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This book is written for you — the countless tens of thousands who are trying to live a
healthier life.

Thank you so much for reading this book. | am very excited to share with you key pieces
of information about an incredible form of vitamin E — tocotrienol. | will discuss its most
important aspects to help you understand why it is the right and best type of vitamin E.
And, | will explain how this form of E can help your body function well, and what
conditions it can improve. It is my hope that once you've learned about tocotrienol, you

will be able to make changes that will improve both your health and your life.

Dr. Barrie Tan

www.barrietan.com
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INTRODUCTION

Arteries carry blood cells to
import oxygen & nutrients and to
export carbon dioxide & wastes to

38 trillion cells

What exactly are tocotrienols?

Thirty-eight trillion. This is roughly the
number of cells in your body.! With so many
“moveable parts,” a lot has to be in
equilibrium and working right for you to be

well — especially as you get older.

With the high cost of health care, more and
more people are taking better care of
themselves. So when you think about your
heart, liver, brain, joints, and all those
circulating fats, sugars, and
cholesterol...think about the trillions of cells
that make up you! And when you think
about your cells, think about antioxidants,
which are so important for cell health. And
when you think about those important
antioxidants, think about delta- and
gamma- tocotrienols — the two most potent
antioxidant and anti-inflammatory
molecules in the vitamin E family — with
delta being the most potent. It is these two
that keep the moveable parts in check and
in equilibrium. When that happens, your

cells and arteries are happy. And so are you.

Vitamin E is a family of eight separate but related molecules, including four tocopherols

(delta, gamma, alpha, and beta) and four tocotrienols (also delta, gamma, alpha, and

beta).



For many years, the scientific world, by fate, focused on only one part of vitamin E — its
tocopherols. Why fate? It is an American affair. Tocopherol was discovered first, forty or
fifty years before tocotrienol. Two UC Berkeley medical doctors found a substance in
vegetables that helps gestation (bringing a fetus to full term). Almost 100 years ago they

named it vitamin E.

It is only in the last ten years that the real star of the show, tocotrienol, started to shine
— especially its delta and gamma molecules. Clinical studies show that tocotrienols,
combined with a healthy lifestyle, do incredible things, including lowering lipids, reducing
inflammation, protecting the liver, promoting bone health, killing cancer cells, and even

increasing survival in cancer patients.

With the recent increase in studies on tocotrienols, researchers discovered that the
“wrong” form of vitamin E (tocopherols) hindered the body’s ability to absorb the “right”
form (tocotrienols). A shocking turn of events! I'll explain more about this interference in
Chapter 5.

But, before | dig into the science of it all, | will tell you about my exciting discovery of the
antioxidant properties of the annatto plant, and how | was able to derive 100%
tocotrienols (and only delta- and gamma- tocotrienols) from what | like to call my One
Plant Wonder.

This is about to get exciting.

Really exciting.



ONE

The Reason Behind My Research

Just months before his doctor called me, Thomas had been close to death.

“This is incredible, Dr. Tan,” he said. “Thomas has been taking annatto tocotrienol, and
he is getting better. He was given a prognosis of only a few weeks to live. He's still alive

after months!”
| was thrilled, of course. And, | remember taking a moment to soak in this news.

When | first started receiving calls from medical doctors and their patients telling me how
much tocotrienol was helping, | felt amazed and thankful. After years and years of
research, | was witnessing the bridge from lab to life appear, linking endless hours of
reading and experiments, discussions and case studies, with real-world results. What a
tremendous joy to hear how tocotrienols were making a positive difference in people’s

lives!

As a scientist, | am committed to well-designed research studies and clinical trials, and
am driven by data-based conclusions. | also believe that studying plants and their color
components for research’s sake is valuable: the scientific enterprise of discovery,
understanding how things work, uncovering hidden information, and figuring out novel

approaches.

But | have to say what really gets me pumped up (and this has been true for more than

forty years) is figuring out how those plants and colors benefit human health.

Remembering that phone call from Thomas's doctor still inspires me. It fuels my passion
for understanding as much as | can about tocotrienals.

And the reports from doctors, patients, and researchers keep coming — often with results
beyond what | ever imagined possible:

A Tumors shrinking

A Cholesterol numbers improving



Heart conditions changing

Cancer patients living longer

Women'’s bones getting stronger

Fatty liver improving and reversing

Metabolic syndrome issues being assisted

FD (familial dysautonomia ) children experiencing cardiac stability
Radiation protection possibilities

To o o Do o Do Do Do

Prostate benefits

| want to share with you just a few more examples of the letters and phone calls | have
received:

Dear Dr. Tan,

I have to write to let you know how tocotrienol has helped my uncle with a very serious
heart condition. We thought we had lost him forever, but since taking tocotrienol, he is
experiencing a reversal and fantastic improvements. | am a doctor myself and had never
heard about tocotrienol. Please send me more information, and | would love to meet you

to discuss more.

Dear Dr. Tan,

My 80-Ib determined friend with Stage 4 breast cancer that had metastasized to her
lymph nodes and liver refused chemotherapy because she wanted to fight this ugly
disease in a healthier way. After taking 900 mg/day of tocotrienol, she noticed great
results. Her doctor was skeptical at first. It has now been 6 months and she just texted
me that she is, “Cancer Free!” She eats well and is taking other supplements. This is
amazing!

10



Dear Dr. Tan,

I have been reading about supplements that can help with healthy cholesterol levels. |
have not done well on statin drugs and read that tocotrienol might help. | have been
keeping close track of my numbers for the last two years, and | must let you know that

my levels have greatly improved.

Dear Dr. Tan,

I am an ophthalmologist and | have been a patient participating in a pancreatic cancer
trial that used annatto tocotrienol. The trial has now ended, but | am still alive! Please let

me know where | can purchase tocotrienol so that | may continue taking it.

