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Resveratrol: A Readl

The biological process of aging is a mystery. Many
definitions are applied to and much controversy surrounds
the discussion about aging, yet ts true nature is still
uncertain. A number of scientists believe thataging

is nota biological process that beings are subject to
undergo throughout time; rather, they believe that aging
is mainly multiple environmentally induced changesin
the basic biological system. Truc, there are some genetic
components, but only a few, because approximately 80%
of the aging process seems to be selfinduced. A major
cause is overeating, followed by smoking, sunbathing,
lack of exercise and psychological stress. Because there

D, .

are many repair mechanisms in the body, it scems unlikely
that there would also be a death gene or something that

is dcsigncd to terminate life ata rclativcly carly age. Ofall
the anti-aging methods proposed, and all the drugsand
chemicals advertised, only one method appears to work, at
least in mice, and that is dietary restriction.

One group of scientists working to understand aging
mechanisms and age intervention discovered thata
certain chemical, when taken orally, could provide similar
benefits as offered by dictary restriction."* Essentially,
three groups of mice were studied for the effects of dictary
restriction. One group was allowed unlimited food known
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as “ad lib;” a second group was given an ad lib diet plusa
natural chemical from red wine; and a third group was
put ona caloricrestriction diet. The results showed that

the caloric-restriction group and the ad lib group with the
natural chemical from red wine lived the same lcngth of
time and enjoyed a similar health benefit. The ad lib group
all died carly. The natural chemical from red wine used in
this study was resveratrol, which is the topic of this article.

What is resveratrol?

Resveratrol is a plant compound, chemically known
as 3,5,4-trihydrostilbene, a member of the stilbene
family, whichis a group of compounds that is made up
of two aromatic rings and is joined by alink known asa

Figure 1: Molecules of resveratrol
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methylene bridge. (See Figure 1.) There are more than
30 stilbenes in the plant kingdom, but resveratrol is the
parent molecule of a group of compounds known as
viniferins®, a family of phytoalcxin polymcrs that prevents
bacterial and fungalinfections in plants. The phytoalexin
are produced by the plantas a defense mechanism.

Although resveratrol is found in at least 72 plants,itis
not found in many of the edible ones; peanuts and grapes
seem to be the major edible sources. A weed that growsin
Eastern Asia known as Polygonum cuspidatum is the richest
natural source of resveratrol.,

¢ Viniferins are complex molecules that develop in grape leaves and
wood in response to fungal infections.
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Sirtuins and reseveratrol

Much of the research into aging mechanisms centers
on cell growth and the control of cell growth. One gene
that has been studied extensively in lower life forms in this
regard is silent information regulator 2 (Sir2) proteins, or
sirtuins. They are enzymes characterized as deacetylases/
mono-ADP-ribosyleransferases and are found in many
organisms, ranging from bacteria to humans.

The first concept to understand is that sirtuins remove
acetyl groups® from proteins. They do this in the presence
of nicotinamide adenine dinucleotide (NAD+); that is
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Figure 3: Histones wrapped
with DNA strands

Histone

Resveratrol works
by preventing the
DNA from unraveling.

how it gets its name as a NAD+-dependent deacerylases.
Now it must do something with this acetyl group, so the
sircuins then take the acetyl group from the proteinand
add it to the ADP-ribose part of NAD+ to form adenosine
diphosphate (O-acetyl-ADP), alower energy form of the
high energy form known as adenosine triphosphate (ATP),
amajor source of energy in biology. Hereis the kcy phrasc:
energy-linked. When you see sirtuins and ADP, you know
ATP—or energy—is not far behind. This is how it works.

