Many of the
| akeds characteristics are responsib
for such abundant bloom of AFA:
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FIRST, the lake is so old th& contains 30 feet of mineraich
sediment at its bottom, much of it donated by the explosion of Mount
Mazama. In their 1967 study of the lake, Miller and Tash estimated that
the top one inch of the | akeds sedim

sustain a full algal bloom.

SECOND, the average depth is less than ten feet with a median
depth of about five feet. In more than 50 percent of the lake, you can

stand on the bottom.

THIRD, the lake is nearly 25 miles long and five miles wide,
providing a logjitudinal shape that fosters strong winds and turbulence.
When the wind bl ows, It applies pres:c
forcing the water to turn over. The turbulence grabs the mineral
sediment, bringing up into suspension a wealth of migi¢hat further
promote algae blooms. This cycle explains the exceptionally abundant
growth of AFA in Klamath Lake.

The Water of Klamath Lake *'

The most fascinating and unique characteristics of the water
flowing into Klamath Lake is its color and tgerature. Crater Lake is
known for its emerald blue water. This condition is due to its clarity,
temperature, and chemical matrix, allowing light to reflect the spectrum
of blue to the viewer. It is generally known that mineral concentrations

are the predminant factor creating this anomaly.
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Fig. 6; View of Mount McLoughlin from the east side of Klamath Lake,
where harvested AFA is brought to shore. Klamath Lake is a wonderful
natural ecosystem filled with abundant wildlife.

Water testing has confirrdethat high mineral content creates this
Ablue coloro masin aftent seennin wapoltuted i hgyh
mountain lakes and stream€ertain minerals have specific color
spectrums due to the electrical or ionic activity creatednisyeasing
amounts of ias present in the water. In most cases, minerals are the

prime energy conductors in water.

It was assumed that the spring sources supplying Klamath Lake
were naturally high in mineral concentrations due to the blue color of the
springs. Oddly enough, adweed testing has revealed the opposite.
Several of the main springs have very little entrained minerals, yet they

still have the bluecolofher e i s no gener al consen
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watero condition exists withioust t

explanation is that the effect is not solely derived from minerals alone.

Conductivity, pH, and specific gravity typically reveal information
assuming the presence of minerals. We must look at the importance of
electrical potential as a possible admiting factor. Looking at millivolt
values (mV) of the source water, we can determine what the potential for
electrical activity is. The mV values are scaled from positive to negative.
The higher the negative number, the more electron activity is pes&ibl
value of +75 mV has very little potential for electron activity, whereas a
value of-75 mV has a tremendous amount of elecgotential. Testing
the springs at their source reveals values66to -80 mV without the

presence of minerals, indicatingetsourcavater is highly electrical.

It is widely known that natural electrical charge does create a color
phenomenon, known as t he Api ezo
compression of crystalline structures like quartz releasing a static or
electrical targe. The resulting siliequartz piezo spark is blughite in
color. The surrounding watershed happens to be rich in quartz sands,
allowing the source water to percolate through it, possibly creating the
piezo effect. This could beraajor contributing d&ctor to theelectricblue

color of the spring water.

In addition, water with temperatures of 4°C (or 39°F) creates
conditions for maximum density and energetics. Cold water is more vital

and able to distribute minerals, electrical ions, and nutrients wam

(=)
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water. The spring sources supplying Klamath Lake range from 5 to 5.7°C
and are some of the coldest ground water temperatures in the United

States.

In summary, chemical testing confirms the spring source water to
be very low in mineral concentratioftmit extremely high in electrical
potential. This allows the water coming into tlake to have greater
capacity to collect nutrients and minerals, and an increased ability to
respond to sunlight. These unique characteristics help to create the

unusual wadgr environment of Klamath Lake.

Harvesting Today *

For more than two decades, the naturally occurring AFA growing
in Klamath Lake, Oregon, has also been harvested and sold as a unique
dietary supplement filled with healtromoting compounds. Although
AFA grows in many other areas of the world, the biomass that
accumulates every year in Klamath Lake is unique in its abundance as
well as its purity.High-quality AFA is currently being harvested in
Klamath Lake, at the site of rich algal blooms. Small hstimg platforms
pass through the algal blooms that gather in latfgek patches at the

surface.

These harvesters are equipped with rotating screens that lift the
algae from the water surface a pumping system that pumps lake water
onto screens, antié concentrated AFA is then transferred on a screened

conveyor system, where the initial -datering step is performedhe
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AFA is then slowly pumped through a refrigeration system that brings the

concentrated AFA down to a temperature of 5°C (38°F).

The AFA is then filtered through a centrifugal sieve to remove
debris and undesirable spectdsalgae. Purified and concentrated AFA is
finally transported to the drying facility to be dried or stored deeply

frozen.

Fig. 7; Harvesting AFA.
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A Superior Drying Method *°

Various drying methods have been utilized to dry AFA. A three
year study comparing the performance of these different drying methods
established the superiority of Refr

other methods, including freereying ard spraydrying.

In brief, when water is placed over a heating source, infrared
energy is transferred throughout the water by convection. The heat energy
then radiates from the water, primarily through evaporatiotie water
Is covered by a transparenembrane, evaporation and its associated heat
loss is blocked or "refractedThe membrane acts like a mirror reflecting

the infrared emgy back into the water.

When a moist, raw material such as algae is placed on the
membr aneds surf amat ertihael warteeat eisn at hfi
allows for the passage of infrared energy through the membrane and also
through the materiakeat is directly transferred to theater present in

the material.

In a matter of a few moments, the water in the material en th
me mbraneds surface evaporates, and
cl oses and Arefractso back I nt o t he

exposing the material to heat.

When comparing various drying technologies, the degree of
preservat i onrigmd colar amdddava ndicatésdhe quality
of the drying process utilized. Studies performed at Washington State
Uni versityos Depart ment of Bi ol ogi

Department of Food Science and Human Nutrition established the
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preservatonsperi ority of the Refractance )\

over all other methods of drying, including spray drying and freeze

drying.

=
<
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=
=
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Mylar Membrane

L —
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Fig. 8; AFA drying method.

 DEFINITIONS:

1 Cyanophytd The current scientific classification for the blue
green alga family

1 Aphanizomenon flosquaé the scientific name of thiseshwater
cyanophyta found in Upper Klamath Lake

1 AFAOJ The abbreviation for Aphanizomenon flaguae

1 Microalga® A common term to describe singtell blue-green
algae (Cyanophyta)

1 Blue-green alga@ A class of microorganisms containitige blue
pigment phycoganin. This term isused frguently in the health
care field to describe edibiricroalgae like AFA

1 Phycocyani® The blue pigment in AFA
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UNIQUE COMPPOSITION OF AFA

Remarkable Nutritive Qualities of Microalgae

Gram-for-gram microalgae may be the most nutrient dense food on

Earth®

The primitive character of microal ¢
a number of advantages over higher plants and animals as a food source.
For starters, practiig the entire organism can be nutritious, with
minimal indigestible structures. By contrast, typically less than half of the
dry weight of plants and animals has nutritionalue. Primitive blue
green algae are composed almost entirely of nutritionadlgfull and
uniform cells. Furthermore, microalgaexhibit superior photosynthetic
efficiency, using light approximately three times more efficiently than

higher plants®

Microalgae are among the most productive organisms on the planet. **

AFA contain meoe micronutriets than any other known foodFA
cells are about 20 to 30 times smaller than the cells within
the food we usually eat. Because of this, AFA contains 20 to 30 times the
me mbr ane surface aread. 00 AFAds s mal
cell membrane surface compared to the rest of #lle lo the case of
blue-greenalgae, the cell membrane is where some of the most important
nutrients are concentrated. AFA algae produce more cell membrane
material without getting larger by creatingvast systenof membrane

inpouchings similat o t he brainds infoldings.
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membrane were ironed flat, it would be many times the apparent size of

the cell *

One of the most remarkable nutritional aspects of microalgae is its
high content of usable protein ranging from 50% to 70%! This is a far
higher percentage than the choicest edible parsny higher plant or

animal.

Algal protein has shorter and less complex polypeptide cBains

making it easier to digest than plant or aninmabtein. Red meat has a

surprisingly | ow net protein utiliza

75%°° .The net protein utilization index is a measure of how completely

amino acids are assimilated by humans. In fact, some microalgae, such

as AFA, contairall ten essential amino acids that humans require from

their diet® in a profile similar to that recommended by the National

Academy of Sciencés.

Not | east |, Anmi croal gae ar e consi de

unsaturated fatty acids in the food chai *6 Eicosapentaenoic acid

(EPA) and docosahexaenoic acid (DHA) are two relatively rare and

valuable fatty acids found in microalgde The reason that fish oils are

so rich in polyunsaturated fatty acids (PUFAS) is that microalgae are

abundant in theirfood chain. Unlike seafood, microalgal oils are

cholesterol free. The nutritional value and therapeutic merits of PUFAs

have been widely documenté&d.

AFA is almost 100% usable by the body compared to synthesized

vitamins which are only 5-25% usable. In Amounts Perfectly Balanced

by ALLAH.
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Palyunsaturared
fatry acids

APHANIZOMENON
FLOS-AQUAE (AFA)
BLUE-GREEN
ALGAE CELL

Nucleoid DMA region

Micrenutrient
storage granules

Gas vacuole

Enzymes with
minerals (M) and vitamins (V)

—— Lipopolysaccharide

[[I]

Polysaccharide
M ——— Lipid

— Protein {made of amino acids)

Polyunsaturated
— fatty acids

|_— Enzymes with
| minerals (M) and vitamins (V)

§ OUTER CELLULAR MATRIX*

Ribosame —

protei nI factory

|

RIBOSOME

Chain of newly linked amino acids
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fatty acids
£
/’. PHOTOSYNTHETIC
-~ . MEMBRANE*
o«

(g

5" Photosynthatic
~ T apparatus
— ] incorporating
beta-carotene,
chlerophyll,
and other

pigments

Fig. 9; Schematic of AFA cell. These simple illustrations leave out most of
the complexity and mystery of the cell (From Algae to the Rescue!. by Karl
Abrams, Logan House Publications, 1996)
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Typical Nutrient Data Klamath Lake AFA

Typical Nutrient Composition (per gram) *"°

Protein: 607 70%
Carbohydrate: 2@0%
Calories: 260kcal/100g

Minerals: 39%
Lipids: 2-8%
Pigments: 4%
Moisture: 37%
Chlorophyll .55%
ESSENTIAL FATTY ACIDS
Alpha-Linolenic Acid (Omega 3) 280 mg

GammalLinolenic Acid (Omega 6) 6.00 mg

VITAMINS
Provitamin A Beta Carotene 2000 1V
Thiamin (B1) 4.70 mcg
Riboflavin (B2) 57.30 mcg
Pyridoxine (B6) 11.10 mcg
Niacin (B3) .16 mg
Pantothenic Acid (B5) 6.80 mcg
Inositol 160 mcg
Vitamin E 1.70 1IU
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Ascorbic Acid (Vitamin C) 6.70 mg
Biotin 0.30 mcg
Folic Acid 1.00 mcg
Choline 2.30 mcg
Cobalamin (B12) 8.00 mcg
Vitamin K 45.52 mcg
Table, 1; vitamins present in AFA.

MINERALS
Boron .15mg Molybdenum 3.30 mcg
Calcium 14.00 mg Nickel 5.30mcg
Chloride 0.47mg Potassium 12.00mcg
Chromium 0.53 mcg Phosphorus 5.20mcg
Cobalt 2.00 mcg Selenium 0.67mcg
Copper 4.30 mcg Silicon 186.50 mcg
Fluoride 38.00 mcg Sodium 2.70 mg
Germanium .27 mcg Tin 47 mcg
lodine .53 mcg Titanium 46.60 mcg
Iron 350.70 mcg Vanadium 2.70 mcg
Magnesium 2.20 mg Zinc 18.70 mcg
Manganese 32.00 mcg

Table, 2; Mineral s present in AFA.

TYPICAL AMINO ACID CONTENT (per gram)

Essential Amino Acids

Arginine

38 mg

Methionine

7 mg
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Histidine 9 mg Phenylalanine | 25 mg
soleucine 29 mg Threonine 33 mg
Leucine 52 mg Tryptophan 7 mg

Lysine 35 mg Valine 32 mg

Table, 3; Essential amino acids present in AFA.

Non-Essential Amino Acids

Alanine 47 mg Glutamine 78 mg
Asparagine 47 mg Glycine 29 mg
Aspartic Acid 7 mg Proline 29 mg
Cystine 2 mg Serine 29 mg
Glutamic Acid 4 mg Tyrosine 19 mg

Table, 4; Non essential amino acids present in AFA.

AFA and spirulina compared: *

For the past several decades, peopleehaeen enthralled by a
Agreen foodso r evnme| severalofoods hdve beem g t h
championed as the revolutionds |l ead
chlorella, wheat grass juice, and sprouts lag far behind the two most
popular blue green algae,planizomenonflos-aquae (AFA) and
spirulina. Both are considered green superfoods; they have similarities

but severaimportant differences.

AFA is a wild food harvested from a wild environment. Spirulina

Is a wild species grown in a controlled environte@enerally this
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indicatesthat AFA will contain more minerals thapirulina. Analytical

researclsupports this conclusion.

lll
A ;.= T

Aphanizomenon Flos-aquae

Fig. 9; AFA (above) and spirulina (below)

On e maj or di fference S simply

superfood known, becausé¢ has the most of that wondrous green
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photosynthesizing pigment chlorophyll. A tgram portionof AFA algae
contains 300 mg. of chlorophyll, whereas a¢gam portion of Spirulina

has only 115 mg.

Both forms of bluegreen algae have a similar overall centration
of proteins, carbohydrates, lipids, amgnerals. However, the quality of
their micronutrients is noticeably different because of specific growing
and harvesting techniques associated with them. Spirulina, for example, is
grown in concrete or peticponds with a Asalinity
chloride salt content) often greater than 100 times that of AFA algae.
Spirulinads nutrient composition 1is
have been artificiallyadded to it in the form of mineral (armther)

supplements.

AFA, by comparison, is harvested from dwn mineralrich and
natural Upper Klamath Lake, Oregon, habitat. Its micronutrients mirror
what hasexisted naturally in the lake for thousands of years due to past
volcanic activity and thenteractions ofrivers, streams, and unpolluted
mountain rain, as well as a vast subterranean water supply originating

from the nearby and pristine Crater Lake.

The richness of AFAO S mi cronutri el

the fact that 30 40 feet ofbrganic nutrient sediment make up a treasure

trove of minerals for AFA to feed upon. The vast richness of this sediment

is reflected in the fact that AFA has about 40 percent more calcium and

100 percent more chromium than does spirulina with approximétedy

to ten times the vitamin C content of spirulina.
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One interesting difference between these two cyanobacteria can be

traced to the fact that whereas spirulina is a tropical algae, AFA is a

heartier coldclimate species. In the warmer climate of thepite, the

cell membrane of a spirulina cell can easily maintain its flexibility by

producing a rather high percent of saturated fatty acids. AFA algae, on

t he ot her hand, does not | ead t his |

climate of Upper Klamath Lak f or ces AFA' 6 <cel | me m|

compensate by ingeniously manufacturing specific-pogaturated fatty

acids (PUFAs) that enhance its h$eistaining membrane flexibility.

To be sure, both forms of algae are blessed with a rich array of
phytochenrtal antioxidants such as thmarotenes. Although spirulina
contains slightly more betacarotene than AFA algae, one must be careful
to take a more educated look. The presence of more PUFAs allows for
wider variety of other carotenoidgsichas alpha and gamma caroteneto
be spread out within the cell membrane itself. The true hepbmger of
beta carotene cannot be fully realized unless a variety of other structurally

related carotenoidompounds is present.

Carotenoid compounds in all forms of blgeeenalgae are also

particularly sensitive to the type of harvesting technigues employed. The

sundrying and spraydrying techniques often used in processing

spirulina invariably cause a marked decrease in beta carotene as well as

the concentration of methiarea sulfur containing essential amino acid.
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The assimilation of algae protein is also dependent upon how it is

processed. When spirulina is sdned or sprayd r i e d , -proteins Nnnet

utilizationo (usually expressléd as

that of AFA algae, which has been more carefully frekmx and flash

frozen.

. In general, freezdrying techniques are essential to maintain the
viability of AFA enzymes and its delicately chelated minerals and
vitamins. Sprayor sunidried spirulinaproducts tend to readily lose much

of such heasensitive components.

AFA contains more vitamin C. AFA blugreen algae contains
more than five times the vitamin C content of spiruliA&A contains
more essentialfatty acids. AFADblue-greenalgaeis a cold-water algae
that insulates itself with essentialfatty acids. In warmer, tropical,
saltwater pools (where spirulina grows) less of itteulating, essential

fatty acids are required.

These differences and more are summarized in the next tables:

AFA Spirulina
Moisture 6% 5%
Protein 63% 65%
Total lipid 3% 5%
Fatty acids n/a n/a
Carbohydrate 27% 18%
Ash 7% 7%
Calcium 140.0 mg 100.0 mg
Phosphoms 51.0 mg 90.0 mg
Iron 6.4 mg 15.0 mg
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Sodium 38.0 mg 60.0 mg
Chlorine 46.0 mg 44.0 mg
Chromium 40.0 mg 28.0ug
Copper 60.0ug 120.0 pg
Magnesium 16.0 mg 40.0 mg
Manganese 0.3 mg 0.5 mg
zinc 0.3 mg 0.3 mg
Potassium 100.0 mg 120.0 mg
Vitamins
Ascorbic acid 5.0 mg 0.5mg
Carotene 2000 RE 2300 RE
Biotin 3.6ug 0.5ug
Cobalanin 8.0ug 3.2ug
Choline 2.6 mg n/a
Folic acid 1.0 mg 1.0ug
Pyridoxine 67.0ug 80.0ug
Panthothenic acid 130.0pg 10.0ug
Niacin 0.65 mg 1.46 mg
Thiamin 0.03 mg 0.31 mg
Inositol n/a 6.4 mg
Vitatnin E 1.2 11U 1.0ug
Pigments & Other Compounds
Carotenoids N/a 37.0 mg
Phycocyanin 1500.0 mg 1500.0 mg
Chlorophyll 300 mg 115.0 mg
y-linolenic acid n/a 135.0 mg
Glycolipids n/a 200.0 mg
Sulfolipids n/a 4-10.0 mg
Nucleic acids n/a 4.5%

Table 4a; Summary of comparison between AFA and spirulina

composition

(]

(figures are given by 10 gram of dry weight) 48
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Health Beaefi Aphaniy flos-aguae (AFA) Spirulina Chlorella
AFA was shown (1.5 g daily) to
Stimulation of NK stunulate the migration of NK cells When tested, Spirulina did not When tested. Chilorella did not
Bl siberation from the blood to the tissues. NK cells show any effect on NK cell show any effect on NK cell
e are known to be scavengers and killers migration. migration
of cancer and virally infected cells
Spirulina contains a unique Chlorella contains a unique
Stimulation of AFA contans 2 umque polysacchande | polysacchande that was shown to | polysaccharide that was shown to
mh on ;‘ v that was shown to stimulate macrophage | stmulate macrophage activaty. stimulate macrophage activity,
BUKTOEBIgTALWYS actvity though the potency is roughly %4 | though the potency is roughly %
that of AFA that of AFA
AFA was shown (1.5 g daily) to
Mobilization of stimulate the mobilization of Spirulina was not show 10 have Chlorella was not show to have
it i lymphocyte B and T from lymphoid any effect on lymphocyte any effict on lymphocyte
tissues and increase the number of mobihization. " mobilization
circulating lymphocytes.
The immune system 15 one of the mam
Production of free contributors to oxidation m the body.
radicals by immune AFA was shown to reduce the No data available No data available,
cells. background production of free radicals
by polymorph mucleated cells.
Anti-inflammatory | AFA ins 2 siznifi of
properties f" phycocyamn, which was shown to be a - : -_— Chlorelia contams no phycocyamn
phycocxanin | potent specific COX.2 infubitor. COX. [ SPIIina contains a Sgniicant | ™ g yas np specafic effect on
2 inhibitors are the novel generstion of e s inflammation
anti-inflammatory remedies

Table 4b; Summary of comparison between AFA and spirulina
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Biochemistry of AFA

In this section, we wilmention in briefthe role of unique nutrients
present inAFA on human health. We will limit this discussion to

nutrients that arepecific to AFA or present in exceptional quantities.

Chlorophyll

CHy

CH=CHa

CHy

Chlorophyll

Fig. 10; Structure of heme and chlorophyll.

It is the green pigment found in plants, chlorophyllresponsible
for the transformation of light energy inthemical energy. Although
chlorophyll is present iall green vegetables, it is exceptionally abundant
in AFA (about one prcent of dry weight)Interestingly, the molecular
structure between chlorophydind ourhemoglobin (red blood cells) is
remarkably similar.The main difference is that the central atom in

chlorophyll is magnesium, whereas in heng | obi n It O0s

(=)
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chlorgphyll is considered a major ldd purifier, and is very benefal to

overall healt!t.

Although the bochemical pathway that would lav the
transfomation of chlorophyll into henglobin has never been
investigated, data suggeskat eating foodgontaining high chlorophyll
cortent could stimulate the synthes§hemoglobin in the bodyn 1936,
Hughes and Latner ' carried an eperiment in which they triggered
severe hemorrhage in dogfhe dog is often used in cardiovascular
studies because of the similarity of its cardiovascular systemthathof
man. The control group was allowetd recover without anyreatment
whereas the experimental group received daily dosghlofophyll. The
group that consumed chlorophyll daily recovenaach faster and showed

much higher blood hemoglobin content.

Scientific research has revealed the -aaticer properties of

chlorophyll.(Refer to chapter of cancef}*®

According to Paul Pitchford, author o f AHeal i ng

Foods, O chl orophyl | S attributed t

bacterial growth in wounds, eliminates bad breath amody odor,

removes drug deposits, counteracts all toxins, builds blood, renews

tissue, counteracts radiation, promotes healthful intestinal flora,

activates enzymes to produce vitamins A, D, and K, reverses anemic

conditions, reduces high blood pressureesgthens the immune system,

relieves nervousness and serves as a mild diufétieinally, popular

medicine has also produced evidence of the healing properties of

chlorophyll. Topical application as well as oral intake of chlorophyll was
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shown to prevat and help eliminate infectiod$***Topical application

of chlorophyll was noted to promote healing of the skin as well as

stomach ulcers®’

Beta-Carotene and Other Carotenoids ***?*

AFA is an exceptional source of carotenoids (more than 24tteti
equivalents per grampBetacarotene, asvell as other carotenoids, has
beenshown to be a powerful antiaant, helpful in the prevéion of

cardiovascular diseases and cancer (refer to specific chapters for details)

Polyunsaturated Fatty Acids

Dietary essential fatty acids, especially Omehassential fatty

acids, have been shown to be beneficial to the immune, cardiovascular,

and nervous systems. Nearly 50 percent of the lipid content of dried AFA

is composed of Omedh essential fatty acids (mbstalphalinolenic

acid).The average North American diet is known to be lacking in Omega

3 fatty acids. Such deficiency is increasingly linked to cardiovascular

diseases??°22% immunosuppressioR’’ arthritis, >*® mental problems,

210-213

and skin poblems?**

In addition, Omeqgs8 fatty acids were shown to prevent platelet

aggregation
essential fatty acids, mostly Omegawas also shown to inhibit many

#1921 and to lower cholesterdt®>**_Consumption of

forms of cancer, namely breast, prostapancreatic and coloft>?%
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There is also evidence that Omegidatty acids may help in neuropathic

conditions associated with diabetét???

Significant interest has been raised by the relationship between

essential fatty acids and nervous system tfons. Epidemiological

studies in various countries and in the United States suqggest that

decreased Omegfd fatty acid consumption correlates with increasing

rates of depressiofl® Consumption of foods containing Ome@afatty

acids may constitute an alnhative treatment for depression.

Furthermore, decreased concentrations of certain essential fatty acids in

the plasma have been found in children diagnosed with AtteDidicit
Hyperactivity Disorder (ADHD§™

Chemoprotection and Polysaccharides

Asubstance i s fAchemop agahsetoettoxiv e 0
effects of chemicals or compounds presenbur food or environment.
Heavymetals andpesticides are exnples of such compounds extrdyne
deleterious to health. Vamus species of microalga have been
demonstrated to absorb heawgetals, and their consumption may
promote the elimination of heawyetals®?* Scientific studies have

shown that cyanophyta offer significant protection against heavy metal

toxicity to the kidney€® A sugar pesent on the cell membrane of

microalgae has also been confirmed to bind and eliminate pesticides in

the intestine?”’ Phycocyanin, the blue pigment present in AFA, has also

been shown to have cheipmtective properties.

(=)

wh



COMPOSITION AND BIOCHEMISTRY

Anti-diabetes and anti-obesity effects

In a study measuring the effect of blgeeen algae on gtose
levels in diabetic ratshe watersoluble fraction was found to ledfective
in lowering the serunglucoselevel at fastingwhile the waterinsoluble
fraction suppressed glucose levaigylucosdoading®® In addition, ina
doubleblind crossover study versus placebwolving humanpatients,
supplementinghe dietsof obese outpatients with8 gram of blue green
algae three times daily over a fomeek perd resulted in a statistlly

significant reduction of body weigft

Other medical effects include:

Improvement in conditionof Alzheimer's patients,overall

enhancement athe immune respons@creasedfertility, reductionin

size and occurrence dafumors, improved digestio and elimination,

healing ofinternal and external lesions,increasedstamina,increased

mental acuity, and general improvement in overall wdlking.

Nonethelesghere have been pr@inical and clinical studiessupporting

several ofthesetherapeuticeffects suchas the reductionof cholesterol

and cancer, enhancemenbf the immune system,increasing intestinal

lactobacilli, mild diuretic, reducing nephrotoxicity by heavy metals and

drugs, and radiation protectioff’
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How best to take it?
(By Dr. Kate James MBBS, Integrative Medical Doctor)

It is best to take the algae in the morning, shortly before or with
your breakfast, and depending on how much you are taking again
midmorning and/or early afternoon. Our digestive system is at its

strongest adier in the day and so the earlier the better!

For most people it is best to take a cup of herbal tea on waking to
warm the body and help our digestive system to wake up. This is

wonderful preparation for taking algae.

The 2 bestways to take the alga® help your body to use it
optimally are either about 280 minutes before meals, or as part of a
simple meal including fruit, and or vegetables in some form. (This is ideal

however not essential.)

| give our children their algae by opening a capsubk rixing it
with about an egg cup full of water before they tuck into their breakfast.
In fact as | now edit this article | realise the elder two just swallow it

whole and Theo likes his in Cherry juice.

| have taken my algae in many different ways atedént times.
What feels right to us nowften changes over time. A big factor here in
the North of England is oftenthee at her and seasons.
taken algae in green vegetable juices or sometimes in fruit based
smoothies and sometimes sprinkled berries or other seasonal fruit

together with my porridge!.

The key points are to take it before or early in the meal, ideally as
part of a simple meal, and with some fruit or vegetables in some form as

al gae has whatds cal | thcde types ofdaodsr mo u s
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In other words it is able to work to its best effect in our bodies, being
absorbed an assimilated to isaximal potential, and thus it can work
even better than if we took it on its own. It is interesting to note that AFA
Is understod tobe 97% assimilable as opposed to vitamin and mineral
supplements which at best tend to be only6B& assimilablée you can

only absorb 30% of their content.

It is also very important to avoid taking it with black tea or coffee,

and ideally besttakn at a di fferent time to eat
Further readings;

1-BMJ | 10 SEPTEMBER 2011 | VOLUME 343 pp51¥itamin A
supplements for preventing mortality, illnessd blindnessn children
aged under 5: systematic review and ragtalysis EvaiMayo-Wilson et

al

2-Vitamin K Supplement Along with Vitamin D and CalciunReduced
Serum Concentration of Undercarboxylated Osteoc&ltire Increasing
Bone Mineral Density in Korean Postmenopauddimen over Sixty
YearsOld, Sang Hyeon Jet. al,J Korean Med Sci 2011; 26: 1094398

3-Zinc-Altered Immune FunctionlKlaudelge Ibs and Lothar Rink2
Institute of Immunology, University Hospital, Technical University of
Aachen, D52074 Aachen, Germany.Nutr.133:1452S5 456S,2003.

4-Importance of Zinc inthe Central Nervous System: The Znc
ContainingNeuranl Christopher J. Fredericksaet, al

5-Ef fect of a Kl amatBhl 2al) g aben porl codoudc tl €
vitamin B12 and homocysteine in vegan subjects: a pilot stindyitute

of Biomathematics, i ver sity of Urbino ACarl o I
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QUALITY AND SAFETY

QUALITY AND SAFETY OF AFA FROM

KLAMATH LAKE

Many foods contain a wide variety of very potent toxins such as

aflatoxins, a mycotoxin present in corn, peanuts, and other crops that is

such a potent liver carcinogdhat it is requlated at 20 ug/kq, 50 times

lower than the limitestablished for microcystiné.Cabbage and related

vegetables contain glucosinolates, which hawstrogenic activity.

Sweet potatoes or legumes may produce hepatotoxins as well as

compounds able to produce neuropathgd mentalconfusion®® Solanine

maybefoundin potatoes, especiallwhenimproperlystored, whichmay

resultin headaches, incoherendeallucination, and dizzines$*®* Many

sourcesof wild-harvested fishcontain signficant levelsof mercury,and

shell fish may contaipotenttoxinsresponsiblefor severaldeathsevery

year.”

So the concern is not the existence or even the presence of toxins

in food but rather their concentration. When a compound is found

below levels that have been established as safe, then a food is

considered safe.

Christian Drapeau MSc ; TOWNSEND LETTERDECEMBER 2010

Microcystin Toxicity;

The bluei green algae harvested from Klamath lake and currently

sold on the market is more than 9@%hanizanenonflosi aquae. This
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blue 1 green alga from Klamath Lake is absolutelgn i toxic, as
demonstrated by many years of extensive testing. During a few weeks in
the summer, microsystis, a tooccurring bluel green alga capable of
producing the toxin miacystin, is found as a nn constituent of the
Klamath Lake phytoplankton communityfthe phenomenon is not recent
and microsystis has always been present in very small amounts in
Klamath Lake. Despite its presence, microsystis is not a problem, since
Deset Lake technologie€DLT) has developed a method to separate this

alga from aphanizomendtos i aquae€® **

In 1996, John McPartland wrote an article that was published in
Townsend Letter( i Wh y -GRénuAdgae Makes Me Tired®0 ) ,
expressing his expsration at being approached by distributors from
what was then called Cell Tech, a multilevel marketing company selling
the bluegreen algaeAphanizomenon lbsaquae (AFA). Although his
exasperation was understandable, given the aggrdsssieess praate
of some distributorat times, the information in hexticle was extremely
misleading:a very negative report about AFAitributing to this blue
green algae &lew of problems and suggesting tl@nsumers were
taking significant riskdoy simply consming this species oflgae as a

dietary supplemerit whichwascompletely untrue?™*

McPartland listed severaleferences reporting the neurotoxicity
of AFA strains collected in varioysarts of the world, leading the reader
to believe that AFA fron Klamath Lake was producing a series of
neurotoxins suchs neosaxitoxin and anatoxie also claimed that AFA
was producing microcystirwith an LD 50 of 50ug/kg.He further
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suggested that AFA could be a vector for Legionella pneumophila, the
cause of Lgi onnai r es 6 Vibda cheleag,ewhich acaudes
cholera, even though the quoted literature pertained to other species of

blue-green algae growing in ergly other parts of the worldf: "%

While microcystins are indeed potent toxins when gared in
signifcant levels, the LD 50 reported is that of intravenous injection of the
toxins, which cannot in any way be compared to oral intake. Just think;
the LD 50 for intravenous table salt is less than a tablespoon. Or imagine
injecting a tablespooaf peanut butter in yourein! Intravenous and oral
intakes are two completely different things when talking about exposure

to a substancg??88

And 1 t06s not t hat proper i nf or mat
published at the time had reported aabservable adverse effect level
(NOAEL) 1 that is, not a toxic but a safe levetanghg between 40 and

280 ug/kg.lt is also important to mention that the potential presence of

microcystin does not come from AFA, but rather fromocourring

Microcystis spp. at times present in Klamath Lakgased on all this

information, asafe level has been establisheddrggon Department of
63,82-88

Agriculture as 1ug/g.

University of Illinois carried out reviewing more than 300

scientific articles, aimed at accuely evaluatinghe risk associated with

microcystin as a possible contaminant of blugreen algae products.

This risk assessment determined that 10 ug/g was considered a safe level.
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A similar safe level (5 yg/q) was later confirmed by a risk assessment

performed byDr. Gary Flamm, former head toxicologist at the FDA in

Washington, DC. This safe level of 5 ug/g was also supportddrby
'5.3,64

Wayne Carmichael in a written testimonia

Despite the written opinions of many experts and the significant

amownt of data indicatingthat levels of 5 ug/g and even 10 ug/g were

safe for human consumption, even children, @negon Department of

Agriculture (ODA) decided to pass a regulation establishing 1 pg/g as

the maximum acceptable concentration (MAC). The adctafe level

determined by animal studies was between 2,500 and 6,000 ug of

microcystin per day. To add a margin of safety, this safe level was further

divided by a factor of 1,000. The adopted safe level of 1 gyfherefore

1,000 times lower than lel established as safe in animal studies,

ensuring complete safety for children.

Microcystin is indeed a liver toxin; however, it is completely safe
at the levels currently found in bliiegreen algae products. Liver damage
only occurs at levels that exeds10, 000 times the adopted safe level of 1
ug/g. one would have to eatore than 5,000 capsules per day to reach
such levels!!. % However, collaboration betweeDDA and FDA in
Washington state, as well as with independemtversities and
institutions, has failed to produce a validated test for the precise
measurement of microcystin at low levels. The tests currently utilized that
have been developed and refined over the past 5 years, an enzyme linked
immunosorbent assay (ELISA) and a protein phasgde inhibition assay

(PPIA) , are precise enough to monitor compliance, even though levels
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found in a same sample analyzed on different occasions, different

laboratories, can at times show significaatiations %

In conclusion, the blué green alge industry has been extremely
proi active with the problem of the presence of microcystis in Klamath
lake. Members of the Klamath lake algae industave worked with the
Oregon Department of gxiculture to rase the regulatory level to g /g.
however;DLT's position has been to fully integrate the regulatory level
of 1 ug/g, and to develop ways to reduce microcystin content. As stated
before, DLT has developed and implementad method to separate
Microcystis for aphanizomendios-aquae. Lts of AFA havested since
2000 all tested at less than 1 pdfg.

Upper Klamath Lake has sometimes been referred to as polluted
because of théake's incredible bounty of AphFlosaquae. The most
observable influence of this blue green algae is the change in the
chamical properties of the water around the blooming algal masses,
namely dissolved oxygen, pH and ammé&hi&ish will congregate near
inflow areas of better water quality, yet their density and stressed

condition renders them susceptible to outbreaks efdis and dieffs.*

Klamath Lake such fish killg1971, 1986, 1995) are generally
attributed to outbreaks of "Columnaris" disease. These outbreaks have
been common in fish hatcheries under crowded, high temperature
conditions. various testing for pesimes, petrechemicals and other
contaminants over the past 10 years failed to reveal the presence of any

such contaminant®.
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A few reports of neurotoxicity in the scientific literature have

raised unwarranted concern. Aside from these reports, nearlyeas of

regular testing (more than 300 samples tested) has failed to reveal the

presence of any neurotoxins. In the late 1990's two lawsuits were filed

against companies harvesting from Klamath Lake for neurotoxins. Both

cases were dismissed after comesable effort to detect neurotoxins

proved unsuccessfdl.

Finally, a study recently published used genetic technologies to
determine that the previous reports of neurotoxins associated with Aph.
FlosAquae had misidentified the algal species and thec talgal

samples were ndtFA but a species of Anabaenia.

Below is a brief and more detailed account of evolution of the

scientific data regarding the neurotoxicity of Aph. Famgiae:

Gorham determined that the sample was not pure Aph. -Flos
aquae, bu actually consisted of equal parté Aph. Flosaquae and
Microcystis 1 an algae known to produce microcystinGorham
concluded that the toxicity came not from the Aph. Flgsae, but from

the Microcystis "

It could not be concluded that Aph. Haguae from upper Klamah
Lake produced a neurotoxin. As quoted W$gentile (personal

communication to W.W.CMarch 27, 1996), "this anecdotal toxicity test
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on Upper Klamath Lake Aph. Flesquae should be rigorously restudied
before it can be concluded thdtet alga produces a toxin". Periodic
toxicity tests in thel980's plus frequent regular testing sint®1 have

failed to reveal any neurotoxins in pgr Klamath Lake Aph. Fleaquae.
72,73

Sawyer et al. (1968) and Gentile and Maloney (1969) reported
toxicity of an atypical nottolony forming Aph. Flosaquaethat killed
fish and laboratory mice. Thisph. Flosaquae came from Kezer Lake in

New Hampshire’>™

More recentlyRapala et al (1993) reported toxicity of Aph. Flos
Aquae isolated from water blosnm Finland. These studies establish that
Aph. Flosaquae is toxic only in some geographical locations. This study
also demonstratedhdt it was not possible, under the experimental
conditions, to manipulate a naoxic strain of Aph. Flosquae to

becomeoxic. ™

At this point in time, the general consensus among scientists was
that some strains of Aph. Flaguae were capable of producing
neurotoxins but most strains, include the Klamath Lake strain, were non

toxic.%8

Recent development in genetics bayprovided the tools to
determine, using genetic similarities, whether the toxics strains of Aph.