Dear Dr. Tan,

I have lupus and my hands swell so badly at times that it is too painful to hold the steering
wheel in my car. Even with shots, | have not been able to experience much change. Since

taking tocotrienol, | have started to see the inflammation in my hands reduced.

Dear Dr. Tan,

My dog has arthritis and | love him so much. It hurts me to see him struggle. | decided to
see what would happen if | gave him tocotrienol, and | want to let you know that it is

helping with his ability to walk. Thank you so much!

Dear Dr. Tan,

Can you imagine what it is like to have a child who has never cried tears? That is a
common experience for children with FD, a rare genetic neurologic disease. | had heard
from other families whose children had been taking tocotrienol that they had started
crying real tears. | want to let you know that today while out walking with my son, he
mentioned that he cried while watching a movie. That was a walkstopper!

1



I have now opened many, many letters and received phone calls from all over the world.
Each one moves me deeply, and | am completely energized, inspired, and humbled by
the positive impact of tocotrienols on people’s lives.

In the chapters ahead, | will continue to explain more about this incredible plant-based
vitamin and how it can help you — as a powerful antioxidant for everyday health at the

cellular level, and for numerous health conditions and concerns. Please read on!
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TWO

A Love Affair with Tocotrienols

| have been fortunate to discover the three major sources of tocotrienols — rice,

palm, and annatto. These are still the commercially available sources today.

Dr. Barrie Tan holding an annatto plant

| have two loves in my life: my wife, Elizabeth, and tocotrienols. A love affair with
tocotrienol? What do you expect from a researcher and scientist? But this passion led me
to my fate: discovery of the amazing antioxidant properties of the annatto, a tropical
plant that grows in South America.

Before | dive into this discovery, let me first tell you a little bit about me and how my

unusual love affair began.
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| earned my Bachelor of Science and a Ph.D. in chemistry at the University of Otago,
New Zealand. Later, | became a professor at the University of Massachusetts at
Ambherst, first in chemistry, then in food science and nutrition.

My research included vitamin E, cholesterol and fats, prediabetes, diabetes, cancer and
free radicals, along with lipid-soluble materials, such as carotenoids, CoQ10, and omega-
3s.

In 1983, | was invited by a friend to visit a palm oil manufacturer in Malaysia, where | am
originally from. Palm is known for having a large number of carotenes (brightly colored
pigments important for photosynthesis), and | noticed that during manufacturing these
orangey carotenoids were separated as a byproduct. | couldnt stop staring and

wondering what might be the precise chemical components inside the crude oil.

On returning to the U.S., my curiosity drove me to begin extensive research on the oil. |
noticed a light brownish portion that seemed to have high antioxidant properties; these
were neither the fats nor the carotenes. My tests revealed results that were very close to
those known for vitamin E tocopherols, but not exactly. Further research revealed the
light brown material to be vitamin E of a different kind. What | found were tocotrienols! |

started publishing these findings in 1986.

Several years later, my wife and | took a vacation to Phuket, Thailand. Just prior to
leaving, | received an unexpected phone call from a counselor to one of the princes of
Thailand. He had heard about my background in carotenoids, and wished to set up a
meeting between the prince and me to discuss a research and development proposal.
The prince wanted to sponsor research dedicated to discovering new plant-based

nutraceuticals.

A company was formed and in it we discovered that rice, too, was a source of
tocotrienols.

In the early 1990s, | took a break from vitamin E and became interested in the work being
done by Dr. Johanna Seddon, a renowned ophthalmologist and retina specialist. Dr.
Seddon discovered that at the back of the retina are levels of lutein and zeaxanthin that

help combat macular degeneration.
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| was told that if | went to South America, | would find a giant marigold flower about the
size of an orange, and | could extract lutein and zeaxanthin from its petals. So, with
excitement, | went to South America to find a flower that could potentially help many

people with age-related macular degeneration.

Here I am, standing in a field of marigolds

As you can see from the photo above, | found my giant marigold! But, as chance would
have it, while holding this bright marigold blossom, | noticed an annatto plant just thirty
feet away. | was stunned by the beauty of the plant. When the fruit pod opened, | only
saw seeds, no flesh. | rubbed it, and an intense red oil coated my hand. There is a reason
the British nicknamed this the “lipstick plant.” But | call it my One Plant Wonder.

15



The seeds of the annatto plant

For a long minute | stood transfixed, staring at the red seeds. How could the beautiful
red color possibly still be so strong? Without any flesh to protect them, the seeds were
directly exposed to the sun and air. The intense red-to-maroon colored seeds should
have been turning brown, but they were not. | wondered what was inside protecting the
seeds? | suspected that there must be a very powerful antioxidant that the annatto plant
made to protect its carotenoids. It must be polyphenols,” | thought. They are powerful
antioxidants and are ubiquitous in the plant kingdom.

FUN FACT
The red oil from the annatto seed is used as a natural coloring in cheeses, like cheddar,
Gloucester, and Red Leicester. You can also find it in many other foods, including ice
cream, meats, crackers, seasonings, salad dressings, tortilla chips, and even mac &

cheese.

When | returned to the states, | showed this plant to John Foley, my good friend and lab
chemist at the time. We immediately started to decipher what was in the annatto seeds

16




that kept the carotene pigment red. When the results emerged, | was shocked — it was
vitamin E. | was further shocked to learn that it only contained tocotrienols. And most
shocked when | realized it only contained delta- and gamma-tocotrienols!

That, for me, was one of my happiest and most unexpected moments as a scientist.

Delta and gamma are the most potent tocotrienols; alpha comes in third, with beta at
the rear. So imagine finding a plant that has just delta and gamma. The American
Chemical Society currently has fifty million unique chemicals registered in their database?

— this was a true needle-in-the-haystack experience!