® An acetyl group is a two carbon compound with formula CH3-COO. It
is essentially vinegar.
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ins arc linked in some manner to
That is the first key concep.
profcin, whatever it may
pounds: O-aceryl-A DP-ribose,
ubstrate and nicotinamide. The
o’g‘:‘dfsirtuins on NAD links their enzymatic
vity to the encrgy state of the cell through the cellular
NAD:NADH ratio You can sce this reaction that
shows the acetylation process. (See Figure 2.) Duc to this
relationship with energy, sirtuins have been associated
in the regulation of aging, transcription, apoptosis and
stress-resistance. The regulation of many metabolic
processes and cellular defense mechanisms could casily
be the key to a possible lifespan-extcnding role for sirtuins
in mammals. This reaction ties in wich the histones and
deacetylation and finally, resveratrol. I shall take you on
awalk through this minefield and hopefully we shall not
step onamine. Keep in mind thatall this discussion relates
to turning on a cell’s metabolic mechanisms, as well as
turning them off. Itis very similar to a traffic light that has
green for go, red for stop and yellow for caution.

A brief cell review

A cell consists of a membrane, cytoplasm, a nucleus
and organclles, such as the mitochondria. Deoxyribose
nucleic acid (DNA) is the body's master template.

Any time a protein—or any complex substance in the
body—is made, DNA must open its two strands and
expose the code for that substance. The code is copied
ina process called transcription, and the copy is sent to
the reticuloendothelium, an organelle in the cytoplasm,
which then translates the copied code into the substance
or protein. So transcription and translation are the two
key words in molecular biology. All of this is written in

< Hydrolysis is a chemical process in which o water molecule is removed
from a protein.

¢ NAD:NADH is called o redox reaction because it shuttles protons and
electrons back and forth.

many basic textbooks in biology, and also in Advanced
Professional Skin Care, Medical Edition (The Topical
Agent, LLC,2005) If you are rusty in this area, please
review it before you read further in order to have a better
undcrstanding of this article. If you can remember the
acts of transcription and translation, you have a grasp

on biology. The DNA code can only be initiated by

transcription.

Histones and deacetylation

This concept s critical to understanding resveratrol
action. DNA€, which is the genetic-containing molecule
inevery body cell,is avery large, very complex and very
long molecule. In each cell, itis 1.8 m long when unwound.
Think about that: A cellis only about 80-100 microns
in diameter, while a strand of DN A is 1,800 mm, or
1,800,000 microns long, That is 18,000 times longer than
the cell. Now, to get the DNA into the cell, it needs to be
wound up to fit into a very tiny space. The cell uses tiny
protein balls called histones to serve as the surface on which
towind the DNA. Figure 3 showsa segment of DNA
wrapped around some histones. Actually, they assemble to
form one nucleosome core particle by wrapping 146 base
pairsfof DNA around the protein spoo] ina spiral. These
histones with DNA wrapped around them forma string
of beads wich some space between, called linker DNA. It
looks much like a very long rosary andis called chromatin.
(See Figure 4.) Before any message can be transmicted to
the DNA, this giant molecule must open up, unwind and
expose the code. If the DNA does notunwind, there can
be no cellular action. Now here is where the deacetylation
comesin.

¢ DNA is short for deoxyribose nucleic acid, the protein that contains all
the genetic material needed to develop o human from conception, and
maintain the body throughout its life.

" Bases in DNA are known as thymine, adenine, guanine and cytosine. A
base pair consists of two of these bases chemically bonded across from
each other in a strand of DNA. Cytosine can only bind to guansine and
thymine can only bind go adenine, and vice versa.
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Figure 4: Chromosome unraveled
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Acetic acid can be added to a molecule under certain

- circumstances and this is called acetylation. Ifitis removed,
this is called deacetylation. It is known that when DNA is
active, the histones are acerylated; if they are deacetylated,
they become less active. Fo]lowing isa short cxplanation for
this phenomcnon. Histones have positive ends due to amine
groups present on their lysine and arginine amino acids. The
positive charges help the amines to interact with and bind to
the negatively charged phosphate groups on the DNA back.
Being acetylated, which is the normal state ina cell, they
neutralize these positive chargcs on the histone and changc
the amines into amides, thereby decreasing the ability of the
histones to bind to DNA. What this action does is to allow
chromatin expansion, causing more genetic transcription
to occur. Enter histone deacerylase. This enzyme removes
those acetyl groups, increases positive charges to the histone
and causes it to bind tightly to the histones and DNA
structure. Net result: condcnsing of the DNA structure,



which prevents transcription of DNA ¢ With all of that
background, how does resveratrol fit into the picture?