Flos-aquae are the same species as the strain showed to-tuxiaof
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Li et al. (2000) have shown that all the toxic strains of Aph. Flos
aquae are genedlly dissimilar to the nottoxic strains and most likely
belong to the Anabaena genetaThe Wright State University study

confirms that AFA growing in Klamath Lake is nontoxic.

Court Cases

It is interesting to briefly discuss two instances in whiaWwduits
were filed around the issue of neurotoxicity of Klamath Lake Aph.-Flos

aguae.

In the first on&® a manMr. Fineman, claimed that consumption

of Aph. Flosaquae triggered neuropathy. The case revealedvihat
Fineman had been suffering from diates since early childhood and had

had many episodes of developing neuropathy.

After two years of contracting with various laboratories throughout
the world to detect and identify a neurotoxin in Aph. Fdgsiae, Mr.
Fineman had to withdraw the suit besawf Lack of evidence. The court

obligedMr. Fineman to published the followingtatement :

"I, Samuel Fineman, brought a lawsuit against Cell Tech and the

Kollmans because | thought | had been harmed by some substance in Cell

Tech's products. Testing an¢hvestigation (including testing for

neurotoxins) did not confirm the presence of any such substance.

Accordingly, | have withdrawn my lawsuit in its entirety."
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In a second cas&® the aforementioned company Cell Tech filed

a lawsuit against an indoual, Mark Thorson, who had relentlessly
published over the Internet that Aph. Feguae from Klamath Lake
contained a neurotoxins similar to cocaine and dangerous to consumers.
Once again, after considerable effort to prove his allegatitvhs,
Thorson lost his case. He was also asked to published the following

statement over the Internet:

"During the last several years, | have from time to time posted this and

other newsqgroup a file of information called "An Anateaifrimer." |

now retract the stateemts made in the AnatoxaaPrimer. The Anatoxin

a Primer implied that Super Blue Green Algae from Klamath Lake,

produced by Cell Tech, contains anatoxans(a neurotoxin |

characterized as addictiveand that Cell Tech deliberately avoids testing

for this toxin because anatoxais responsible for the effects reported by

SBGA users. | have since been advised that Cell Tech conducts regular

tests that would disclose anatoyan and that this toxin has never been

found in Super Bluéreen Algae. | had nodasis for the suggestions |

made in the Anatoxia Primer, and | hereby it in full."

These two cases are interesting as they both relied on the explicit
demonstration that Aph. Flosaquae from Klamath Lake contained a
neurotoxin. In both cases, many laboras throughout the world with
the capability and the expertise to detect and quantify neurotoxins were
contracted to find neurotoxins in Aph. FHaquae from Klamath Lake,

with no success.
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In summary, the few instances of reports of neurotoxins of Aph.
Flos-aquae pertained not to Aph. Flosaquae bur to species believed to be
Anabaena spp. All samples shown to be Aph. Blpsae by PCR
technology (genetics) were all reported to be-toxic. In addition, two
significant legal suits filed to detect the pFase of any neurotoxin in

Aph. Flosaquae from Upper Klamath Lakg.

Dr. Gitte Jensen, an immunologist affiliated with McGill

University, sought to establish a level at which uncontaminated AFA

algae might exert a toxic effect on human blood cells. She created

various dilutions of live blood mixed with AFA algae and observed the

reactions. Even at extreme concentrations—the equivalent of a human

ingesting 15.000 capsules of AFA per day—Dr. Jensen found no toxic
668

effects on human blood cells.

Taken altogether, the available data demonstrate the non-toxicity of

Aph. Flos-aguae from Upper Klamath Lake.
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AFA AS ANTHOXIDANT AND ANTHINFLAMATORY

Anti-inflammatory and Antioxidant Effects of AFA

"Many of the elderly in the United Statesind aquite a few of the neso-
elderlyd experience terrible pain in theidoints Their fingers may

becometwisted and swollen, and they may be unabldutton a coat

without large doses of amtinflammatory drugs. .Many come to feel
crippled and uselessBy the age of 35,35% of Americans have
diagnosable arthritis in theknees At leat 85% of those over the age of

70 have it. and many hauvts ever el y. 0O

—J. Robbins.Diet for A New America. 1957

{3 - Oxidation
of Fatty Acids

AoWpe?Y

P ——
59519 sejnose

Fig. 55; Mitochondria are the major source of ROS in the cell through
superoxide production at complexes | and Il of the electron transport

chain (center). Excessive ROS production can damage different
components of mitochondrial metabol ic pathways, resulting in altered
mitochondrial function and an imbalance in cellular homeostasis (inner
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ring). Diminished mitochondrial function leads to the development of
numerous diseases (outer ring).

The Eicosanoids Pathway

Eicosanoids are a groug oxygenated fatty acids containing 20
(eicosa) carbon atoms, produced by thmly to support many body
functions Eicosanoids areubiquitous substances consideréalcal
hormonesbecause their activity is limited to the site where they are
releasedthey ae short lived andhey aresyrthesized on demaraehd not
storedin tissues. Theirole in the bodyis suchthat their two main
precursors,linoleic acid (LA; 18:2w6) and alinolenic acid (LNA,
18:2w3), are called essential fatty acidmd were even consded
vitamins a few deoadesgo (vitamin F). The action of specific enzymes
leadsto thetransformation of both LA and LNAnto wholefamilies of
eicosanoiddhaving variousroles in thesupport ofimmuneand cellular

functions®?

COX-2Inhibitors

There ae two primary cycleoxygenase enzymes: CAX
andCOX2. COX-I helps maintain plateleand kidneyfunction and is
integral to homeostasisnaintenanceCOX-2 leads to the production of
substancesghat cause acuter chronicdiscomfort in joints. The adverse
effects of the nonsteroidal antrinflammatory drugs (NSAIDs)come
from the fact that they inhibit both COX1 and COX2. Specific COX-?
inhibitors preventthe productionof inflammatory componds without
affectingthe activty of COX-1.%%
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Omega-3 Fatty Acids

Linolanic acid
(CIB:2w3)

Eicosapentaenoic acid
(C20:5w3)

Prostaglandins

Leukotrienes

PG, PGI,, PGD,

LTB,

* Imhibit platelet aggregation
* Vagodilation {Blosd Pressar:)
v Anti-inflammatory

» Attract immune cells

Omega-6 Fatty Acids

Litioleic acid
(CIB:2w6)

g-Linolenic acid
(CI1B:3w6)

Arachidonic acid

COX-2
®

Prostaglandins

Leukotrienes

(C20:4we )

Thromboxanes

PGE,, PGE,, PGD,

ITB,, LTE,, LTE,

TXA, TXA,, TXB,

* Suppress immune + Irritable bowel + 8kin inflammation
system diszases v Platelet aggregation
* Promote cancer v Asthrma » Vasocenstriction (B.P.)

* Inflammatory

* Lung inflammation

Fig. 56; Althou gh this is an oversimplification, Omega -3 fatty acids are

generally metabolized into

health -promoting

anti -inflammatory

compounds, whereas Omega-6 fatty acids are precursors to inflammatory
compounds in the body. COX-2 is involved in the transformation of
arachidonic acid into inflammatory prostaglandins.

[
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Humanclinical trials with specfic COX-2 inhibitors have shown
antrinflammatory and analgesigefficacy that compare with traditional
treatmend, without the secondaryeffects normally associated with
NSAID. Phycocyanin was showio be more effective than CelecoXb
and RofecoxiB" at specificallyinhibiting COX-2. Phycocyanin was also
shown to inhibit the enzge lipoxygenase responsible for the
transformationof AA into leukotrieneB4, a compoud involved in the
pathophysiology of asthm&ecent drugs delopedfor the treatmenof

asthma arenhibitors of leukotriend34 actiont’’178:208 432-452

Phycocyanin

Phycocyanin is the blue pigmemtesentn all bluegreen algaen
the living algal ceB phyoocyaninservesas a proteirstorage unit and as
an antioxidanprotecting the cell fronthe intense higlaltitude sunlight.
When taken orally, phycocyanin was showo have strong antioxidant
and antinflammatory properties. In various animal models of
inflammation,phycocyanin was shown to reduce or prewefilammation
sud as acetic acithducedcolitis in the ratRecently the mechanisof
action wasidentified when phycocyanin was showa be a strong and
specific inhibitor of the enzymecyclo-oxygenae?2 (COX-2), blocking

the production otheinflammatory eicosanoida the body:****

Phycocyanins a watersoluble, highly fluorescentprotein derivedfrom
cyanobacterid® (blue-greenalgae)usedin food coloring, cosmeticsand
biomedicalresearcli® In this contest,we focusedour attentionon the
edible microalga Aphanizomenofios-aquae,in which PC represents
around15% of algal dry wet. In particular,we testedthe efficacy of a

novel naturalextractfrom AFA enrichedwith PC in protectinghuman
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erythrocytesand plasmasamplesagainstthe oxidative damageinduced
by AAPH or CuCl2. The chromophore,named phycocyanobilin,is
similar in chemical structureto bilirubin, and like the latter actsas a

powerful scavengenf reactiveoxygenspeciesC-phycocyam is a free

radical scavengér*®and has signiycant hepatopr

Anti-oxidant properties of AFA

Fossilized samples of algae show that these organisms have
remained virtuall unchanged for several billigrears. Scientists desoe
bluegr een al gae as having r eatcihend. a
some specieshow little evidence of mutation or genetic damage. The
success of anciemhicroalgae depended upon thdeveloping powerful
antioxidant pigment shieldsBecawse tere was little atmospheric
protection from theharnful rays of a much brighter sumntioxidant
shields were vitally importartb protect sensitive molecul@sespecially
exposed nucleic acids and lipdd$rom the damaging effects of solar

radiation. By praducing oxygen and converting inorganic carbon and

nitrogen into organic forms, ancient microalgae helped to transform our

planet from an inhospitable world into a k&eistaining one over bhillions

of years. So effectively did microalgae develop antioxidawlt genetic

survival codes that they provided a foundational blueprint copied by

many higher species that arrived latét.

Prokaryotes, organisms without a nuclear membrane (e.g-gldea
algag, display a more diverse arrayf antioxidant pigments ral a
broader selection of carotenoids than terrestrial plants and most green

algae.
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Scientists at the University of Wisconsin. Department of Food

Microbiology, report that because of the remarkable health benefits of

algal and microbial carotenes, thewll likely be a substantial increase

in the worldwide demand for a full range of these important

antioxidants**®

Carotenoids represenbne of the most widely distriited and
structurally diverse classes of natural pigtsemith important functions
in photosynthesis, nutritionand protection against phetxidative

damage

Rats and chickens fed a natural algal form of Joetatene showed at
least atenfold higher accumulation @iverall betacarotene in their livers
than those control animals feduaeplent amouts of synthetic altrans
betacarotene supplement. The higher accumulation of the natural algal
carotenoids. o#r the synthetic isolated betaroter likely indicates a

greater therapeutic value, according to the researéffers.

Researches have reported that naturbal betacarotene is superior
to a syntletic betacarotene suppieent in terms of raising lipophilic
antioxidants (protecting PUFAs) in human sertimAlso, natural algal
extractsof 9-ds betacarotene are shown to have @her antioxidant
potency compad to synthetic altrans betacarotene with in vitro

experiments.®

Pigments, phytochemicals, vitamjnand trace elements from algae

and hgher plants can help boost theuman body's antioxidant
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defensed®**® AFA hasan unusually wide variety of dokidants, such

as tocopherols. betacarotene. flavonoids. superoxide dismutase.
glutathione, taurine, tryptophan, phenolic acid, and vitamins C.

E, B5. and B2. Antioxidants are biomolecules that protect organisms
from thedamaging effects of reactive oggn species (free radicals) that

are constantly formed in biologicgystems

Oxidative stressis an important factor in the genesisof many
pathologiesfrom cancerto cardiovasculaand degenerativalisease$”
% In order to protectthe body againstthe consequencesf oxidative
stress,an efficacious approachconsistsin improving the antioxidant
nutrition. In this regard,scientific studieshaveshownthatthe synergistic
actionof a wide spectrumof antioxidantsis betterthanthe activity of a
single antioxidant,and that antioxidantsfrom naturalsources(primarily
foods) have a higher bioavailability and therefore higher protective

efficacythansyntheticantioxidants'®

Free radicals are molecules that lack elextro® a highly energetic
paticled in what is usually a paifTo stabilize, free radicals randomly
grab electrons from normal (i.e.. healthy) molecules. This creates new
free radicals, and like a row of falling dominoes, the damaging free
radical cascadeontinues to spread-ree radicals are byroducts of
normal metabolism and form as a resultesfosure to radiation and
some environmental pollutants. Because they are highly reactive, they
can damage delar components, a particulaconcern with brain
vascular, and conneee tissues and nucleic acid¥hey hae been
implicated in a varietyof diseases and even in the acceleration of the

aging process itseff?*>2
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"The more complicated the life form, the more sophisticated its
handling of theoxygen molecule. In higher lifdorms, oxygen can be
converted into several toxic oxygen species (free radicads)atie lethal
to most potentialpathogens. Then the host must also be capable of
protecting itself from these toxioxygen species; hence, antidant
defenses were born... The pathogens, on the other hand possess
inadequate damoxidant defenses against thsephisticated handling of
oxygen."*® For example, leukocytes can generate and launch toxic
free radical attacks against pathogens, but thest mlsohave their own

effective anti oxidant defense system.

Researchers at Oregon State University in Corvallisséading to
recognize that pigent particles in blugreen algae may have an
antioxidant effect in humans, preventingnstable compoursd from
damaging healthy cells. Balz Frei
Institute, speculates that perhaps algae might onbelagmmonly eaten
to help lowerthe risk of cancer, perhaps becoming as popular as taking

vitamin C.**°

Blue-green algae coain a wide range of antioxidants tine form of
specific trace miarals. amino acids, vitamins, and especially pigments
an impressive variety of carotenedong with potent green and blue
pigments. Depending othe source of blugreen algaethe amountof

phycocyanin can range up to 15% of its dry weight.

The first report about thendoxidant and ardinflammatory properties

of C-phycocyanin of bluegreen algae (AFA)came from in
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Pharmacology Department, National Cenfer Scientific Research,
CNIC, Havana, Cubaby Romay C et &l®® In this study, they have
applied establishednvitro and invivo assaysin order to evaluatethe
antioxidantaction of c-phycocyanin.This natural product was able to
scavengealkoxy and hydroxyl radicals. Two methodswere used to
evaluatehydroxyl radicalscavengindy c-phycocyanirbecausdaydroxyl
radical is one of the most potent oxidizing speciesand its extreme
reactivity naturallyposesproblemswith regardto its detectiori*®® In both
methodsjnhibition wasobservedat relatively high concentration®f the

product.

Phycocyaninalso quenchedthe CL signal generatedn the HX-XO
system, but this effect cannot be ascribedto OZ scavenging,as
demonstratedby doublequenchingand NBT reduction assays.One
possibleexplanationfor this behavioris that phycocyaninquenche<CL
by binding to an intermediate or co-oxidising speciesthat may be

involvedin the CL reaction®*

Theinhibitory effectobservedon microsomallipid peroxidationmost
probably is due to a metatbinding capacity of c-phycocyanin,since
chainbreaking antioxidants often introduce a lag period into the
peroxidationprocessgcorrespondingdo the time takenfor the antioxidant
to be consumedwhereasmetatbinding antioxidantswill give a constant

n*® Another indication of such an

inhibition throughout the reactio
action,is theability of c-phycocyanirto inhibit deoxyribosedamagen a
sites p e cmagner(in the absenceof EDTA).*® In the deoxy ribose

assay,a secondorder rate constantcalculated for phycocyaninwas
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similar to thatobtained by the samemethod for somenonsteroidalanti
i n p atoryndrugs,suchasindomethacinandibuprofen(1:8 x 13° M
18-1) 466

Chemiluminescencef PMNLSs is the ynal resultof luminal oxidation
by strong oxidans, such as oxygen radicals and peroxides,emanating
from enzymaticreactions.For addition to the myeloperoxidas¢i202-
halidesystemthereleaseof arachidonicacid by phosphtipaseA2 andf
diacyl glycerol and inositol trisphosphateby phospholipaseC,the
metabolisnof arachidoniacidby the cyclooxygenasandlipooxygenase
pathwaysthe activationof membraneNADPH oxidaseby diacylglycerol
and calciummobilization by inositol trisphosphatare all ableto induce
the CL reaction.Inhibition of anyof thesemechanismsuppressege CL

response’®’

Phycocyaninwasableto inhibit the LCL in a dosedependentashion,
most probably through its capacity to scavenge free
radi cal s ( OHdhgd pedx@esarRidyldyiring the respiratory
burst of phagocyticcells. However, it is also possiblethat phycocyanin
could diminish CL signals in otherways,e.g. by affecting enzymes
involved in the production of reactive oxygen speciesby activated
phagaytes, NADPH oxidase and myeloperoxidasepr by interfeling
either with the binding of the stimulant or the arachidonic acid
metabolism pathway. In this regard, they have recent evidence for
inhibition by phycocyaninof LTB4 releasein an animal model of

I n p a mn(adnuscripin preparation).
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The peroxideinduced inpammatory responseis a valable invivo
model in order to test agentswith potential scavengingeffect against
H202 andO H AGOinjectedinto the mousepaw reactswith endogenous
glucoseandgenerate$1202 which subsequentlyproducesO H Aadicals;
bothtogetherareresponsibldor tissuedamageandfor theaccompanying
I n p a mmehanges. yPhycocyaninreducedthe edemaproducedby
glucoseoxidasein the mousepaw. Thisantti n p a m medfeéctonusybe
due, at leastin part, to the scavengingf hydroxyl radcals, taking into
accountthe fact that DMSO, a well known scavengeof O H Aadicals,
alsoinhibitedthei n p a mnraspomseéyucedby GO.

Currently,thereis a consensuthatmuchof thedamagenducedby
H202 invivois dueto its conversionto highly reactiveoxidants,mainly
O H.&® Therefore the scavengng action of phycocyaninagainstOH is

probablyrelevanttoits antti n p a mmedfécts.r vy

Very recently, research carried out in their laboratory has
conyr tmedntii n p a mmafteads of phycocynin in other
experimentaimodelsof i n p a mnsadhas ootton pellet granulomain
the rat and TPA-induced i n p a mmaesponsen the mouse ear

(manuscripin preparation).

Taking into accountthat AFA is usedas dietary supplementin
many countriesand that PC representsaround15% of algal dry wet, in
our opinion it was of prime importanceto investigatethe biochemical
propertiesof the proteinin vitro. In this report,we evaluatedor the first
time the antioxidantactivity of a novel naturalextractfrom AFA enriched
with PC. The extract was usedfor the inhibition of aqueousperoxyl
radicals [2,2 -‘®\zobis (2-amidinopropane) dihydrochloride, AAPH]-

(=)



AFA AS ANTIOXIDANT AND ANTHINFLAMATORY

induced oxidative hemolysisand lipid peroxidationof normal human
erythrocytes.They also testedthe protective role of the AFA extractin
humanplasmasampledreatedwith the pro-oxidantagentcupric chloride
(CuCl2).

In RBC treatedwith 50 mM AAPH, freeradicalsattackerythrocyte
membraneomponentssuchasproteinsandlipids, andcausechangesn
the structureand function of membranesas a result, a time-dependent
RBC hemolysiswasobservedduring cell incubationwith AAPH. At the
sametime, a significantaccumulationof TBARS, usedas indicatorsof
lipid peroxidation,was found during the incubationperiod with AAPH.
Moreover,the treatmentof RBC with AAPH resultedin up to 75% loss
of intracellular GSH after 5h at 37°C, indicating that GSH is very
susceptibléo AAPH mediatedbxidativeinsult.

In RBC suspensiongre-incubatedwith the natural AFA extract,
our findings clearly indicatedthat the extractssignificantly reducedin a
time-and dosedependentmannerthe extent of lipid peroxidationand
hemolysisof RBC treatedwith AAPH, thusprotectingthe cell againstthe
oxidative damage.Contemporaly, the depletionof intracellular GSH

inducedby AAPH wasdelayed.

The AFA extractshoweda similar antioxidantactivity in human
plasmasampledreatedwith the pro-oxidantagentCuCI2 (100uM): by
evaluatingdieneformationat 245 nm, we foundthatthe extractincreased

the plasmaresistanceto oxidation in adosedependentmanner;in the
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same way, MDA accumulationinduced by CuClI2 was significantly
inhibited.

The involvement of the photosynthetic pigment PC in the
antioxidantprotectionof the AFA extract againstthe oxidative damage
was demonstratedy recordingthe spectralchangesof PC inducedby
AAPH or CuCI2.In fact, the incubationof the extractwith the oxidizing
agentsled to a significant decreasan the absorptionof PC at 620 nm
accompanieavith disappearancef its blue color, thusindicatinga rapid
oxidation of the protein. Similar spectralchangesunder line a direct
involvement of the chromophore phycocyanobilinin the radical
scavengingactivity of PC; infact, the spectroscopigroperties and the
brilliant blue color of the proteindependn largemeasuren thechemical

natureof its chromophoré®

In the light of theseinvitro results,and taking into accountthat PC
also has antrinflammatory properties, we think that the oral
supplenentationwith the naturalAFA extractcouldbe a helpful co-factor
in the treatmentof clinical conditionsrelatedto oxidative stressand

inflammation.

Replicated studies with a range of experimeataimal models have
establishedthe potent antioxidanand antinflammatory effets of
phycocyanin. In rodents, experimentalfyluced olitis as well as

edemas bthe paw and ear all respondedsitively to Gphycocyanir:>

475
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"Bi-indoles isolated from a number of blgeeen &ae have ami
inflammatory and anti-allergenic  propertie§? Additionally, a
chlorophyl-related compound, pheophytiderived from an edible green
alga, has potent antiflammatory effects in both in vitro
and in vivo experiments Both human and mouseune cells showed an
inhibited response to experimentally induced inflammation. Pheophytin
has exhiited a significant suppressicagainst edema formation in a

mouse ear that was inflamed by toxic mé&ns

Gitte Jensen, an immunologist from McGill University, and her team
at the Rqal Victoria Hospital inMontreal report that AFA algae may
help to inhibit and to reverse inflammatory conditions. The researchers
observed that small dilutions of AFA algae tend to dampen the release of

reacive oxygen species from certgihagocytic cés in human blood*

Scientists at the University of Padova. Italy, found that diatoms,
golden lvown unicellular algae, produemtrinflammatory chemicals that
are the main active ingredients in mpack treatments. In European
health spas the use of udpacks for the treatment of rheumatic and
osteoarthritic pagnts has a long and relative$yiccessful history. The
maturation of thermal mud is dependent upon the full colonization of the
mud by themophilic microorganisms, with diatoms producing anti
inflammatory sulfoglycolipids (SGL). similar to those in
bluegreen algae A typical cycle of treatments requires 12 packs of

thermal mud.

"On this basis we calculated the amount of SGL taken up by each

patient in a gcle of treatments, and found fegure rot far from the
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recommended dose obnsteroid antinflammatory drgs utilized for

the same pathologyHowever, unlike pharmaceutical preparations, the
amount of SGL taken up by the patients after the-paaks does

not exert any adverse gastrointestieffect on these patients" reported

the scientists*’

Additionally, the anti inflammatory action of SGL is
consistent with the decrease of serum interletdkabserved in arthrosic

patientstreated with mudpacks

Bi ol ogi sts at | tiger o ©dednsgraddya fed bue a |
green algaeto animals and discovered th#te high levels of the
important fatty acids EPA and DHA in bhggeen algae dhuced the
levels of arachidoniacid in the blood and livef?® Arachidonic acid
increases brain cellkalative damage and impairs the flexibility
of cell membranes. It is a precursor of the inflammatory prostaglandins
the molecules people are trying to suppress when they take anti

inflammatory drugs.

Essential fatty ads, especially the omegs found incoldwater
microalgae and fish oils,an be helpful ina variety of inflammatory
conditions, such as rheumatoid arthfifi§ish oils ae essentially derived
from theconsumption of aquatic algakerived PUFAs. either directly or
indirectly. Coldwater faty fish are good sourcesf these health
promoting fatty acids because of the eoldter algae in their food chain.

In a retrospective study of 208 documented cases, medical researchers
found positive evidence suggestititat AFA (a coldwater bluergen

agae) may be helpful in the treatment of fibrgalgia, a painful
inflammatorycondition with multiple etiologi€'d’
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Overall, ewdence suggests that microalgdemonstrate at least four

antioxidant properties:

1. Scavenging of reactive oxygen speci@dsee radicals).

2.Regeneration of endogenougiaridants,such as SOD and glutathione
reductase.

3. Chelation of heavy metals.

4. Repair of oxidatiordamaged proteins.

Free Radical Damage and Antioxidant Protection
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Fig. 57; Free Radical Damage and Antioxidant Protection '

(7]






DETOXIFYING AND RADIOPROTECTIVE EFFECTS OF AFA

DETOXIFYING EFFECT OF AFA

"Since 1950at least 70.000 new chemical cpounds have been
invented and dispersed into oenvironment trough new consumer
commoditiesjndustrial products, arid food. Ware by default
conducting a massive clinical toxicological tri#lnd our children and
their children are the experental animals."

—H. Needleman and P. Landrigan.Raising Children Toxic Free,
1994

"Toxic substanceare everywhere in the air webreathe, the food
we eat. and the water velrink. Even our bodies anthe bacterian the
intestinesproduce toxic sultances, It can be strongly sditht the health
of an individual is largely detarined by the ability of the body to
detoxify.’

—Murray and Pizzomo.Encyclopedia of Natural Medicine. 1991.

"Methionine was probably onef dhe first amino acids available in
Earth's acient primordial seas billionsf years ago. This amino acid was
(and is still) used by primitive bacteria anduébreen algae to
biosynthesizeglutathione, possibly Earth's first antioxidant (protection)
tripeptide molecule. KEthionine in this form has beeshown to help

humans detoxify lead and copper contamination in the bfood

Met hi onineds most wuseful met abolite
three amino acids glycine, cystine,and glutamic acid all present in
microalgae. Also, methionine can be restbfrom homocysteirde its

alteregosister fornd with the help of B vitamins, especially folic acid in
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conjunction with B6 and B12. Elevatedlood homocysteine levels are a
risk factor for heart attagkhe number one killer of adults in Amerita.
Blue-green algae are one of the richest food sources of detoxifying
polypeptides, including methionine aghlitathione, along with Bitamin
precursors Once ingested, these molecules are modified as reeded.
polypeptides are essential in the protection of DNA. the family jewels,
and ae essential in the chemistry détoxification’*Also glutathione,
along with asorbate. may help to protect against polyunsatdréagty
acid (PUFA) oxidation®®

Glutahi one is the most I mportant work
departnent. In fact, detoxification ithe most important activity in the
bodyos entire bi octheemumert of gnergyrnfad t he
makingnew molecules. Biochemically, the glutathiaieeluctase enzyme
present in hlegreen algae shows amino addquence similarities to
human reductasés. Among prokaryotes, only two grps, the purple
bacteria and thecyanobacterid also known as blugreen algaé

produce glutathion&?

Detoxification of harmful substances from the body is a-lieg
process. Oumability to effectively detoxifyand eliminate toxins (eg.,
heavy metals, solvents, pesticides, microbial toxirsapes and
determines our state health. Tvo major organ systems, the kigiseand
liver, are primarily involved in detoxification. Additionally,
healthy intestinal bacteria and a healthy mucosal lining are essential to
reduce tle absorption of toxins into thblood through the intestines.
Microalgae can support, directly and iretitly, these primary

detoxification pattvays to better eliminate toxins.
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The liver acts as a major organ for detoxification. All blood returning
from the stomach, intestines, spleenn d pancreas i s fdeto
liver, reducing and helping to elimate mag toxins. Bluegreen algae
have multiple liverprotective factors, including amino acids (e.g..
methionine, arginine,ral isoleucine), chelating traceinerals, and potent
antioxidants, such as phycocyanins and superoxide dismutase 8OD).
399

When microalgal supplementation was given to rats consuming a high
fructose (60%) diet, a preventiedfect on the liver triglyceride level was
observed, along with lowered plasma cholesteidhe researchers
reported that the microalgae helped reduce fasrthat were elevated by
the excessively fructosgch diet. “® Chlorophyll, which microalgae
contain in abundare, can help to stimulate livéanction, increase bile
secretion, and protect cellular functioffAlso, "chlorophyll appearso

promoteregeneration of damaged liver ceffé.

Researchers from the National Institute of Oceanographiaifa.
Israel, reported thathe increased absorption of essential fatty acids
(EFAs) faund with consumption of certaimicroalgae can support
healthier liver function’® Additionally, experimental animals fed
oxidized (i.e.. rancid) oil combined with a Dunaliella algairast were
better able to matain their hepatic stores betacarotene and vitamin A
than control animalgiven a synthetiall-trans letacarotene. The control
group showed significanivier (provitamin losses, likelgue to a greater
utilization of their antioxidant vitamimeserves Betaarotene helps to
reduce hepatic and erythrocyte peroxidation associatét whe
consumption of oxlized oils. *** Exposure to air naturally oxidizes the

oils in our fod; light and heat both speed U@ process
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In the Orient algae has a long tradition as a masteanser.

Macrobiotic counselor Steve Gagne repart&h en i ngest ed,

to go towork like a janitor, cleaning, puriigg and strengthening the
internal environment® Japan habeen subject to several tragic
incidents of severe chemical poisoning. The use of algaetinadated
the excretion of someontaminants, nably cadmiumat an accelerated
rate in testpatients. Lead and mercury aaéso excreted, without the

detrimental effects associated with conventional chelation th&tapy

Japanese researchers from Chiba University found thatgbdss
algee effectivelyreduces kidngtoxicity from high doses of mercury @n
pharmaceutical drugs admitésed to laboratory rat®’ These scientists
used two indicatoror kidney toxicity, blood ureaitrogen (BUN) and
serum creatinine. They checked levels of both indicators beforaftard
administering various toxic dosesf mercury, paraminophenol (a
comnon painkiller), gentamicin (an antibiotic), and eischloro-
diaminoplatinum (an anticancer drug). In akses, rats fed blugreen
algae(up to 30% of their diet) exhibited sigicantly reduced BUN and
serum creanine levels that returned bat& near normal levels after the
experimental poisoning. This was not the ecasith the poisoned,

untreatedcontrol animals.

Medical researchers have demonstrated that green microatgease
the detaification of harmful chemicaldike chlordecone. dioxin. and
PCBs!® In a study of chlordecone poisoned rats, ingkssdgae
decreased the hdife of the chemical toxins from 40 to 19 d&ys

Several grams of AFA blugreen algae elimiated excessive

aluminumfrom children in a threenonth study Also, parents reported
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significant decreases in negative health symptomgygestive of
improved detoxiftation pathways-' Aluminum exposure in humans is
unavoidable. Some alunum absorptionoccurs with theingestion of
food and medicinesGreater amounts of aluminum ag@esent in

antacids’®

Blue-green algae mape helpful for dialysis patients, who
have a greater risk for aluminum accumulation and an increased risk of

neurotoxicity.

Blue-green algae have been shown to reduce lead toxicity, a§"well
The keneficial effects of blugreenalgae may be due to the presence of
the abundance of antioxidantsncluding betacarotene and SOD
enzymes.Numerous studies have demonstrated a stragtionship
between childhootearning disabilities and bodstores of heavy metals,

particularly lead?****

Andrew Valencia reported that AFA significantly reduced "leaky gut
syndrane 6 i n pat i e tidna test meassirédCompromided n c
intestinal permeability increases the upmakf toxic compounds and
macroemolecules that can exhaust the detoxification capability of the
liver A combination of leaky gut and dysfunctional
liver detoxification may lead to increased tissue stores of toxic

compaunds and depressed immune status.

Treatment with both reduced glutathione and selereanched
Spirulina algae helped to normalize th@estinal permeability of rats
exposed to an experimental anaphylaxis reaction. Reduced glutathione
administered by iself did not help normalize the intestinal permeablility

of these sensitized rdté
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Chlorophyll, the green pigment in algae, was found to be helpful in
controlling body and fecal odors in &@riatric patient§:> Chlorophyll
may help to restore intestl balance by reducirtgxic bacteria and fungi
in the walls of the intestines. In natural therapies, chlorophyll is

considered a "detoxifying agent

(=]
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RADIATION PROTECTION EFFECTS OF AFA

"The transfer of energy that is produced by radiation is sinlahat
caused by other forms of acute injury such as an automobile crash or a
bullet wound... The difference between a bullet and an X ray lies
principally in the size of the particle. While a bullet destroys tissues and
entire organs, a particle of ratan collides with single atoms or
molecules deep within the cell§¥

—H. Needleman and P. Landrigan.Raising Children Toxic Free.

1994

High doses of radiation destroy cells directly, while lower doses of
radiation candamage cellular DNA replication anihus lead to cell
mutations. Radiation effects maybe countered by increasing the cell's
protective antioxidant defenses, by enhancingdpair mechanisms that
fix genetic base code damage or by
identify and eliminate mant or damaged cells. Many natural
antioxidants have antimutgenic properties that may prove useful in
reducing longterm radiation effects. Furthermorautrients that help
modulate endogenous antioxidarggch as superoxide dismutaseyime

useful in ®me radiotherapy protocofs’

Betacarotene and other carotenofdsind abundantly in microalgae,
are known tobe potent fregadical quenchers and lipid antioxidants.
Natural betacarotene (50 mg/kdiet), oliained from the unicellular alga,
Dunaliellg was fed to rats exposed to a single higise of wholdbody
radiation (4 Gy). Radiated control animals, not fed algal carotenoids.

suffered a significant Ies of body weight and decreasdiver
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concentrations of betearoteneand retinol, compared to ab beta
carotene supplemented rats Normal increase in bodyweight and the
absence of ill effects were noted in the groups of rats whose diet was
supplemented by betzarotene before and after irradiation. Furthermore
the effect ofirradiation was "partiallycured" by supplementation with
betacarotene after irradiationn subgroup controls. These results
suggest that betearotene (especially-8s isomerspand retinol protect in

vivo against the cellular damage by free radicals induced after whole
body irradiatiort'®

However one possible contraindication of using {osti@tene extracts,
versus givingthe whole algae, is that high doses of kmieotene
tregment may markedly lower condeations of vitamin E in tissué$’
The use of megdoses of betaarotene,like any isolatedpro-) vitamin

extract, may contribute to other nutritional imbalances.

Foods rich in chlorophyll have been shown to offer radiation
protective benefits. Testperformed by the U.S. Army showed that
chlorophyltrich foods may alsde effective indecreasing the effects of
radiation. In one controlled study it was found that a chloroptighi diet
doubled the life span of animals exposed to fatal doses of radidtion.
Again, microalgaé in this instance. Chloreliaare cited as padularly

rich sources of chlorophyll.

Chlorophyllin. a watersoluble derivative of chlorophyll, has
demonstrated an ability frotectDNA against gammaadiationinduced
strand breaks exposing plasmid DNA viiro. Researchers discovered

that chlorophyiin effectively protected plasmid DNA against ionizing
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radiation, independent of DNA repair or other cellular defense
mechanisms, revealing direct evidence of fresdicatscavenging

properties of chlorophyfZ°

Extracts of phycocyanin (the blue pigmemtpm bluegreen algae
helped to restore the efficiency @intioxidant defenses, dehydrogenase
activity, and energyich phosphate levels in rats exposed toaj}s
(dose of 5 Gyf*

Several animal and in vitro studies using microalgae have
demonstated renarkable radigrotectiveeffectd?***® When microalgae
was administered orally to mice, raeghootedive effects of microalgae
wereshown to occur both before and immediately after exposure to sub
lethal gammaays.**’ Significant benefitavere observeih the number

of bone marrow cells and the spleen weight.

According to Dr. John Apsley. nAFA
nutrients that limit and reverse the mosbmmon forms of radiation
injury and may help to partly reverse genetic damage as Wefor
example."research has shown that salts of aspartic acid, which are
present in AFA as potassium aspartate and magnesium
aspartate, are useful for protection against radiation dam&gehe
cyanophycinstorage granules in bligreenalgae are made daspartic
acid and arginine, which act to stimulate the thgngland, promoting

white bloodcell activity.

As part of an attempt to evaluate and treat 709 children who had

sufferedlong-term exposure to differerdoses of radiation during and
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after the Clrnobyl accident and subsequently moved to Israel, all of
them underwent a medical examinatioQf these children. 99 were
providedwith a betacarotene powder dDunaliella microalgae to take
twice a day. The researchers found that irradiatioareased he
susceptibility oflipids to oxidation overall in the Chernobyl children. Yet
they observed that micalgal betecarotene may act aan in vivo
lipophilic antioxidant or radigrotector in the supplemented group of
children?®®*

Victims of the Chernobyihcident living in Russia and exposed to the
long-term effects of radiatiopoisming reported to medical relief
workers that they experienced positive benefits after eating AFA

blue-green**
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AFA AND IMMUNITY

AFA MODULATION OF IMMUNE RESPONSE
O7A [T AU AA Adevso@dr @tfhbiandEskin, rélidion,

and job, hut we have a common bond; we are survivors. Our _parents

survived long enough to conceive us. Grandparents had the same claim

for your parents. The thing that made this possible is that precious

commodity; he immune system."
Schmidt. Smith, and Sehnert Beyond Antibiotics, 1993

This essayserves asa stepin our direction towards answering
guestionsaboutthe efficacy of this particular nutritional supplemena
scientifically proven dataFirst of all andbefore discussing our main
subject we need to understand in brief how the complex immune system

in the human body works.