ANNATTO VS. OTHER SOURCES OF TOCOTRIENOL

Annatto Palm Rice
m Delta & Gamma
Tocotrienol
= Alpha & Beta
Tocotrienol
m Tocopherol

Figure T: Sources of Tocotrienol

As you now know, | discovered the three major sources of tocotrienols: palm oil c. 1984,
rice c. 1995, and annatto c. 1999. Palm oil has 50% delta- and gamma-tocotrienols, rice
has 35% delta- and gamma-tocotrienols, and annatto has 100% delta- and gamma-
tocotrienol. Additionally, palm and rice sources contain 25 to 50% tocopherol; annatto
has none (see Figure 1).

In 1998, with the help of my wife, | started a natural health R&D company called
American River Nutrition, which is where | developed the first-ever tocopherol-free
tocotrienol product extracted from annatto. The product, DeltaGold®, was released to
the nutritional and natural health care industry in 2005 and is currently an ingredient in

many major brands.
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During this time, tocotrienols were starting to gain attention for their health benefits. |
decided to focus on an earth-friendly and more efficient way to extract the tocotrienols,
particularly from annatto.

You see, tocotrienols exist at low levels in nature, so it was important to find an easier,
cost-effective way to extract this priceless gem. | was awarded the first-ever annatto
patent for a unique extraction technique in 2002. This technique allowed us to extract
DeltaGold® without using harsh or synthetic chemicals, petrochemicals, or solvents —
so nothing similar to those that are commonly used in extraction. It is purely a physical

and evaporative technique, making DeltaGold® truly 100% natural!

Today | am dedicated to in-depth research for developing phytonutrients to reduce and

slow chronic disorders that plague many of us as we age.
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THREE

The Importance of Cellular Health

Tocotrienols fight off free radicals and keep your cell membranes strong and protected.

“The more you know, the more you grow.” That's an old saying that rings true when it
comes to understanding cellular health. In this chapter, | will provide you with an
introduction to cellmembranes, free radicals, and how antioxidants like tocotrienols help
maintain a healthy lifestyle. Knowing this information will help you appreciate the way

vitamins and supplements support overall health.

The Cell Membrane

It is essential to understand what the cell membrane is and why we need it to be healthy.

A cell membrane is a thin casing that surrounds the cell. Its wall-like function is to protect

the cell by allowing certain substances in while keeping others out.

Phospholipids (fatty acids), cholesterol, and a small amount of protein make up most of
the cell membrane. Phospholipids create a lipid bilayer (a universal two-layered structure
of fat cells) while proteins help move selective molecules in and out of this bilayer. This
arrangement is important, because it allows for essential molecules such as water,
oxygen, and carbon dioxide to cross the membrane while blocking other larger and

potentially harmful substances.

Due to the fact that a cell's membrane is made of unstable fatty acids and often
unsaturated fats (such as omega-3s), it needs a lot of protection from oxidation and
free-floating toxins and pollutants that roam throughout the body.

This is where tocotrienols come in (especially delta-tocotrienol). They help maintain

membrane integrity to better protect cellular functions.
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Free Radicals

Next, let's learn about free radicals, the bullies on the block. Free radicals are
overcharged oxygen molecules that have become unstable. Stress, pollutants, smoking,
bad foods, bad fats, too much exposure to ultraviolet rays from the sun — all things that
can cause our bodies to produce these overcharged oxygen radicals.

Because free radicals are unstable, they attack and steal electrons from stable molecules
within healthy cells in an attempt to stabilize themselves. This damages the cells. In a
micro picture, damaged cells lead to cell dysfunction and death. In a macro picture,

damaged cells lead to premature aging and disease.

However, free radicals are still important for a healthy life. They are needed to Kkill
invading pathogens, like those that might land on an open wound. It sounds like a
contradiction, doesn’t it? It is only when they get out of control that the trouble begins.
While we don’t want to wipe out free radicals completely, we also need to keep them at
a low level, activated only when an acute need arises — for example, a bacterial infection.

This is where antioxidants come in!

Antioxidants

Simply put, antioxidants are molecules in cells that typically come from nutrients, the
most common being vitamins A, C, E, and the minerals selenium and zinc. When a free
radical attacks a healthy cell to get its missing electron, the antioxidant molecule

attached to that cell gives the free radical its own electron without destabilizing the cell.

A few other well-known antioxidants are resveratrol, curcumin, astaxanthin, lutein,
coenzyme Q10 (CoQ10), and of course, tocotrienols. Tocotrienols in particular are well
suited to protect the cell membrane because their perfect fit into the lipid bilayer allows

them to better protect the lipids within this bilayer from oxidation.
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Let’s put this all together

Imagine you have just taken a supplement of annatto tocotrienol. Your small intestine
soon absorbs this antioxidant through its walls and pushes it out into your lymph and
then into your bloodstream. The delta- and gamma-tocotrienols spread out and attach
themselves to a variety of cell membranes throughout your body and then start
patrolling for free radicals. As soon as they sense one closing in (meaning the free radical
attaches to a fatty acid in the cell wall), the tocotrienol molecule releases an electron
which re-attaches to the free radical, making the damaged (oxidized) fatty acid in the
cell wall whole again. The free radical is stable again and leaves the cell. Put simply, the

tocotrienol removes the aberrant oxygen from the fatty acid.

It is amazing what the body can do, and even more amazing what tocotrienol can do to

help the body ward off unwanted advances of oxygen.
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FOUR

All About E: An Introduction to the Right Vitamin E

It took 42 years for the scientific community to discover that

tocotrienols are a part of vitamin E.

The aim of this chapter is to help you understand vitamin E as a whole, as well as
appreciate its individual parts. In order to do this, | will first introduce you to the structure
of vitamin E, followed by a brief overview of its history before wrapping up with an
attempt to untangle the knot of false claims that surround this great nutrient.