Enter resveratrol

Remember that sirruins are the initiators of the
deacerylation of the histones, and thus inacrivate certain
segments of DNA. Itis this very action of resveratrol that
makes it so effective asan anti»aging and anti-cancer agent.
Resveratrol is capable of the activation of Sir2, which turns
on the deacetylation process. This is the same result seen
as an effect of caloric restriction (CR) in the life-extension
process. This process is still not completely understood, but
at least some progress has been made. A new phase of aging
conurol is being entered, and you are in on the ground floor.
The activation of Sir2 is only one aspect of the benefits of
resveratrol, so lets look at some others.

Oral absorption. Resveratrol has been found o be
highly absorbed——at least 70% in human bcings—through
oral doses. The compound is metabolized to resveratrol
sulfate, but resverarrol glucuronide is the most common
metabolite. There does not seem to be a problem with the
absorption of resveratrol when taken orally!

As an antioxidant. Many organic compounds, such
as resveratrol, contain aromatic groups (six carbon ring
structures), making them able to function as antioxidants.
They achieve this action by forming stable radical
structures, thereby preventing continuous oxidation.
Resveratrol contains two aromaric groups that provide
higher antioxidant protection than vitamin C and
vitamin E3The antioxidant activity of resveratrol has
been associated wich protection against the initiation
of atherosclerosis, often associated with oxidation of
low-density lipoproteins (LDL). In early acherosclerosis
lesions, blood platelets are seen that, when activated, can
generate reactive oxygen species (ROS). Resveratrol can
inhibit ROS formation, and chus reduce lipid peroxidation.®

Resveratrol and beart disease. The French are noted
for havinga relatively low incident of coronary heart
discase. This phenomenon has been attributed to the
high consumprion of wine—the red varieties include
resveratrol—in France.” The most accepted explanation
for how this heart protection occurs by resveratrol is the
inhibition of plateler aggregation * Platelets are tiny blue
(Wright's stain) cells without nuclei that function to

stop bleeding by clumping at the site of a wound. They

@ All genetic information must undergo transcription and translation to
effect a result, whotever it may be.

arcactivated by adenosine diphosphate (ADP), collagen,
thrombin and other factors, but when activated, they
change their shape and clump around the damaged

area in an attempt to scal ofﬂcaking blood. When this
dumpl'ng becomes excessive, it can lead to the bcginning
of cardiovascular disease.

Anadditional cardioprotective effect of resveratrol has
been related to its vasorelaxation properties. Investigators
concluded that resveratrol causes vasorelaxation in
endothelium-intacrand cndothclium—dcpcndcnt aortic
rings by the action of nitric oxide-dependent and nitric
oxide-independent mechanisms? Nitric acid is a major
vasodilator substance in the body.

Resveratrol and cancer. Canceris one of the ugliest
words in the English language. More is known about
cancer now than ever before, burt scientists are still a long
way from solving this complcx disease. One characteristic
of cancer cells is that they have escaped the normal
growth-control mechanisms in the body. Normal cells are
controlled by many genetic systems that maintain a serics
of checks and balances on all the cells to keep just the right
number available at all times. When a cell becomes worn
out, nonfunctional or abnormal, the body will usually
destroy it. When dealing with a cancer cell, this is not the
casc; the cell becomes autonomous, and will continue
to divide and grow more cancer cells. This is known as
abnormal cellular proliferation. Cancer therapy is directed
atkilling the cancer cell or inhibiting its proliferation:
cither way, the cancer cell is destroyed.