The Immune System;®%

Organs of the Immune System

Tonsils and adenoids
Lymph nodes
Lymphatic vessels

Thymus
Lymph nodes

Spleen

Peyer’s patches
Appendix
Lymph nodes
Bone marrow Lymphatic vessels

NIATIONAL
ISANICER

Fig. 11 ; Organs of the immune system.
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The immune systemis a very complex collection of white blood
cells am lymphoid organdocatedin all parts of the bodyThis system
has evolved tdimit the pathogenicity of foreign organisms such as
bacteria, virusesfungi, and parasitesThese organisms eexist to a
certain degree in the skithe mouth the respiratoy tract, the intestinal
tract and everthe urinarytract. If thesebarriersare compromisedopr if

we are exposedto more highly infectious organismsgserious and

sometimedethaldiseasenayresult.”*%
Role of the immune system Implications
Defense against infections Deficient immunity results in increased susceptibility to

infections; exemplified by AIDS

Vaccination boosts immune defenses and protects against
infections

Defense against tumors Potential for immunotherapy of cancer
The immune system Immune responses are barriers to transplantation and gene
therapy

recognizes and responds
to tissue grafts and newly
introduced molecules

The immune system can Immune responses are the cause of allergic, autoimmune,
injure cells and induce and other inflammatory diseases

pathologic inflammation

Table 5; Importance of the immune system in heal th and disease. This
table summarizes some of the physiologic functions of the immune system
and its role in disease; AIDS, Acquired immunodefciency syndrome.

The immunesystemConsiss of several differentomponentghat
enables our bodigs combatdifferentinfectiousandtoxic agentsAt the
heart of the immune systebtood leukocytes (the white blood célend
tissue cells derived frorthese leukocytesThese cells allvork together
in two waysto prevent disease:

(1) by destroyingnvading agentby phagocytosis and other

means iGnate immunityand

(=)
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Inrate Immurnity ) Recogniton by preformed, PRemoval of
(Immediate: 0=4 hours) R hmm;ﬁii.g ;l:;]cbrs nectous agent
Early Induced Recruitment Recognifion of PAMPS. Pamoval of

Innate response Infection of eﬂucbr Actvation of efiecior ,11,.1,\"‘5 e

fparly: 4=3& hours) elis and infammation L

Adaptive Immune Trangport of nifion Clomal expansio )

pr:spom Infection a"t?:) 1o Hgﬁajlm ang diflerantiatio 1551?5"'3 :"!,,1

(late: »56 hours) wmphold organs B and T calis 1o efiscior calis daande
Fig. 12; The response to an initial infection occurs in three phases. These
are the innate phase, the early induced innate response, and the adaptive
Ei il OT A OAODPIT OA8 4EA AO0O Oxi DPEAOAO OAI]

pathogens by germ line -encoded receptors of the innate immune system,

whereas adaptive immunity uses variable antigen -ODAAEZA OAAADOI 00
are produced as a result of gene segment r earrangements. Adaptive

Eii OTEOU T AAGOO |1 AOAh AAAAOOA OEA OAOA
ET OAAET ¢ DAOET CAI i 000 AOOO O1 AAOcI
differentiate into effector cells that migrate to the site of infection and clear

the infection. The effector mechanisms that remove the infectious agent

are similar or identical in each phase.

Al 1

/
i

Local infection, penetration

of epithelium Local infection of tissues

Pathogens adhere to epithelium Adaptive immunity

1issuhage l\ssuedendriticce\li .:: i .o.,. . { :’% g¢©
L _viood vessa Qg ©
R 1 e

Protection against infection

Normal flora
Local chemical factors
Phagocytes (especially in lung)

Wound healing induced
Antimicrobial proteins and peptides,
phagocytes, and complement destroy

invading microorganisms

Complement, cytokines, chemokines
Phagocytes, NK cells
Activation of macrophages
Dendritic cells migrate to lymph nodes
to initiate adaptive immunity

Infection cleared by specific antibody,
T-cell dependent macrophage
activation and cytotoxic T cells

Blood clotting helps limit spread of
infection

Fig. 13; An infection and the response to it can be divided into a series of

stages. These are illustrated here for an infectious microorganism enterin g

OEOI OCE A O A ET OEA OEET 8 4EA EIT EZAAQET C
epithelial cells andthen cross the epithelium. A local immune response may

prevent the infection from becoming established. If not, it helps to contain

the infection and also deliv ers the infectious agent, carried in lymph and

inside dendritic cells, to local lymph nodes. This initiates the adaptive

immune response and eventual clearance of the infection.

% |
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Microbe
g Innate immunity ‘Adaptive immunity
Q Epithelial B lymphocytes Antibodies

barriers Q’
— af

QX

Phagocytes Dendritic Effector T cells

> cells
g > )
AN
Complement  NKcells
[ Hours 7/ |
0 6 12 5
Time after infection >

Fig. 14; Principal mechanisms of innate and adaptive immunity. The
mechanisms of innate immunity provide the initial defense against
infections. Some mechanisms (e.g., epithelial barriers) prevent infections,
and other mechanisms (e.g., phagocytes, natural killer [NK] cells, the
complement system) eliminate microbes. Adaptive im mune responses
develop later and are mediated by lymphocytes and their products.
Antibodies block infections and eliminate microbes, and T lymphocytes
eradicate intracellular microbes. The kinetics of the innate and adaptive
immune responses are approximat ions and may vary in different
infections.

(2) by forming antibodies and sensitized lymphocyt@se or both
of which may destroy or inactivate the inead(@cquired/adaptive

immunity).

The phagocytes (ually referringto neutrophils andanacrophages)
of the nonspecfic immune system provide a first line of defense against

many common micr@rganisms andare essential tdhe control of

L . 89,90
common bacterial mfectlong
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Fig. 15; A macrophage in action (1800x). In this scanning
AT AAOOI T 1 EAOT COAPEN A i AAOT PEACA
cytoplasmic extensions. Bacterial cells that come in contact with  the
extensions are drawn toward the macrophage and engulfed.

Copyright © 2001 Dennis Kunkel Microscopy, Inc. / Dennis Kunkel

- » .y %
Large macrophage and small cylindrical E. coli Macrophage phagocytizing a spherical cell

Fig. 16; Phagocytosis by macrophages.
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AFA AND IMMUNITY

Normal circulating neutrophils danot expresanywhereneartheir
full microbicidal capacityln order to carry out their fulbotential, they
must be primed by one or more priming agents such as the cytokines
TNF-U (tumor necrosis factealpha), GMCSF (granulocyte/macrophage

colony stimulatingfactor), and LPS (lipopolysaccharide) for example.
89,90

These agents cause a dramatic increaste response of these
cells to an activating agenthe principle consequence of priming, aside
from a direct effe¢t on cell polarization, deformability, and
integrin'selectin expression,js to permit secretagoguaduced reactie
oxygen species generation ge.superoxide anion), degranulation and
lipid mediator(e.g.leukotriene Bdandarachidonic acid) releaska
addition, it is now recognized that most priming agents also serve to
delay apoptosis and thus incredise functional longevity of neutrophils

at the infamed site’?g'90

Neutrophils, however, cannot always eliminate infectious
organismsandthereare umerous pathogens that they cannot recognize.
The lymphocytes of the specific arm of inemune system (T cells and B
cells) have evolved to provide a more versatile meadedénsen that
they provideanincreased levebf protectionto a subsequente-infection
with the sane pathogenThese two arms ahe immunesystemare not
mutually exclusive howeverThe cells of the nospecific immune
system play a crucial rola theinitiation andsubsequendirectionof the

o 9,90
specificimmune responsé.
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Cell Type Function

Halper T cull y, Commandearof the immune &
i . demin&cﬁmuulmudsm.
¢ mnitiating both T cell and B cell
responses

Inducer T cell Not involved in the immediate response
© infection; madiates the matunation of
other T cellsin the thymus

Cytotoxic T cell Detects and kills infacted body cells;
recruited by helper T cells

Suppressor T cell Dampens the activity of T and B cells,
xaling back the defense after the
infection has been checked

B cell und Precursor of plasma cell; specializad to
recognize specific freign antigens

Plasma cell Biochemical factory devotad to the
production of antibodies directad against

wpecific foreign antigens

Mast cull Iitiator of the inflammatory response,
which zids the armival of | Vies at2
ste of infection; secretes histamine and
isimportant in allergic responses

Precursor of macrophage

The body's first cellular line of defenss;
also serves a5 antigen-presenting cell to
B and T cellsand mgulfsantibngdy-
coverad cells

Natural killer cell izes and kills infected body cells;
matural killer (NK) cell detects and kills
ells infected by a broad of
invaders; killer (K) c=ll a only
antibexdyecoated cells

Fig. 17; Cells of the Immune System
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Moreover, since theres a delay of four tdive days before the
initial specific immuneresponse takedfect , the nonspecific immune

response has a tidal role in controlling infections during this period.
89,90

| Antigen recognition | | Effector functions |

%@ Neutralization
B - of microbe,
— hagocytosis,
lymphocyte G+ W l omplement
Microbe Y ivati

activation
Antibody

Activation of
Q.;Gt,oklnes — @ macrophages
o —
IS E D‘ %
Helper T Mu:n::bltal antigen
lymphocyte E;EEEHT Activation
presen |ng cell (proliferation and
differentiation)
of Tand B
lymphocytes
M e = | Killing of
Eﬂg;ﬂoﬂﬁfg >€:€ E’ % * infected cell
(CTL) Infected cell

expressing
microbial antigen

e -5
&

(NK) cell Target EE”

Killing of
infected cell

Fig. 18; Classes of lymphocytes. Different classes of lymphocytes recognize
distinct types of antigens and differentiate into effector cells whose
function is to eliminate the antigens. B lymphocytes recognize soluble or
cell surface antigens and differentiate into antibody -secreting cells. Helper
T lymphocytes recognize antigens on the surfaces of antigen -presenting
cells and secrete cytokines, which stimulate different mechanisms of

immunEOU AT A ET KAIi T AOET 18 #UOil OIl gEA j AUOI

antigens on infected cells and kill these cells. (Note that T lymphocytes
recognize peptides that are displayed by major histocompatibility complex
(MHC) molecules.) Natural killer cells re cognize changes on the surface of
infected cells and kill these cells. Regulatory T cells are not shown in the
ACOOAS
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Generative Peripheral
lymphoid organs lymphoid organs
B Mature F!en_:i_rn_uI_E_ltiDn

Bone lymphocyte B lymphocytes

marrow lineage .
Siem ool ¢ [Bone marow | de GI Lymph nodes |

_ [ Spleen |
N - Mucosal and
Xy & | Blood,|=" cutaneous
. @ B0 ¥ | bt veses
lymphocyte '
lineage Mature

T lymphocytes —
Recirculation

Fig. 19; Maturation of lymphocytes. Lymphocytes develop from precursors

in the generative lymphoid organs (the bone marrow and thymus).  Mature
lymphocytes enter the peripheral lymphoid organs, where they respond to
foreign antigens and from where they recirculate in the blood and lymph.

Antigen Lymphocyte Antigen Contraction
recognition activation elimination (homeostasis) Memory
Antibody-
producing -~ J& Elimination
cell s St of antigens
||
o ‘
Humoral |
Immunity
I‘ Survivin
Anti Cell-mediated memowg
ntigen- i i -
preseting Ciona e ool
cell expansion - . 2 D
Naive T
lymphocyte
aive B
lymphocyte l
| | Days after |
0 7 antigen exposure 14

Fig. 20; Phases of an adaptive immune response. An adaptive immune

response consists of distinct phase Oh OEA A£0O0O OEOAA AAET C

antigen, the activation of lymphocytes, and elimination of antigen (the
effector phase). The response declines as antigen -stimulated lymphocytes
die by apoptosis, restoring home ostasis, and the antigen-O b A A ¢el& that

(=)
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AFA AND IMMUNITY

survive are responsible for memory. The duration of each phase may vary
in different immune responses. The y -axis represents an arbitrary measure
of the magnitude of the response. These principles apply to both humoral
immunity (mediated by B Ilymph ocytes) and cell-mediated immunity
(mediated by T lymphocytes).

Humoral Cell-mediated
immunity immunity

: @@
Microbe .@ @ =)
& Int_racellular
Extracellular Phagocytosed ~ Microbes
microbes microbes in &gE{I E:tlirnugsfuﬁ%hin
macrophage infected cell
Responding Q
lymphocytes Cytotoxic
Sl T lymphocyte
Secreted
antibody
Effector
mechanism 7.@
.#
Block Activate Kill
infections and macrophages | | infected cells
Functions eliminate to Kkill and eliminate
extracellular phagocytosed reservairs
micrabes microbes of infection

Fig. 21; Types of adaptive immunity. In humoral immunity, B lymphocytes
secrete antibodies that eliminate extracellular microbes. In cell -mediated
immunity, T lymphocytes either activate ma crophages to destroy
phagocytosed microbes or kill infected cells.

(=)



AFA AND IMMUNITY

Feature Functional significance
Spa-cificity Ensures that distinct antigens
elicit specific responses
Diversi ty Enables immune system
o respond to & large
variety of antigens
Y| emory Leads to enhanced responses

o repeated exposures to the
same antigens

Clonal Increases number of

expan sion antigen-specific Iymphuq.rtes
o keep pace with microbes

Specialization Generates responses that are
optimal for defense against
different types of microbes

Contraction and | Allows immune system

homeostasis o respond to newly
encountered antigens

MNonreactivity Prevents injury to the
to self host during responses to

foreign antigens

Fig. 22; Properties of adaptive immune responses. The important
properties of adaptive immune responses, and how each feature
contributes to host defense against microbes, are summarized.
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Iy
|Celltype I Stage
Maive cells Effector cells Memary cells
Antigan Prolifaration Differantiation
racognition #_
B lymphocytes - Y
— AT % G
Antigan Prolifaration Differantiation
racognition ooy
Helper T - %%
kmphocytes %ﬁ? e B4 c:
B
| Property I Stage
Maive cells Effector cells Memory cells
Artigen B calle: raducad '
receptor Tes Tealle: Yas Tea
Lifespan Waake ar monthe Usually shart (daye) Lang (yaare)
! o~ !
B calls: antibody sacration
i Nane Halpar T «uus::tjr Nane
function par | cats.
cylokina sacratian
CTLe: call killing
Special
characteristics
Bcells .
Affinity of lg | Law Variahla High (affinity
maturation)
Isotype of I | Membrans-associated | Membrane-assacisted and | Various
KM, 1gD sacratad IgM, 196G, KA, IgE
(clase ewithing)
Teells
Migration T lymph To paripharal tissuas (sites | T lymph nadas
nodas of infaction) and mucosal
and athar tiseuas

Fig. 23; Stages in the life history of lymphocytes. A, Naive lymphocytes
recognize foreign antigens to initiate adaptive immune responses. Some of
the progeny of these lymphocytes differentiate into effector cells, whose
function is to eliminate antige ns. The effector cells of the B lymphocyte
lineage are antibody -secreting plasma cells (some of which are long -lived).
The effector cells of the CD4+ T lymphocyte lineage produce cytokines.
(The effector cells of the CD8+ lineage are CTLs; these are not shown.)
Other progeny of the antigen -stimulated lymphocytes differentiate into
long-lived memory cells. B, The important characteristics of naive, effector,
and memory cells in the B and T lymp hocyte lineages are summarized.
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Lymphocyte

ones with
diverse receptors
arise in generative
lymphoid organs

Clones of mature
lymphocytes
specific for many
antigens enter
lymphoid tissues

Antigen-specific
clones are
activated
("selected")
by antigens

Antigen-specific
immune
responses occur

o

Lymphocyte Mature

precursqu. Iymphc;cyte
gmgenx Amgeg

b =

Anti-X
antibody

Fig. 24; Clonal selection. Mature lymphocytes with receptors for many
antigens develop before encounter with these antigens. A clone refers to a
population of lymphocytes with identical antigen receptors and, therefore,

OPAAEAZAEOEAON Al

OEAOA AAI

cell. Each antigen (e.g., the examples X and Y) selects a preexisting clone of

OPAAEAEA |

Ui bET AUOAO AT A OOEIiI Ol AGAO OEA bOIi

that clone. The diagram shows only B lymphocytes giving rise to antibody -
secreting effector cell s, but the same principle applies to T lymphocytes.
The antigens shown are surface molecules of microbes, but clonal selection

also is true for soluble antigens.
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Antigen X +
Antigen X Antigen Y
Activated
{: Anti-¥ B cell B cells
«J] Anti-Y B cell ,;;t:l:t__(
Xt
Activated ¥ X
B cells —x X

. Beells
/ Primary ",
/ anti-¥Y

/ response

Maive
B cells

Serum antibody titer

— I I I I T

2 4 6 8 10 12

Fig. 25; Primary and secondary immune responses. Antigens X and Y

induce the production of d E £ZAOAT O AT OEAT AEAO | A OAKAAO
The secondary response to antigen X is more rapid and larger than the

primary response (illustrating memory) and is different from the primary

OAODPI 1T OA O1I AT OECAT 9 | ACAET @AHAAIALDOET ¢ ODPA
with time after each immunization.

Fig. 26; Cytotoxic T cells destroy cancer cells. (a) The cytotoxic T cell

(orange) comes into contact with a cancer cell (pink). (b) The T cell

OAAT ¢CT EUAO OEAO OEA AAT AAO AkdctioncdEtde OT 11 OAT .
cancer.
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Leukocyte Re-circulation %9

The processes of both specific and 43pecific immune
survellance very much depends taukocyte access to tissueis clearly
an advantage th#&ukocytes can reirculate andenter tissueaspart of a
scavenging mechanisagainsinvadingpathogensnd
infected or transformed cellg order for immune cells to exit the blood
and enter a new anatomical location however, they must be able to adhere
to the endothelium of a blood vessel, antdE€quentlymigratethroughit.
This process ofadheringand migrating occurs via a very spdi series
of events:

(1) the cells are slowed down by forming loose adhesiontli&a

Selectingroupof adhesiormoleculespnthevesselwall, and

subsequentlyoll alongtheendothelial surface,

(2) thisloosecontactenabledurtherstrong adhesion ontbe

endothelium via the integrin family of adhesion molecules, and

(3) the cells can then migeathroughthe endothelial barer and

underlying basement membin

As stated, these mechanisms aredmted by variousdhesion
molecules in addition to certain chemotactic factors. Circulating
leukocytes are able tsense locales of cellular redment via such
chenotactic factors (chemokines) which may be bouta the
endothelium or secreted into themen of the bloodvessel.The time
framefor suchchangesn leukocytetrafficking to occuris relatively fast,
and the monitoring of these changes can be used to a&eathe short
term changes in the immune system to various physicamicak and

psychological stressors.
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Role of chemokines in Leukocyte trafficking

(Cytokine | Producing Cell | Target Cell | Function
GM- Th cells rogenitor cells growth and differentiation of
CSF proge monocytes and DC
| Th cells [co-stimulation
monocyles | B cells |rnE|turE|tion and proliferation
IL-1a macrophages
IL-1p B cells | MK cells |EICti\l' ation
e various inflammation, acute phase response,
fever
IL-2 Th, cells activated T and B cells, NK gmrﬁthl, proliferation,
cells activation
L Th cells | stem cells lgrowth and differentiation
NK cells | mast cells lgrowth and histamine release
. proliferation and differentiation
‘ activated B cells IgG, and IgE synthesis
L4 Th, cells
| macrophages |MHC Class Il
| T cells |pro|iferation
) ) proliferation and differentiation
IL-5 Th; cells ‘ activated B cells lgA synthesis
monocytes | activated B cells |clifferentiation into plasma cells
L6 mE!I._:r:UphIE:geg | plasma cells |antibody secretion
stro "21 :IECZIIS | stem cells |differentiation
| various |acute phase response
L7 Earmw stroma stem cells differentiation into progenitor B and T
ymus stroma cells
macrophages . .
IL-8 endothelial cells neutrophils chemotaxis
IL-10 Th, cells | macrophages |cytokine production
| B cells |EICti\|' ation
macrophages activated Tc cells d|fferent|at|on into CTL
IL-12 fwith IL-2)
B cells
| MK cells |EICti\I'EItiOﬂ
. viral replication
IFMN-c Leukocytes various MHC | expression
IFN-f fibroblasts various ﬁﬁ:ﬁ?ﬂ?ﬂggion
| various |Vira| replication
e cel | macrophages |MHC Eexpression
IFMN-y Te cell51 CP?IKS-;:ells | activated B cells |Ig class switch to 1gGz.
| Ths cells |pro|iferation
| macrophages |pathogen elimination
| MIP-1a | macrophages | monocytes, T cells lchemotaxis
| MIP-13 | Lymphocytes | monocytes, T cells }chemotaxis
| monocytes, macrophages |chemotaxi5
TGE-p T cells, monooytes | activated macrophages |IL—1 synthesis
| activated B cells |IgA synthesis
| various |pro|iferation
TNFa macrophages, mast cells, | macrophages |CAM and cytokine expression
NK cells | tumor cells }cell death
| phagocytes |phagocytosis, MO production
TMFE-f Thy and Tc cells
tumor cells }cell death

Table 6 ; Cytokines
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Many of the currently characterizecchemokines mediatlighly
selective pattes of migration and recruitmentof specfic leukocytes
subpopulations” For example, lymphotactin is a chemokine that elicits a
migratory response in natural killeNK) cells and T cells, while having
no effect on monocytes and neutropfil©f interestfor someof the data
presentedn this essayarethe chemokines involveth recruitmentof NK
cells into tissues:In addition to fractaline?” seven out of eight

chemokines studied induced chemotaxis of NK C2lls.
Role of the circadian rhythm in leukocyte trafficking

The time of day als@ppears to plaw role in the recirculation
patternof leukocytes. That is, reirculation patterns follow a circadian
rhythm. In one study, a clear circadiamythm wasseen for Tcell
subsets, bunot for NK cells* whereas another studgeporteda clear
increasein NK cell numbersand activity in the morring.!® It has been
hypothesized that these phenomena exist as a resutilyf neurc
endocrinesignals.For example, it is thoughtthat the increasedevds of
cortisol, which occur at the beginning of the dagterfere with
interleukin2 production ané&nhanceshe migration ofymphocytesdrom
the bloodinto tissues.In fact, other mechanismthat are known to

101103 35 well as

increaseendogenousgortisol levels (stress,exercise),
injection of exogenous hydrocortisofé have similar effects on

lymphocyte migration.
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Role of catecholamines in leukocyte trafficking

Another factor that modulates traficking patterns of leukocytes
(especially NK cellsis cateholaminessuch as epinephrin&pinephrine
has a negative effect on the adhesioiNKf cells tothe vessewall, and
causeshe NK ells to detach®” These changes NK cdl trafficking are
not accompanied by changas adhesion molecule expiasn, and the
resultingaccumulation of NKcells in theblood was identicain normal
and splenectomized donorsdicating that the spleen was not the

reservoir of NK cellg%

Role of the CNS in leukocyte trafficking

The Immune System
and the Nervous System

e

Neuroendocrine Thymus Immunotransmitters
and autonomic . (feedback, regulation
pathways and modulation)

Bous H Thymosins

marrow

4

T cell
‘ Lymphokines
Monokines

Y Macrophage

Fig. 27; The nervous system and the immune system.
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The effects of catecholamas onleukocytetrafficking bring the
possibility of central nervous system (CNS) control of the immune
system into clearer focu combination with he knowledge that many
nene factors are able tlunctionas chemokines and that soleakocytes
expresgeceptordor neurotransmittemoleculesijt is easierto rationalize
studiesthat have reported stressmediatedchangesin the numbers of

circulating leukocytes? %

One studyin particular showed thawvhen signalingfrom the
sympathetimervoussystemof mice was interrupted prior to injection of
NK-sensitive tumor cells, the numbers of metastases were sagtific
increased!®As the NK activity was not altered, nor was the ability
respond to tunmor antigens, one possiblexplanation is that the
sympathetic arvous system regulates NIKell trafficking, thereby
regulating the ability of NKcells to migrate to the vicinity of tumors.
This was partially confirmed by demonstrating that gynpathetic

nervous system modulates lymphocyte recruitment into lymph riddes.

The relationship between the CNS and the immune system also
extends to the lymphoid tissue propdn addition to the well
characterized CNS regulation of the adrenal glam#sye terminals
invadeall lymphoidtissue,andsynapsd_ike formations carbeseen
between nerve endings aledikocytes in bone marrow, lyph nodes, and

1t is now known that there is a neuronal control of

splea.
hematopoiesisand that a complexfeedbacksystem exists involving
multiple cytokires and neurotransmitters™>***  Neuropepetidey is an
exampleof a neurotransmittethatis directly ableto up-regulateadhesion

moleculeson humanendothelial cells**
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Self or nonself antigens:*

At the heart ofthe immune response is the ability to distirstui
between "self" and "negeelf". Every cell in oubody carries the same set
of distinctive surface proteins that distinguish youtisaf". Normally our
immune cells do not attacgur own body tissues, whichll carry the
same patern of selfmarkers; rather,our immune system coexists

peaceably witlour other body cells a state known as sdtfblerance.

This set of unique markers on human cells is called the major
histocompatibility complex (MHCproteins.There are two classes: MHC
Class | proteins, which are on all cells, and MHC Clagsdteins, which

are only on certain specialized cells.

Markers of Self

Epithelial —; Muscle cell

: T )
= w —

cell

Leukocyte

o

Artwork Dy Jeanne Kely. ©2004

Nerve — @ 'y 4
cell
T

Class | MHC self-marker protein

Fig. 28; Markers of self antigens .
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Markers of Non-Self

SARS virus

Antigen

Non-self nerve cell Non-self leukocyte

Antigen 3 ~——— Epitope
: Class | MHC protein
™

F Antibody

Fig. 29; Markers of nonself antigens

Any nonself substance capable of ygring an immune response
is known as an antigen. Aantigen can bea whole norself cell, a
bacterium, a virus, an MHC marker protein or evgrodion of a protein

from a foreign organism.

The distinctive markers on antigens that trigger an immune
respose are called epitopes. Whdissues or cells from another
individual enter your body carryinguch antigenic neself epitopesyour
immune cells react. This explains why transplanted tissues may be

rejected as foreign anthy antibodies will bind to them
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Markers of Self:
Major Histocompatibility Complex

Antigenic Antigenic Antigenic
_— tide —_ tide eptide
g pep pep a— per
infection M MHC &ﬁ MHC MHC
. Class | Class | = Class |l

Cell
membrane

Fig. 30; Markers of self MHC

Our immune cells recognize major histocompatibility complex
proteins (MHC) when theydistinguish between self and nealf. An
MHC protein serves as a recognizable scaffold thasents pieces

(peptides) of a foreign prate(antigenic) to immune cells.

An empty "foreign"MHC scaffold itself can act as an antigen
when donor organs or cells ardgroduced into a patietst body. These
MHC selfmarker scaffolds are also known as a patiétissue type'or
as human leukocytantigens (HLA) when a patient's white blood cells

are beingcharacterized.

For example, when the immune system of a patient receiving a
kidney transplant detects a nsalf "tissue type,'the patient's body may

rally its own immune cells to attack.
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Every @ll in our body is covered with thesMHC selfmarker
proteins, angexcept for identicatwins-individuals carry different sets.
MHC marker proteins are as distinct as blood types @wme in two
categoriesMHC Class I: humans bear 6 markers out of 200sibbs
variations; andMHC Class Il: humans display 8 out of about 230

possibilities

Immune system and reactive oxygen species'*”

As stated beforehe immune systemis comprised of innate
(natural) and acquired (adaptive) immunity. Acquired immunity is
composedof lymphocytes;theseare highly active cells that constantly
generatereactive oxidative products(ROS)as a part of their normal
cellular activity. Oxidizing pollutantsand many virusesalso caninduce
ROS productionby normal cells. The ROS are highly reactiveand can
destroy cellular membranescellular proteins and nucleic acids. One
mechanisnby which theinnatebranchof theimmunesystemprotectsthe
animalis by phagocytizingand subsequentlkilling antigensthroughan

oxidativebactericidaimechanismermedrespiratoryburst.

Phagocytosiof a foreign particle by a macrophager neutrghil

activateSNADP oxidase resultingin the productionof a largeamountof
superoxideanion (O2) from molecularoxygen. The O2 is then rapidly

converted to hydrogen peroxide (H202) by superoxide dismutase.
Neutrophils contain myelgperoxidasethat convertsH202 to the highly

potent bactedidal componenthypochlorideions(OCI).
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Macrophagesdo not possessmyeloperoxidaseand, instead,
dependon a myelopeoxidaseindependentnechanisnto generateother
biological oxygenderivedfree radicals.The latter includethe generation
of the hydroxyl radical (OH) through Fenton and/or HaberWeiss
chemistry. Even though the ROS are producedas part of the killing
medanism,neverthelesgxcessivgohagocyticactivity canleadto ROS

inducedtissuedamage.

As a defense mechanism,the body producesa number of
endogenousantioxidantscapableof scavengingtheseharmful ROS to
maintain an optimal oxidant/ antioxidantbaance, thereby maintaining
normal cellular function and health. However, underconditionsof high
oxidative stress,the ability of theseantioxidantsto eliminate ROS are
oftenexceedednd,therefore dietarysourcesf antioxidantsor drugsare
required.The mostwidely useddietary antioxidantsinclude vitamin E,
vitamin C, carotenoidsp a v a n zanc dnsl selenium. Theuse of N-
acetylL-cysteineas an antioxidantdrug hasgainedpopularity in recent
yearsdue to its ability to inhibit pro-i n p a m mmadeaculesand HIV

replication.

The harmful effectsof ROS are not uniqgueto immune cells but
affectall cell types.However,immunecells are particularly sensitiveto
oxidative stress becausetheir plasma membranescontain a high
percentagef PUFA andthey geneally producemoreROS™®

Studieson the role of carotenoidson immune responsehave generally

usedseverakeyimmunefunctionassays. Thegaclude:
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Immunoglobulin  (Ig) production: Production of Ig has
traditionally beenusedto asses®8 cell function in a humoral
immune responseB cells producelg that circulate freely to

protect the body againstforeign materials. Thelg serve to

neutralizetoxins,immobilize certainmicroorganismspeutralize
viral activity, agglutinatemicroorganismsor antigen particles
and precipitatesoluable antigens.B cell function requiresthe
helpof helper(Th) cells.

Lymphoblastogenesis: Antigen-stimulated lymphocyte
proliferationnormally occursin lymphoidtissuesHowever, the
ability of isolatedlymphoid cellsto proliferatewhenculturedin

the presenceof certain mitogens has given researchersan
importanttool to assesdoth T and B cell function in vitro.

Commonly used mitogens include concanavalin A that
stimulatesT cells, lipopolysaccharidehat stimulatesB cells,
and pokeweedmitogenthat stimulatesT and B cells. This in

vitro immune responsecorrelateswell with that observedin

vivo. '

Lymphocyte cytotoxic activity: NK cells are a critical

componentof innate resistanceagainstviruses,bacteria,fungi

and parasitesThey regulatethe adaptiveimmune systemand
hematopoiesisand serve as an immunasurveillance system
againsttumors. The T cell cytotoxicity assaydeterminesthe
efficiencyof killing of targetcells(e.g, cancercells) by effector
cells (lymphocytes)wvhenculturedin vitro.

Cytokine production: Cytokines are soluble molecules that
mediate cell-to-cell interactions. Cytokines commonly
measurednclude IL-2, TNFU and IFN2 producedby the CD4
Thlcell subset, andL-4, IL-5, IL-6 andIL-10 producedby the
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Th2 subset. The Thl cells mediate cytotoxic and local

I n p a mmdctomsyand thereforeplay importantroles in

combating intracellular pathogensincluding viruses, bacteria
and parasites.The Th2 cells are more effective in humoral
immunity, i.e., they stimulateB cellsto proliferateandproduce
antibodies against free-living microorganisms.Therefore, a
normal immune responsewill require a balancebetweenthe
ThlandTh2 subsets.

Delayedtype hypersensitivit DTH): Thisis a cellularreaction
involving T cells and macrophageswithout involving an

antibody component.Antigen-presentingcells (e.g., dendritic
cells) presentthe antigenor allergento T cells that become
activatedandreleasdymphokines.Theselymphokinesactivate
macrophageandcausehemto becomevoraciouskillers of the
foreigninvaders.The DTH responses simpleto conduct.More

importantly, it is a good indicator of invivo cell-mediated
immuneresponsandis a predictorof morbidity and mortality

in elderlyhuman'*®

Modern advancesi n bcytometry technics have enabled
researchersto phenotype blood lymphocyte subsets by

identifying cell surfacemolecules.ldentifying the population
shifts for a given cell subsetwill provide additionalsupporting
evidence for the immune responsesassessedusing the
functional assayslescribed earlie’d | s o , cytgmetwcanbe
usedto identify cell activationthroughthe induction of certain
surfacemarkers.Availability of reagentshas further extended
the application of pow cytometry to include apoptosis, cell

cycleprogressiorandcell signaling.
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(vii) Last,but notleast,molecularbiosciencaechnicshaveprovided
excitingnewresearchoolsfor studyingmechanisnof actionof

carotenoidsn regulatingintracellularevents.

Carotenoids, ROS and immunity

The traditional concept of ROS function is that they
indiscriminatelydestroycell componentsHowever,exciting researcthas
more recently elucidatedthe role of thesereactive speciesin signal
transductiongeneregulation,anddiseaseetiology. This hasinfusednew
excitement and challengesinto researchon the possible role of
carotenoidsas antioxidantsin diseaseprevention.This discussionwill
attemptto addresshe complexinteractionof carotenoid@ndtheimmune

responseandhowthis interactionmayrelateto canceretiology.

Early studies demonstratedthat dietary b-carotene prevented
bladder,kidney, ear and gut infection in vitamin A-d e y c¢ ratg“hand
reducedearinfectionin youngchildren **° Becauseof the provitamin A
activity of b-carotenethesestudiesraisedthe possibility that the action
of the caroenoid is due to its prior conversionto vitamin A. To
circumvent this problem, the s p e criolg of carotenoidscan be
demonstrateckither by using carotenoidswithout provitamin A activity
(e.g.,lutein, lycopene,canthaxanthinastaxanthin)or by usng anmals
that cannotconvertor are poor convertersof carotenoidsto vitaminA
(e.g.,cats).Numerousstudiesusing non provitamin A carotenoidsand,
more recently, using cats as the animal model have demonstratedhe
immunomodulatoryaction of dietary carotenoids. It is recognizedthat

catscanconvertcarotenoidgo vitamin A, albeitvery inefficiently.
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Many earlier studiesfocusedon b-carotene'* Seifter et.al. '#
reporteda markedstimulatoryactionof bi caroteneon the growth of the
thymus gland and a large increasein the number of thymic small
lymphocytes. The stimulatory activity of bi caroteneon lymphocyte
blastogenesishas similarly been demonstratedin rats®, pigs?* "
cattlé”. Increasechumbersof Th and T inducerlymphocyteshavebeen
reportedn humanadultsgivenorali carotenesupplementatiort?**?” The
numberof lymphoid cellswith surfacemarkersfor NK cellsandfor IL-2
and transferringreceptorsalso was increasedsubstantiallyin peripheral
blood mononucleacells (PBMC) from individuals supplementedavith b-
carotene **"'? EnhancedNK cell cytotoxicity was observedin human

subjectsgyivenoral b-carotene'®®

Similarly, long-term b-carotenesupplementatiomo elderly but not
middleage men increasedNK cell activity.”® In vitro, b-carotene
inducedhamser macrophaget produceTNF.**! Activation of TNFUby
ROSincreaseshedi ssoci ati on oahdthée suliseqiento m NF
translocationof this transcriptionfactor to the nucleus,resultingin the
productionof cytokines,chemokinescell adhesiormoleailes,andacute

phase prteins;this activationalsoproducesanantrapoptoticeffect.

Alternatively, intracellular ROS may directly increaseN F a. B
Therefore,ROS are importantin primary immuneresponsegonversely,
antioxidantscan producethe oppositeeffect. In fact, Verhasselt et.al.**
reportedthat the antioxidanatmolecule N-acetytL-cysteinecan inhibit
N F 8, Bnd consguently downregulatethe productionof cytokines(IL -

6,IL-8,IL-12,andTNF) aswell asdownregulatethe expressiorof surface
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molecules (HLA-DR, B7i2 and CD40) in human dendritic cells.
Therefore,an antioxidantmay impair the generatiornof primary immune
responseghrough its inhibitory action on dendritic cells. While this
scenariooccursin a normal cell, under conditions of high oxidative
stressexcessROS may be producedfesultingin the inhibition of N F a B
Excess ROS is known to cause abnormal cell proliferation and to
decreaseapoptosis; both are undesirableresponsesin tumor cells.
Therefore antioxidantsare desirableunderconditionsof high oxidative
stress.Analogousto this situation, high concentrationsof intracellular
nitric oxide inducedoxidative killing of isolatedrat hepatocytesvhile

low nitric oxide concerrationswasprotective***

Besidescell-mediatedand humoralimmuneresponsesh-carotene
has beenshown to regulatenon s p ecccellyla host defense.Blood
neutrophilsisolatedfrom cattlefed b i carotenehad higherkilling ability
during the peripartumperiod *** The increasedacterialkilling could be
accountedfor partly by increased myeloperoxidaseactivity in the

1.1 reportedthatdietaryb i carotenestimulated

neutroplis. Tjoelker et.a
phagocyticand bacterialkilling ability of neutrophilsfrom dairy cows
duringthe stressfuldrying off period.In contrastretinol andretinoicacid

generallydecreaseghagocytosisndhadno effectonkilling activity.