Structure of Vitamin E

Figure 2: Structure of vitamin E

As | mentioned in the introduction, vitamin E is a family of eight separate but related fat-
soluble molecules. These are split into two groups, tocopherols and tocotrienols. Each
group contains four molecules: a delta, gamma, alpha, and beta form (see Figure 2).
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Having healthy fats and lipids in your diet is important because they help your cells better
absorb the fat-soluble tocotrienols and store them in your body for future use. We get
our healthy fats from sources like nuts and fish. And what about lipids? Lipids are
molecules that make up the structure of cells. Examples of lipids are oils, cholesterol,
specialized proteins, lipid vitamins, and nutrients.

You have probably already heard about vitamin E, and most likely, you're familiar with
its most publicized element: alpha-tocopherol. This form of vitamin E is being reassessed
because recent research has revealed its inferior — and even potentially harmful —

effects. In other words, alpha-tocopherol benefits have been greatly overrated.

| wrote this book because | wanted to increase awareness of the very powerful, yet
lesser-known benefits of the right form of vitamin E — annatto tocotrienol (a combination

of both delta- and gamma-tocotrienol).

A Brief History of Vitamin E

Vitamin E was discovered in 1922 by
two  University of  California

'Egeﬁ:smmh physicians, Herbert MclLean Evans

and Katharine Scott Bishop, as a

\ vital nutrient to prevent birth
3 ictant defects. They were experimenting

properties with fertility in rats when they came

across a compound in wheat germ

1964: that allowed the pregnant female

0 Tocotrienol rats to reach full term. Evans named

the molecules “tocopherol,” from
the Greek words . " % Tbirth],
2003: .
04 Avaiotasie and N W 7 8 [to dear or carry],
in commerce

meaning in sum “to «carry a

pregnancy.” For a time, the

2019: unknown component was termed
0 Continued rise
of T3 research vitamin X and the “anti-sterility

factor.”
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It was fifteen years before the next use for vitamin E was brought to light. In 1937, two
scientists, HS. Olcott & OH Emerson, discovered that tocopherols contained
antioxidant properties.

So far, we have only talked about tocopherols. It wasn’t until 1964 that tocotrienols were
discovered — and that was by accident! When first seen by chromatography,
tocotrienols looked like shadows on a piece of paper — almost like tocopherols’ shadows.
They were mistakenly classified as new tocopherols. This is why there is so much
information on tocopherols and so little on tocotrienols. Another reason tocotrienols are
not as well-known is because there are numerous tocopherol-rich sources available and

only a limited number of tocotrienol-rich sources.

The number of studies conducted on tocotrienols during this time was also scarce
because many of the initial studies were undertaken using palm oil (the first-known
commercial source of tocotrienol). Palm oil contains a high percentage of alpha-
tocopherol, which actually interferes with the absorption of tocotrienols in the body. |
remember being surprised to see more and more researchers noticing the blocking effect

of tocopherol, which kept tocotrienols from performing at their best.

This use of palm oil lowered the effectiveness of tocotrienols used in these trials and
discouraged further research. In the next chapter, | will go into more depth on the matter

of alpha-tocopherol interference.

During the 1980s and into the 1990s, research uncovered that the two most potent
vitamin E compounds were delta- and gamma-tocotrienols. The alpha-tocotrienol
compound was a distant third, with beta-tocotrienol being the least potent. When

combined, delta and gamma worked even better.

The next big breakthrough for vitamin E was one of my own — the discovery of annatto
tocotrienol. As mentioned earlier, in 2005 | launched DeltaGold® into the market, a new
vitamin E product that contains a whopping 90% delta-tocotrienol.

To this day, hundreds of research studies on tocotrienols for chronic issues are being
conducted. Many of these studies are public records at the U.S. National Library of

Medicine-National Institutes of Health at www.PubMed.gov. In previous decades,

tocopherol research dwarfed tocotrienol studies. Today, it is the reverse (see Figure 3).
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Figure 3: Timeline of research on vitamin E

“Vitamin E Does Not Work”

In the last ten to twenty years there has been a lot of negative news surrounding the
benefits of vitamin E. For example, “Vitamin E does not work,” or “Vitamin E may be

harmful to your health.” How is this so, and are these claims true?

Many of the studies behind these claims used alpha-tocopherol exclusively, and others
used synthetic alpha-tocopherol, often in excessive amounts. None used tocotrienol. At
best, these trials failed; at worst, they may have produced harm. This caused tocopherol
supplementation to sit uncomfortably with many consumers.

The original vitamin E measurement placed an inordinate emphasis on alpha-tocopherol.
Vitamin E’s value was its ability to prevent fetal resorption (or to bring a fetus to full
term). Such activity was given a measurement, or currency, International Units (IU), and

was assigned as per the table on the next page.
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Equivalent IU

Compound Weight/Mass easurement
alpha-tocopherol 10 mg 101U
beta-tocopherol 10 mg 51U

gamma-tocopherol 10 mg 11U
alpha-tocotrienol 10 mg 51U

delta-tocopherol

beta-tocotrienol
) 10 mg 0 IU or Unkown
gamma-tocotrienol

delta-tocotrienol

Seeing the monetizable U currency of alpha-tocopherol, the industry converted all
tocopherols to alpha-tocopherol. For example, the most common soy mixed tocopherols
(typically containing 15% alpha-tocopherol and 85% gamma- and delta-tocopherols)

are chemically converted to only alpha-tocopherol.

The IU currency for vitamin E is a misguided and useless measure, and the FDA has since
scrapped its use. All vitamin E tocopherols and tocotrienols are now labeled in milligrams

(mgs). This further supports the movement away from alpha-tocopherol.

Conclusion

Vitamin E has had its share of ups and downs in the past, but | promise you the best is
yet to come. There has been an influx of studies and research on tocotrienols that show
great advances for health and | am excited to see what happens next. The right form of
vitamin E is now available. It is safe, 100% natural, and a great companion to a healthy
lifestyle.
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FIVE

Difference and Interference

Tocotrienols are 40-60 times more potent than tocopherols.

| have been promising to talk in more depth about tocotrienols, tocopherols, and how
they interact, so here we go! | have provided below the three key chemical and structural
differences between the two molecules, followed by an understanding of how they

interact.