Whenacell isabnormal, it is literally destroyed by being
taken aparc by a genetic mechanism called apoprosis. The
anti-proliferative activity of resverarrol that occurs in some
cancer cell lines is believed to be due to the induction of

©eis suggested that the proliferation inhibition

apoptosis.
of resveratrol is caused by the arrest of the cell cycle. Whena
cell cannotbe destroyed by an existing genetic mechanism,
it will stop the division of the cell in one of four stages: G,
S. G2 or M. The molecular mechanisnis associated with the
anti—prolifcrativc effects relate to two mechanisms—one

is the activation of p53 and the other is the suppression of
nuclear factor«B (NF-«B) and activator protein-1 (AP-1).
These are complex systems, but you can learn more about
them by checking out these references "2

Resveratrol and inflammation. Inflammation is
abiological reaction that represents a complex host’s
normal defense reaction to insult and stress, which can
be either physiological or nonphysiological, including
such agents as chemicals, drugs, oxidants and microbial
entities. Allinflammatory responses, whether acute or
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chronic, must be activated by well-coordinated, sequential
events controlled by humoral and cellular reactions. ROS,
including superoxide, hydroxyl radical, hydrogen peroxide
and reactive nitrogen species (RNS), such as nitric oxide,
are imp]icatcd inthe inﬂammatory process.

The destructive effects of these ROS depends on their
concentration and the microenvironment in which they
are released. Normally the body can handle the ROS
production, but when they are overproduced, suchas when
the body experiences sunburn or overeating, they become a
major factor in tissue inflammation. Inﬂammatory responses
usua“y proceed as follows: intracellular activation; infiltracion
of proinﬂammatory macrophages and lymphocytes, which
are blood cells; increased vascular permcability; and finally
tissue damage and cell death. In aging, the same process
occurs, but it is slower and less violent.

Current rescarch suggests that resveratro] blocks the
inflammatory process in arather complex way. NFcBis a key
step in the process of inflammation.”? Inhibition of NF«B
activity isa possiblc mechanism by which resveratrol exerts its
anti-inflammatory activity. The exact mechanism by which
resveracrol inhibits NF-xB activation remains uncertain, but

studics l]EIVC clcarly Sl]OWH that thiS action is rcal.”

Resveratrol and aging skin. Aging, although studied
intensively, remains a mystery. Many physical and
biochemical aspects of the aging process are known, but
no single unifying concept has emerged thar explains itall.
For example, it is known thatindividuals undergo aging
changesat different rates; that is, some faster than others. It
is understood that aging is associated with certain physical
changes, such as grey hair and wrinkled skin, but it is also
known that these changes are not absolute signs of aging,
Biochemical changes, such as loss of muscle and bone
mass are evident, along with hormonal changes—mainly
reproductive abilicy. Jtis becoming clear thataging s not
inevitable, and that some steps can be raken to slow it down,
one of the most important being the reduction of food
intake.

CR brings about a great many positive changes in
aperson’s physiological make up, all of which make for
longer, healchier life. CR triggers sirtuins, as well as reduces
the strain on the body’s mitochondria. The less oxygena
person breathes, the longer their lifespan because the body
produces fewer free radicals.

This fact points to free radicals and oxidative damage
as one of the major mechanisms in the aging process.

Atthe core of free radical damage is inflammation, and
inflammation is responsible for many of the dysfunctional
aging changcs and many diseases. Hereisan interesting
and astonishing fact: humans actually age daily, bic by bit,
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Sure, there are few big happenings, cither enzymatic or
hormonal, but the daily damage has the biggestimpact on
aging changcs. \X/hy is chis important? For onc reason: It
appears that the body cannot repair this damage aslongas it
is continuous. Thatis important! Stop the damage, and the
repair will happen. Ie has been shown that 20-month-old mice
(about 80-years-old in human years) can repair serious aging
changes to become nearly normal in just two weeks.® What
this means is that aging can be controlled if the damagc
inflicted on biologjcal systems every dayis controlled. The
changes scem to occur in 10-year increments. Look at the
changcs fromage 101020, andages 4010 50. Afer age 70,
the changesarca bit more pronounced, and this may reflect
an accumulation of many biological insults. The good news is
that this process can be slowed down with dietand exercise.
No one really wants to hear this, but there is strong evidence

to support this concept.