A s p e crolgg @f carotenoidson immune responsewa s yr st
reported by Bendich and Shapiro.*”® They showed that rats fed
canthaxanthin,a carotenoid with no provitamin A actiity, had a
heightened mitogeninduced lymphocyte proliferaion; dietary b 1
carotene showed similar action. Subsequentstudies have similarly
reportedthe immuno-enhancingactionof carotenoidsvithout provitamin

A activity, notably lutein, lycopene, astaxanthinand canthaxanthin.
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Canthaxanthirerhancel the expressiorof activationmarkersfor Th and

137
l.

NK cells in humanPBMC invitro.** Jyonouchi et.al.**” reportedthat

lutein and astaxanthinncreasedhe exvivo antibodyresponseof mouse

splenocytesto T-cell antigens.Schwartz et.al.*®

reported incressed
cytochromeoxidaseand peroxidaseactivities in macrophagescubated
with carthaxanthin, b -carotene, and Ucarotene compared with
incubation with 13-cis retinoic acid. The stimulatory activity of
canthaxanthirwas greaterthan that observedwith b i caroteneand U -
carotene.Phagocytosisalso was stimulatedby thesecarotenoids even
though to a lower degree.All of these changesindicate increased
respiratory bursts by the macrghageswhen they are exposedto

carotenoids.

The domesticdog and cat have recently been usedin parallel
studies using similar experimentaldesignsto comparethe immuno-
modulatory role of carotenoids. These studies thus provide direct
comparisondetweencarotenoidswith (b -carotene)or without (lutein)
provitaminA activity ,andalsobetweerspecieghatcan(dogs)or thatare
veryi n e f ycanvedanscats)of b i carotendo vitaminA. Dietary b -
caotene® andlutein'® stimulatedDTH responsethe numberof CD4 Th
cdls, and IgG productionin dogs, thus demonstratingthat lutein, a
carotenoid without provitamin A activity, exerts a similar immuno
modulating action as -camtene.In contrast,lutein but not b T carotene
enhancednitogeninducedlymphocyte proliferation in dogs, indicating
speies differencesin the lymphocyte proliferation responsdo a given
dietary carotenoidsCatsfed b i caroteng(unpublisheddata,Park et al.)
or lutein*** also showedheightenedDTH responsehigher Th andB cell
subpopulations,and increasedplasma lgG concentrations.It can be

concludedthat the actionsof both b i caroteneand lutein in catsare not
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converterof b T carotendo vitamin A.
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In keeping with the concept that the fuocing of the immune
system cores to depend on a variety of endogenous and exogenous
stimuli, it is pertinent in the discussiontbe currenessayo examine the
influence of nutrition on theammune systemlindeed, the ideathat
nutrition is an important determinanbf the immune response and
adequate immuntinctioning has beegererally acceptedior sometime.
There are extensiveanmounts of epidemiologic and dfical data that
suggestnutritional deficienciesalter immunecompetence and increase
the risk ofinfection. This concept applies not only to young children in
devdoping countries but also to all age groups inpalpulations of the
world, including the klerly, those with eating disorders, and patients

with other primarydiseases*

Research into the effect of nutrition on the immune system has
generally beersubdivided into two componentalthough not mutually
exclusive, both macronutrient (e.grotein) and micronutrient(e.g.
vitamins, trace elements) deficiencies have bsaongly linked to

immunesystemdysfunctionand malnutritiorassociated infection.
Macronutrients: E.g. protein energy malnutrition

In addition to lymphoid organ atrophy, peat energymalnutrition
impairs the majority ofhostdefense mechanism#&cluding both the

specific andhonspecificarmsof the immunesystem.These findings are

summarized in table No. 7
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Lymphoid Organs:
= Lymphoid atrophy and loss of corticomedullary differentiation
* Depletion in lymphoid cell numbers in spleen and lymph nodes

Non-Specific Immunity:

= Diminished phagocytic capacity

= Diminished bactericidal ability of neutrophils

® Decreased complement levels and opsonic activity of plasma

Specific Immunity:

Depressed delayed type hypersensitivity reactions

Decreased T-helper (CD4") and T-cytotoxic (CD8") cell counts
Decreased CD4" to CD8" ratio

Decreased B cell counts

Decreased immunoglobulin secretion and affinity

Diminished production of interleukins 1 and 2, and interferon gamma
Diminished ability of T cells to respond to cytokines

Table 7; Effects of Protein Energy Malnutrition on the Immune System

Micronutrients

Human malnutrition is usually a composite syndromef nutrient
deficiencies,and micronutrient deficiencies oftecomplicate protein
energy malnutritionNevertheless, several trace elements and vitamins on
their own have an essentiallean key metaboligpathways andmmune
cell function. Observationsin animal modelsdeprived of one dietary
element andindings in patients withsingle nutrient deficiencies have
confirmed thecrucial role of severalvitamins and trace elementsn
iImmunacompetenceThe consequences of such deficiencies depend very
much on both thesubject, and théype, timing, and magnitude of the

deficiency?®
Some of the micronutrients studied in detail in the context of the

immune systemnclude zinc,iron, vitamin A, B6, C, and Eto name a

few. A more detailed description of the effects of micronutrients on the
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immune system can be found elsewh&téndeed,our knowledgeabout

the nutritional demandsf a well-functioningimmune systenmasopened

up exciting posdilities for nutritional interventionin both the primary

and secondarypreventionof infection in high-risk groups. Nutritional

deficiencies are often seen in hospitalized patients, ceslye the
144

elderly:™ These individuals are particularly susceptilbde developing

life-threatening opportunistic infections.

Both experimental animal and clinical studies have highlighted the
value of nutrient enriched diets improving immune responses and
sunival following challenge of infection!® Similarly, modes
supplementation ahicronutients improve immune responseslreduce

theincidenceof respiratory infectiorand antibiotic us in the elderly**

Pharmacologic and nutritional approaches to immune system

modulation

The aforementioned studies introdu@ concept that dietary
interventioncanalter susceptibilityo diseaseanddiseasautcomesThis
occurs not simply byepletionto correct dietary deficienciesut by the
pharmacologic effects of specific nutrients, a conceptesiomes called

nutritional pharmacology.®

It is clearthat dietarycomposition can profoundly affect cell
growth and function, metabolicand inflammatoryresponsego injury,
cell-to-cdl communication, theesponseo pharmacologic agents, and
other important biological proesses.Research done during thast
decadesn particular, has led to progressin the understandingof the

influence of particular nutrients on both the specific and-suetific
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arms ofthe immune system, ultimatekgading to various therapeutic

outcome

Some of the nutrients studied in detattlude proteins (both type
and amount), arginine, glutaminegmega6 and omega3 fatty acids,
shortchainfatty acids,the elements iron, zinc, antie vitaminsE, C, and
A.48

Although ubiquitous, these trients takenin the proper amunts
and context show great promiser usein diseasespecific nutritional
products, and may be administeredin conjunction with traditional
methods of treatmenSome of the most encouraging areas in which
nutritional modudtion of theimmune system maynfluence clinical
outcomes includsituations of burnnjury, treatment of bacteriaepsis,
prevention of gubrigin sepsis,prevention of postsurgical infection,

autoimmunealiseasesyasculardisease, transplantation, acehcer-"’
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Blue-green algae and the immune system

As the connection between nutrition armige immune system
becomes increasingly clear, thel@s been an intense interest in
substances withpotential immuno-modulatory effects. These are
substances thatin alter the manner in which the immune system can
react to a challenge, be it a virus, bacterium, or cancerTd¢edleis now
someevidencethat certainspecies oblue-greenalgae maymodulatethe

immune systerff

Nutritionally acquired immune defiency syndromes (NAIDS) are
found primarily in Third World, malnourished countries. Yet while
"NAIDS is seen most frequently in children throughout the world, it is
often seen in elderly individuals, and it is an all too common
complication of severe medicar surgical diseases, maligr@aes, burns
and other forms ofrauma being treated ithe most modern hospital
centers. ...Children are highly susceptible to infection and each febrile
infection causes them to lose vital body nutrients. Multiple, closely
spaced, or severe infections are the most frequent cause of childhood

manutrition 2*

Deficiencies in any of théarge number ofessential nutrients can
produce dyminctions in the immunesystem and other host defensive
mechanismsSingle nutrients thatmpact importantly on protein synthesis
caninfluence every aspect of immunitipeficiencies of essential amino
acids can also depress the synthesis of proteins, including those that
contribte uniquely to host defense3race [mineral] elements that

function as the key component of metalozymes are also known to
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have some effects on the internadtructure and function of

lymphocytes*

From a clinical point of view, important individual nutrients that

support immunological functions include vitamin betacarotene, zinc,

iron, B-vitamins, amino acids (especially arginine and glutamine),

polyunsaturated fatty acids, and nucleotides that are found abundantly in

microalgae.

School records of children eating AFA blgeen algae showed a

dramatic improement in class attendance in two studies. Both research

teams, along with school personnel reports, suggested that the increased

attendance of students who ate biireen algae was related to decreased

sick days™* >

In a study of 100 children diagned with a zinc deficiency and given

either zinc sulfate or blugreen algae tablets, those given bhreen

algae demonstrated a superior immune response. The zinc found4n blue

green algae may be about three times more effective than zinc from

mineral souces’

The immunological effects of zinc are many, well studied, with a
variety of possible mechanisms. Zinc is required for nucleic acid
metabolismand essential to over 100 mé&babnzyme activities. Also,
zinc is a fundamental component of thymic rhones, helping to
stimulate the activities of -lymphocytes throughout the body and to

increase antibody production.
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Chemistry professoKarl Abrams describes how the carotenoids in
AFA enhance the immune system by protecting the thymus gland and
offering antioxidant protection to immune cells (e.g., white blood cells).
"Betacarotene and the other carotenoid compounds of AFA biostimulate
our immune system by increasing the number, activity, circulation of
antiviral thymus helper celf$® Once betecarotee has been
biochemially transformed into vitamin Ayhite blood cells may use it to
increase their abilities to kill invading viruses. This vitamin A precursor
Is also known to increase-&ll activity, thus incresing antibody

production especially IgA when necessary*™

However, betac ar ot e n e -@rthandinm efieaiseare maximized
only in cases when it occurs in combination with a wider family of

carotenoids, such as with microalde.

Microalgal carotenoids, such as betaotene, canthaxanthi and
astaxanthin have demonstratedmunemodulating activities using in

vitro (fitest tubed) cell culture exp

Researchers have found increased antibody production and enhanced

immune function in animals supplemented with bjmeen algae®'*

Several studies, animal and human, have demonstrated the ability of
microalgae to increase macrophage moverhi&ft. The dietary use of
bluegreen algae is reported to enhance the immune response in
laboratory mice, by stimulating macrophage tiots, phagocytosis and

enhanced interleukift productior®* %
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In a study of 463 calves, kept under the same conditions of tending
and feeding, the experimental groups fed supplemental algae were the

least likely to contract any disea¥®é.

Gitte Jensen, Ph.D., an immunologist at McGill University, working

with a team of researchers at the Royal Victoria Hospital in Montreal,

demonstrated improved trafficking of immune cells to be among the

effects of AFA algae on the human immune system. Many intalme

(e.g., natural killer [NK] cells) do their primary work outside of the

bloodstream in the tissues. AFA algae increased the number of white

blood cells that moved from the bloodstream into the tissues to do their

searchand-destroy missior®

In a follow-up doubleb | i nd study, Jensends tear
results and also found that longerm consumers of AFA demonstrated
greater benefits than those taking algae for the first time. Yet even short
term consumers showed some benefits. DrsJem 6 s t eam f oun
within two hours of eating AFA there was a significant migration of
natural killer cells from the blood into the surrounding tissues. Natural
kil ler cells play a key role in our
invading microbesand nf ect ed or transformed pr ¢

gentle immune boost was rapid, skietm, and celtype specific-®

According to Dr. Jensen, these milder, kiltsll specific, episodic
effects are prefrable to a stronger, prolongadd more globaimmune
activation. For example, it is possible to put something into the blood
stream that will provoke a hyper activation and a more global immune
responseThe results were recently published under the title: Effects of

the Blue Green Algaéphanizomenao FlosAquae on HumarNatural

(1)



AFA AND IMMUNITY

Killer Cells. It appears in Chapter 3.1 of the IBC Library Series, Volume
1911, Phytoceuticals: Examining the health benefit and pharmaceutical
properties of natural antioxidants and phytochemiciie. results of this

study ae discussed in details later on in this essay.
It is also noteworthy that high doses of AFA are not required to realize
these benefits. The positive immune effects were seen with low amounts

of AFA algae (1.5 grams), available in food supplementation.

In a retrospective review of medical cases, researchers found positive

evidence that AFA blugreen algae might be useful in the treatment of

chronic fatigue, Epstein Barr infection, fibromyalgia, and AIDS. These

diseases all involve significant immune ewst and sometimes viral

components. Such anecdotal evidence suggests that at least some

autoimmune diseases may respond favorably todpeen algag®

Some species of microalgae, AFA in particular, have been shown to

be rich sources of polyunsaturatéatty acids (PUFAS), which increase

cell membrane fluidity and enhance immune function. Our immune

system depends on optimal cell membrane fluidity. For example, when

white blood cells in our immune system develop more rigid cell

membranes, it becomes modifficult for them to maneuver through

tissues to attack viruses, bacteria, and unhealthy cells. Additionally

essential fatty acid (EFA) deficiency is known to substantially lower the

number of thymus suppressor cells and thus impair overall immune

funcion ®’

Lipopolysaccharides and -ghycocyanin in blugreen algae have

been shown to stimulate macrophage activation and stem cell

(124



AFA AND IMMUNITY

differentiation potential'>'"® Also, cell wall fragments of
lipopolysaccharide, lipid A, and glycolipoproteins are knotenhawe

immuneenhancing effects thatrengthen the entire immune syst&f.
171

When bluegreen algae, such as AFA, is freeteed and
encapsulated, suatomplex polysaccharide cqmunds of the cell wall
are broken down into easily absorbable fragmeXEsA microalgae, like
human breastnilk, contain a peptide known as substance P, which also

acts as an immune boostéf.

Effects of blue-green algae on non-specific immunity

Several studies have examined the use of-giaen algae in the

context ofthe normal functioning immune response

The effect of bluggreen algae on nespecific immunity has also
been examined at the level natural killer (NK) cellactivity. Using a
standardchromiumreleaseassay, splenic leukocytes from chickens fed
blue-green algae wershown to exhibit greater arttimour cell activity

when comparedto control animals™’

The investigators in this study
speculated that blugreen algae maincrease NK dé activity via the

production ofcytokines such as interferon.

Many substances are known to stimulate NK cell activity, though

the most potent are polysaccharides extracted from rice and mushrooms.

In a recent study, the polysaccharide fraction of AFA was tested against

polysaccharides extracted from rice, known as arakytan, one of the

most potent NK cell activator availabl&he polysaccharide from AFA
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was found to be many times more potent than arabinoxitas research

suggests that eating AFA daily may stimulate the immune system to help

prevent cancer as well abhesses associated with viral infections. The

anticancer properties of AFA have already been established by its ability

to prevent cancer in the Ames test.

Introduced | Test Effects Reference
as species S
Food Human | Increased transient recruitment of Ne¢€lls| Jensen et
into tissue al. 2000
Increased mobilization of T and B cells in
blood
Mild modulation of PMNmediated
phagocytic response
Food Rat Decreased serum levels of arachidonic acid Kuyshak et
Food Rat Source of linolenic acid(omeg? al. 2000
Increased serum levels of EPA and DHA
Extract In vitro, | Activation of macrophages (NkappaB, Pasco, in
rat cytokines) press
Table 8; Immuno -Modulatory and Anti -) T KAT i AOT OU %EAAAOO
Subject Summary of results Reference
Mouse Dietary microalgae enhances IgM [Hayashi, 1994]
antibody production in primary immune [Hayashi, 1998]
response.
Cat Water-soluble extract of blue-green algae [Qureshi, 1996]
enhances macrophage phagocytic
function in vitro.
Chicken  Dietary microalgae boosts humoral and [Qureshi, 1996]
cell-mediated immunity.
Rat Dietary microalgae tones down allergic [Kim, 1998]
responses. [Yang, 1997]

Table 9; Summary of studies on immunologic effects of microa Igae
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Effects of blue-green algae on specific immunity

Hayashi et al. also examinedhe effect of the algae supplemented
diet on theability to mount a specific immune response to sheep red
blood cells. After immunizing the mice (either once to meastie
primary response or twicéor the secondary response), they fouhdlt
mice fed with the algaesupplementedliet showedincreasechumbersof
splenic IgM antibodyproducing cells when comparéal control animals.
Interestingly, this finding only held true for the primary immune
response,as the IgG antibody productionin the secondaryimmune
responsevashardly affected®

Thesefindings howeverhave been more recently challenged by
results of experiments involving chicken€ontrary to mice, no
differences were observad antisheep redlood cellantibodies during
primary responses, while antibodyters for the secondary response in

algaefed chickens were angented compared twontrolanimals™”

Hayashi et al. then examined other antibody classesh as IgA
and IgE in the context of mice orally immunized with a crude shrimp
extract From this study they concluded thdllue-greenalgae does not
seem to induce or enhancdood allergic IgE-dependent reactions.
Furthermore, they suggest that if ingektilong withor beforea potential
antigenicthreat, blue-greenalgae may enhancelgA antibodylevelsto

protectagainst food allergie’$®

Along the sane lines, further studies havendeed suggested that
blue-greenalgae may inhibit mast cethediatedtype lallergic reactions

and even the anaphylactic reactionrats'”*'"* They showed that by
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injecting bluegreenalgae extracintra-peritoneally (1001000ug/g body
weight) one hour prior to an allergic challenge, one calddrease
mortality induced by the anaphylactic compound8/80, inhibit local
allergic reaction activated by antidinitrophenyl (ant-DNP) IgE, and
decreassaum histamindevels.Similar in vitro experiments reported by

this gioup revealedhe same results.

In addition, analysisof the AMP (cyclic adenosine monro
phosphate)evels of rat peritoneal mast cells (RPMC) expogedlue
green algae extraat vitro showed a transieff0-fold increaseof CAMP
at 10 secondsomparedwith thatof controls. Moreover, the extract had a
signficant inhibitory effect on amtDNP IgEinduced tumor necrosis
factor-alpha(TNF-U) production in RPMC.

Thus, data exist to suggest that bhkgreen algae contain

substances that can alter the way imvhich the immune system

functions bothin vitro and in vivo in animal models. Nonetheless, the

exact identities of these substances aifmd mechanisms by which they

generate their effect remain unknown.

A novel approach to nutritional mobilization of the immune system
Gitte S. Jensen, et.al.,'®® (as mentioned beforeexaminel the shorterm
effects of consumption of a moderate amounb (@rams) of the blue
green algae Aphanizomenon flaguae (AFA), on the immune system.
Twenty-one nonrhospitalized volunteersvere analyzedin a double

blinded crossover fashion.
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t=0: Subyject ingesis
AFA or Placebo

L
2 hours
2 ho
t=0 hours (=2 hours
Take blood sample * Take blood sample
Isolation of lymphocytes * [solation of lymphocytes
and PMNs and PMMNs
*  [mmunofluorescence panel * Immunofluorescence panel
for cellular markers and for cellular markers and
adhesion molecules adhesion molecules
=  Ex-vivo phagocytic assay = Ex-vivo phagocytic assay
of PMNs of PMNs

Fig. 32; Depiction of study design. Results from the two time points wer e
compared. Changes, if any, were examined for statistical significance across
all 21 subjects.

The volunteers had no known acute or chronic infectiinge
were longterm AFA consuners, 2were occasional AFAconsuners,and
the remaining14 hadnever bére consumed AFAEleven volunteers
were male, anden werefemale.The age range was 282 years.Each
volunteer was studied on twseparate dayAny volunteer was always
studied at the santeme on the two study days, to eliminalke circadian
influence on the data. The volunteers were asked to consiuensame
breakfasts at the santimes on the two study days, and tmtonsume
any other vitamin preparations or nutraceutidals at leastl12 hours

before the study. The volunteers were requiredttqueetfor 45 minutes
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prior to studystart, so that any prior walking or other exercisedid not
affectthe relative proportions ofeukocytes.The first blood sample was
taken, and the substance wasgiven. Until the sampling of the second
blood sarple 2 lours later, the volunteer was required to remain quiet

and avoid any extensive walkifiy.

The objective of that projectwas to study therole of bluegreen
algae in enhancing/modulating the imme system via the gask
intestinalroute. As a model thelyave used AFA, a species of microalgae
researched extensively in teriwisnutritional value, but relatively little in

terms of potential therapeutic benefit.

A preliminary study fom their own lab has shown that the

ingestion of AFA has an acute effectttwe circulation oNK cells.165

The current study consisted of exaining several additional
aspectsof immune cdl migration and function. These aspects include
absolute and proportional changes in cell counts, chaimgashesion
molecule expression, dnalterationsin the phagocytic potential of
neutrophils. These changes were measumsdhin two hours of the
ingestion of 1.5g of AFA, the dose recommendedfor food
supplementatin. Analyses were performed aftatime of two hours on
the basis of the foings ofa preliminary study.The data presented here
show a moderate yebnsistent effect oseveralaspects othe immune
system. This effect may be explained either by the direct action of AFA
on leukocytes anar thelymphoid organs, or by amdirect mechanism
possibly involving the central nervous systeihe following figures

from 33 to 39 can summarize the results of that stfidy.
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Fig. 33a; AFA-induced changes in blood leukocyte populations. The
histogram shows the % change of polymorph nucleat ed cells (PMN),
monocytes (CD14), and lymphocytes (Ly). Black columns represent the
mean values of placebo, and the white columns represent the mean values
of AFA. The bars indicate the standard error of the mean.
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Fig. 33b; AFA-induced changes in lymph ocyte sub-populations. The
histogram shows the % change of total Tcells (CD3), T cell subsets (CD4,
CD8), and B cell (CD19) lymphocyte populations. Black columns represent

the mean values of placebo, and the white columns represent the mean

values of AFA.The bars indicate the standard error of the mean.
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Fig. 34; The relative changes in subpopulations of Tcells is shown (mean
and SEM for 21 volunteers). The helper (CD4+) T cell and cytotoxic (CD8+)
Tcell populations only showed a slight shift towards less
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Fig. 35; Changes in natural killer cells (NK cells) in % of the starting value.
Black columns represent the mean values of placebo, and the white
columns represent the mean values of AFA. The bars indicate the standard

error of the mean.
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Fig. 36; Western blotting of tyrosine phosphorylation of proteins

extracted from unstimulated lymphocytes (lane 1) versus lymphocytes

incubated with Pokeweed Mitoge n (PWM, positive control, lane 2) or

1 &1 j1ATA od ACSOOAAO pduh 1 ATA 1d ACOOAROD
human lymphocytes with AFA extract did not induce tyrosine
phosphorylation. The data are representative of 4 similar experiments.
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Uinalimu erted 1.04

Fig. 37; Flow cytometric evaluation of lymphocyte proliferation after 5

days of culture with no stimulation (top), with AFAwater extract (middle),

and Pokeweed Mitogen (PWM, bottom). 4 EA 8 AGEO AEODPI AUO KOI
ET OAT OEOUh xEAOA 11 00 1 4 pilieratvd szdvily] AA - AT OOR
The proliferative indexes for each culture condition is displayed in upper

right corner of each histogram. The experiment was conducted three times,

where all cultures were performed in triplicate.
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Placabo

Fig. 38; Phagocytic activity of polymorph nucleated cells (PMN) from
volunteers before and after placebo or AFAingestion. The phagocytic
activity was unaffected by placebo, but was moderately reduced by AFA,
thus resulting in a lower maximum phagocytic capacity, and a lower
phagocyti c rate.

Measuring the absolute numbers of circulating leukocytes after
ingestion of AFA showed anncreasein cdl counts limited to
lymphocytesand monocyteswhereby polymorphonuclear Icenumbers
were unaffectedlhis apparent selective mobilizationlgiphocytes and
monocytes is most likelyrom the primary and secondary lymphoid
tissues, releasing more monocyt8scells, and Tcells into the blood
circulation. WhertheCD3+T cdl populationwasfurthersubdivided into
subsetsno significant differences wee found in the changes obserd
whetherin the CD4+, CD8+, CD45RA,or CD45R0 subsets.
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Fig. 39; Hypothetical model for AFA -induced immuno -modulation.

1: Ingestion of AFA, and release of bioactive phyto chemicals in the stomach
and/or upper inte stine.

2: Release of cytokine(s) in the gut trigger vagus nerve signals from gut to
CNS.

3: Central nervous system signals to the peripheral lymphoid tissues,
resulting in altered immune cell trafficking.

Examining the effect of AFA on NK d& circulation, they
confirmed the earlier pilot studyn specific recruitment of small N&ells
from the peripheral bloodThey postulatethat thedecreasen NK cdl
countsin the peripheral bloodranslateinto increasedissuereauitment.
It could be argued noretlessthat the NKcells being'recruited'out of
the blood dueto AFA are actually onlymarginating,that s, sticking to
the vessel walls without transmigration. Asmargination is not a

permanentphenon@non however, a certain proportion of cells would
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likely 'unstick'and be obtainabléor sampling.Thesecells wouldlikely
demonstrate altered adhesion profileeluding shedding of iselectin
and up regulation of C11 which was not found in the current study.
Thus, the argumenof margination is unliky to be the cause.
Furthermore, witithe knowledgethat the recruitment of celldfrom the
circulationinto lymphoid tissue is highly cetype specificmediatedin
part by cell-type specific chemokines, geemsmore plausible that

transmigration is theeason for altered NKdl counts.

The data presented here are generated based on different rationale
and strategy than most other studies on-gieen algadt hadevaluated
the migration and adhesion profile ioimune cells, whereas most other

studies had evaluated the fatmon of subsets of white blood cells.

One manner in which AFA may functi@enterally in this pathway
involves AFA containing one or several neunodulatory substances.
These substances could directly stimulate vagal afferergsfibrelay

signals to the CNS, and turn produce the observed effects.

On the contrary, AFA might contain substances come into contact
with other cells in the Gl tract such as epithetialls or intraepithelial
leukocytes andriggertherelease of dpkinetype moleculesCytokines,
such as IL4 beta, have been show to mediate atogutin

communication via the abdominal nens network.>*"
Subsequent CNS signals fgmphoid tissue recruitment sites

would then result in the observations presewt here. Animportant

finding of this study waghat the changds leukocytere-circulation
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observed after AFA consumption were degain the longterm AFA
consuners. These results point towards a possible conditioned type
response to the ingestion ofFA. This response was not seen with the
ingestion of placebo in the same subjects, indicating adffeet. The
phenonenon of a conditioned biological response can be seen in many of

thehumansystems, namely the CNS fibre context of this discussion.

Given that the CNS is capable of modulating the immune system

and that CNSis a highly plastic systemt seems plausible thaa

conditioning mayhave beerestablishedn which the CN$nay recognize

the stimulation byAFA from prior occasionsand adaptto reactto further

exposuresln other words, previous regular exposure may lead to an

increased immunanmodulatory response.

In addition tothe observations of increased Nl recruitment,
the preliminary study mentiondoefore also showedan increasein the
expressiorof certainadhesion molecules. The present study represents a
more thorough evaluatioof adhesion moleculexpressionindeedwhen
examiningthe profile of adhesion moleculesn circulatinglymphocyte
subsets they found occasionalshifts in expressionconfirming earlier
observations, but ovdtaheyfoundno consistent differences induced by
AFA in vivo. The exactiming of when an effect could be detected in the
bloodstream coulgtary betweenndividuals,andthetiming of the second
blood sample(postAFA) could contribute tdhe differences seen (i.i.
may take more time to alter adhesion molecule expresdioig.also
possible that AFA may have induced a changed adhesion profile, but that

the affected cells leave before bloodasnpled.
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Examination of adhesion molecule expressian responseto
incubation with AFAin vitro revealed a significant reduction the
ability to stainfor L-selectin on PMNs and lymphocytes after the cells
had been incubated with MAxtract for a shortime (2060 minutes).
This phenomenon was not caused by shedding-e¢léctin as similar
results were obtained when the structural elements of theneenbrane
were artificially fixed to prevenshedding.In addition, the observed
effect was specific for L-selectin as no other classes of adhesion
molecules were &kcted, including the befaintegrins (CD29CD49d,
the beta2 integrins (CD1b, CD18), and CD44 To our knowleddhbis is
the first study exanining adhesion molecule expression in response to

blue-green algae.

As partof thein vivo studyof AFA's effects,neutrophilphagocytic
capacitywas evaluated on cells obtained from volunteers beforafed
ingestion of AFA or placebo. As indicated in the results, consumption of
AFA induces a mildlecrease in the ability of neutrophitsphagocytose
Staph aureus bacteri@ vitro. This data seems contrast with other
studies that showed increased phagocytactivity in tissue

macrophages’

Whencomparingdataof these studiest maybe impotant to note
that different ch types, derived fom different anatomical locations and
tissues were usedhe Hayashi study also differed in the choice of
phagocytic substrat@gatex particles), théeeding regimerften percent of
total diet for >10 weekg, and the subjedimice). These in vitro data are

therefore not easily relatéd our in vivo data.
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Nonethelessthe observationpromptedus to further investigate
AFA's effect on neutrophils in order to elucidate possible mechanisms

that could explainhesefindings.

In order to better characteriseme of the observed in vivo effects
of AFA on separate componerds the immunesystem,variousin vitro
experimentsvere performedon freshly isolated humaleukocyteslt is
very difficult to define thefunctional relevancef suchin vitro data,but
they mayprovide someinformation aboutpossiblein vivo mechanisms,
or help exclude certain interpretatiodg=A is normally taken orally as a
food supplement, and it is not known whether in vivo leukooyta® in
contact with the equivalesblubleextract(used invitro), adigestedorm
of AFA (i.e. particular fractions), or if they contact AFAt all. In
addition, the concentrations usfed in vitro experimentgprobably do not

correlate tdevels of AFRA extract found in the bloodstream.

Using the appropriate de of AFAextractin vitro, theyfoundthat
AFA did not have a direct stimulatory effect oncultured human
lymphocytes as mea®d byproliferation and tyrosing@hosphorylation.
In other words,AFA does notcontaina mitogenic or supesntigenic
substanceThisstudy addressed the question of a mitogenic compament

blue-greenalgae, which would warrant caution if found.

The mousestudy examined the magnitudeof responseafter
alteringthe nutrition of the experimental animal€ells exposed in vitro
to bluegreen algae extract is very likely to be different fromithgivo
exposure to blugreen algae with subsequent isolation and mitogen

induced proliferation of such csll
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AFA-induced chages in neubphil function in vitro were assessed
using a ROS (reactive oxygen species) formation assayvivo
observations demonstrated that ingestion of AFA produadeceeasen
PMN phagocyticability. ExaminingPMN ROS formation revealedthat
AFA does notinduce aninflammatory reactiomas it does not induce
neutrophil ROS formation in vitro. They found unchangedROS levels
within neutrophils exposed to AFA when compatediaselinecontrol
levels. As a positive control for induction of RO%ey usedl TNF-U
Interestingly, when neutrophils were-déocubated with AFA and TN

results showed reductionin the TNFUinduction.

Takentogetherthesedataindicatethatwhile AFA hasno effecton
baselineROS formation,it can moderatethe inflammatory activity of
activated neutrophils. This pattern of reduced cellular responses after
exposure to blugreen algae has been show before in studies of allergic
reactions in ratsln particular, wherrat peritoneal mast cells wef2O-
incubated withblue-greenalgae and sensitizinglgE antibodiesand then
challenged with antigen, the resultant FNIFsecretion (measure of mast
cdl activation) was decreasedwhen comparedto incubation with

sensitizingantibodyaloneplus challengée”®

Although the data available in_humans is testimonial, people

taking blue-green algae supplements have seen improvange of

allergic, asthmatic, and arthritic conditions. The findings presented

here and elsewhere may point towards a possible mechanism by which

chronic inflammatory conditions may be controlled using bhgeeen

algae.
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In accordance with these testimonighd)ycocyanin, one of the
pigmentsfound in blue- green algae, was recently found to possess

antioxidant properties in vitro.

It is postulated that open dhatetrapyrrole structure enables the
molecule to scavenge fdree radicals.In addition,the samegroup has
showedthat phycocyaninexhibits significant antrinflammatoryactivity
in different animal modelsof inflammatian.”"*”® These modelénclude
arachidonicacid-induced ear edeman mice, and carrageenamduced
paw edemacotton pellet inducedgranuloma formation, and acetic acid

induced colitis in rats.

Phycayanin makes up approximately 15% of the dry weight
AFA. Considering the data on i@ntiroxidant andantrinflammatory
activity mentioned above, it is possible that phycocyanin is the
constituent of AFA that may explain our current findingsese findings
include a decrease in the phagocytic capacity of neutropmis, the

blunting of ROSformation in neutrophils primed with TNE.

In an attempt tetudy phycocyanin'putativerole in our findings,
we repeated some of the vitro experimentusing an extractof AFA
thatwe believedto containpure phycocyanin. Interestinglgheresults of
some of theseexperiments aresimilar to the resultspresentedn this
study (ROS data and 4sdectin data). Theyequirefurther confirmation
however, becaughey wereunsure othe purity and concentration of the
phycocyanin usedn these experimentghey recommendedb repeat
these experimentssingproperly purifiedphycocyanin irknowndosesn
orderto examinewhetherit is the putative compond that can explain the

resultsshowhere.
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IMMUNITY RELATED DISORDERS

A- Antiviral, Antibacterial, and Antifungal Effects of AFA:

AWe have given too much att extenti on
overlooked our defenses
—M. Behar,World Health, February-March, 1974

Role of AFA in infections:

On its Microorganisms, bacteria, and fungi have been exploited for
almost a century to provide useful drugantibiotics, and other
pharmacologically actiy compound$” Antibiotics, active aginst
bacteria, fungi, and everiruses, have been isolated from marine algae,
especially macroalgg® Microalgae as well as macroalgae are able to

produce a wide variety of pharmacologically active compounds.

Benefcial effects in leprosy were first observed in the 1940s.
fJorgensen and Convit fed a soup made from concentrated Chlorella to

eighty patients at a treatment colony in Venezuela. The improvement in

those patientsod6 physi caledaeavidenadioft i on

the potential of micrdalgae as a

Subsequent positive results in the treatment of leprosy were
documented in India with the use of AFA blgeeen alga€’® Leprosy is
a bacterial infection; in some as yet unknown \wagroalgae appears to

improve that condition.
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Antibacterial, antiviral, and antifungal properties have been found in
dozens of micralgae species’*?® A variety of unique and different
biochemical properties might be involved. The antibacterial ageht
blue-green algae often appear different from known cyanotoxins as well
as known antibacterial substances. While some microalgal species
extracts show specific and targeted antiviral or antibacterial effects,
extracts of other species demonstrate dbitory effect across a wider
range of viruses, fungi, and bacteria. A few of the species used In

research are known to be toxic, while other species are éditte.

Because of the affinity of some bacterial species for sulphated
glycoconjugates exped on the epithelial cells of susceptible host
animals, researchers ave hypothesized that sulphated
exopolysaccharides of miatyae can be used in aatilhesive therapies
against certain bacterial infections, both in eolthd warmblooded
animals®®

AFA blue-green algae shows an inhibitory effect on the growth of
Salmonella bacterial strains, in amounts greater than Zdghot water
extract of the green alga, Chlorella, given te@eninfected with Listeria
monao-cytogenes. f§nificantly increasedhe survival rates of mice, as
well as demonsating an increased immune lcédr response®®#*
Unicellular green algae have also been shown to increase resistance

against E. coli and cytomegalovirus infectiofi%>*

According to Kenneth Bock, M.Dbetacarotene affects the immune
function by: AEnhancing | ymphocyte p
cytotoxicity and cytotoxic T cell activity; helping detoxify pollutants;

enabling the growth and development of cells; maintaining the membrane
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receptos that are essential for immune function; and modulating the
release of prostaglandins and leukotriefiédvlicroalgae provide the

richest source of the best quality and most easily absorbeddretane.

Betacarotene, which is plentiful in microalgamay also decrease
susceptibility to respiratory infection&s betacarotene is transformed
into vitamin A, deficiencies aeciated with vitamin A such as

increased risk of respiratory disedsmight be reduced”=®
Chlorophyll, for which microalgae oastitutes a rich source, appears to
have antibacterial componerits. Traditionally, before the advent of

modern antibiotics, chlorophyll was often used to prevent infections and

accelerate wound healirf

THE IMMUNE SYSTEM AND THE HEPATITIS C VIRUS

Introduction®®®

Because the immune system typically protects against infection
and Kills viruses, it is unusual that it is unable teaclthe hepatitis C
virus (HCV) when infected. Most people infected with HCV experience
persistent infection whereby therus evades, subverts, and/or weakens
the immune system and survives for the life & thfected person. Such
chronicinfection with HCV often results in liver damage, which can lead

to cirrhosis, liver failureliver cancer, and/or prematudeath.

Approximately 5 million Americans and at least 180 millpeople

worldwide are chmically infected with HCV, with a significant
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proportion developing progressive liver disease. This makes HCV the
maost common reason in the west@emisphere for liver trangmtation.
Clearly, the stakes are high for conducting research that leads to the
develgment of a vaccine to protect against HCV. Blasic approach to
begin this work is to unravel th&pe of immunity that naturally
overcanes HCV then to design vaccinesmd/or therapies aimed at
stimulating and amplifying that immunity. Strategies could conceivably
involve stimulatingspecific immune cell types, such as lymphocytes,
and/or blocking natural influences that decrease the body's response to
infection with HQV. In other words, we are looking for a way to firmly
push the immune systmdés " on'’ but tal mtermptsitd e bl o

trigger the ndnoffo button. My of nt ent

the immune system that seeemtral to this endeavor at theesent time.