Smaller Head

T3

TOCOTRIENOL

T

TOCOPHEROL

| Shorter Tail |

Larger Head

| Longer Tail |

Comparison between tocotrienol and tocopherol molecules
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Key Differences

#1: Tocotrienols have shorter tails that do not anchor deeply into the cell
membrane. This allows them to move around the cell membrane faster — fifty times
fasterl — and therefore intercept free radicals more easily. Tocopherols, on the other
hand, have longer tails, anchor deeply into the cell membranes, and hence move more
slowly to intercept free radicals. If vitamin Es were cell phones, tocopherols would be 1G
and tocotrienols would be 50C.

From a study conducted by Dr. Lester Packer, we know that tocotrienols are
considerably more potent than tocopherols as an antioxidant. Packer observed that
tocotrienols were spinning around the cells much faster than the tocopherols. Because
of this, he theorized that tocotrienols are forty to sixty times better at giving one of their
electrons to the invading free radicals and thereby repairing damage to the lipids on the

membranes.*

#2: Tocotrienols have smaller heads and delta-tocotrienol has the smallest. The
smaller heads on tocotrienols allow them to squeeze into parts of the cell easier than
tocopherols can. This provides tocotrienols wider access to membranes and increases

their ability to capture more free radicals than tocopherols can.

#3: Tocotrienols have unsaturated tails, tocopherols have saturated tails. This
means that tocotrienols are unique in that they have three double bonds in their tails
whereas tocopherols do not. This also means that tocotrienols can provide more lipid
oxidation protection because of their superior bioavailability to cell membranes. The
same is true for cancer cells: tocotrienol’s bioavailability allows it to kill cancer cells. This

is remarkable.

Interference

A crucial concept to grasp when discussing vitamin E is the interference that occurs

when we have too much alpha-tocopherol in our system.

Alpha-tocopherol is unique because it has an alpha-TTP (alpha-tocopherol transfer
protein) as well as the ability to protect LDL from oxidation. Think of the transfer protein
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as a passport that allows alpha-tocopherol to gain admittance and enter the
bloodstream. A typical American diet provides all the alpha-tocopherol we need for it to
do this job.

The interference occurs when we have too much alpha-tocopherol in our system (for
example, taking alpha-tocopherol as a supplement). Our passageways become filled
with these molecules that, because they have the right of way, impede tocotrienols from

absorption and entry into the bloodstream.

So how much alpha-tocopherol is too much? Good question! In a healthy diet, it is
expected we consume about 10-15 mgs of tocopherols per day. Such amounts do not

present any interference to tocotrienols.

There are no other known contraindications with tocotrienol outside of alpha-
tocopherol. It is synergistic with vitamin C and mixes well with other lipid (fat) nutrients

such as carotenoids, fish oil, and CoQ10.

Conclusion

Each day it is becoming increasingly understood that tocotrienols (especially delta-
tocotrienols) are the right form of vitamin E. Well in excess of 100 studies and clinical

trials have shown the surprising benefits of tocotrienols — without any known side effects.

29



SIX

Documented Benefits and Functions of Tocoltrienols

I am fully convinced of the benefits of tocotrienols.

| am excited and confident about the potential of this natural supplement. Below is a
summary of the benefits | have ascertained with the use of DeltaGold® (annatto

tocotrienol):

A Helps Maintain a Healthy Brain for Healthy Aging
Tocotrienols, in addition to a healthy lifestyle, may help keep you sharp and
contribute to better brain health.’> In fact, population-based studies conducted
by the Karolinska Institute showed that higher levels of vitamin E tocopherols
and tocotrienols in elderly subjects were associated with a lower risk of cognitive

impairment and Alzheimer’s disease. ¢°

A Helps Maintain a Healthy Blood Sugar Level
We need a healthy amount of blood sugar (glucose) to give our cells and organs
energy. Glucose is helping you read this book with ease and understanding
because blood sugar also energizes your brain cells. Keeping normal blood levels

is an important goal throughout life.

A Helps Maintain Healthy Cells
Remember: when you think of your health, think of your cells. We have thirty-
eight trillion of them! Your cells are the bottom line for all-around health and, as
you learned in Chapter 3, tocotrienols play an important part in maintaining
cellular health. This includes preventing cells from going rancid and aberrant.

Tocotrienols could potentially turn “rancid” and “aberrant” cells back to normal.

A Keeps Cardiovascular Health and Cholesterol Levels in Check
Tocotrienols are nutrients that help give you peace of mind, because they (along
with a healthy lifestyle) help keep your healthy lipids in check and nurture your

cardiovascular system.
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Reverses Metabolic and Liver Maladies

The liver performs more than 500 essential functions, and keeping it healthy
cannot be taken for granted. A fatty liver makes an unhealthy liver. When you
lower your risk for metabolic syndrome and fatty liver maladies, you raise your
hope for healthier aging for years to come.

Maintains Healthy Bones

Where would you be without a good, strong skeleton? Not very far! In many
studies delta- and gamma-tocotrienols have already shown promise for
strengthening bones, including bones in post-menopausal women with

osteopenia.”®”

Radiation Protection
While radiation exposure does not affect everyone, it is still a big concern
because radiation can stick around for a long time. For those who are affected,

tocotrienols help protect sensitive cells from destructive ionizing radiation.

Keeps Inflammation at Bay
What would your day be like if your inflammation wasn’t as bad? Tocotrienols
calm your cells and provide relief from inflammation that could later turn into

chronic health issues.