Caloric restriction

CRisamorc palatable way of saying eating less, or
dicting; Itis considered a sound conceptand enjoys
widesprcad acceptance in the scientific community. As
mentioned above, the gene Sir2 that promotes lifespan
inlower organisms is called SITR1 in mammals. A major
function of this gene is to promote cellular resistance to
stress-induced death, but it also stimulates many changes
in the cells, including metabolic changes in both glucose
and lipid metabolism. The bottom line is thar SIRT 1 is
up-regulated (a fancy word meaning increased action”)
with CR. This is the heart of a new theory about anti-aging
called the Hormesis Hypothesis. Its core concepris that
diet restrictions impose a mild stress on an organism. This
stress then elicits a defense response that protects the
organism against the causes of aging”** There are four key
prcdictions made by the Hormesis Hypothcsis:

1. Caloric restriction induces intracellular
cell-auronomous signaling pathways chat respond to
g ,

biological stress and low nutrition;

2. These pathways help defend the organism againse the

causes of aging;

3."The pathways alter glucose, far and protein
metabolism to enhance survival during times of

advcrsity; and

4. The pathways are under the control of
endocrine-signaling pachways that ensure that cellsin
g

the organismactina coordinated fashion.
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Keep this conceptin mind as you will see and hear

about it from time to time. It forms much of the basis for

the positive effects of CR.

Resveratrol, CR and aging

CR holds the greatest potential to delay human aging,
based on current knowledge. Resveratrol is the most
studied natural product for potcntial use as a mimic of
CR orasa potential therapeutic product to slow the aging
process. At present, the mechanisms CR uses to extend
lifespan are not known. It seems to slow down parts of the
genetic program that relate to aging and to disrupt certain
hormonal levels. Anorexia nervosa, for example, caused by
severe dietary restriction, markedly affects the estrogenic
hormones.

The ability of resveratrol to extend h’fcspan in animal
models, such as flies and mice, made it very interesting to
scientists as a potential anti-aging product. The science
supporting this action is based on studies in yeast, flies
and worms that show the levels of sirtuins are increased.
Resveratrol was found to be one of the strongest
candidates and was shown to extend yeast lifespan.” The
work on mammals is less clear. The gene in mammals that
resembles Sir2 is called SIRT1, which CR is known to
activate in some tissues. The role of SIRTs in mammalian

aging remains unknown.?

www.Skinlnc.com

So far, the evidence suggests that taking modest doses
of resveratrol—from 100-200 mg—may help the body to
metabolize fat better and activate the pathways thatare
turned on by CR. The other benefits of resveratrol make it
worth taking as a supplement, even if the anti-aging aspect

is not proven at this time.

Resveratol and NF-xB blockade

The esthetician should be familiar with this biological
compound mentioned above. It is a transcription factor,
so itactivates some genes in the DNA molecule. Thisisa
term that sooner or later you will need to know if you stay
in the professional skin care field. Current evidence points
out that by blocking the agents that turn on NF«B, you
will prevent the inflammatory action that s associated
with aging and actually allow the body to reverse the
aging changes.* Now that is a profound statement
because it describes a major biological discovery. This is
not the whole story, by far. Two camps exist in science
on the topic of anti-aging. One is the negative group,
the naysayers who disagree with everything, and the
other is the positive group who are making real strides in
understanding the aging process, and at the same time are
discovering the cause of many discases and finding ways

to treat them.
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If you want to take resveratrol, it is important to read
all the literature supplied by the vendor because itis a good

source of information on resveratrol and to also speak
with your physician. At present, with CR and resveratrol
supplements, you have a good start on slowing down your
aging rate.

Topical products will soon be available for skin care and
should be very effective, but ] strongly suggest you fully
understand resveratrol and demand data for efficacy before
you use or purchase these products.
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