At the outset, it is essential to recognize that some fundamental
guestions relating to thenmunology of hepatitis C remaitmanswered.
For example:
A How is HCV cleared from the body naturally, and in response to

interferonbased therapy?
A Can the immune response itself contribute to the progression of liver

disease?

Background Information

HCV Persistence Versus Clearance
A virus that is not cleared from the body by the immune system is

said to persist. Persistence is unusual for esukke HCV, which are

made of a short single strand of RNA (a close but distinct chemical
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relaive of DNA). The most infamoufkRNA virus, HIV, ultimately
persists by inserting itself among the infected persoefeeg where it
permanently avoiddetection ly the immune system. We do not believe

HCV hides from the immune system in this w&$.

The viral and patient (called the host) factors that are responsible
for the persistace of HCV have yet to be fullgxplained. However, it is
clear that the fate dfepatitis C (whether isicleared or persists) is nearly
always determinediuring the early (acute) phase of infection, that is,
within the first 6 months after exposuféAlthough it can sometimes
take longer, most people who naturally (spontaneouwsdgr HCV from

their body expeence this clearance within tiiest 6 months of infection.

Timeframes are important in HCV infection. Natural clearance of
HCV by theimmune system prevents disega®gression and retus
liver health. Therefore, egrlHCV infection has become the foxiof
intense attention for somenmunologists. If we understand the type of
immunity that allows pople with acute hepatitis C tbear infection, we
can devise methods of stimulating the same type of protective nexmu

respoise in others. That isye can make a vaccirfé®
HCV Clearance Has Been Difficult to Study

Acute hepatitis C has been difficult to study because it is rarely
diagnosed. Curialy, most people have few or sgmptoms with acute
hepatitis C. In the absemof symptoms, people feel well and areaware
they've been infected\s a result, very few doctors are likely to see even

one case of acute hepatitis C per year.
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This situation has severely limited research regarding the
predictors and rate of viral clemce in natural HCV infection.
In recent years, researchers have begun studying special groups of people
to gain a vwindow into early HCV infectionthose who experience high

rates of new HCV infection&®

INJECTION DRUG USERS EXPERIENCE A HIGH RATE OF
ACUTE HCV INFECTION

While modern blooeupply screening practices have reduced the
number of new HCV infections in the West, esscontinue to arise
particulary among injection drug users (IDU's). In recent years, diligent
work by scientists who anae the incidence, spread, and control of
diseases in populations has defined study gro(galled cohorts) of
| DUOG s expdnience a high incidence of acute hepatitis C. These
precious cohorts now proviag unprecedented opportunityibvestigate

acute HCVinfection.??®

A Smoldering Immune Response May Underpin Liver Disease
Progression

While unraveling the details of successful immune responses is of
great interest to aspmg HCV vaccine developers, thietails of host
immunity in people with chronic Ipatitis C may provide clues for

halting the progression of liver scarrinfii{rosis).”®

For chronically infected people, interactions between the immune

system and HGVhfected liver cells may determine the amount and rate

of liver fibrosis and theref@r the rate of liver disease progression. In this
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regard, the liver injuryassociated with persistent HCV may be similar to

that incurred in _chronic hepatitis B virus (HBV) infection. Like HBV,

HCV probably causes little or no liver damage if ignored by momune

cells. When HCV stimulates but defeats waves of immune attack, the

immune system may actually cause liver injtify.

Certain_immune defense strate@eshich may be genetically

influenced might be particularly damaging. Some people with hepatitis

C seem particularly prone to form scar tissue. A variety of other factors

may further contribute to the cascade of events that leads to liver injury

and scarring, such as alcohol consumption and, conceivably, stress and

diet. To complicate the plot furtheeach contributing factor may have

immunological effect$?®

Liver Damage Is Not Universal *®

A central question is why liver inflammation converts to scar tissue
only in some peoplet Will be important to work outhe immune defense
tactics deplogd in these iffated battles, with the intent of distjuishing
pathways that promotiver fibrosis. The eventual goal is to develop
therapies aimed at blockingdampening, or diverting harmful
interactions.Thus, in the chronic setting, the immune resmmight be
more detrimental to the person infected than to the virus.

Passive coexistence with HCV may prove more harmonious than

unsuccessful attempts at eviction.
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Successful Interferon-based Therapy May Need a Healthy Immune

System 2%

An accumulahg body of evidence suggests that in order to work,
interferorU (IFN) and ibavirin probably need to boost critical arm of
the immune system. Therefore, studying the components olah&tGV
immunity could also holdmplications for understanding the mechanism
of viral clearance in response to IFN and ribaviripdssible role for the
immune system in treatmeimduced HCV clearance will be discussed

later in the chapter.

Thorough study of the immunology of hepatitis C will undoubtedly
require further collaboration between tlms andscientists from different
disciplines. In this chaptemve will review what is known abouthe
Immune response to HCV arfidr reasons described preusly, wewill
pay particular attention to the way in which themune system interacts
with thevirus during the acute phase of infeat

A coherent discussion of these issues is not possible without initially
devoting some ahtion to the hepatitis C virutself.

What Is HCV Made Of? 2%

To understand the concepts of HCV immunity, it is helpful to
appreciate the basitrgcture ofthe virus. HCV is aelatively small virus
made from ribonucleic acid (RNA) genetic materials, not DNAictvhs
the building material ohuman geneslhe entire genetic component (the
genome) of HCV is made of a single strand of RNA of only 9,600 units.

By comparison, the average length of a single human gene is 27,000

units.
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Each RNA genetic unit (called a base because of its chemical
property) is made up ofsugar unit (ribose) fused tonaolecule of either
guanine (G), adenine (A), cytosine (C) or ulr@ld) arranged in specific
sequence Each sequence of 3 baseenstitutes a code that usually
specifies a particular aminaid. For example, AUG specifidbe amino
acid called methionine. Each set of 3 bases is called a codon. A series of

codons speciks a series of amiraxids.

Amino acids are the individual units that when strung together
build proteins. In nature, ¢hvast majority of proteins aessembled from
only 20 amino acids that are argamd in diverse combinations, as
genetcally instructed The structuref a particular protein is determined
by the specific sequence of amino acids that are strung togdtb¥rhas
ten major proteins (see Figud®). The structure of all ten individual
HCV proteirs is determined by the speciequence ofdses in the HCV
RNA. The ten HCV proteins taken together are called the HCV

polyprotein.
Figure 1. Schematic of the HCV Polyprotein
— Structural Non-structural
C El E2 P7| MNS52 MN53 N5da NS4b | NS5a | NS5b
. A A AA \ \ A A /
1 191 1932 a3 384 1ab aLa 1n26 1027y 1657 1712 1973 1973 34320 2431 3011

Letters indicate the names of the individual HCW proteirs. Numbers indicate the amine acid coordinates of each protein.
Shawn here ara the protein coordinates of HCW-1, the ‘prototype’ strain discovered by Choo and assodates.”
C=Core, the capsid protein.
E=Envelope proteins, which participate in the viral outer structure = passiby with F7, 2 protein of unknown function.
WS5=Mon-structural proteins.

M52 farms a protess in conjunction with M53.

53 posseszas 3 different enzyme activities.

&, like M35, comprises two proteins, each denoted 3" and *b*.

Fig. 40; Schematic of the HCV polyprotein 228
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HCV Is a Virus With a Highly Variable Structure *****

Remarkably, HCV seems to change its genetic and protein
sequaces with relative easehik is an important concept and wal
devote some time to it.

The act of switching one genetic burdiblock (a base) to another
Is called a mutation.n general, RNA viruses like HCave much higher
rates of mutation than DNAiruses.Recall that HCV possesses a single
strand of RNA. In a liver cell, this positive serme{+) strand is copied
into a complementary-) strand, which acts as the blueprint for making

more (+) strands. Howewghis process is error prone.

On aveage each daughter HCV RNA strand will possess at least
one different base fromsi parent and siblings. This is depicted in Figure
41. It was estimate that approximately one trillion replications of HCV
occur each day in a single person infected with HB&ause mutations
occur largely at random, this huge number of replications implias th
every single base in the HCRNA strand can theoretically undergo
mutation daily. In reality, many mutations will notatk to a fully
functioning virus because theyinjure some aspect of the lifecycle.
Nevertheless, many capable mutantuses emerge to face the host's
immune defense&"?*

The main point is that no one infected with HCV is infected with
merely a single virysbut instead with a mixture ofelatel viral
sequences. Remarkably, the HCV sequences in a single person can
exhibit a greater percentage of geneliiterence than that distinguishing
major mammalian species, for example, such as a human and a
chimpanzeeScientists describe these circulgtifamilies of close viral
relatives as quasispecién essence, each infected perkarbors a group

of HCV quasispecies, not a single entify/.
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Figure 2. HCV Replication Is Errar-Prone
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Follawing entry inta a lver cell, HCV starts reproducing. The positive-stranded HCV gename |#] makes a complementary
riegative strand (-], shown in blue. Mew (+) strands are synthesired by the viral enzyme RNA polymerase using the negative
strand as a template. Each daughter [+) strand is lkely to contain at keast one mutation compared with the parental
strands. These new {#] strands are usad to manufacture more negative strands and new viral proteins that fold around

the [+) strands to make new wirus particles. To reflect the differences in HOV RNA sequence even in single individuals, the
infecting virus populations are referred to a3 quasispecies.

Fig. 41; HCV Replication is Error Prone 228

Genetic diversity results in diversity among the encodecemst
which creates théasic material on which naturaélection can operate
when a population is placed under environmental pressure. This holds
true for all living things.In comparison to humans and other animal
species however, RNA viruses play oute tevolutionary game by
producing remarkable numbers of genetically diverse offspring in
relatively brief timeframes. This creates a rich opportunity for
natural selection to operate quickly. Thuss notable that many of the
observed aminacid mutationsn HCV proteinsare clustered at sites
targeted by the immune system, indicating they have metged merely
by chance. Chance&ould not favor clustered mutations. We know that
these mutations can disrupt thieal targets of immune attackyhich in
scientific jargon are called epitopeshe important point is that if
mutation altes the structure of an epitopdae mutant virus is liberated

from that source of immune attaék:>*®
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Natural selection works like this: mutations occur randomly, and
when a certain mutabn creates an advantage for isvner, that
individual (officially called a carrier) is set apart from the pack. If the
genetc mutation fails to injure th&unction or reproductive success of its
carrier, the imbued privilege can be passeds progeny. Extending the
exampleof the HCV epitope mutation described above, viruses carrying
such mutations will become more abundanthe hostas their fithess
outstrips that of other viruses neutered by the immune responsaté/Ve
therefore, ale to readilyobserve them. This phenomenon is called escape
mutation and represents evolution on the mini scale. Freed from

immune attack, viruses with escape mutations can tRHv&,

As we have implied, examples of escape mutation by HCV have
alrealy been observeahd are popularly invoked aspancipal means of
HCYV persistence. Indeed, so talented is this changeling virupdhaaps
no HCV epitope can bguaranteed to remain permanently intac
consideration that might confound vaeeidevelpment. It is importanto
emphasize, however, that the true extent by which mutation underlies
HCV persisence remains uncertain. Becausk the implications for
vaccine design, some researchers are eager to measaefeethef HCV
mutations on theverdl efficiency of the immune response. The virus
may, for example, experience mordfidulty in surviving with some
mutations than others. If a hierarchy of HCV mutations exists, discovery
of epitopes that are problematic for the viarsl therefore advasageous
to the immune system could significantly enhance prospects for vaccine

development*?*

[154]



IMMUNITY RELATED DISORDERS
HCV Mutation Has Resulted in Genotypes and Subtypes

The same genetic plasticity that results in HCV diversification has
resulted in thelution of exen more divergerforms of HCV. The most
profound HCV genetic divergence is observed between hepétitis
viruses from different humapopulations. Such comparisons reveal at
least six major HCV genetic families, called gempes, numbered 1
through 6 intheir order of discovery (see Figud®). Genetic sequence
variability has resulted in eacbenotype being further dividethto
subtypes, which are denoted by lower case letters (a, b, ¢ and so on).
Hence, we rotinely specify that someoneiisfected with HCV genotype
la or genotype 2b, etc. In the North America, HCV genotype 1 infection
IS most commormwith genotypes la and Ib occurring with approximately
similar frequency, except in African Americans among whom
genotype la is predominant. Next most commaa mfections with
genotypes 2 and 3 viruses. The tree showrkFigure 42depicts the
relationship between the HCV genotypes and subt§fjes.

It is possible that the natural history of infection may differ
between HCV genotypes in different ethnic grqupsugh
little evidence in support of this possibility is yet avhie&a However,
differences in irgrferonbased treatment outconeccording to HCV
genotype and ethnicity are now well descritfétEor example, genope
1 causes most HCV infections the West, where it is also the most
difficult type of HCV to successfully treat Furthermore, genotype 1 is
significantly more treatment resistant in African Americans. Overall,
infections with genotype?2 or 3 are the most treatmeateptive, at least

in western populations, with genotype 2 being most susceptible. While
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treatnent responsiveness discussedn more detail in different sites
these differences remain largely unexplained and imply interplay between
host and viral factors. We suspect that gieadly determined differences

in the immune response play an im@aoitirole, but a discussion of this is

beyond the scope of this chapfét.

Figure 3. Genetic Diversification of the Hepatitis C Viruses

Genotype 1a HCV
sequences retneved

o from a single person:
A Quasispecies

Genotype 1 - 6 [population) Subtype (a, b, etc...)(population) Quasispecies (individual)

30% Nucleotide difference ~20% Nucleatide difference 1 - 5% Nucleotide difference

Well-established diversity More-recent daversity Rapidly evolving diversity

Fig. 42; Genetic Diversification of the HCV: 2%

Just as family trees depict the relatedness of human familie s, phylogenetic
trees such as the one shown here, depict relatedness between different
genetic sequences. A computer program has compared corresponding
positions of many HCV genetic sequences and represented the degree of
correspondence graphically. Al members of each of the 6 major branches
(the genotypes, numbered 1 -6) are defined by shared genetic
characteristics. Genetic variability exists at three levels. HCV genotypes
(numbered 1 -6) represent the highest level of divergence and p robably the
most ancient splits among HCV sequences. Each of the 6 major genetic
groups contain a series of more clos ely related subtypes, typically different
from each other by ~20% compared with >30% between genotypes.
Genotypes la, Ib and 3a are now widely distributed due t o unscreened
blood transfusion and shared injection drug use, and now represent the
vast majority of infections in Western countries. Each person is infected
with a broad range of viral varian ts referred to as quasispecies, which
exhibit up to 5% sequence differences.
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Finally, it should be stressed that viral mechanisms other than
mutation are liks} to also play a role in immunsubterfuge?®%? we
suspect that HCV mutation may only be a factor in viral persistence,

which requires further stud§’>>**

SUMMARY OF HCV IMMUNOLOGY %22

Chimpanzee and human studies suggest an inverse relationship
between the extent of CTL (cytotoxic T cell) response in early infection
(which may have quantitative and qualitative components) and the

likelihood of viral persistence.

Fundamentally, the effectiveness of a T cell vaccine will depend
upon efficient induction and maintenance of an adequate repertoire of
HCV-specific memory cells. Given that the principal site of HCV
replication and probably antigen prasaion is the liver cells, this may
require or (at least benefit from) preferential memory cell induction and /
or maintenance in the liver. This could be problematic because the liver is
the site where T cells could be tolerized or removed, propertas th

perhaps contribute to viral persisterf¢e®>

Several studies have examined multiply HCV exposed but
seemingly uninfected individuals and found apparent HpP¥Ccific
CD4+ and CD8+ T cell response following stimulation with HCV protein
antigens. Altlbugh this suggested the possibility that HEpecific T
cells could endure following subclinical exposure, concern existed that
such T cells may have been low affinity, cross reactive cells rather than

true HC\tspecific memory cells that could respond mally to
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processed antigens. CTL characterized from liver biopsies of chimpanzee
studied during and after acute shtfited infection confirmed that HCV
specific memory cells could endure for at least 18 months. The latter
study hinted that CD8+ T cellsight reside preferentially in liver tissue.
More recently, HCVspecific memory CD8+ T cells have also been
shown to endure in humans who clear the virus. Persistence of HCV
specific memory CD8+ T cells following sdlfmited infection suggest

that virusspecific CD4+ T cells similarly persist§?%°

While antibodies appear to select HCV envelop protein variants,
clear evidence that antibodies protect against natural infections remain
elusive. Although many experiments suggested that high titer antsbodie
directed against certain structural antigens, especially envelop
hypervariable regions (HVR) might at least modulate or even potentially
protect against HCV infection, conclusive evidence that antibodies
reliably afford protection is still lacking, pactilarly against different
HCV strains, and putatively protective antibody titers may yet prove to
sustain. So while antibodies appear to exert selective pressure upon HCV,
the ability to terminate infection remains uncertain, particularly against

differentstrains and genotyp&&%>°

In up to 50% of people, HCV infection is associated with the
presence of antibodies that bind to each other and precipitate out of
solution when cooled below body temperature. These are called
cryoglobulins. When these abtidies deposit in small blood vessels,
inflammation add blockage can occur (a condition known as vasculitis)
and give rise to related damage and clinical syndromes. Vasculitic

damage is most commonly apparent in the skin and ki&#éy.
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HCV in Egypt

It appears that there are endemic strains which have persisted in
specifc locations for many centurieshdse can be readily idengfl by
viral genotype. Tere have been iatrogenic outbreaks leading to massive
spread of spedd subtypes in counés sweh as Egypt (genotype
4A)*"*8 Clinically genotype information on the virus is of major
importance in dehing response to conventional as well as newer

therapies™

HCV infection isa major health problem in Egypt®®! The
current standard of carefor hepatitis C infection is
peginterferon/ribavirin, it gives higher sustained response rates in
genotype 2/3rifected individuals %°* But in Egypt the infection is due to
genotype 4A for which is lessfatted by this type of therapy, beside its
high cost and numerous serious sidéeefs®® The lack of vaccine for
HCV infections, the high cost of the drugs specially in -ioaome
countries with a high prevalence of HCWeffective therapy and the
rapid emergence of new drugsistant viruses haveged a growing need
for developing new, moreffective less costlychemotherapeutic agents
with less side décts for successful HCV treatmeat HCV infection is
more common in patients with low socioeconomic status. In addition,
they are immunocompromisedy parasitical infections such as
Schistosomiasis and pollution of food by laabxins and toxic

carcinogenic insecticidés.
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Role of AFA in HCV infection®®

Several compounds were extracted from blue green algae including
a protein called Cyanovirihl (CV-N) which appears to irreversibly
inactivate diverse strains of HIV vird® CV-N has antiviral activity
against HCV as it inhibits HCV entry into host cediislow nanomolar
concentration§®Also, blue green algae compounds selectively inhibit
the penetrations of enveloped viruses (Herpes simplex, human
cytomegalovirus, measles virus, mumps viruslugeza virus and HIV
virus) into host cells thereby preventing replicatitfis®® Also,
consumption of AFA has rapidfefct on the circulation of imune cells
in humans® The WHO approved that the daily intake of AFA algae is 2
g/day (WHO)***

Takeshita et al. (2009) at the university of Miyazaki in Japan
believed that since HCV is localized in the liver and can take 20 gears
more to developethto disease, dietary supplement might hdtpwsor
stop disease progressigfiConsumption of AFA has rapidfetts on the
circulation and function of immune cells in humardensen et al.
(Chapter No.9)* conducted a randomized, placetantrolled stugl to
examine the shotterm efects of consumption of 1.5 grams of the blue

green algae Aphanizomendog$aquae (AFA), on the immune system.
They found that consumption of an AFA results in rapid changes

in immune cell trdicking i.e. generalized mokihtion of lymphocytes

and monocytes, but not polymorph nucleated cellbis Tincluded
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increases in CD3+, CD4+, and CD8+ T cell subsets and CD19+ B cells
with reduction in relative proportions and absolute numbers of Natural
Killer (NK) cells. The polymorh nucleated cells showed a mild but
significant reduction in phagocytic activity. In vitro, AFA did not induce

a direct activation of Ilymphocytes, as evaluated by tyrosine
phosphorylation and proliferative activityh@y concluded that AFA
increases the mmune surveillance without diregtlstimulating the

immune systerft’

Recently there have been many sciecdify-controlled studies
analyzing the immune enhancing properties Agfhanizomenon lbs
aquae (AFA) from Klamath Lake, Oregon. On the basis & th
Provisionally Tolerable Daily Intake (PTDI) | value established by the
WHO, a guidance Vv ailRI®AFA dlgaclwasigsuetdni cr o cC
for AFA algae in the USA and the daily intake of AFA alga&ig per
person weighted 60 KJ'

Many patients in Bypt including those who are not eligible for
IFN/ribavirin, cannot dbrd treatment, or fail to respond to IFN, use
natural products as alternative treatment for HCV infection.

212 studied the dect of one month

Baicus and Tanasescu(2002)
treatment of Spirulina (extract of blue green algae) on serum
aminotransferases and general state, compared to placebo, in 24 patients
with chronic HCV. They found no dkect on the level of
aminotransferases with improvement in the general status. However,
these rest$ may be due to the very short duration of treatméso et

al.(2007)*f ound t hat tcérotemee linoleic aidbathrates b
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present in considerable amounts in ARRRd vitamin D2jnhibited HCV
RNA replication in a cell culture system andaththeir combination
caused additive and/or synergistféeets on HCV RNA replication.

The first study designed to evaluate théeeft of combination of
natural products in Egyptian patients with chror€CV, conducted by
Zaki Sheir, Gamal Badra et al.(2013) *** in collaboration between
Mansoura University and National Liver Institute, Menoufya
University, Egypt showed that combination &FA (although the dose
used is less than 104 WHO recommendations for economic causes
most propably!!!!????)Vitamin D, black seeds, olive oil and honey
and chloroquinanay have a role to achieve SVR in combination with

recent direct acting antiviral drugs for HCV infection.

Methods: Patients with detectable HCV RNA with different stages of
fibrosis and cirrhosis fesing or unit for combined Interferon Ribavirin
(INF/RBV) therapy or patients who failed to achieve sustained
virological response to INF/RBV from April 2009 to March 2012 were
included in this study. All the patients received combination Blue green
tablet(each tablet contains 50mg AFA2 tablet/30 kg once daily;
Vitamin D: 1000 IU/day; tea spoon fled paste made of linolenic acid,
black seeds powder and honey; and 250 mg chloroquine once daily for 10

days and then every 3 days through the duration cdplye

This study enrolled 195 HCV naive patients refusing INF/RBV
therapy. Also, patients who failed to achieve sustained virological
response to combined Interferon Ribavirin therapy (INF/RBV) whether
PEGylated or conventional interferon were includiethey stopped the

antiviral treatment at least 3 months before recruitmént.
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This study included patients with f#rent stages ofidrosis and
patients with compensated cirrhosis. All the patients were treatd f
from coinfections as schistosonsig, helicobacter pylori and bacterial
infections. Also, nutritional deciencies were treated before starting
treatment of HCV viral infection with a combination of natural products
of (Blue green® tablet one tablet/30 kg, vitamin, tea spoed paste b
black seeds, olive oil, and honey) and chloroquinesarly phase of the
study the Hect of two tablets daily was not satisfactory so we increased
the dose in weight base to 4 tablets daily (equivalent to 100 mg AFA/ 30
kg BW) This dosing was more coewuient to the patients with less cost.
Patients included in the study fuiéd the following inclusion criteria:
their age 18 years or older, positive ARV antibody, detectable serum
HCV-RNA by quantitative PCR. While patients were excluded if there i
evidence of HCC, severe concurrent medical disease such as severe
hypertension, heart failure, sigiént coronary heart disease, poorly
controlled diabetes, chronic obstructive pulmonary disease and pregnant

women were excluded”

All patients weresubjected to full history taking and thorough
clinical examination and the following tests before treatment: abdominal
ultrasonography, AST, ALT, serum bilirubin, serum albumin,
prothrombin concentration, complete blood count, serum creatinine, viral
markes (HCV Ab, HBs Ag). IHA for schistosomiasis and helicobacter
antigen in stool were tested for before treatment. Detection of HCV RNA
level by PCR quantitative measurements by COBAS Amplicor 2.0,
Roche Molecular Diagnostics, Pleasanton, CA, USA (lowert liafi
detection of 50 IU/mL) was done before treatment. All patients had been

followed up every three months with physical examination,
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hematological studies, liver and kidney function tests and abdominal
ultrassonograms. Quantitative HERNA by PCR test wadone for each
patient afer 3, 6, and 12 and 18 months of treatniént.

Variables Value
Age at presentation (years): Range 20-76
Mean £ SD 47.8+9.03
Gender (M/F) 132/63
Bilharziasis n (%) 57 (10.8)
Ascites n (%) B (3.4)
DM n (%) 17 (9.8)
Liver n (%) (Abdominal ultrasound)

MNormal BO (40.8)
Fatty 91 (46.9)
Cirrhotic 24 (12.2)
Spleen n (% )(Abdominal ultrasound)

Normal 125 (64.2)
Mild enlarged 62 (31.9)
Huge 5(2.4)
Splenectomy 3(1.5)
Previous IFN therapy n (%) B(4.1)

Table 10: Demographic data of the included patients.
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Variables Mean * SD

ALT range 513124026

AST rangs .66+ 30,07

Total bilirubin range ?:;,:I?fgjg

PG range 711 16,08

Creatinine Range 8:5;5&14

HB Range ?2%-5126;;52.%

WBCs Range 479,41 + 1983.08
Platelets Range jlggg;?;g[f?zgag,sz
Initial HCV RNA Range gggﬂ?ﬁﬁ??ﬂﬂﬂ«ﬁ

Table 11: Initial liver functions, serum creatinine and complete blood

picture of the studied cases

Variables
ALT before treatment
ALT after treatment
AST before treatment
AST after treatment

Bilirubin before treatment

Bilirubin after treatment

*Wilcoxon test

Mean £ SD Paired ttest p-value
52.87 +3B6.97
| 3.28 =<0.01~
3812 +16.47 _
53.46 + 36.11
- 2.69 <0.01*
41.61 £ 17.27
0.96 £ 0.29
0.63 =0.057
0.98 £+ 0.34

Table 12: Differences b etween liver functions before and after treatment.
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Variables No (%)
Rapid virological response (3 months)

Responder 67 (34.4)
Early virological response (6 months)

Responder B2 (42.1)
virological response at 12 months of treatment

Responder 107 (54.9)
End treatment response (18 months)

Responder 125 (64.3)
Two log decrease of initial HCV RNA

Positive 129 (66.1)
Negative B6 (33.9)

Table 13: Virological response of the studied cases.

Results: 195 patients with chronic HCV were included; mean age 47.8 +
9.03 years, 67.7% males. All patients have chronic hepatitis. 24 patients
hadcirrhosis. 82 (42.1%) achieved negative HCV RNA after 6 months of
treatment. After 12 months of treatment, 107 (54.9%) patients had
negative HCV RNA. 125 (64.3%) patients achieved ETR after 18 months
of treatment. Moreover, 4/6 (66.6%) patients with corabitHCV and

HBV showed undetectable HBV after 3 months. Two out of 8 (25%)
patients who failed to achieve SVR with previous (INF/RBV) have ETR.

® Responder

® Non responder

Fig. 43: Virological response after 6 months of treatment.
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® Responder

® Non
responder

Fig. 44: Virological response after 12 month s of treatment.

® Responder

® Non
responder

Fig. 45: Virological response after 18 months of treatment.

Variables Mean * SD p-value
Age 47.81+ 853 >0.05
ALT 52.51 + 39.96 *>0.05
AST 51.49 + 32.93 *<0.05
Bilirubin 0.93 + 0.32 *>0.05
Serum Albumin ’ 3.99 + 0.34 ' >0.05
INR ’ 81.25 + 2594 ' >0.05
HB ’ 12.43 + 1.55 ' >0.05
WBCs ’ 4600.00 + 2103.97 | *>005
Platelets | 121000.05 + 7436556 | *>0.05
Initial HCV RNA | 347851.32+ 10992855 | *<0.01

*Mann Whitney test

Table 14: Univariate analysis of age, liver functions, CBC and initial HCV
RNA in relation to end treatment response.
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Variables Mean * SD p-value
Age 46.32 £+ 7.64 >0.05
ALT 50.45 + 24.04 *>0.05
AST 58.80 + 30.82 *>0.05
Bilirubin 1.15+ 049 *>0.05
Serum Albumin 3.94 £+ 0.34 =0.05
INR 59.57 + 4.67 >0.05
HB 12.33 £ 3.37 >0.05
WBCs 4825.00 + 1558.58 *>0.05
Platelets 172750.00 + 97448.70 *>0.05
_ Initial HCV RNA 1462923.71 + 205800.24 *<(0.01
*Mann Whitney test

Table 15: Univariate analysis of age, liver functio ns, CBC and initial HCV
RNA in relation to 2 log decrease of initial HCV RNA.

70 ¢
60 -4/
s0

40 -
B Responder
30 A W Non responder

20 1

10 A

3 months 6 months 12 months 18 months

Fig. 46: Virological response after treatment.
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Introduction to HIV immunology:*®

There are two types of this virus: H}, which is the primary

cause ofAIDS worldwide and HI\A2, foundmostly in West Africa.

Disorders of the Immune System: AIDS

Virus RNA

Cell DNA

New virus
particle

\([_.;\] I aII\I
L ANCER
INSTITUTE

Fig. 47; Disorders of the immune system, AIDS

When the immune system is lacking one or more of its
components, the resultis anmuned e y c i e n ¢ yYheskidisoodersl e r .
can be inherited, acquired through irifes, or produced as an
inadvertent sideeffect of drugs such as those used to treat cancer or
transplant patientsAIDS is animmuned ey ci ency di sorder
virus that destroys helper T cells. The viagpies itself incessantly and
invades helper cells and macrophages, the very cells neededy@anize
an immune defense. The AIDS virus splices its DNA into the DNA of the

cell it infects:;the cell is thereafter directed to churn out new viruses.
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Fig. 48; HIV, the virus that causes AIDS. Viruses released from infected
CD4+ T cells soon spread to neighboring CD4+ T cells, infecting them in
turn.The individual viruses, colored blue in this scanning electron
micrograph, are extremely small; over 200 million would fit on the period

at the end of this sentence. AIDS destroys the ability of the immune system
to mount a defense against any infection. HIV, the virus that causes AIDS,
induces a state of immune deficiency by attacking and destroying CD4+ T
cells. Antigen shifting refers to the way a pathogen may defeat the immune
system by changing its surface antigens and thereby escaping immune
recognition. Pathogens that employ this mechanism include flu viruses,
trypanosomes, and the protozoans that cause malaria. Autoimmune
diseases are produced when the immune system fails to tolerate self
antigens.

Role of AFA in AIDS

In 1989, the National Cancer Institute (NCI) announced that a
number of extracts from blegr een al gae were found t
active against the AIDS vird& NCI has searched ¢hworld for natural
plants and organisms that display active anticancer, antivanad

immuneenhancing effects. A relatively high percentage (about 15%) of
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agueous extracts from freshwater and marine algae, cyanobacteria,
marine invertebrates, and tetresd plants have exhibited activity in the

Nati onal Cancer | -argiviral screeniagipmograf? i mar y

Upon further investigation,a new class of HIV inhibitory
compounds called thsulfonic acid containing glycolipids wassolated
and tke pure compounds were foumal be strikingly activeagainstthe
HIV virus in the p24 viral protein and syncytium formation assay$®>
Since this discovery, there has been Meestigation into other species
of bluegreen algaefor compounds witharti-viral properties. Some
conpounds worthy of mentionnclude aprotein called cyanovirirN
which appeardo irreversibly inactivate diverse strains of the HIV virus

andseems tanhibit cell-to-cell and virusto-cell adhsion>®

Other studies using a water gble extract of blugreen algae
have found a novel dalted polysaccharide named cataigpirulan (Ca
SP)thatact as anantiviral agent. Thixompoundappeardo selectively
inhibit the penetrationof envelopedviruses (Herpessimplex, human
cytomegalowrus, measlesvirus, mumps virus, influenza A virus, and

HIV-1) into host cellstherebypreventingreplication?*2%%2%

Numerous studies indicate that cultured or harvesteddrkeen algae
may represent a novel source of compounds that inhibit sever
transcriptase viral aivity, including that of HIV1.2"*®® For instance,
naturally occurring sulfolipid portions of glycolipids in blgeeen algae
have demonstratggowerful antiviral propertiesThrough in vitro and in

vivo experiments, a sulfategolysaccharide derivedrdm bluegreen
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algae was demaitrated to be superior to dextran sulfate (DS) against

human immunodeficiency virus type 1 (HI), %%

Extracts of microalgal polysulfates appear to: (1) block HIV
replication in cell cultures dbw concentrations without toxicity to the
host cells; (2) inhibit celtell adhesion of HIV at its primary binding
sites; (3) possibly act synergistically with aHiiv drugs; (4) be very
slow to cause virudrug resistance and show activity against HIV
mutants that become resistant to reverse transcriptase inhibitors, such as
AZT and others; and (5) have the potential to be effective in a vaginal
formulation to protect against HIV infecti6®. The dficacy of
microalgal polysulfates in therapy or prevemm of retroviral and
opportunistic infections needs to be further demonstrated in animal

models and humans.

Compounds and extracts from blgesen algae, as well as other
microalgae, showing HIV inhibitory activity are often active against other
retroviuses such as Herpes simplex virus types 1 & 2, simian
iImmunodeficiency virus (SIV), cytomegalovirus, measles virus, mumps

virus, and influenza A virug®289-2%

Marine microalgae were screened for in vitro inhibition of viral
replication for African swe fever virus and viral hemorrhagic
septicemia virus of salmonid fish. Two out of ten specof marine
microalgae testegroduced a significant inhibition of both viruses in a
dosedependent manner. These two viruses were used because of their
major ecmomic importance. Thus, extracts from marineroalgae may

have prophylactiatility against fish and mammalian viral disedse.
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A team of medical researchers reviewed over 200 documented
medical cases and concluded that AFA blgieen algae may be ipé&ll
in the treatment of chronic fatigue, Epstein Barreation, chronic ear
infections, AIDS, and other conditions involving viral infectiort® An
earlier retrospective study (1996) documented numerous improved case
outcomes related to viral mononus$es and Candida albicans (yeast)

infection 2%

B-Allergy and Asthma

"If you are sitting on a tack, it takes a lot of aspirin to make it feel ¢food.
you are sitting on two tacks, removing just one does not result in a 50

percent improvement."

‘Feidney Baker.Detoxification and Healing. 1997

Disorders of the Inmune System: Allergy

interleukins Allergen

|y
y Medlators

| B cell Plasma cell Mast cell

Mature
helper
Tcell

Arw—.d by Joorrw Kely ©2004

Fig. 49; Allergy
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When your immune system malfunctions, it can unleash a torrent
of disorders and diseases. One of the most familiar is allergy. Allergies
suchas hay fever and hives are related to the antilkadyn as IgE. The
y r tme an allergyprone person is exposed to an allergien instance,
grass polleat h e i n sIB oelis thaka large amounts of grass pollen
IgE antibody. These IgE molecules attach to grawalgaining cells
known as mast d¢ls, which are plentiful in the lungs, skin, tongue, and
linings of the nose and gastrointestinal tract. The next time that person
encounters grass pollen, the lgEmed mast cell releases powerful
chemicals that cause the wheezing, sneezing, and syingptoms of

89,90

allergy.

Allergen
Plasma cell

All
lgE antibodies

e

Histamine and
other chemicals

Allergen

Mast cell

Fig. 50; An allergic reaction. This is an immediate hypersensitivity
response, in which B cells secrete antibodies of the IgE class. These
antibodies attach to the plasma membranes of mast cells, which secrete
histamine in response to antigen -antibody binding.