Upgrades All Cells to Lipid Antioxidant Protection

This means your cells are better protected, including your heart, brain, prostate,
breasts, and especially your liver and fat pad. Talk about having better peace of
mind. Upgrades to your computer operating system are often a pain, but for your

cells there is a definite upside.
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SEVEN

Conditions Tocotrienols Help Manage: Part 1

Cardiovascular and Metabolic Health

Now that you have a good understanding of tocotrienols (especially the delta and
gamma ones), | can move on to discuss the many conditions they have shown to help

manage.

| feel safe in assuming that you would not be reading this book if you, or someone you
know, did not have a health problem you wanted to solve, or help solve. And I'm
confident you understand that tocotrienols cannot solve all your problems on their own

— they are not a silver bullet (does such a thing even exist?).

So, if you really want to improve your health, you have to invest in more than just taking
supplements. Engaging in more exercise and physical activity, getting more and better
sleep, and eating right are just a few of the things you already know are important. This
advice has been around for a long time and with good reason. Even small changes will
improve your health and well-being, especially for individuals with poor cardiovascular
and metabolic health. Please read on to see how tocotrienols, in tandem with a healthy

lifestyle, can really jump-start your recovery.

Chronic Inflammation

The traditional view of cardiovascular disease associates elevated cholesterol with
clogged arteries. Surprisingly, half of patients presenting with heart attacks have normal
cholesterol levels. Today, it is well-known that inflammation acts as cholesterol’s partner
in crime in cardiovascular disease progression by recruiting white blood cells to damaged

arteries, causing them to stick and initiate a “clogged-pipe” at the plague site.

Tocotrienols have been shown to have potent ability to reduce inflammation and new

research is focused on this effect. These studies demonstrate that alpha-, gamma-, and
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delta-tocotrienols strongly inhibit the inflammatory response such as NF kappaB (NFkB)
and tumor necrosis factor-a (TNF-a), along with a lot of inflammation “handlers”.

Two clinical studies on tocotrienol showed the supplement’s impressive ability to deliver
a one-two punch to elevated cholesterol levels and inflammation.™™ It is encouraging to

see how delta-tocotrienol, in particular, works to calm inflammation levels.
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Figure 4: Results of a trial on cholesterol & inflammation in
hypercholesterolemic patients

Among the most notable biomarkers to be affected by a 250 mg tocotrienol daily dosage
were C-reactive protein (CRP; a predictor for chronic inflammation), nitric oxide (NO),
and malondialdehyde (MDA), with decreases of 40%, 40%, and 34%, respectively (see
Figure 4).

Total antioxidant status (TAS), on the other hand, increased by 22%. This suggests delta-
tocotrienol potentiates endogenous antioxidants. Several inflammatory cytokines and
microRNAs were found to be modulated by tocotrienol treatment, suggesting more

favorable outcomes in cardiovascular and aging diseases with supplement use.

When combined with other anti-inflammatory ingredients, tocotrienols showed
synergistic efficacy. Two clinical studies show that delta-tocotrienol in combination with

antioxidant polyphenols curb inflammation and manage dyslipidemia.™*®
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One of the placebo-controlled studies was conducted in two groups of elderly subjects,
one with normal and the other with elevated lipid levels. The product formulation was
composed of 50 mg delta-tocotrienol from annatto (as found in DeltaGold®), along with
a B-vitamin (niacin), and polyphenols. In both groups, supplementation led to a
significant drop in CRP and ! -glutamyl transferase (a predictor for non-fatal myocardial
infarction and fatal coronary heart disease), while increasing total antioxidant status, a

measure of the body’s capacity to counteract reactive oxygen species.

In the hypercholesterolemic group, LDL cholesterol (20-28%) and triglycerides (11-18%)
also dropped. C-reactive protein dropped in healthy elderly (21-29%) as well as lipidemic
elderly (31-48%), as did 4 -glutamyl transferase (14-20%). Notably, there were no adverse

effects associated with the six-week supplementation period.*"*

What does all this mean for you? Tocotrienols’ proven ability to reduce inflammation
can help prevent many associated diseases and chronic conditions, improving your

overall health.

High Cholesterol

As you read earlier, tocotrienol and tocopherol molecules are structurally different.
Tocotrienols have a shorter tail with double bonds. These double bonds help reduce the
activity of the enzyme that controls the production of cholesterol, which is the same
enzyme targeted by statin drugs. This enzyme is called 3-hydroxy-3-methylglutaryl
coenzyme A reductase (HMG-CoAR). But tocotrienol and statins work differently on this

enzyme.

Tocotrienols dial down cholesterol synthesis whereas statins shut down cholesterol
synthesis. This is why statins are referred to as an “indiscriminate cholesterol reducer.”

Tocotrienols are a “discriminate cholesterol reducer.””™

In addition, only gamma- and delta-tocotrienols stimulated the degradation of the HMG-
CoAR, shown in 1992 and repeated fifteen years later in 2006.7"

In another study, researchers wanted to know how to lower the fat in blood
(triglycerides) using tocotrienols.
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They first conducted tests in cell cultures and mice with high cholesterol and triglyceride
levels. They discovered that tocotrienols reduce genes’ ability to enable triglyceride
production. It is thought that tocotrienols directly regulate triglyceride synthesis in the
body, thus helping to lower excess fat in the blood.

They also discovered that tocotrienols help reduce VLDL, which is another type of fat

related to triglycerides that can also lead to strokes and heart attacks.

The animal portion of this study showed that treatment with tocotrienols significantly
reduced the fat level in the blood by 19% and cholesterol by 28%.%°

Impressed by these results, the research group turned to human studies. They gave
healthy men and women 120 mg gamma- and delta-tocotrienols per day for an eight-
week trial. Not only did the subjects’ fat levels in their blood drop by 28%, the triglyceride-
related VLDL (bad cholesterol) trended down by 13%.%°

If that weren’t enough, tocotrienols also block the processing of a certain protein that
helps control the LDL receptor (the receptor that helps keep your cholesterol in
circulation). All these reduce fat in your blood, which is important in prediabetic and
diabetic conditions. The other vitamin E molecules do not block this process or hinder it

in any way. Only gamma- and delta-tocotrienols do this.”

Cardiovascular Disease

Chronic inflammation is the “perpetual flame” of many diseases, including
cardiovascular disease. One of the ways it flares up is when the immune system attacks
LDL (™bad” cholesterol) that is attached to arterial walls. Ongoing inflammation
eventually damages the arteries. This can create more oxidized materials just inside the
artery walls (called plagues) and can cause them to rupture or burst.

In fact, doctors now use a test for inflammation called CRP (a “shout-out” stress protein
produced in the liver) to assess a person’s risk of heart attack, given the close association

between inflammation and heart disease.
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In several trials, tocotrienols have demonstrated their ability to affect high cholesterol
levels, hinder the oxidation of fat, quell inflammation, and subsequently reduce the

“velcro effect” on artery walls.®*

In vitro studies (experiments or procedures that are done outside of the body, such as in
a test tube or laboratory dish) have found that tocotrienols resist oxidation to LDL
cholesterol”, which is thought to be a crucial initiating step for atherosclerosis.
Atherosclerosis is a common disorder that occurs when fat, cholesterol, calcium, and
other rancid material build up in the walls of arteries and form plaques. On the contrary,

many may not know, alpha-tocopherol can oxidize LDL cholesterol.?2

Free radicals and inflammation can lead to diabetes, obesity, and fatty liver for many
people, especially when they attack repeatedly and over time. Taking antioxidants, along
with having a healthier lifestyle, are a successful shield to these oxidative and

inflammatory attacks.

Metabolic Syndrome (MetS)

Metabolic syndrome (MetS) is a cluster of conditions like moderately high blood sugar,
high fat, high cholesterol, and high blood pressure that all happen together, and can

increase your risk for heart disease, stroke, and diabetes.

In one study on the effect of tocotrienols on MetS, researchers fed rats a high carb, high
fat diet to induce obesity with accompanying cardiac remodeling, insulin resistance,
hypertension, and fatty liver. The animals then received oral alpha-tocopherol, alpha-,
gamma-, or delta-tocotrienols at 85 mg per day, corresponding to a 60 kg human dose
of -800 mg per day. Results showed that, while all these vitamin E molecules reduced
the number of inflammatory cells in the heart, only delta- and gamma-tocotrienols
improved cardiovascular function and systolic blood pressure.

Furthermore, only delta-tocotrienol affected important markers of MetS and diabetes in
three ways: 1. By helping the body create and process the glucose better; 2. By improving
insulin sensitivity; and, 3. By reducing lipids (a form of fat) and abdominal fat. All this
resulted in a reduction in organ inflammation, especially in the heart, liver, and abdominal
fat?
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A similar study confirmed these results by studying mice that were fed a high fat diet.
The researchers examined the effects of stored fat around connective tissues like
cartilage, bone, blood, and bone marrow.

The approximate human equivalent of tocotrienols given to the mice was 160-640 mg
per day for 14 weeks, at which point improvements in glucose tolerance along with
reduced fat levels in the liver and blood were observed. In addition, the size of the fat
cells and liver tissues were reduced, resulting in overall improved health of the fat and of
the liver.?

Two closely-related groups of research further added to this MetS study using
tocotrienols. One group separately looked at delta and gamma, and these tocotrienols
attenuated “nascent flames” — called inflammasomes — of macrophages that protected
chronic metabolic diseases® The other research group looked at the impact of
tocotrienols with alpha-tocopherol removed. They found that tocopherol-free rice bran
tocotrienol (RBT3) had anti-lipidemic effects, reducing cholesterol (15%) and

triglycerides (28%) simultaneously.?

So, across three continents, several independent studies demonstrated that delta and

gamma do the same job to protect fat and the liver. That’s great!

So what does all this mean for you and your health? Having more than one chronic
condition increases your chances of developing a disease or suffering a heart attack or
stroke. Because studies show that delta- and gamma-tocotrienols lower high risk factors
for many diseases and conditions, they can have a broad and beneficial effect on your
overall health.

37



Nonalcoholic Fatty Liver Disease (NAFLD)

Obesity
MetS/Diabetes Liver Transplantation
Dyslipidemia
=
Healthy Liver Simple Fatty NAFLD NASH Cancer

Liver (<5%) (>5%) (Cirrhosis)

Stages of liver disease

Nonalcoholic fatty liver disease, or NAFLD is the new name for liver problems. NAFLD
happens when there is too much fat stored in the liver cells. This condition is not related
to alcohol consumption and is mostly caused by diet. The staggering reality is that eighty

to one hundred million Americans have this disease.””?®

Nonalcoholic steatohepatitis (NASH), which is a more serious form of the disease, is
indicated by liver inflammation and fibrosis. This may result in scarred tissues and
irreversible damage. This damage is similar to the damage caused by overdrinking, but
those affected are not drinkers. NASH can turn to cirrhosis and liver failure.

A randomized, double-blind, placebo-controlled study was conducted in seventy-one
patients having ultrasound-proven fatty liver disease. They were given either 300 mg of

tocotrienols twice a day or a placebo for twelve weeks.

Out of seventy-one patients, sixty-four of them — thirty-one in the tocotrienol group and
thirty-three in the placebo group — completed the study. After twelve weeks, tocotrienols
showed a greater effect than the placebo by enhancing liver function.

Significant improvements were also shown in stress reduction related to the liver. CRP
and MDA — both markers of inflammation and fat oxidation — decreased by 18% and
14% after three months, respectively. Tocotrienols were considered a safe natural aid for
excess inflammation and free radicals in patients with NAFLD.
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In addition, a significant decrease of fat in the blood showed reduced inflammation that
was consistent with the results of previous clinical trials conducted with DeltaGold® for
people with an excess of cholesterol in their blood and liver. The fatty liver index score
(a measure of fat in liver storage) decreased by 11%.