According toJames Breneman. former chairman of #nFood Allergy
Committee of theAmerican College of Allergists. "The incidence of food
allergy s greater than the incidence of any other type aésnaffecting
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mankind. Bysome estimi@&s. 60 percent of the population
haveunknown food intolerances or allergies:

Pediatric studies published in the Japanese journal Redidtrics in
1962 reported theise of decolorized green algae in the diets of infants
sensiive to milk and soybea formulas. The algae reduced allergic
sensitivity and provided a range of nutritional factansfd
in ordinary milk productsAlgae powder has also been usedhe United

States to reducseasonal pollen allergié&’

Two studies have found that the inclusion of blgeeen &gae in the
diet contributes t@ reduction of anaphylactic and immune type allergic
reactions in animal studies. These resultsgagy that blugreen algae
may contain compounds that adb inhibit mast celmediated,
immediatetype allergic reactions’**"* Positive effects were found in
both in vitro studies with lymphoid cells from the spleen and

mesenteric lymph nodes, and in vivo studies with live anirffials

Researchers at Massachusetts Generalpitdbs affiliated with
Harvard MedichSchool, found that algal oilsgnificantly reduced blood
levels of arachidonic acid in rat$ Arachidonic acid prduces molecules
(leukotrienes)that trigger allergic reactions and contribute to water
retenton (ecema) and puffiness. These molecules mayll¥)0 times
more problematic than histamine in contributing to asthmatic bronchial

constriction®™
A daily dose of betzarotenefrom an algae extract, demonstrated a

protective effect against exerciggduced athma. Of thirtyeight patients

given 64 mg of algal betearotene extract daily for one week. 55%
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were protected from exerciseduced asthma. All of the patients in the
placebo condition showed a significanpostexercise reduction of

breathing in a fored expiratory volume test®

A pilot study that used a survey developed by the National Center for
Healh Statistics (1996) reportetewer allergies, skin problems, and
asthma among AFA consumers. The algaersascored significantly
betterthan averag on numerous measures of health, when scores were

compared to normative baseline ddta

In anotherresearcha significant reduction was observed in parents'
reports @ their children's allergyype symptoms during a thremonth
trial on AFA supplemeiattion. This study included 26 children and used a
standardized health symptom checklist as well as a number of other test

instrumentg™

In Japan blugreen algae is reported "to forestall pancreatic
exhaustion amh return balance to the flow afhzymaticsecretions®’
Good digestion requires that the body secrete sufficightolehloric acid
and pancreatienzymes into the stomach to process foods. Certain food
allergies can be dced to poor digestion combinegith "leaky gut
syndrome" that allows undigted proteins to enter the bth the immune
system reacts tthese large molecules as foreign invaders. "AFA blue
green alga contains @denes and chlorophyll, both which are able to
dramatically stimulee specialized cells around thetestiral wdls to
secrete lubricatingnaterial and thus help to prevent this type of allergic

reaction®® The omegeB fatty acids are likely to bieelpful as well.
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3- Auto-immune diseases

Disorders of the Immune System:
Autoimmune Disease

Pancreas

LATIONAL
PN
NSHTUITE

Fig. 51; Autoimmune disease

Someti mes t he I mmune [tyss bireakm 0 s re
down,and the body begins to manufacture antibodies and T cells directed
against the bodyodés own c e-antibediegsnd or g
as they are known, contribute to many diseases. For instance, Thaells
attack pancreas cells contribute talbtes, while an autoantiboégiown

as rheumatoid factor is common in persons with rheumatttiiitis **°

AFA effects on the autonmune diseases is multifactorial;

1 Immunesystemmodulation i.e. normalizing the immune system
1 Anti-inflamatory andantioxidant effects (phycocyanin and other
antroxidants) i.e. reducing inflammation and tissue damage.

1 Stem Cell mobilization i.e. regenerating dead cells.

Each of these effects is discussed in its specific chapter.
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4- Immune complex disorders

Disorders of the Immune System:
Immune Complex Disease

Glomerular basement
membrane of kidney

004

Large complex

Endothelial cell

Artwork by Jaanne Kelly, £2

Small complex —

Fig. 52; Immune complex disorders

Immune complexes are clusters of interlocking antigens and
antibodiesNormally they are rapidly removed from the bloodstream. In
somecircumstances, however, they continue to circulate, and eventually
they become trapped in, and damage, the tissues of the kidneys, as seen

here,or the lungs, skin, joints, or blood vess&1®

AFA by providing immune system modulation, amflammatory
and antioxidants effects and stem cells mobilization can protect the body

from its sequalae..
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STEM CELL MOBILIZATION BY AFA

Introduction

Numerous studies performed by various scientiteams
throughout the world, including the National Institute of Hé4lthave
clearlyestablished that the higher tleeels of circulatingadult stem cells
the better the ability of the body to maintain optimal health. A recent
publication in the NewEngland Journal of Medicifi& reported that the
level of adult stem cells in the blood was one of the best indicators of
cardiovascular health. Elevating the number of adult stem cells in the

blood has been shown to improve health in many way&*"*

Many different types of stem cells are being used in research and
clinical practice, on a global basisxamples of these stem cells include,
Human Embryonic Stem Cells (ESC), Human Cord Blood or Placental
Stem Cells, Adult Stem Cells (ASC) and evemai stem cells (live cell
therapy).Spurred by political considerations, much attention fregently
been brought to the issue of using embryonic stem dmllsesearch

purposes and for the development of treatmentedious diseases’

Embryont stem cells (ESC) are cells harvested from embilyais
have nearly unlimited capacity to regenerate and becomkiaahyf cell
in the body. In the embryo, they are the initial precursbérsll the cells
destined to become the brain, heart, muscles), flanes, etcWhen
transplanted into an adult, embryonic stem ce#lge the ability to heal

and repair ay organ in which they are trgpanted, providing an
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extremely usefultool for the treatment of various degenerative

diseased!®3%

Treatment withembryonic stem cellbas either been shown or is
suspected to I mprove various degener
diseases, diabetes, heart diseasewell as degeneration of the nervous
system. Knowledge of the potential of embryonic stem cellseating
various health conditions emerged in the 1960s and gained significant
momentum in the 1980s. However, research involving E&ived
significant opposition owethe years because of the aloys ethical nature
of harvesting cells from live humaméryos andoecause of the door it

opensto research involving genetinanipulation of humang?

Although the use of human umbilical stem cells tends to overcome
ethical problems, work in this field poses special technical challéffges.
These circumstansenave led to major interest in the use of ABCASC
procedures stem cells are harvested, grown, manipulated and
reintroduced® The overall objective of ASC treatments is to implant
ASC which are often coaxed down a pathway of differentiation toward a
specific adult somatic cell type in order to replatiseased or ailing

tissues®®

Adult Stem Cells are pluripotent and they have different degrees
of versatility in their ability to engraft and replace damaged tissMb#e
some ASC appear limited their ability to differentiate into different cell
types, many recent studies show that such cells (especially stromal bone
marrow or adipose tisstierived) may have great versatility, in some

circumstances’ 34,
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Elegant biotechnology research is lgeiandertaken to transform

harvested ASC into highly specializ

potential treatment of dif® orders suc

There has been a great deal of high quality research in the
application of ASC treatments, esjpally in the field of human bone
marrow transplantationHowever, there have been reports of poorly
performed ASC treatment in off shore locations which are alleged to be
poorly equipped or devoid amportant ancillary services to make ASC
treatments da and effectiveRecent revisions to U.S. laws that govern
stem cell treatments (Obama legislation) have produced widespread
interest in the development of stem cell treatment facilities, especially in
centers of healthcare excellen@éhile stem cell theapies are advancing
I n a meteoric manner, al | current

series of disadvantages or limitatiofs

Innovative scientists have been working on the potential use of
mobilized insitu ASC, as a non invasive form of mste cell
treatment?** This is the process of Induction of AduBitem Cell
Recruitment (IASCR)A decade of research has led to current proposals
that endogenous or in situ ASC (most notably bone marrow stem cells)
can be mobilized from their niches inetbody, with the result that they
may migrate to various organs and engage in tissue repair or
regeneratior”” **** While somewhat futuristic, it has begmoposed
that there may be several means whereby endogenous ASC could be
released and promoteid differentiate into desired cell types to treat

specific organ damagé& This proposal is supported by major advances

o)
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in the characterization compounds that can induce stem cell

differentiation to specific cell types-itro.*?

The proposed, non ingave technology of IASCR has obvious
advantages over the processes of harvesting and reintroduction of ASC.
These processes form part of current complex treatment pragfains
has emerged that several pharmaceuticals or natural substances are
capable ofmobilizing ASC from human bone marrow deposits, but some
uncertainty surrounds the ability of mobilized ASC to home into damaged
tissue and undertake a process of recruitment that will produce the
desired treatment outcome of tissue repair or regenerdtiowever,
diseased or damaged tissues provide complex signals to attract
regenerative stem cells and the body has a built in homing system that it

utilizes when ASC are &%t of an #fin

The development diASCR representa new horizon in stem cell
treatments that could make stem cell therapiesenportable and cost

effective

Adult Stem Cells at Work

Adult Stem Cells are ubiquitous in the body and they live in
ini cheso i # Mostesearah hag bernspemed with ASC
of bone marrow origin, where stem cells are encouraged to proliferate to
support the presence of blood components, often followiegrow
ablation.It has beerstated that the very presence of ASC in adults poses
questions concerning the exadefinition of a stem ceff® While
scientists have no problem in discussing the potential of several stem or
progenitor cells to form new cell types or engage in tissue renewal, the
concept of fAsYémnbdssefemdsgesamessoO |
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stem cell to produce different cell types and their ability to engage in self

renewal?

There is a large body of clinical and scientific literature that
demonstrates the pluripotential of bone marrow A%&* Bone marrow
ASC have been harvestadd reinjected into patients, following varying
degrees of laboratory manipulation, in order to treat the consequences of
degenerative diseas®ariable success is apparent in somecaotal
reports on the internethe results of many of these studies egported
in animal experiments in great detail, but many human experiences
remain quite anecdotal in their descriptions of clinical outé6hBone
marrow ASC are engaged in the long term replenishment of all blood
elements, but they are composed of augrof norhematopoietic ASC
(stromal cells) which are precursors of bone, cartilage and skeletal

tissues®® 34

This limited view of ASC has been overturned by many
observations of the ability of these ASC to form a much wider range of
specific cell tygs that may play a pivotal role in tissue healing and
cellular replacement or regenerati6t*? In simple terms, ASC in a
variety of niches in the body could migrate and translocate to a site of
tissue damage where they may undergo cellular differentiahat

improves organ structure and functidh’** 3+

For exampleGoodell et. al. (2001) **° recently described how AScan
migrate from the bone maw to the heart and contribute to cardiac
muscle repair and thdormation of new blood vesseldtar ischemic

injury (cardiac inérct).

(1)



STEM CELL MOBILIZATION BY AFA

In brief, highly purified boe marrow stem cells were geroatiy
modi fied to produce a f |l ustenecelisent
were killed through irradigon. Then the genetically mddid stem cells
were transplanted into their bone marrow, leavingflherescent bone
marrow stem cells as the sole source of availabden cells. Cardiac
arrest was subsequently triggered in the mice doyonary artery

occlusion.

A few weeks later, the engrafted fluocest stem cells had
differentiated into cardiac musclacgendothelial cells, which ctorbuted

to the formation of functional cardiac tissue, as well asvlead vessels.

Coronary artery
ligated, inducing

Infarct

Fig. 53; Stem cells carrying a gene encoded for a fluorescent protein were
trans -planted into irradiated mice. Cardiac arrest was triggered by ligating
the coronary artery. Three weeks after the ¢ ardiac arrest, up to 68 percent

of the necrotic area was filled with functional fluorescent cardiomyocytes

[ 104 )
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Orlic et al. (2001)** carried an experiment that clearly
demonstratethat the simple fact of enhancing the release and circulation
of adultbone marrow stem cells could lead to significant healiing. re
searchers induced cardiac infarct in two groups of Tats.controlgroup
was kft to recover on its own, while the experimental groepeived
injections of ASCreleasingcytokines during 5 days after the infarct.
After one month the survival rate in thentrol group was 17% and upon
functional and histogical analysis the animalsowed severe sigs of
cardiomyopathyln the eyerimental group in which circulation &SC
was stimulated during 5 days pestarct, the survival rate was 73%.
Upon functional and histological analysis it was determined that newly
formed cardiac tissuead developed, along with full functional blood
vascularization, and that the cadifunctions were virtually noral. The
simple fact of stimulatingASC release during 5 days pastarct was

sufficient to bring near complete recovéry

Similar migration of bone marrow stem cells and subsequent
regeneration of tissue was also suspected to take place in theltrain.
doubleblind study including 40 patients suffering fromar ki nsonos
disease, injection of stem cells derived from seweneightweelkold

embryos slowed the progression of the diseasa#f if the 20 patients*

Likewise, there is evidence indicating tlss¢m cells could reverse
symptoms of Al hei mero6s di sease.

Studies were therefore conducted to investigate whethercsisn
injected intravascularly or endogenously released from the b@msow

could cross the bloedrain barier, migrate, then differerdte into brain
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cells. Bone marrow stem cells, along with monocyed macrophages,
were shown to have the ability to cross kheod-brain barrier and reach

th e bra.| n335,347-349

Intravascular delivery of genetically marked adult mouse bone
marrow stem cells into lethally irradiated normal adult mice leth&
development in the central nervous system of daleoived cellshaving

neuronal properties (neuronal phenotyp&s).

After eight totwelve weeks, it was estimated that about 0.2 to 0.3
percent of théotal number of neurons in the brauere derived from the
bonemar r ow. The authors wroteadultin Our
cells from the marrow can gairc@ss to the adult brain andsame

characteristics of cefitral nervous

Similarly, Mezey et al. (2000) showedthat in a strain of mice
incgpable of developing cells of the my&loand lymphoid lieages,
tranglanted adult bone marrow stem cells migrated into the brain and
differentiated into cells thaxpresed neurorspecific antigens. Baveen
2.3 and 4.6 percent of all neurons were detenived. Someneurons
were observed with axanprojectiors and apparent ddritic trees. The
authors suggested that bone marrow stem ceilfht naturally migrate
into certain regions of the brain and give rieea variety of neural cell
types, thus implying a greater potential f@generation of the central

nervoussystem than had been traditidly expected™®

[ 156 )
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Based on information produced by various scientific tedersen
et al. (2002)*** recently proposed the Stem Cell Theory of Healing,
Regeneration and Repair (Figurd) 5This breakthrough theory suggests
that bone marrow stem cells would leave bone marrow and travel
throughaut the body, providing for heialg and regeneration of damaged
organs during the entire lifetime ah individual. In other words, adult
bone marrow stem cells may bee natwal mechanism that the human

body utilizes to healegenerate and repair.

Signalling from Bone
fissues

Skeletal °
muscle

. Bone marrow
stromal celis

Cardlac cells

& Neurons
‘ 2
- e

Fig. 54; Stem Cell Theory of Healing, Regeneration and Repair
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According to this theory, there is no need to harasbryonic
stem cells, manipulate the then renject them ind individuals.
Regeneration can take pkasimply by stimulating the lease of stem
cells from the bonenarrow and stimulating their guiation into tissues.
The task is therefore simply to find natuca@mpounds able to stimulate
stem cell release and maion. Suchcompounds could be used for the
dai |l y enhance menatural mdchanisim eof héabnd yari s

regeneratiori-> 3

The only such natural compound known to date is AFA, which has

been recently shown to stimulate stem cell release and noigraii dose

of 5 grams of AFA was shown to increase the number of circulating stem

cells. Based on this information, a patent has been filed and recently

obtained regarding t he us e of AFA f

di sease, Al z h e i esanultiple schbriosssecardiae arrest i a b et

recovery, and regeneration.

More recently, AFA was shown to contain arsdlectin

blocker that acts as a mild stem cell mobilizer. Consumption of a

proprietary extract of AFA that concentrates thedlectin blockr was

shown to lead to an average increase of 25% to 30% in the number of

circulating stem cells within one hour of consump@dn.

The ability of bone marrow stem cells to differentiate into a wide

variety of specialized somatic cells such as cardioytgsc hepatocytes,

pancreatic RBcells, skin cells and skin appendages, and even neurons has

been well documentet®>*®
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In_essence, bone marrow stem cells constitute the natural repair

system of the bod¥° It is not surprising, therefore, that a higheumber

of circulating stem cells has been linked to greater health outcdrfies.

%%\When tested in an animal model, this proprietary extract of AFA was

shown to enhance tissue repair after cardiotexriduced injury to the

tibialis muscle®’

In thar classic article in Medical Hypothes{2002), Jensen and
Drapeau describe a hypothesis to support some of the components of
whatis termed IASCRIn brief, these scientists highlight the importance
of the ability of ASC to target and grow at locatiorigissue damage and
the ability for this migration to occur after induced mobilization of ASC,
most notably from bone marrowhere are other steps to be applied to
the concept of IASCR which may include the use of agents to protect
stem cells or improveheir functionality and enhance their ability to
differentiate into the desired types of adult somatic ctéiany authors
confirm the pluripotent properties and ability A5C to migrate within
the body33*°

Such studies include the ability of bonemow ASC to become
functional myocytes, hepatocytes, osteocytes and cells otehgal
nervous system.Available scientific information permits a clear
conclusion that ASC have an ability to migrate from their tissues sites of
origin and undergo cellutaifferentiation that results in a variable degree

of repair of many diffenat tissues?
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The laboratory identification of ASC involves a check for the
presence of three characteristics that are hallmarks i s t.&isth) e s s 0
the cells must be able tenew themselve®d’ Second, the cells must have
an ability to differentiate into specific cell types and, third, the cells must
be transplantale with functional engraftmenf characteristic of all stem
cells is the presence of telomerase, an importarker found in cancer
cellsl.The presence of telomerase has led to proposals that many types of
malignancies originate in stem cells, as a consequence of disorganized

cell division *?°

Summarizing the Concepts of IASCR

EMobilize ASC from bone marro w and other niche locations
EIncrease circulation of ASC with semi -continuous, safe stimuli.
(Herbs, botanicals and nutrients are preferred to drug
approaches, (they cost less, and have less side effects)

EProtect ASC from oxidative damage

FEncourage homing to desired target organ (?)

FIn-vivo assistance in the differentiation of ASC to replace cell
OUPAO 1T £ OEA AEOAAOAA 1T OCAT E/
peti-AEOES6 ADDPOT AAEQS

F A body of research demonstrates that human bone marrow
ASCareabA O1T OEIT T A ET6 11 AEOAAO
into many cell types.

Table 16. The concepts of how to utilize the Induction of Adult Stem Cell
Recruitment (IASCR) (Holt, 2009) ***

The residual argument that promoting ASC activity in humans
could lead to the development of cancer is not supported by current

scientific knowledge or experimentatioAt present, it appears to be a
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reasonable and safe proposal that ASC may be mobilized in the human
body withaut significant adverse effect$® The use badult stem cell
technology has been perceived as widely acceptable in medical practice,
because it rests on the relative safety and effectivenessnarhbone
marrow transplantatigrout regulatory issues concerning the use of adult

stem cell therapy meain to be defined withlarity.*®

The discovery of AFA stimulatory effect on stem cells was
reported by Christian DrapeBtin an article namedhe Discovery of
StemEnhancpublished iIHEALTHSPAN CANADA winter 2009/2010

"It all started in the late AW0s when the cyanophyta
Aphanizomenon flosquae, usually abbreviated as AFA, was discovered
by schoolteacher who was looking for a source of exceptional nutrition to
improve theacademic performance of childrede began testing AFA,
and as this naturddlue-green algaeplant was shared with a growing
number of people, marlyegan reporting testimonials and stories of how
the consumption of this seemingly benign plant had transfonpeegle's
health and lifeWhen the Dietary Supplement Health and Educafct
(DSHEA) was passed in 1994, the Act required companigsoide a
scientific basis for any claim made about a diesupplement. | was
hired to investigate the mechanismsaction behind the health benefits
experienced by hundreds thibusands foconsumers of AFA. The starting
point for ourresearch was to review the health benefits reported by
consumers, with the intention of bringing the thousandtestimonials
down to a list of body systems that mightdfkected by consuming AFA.

In other words, we wanted to trip reduce all the reported benefits to just

a few aspects diuman physiology, and then design scientific protocols

101



STEM CELL MOBILIZATION BY AFA

to study the effect of AFA on these physiological procesgésen our
review was completed, the evidence on AFR&fectspointed to benefits
for the body's inflammatoryunction, as well as fothe nervous and

immune system¥®

Over the course of the next five years, through numestudies,
we did identify three compounds produced by AB#at specifically
affect thes aspects of human healBpecifically, we described in AFA
the presence of phycocyania,compound well known for its positive
effect on thanflammatory functionWe also discovered that AFA was an
exceptional source of the biogenic amine, PhenylethylarfPEA), a
compound well known for its effect on mood, mentdrity and the
sense of mental energ¥inally, we discovereda polysaccharide that

supports various aspects of the imméumaction >

But while we were identifying these compounds in A&#d their
effects on health were being described in vargiudies, a small number
of people were also reporting benetitat could not be explained by the
presence of theseompounds. The most challenging part of this whole

scientificventure was actuallthe wide variety of the reported beneffts.

People were reporting benefits touching virtually every sysiém
the body!'How could one single plant affect so many aspettsuman
health?This mystery persisted for a number y&ars.Then one day a
colleague gave me an article entitlédT ur ni ng Bl ood
(published inScience DailyDecember, 2000)his article discussed how
stem cellsoriginating from the bone marrow could naturally migrate to
the brain and become brain cells. Soon after, abientificarticles were

published describing the ability of bone marretem cells to become
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heart cells and liver cells. We then bedhimking that if stem cells can
become cells of the brain, livand heart, then why not other types of
cells? And moe importantly, if this process was truly taking place in the
body, then it had to be with a purpose: it had to be the natarswal
system of the bodyVe were especially interestedthis renewal concept
because it occurred to us that isabstance we to support stem cell
function in the body, thea wide variety of health benefits would be seen,
because steroells travel to different tissues in different peoplaybe

we were onto something®
So our goal for this new research was to answer twestopns:

1. What if stem cells constituted the natural renewal system of the
body?

2. What if AFA supported the release of stem cells from the bone

marrow?

Our indepth review of the scientific literature publishexdker the
past few years clearly reveal that, indeed, bonmarrow stem cells
constitute the natural renewal system of boely. Then we went into the
lab and studied the effect of AFdn stem cells and were able to show

that AFA supports theelease of stem cells from the bone marroit
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Difference between AFA and StemEnhance

Difference from AFA StemEnhance is a @atied and clinically
studied blend of two concentrates fr¢AFA) : An L-selectin ligand that
supports the release of stem cells from the bone marrow, and a
polysaccharide thaupports the migration of stem cedist of the blood
into tissuesln the process of making StemEnhance, they also concentrate
phycocyanin and PEA, as well as many vitamins and minefalsse
compounds are concentrated approximately 5:1, which meahsrha
average one gram of StemEnhancetams 5 times m@ of these

compounds than one gramAfFA.**

Mechanism of AFA stimulatory effect on SCs***

Much recent research has focused on the role of selectins and their
ligands in mobilization of bone markostem cells. L selectin belongs to
the selectin family of cell adhesion molecules involved in cellular
migration during normal immunosurvillence and inflammatory
conditions. Lselectin is best known as a homing molecule for
recirculating lymphocytes toecognize high endothelial venules during
the process of extravasation and for leukocytes to recognize and home
inflamed tissues. However-$electin plays significant roles in other
physiologic cell adhesion processes as well including the retention vs.
release of bone marrow stem cells into the blood circul&tion.
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Of special importance are the findings that engagement-of L
selectin by some ligands will modulate the expression of CXCR4
chemokine receptor. The CXCR4 receptor specifically recognizes the
chemokines stromal derived factor 1 (SDF 1), which act as a potent
chemoattractant for stem cells and assists in retaining stem cells within

the bone marrow environment.

The chemoattractant properties of SDeon stem cells has been
shown invitro as well aswivo to be directly associated with recruitment
of stem cells in to kidney and liver. The mobilization of recruitment of

stem cells is associated with repair of the CNS, heart and other iSsues.

Stem cells mobilization and homing involve a series gfr&ein
coupled receptor that can interact with each other as well as with
adhesion molecules. It proposed that loss of responsiveness twards
CXCR4 may be one of several contributing mechanisms that allow some
bone marrow stem cells to detach and leagebitne marrow as a part of
embolization process. The use of selectin ligands has been proposed as a

mechanism for stem cell mobilizatidf

The study involving human SC mobilization was triggered by a few
cases of empirical evidence that consumptioramfextract from AFA
enriched for LSL, resulted in unexpected extent of recovery after
traumatic injury to CNS. The mobilization of SC is complex but involves
two key features?®

1- Interference with the adhesion of SCs to the BM vgelectin and

2- A reducton of the chemotactic response to SDFia the CXCR4
chemokine receptor.
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We found that AFA contain a novel compouthét specifically bind
to the ligandbinding area of human-gelectin. It is composed of two
subunits with apparent molecular weight aroubdt57 kDa under
reducing conditions. This compound differs from the 100,000 kDa from
AFA previously described. This ligand for humassélectin, precipitated
from AFA water extract (AFAN) was able to modulate the functional
response on human lymphocytés vitro and interfered with up
regulation of CXCR4 when BMSCs were exposed to another LSL |,
fucidan. In parallel to human BMSCs, the primitive CB84 KGla cell
line was responsive to-telectinmediated upegulation of CXCR4,
possibly due to its stagof differentiation being comparative to a subset
of BMSCs. The ability of AFAW to down regulate the expression of
CXCR4 on BMSC and KGla, but not K562, suggests that this ligand

could play a role in SC mobilization from BRA®

This may specifically hae relevance for mobilization of SC from BM
to the circulation, as it has previously been shown that interference with
SDFR1 CXCR4 axis is a primary mechanism of stem cell mobilization
from BM. The LSL may have a direct role on SC release, as LSLs have
been proposed as a therapeutic method for SC release and increase of the

number of circulating SCs.

A double blind placebaontrolled crossover study involving 12
healthy subjects showed that consumption of StemEnhance (AFA extract
enriched with this liganddesulted in small but significant increase of the

number of circulating CD34SCs peaking at one hour after consumption.

®The effect was statistically signif
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individual on many occasions, the increase in numberrofileiting SCs
after consumption of StemEnhance averaged 52 # 18% and varied
greatly from 96% to 333% of baseline value. Interestingly, the average
response in the one individual tested repeatedly on 16 different study
days and the average responseStemEnhance in the double blind
randomized study involving 12 people wsimilar, with an increase in
CD34 cells at 153% vs. 125% respectively. The hypothesis that
StemEnhance transiently increases the level of circulating 234 is
supported by sigficance for difference between the two treatments and
the interactions of this difference with person and time. This suggests a
significant consistency in the response, despitetdalay fluctuations,
which may contributed to an undestimation of the esponse to

StemEnhance in the double blind study.

The increase in the number of circulating CD&dlls peaked within 1
h after consumption of StemEnhance. This is in contrast with the
response time seen with the known mobilizer granulocyte celony
stimulaing (G-CSF), factor the response of which peaks after a few days
of injection. It is believed that @SF triggers SC mobilization by
activating proteolytic activity in the marrow, which degrades 8DF
interferingwiththe SDRH u CXCR4 axi s.

More compaable to StemEnhance is the response to CXCR4
antagonist AMD3100 that peaks around 6 hours after injection. This
supports the view that the effect of StemEnhance on SC mobilization may
be caused by LSL, dowregulating the expression of CXCR4. The

magnitudeof the mobilization obtained with StemEnhance (135%80) is
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much smaller than what is seen with GSF and AMD3100. Recent
studies using the aforementioned factors have added evidence for the
potential role of SC mobilizers in the mitigation of differergedises such

as cardiomyopathies, kidney failure, multiple sclerosis, stroke, wound
healing as well as many other health conditions. Such compounds,
however, can only be used for short periods due to their severe side
effects moreover the extreme increaséhe number of circulating SCs is

not required for achievingealth benefits®

Tamoda and Aoki (2003) quantified the level of circulating SCs in
the victims of AMI and reported that individuals with more SCs showed

greater recovery of ejection frém 6 months after the incidefft.

Werner et al. (2005) related the risk of cardiovascular incidents in
519 patients with coronary artery disease and concluded that the level of
circulating CD34" endothelial progenitor cells predicted the occurance of

cardiovascular events and death from cardiovascular ca{fses.

Another study carried out By. Douglas Shytle et al. (2010)*" to
examine the effect of AFA extract on the proliferation of ASC in vitro
concluded that AFAC (AFA cellular concentrate ) ethdrextract when
studied in combination with ND20 (a nutraceutical formulation
promotes proliferation of hematopoietic SCs in vitro and protects SCs
from oxidative stress when given chronically to mice in vivo ) had an
additive effect on both human BMCsch@D34 SCs in vitro. When

examined alone the various AFA extracts have modest effects to promote
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the proliferation of human BM or human CO3LCs in vitro. This
preliminary preclinical study suggest that¥Z0 plus an ethanol extract
of AFA cellular conentrate may promote the proliferation and health of
human SC population.
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IMPROVED CELLULAR REPAIR

Improved Cellular Repair

NnThe <cell s 1T mmortal. | t IS mer el \

degeneratesRenew this fluid at intervals, give the cells what they require

for nutrition and. as far as we know, the pulsation of life may go on

forever . o
—Alexis Carrel, 1924
[Carrel, winner of two Nobel Prizes, kept the cells of a chicken alive for
38 years.The cells eventually died because of a custodial error made by

his lab technicia.]

nOn the one hand, I mmortal ity rel eas

survive, which is the basis of eqotistical struggle. On the other hand,

mortality lends life a timdéimited sweetness and preciousness. How

interesting that we mortal organisms aremposed of 75 trillion cells

which have some connection with immortality? How possible is it to

connect to both sides of this polarity by embodying both the human and

the cellular levels of consciousnes&®"

—Susan Aposhyayi, 1999

Blue-green algae, saet i fi cally called Acyano
bacterial forms, lack a nucleus. In other words, its genetic material is not
surrounded by a nuclear membrane, liket tb& higher plants and

animals.

As Earthods first phot osypendoesi zer s
sunlight for their food supply, yet were also vulnerable to damage from
that same energy source. "Ultraviolet (UV) radiation has provided a

challenge for the evolution of life on Earth. On the one hand. UV
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radiation is a mutagen, arguably the mogtortant naturally

occurring mutagen. Genetic novelties, the result of mutations, are the raw
material of evolution. On the othedV radiation is a selective agent
because it affects metabolic processes from photosynthesis to vitamin D

formation, and cases DNA damagé”*

The effects of solar radiation were especially powerful around 2.5
to 3.8 billion years agb when bluegr een al gae were one
living inhabitant® and the protective atmospheric ozone levels were less
than 1% of presentVee | s . Wit hout today' s prot
blue-green algae had to develop a host of powerful antioxidant pigments
and protective agents, including carotenoids. and phycobilins. Today all
plants can trace their chloroplast genetic struétubeir ablity to
photosynthesiZ® back to cyanobacted@ However, while solar
radiation in the visible region is critical for photosynthesis. UV radiation
Is present as well, and is damaging to life, especially to unprotected DNA

close to the membraneds surface

The amazing thing is howeffective microalgal antioxidant
pigment solutions have proven to B&dleobiologists. such as J. William
Schop. describe how some bigeeen algal species have changjgbk in
the last few billion years Fossils of blgeeen &gae from central
Australia, dating back more than 3.5 billion years, reveal early forms that
are quite similar to living species today. It appears that-gpaen algae
achieved a sort of biological perfectinvith perhaps little need to
evolved accompanié by strong protective mechanisms that minimized

genetic mutationd?®
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A surprisingvariety of important biologicatnechanisms found in
microalgae are characteristic throughout the entire animal kingdom. For
example, the energyroducing mitochondria ofanimal cells are
hypothesized by some scientists to share common characteristics with
cyanobacteria. Furthermore, primitive molecular mechanisms for vision,
movement, circadian rhythms, and even human polypeptide ho#ikene
substances, such as acetylom®l and melanin, can be found in
microalgae speciess in all bacteria, the DNA of blugreen algae forms
a simple loop, without chromosomes or a nuclear membrane. Thus,
unlike nucleic acids in more advanced plant and animal species,
cyanobacteria! Nuclei acids can constitute from 4 to 7% of the
mi croal gaeds dry weight and. wi t hou

orally available'

The absorption and metabolism of dietary nucleic acids has received
little attention compared to that of other organic nutgglargely because
of methodological challenges in tracking cellular utilization.
Conventional wisdom was that nucleosides played no useful nutritional
role and were unable to survive the digestive tract. However, this old

perspective is rapidly changirg.

Scientists at the University of Goettingen in Germany have found that
significant quantities of orally ingestl nucleic acids are capable of
surviving the digestive process and are absorbed intact in specific cell
tissues, as demonstrated by radioactagging studied” Most
importantly, orally consumed nucleic acids displayed a strong tissue
regenerative effect. Might algal nucleic acids offer a sort of

bi oregeneration effecto that operat
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Additional proof is found in hen amiouse experiments conducted at
the Stable Isotope Laboratory in Baylor College of Medicine. Poultry and
rodent food rations were supplemented with radioactively labeled
bluegreen algae Labeled isotopomers of algal dietary nucleosides,
pyrimidine and puria, were detected in the experimental animals'
isolated hepatic RNA. The researchers obserkat large quantities of
dietary pyrimidine nucleosides and minimal quantities of dietary purine
nudeosides were incorporateddsinto t
without hydrolytic removal of the ribose moiet§In other words, these
laboratory results support the potential nutritional role for nucleosides
and suggest that pyrimidines are fies

genetically incorporated atcellular level.

Two studies by Devi and his team demonstrated the ability of algal
diets to stimulate the regeneration of blood serum and liver proteins in
rats>"® ** Because microalgal protein is composed of shorter and less
complex polypeptide chasd with an abundance of all essential amino
acid® it can be more readily utilized at the cellular level. One can think
of it as supplying the foundational building blocks for cellular repair in

easily usable form.

Might algal diets be able to confer to ethcells some aspect of
protection from genetic mutationsResearchers at the Institute of
Molecular and Subcellular Biology in Slovakia found that fredded
AFA blue- green algae demonstrated amtitagenic effects on bacterial
cells exposed to a mutag [a substance that disrupts DNA/RNA
transcription, causing mutations] using the standard Ames test. When the
algae powder was added to the cell culture at the same time as the

chemical mutagen, there was no benefit. However, if the algae
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powder was addedo the cell culture medium 2 to 24 hours before
exposure tdhe mutagenic agent, a sigodint antimutagenic effect was
evident®

The most intense suppression of mutagenic activity was achieved
when the algae powder was mixed in the cell culture umedi4 hours
before the addition of the mutageihis suggests that the algal
phytochemicals were utilized by the cell culture as a protective cellular
influence rather than neutralizing the chemical mutagen dir&zha
carotene derived from the microaldaunaliella demonstrates anti
mutagenic effects on human lymphocytes, as shown in a Chinese study
using in vitro micronucleus and chromosomal aberration tests.
The inhibitory effect of microalgaextracted betagarotene on
mutagenesis induced by both gamrags and mitomycin, a known

mutagenic agent, was demonstrated.

New research provides evidence that dietary flavonoids (i.e..
pigments) may help repair a range of free radical damage in DNA and
offer protection against strand breaks and base altesatioour cells'

genetic material.

Scientists at the University of Auckland. New Zealand, demonstrated
that antioxidant flavonoids can reduce the incidence of sstghad
breaks in irradiated solutions of dousieEanded DNA.in vitro. Using
advanced psk radiolysis measurements, scientists found that electron
transfer from the flavonoids to free radical attack sites on DNA appears to
result in a faster chemical repair, lessening the oxidative damage to
DNA %
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Steve Gagne, a macrobiotic counselor arti@uwf The Energetics of
Food (1990).reports that "Algae are the masters of regenerdtibey
probably are the most highly regenerative foods on the pi&nit.
support of this empirical observation, it is noteworthy that microalgal
extracts added toutture mediums dramatically increase human cell
survival rates. In 1984. a U.S. Patent (no. 4.468.460) was gramted
Kumamoto for HihaMeCkRbd €Ul ture. o des
‘A method of culture of human cells is disclosed which comprises
effecting the cultivation in a culture mediunoraining an extract of
microalgae. . said method permitting the normal successive cultivation of
human cells to be maintained efficiently without any morphological and
generic mutations over a greater numbksuccessive generations than

has hitherto been possibf&'.

Dr. John Apsley states. "l have spent nearly 20years focusing on the
places within biology where the Regeneration Effect appears the
strongest. In my opinion, the most rewarding places to ssudsound
undenatured chlorophyll and raw nucleoprotédmawing from the Nobel

Prizewinning work of Dr. Alexis Carrel. Apsley notes that regenerative

food is best obtained from young, e
can be considered an embryoniellcsource, since in a suitable
environment they may undergo rdpand massive cellular replioan

within a single day or two. Furthermore, accordingCarrel, avoiding

excessive heats essenti al as most WAregener a

when heaté above t he bodyos phyb, ol ogi c
optimal regenerative food®wtain a wide and balanced spectrum of trace
minerals, vitamins, all 10 essential amino acids, and essential fatty acids,

as found in freezdried AFA microalgag®
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Chlorophyll is considered to be a cell regenerator because its central
magnesium atom plays an important role in so many (325) different
enzyme systems. Also, as an antioxidant, chlorophyll may help to protect
our DNA during cell division, a very vulnerable tinne thelife of any

cell. Unfortunately, most of the published research on the regenerative
properties of chlorophyll is found in older or foreign medical journals,

which rely more upon natural therapi&s’®

Might a diet supplemented with algae inceeéife-span? 'In extensive
traveling, beginning in 192Rrofessor S. Kondo. of Tohoku University,
discovered that geographic region and especially diet play a determining
part in lifespans of the Japanese people.. On islands and in fishing
villages, peole eat less rice and salty food and more sea vegetables, with
the result that they live longer. The village of Oki Island, in Shimane
Prefecture, where the people eat plain food and soybeans and sea
vegetabled of which they are very forid has the highest aidence rate
of longevity of any.. place in the nation.. ~ and one of the highest in the

world 3%
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EFFECTS OF AFA ON CIRCULATION AND
HEART FUNCTIONS

"The human heart saf surpasses all knawmotors in Junctional
capacitythat we can hardly hope to inge on i, even with the most
ingeniousmachine produced by man.. .It beats 100.000 times per day.
Approximately 40 million times in a year.. It pumps two gallons of blood
per minute and.00 gallons per ha, through a vascular system of about
60.000 milesn lengthd 2.5times the circumference of the earth."”