What made this study even more remarkable, especially for the patients, is that the
tocotrienol-supplemented group lost an average of 9.7 pounds, with a resultant

decrease in BMI and waistline. °

What this means for you is that when your liver is less “fatty,” it can better filter out the
(environmental) toxins in your body and break down fats and make proteins, allowing it
to more efficiently and effectively perform its over five hundred biological functions. With

a better functioning liver, your overall health will improve.

Diabetes and Prediabetes

About 10% of the US population has diabetes, so learning more about how tocotrienols
can help lower the risk factor and/or manage this disease is extremely important. Here

you will discover the connection between tocotrienols, diabetes, and PPAR alpha.

PPAR alpha, also known as peroxisome proliferator-activated receptor alpha, is
important in regulating lipid metabolism in the liver. Activation of PPAR alpha can help
control hypertriglyceridemia (elevated blood triglycerides), which is one of the hallmarks

of metabolic syndrome.

Tocotrienols were shown to activate PPAR alpha, which helps control the genes that are
involved with burning fatty acids for fuel. PPAR alpha activated by tocotrienols also
improved blood glucose and insulin sensitivity. These are important aspects of
metabolism for lowering triglycerides and raising blood sugar metabolism.*

Gamma- and delta-tocotrienols are effective for lowering triglycerides by restraining
genes that start triglyceride production. Triglycerides are a type of fat or lipid found in
your blood. The triglycerides you eat or that are converted inside your body are sent to

fat cells where they are stored and often show up as what we fondly call a “love handle.”
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Hormones regulate the release of triglycerides from fat tissue so they meet your body’s
needs for energy between meals.

High levels of these fats are closely linked to an increased risk of heart attacks, strokes,
Alzheimer’s disease, atherosclerosis, diabetes, and other chronicills. Scientists found that
after two months of supplementation, gamma- and delta-tocotrienols were effective in
lowering triglyceride levels by 28% in the blood of human subjects,” and by 10% in MetS
patients with NAFLD.?

It is known that omega-3 fish oil can also lower triglycerides, with one big difference: the
amount of tocotrienol needed to do the same task is about 10x lower. Nevertheless, it

makes good sense to take delta-tocotrienol and omega-3 together.

40



EIGHT

Conditions Tocotrienols Help Manage: Part 11

Cancer, Bone, and Brain Health

As | begin this next section, | want to highlight again how much exercise can’t be over
emphasized. Taking a brisk 20-30 minute walk every day can make a difference. Taking
the stairs instead of the elevator and standing more at your desk rather than sitting all
day are surprisingly proven ways to lower your risk. | try not to sit for more than one hour
at a time. If you haven’t done so already, make a pledge to yourself to do more than

enjoy a healthier diet, commit to increasing how much you move each day.

Cancer

In addition to their superior antioxidant power and showing promise for reducing the
formation of blood clots, tocotrienols have shown consistent anti-tumor benefits. Some
researchers attribute these anti-cancer effects to tocotrienols’ antioxidant activity,
HMG-CoAR inhibition,” and vascular endothelial growth factor (VEGF) inhibition.*
VEGF is a signal protein produced by your cells to stimulate the formation of blood

vessels>

Tocotrienols, not tocopherols, have repeatedly been shown to hinder the rapid
multiplying of cancer cells. Cells with the greatest degree of malignancy are most
sensitive to the action of tocotrienols. In all cases, delta- and gamma-tocotrienols were
the two most potent vitamin E molecules to inhibit cancer growth. There are many
possible modes of action for cancer kill by tocotrienols for a wide range of different types
of cancers. One such type is breast cancer. Tocotrienol has been shown to hinder the
rapid growth of breast cancer cells while alpha-tocopherol had no effect.3*
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Did you know that estrogen may send signals to breast cancer cells that may increase
their growth? Another study found that tocotrienols inhibit this, with gamma- and delta-
tocotrienols being the most potent.*

DID YOU KNOW?
Of all the tocopherol and tocotrienol molecules, only delta and gamma attach to tumors,
and, by doing so, help kill them. They do not harm normal cells and they have a penchant

for aberrant ones.

Because gamma- and delta-tocotrienols were shown — in reproducible tests — to slow
down or, in some cases, prevent cancer, tocotrienols in their purest natural form should
be included during cancer treatment. A clinical trial using a tocopherol and tocotrienol
mixture in breast cancer patients did not work and it was therefore indicated that pure
gamma-tocotrienol should be used instead to avoid tocopherol interference issues. Such

a trial, however, has not materialized.

As mentioned earlier, tocotrienols help reduce the activity of HMG-CoAR. More
specifically, the gamma-tocotrienol molecule was found to be responsible for slowing

down the cholesterol production in the liver by reducing the HMG-CoAR enzyme.

While your liver uses this HMG-CoAR cholesterol-production pathway to produce LDL
cholesterol for your entire body, every cell in your body also uses the same pathway to
produce this small waxy lipid that is vital for maintaining the health and survival of any

cell.
In situations of cancer, however...

...this pathway is hijacked and used by cancer cells to spread the produced cholesterol
throughout the tumor, fueling its growth. Researchers realized that the tocotrienols in
the liver and healthy cells would be very different inside cancer cells — tocotrienols
directly stymied aberrant HMG-CoAR activity (in cancer) from synthesizing cholesterol.*

This is a highly specific function of tocotrienol.

In other words, tocotrienols have a remarkable ability to tell the difference between
healthy cells and cancer cells. In the case of cancer, tocotrienols could seriously weaken

the cancer cells’ multiplying and proliferation ability. Statins can also kill cancer this way,
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but the dose required to kill cancer in humans is prohibitively high and associated with

serious side effects.”

Tocotrienols have also been shown to help chemo drugs work much better, especially in
resistant and recurring cancer cells. Scientists and oncologists call this

“chemosensitization.”

For breast and skin cancers, delta- and gamma-tocotrienols contain cancer-killing

features that target cancer cells by inhibiting the key cancer promoting protein, NFkB.
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