-Bircher-Benner. Nutrition Plan for High Blood Pressure Problems.
1973

Albert Sanchez. Ph.D.. a public health expert who examined obesity
and hart disease risk factors in 248gh school students, reged. "We
are appalled at theolrendous diet that 80 to 90% of our children are
eating." to physicans at the 49tlannual conference of the American
College of Carditogy in Anaheim, California, ifMarch. 2000** More
than 80% of the students ate didiattexceeded theecommended levels
of total fatand saturated fat. with more than a third having elevated levels
of LDL ("bad") cholesterol. Furthermore, tipeesence of an early buildup
of fatty deposits in the carotid artery, aseaked by ultrasoundnages,
was not unommon. All these risk factors are predictive of heart disease

and serious health gotems only a fewdecades down the road.

Microalgae's potent range of antioxidants, in addition to its healthy
balance ofEFAs. offer topquality cardievascular gpport. "A high
consumption of ruit and vegetables, which are good sources of

antioxidants, is associatedth a lower coronary risk. More specifically,
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there is evidence of a reduced coronary righapulations with high

blood leves of the anbxidant nutrients, vitamins C and E. Evidence is
also accumulatg that diabetes and microwagar complications
associated with diabetes involve oxidative stress and compromised
antioxidant status.. .evidence is sti#ntly compelling to suggest that

artioxidants are potential therapeutic agents in the above condftfons

Dietary supplementation with algal betarotene may normalize the
elevated LDL oxidation in patientsith diabetes, and thus delay the onset
and further development of atheoteross in these patients. Temty
patients with longstanding nosinsulinrdependent diabetes mellitus were
studied in comparison with ageand sexmatched ontrol subjects.
Diabetic patients showed overall greater LDlidative effects compared
to thecontrols.An algaederived betacarotene supplement (60 mg daily
dose) wagjiven for 3 weeks. Upon supplementatianmarked reduction
in oxidative effects was seen in the patients. Supphtation with algae
naturallyrich in betacarotene appears to normalize thabeticenhanced
LDL oxidationlevels and consequently may tleimportance in delaying

the accelerated development of atherosclerosis in these péffents.

Researchers at the Univigysof California- San Francis found that
children with an inheritedendencyfor high cholesterol levels benefited
from antioxidant vitamins. Antioxidants seem to improve the condition of
blood vessels by helping to neutralize the free radical molecules or
“reactiveoxygen species" (ROS) that mpsevent endothelial cellging
the blood vessels from releaginitric oxide. Nitric oxide igesponsible
for the dilation 6 blood vesse.*"
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One animal study suggests that a bjueen alga’Spirulina maxima,
may decreaseascular tone by increasing the synthesis andselefibah
a vasodilating cycloxygenasalependentproduct of arachidonic acid
and nitric oxide, as wekls by decreasing the synthearsd release of a

vasoconstricting eicosanoid from the endothelial é&lls.

AFA algae has high concentrations of polgatwrated fatty acids
(PUFAs) which accent for almost 10% of its dry weight. Even more
important, it has high percentage e omega3 fatty acids, comparing
extremely favorably wit most plants, seeds, nuts, astier microalgae
The reasn AFA has mog concentrated amats of valuable PUFAs than
tropical algae like Spidina is that it thrives in a nun colder
environment. AFA compesates for the cold by manufacturing more of
the flexible onega3 and cisunsaturated fattyacids. (Cisunsaturated
formsof fatty acids are healthier than the trdatly acid forms,
because their curved shape further contributes to cell membra
flexibility.) Tropical algaeappear not to be as good a source of these

particular nutrients.

While both omeg&8 and omeg® forms of EFAs are important.
omega3s are seriousliacking in the standard American diet. AFA algae
contain andeal ratio of essential ome@ao omegab fatty acids and are
especially high in the essgad omega3 fatty acid, alphdinolenic acid
(3-5% by weight). Greenland Eskimos, whosediteonal diet was high in
cold-water fish that eat blugreen algae, had little cardiovascular

diseasé’®

"EFAs haw lubricing qualities and increase cell membrane

flexibility. They are known taeduce blood cholest@rand thus help to
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prevent cardiovasculansgase. . . EFAs are especiallyeful because of
the efficiency with which they increase the wgmlity of cholesterol
depositsand wash these deposits away from our artery walls.. As the
consumption ofish oils or essamal fatty acids found in AFA increases,
the tendency for bloodqelets to aggregate decreaand blood pressure

goes dowri'”’

Algae-derived omegs fatty acids may support heart function, reduce
blood viscosity, decrease arteriosdsis (adisease of hardened arterial
walls) and lower high blood pressure,cacding to research afvi Cohen
at the Laboratory for Micrealgal Biotechnology in Israel and Helen
Norman atthe United States DepartmentAgriculture’” the flexibility
of any cellmembrane is directly proportional to thenount and type of
polyunsatuated fatty acids (PUFAS) it contains. Research reveals that
algae supplementatioccan significantly reduce higbvels of arachidonic
acid (AA) in the blood and liver lipids and caussignificantincrease in
the percentages tfie omege3 polyunsaturated fatty acids (PB§).**

Dr. Rafail Kushak*® and colleagues demonstrated that AFA essential
fatty adds are more easily assimilatdthn those of soybean oil and offer
superior carsbvascular benefits. While both soybean oil and {gjteeen
algae contain the essential om&ydatty acid, alpalinolenic acid
(LNA). the sciatists found that rats requirédple the amount of soybean
oil in their diets to achieve the same level of aiating LNA as rats fed
algae. Also,AFA significantly increased both @sapentaenoi@cid
(EPA) and doosahexaeno acid (DHA) blood plasma lels far more
effectively than did soybean oif’ Both EPA and DHA are essential for
optimal cardiovascular anbrain function and can be synthesized in the
body from LNA
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Other studies suggest not only that bfireen algae provide an
excellent RJIFA source, but also that algads might help the body to
better utilize other vegetarian soescof PUFAs. R>r exang while
flaxseed oiloffers high levels of omegas. Many people have difficulty
assimilating them from teisource. Yet whemicroalgae is combined or
taken with vgetable oils, like flaxseed oiblood levels of omegas are
significantly increased. Tins, microalgae's ability to raise PUFA levels
might be a twefold adion: both acting as a superisource of PUFAs

and helping to aid the assimilation of other dietary PUFAs.

Microalgaederived DHA supplements markedly enhanced the DHA
statis levels in srum and plateletof healthy vegetarian subjects
Researchers also found a substantial increase of EFA awkearlg of
total and LDL-cholesterol: HDLEcholesterol ratios, suggestive of a
decreased risk factor fdreart disease in the DHA algslipplemente

479

group.” Microalgae supplementation may be especially irtgyar for

vegetarians who havelianited intake offish and egs.

Vegetarians, especially vegans who eat no animal products (i.e.. no
fish. eggs or dairy), tend to have lowaerum and platelgthospholipid
levels of DHA and EPA than omnivoré®. DHA is found in high levels
in the brain and retina, where it functions in mental performance and
visual acuity, respectivef§i' EPA and DHA mayhelp to reduce the risk
of developing cardiovascularsgases. Although vegetarsatend to have
a lower risk forcardiovascular disease, due partly to their lower serum
cholesterol levels, their tbmbogenic (stroke) risk factorsmay be

significant **2
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The ability of AFA algae to lower blood cholesterolanimals was
also reorted by Kushaks Massachusé&sneral Hospital research group.
Rats fed diets supplemented "with 10% dri®0 algae decreased their
blood cholesterol level to 54% and 25% of...[the levels of the] rats fed the
standard @t." The reseahers concludedhat the cholesterakeducing
effect of AFA is probably influenced by something other than just its
fatty acid coment. because both experimental arahtrol diets were rich
in PUFAs They popose that microalgal pigmentsich as chlorophlyl
might contribute to this cholestermducing effect.®®® Severé prior
studies had demonsteat lower blood cholesterol levels with the dietary
intake ofmicroalgae?®**®

Japanese White rabbits fed on atezek load of higkcholesterol diet
and pavdered Chlorella, showed significant suppression of total and
betalipoprotein cholesterol levels, along with less aortic atheromatous
lesions. However, rabbits in the control, with no algae in their diet,
showed a rhmatic increase in serum totaholeserol and beta
lipoprotein  cholesterol levels, with resulting symptoms of

atherosclerosi&’

Chlorella. both in powderform and in glycolipid (GL) and
phospholipid (PL) etracts suppressed the increageserum cholesterol
levels caused by the adminidtom of a highcholesterol dieto rats.
There was no signidant difference between using the algal powder form
or the extracts in terms effect on the serum lipid. Buhe algal extracts
were more effective in increasing the fecal excretion of steondstly
cholesterol, deoxsholic. and lithocholic acid). It was concluded that
algal extracts inhibited the baorption of exogenous steroidsnd

promoted the turnover of bile acids in the liver, which suppressed the
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increase of serum cholesterol levetsused by the higleholesterol

diet*®

Scenedesmus (a green microalga) powder fed to rats on a cholesterol
enriched diet prevented the excessieposition of cholesterol in their
livers. The algaesupplemented rat livers weighebout one third less
than the control rats. Also the levels of plasma cholesterol and
triglycerides were signifiaatly improved in the algasuplemented

rats*®

The docsalexaenoic acid (DHA) and alpHanolenic acid (LNA) in
certain mcroalgae support heart functiaand may hel prevent heart

90

attacks'® Also, the carotenoids that are so plaritih microalgae may

reduce theisk of heart diseas&®**!

Homocysteine blood levels are a significant predictor for risk of heart
attack, the number one killer of adult; m America®* Importantly,
homocysteine can be transformed into the an@om methioning its
beneficialalter fornrd with the help of B vitamins; especially folic acid in
conjunction wih B-6 and B12. Microalgae cam@in a variety of B

vitamins and methionine.

Dietary hyperlipidemia caused by a hiffuctose diet in rats was
improved by bluegreen algae suppientation. Male rats fed on a high
fructose diet (68%) showed heightened miipElemia. while
experimental,algaesupplemented rats had increased lipoprotgask

enzyme activity, along ith suppressed levels bfperlipidemia’®
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Hawaiian scientists have developed a way to grow and extract heart
heathy substances from microalga€urrently a randomized, double
blind trial is underway in association with Nligan State University, to
evalate whether astaxanthim, natural antioxidant from microalgae,
reduces blood sem levels of Greactive protein(CRP). CRP is an
indicator of lowgrade arterial inflammation and one of the &ng
strongest predictors of kf future heart problems in apparently healthy

men and womeft?

Dr. Krylov (University of lllinois) and colleagues concluded, after
examiningcase histories of patients witlypertension who had
consumed AFA blugreen algae, that this particuklgaeappears

promising for thereatment of hypertensidff
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Neurological aspects of AFA

N B I-green algae and my new diet hawelped me focus and
concentratdetter in school and on my homeworknh anore relaxed and
| don't havestomachaches anymore. | leamore frends now and my
mom is happietoo."

—Chelsea, 8 years old

INTRODUCTION

The brain contains and uses one of the highest concentrations of
nutrients of any organ in the bodyxygen consumption is the best
i ndi cat or 0 alhostieferyandecognzes bow vital oxygen is
to the brain. Unlike many organeg.{., the liver) that have cellular fuel
reserves, the brain is almost entirely dependent upon a continuous blood
supply for fuel. Chil drends brains a
active , and proportionally | arger than
weight, children eat more food, drink more fluids, and breathe more air
than adults, thereby increasing their potential exposure to toxins. Also,
younger ¢ hibraoh barieré amh intedtimalolidings are not as
developed and are therefore less protective than those of most adults. This
means that more incompletely digested foods and toxins can leak into a

childos bloodstream and brain.

Al | t hese fact or s eightened susceptidiliy tot o ¢ h |
dietary imbalances. The increaseslusceptibility of children to
neurotoxins from what they eat, breathe, and drink, is likely contributing
to the epidemic of neurobehavioral problems sweeping our country

today’® For example, mny pesticides used on food crops are
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specifically designed to attack the nervous system of p¥ggerous
industrialization andirbanization creates a greater discharge of hazardous
environmental wastes. Given that our nervous systems are designed to be
highly sensitive to environmental changes, the branespecially

vulnerable to theféects of pollution and stress.

The chemistry of the brain and nervous system is characterized by a
heavy investment in lipid chemistry which accounts for up to 60%sof |
structural material>’ Recent fossil evidence indicates that the rapid
expansion of our speciesd ancestral
coastal areas, where aquatic food rich in {chgin polyunsaturated fatty
acids (PUFAs), such as algae, mdfllsis crustaceans, and fish, was

abundant.

Some brain researchers have suggested that the development of the
human braid which requires up to 10 times as much energy as that of
other landbased mammadsdepended on a rich source of essential fatty
acids, espcially DHA (docosahexanoic acid). DHA is found in marine
and coastal food chains, but is not so easily obtainable on*fafidAs
the ultimate source of essential fatty acids in thelfoleain, algae may

have signifcantly contributed to the evolutiarf the human brain.

In addition to providing an excellent source of PUFAs, microalgae
potentially offer other neurologically active substances. Researchers in
Spain have described the effects of several species of algae on the central
nervous system. Aqoes extracts of two species of microalgae showed
antidopaminergic effects and anticholinergic propertiés” Extracts of

two other microalgae species showed promise as a central nervous
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system (CNS) depressant and a potential muscle rel@x&ertanly the
CNS effects of microalgal species may vary considerably, but

biologically active constituents are likely.

AFA has high concentratns of the building blocks
Aneopeptideso to help repair, rebui
in the brain,sda hat the br ai nds can eommunioage, or
at optimum effectiveness with the resttbe body, which is gredor
ADD/ADHD children. Intereshgly, nearly 50% of its lipid content is the
essential fatty aci@lphalinolenic acid (Omeg&). Omega3 fatty acids
supportthe immune system and build the white fatty myelin sheath
connective neural fibers in the brain. People who eat ARAa regular
basis report an overall increase in mental alertmesstal stamina, short
andlong term memoryproblem soling, creativity and greater sense of

well being®

AFA has a full spectrum of naturally chelated minematsl trace
minerals, giving the body the best access to thigaknutrients. There is
also a wide range of vitamins found AFA. One gram of Wild Blue
Green Algae gives 48% of theecommended daily reqeiment of
Vitamin B-1 (beta cartene), 133% of Vitamin B2, and significant
amounts of allthe B Vitamins. B vitamins are required for optimum
nervefunction, something that ADD/ADHDhHildren often lack®®

The cell protein wall of AFA is a source of glycogen, ubgdhe

liver for energy, which is one reason why people ofeport an increase

(2]
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in energy once they start eating AFA gives the body many nutrients
difficult to obtainfrom other sources, which could be why many people
who eatit report that it has helped offset obesity, depression, autism,
hypoglycemia, diabetes, ADD/ADHD, anemia, ulcers anany other

symptoms of nutritional deficienc$?

In brief?* rats fed a PUR-deficient diet (coconut oil)
supplemented withAFA (which contains mosthalphalinolenic acid)
showed blood levels of alpHmolenic acid (LNA; 18:3w3)
eicosapentaenoic acid (EPA; 20:5w3) and docosahexaanmiq DHA;
22:6w3) greater than levels found rats fed the control dietontaining
soybean oil, inspite of the fact that tremount of PUFA in the

experimental diet was orfeurth the amount preseint the control diet.

B Soybean

B Coconut

B Algae 10%

EFA (% of lipids)

a-linclanic EFPA DHA

Fig. 61; Adding AFA (an exceptional source of Omega-3PUFA) to the diet
was shown to significantly increase the level of blood PUFA.

Increased plasma levetf EPA and DHA have been assated
with nervous membrane stability and cardiovascular health, while
decreased levels have been associated with Attention Deficit Disorder,

depession and cardiovascular disedses.
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Moreover Omega3 fatty acids are an essential dietary factor in
combating inflammation. Patients with the lowest levels of essential
omega3 fatty acids tend to be the most severely depressed, while healthy
control sulects are more likely to have normal levels of om8gaas

measured in red blood cell membraffé

Alternative Docbr recommendations for lowerinigflammation.
Without doubt the most important amiflammatory supplements are
omega3 fatty acids EPA and DHA (eicosapentanoic acid and
docosoheaenoic acid). In 2006, researchers analyzed results from six
published studies on depression and onrfefmtty acids. They found that
omega3 fatty acids can significantly reduce symptoms of depression
among adult® Omega3s are best obtained from marine sources and
true grasded beef. Vegetarians will need plant sources, sudlaaseed.
Dose: 1000 2000 mgdaily. DHEA, an important hormone precursor,
also has antinflammatory properties. Add nettle leaf eadt and vitamin
K.622

Note thatomegé f atty aci ds, although
far too prevalent in modern diets and considerably outweigh o3®ga

This creates a relative ome8aleficiency.

According to a recent study, depressed people ltaverllevels of
omega3 fatty acids compared with the pidlammatory omeg® fatty
acids, and the severity of symptoms correlated with the ratio of efhega
to omega3 fatty acids. Moreover inflammatory markeysinterleukin 6
(IL-6) and tumor necrosis faco r U-U)@T shbwed a direct

correlation with the omegé: omega3 ratio®*
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Studies among prison inmates Bgrnard Gesch in the UK report
that aggression and violence is reduced, as well as mood improved, by
supplementation with ome¢h fatty acids. Aparently the chance of
being murdered is 30 times greater in countries with a low fish
consumption, according tdoseph Hibbeln MD, working at theUS
National Institutes of Health (NIH).?*

To lower you omeg® intake, cease eating manufactured food and
rely instead of healthy whol®ods, such as fruit, vegetables, salads and
fish. Consider also enzyme formulas which contain bromelain and
papain, possibly with pancreatic extract. These digestive enzymes

dissolve analean up prenflammatory chemical copounds’®
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INTRODUCTION TO NEUROLOGIC DISORDERS

Chronic stress has long been held responsible as a primary
contributor to neurotransmitter imbalance. Stress, both physical and
emotional can lead to increased neurotransmitter excretion by the neurons
in order to help the body cope with the situation. Acute stress is generally
well tolerated by the body and normally does not lead to significant
neurotransmitter imbalances. In contrast however, chronic stress will tax
the nervous system and over time dapleeurotransmitter supplieBoor
dietary habits may also contribute to neurotransmitter imbalance,
particularly when coupled with stress. The production of these brain
chemicals is dependent upon sufficient levels of amino acid precursors.
Diets which ag low in protein may limit ie supply of these amino

acids®* %!

In the situation where the neurotransmitter concentrations are too
low, they will be unable to simultaneously engage enough of the post
synaptic receptor sites needed to continue a mes3&gs disrupts signal
transduction and important messages may not be sent. Another common
situation is that the levels of certain neurotransmitters become too high
and as such, the frequency of inappropriate signals that are relayed
increases. Thisinces ed signaling can be descr.i
it difficult for the neurons to discern between incoming signals that are

important against those background signals that should be igff&féd.
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Why choose nutrients over drugs?

The pharmaceutal industry has developed hundreds of drugs
designed to treat a whole host of mood disorders. The vast majority of
these drugs work directly upon the function of neurotransmission. A
major drawback of these drugs however, is that they only affect the
transportation or release of existing pools of neurotransmitters in the
body. If the diet does not provide sufficient amounts of neurotransmitter
precursors, then there may not be enough neurotransmitters to properly

relay signals within the nervous sgst, een if the drugs are us&d®*

PHENLETHYLAMINE (PEA)

AFA is a Unique Source of PEA(Phenylethylaminejlividuals
have reported discontinuing their antidepressant medications after a few
months of AFA consumption. Moreagenerally, people have been
repating an elevation of mood, an enhancement of mental energy and

mental clarity, and an increasequnality of life*

The type of effect reported by consumers was consistenttingth
presence in AFA of a neuroactive amino acid or a biogenic arAme.
effort was then made to search for such compounds, and smientific
analysis has revealed the presence of the biogenic amine
phenylethylamine (PEA) in AFA. PE (it is alsofound in chocolateis
well known to alleviate daression and elevate mood, andliays an
important role in the patlygnesis of learning disabilities and Attention
Deficit Disorder?
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PEA, a compound naturallyrgduced by the brain, is resmble
for the feeling of experienceassociated with pleasure amdental
awareness. For exgie, when one is absorbed by an activitye
painting, sculpting, or reading a fascinating book, when the vesddnd
seems suspended and nothing can disturb us, when weanesh and
hunger goes awayn isuch moments PEA is being guzed by the brain
Likewise, PEA is released in the brain when erperiences the feelings
of love and joy. For this reason, PEAHag en coi ned At he me
| ove. 0 When t ak e ntoeaddylcrbsg the bib@ini s kno

barrier and become immediately ade in the brair!” %

In the brain, PEA acts by increasitige concentration of dopane
in the synaptic cleft, thereby enhancing dopamine transmission.
Dopamine is a neurotransmitter associated with the sensatmeasiure.
PEA has also been showndahance norepinephrine transsms in the
brain. Norepinephrine is also involved in the experiertfe joy.
Enhancing norepinephrine transmission in the brain incredlses
experience of joy and reduces appetite. For example, if an animal is
implanted with an electrode in an area of the braoncentrated in
norepinephrine, and thedectrode is activated by a pedal that déimémal
has accest®, the animal will diregardfood and water and will press the
pedal relentlessly until exhaustion to elicit electrical impulse in this

area of the brain’%*

This ability to modulate doparme and norepinephrine transisiisn
provides PEA with interesting properties in alleviatidgpression and
Attention Deficit Dsorder, while increasing condestion and eleating

mood .577-631
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In many previous Nutritional News articles, we have addressed
some of the major players involved in mood disordstghas serotonin,
dopamine, glutamate, gaba, norepinephrine and epinephrine. In this issue,
we would like to focus on henylethylamine (PEA) which is a
stimulatory neurotransmitter that increases mental activity and alertness.
PEA is classified as a minor neurotransmitter, this means that there is less
of it; however it does not mean that it has any less significancestima
of the other more well known and studied neurotransmitters. Early
findings originally suggested that PEA was only a neuromodulator in that
it altered the function or release of the major neurotransmitters, however
in 2001 scientists discovered a retogspecific for PEAThis then meant
that classification for PEA changed from a neuromodulator to
neurotransmitter as PEA has the potential to relay messages on its

0Wﬂ.577_631

Where does it come from?

PEA is synthesized from the amino acid phenylalanuie
aromatic amino acid decarboxylase. It can be seen ifighee 62 that
phenylalanine, tyrosine and-LOPA are all amino acids which can be
used to support catecholamine synthesis. Phenylalanine however, will
also increase PEA levels while the othemir@o acids further downstream,
will not affect PEA. Understanding of this biochemical pathway becomes
very important when choosing appropriate nutritional interventional

therapied?%!

What role does PEA play in specific clinical conditions?

When takerorally, PEA is known to readily cross the blebrdhin
barrier and be immediately available in the brdins normally rapidly

degraded by the enzyme monoamine oxydase (MAO), however AFA was
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also shown to contain compounds that inhibit MAO activity, hog

for a longterm modulation of brain activity?> "
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Fig. 62; PEA structure **!

In the brain PEA acts by having a greater affinity for thaptke
mechanism for dopamine in psgnaptic vesicles.Therefore, when

present in the brain, PEA isgtured into the prgynaptic vesicles and
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occupies the space normally taken by dopaniihés leads to an increase
in free circulating dopamine in the psgnaptic terminal and a higher
concentration of dopamine diffusing into the synaptic cleft, enhgncin

dopaminergic transmissior!

ROLE OF DOPAMINE TRANSMISSION IN PLEASURE

Dopamine is one of the main transmitters responsible for the
sensation of pleasurdlany compounds known to alleviate depression
are known to enhance dopamine transmissiDopamine is also

associated with attention and concentrafioii®*

AThe dopaminergic and opioidergic reward pathways of the brain are
critical for survival since they provide the pleasure drives for eating, love
and reproduction; these are called ndtteevards' and involve the release

of dopamine in the nucleus accumbens and frdotsds. However, the

same release of dopamine and production of sensations of pleasure can be
produced by ‘unnatural rewards' such as algohoocaine,
methamphetamine, hemy nicotine, marijuana, and other drugs, and by
compulsive activities such as gambling, eating, and sex, and by risk

taking behaviorg>2%%

However, serotonin, norepinephrine, GABA, opioid, and
cannabinoid neurons all modify dopamingetabolism and apamine
neurons. We have proposed that defects in various combinations of the
genes for these neurotransmitters result in a Reward Deficiency
Syndrome (RDS) and that such individuals are at risk for abuse of the

unnatural reward&*%3
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ROLE OF AFA IN DEPRESSION

It was discovered more thawo decades ago that the amount of
PEA in the brains of depressed patients was less than that of normal
individuals and that PEA given orally to individuals suffering from

depression was able to reverse the depressivdition®’">"

Oral intake of PEAmay increase PEkevels in the braimnd may
alleviate subclinical sympoms of depressionA decrease in the brain
levels and/or turnover of endogenous PEA mtagrefore play a major
role in theetiology of certain drms of d@ression. In fact, it has been
observed that many antidepressdnig treatments act by increasing the
level of PEA in the braiff>>*

In one study, when taken orally (10 mg/dayEA was shown to
decrease the symptoms adépression in 60 pezat of the patients tested.
The patients did not develop tolerance, and P&#Rained effective over
time. None of the sideffects associatl with conventional antidepisnt
therapy wa experienced (i.e., nausea,tigae, decreased libido,
cardiovasculamproblems). On average, patiert&l not gainweight, in
fact many actually lost the weight they had gaired the previous
conventional antidepressant therafyAFA contains on average 2 mg/g
of PEA, and an AFA extradtas been developed that containstad.0
mg/g of PEA. Dailyconsumption of one gram a day of AFA extract could
constitute areffective therapeutic approach in the treatment of depression

andother affective disorder&?
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In some studies, patients with depression have exhibited decreased
PEA levels, whilst some schizophrenic patients and ropisgchopathic
subjects were associated with increased levels. In other research,
administration of the precursor amino acid phenylalanine has
demonstrated the ability to improve depression on its awhexen the
therapeutic outcome when usesl an adjunct to some antidepressants.
PEA has also been associated with the antidepressant effects after
exercise. This observation determined that the excretion of a PEA
metabolite increased by 77% during a 24uthperiod which included 30
minutes of moderate exercise compared to the previous 24 hour period in

which subjects atiained from physical activif}’

Biochemically, PEA acts as an excitatory neurotransmitter and
modulates neuron potentials to favour utgmate activity and
neurotransmittefiring. As such, patients who have low PEA and related
symptoms such as depression and fatigue are likelst to have the best
outcome when their therapies include products like Orthoplex Inkephalin
which contains 40fg of phenylalanine. In saying this, products which
contain phenylalanine, may not be suitable for patients who present with

anxiety or insomnia and potentially have elevated PEA 1&¢/els.

Phycocyanin, the blue pigment in AFA, is a natural selective COX
2 inhibitor with strong antinflammatory properties, which suggests it

may also act directly against the inflammatory component of depréssion.
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ROLE OF AFA IN ATTENTION DEFICIT DISORDERS

PEA AND ATTENTION

Decrease in the concentration of PAA in urihas also been
associated with attention deficit disorder (ADD), and oral intake of PEA

was shown to alleviate ADD.

Baker et al. (1991)°*® examinedUrinary excretion (24r) of beta
phenylethylamine (PEA), phenylacetic acid (PAA), phenylalanine (Phe),
ard p-tyrosine (Tyr), and plasma levels of PAA, Phe, and Tyr were in 18
normal children and 26 children diagnosed as having attedabait
hyperactivity disorder (ADHD). The results indicated that urinary
excretion (expressed per of creatinine) of freeand total PEA was
significantly lower in the ADHD patients, and plasma level$bé and
Tyr were also decreased in the ADHD subjects compared with the normal

controls.

However, unlike amphetamines, PEA is endogenous to the brain
and PEA may proveto be a safe andeffective alternative for the
treatment of ADDdoes not develop tolerance or dependency, noritoes
produce any sideffects.Likewise, methylpheniate (Ritalin®), the most
prescribed drug for thenanagement of BD, is believed to act by
stimdating the release of endogenous norepinephrindP&f PEA may
therefore prove to be a safe andeetive alternative for the treatment of

ADD. In fact, preliminarydata indicates that AFA has beeiffieefive at
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significantly improwng concentration and emtal pe&formance shortly

after consumiion.>%°°8°

Marnee Foldoe’s So n o ma St at e Uni versity
documented that eating AFA improved Attention Deficit/Hyperactivity
Disorder (AD/HD) symptoms in three elementary schdablents. She
examined thee hi | dr end s, teacherso, and par
caused the noticeable improvements in these diagnosed children.
Interestingly, none of the teachers attributed the improvements to the
dietary intervention, whereas the parents were convincece#timg the
AFA made the biggest difference. Only the children reported that
multiple factors were involved their own volition, eating AFA. and
social factors. Unfortunately, teachers in this small sample appeared to be
completely unaware that diet couldave any strong influence on
AD/HD.*"

A team of medical researchers headed by Dr. Krylov of the
University of lllinois concluded, after examining hundreds of well
documented case histories, that AFA appears promisindpdarreatment

of depression andD/HD as well as several other health challentjés.

A pilot study of several thousand AFA consumers indicated that
symptoms of AD/HD, depression, and memory difficulties improved with
AFA consumption. This study was based on mediaa¢stonnaires
similar to those used in a wiekcale health survey by the National Center
for Health Statistics. In addition to specific improvements in a number of

areas, the study found that people consuming AFA reported significantly
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better overall health than that reporteg the general population in the

larger survey?*

British biochemists at the Institute of Brain Chemistry and Human
Nutrition in London report that any deficiency in essential fatty acids
(EFAS) during early brain development in childhood can greatlyease
the risk of learning disorders. Nervous tissue contains 50 to 60% lipids on
a dry weight basis. Lipids play an essential role in the structure, fluidity,
and function of brain membran&$.AFA blue-green algae is especially
rich in PUFAs which arevery important in maintaining membrane

fluidity, comprising up to 10% of its dry weight.

Animal research at Massachusetts General Hospital and Harvard
Medical School found that AFA algae dramatically raised blood levels of
eicosapentaenoic acid (EPA) amolcosaheaenoic acid (DHA). EPA and
DHA are known to be important for optimal functioning of numerous
organ systemsncluding the nervous systeifhey are extremely difficult
to obtain in the modern American diet. The researchers found that AFA
was far nore effective than soybean oil, a good source of PUFAs, at

raising blood lgels of these important ome@datty acids™***

Children with AD/HD are more likely to show deficiencies in DHA
than children without attention problems, and EFA supplementéias
shown initial promise in the treatment of AD/FIb Gammalinolenic
acid (GLA), a powerful fatty acid found in AFA. may be helpful as
well.”™® GLA has been linked to the release of neurochemicals that

improvemental attitudeincrease alertness, aretluce depression.
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Attention deficit/hyperactivity disorder is leading mental health
problem in children. Depression is one of the leading causes of disability
in the world today>* Both of these braimelated problems are associated
with difficulties in arousal. While AD/HD children appear hyperactive,
many scientists believe this is actually a problem of under
arousal, which increases symptoms of -sé@thulation, risktaking, and
poor attention. This helps to explain why amphetamines (stimulags$)dru
are prescribed to many children with AD/HD. Depression in children may
sometimes even appear like AD/HD. Are there any links between the
epidemic of hyperactivity in children (with aeuarousal symptoms) and

depresion in adults (with chronic aroussymptoms)?

Although these two brairelated problems are usually diagnosed and
treated as di fferent Adi sorders, O
research on diet and behavior found evidence that depression and AD/HD
are the two types of behavioral diders most likely to respond to dietary
intervention®’ Interesting? Given that these two conditions appear to be
increasing, what might this suggest about the standard American diet
(SAD)?

Two expert opinions:

John Taylor, Ph.D., psychologist,thar, and AD/HD expert states, |
have been in a position to talk with thousands of parents and
professionals very frankly about AD/HD. And blgesen algae is
consistently mentioned to me by parents as being of help for children
with AD/HD*®*®

[232]



EFFECT OF AFA ON NERVOUS SYSTEM

Edward Hallowell M.D., is the author of the New York Times best
seller, Driven to Distraction, and a leading authority on learning
disabilities, particularly AD/HD. In an appearance as a Keynote speaker
at the 1998 Pacific Region Learning Disabilities Drug Treatment
Conference in Honolulu, Hawaii, Dr. Hallowell reported that biueen

algae appears to offer a promising rtbng alternative for people with
AD/HD. °*°
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AFA ANTI-STRESS EFFECTS

Male rats exposed to water immersioduced stress (i.e.,
experimentaheardrowning) showed signifantly fewer gastric mucosal
lesions when fed Dunaliella bardawil (wholeegn microalgae) as
compared toan isolated synthetic betmrotene control grouiy’
Additionally, oral administration of unicellular green algae, Chlorella
vulgaris, was found to prevent strésduced ulcers in rats, as wef.
Researchers hypothesized that microalgae prevents ulcer formation
primari |l y t hr-brairgghtt t dxei si,i mmmudc eseconda

possible gastric mucosa protective factors.

In the last decade or so, medical science has determined that most
gastric ulcers involve a bacterial infection, and antibiotics are often the
treatment of choice. Evidently, bhggeen algae may be helping through
a number of different possible mechanisars enhancement
of the immune response, direct antibacterial effects, general support for
the healing process(enhancing tissue regeneration and modulating
inflammation), or possibly by providing the trace mineral, bismuth,
known to be effective in healingcers caused by the bacterium H. pylori.
Anecdotal and experimental evidence from humans ingesting AFA blue

green algae is suggestrieses ™ edrf excdap

Betacarotenes and antioxidants found abundantly in microalgae may
contibute to protecting the central nervous system (CNS) from oxidative
stress. Lipids, which comprise most of the brain tissue, are especially
sensitive to oxidative damage. Researchers in Israel and Japan have

demonstrated the protective effects of a@xilants in experimental
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animalbrain trauma modef8®®! Oxidative stress has been implicated in
the pathogenesis of some disorders of the brain; hence antioxidants have
become attractive therapeutic agefitsFurthermore, brain trauma and

injury tends tdncrease wholdody oxidative stres$:

Scientists at the National Institute of Nutrition in Hyderabad, India,
demonstrated that blegreen algae offers a cesffective source of
antioxidant carotenes for child®@h Microalgae is one of the richest
naural food sources of carotenes, including kteotene.

Betacarotene offers powerful antancer, antaging, and antioxidant

properties without the toxic risks of taking-&dluble vitamin A.
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EFFECT OF AFA ON LEARNING

At least six research studieavye demonstrated the benefits of AFA on
i mproving c hir, dmoedn deshavioc, o anpeh iatademic

performance:

Sevilla and Aguiree’s study of 1,567 students at the Monsenor Velez
School in Nandaime, Nicaragua, demonstrated an 81% increase in the
avera@ standardized test scores among malnourished children eating
only .5 to 1 gram of AFA a day over a snonth period. Subjects showed
significantly increased classroom attendance and participation, as well as
marked improvement in overall health. Acaderycahe Velez school
went from having one of the lowest national scholastic test scores to

achieving one of the be&t

Claudia Jarratt, family therapist at the Center for Family Wellness in
Harvard, Massachusetts, studied 105 children given AFA anddf@
significant improvement in behavior as shown by both parent and teacher
ratings. The children, who displayed a variety of behavioral problems,
consumed between 0.5 and 1 gram of AFA daily and were observed over
a tenweek period. Data from the Acheath Child Behavior Checklists
(parent and teacher versions) and extensive case histories were collected
for all paticipants. Significant improveents were found on all 11 parent
rating scales in preto posttest behavior. These findings were
corroborated b y teachersbo ratings, whi ch
improvements in seven of the ten behavioral problem areas measured.
The use of an expectancy scale revealed little correlation between

parentsd initial expect atoutoomes® of tr
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Subsequently, Claudia Jarratt has continued to work with an additional
250 children, using an AFRAased program, with similar positive

results®®

Bruno J. (2011) and hisresearch team studied 26 students with
reading difficulties, who participated & threemonth AFA supplement
study. All were enrolled in the Stilwell Learning Center, a reading tutorial
program in Sierra Vista, Arizona. Participants included 18 boys and 14
girls, ranging from 6 to 17 years old, with a mean age of 11. The children
were randomly assigned to one of two groups, (1) the-Aéw. 1.5
grams, treatment group or (2) the MRA. 3 grams, treatment group.

There was also a non AFA comparison group.

Both AFA treatment groups showed significant improvements on the
following measures over the threenonth trial period: attention and
concentration indices, a sequential memory index, standardized academic
testing, behavioral parent and teacher reports, health symptoms, tutorial
attendance records, and decreased toxic levelsugfimm. Regardless
of the assigned treatment group (i.e., high or low), both groups demon
strated significant improvements compared totpst baseline meass

and a small nosupplementedomparison group’’
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ROLE OF AFA IN CNS TRAUMA AND NEURODEGERATIVE
DISEASES

Erythropoietinis a glycoproteinandtogether withits receptor(EPG
EPOR system) wannitially documented to be produced by interstitial
fibroblasts in the kidneys of the adult and in hepatocytes in the fetus. EPO
Is circulated towards the bone marrow where it regulates red cell
production by preventing apoptosts.Recentlyit wasreportedthat EPO
EPOR systemis expressedilsoin the brair**®*" where EPO exerts its
biological activity through binding to itsognatereceptor EPORpyossbly
activating the Janus kinassignal transducer. It affects neurons and

°%5%  to possibly exert protective effect during

astrocytes
neurodegenerativdisease®’® although longterm cognitive outcomes
and optimal dosing regimens have not been cldif This has also been
shown during acute illnesses such as traumatic brain infatyemiaand

stro ke643,645

In particular, it targets the vascular endotheliumby stimulating
neurovasculaprotectionand angiogenesf&’, without enhancing vessel

*7 unlike VEGF which may bring about bleeding

permability,
phenomena andaemodpamic derangement®®®” |t is known that
oxidativestresss implicatedin brain agingorocessé?’ thus,antioxidants
play an intriguing role in preventing brain degeneratiow anay inhibit

the agerelated ddtits in motor €arning and memory abilify’

It has been shown that the agependent oxidative processes can be

moderated byhe applicationof variousantioxidantssuchto improvethe

,653

brain morphologyandthe motor kearning in aged raf De la Fuente
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et al®™, by usingthe T-mazetestasa clearcut parameter, havehown
that some mice express overt features of premature aging with
immunologicimpairment and a shorter life span when compared to their
agematchedfastperforming counterparts anldis may represera useful

modelto testpharmacological andutraceuticaintervention.

Among the latter, themicroalgaeof lake Klamath hasalwaysbeen
appreciateahot only for its peculiarnutritional propertieshut alsofor its

significantpositive effects on mental attention, mood and anxiéty.

Sederiep S et al (2011) ®° examine the effect of Klamin®, a
nutraceuticalcontaining plkenylethylamine phycocyaninsmycosporine
like amino acids and aphanizomenorflos aquaephytochrome on the
learning and memory ability, the oxidative status and cerebral
erythropoietin andits receptor EPO/EPOR systemn prematurely
senescent (PS) mi@nd concluded that this specific alga Klamath extract
has considerable antioxidamehd adaptogenig properties also through a

stimulatory effect of cerebral EPO/EPOR system.
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ROLE OF AFA IN TREATMENT OF ALZHEIMER’S DISEASE

Al zhei mer 6 di sease ( AD) S a pr
disorder that represents the major cause of dementizeiworld today.
Over 5 million persons in the US currently suffer from this fatal disease
and that number is expected to quadruple by the year 2050, unless

prevention efforts or disease modifying therapies are devefdiféd.

The annual costs of cafer persons with AD severely tax the
health care system today, and are predicted to singlehandedly create a
future health care crisisAD is characterized clinically by the
developnent of early amnestic and exd¢ige dysfunction, that eventually
spreads @o0ss cognitive domains, that leads to the complete incapacity
and development of erstage dementi&® The major pathological
hall mar ks of AD are extracellular ai
intraneuronal neurdfrillary tangle formatiof***® Emeging evidence
suggests that progressive lathmation and increased oxidative stress

play a key role in the early development of such pathological fedféres.
664

Such mechanisms have also been clearly posited to play a key role
in synaptic dysfunction andhe loss of neuronal integrity that may
precede the overt appearance of amyloid plagques and nwiliiardy
tangles in the brains of affected individuaBellular pathways involved
in the homeostasis and regulation of brain fatty acids are central player
in both the infammatory and oxidative stress cascades implicateie

pathogenesis of A**°*
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Data from the crossectional, epidemiologic, and pspective
cohort studies of the associations between dieiargga3 PUFA intake
and cognitive statubave beerargely positive. Dietary habits in these
cohorts are likelyongstanding rather than shdisted, as in a clinical trial
paradigm.Docosahexanoic acid (DHA), the major omeydatty acid
found in neurons, has taken on a central role as a taEng#terapeutic
Il nterventi on disease AADy Beeeram elinicals trials
investigating the effects of ome@afatty acid supplementation in AD
have been completed and all failed to demonstrate itesaeff in the
treatment of AD. However, theseials produced intriguing data
suggesting that the bemngfl effects of omeg& fatty acid
supplementation may depend on the stage of disease, other dietary

mediators, and apolipoprotein E stats.

Other considerations include the effect of timing oea8PUFA
supplementatiorover the lifespan. Several stad have convincingly
demonstrated that ome@a PUFA supplementation may be more
beneicial if administered prior to or in the earliest stages of cognitive
decline. It may be that increased om&®UFA levels are protective
against cognitive decline and AD, but later play no role in the pathogenic
cascade of events that culminate in the clinical and biological expression
of fulminate AD, evenn the early stages of disease. Alternatively the
benefcia effects of omeg&8 PUFA augmentation may still exist, but
simply be overwhelmed by the strength of the pathological processes
responsible for AD once the disease has produced the clinical and
biological manifestations of moderate or more severe diséassons
learned from the past might suggest a focus on earlier or even preclinical

stages of AD as a target for ome®)®UFA interventior™*
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Researchers at Erasmus University Medical School in the Netherlands
conducted a thregear study of 5,100 peopbetween 55 and 95 years of
age and found that becaar ot ene mol ecul es acted
shieldso and may provide dramatic p
aging, memory impairment, and general brain damagbese
Netherlands findings suggest thattdcarotene foods, like microalgal
foods, need to be further investigated with our aging population.
Microalgae might also provide a ceaffective way to reducdorain
related risks of aging. As fmakyheboo
number of Amecans withAl zhei mer 6s di sease I s pl
by more than 300%%°

In 1985, Gabriel Cousens published two case studies on the use of
AFA blue-green algae in the improwee n t of Al zhei mer 6s
reported MAsome si gonnisdiich asadecreasedenandr n 0O f
tremors better balance, and improved short term memory, attention span,
judgment, and reasoning in one patient; in the second patient there was no
significant return of previously lost function, but there was a halting of
thetypi c al Aprogressive degeneration as

with a corresponding improven€nt in

ROLE OF AFA IN HEALING OF CNS TRAUMA

Andrew Valencia*® and colleagues at the Neurolab Clinic associated
with the University of New Mexico demonstrated that patients suffering
from mild brain injury who ate AFA showed a 25% improvement in

about half the time as patients who did not receive algae. According to
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Valencia, in his study of more than 150 patients over years, patients
who ate AFA algae alone had improvements similar to those in a two
month hospitabased rehabilitation program. However, the best results

were achieved when neurehabilitation was combined \iteating AFA

algae, better thaAFA aloneort he hospit al program

research team hypothesized that AFA algae seems to promote reparative

neuroplasticit or, in lay terms, rewiring of the circuitry of the braif.

Valencia also conducted electrophysiological studies of brain waves
and found that the ingestion of AFA algae was linked with pronounced
improvements in brain function, notably in the ability to focus and

discriminate between various auditory signdfs.

MULTIPLE SCLEROSIS

Multiple sclerosis (MS) is a progressive disewrof the nervous
system, where the lipid myelimsath surrounding the nervegiadually
destroyed. Deficiencies of ome§abils may contribute to the syndrome
of MS. Improved MS with AFA is multifactorial i.e through nutritional
supplementation, stenelt mobilization and antinflammatory and

antioxidant effects.

(2]
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AFA AND CANCER

"At present we have overwhelming evidencéhat) none of the risk
factorsf or cancer i s. : . more significan

—B. Reddy. Committee on Diet. Nutrition and Cancer 1992.

“Today, treating cancer is a huge imass. Every 30 seconds another
American is diagnosed as having the disedsgical cancer patients
spendover $25,000.00 to try to treat their conaliti.. Every 55 seconds,
another Anerican dieof cancer."

—J. Robbins. Diet for A New America. 1987.

America has poured about 200 billion dollars into cancer research since
President Nixon declared war on cancer in 19Fbw is the war going
after three decades®hy do assessments vary as widelyieb e at i ng

cancero and Al oosing the war on canc

Sunny Y. Auyang, Cancer causes and cancer research on many levels

of complexity2004.

The Underlying Causes of Cancer

Cancer, defined as celaul replication that has gone apyas the
second leding caus of death in AmericaCancerous cells are always
being created in the body. It's an ongoing procasgarts of your

Immune system are designed to seek out and destroy catiser
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Cancer has been around as long as mankind, but only in the second
half of the 20th centurylid the number of cancer cases explode. Cancer
tumors begin when more cancerous cells are being created than an
overworked,depleted immune system can destiGgnstant exposure to
tens of thousands of manmade chemicals from birth onwhfdrinated
and fluoridated water, electromagnetigdiation, pesticides and other
toxins, leads to the creation of too many free radicals and excessive
numbers of cancerous celklone this would be enough to raise cancer
levels, but combined with an mune systenweakened by a diet of
refined and over processed food, mineral depleted soils, and too much
exposure to artificial light at night, the immune system at some point no

longer is able to keegancer in check, and it starts to grow in your body.

Research shows that the immune system needs 9 1/2 hours of sleep
in total darkness to recharge completelyhe authors othe bookLights

Out explain. Wherwas the last time you had this much sleep?

The Guardian, in Wednesday 7 December 2011°* publishedthe

following data about underlying causes of cancer;

Cancers could be prevented by lifestyle rajes in over 40% of
casesDrinking and smoking less and losing weight could save 134,000

cancer diagnoses each year, Cancer Research UK finds

| t 6 s ¢ arcaradrd0% of al cancers are caused by things we
mostly have the power to change,' study author Profdgsar Parkin

said. Around 40% of cancers in women and 45% of those in men could
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be prevented by a healthier lifestyle, including drinking less, smdkiss
and losing weight, according to the most comprehensive study of the risk

factors to date.

Cancer Research UK, which funded the work, says that around
134,000 people could be spared a cancer diagnosis if they took more care
of themselvesAlthough the biggest risk factor by far is smoking, which
caused 23% of cancers in men and 15.6% in women, there were also
some surprises. Putting on too much weight, for instance, was found to be
a greater risk for breast cancer in women than drinking alcoholdiahd
accounted for 9.2% of all cancers if a lack of fruit and vegetables, too

much salt and red meat and too little fiber were all included.

Obesity and being overweight were a cause of 5.5% of cancers
overalli but rose to 6.9% (10,800 cancer casesyjamen compared to
4.1% in men (6,500 cases). The reason for the difference is mostly breast
cancefi in postmenopausal breast cancer, being overweight is a factor in

80% of cases.

Alcohol was implicated in 4% of cancers overall (4.6% in men and
3.3% in women). Too much sunbathing and the use of sunbeds caused
3.5% of cancerdvien had a higher risk of cancer as a result of failing to
eat the recommended five portions a day of fruit and vegetaliesen
this was a risk factor in 6.1% of cancers, whergvaimen it dropped to
3.4%.
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The study is published in thBritish Journal of Cancer. Prof
Max Parkin, a Cancer Research UK epidemiologist base@uaden
Mary, University of London, said: "Many people believe cancer is
down to fate or 'in the genes' andttiias the luck of the draw whether
they get it. Looking at all the evidence, it's clear that around 40% of all

cancers are caused by things we mostly have the power to cHnge.

"We didn't expect to find that eating fruit and vegetables would
prove tobe so important in protecting men against cancer. And among
women we didn't expect being overweight to have a greater effect than

alcohol."

The other risk factors the study examined were infections such as
human papillomavirus (HPV) which causes cervizahcer, occupations
such as working with asbestos, lack of physical exercise, radiation, lack

of breast feeding and using hormone replacement therapy (HRT).

Ciaran Devane, chief executive at Macmillan Cancer

> said healthy lifestyle messagesre/@ot getting through. "No

Support,
one chooses to have cancer and it would be wrong to blame people for

making wrong lifestyle choices," he said.

"For a long time, people have been told that eating healthily, not
smoking and exercising regularly can benefit themd these figures

show again the impact a healthy lifestyle can have. Yet these healthy
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lifestyle messages are clearly not reaching enough people. They also need

to be made more relatable to people's everyday lives.

"We know that being physically activeduces recurrence rates of
cancer too, as well as your chance of getting it in the first place. There
needs to be a cultural change, so that people see physical activity as an

integral part of their lives, not just an optional amd"

Dr Rachel Thompson, deputy head of science for thN&orld Cancer
Research Fund, said: "This adds to the now overwhelmingly strong

evidence that our cancer risk is affected by our lifestyies.

But why natural supplement are not getting popularity among

doctors?

First is the nature of the medical/drug industry. Doctors, by and
large, will just use andecommend drugs that are approved as drugs in a
process that costs hundreds of milliongioflars. So the drug companies
only make drugs that can be patented. That way ¢haysellit for huge
mark-ups and have no competition. Natural substances must be modified

in orderto be patented.

Secondly, cancer is complex and tough. One single product is not
often going to be enougtn its own. So your doctor can dismiss as hype
the take this supplement and it will cure yowancer approach.

Overcoming cancer is a processrefersing the conditions that allowed
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the cancer talevelop, and going after and killing cancerous céliy
years from now, the current conventional canteatments used by
doctors will on thewhole be viewed in the same light that we view the

old medical practice of using leeche<toe illnesses.

Chemotherapy and other treatments damage cells and tear down
and weaken the immursystem. But the problem ithe first place is that
t he p ammueensystes is already weak, atitht his cells are
already damagedven if tumors do go into remission, these treatments
will have damaged other cells, whiene more likely to turn cancerous.
The immune systemynless it is supported by supplemeatsl diet to
help it reover, will be in worse shape thaver.While it may have taken
decades for cancer to develop the first time around, the second time

usually takes a year or two.

It is not all gloom and doom wWitchemotherapy. For two decades
Dr. Perez Garcia has beemsing a treatment he calls Insulin Potentiation
Therapy (IPT). It consists of giving a patientlase of insulin followed
by a tiny dose of chemotherapgyancer cells have 15 times more insulin
recgotors than normal cells. The insulin dose helfs target
chemotherapy into cancer cells because they have so many more insulin
receptors.So small doses of chemotherapy can be used that cause little
harm to normal cells. WitlStage 1 or 2cancer, IPT is laout 80%
successful, mixed results for more sericascers. So after two decades

of use, how many doctors were using PRP?
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You don't have to avoid chemotherapy or radiation therapy to
receive benefits from naturaproducts and supplements. In tfac
nutritional supplements are quite useful when usedomunction with
chemotherapy, radiation therapy and surgery. The best ones work to
supportthe body so that radiation and chemo will actualork better. In
addition, the immunesystem will be stroger, and better able to keep

cancer from developing again.

Seeking other options after the doctors throw in the towel and say there is
nothing else thegan do, is necessary. It makes more sense to correct the
underlying causes of cancer eady when theodds are much better.

Especially with natural supplements that can do no harm.

In 1931 Dr. Warburg won his first Nobel Prize for proving cancer
is caused by a lack afxygen respiration in cells. He stated in an article
titted The Prime Cause and Prevent of Cancer that "the cause of
cancer is no longer a mystery, we know it occurs whenamgrcell is

denied 60% of its oxygen requirements."

Decades ago, two researchers at Nagional Cancer Institute,
Dean Burn and Mark Woods, (Dean translated somefdwWarburg's
speeches) conducted a series of experiments wheyemeasured the
fermentation rate of cancers that grew at different speeds. What they
found supported Dr. Warburg's theory. The cancers with the highest
growth rates had thaéighest fermentabn rates. The slower a cancer

grew, the less it used fermentatiorptoduce energy.
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The AFA Blue Green Algae contains enzymes that are genetically
related to the respiratorgnzymes in the mitochondria. So when eaten,
mitochondria with enzymes damaged lagk of oxygen may be able to

make use of the algae enzymes to produce energy aerobically.

Acidic pH Levels Lead To Cancer

There is plenty of research showing that cancer thrives acialic
environment, anddoesn't survive in an normal, more alkaline
ervironment. Cancer cells make your body evanre acidic as they

produce lactic acid.

Taking action to make your body more alkaline is vital in the battle
against cancetJnfortunately...The majority of the foods and drinks we
consume are acidic, such meat, grains and sugawvjth colas and other
soft drinks being highly acidic. So unless you have been eating a very
healthy diet, full of fresh fruit and vegetables, your body is way too

acidic. Creating a vergood environment for cancer to grow in.

Actually, a too much acidity is an underlying factor in many
degenerative diseasesliabetes, arthritis, fiboromyalgia and more. A basic
maxim of natural physicians is: Balance the terrain. Do this first, then

everything can come back to normal.
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CANCER IMMUNOLOGY 8%

Immunity and Cancer
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Fig. 58; Immunity and Cancer 89,90

When normal cells turn into cancer cells, some of the antigens on
their surface change. These celise many body cells, constantly shed
bits of protein from their surface into the circulatory syst&ften, tumor
antigens are among the shed proteiisese shed antigens prompt action
from immune defenders, including cytotoxic T cells, naturidr cells,
and macrophages. According to one theory, patrolling cells of the
immune systenprovide continuos bodywide surveillance, catching and
eliminating cells that undergo malignaransformation. Tumors develop

when this immune surveillance breaks down or is overwhelmed.
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Dendritic Cells That Attack Cancer
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Fig. 59; Dendritic Cells That Attack Cancer 89,90

Another approach to cancer thgyaakes advantage of the normal
role of the dendritic cell as aimmune educator. Dendritic cells grab
antigens from viruses, bacteria, or other organisms and thave at T
cells to recruit their help in an initial T cell immune response. This works
well againstforeign cells that enter the body, but cancer cells often evade
the self/norself detection system. Bymodifying dendritic cells,
researchers are able to trigger a special kind of autoimmune respanse
includes a T cell attack of the cancerle€eBecause a cancer antigen
alone is not enoughtoal 'y the 1 mmune troops, :
cytokine to a tumor antigen with the hope that thi send a strong
antigenic sy n al . Next, t he gendgic cells inathepat i er
incubator andet them take up this fused cytokhemor antigen. This

enables the dendritic cells to mature awkentually display the same
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tumorat i gens as ap pseancercells. When thesgeaal i ent 0
mature dendritic cells are given back to the patierly thave their newly

acquired tumoantigensa t t h es inpmairte isystent, @nd those T cells

that can respond mount an attack onghe t s @mcer gells.

Immunotherapy
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Fig. 60; Immunotherapy %

A new approach to cancer therapy uses antibodies that have been
speially made to recognize p e ¢ i y ¢ Whea cogpked veith natural
toxins, drugs, or radioactive substances, the antibodies seek out their
target cancer cells and deliver their lethal load. Alternatively, toxins can

be linked to a lymphokinand routed t@ells equipped with receptors for
the lymphokine.
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Fig. 26; Cytotoxic T cells destroy cancer cells. (a) The cytotoxic T cell

(orange) comes into contact with a cancer cell (pink). (b) The T cell
OAAT CT1 EUAO OEAO OEA AAT AAO déskdction cEtte OT 1T 1 OAIT .
cancer.
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HOW TO TREAT CANCER

Plantsprovide a valuablesourceof therapeuticagentsand basesfor
syntheticdrugs. Severalplant specieshave beenstudiedfor anticancer
propertiesandit is estimatedhat approximately40% 50% of the drugs
on the market today are either derived from natural productsor are
natural products themselves Nonetheless, comprehensive and
systematicevaluationof fi n a t prodadts& requiredto demonstrate

egecacyandsafetyfor clinical use.

The Centerfor ComplementaryHealthStudiesd e y woenplementary
and alternative medicine (CAM) as fi a nhgalthimproving technique
outside of the mainstreamof conventionalme d i ¢'f The general
public is very acceptingof CAM, with recentreportsstatingthat 34%-
38% of the US adult population was using CAM,*” and7.4%ofthe

populationhadseena CAM practitionerduringthelast12months®"®

The same factors within algae that optimize cellular regeneration and
help to protect geneticeplication andtranscripion may likewise offer
cancerprotective effects. Despite the"'wano cancer . 0 i nvol vi
of research and many billions of dollars spent, the incidence of a number
of cancers has continued to increaBavironmental factors and diet
appear to play gnificant roles in certain formsf cancer. An important
watershed was an article Byoll andPeto (1981) estimating that 35% of

cancer incieénce was related to nutritiorfalctors®®

Notwithstanding an ongoing debéatevith an increasing recognition

of multi-causal factors involved witthe etiology of cancér the role of
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diet remains a strong one. In these last fewades researchers have
increasngly begun to focus on foods, vitamins, and plant chemicals to
provide protectivefactors that lower the rislof cancef™** Beta

carotene is one of the bdgiown anticancer substances found in food.

Dozens of largescale studies have disclosed evidence that eating
Vegetablesich in betacarotene reducese risks of cancer>*™*¥ |t is
important to wte, however, that isolated betaroteie (sold as a
supplement on itewn or in multivitamin formulas) does not provide the
same benefits. In fact, the largeale study referred to as
ACARETO (Carotenoid and Retinol Ef f i
betacaroene supplements were correlatedith increased not

decreasedl morbidity and mortality from cancéf’

Because microalgae are the foods richest in naturaldaetdéene.
severalspecieshave been extensively tested for anticancer effects and

theseeffects have been well document&d® >

Researchers at the Harvard University School of Dental Medicine
demonstreed that algal extracts rich betacarotene applied to cancerous
tumors in the mouths of hamsters reduced the number and size of tumo
or caused them to disappedt.In a further study, when an algal extract
was aministered to 20 hamsters greated to develop mouth cancer,
none of the animals developed the disease. By comparison, two pretreated
control groups that did not receiany algal extract (40 animals) all

develogd mouth cancer. Interestinglwhen betecarotene alone was
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given (provided by Sigma Chemical Company)iyf half the animals
developedcancer®® This research team has continued to replicate these
effects, repatedy demonstrating the ability dblue-green algal extracts

to inhibit and prevent tumor growth and canter’"**

Additionally, there is evidence that bhgeeen algae can make a
significant contribution d the prevention oforal cancer in humans.
Researchers at Maryl and digerectlaigimglen Nut r
gram of algaea day to tobacco chewers in Kerala. India, who hae pre
cancerous mouth lesisr{oral leukoplakia). After ongear, the sores had
vanished or shrunk sigficantly in morethan half ofthe people, with
complete regressiom 45% of the human subjects (N40). Lesions
disappeared in only 7% of the people in the placebo group.

Within one year of discontinuing algae supplements, about half of the
experimental subjects develaperecurrent lesions. There was no
experimental intervention to change the carcinogenic behavior of their

tobacco chewing®®

Betacarotene is not the only canganotective sultsnce to be found
in microalgaeCancer researchers at the University of Haveailated a
blue-green algal pigment, callecryptophycin. That demonstrates
powerful anticancer properti@sespecially useful in the
chemotherapy of drugesistant tumors:*** Other new algal protein
compounds havealso ex hi bi t e d -resistanecd revierdingu g
activities" that mg be useful in the treatment dffficult, drug-resistant

tumors 21351
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Unicellular algae have some compounds in their egllls that are
similar to thosefound in bacteria and yeast. Scientists discovered that
these algaeprotected mice againstxperimentally grafted sarcoma in
much the same way as the other microorgani$hBacteria and yeasts
are able to induce, when inoculated into laboratory rodents, a general
stimulation of defenses through an immune processcdplgteins
extracted from algademonstrate potent axttimor properties in animal
studies.>"™* Initial human trials withthese anttumor peptidoglycans

from microalgae have shown promisiaffects®*

Several components of chlorophyll have shown tusuppressive
activities®**#A study published in the journal Cancer Research reporte
that chlorophyll, abundantimi cr oal gae, I s a fApotent
carcinogenesis (the development of liveancer). .and may have
important implications in irrventionand dietary management of human

cancer risks!®

Much attention in recent years has been given to the antigenotoxicity
of chlorophyll. Chlorophyll, however, is known to be converted into
pheophytin, pyropheophytin, and pheophorbide in processgdtable
food and following ingestion by humans.

Studies conducted on the antimutagenic and tumoricidal potencies of
these compoundsy Chernomorsky S et al (1999)>*° concluded thatla
the chlorophyll derivatives tested exhibit identical antimutagefiect
towards 3methylcholanthrene (®1C), suggesting that the porphyrin
nucleus may complex directly with the mutagéndoes not exclude,
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however, another mechanism of activity involving inactivation the
enzymatic transformation ofBIC. In contrastthe action of Nhitro-N'-
nitrosoguanidine (MNNG) depends upon structural differences between
the chlorophyll derivatives. It is significantly lower when thkytol
containing pheophytin and pyropheophytin are tested as to that of the
phytotlacking pheoporbide.

The higher concentrations of the chlorophyll derivatives were
required to reduce the mutagenicity of MNNG than needed #aC3
The cytotoxicity of chlorophyll derivatives against tumor cells, also, was
evaluated. The cellular uptake and inhdn of myeloma cell multiplicity
were found to be greater for pheophorbide than for pheophytin.
Calculated on the amount of cell associated chlorophyll derivative,

however, pheophytin was more cytostatic/cytotoxic than pheophorbide.

The results preséed in this report indicate that food sources that yield
chlorophyll derivatives may pliy a significant role in cancer

preventiort>®

Numerous studies with unicellular green algaeséh demonstrated
anti-tumor andcancer inhibitory effects in laboratorydents**>*'These
antrtumor effects appear nmy to be mediated by an increased host
immune response. lrome cases the survival ratesabfjaetreated mice
increased nearly 80% over control gretfy Such findings suggest that
presurgical treatment ithh extracts of microalgae might decrease or

prevent metastasis dumor progression®
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Marine unicellular algae, diatoms, have displayed aniiprative
effects against soliduman tumor cell culturéslung carcinoma, kiney
carcinoma and melano@aand have been shown to inhibit nemalk

cell bronchoplmonary carcinoma in in vitroell studies™>>**

"In research in Japan, phycocyanin (the blue pigment of-drieen
algae) was extracted and givemally to mice with liver cancer. The
survival rate othe treatment group was significantly higher than the
control group not given phycocyami After five weeks. 90% of the
phycocyaningroup survived, but only 25% ¢the control group were still
alive. After eight weeks. 25% of the phycocyanin grstilb survived, yet
none of thecontrol group was alive This suggests eating phycocyanin

may increase thausvival rate of cancer strickesrganisms>>

Of major interest to ongoing reseatr
cancer i s t ipleycoyyandselacgvely irhidits CQ@R, but
has no effect on COA. The COX enzymes are involvedpnostaglandin
synthesis. Since COX is overexpressed in many breasancer cells,
and inhibition of COX2 leads to a markedly reduced tungwowth and
blocksamgi ogenesi s, t h e vyspedifical\gisterfards a t p hy

with this pathway holds promise.

Researchers at Dainippon Ink and Chemicals Company have a patent
pending for usingphycocyanin agn "antit u mor agent o0 They
claim on a studgemonstrating that after two weeks the levels of white
blood cells of a cancer group treated with phycocyanin were significantly
higher than those of the untreatedncer group and equal to or higher
than those of the normal group without ncar. This sugests

phycocyanirmay raise lymphocyte activityy
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Another patent claim filed byainippon Ink and Chemicals and
Tokyo Kenkyu ktamor agestzohtaining [fhycabilid also
used to treat ulcers and hemorrhoid bleedih@his patent application
documentghat taking a small dosage of algal extract daily maintains or
accelerates normalellular control functions thgbrevent generation of
malignancy or inhibit its growth or recurrence. "Radiation and
chemotherapeutictreatments of cancer often résun undesirable
reduction of defensive white cells! Whol e body irradiat
studies suggest themeay be a potential benefit faancer patients given
algal betacarotene before and aftexdiation treatments to protemgjainst

cellular damage esed by free radicals induced from irradiatith.

Additionally. Japanese researchers using an animal model found that
components of unicellular algae mde beneficial in the alleviation of
cancer chemotherapy sideffects (e.g.. immune suppsesn) whle

supporting the ariumor activity of the chemotherapeutic agefits.

Studies using a water soluble extract of bireen algae have found a
novel sulfated poYysaccharide named calciuspirulan (CaSP)that ads
as an antiviral agent. study, however, showed that the sulfated
polysaccharidementioned above, CaSP, appeared tonhibit tumor
invasion and metastasis. By examining both the in vitro and in vivo
effects of CaSP, this study's results suggest that the intravenous
administration of C&P reluces théung metastasis of melanoroalls by
inhibiting invasion of the basement membranevitro experiments show
that this occurs through the prevention of #ghesion and migration of

tumor cells tolaminin substrate and of heparanase activity
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Chlorophyll (Chla) and chlorophyllin (CHL) were shown
previouslyto reducecarcinogenbioavailability, biomarkerdamage and
tumorigenicityin trout andrats.Becausaflatoxins,particularlyaflatoxin
B1l (AFB1),arepotentcarcinogensn someanimalsthereisinterestin the
effectsof long-termexposureo low levelsof thesemportantmycaoxins
on humans Epidemiologicstudiesin Asia andAfrica revealeda positive

associatiorbetweerdietaryaflatoxinsandliver cancer®

High levels of aflatoxins in combination with infection with
hepatitisB seemto act synergisticallyto increaserisk of hepatocellular
carcinoma>* Interventionprogramshavebeendirectedtowardreducing
hepatitisvirus infection throughimmunizationand screeningof foodsfor
aflatoxin levels. Thereis also interestin addition of dietary agentsthat
may reducethe bioavailability of aflatoxins by binding in the intestine
and limiting absorption, or by increasing metabolismand reducing
systemic exposure. Intervention agents currenty under investigation
include apiginin clays, Oltipraz, and chlorophyll (Chla) or its derivative.
>4%247 Chlaandits derivativeshavea long, well-known history of usesfor
medicinal and therapeuticpreparationé”® Both naural Chla and its
watersolule derivative sodiumcopperchlorophyllin (CHL) have been

extensivelystudiedfor a variety of significantbiological activities **>**

552

Effects of Chlorophyll and Chlorophyllin on Leose Aflatoxin
B1 Pharmacokinetics in Human Volunteengere stuced by Carole
Jubert, et al.2009 through a doublblinded, placebecontrolled
interventiontrial in Qidong,People'Republicof Chinashowedthat CHL
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intervention can reduce aflatoxinDNA adduct excretion among

individualsin a populationat high risk for liver cancer>?

This study clearly showeda decreasan a biomarkerof AFB1-
DNA damagen individuals chronicallyexposedo relatively high doses
of aflatoxn through their diet i.e the animdindings were partially
extendedto humans, where CHL redued excretion of the potent
naturally occurring carcinogenic mycotoxaflatoxin B1 (AFB1) -DNA
repair products in Chinese unavoidably exposedto dietary AFBL1.
However, neither AFB1 pharmacokineticsnor Chla effects were
examined.They conductedan unblendd crossoverstudy to establish
AFB1 pharmacokinetiparameteramongfour humanvolunteersandto
explore possibleeffects of CHL or Chla cotreatmentn three of those

volunteers.

For pratocoll, fasted subjectsreceivedan Institutional Review
Board appoveddoseof 14C-AFB1 (30ng,5nCi) by capsulewith 2700mL
water, followed by normal eating and drinking after 2hours.Blood and
cumulativeurine sampleswere collectedover 72 hours,and 14CG-AFB1
equivalentsveredeterminedoy acceleratomassspectrometryProtocols
2 and 3 were similar exceptcapsulesalso contained150 mg of purified
Chla or CHL, respectively.Protacols were repeatedthrice for each
volunteer. The study revealedrapid human AFB1 uptake (plasmaka,
5. 05 N1 .TIn@xh10hour)and urinary elimination (95% complete
by 24 hours) kinetics. Chla and CHL treatment each significantly
impededAFB1 absorptionand reducedC max and AUCs (plasmaand

urine) in one or more subjects. These initial results provide AFB1
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pharmacokineticparameterspreviously unavailable for humans, and
suggesthatChlaor CHL co-consumptiomrmaylimit the bioavailability of

ingestedaflatoxinin humansastheydoin animalmodels™

The mechanismshat producethis effectin humans are undefined
but may include limiting absorption in the intestine, systemic
complexaion with bioavailableforms of CHL, or induction of phasell

enzymesdeadingto increasedxflatoxin metabolism>*®>>*>>°

Preclinical studiesin rats and rainbow trout suggestedhat CHL
acts primarily by binding certain aflatoxins, heterocyclicamines,and
polycyclic aromatic hydrocarbonsto reduce bioavailability, genomic
damageandtumor induction **°**®* Responseto interventionwith Chla
and CHL were qualitatvely similar among the three volunteers
completing the study, but with some evidence for inter-individual

variability in degreeof respmse.

Many studieshavecharacterizedhe moleculardosimetryof AFB1
asa measuref possiblecarcinogenieffectsin the absencendpresence

of interveningagents®®2%*°%

One suchagent,CHL, hasbeencharacterizetextensivelyfor its
cancer chemopreventivepotential in animals and humans >*7>°0:262-5%4
More recently,cancerchemopreventiveffectsof naturalChla itself have

been reported in rodent and fish models, through mechanismsthat
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involve reducedsystemiccarcinogenuptake >***>" The previous study
extendsthesefindings by establishinghe kinetics of low-doseaflatoxin
absorptionn eachof four human volunteersandthe effectsof CHL and
Chlainterventionon specificAFB1 pharmacokinetiparametersn three

of thosesubjects.

The resultsshowed that interventionby CHL and Chla produced
similar, and frequently significant, effects on AFB1 uptake and
distribution amongall individuals. In all individuals, Chla intervention
produceda significant 40% to 60% reductionin excretion of urinary
aflatoxin equivalents For CHL, the extentof protectionin subjectSwas
identicalto thatprovidedby Chla. A similar but non-significanttrendfor
CHL protectionwasseenfor subject2and,to alesserextent,for subjectl.
We interprettheseresultsasdirectevidencegor CHL- andChlamediated
reductionsin systemicuptakeof aflatoxin in humans,as in preclinicd

models 558,561,562

An alternativeinterpretatiorcould be thata singlecotreatmentvith
either Chla speciesalters AFB1 metabolismin a direction that would
reduceurinary excretion for instancethroughrapidinductionof phasel
detoxication pathways®® This interpretation we believe is highly
unlikely, especiallysinceinterferenceeffectsbecomeapparenwvithin 30

minutesof cotreatmentbutis notformally ruled out by this study.

Based on present data, we conclude that the changesin
pharmacolknetic parameterslueto Chlaand CHL cotreatmenteflectan
ability of these blocking agentsto reduce the amount of aflatoxin

absorbedn theintestine in humansaswell asanimalmodels™®
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Consequentlychemopreventioly dietary Chlamay be limited by
mechanismgestrictedto the alimertary tract, whereas CHL may find
broaderchemopreventivapplicationowing to a potentialto reachmany
moretargetorgansin the whole animal. As a practicalmatter,structural
differencesalsorenderCHL considerablymore stablethan Chla against
oxidation,andthus morereadily availableand affordablefor largescale

experimentatiomndapplicationin chemoprevention>

Phycocyaninwasshownto induceapoptosisn the chronicmyeloid

2 °%"%%8 andothertypesof cancet®*"* Hart et al.

leukemiacell line, K56
showedthatthe extractof (AFA) is a potent invitro activatoof NK cells,
which arecapableof killing sometumor cellswithout prior sensitization
to antigen.However this edectappearso be dependenbn accessory
cellsasactivationwasnot observednisolatedNK cells*®’ Pugh and
Pasco demonstratethat AFA extractactivatedthe monocytecell line
THP-1°"? Increasedevelsof bothIL-1 b aANFd) delisexposedo
0.5pg/mlof extractweredetectedAFA extractaloneincreasedpoptosis

in all of thecancercell lineswe tested

(2]






SUMMARY

SUMMARY

AFA (Klamath Lake blue green algae) is an anciently used food

with recently discovered amazing nutritional and therapeutic effects.

It is completely safgrimitive unicellular plantnaturally growing
at volcanic lakes, present on the earth for more than 3.5 billion years to
overcome the health problems coul dno

side effects) by modern scientific revolution.

The AFA has four possibl explanations(AFA Square) that may
summarize the possiblenechanismsof combating diverse disease

entities:

1 Nutritional supplementation of the essential nutrients and
trace elements in a perfect God Made Formula which may
alone explain many of its effeiisis the most nutrient
superfood ever known)

1 Immune response modulation in a perfect way that
overcomes disorders associated with low or abnormal
immune response.

1 Protection of the body from chemicals, toxins, radiation and
oxidants, beside exerting pokiid anti-inflammatory effects,
it also helps athe same timeto repair damaged cells and
tissue regeneration by stimulating stem cells mobilization

towards the site of injury.
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1 True therapeutic effects through biologic and biochemical
modification of dfferent pathologies(it has alkalizing effect
combating acidity and dehydrating effect combating growth

of cancer and harmful organisms).

The spectrum of diseases covered by AFA is so wide to be

enumerated but it can be summarized as follows:

1. Enhancing Bain Function, Behavior, and Learning

2. Management ODepres si o n , Schizophreni a,
Disease, Epilepsy, Myasthenia, Multiple sclerosis,

Attention Deficit Hyperactive Disorders antistress

effects and mild traumatic brain lesions.

Improving Immune Function and Antibodies Production.

Antiviral, Antibacterial, Antifungal effects

Allergy, Asthma Auteimmune diseaseelief.

o g bk~ W

Improving cellular repairand stimulating stem cells

mobility.

7. Radiation protectivefeects.

8. Cancer Protectivefiects.

9. Detoxification support ffects.

10 Anti-inflammatory and iatioxidant dfects.

11Improving circulation, high blood pressure and heart
function

12 Improving and supporting liveuhctions.

13 Hypocholesterolemic and antihyperlipidemiteets.

14 Anti-diabetes and antibesity éfects.

15.Improving digestion and elimination.
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16.ncreased fertility
17 Help healing of external and internal lesions.

18.Mild diuretic and combating nephrotoxicity.

Dr. Gitte Jensen, an immunologist affiliated with McGill
University, sought to establish a level at which uncontangh@EA
algae might exert a toxic effect on human bloells. She created various
dilutions of live blood mixed with AFA algae and observed the reactions.
Even atextreme concentratiodsthe equivalent of a human ingesting
15.000 capsules of AFA per dayDr. Jensen founao toxic effects on

human blood cells

The WHO recommended the daily dose by 1 gm/ 30kg.

(2]
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