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ioneering

uring the late nineties, antioxidant research surged,

particularly on carotenoids—that fat-soluble group

of pigments widely distributed in plants and animals.

Carotenoids have demonstrable antioxidant abilities and
are thought to be important in helping to prevent numerous
diseases. Some of the more exciting new research is being

done on age-related macular degeneration,

As a2 member of the carotenoid group xanthophylls,

astaxanthin possesses oxygen in its chemical structure.
Other xanthophylls include canthaxanthin, cryproxanthin,
lutein, and zeaxanthin. Some of the better-known
carotenoids of other groups are beta-carotene (present in

he carotenoid astaxanthin

is perhaps best known as

the agent that provides
the pinkish-red color to farm-
raised fish such as salmon.
Recent research also shows it to
be a potent antioxidant equal to
or greater than lipid-soluble
antioxidants such as vitamin E.
through  its
antioxidant effects, astaxanthin

Predominantly

may enhance immune response,
protect vision, and exert anti-
cancer effects.

carrots), lycopene (in tomaroes),
and lutein (in spinach). Unlike
bera-carotene, astaxanthin lacks
pro-vitamin A acriviry.!

My work as a research scientist
and chemist has involved me
with much in vitro research. |
became incerested in astaxanthin
in 1997 when | found that ic pos-
sesses antioxidant accivity com-
parable to many lipid-soluble
antioxidancs.

Astaxanthin is a well-known
carotenoid markered as a dietary
supplernent in Japan and Europe
since the lare 1990s. It s
nacorally derived for commercial
use from che microalgae
Haematococcus pluralis, chough
most often a synthetic version is
used. In April 2000, one of my
laboratory research studies was
published in the Journal of

Agricvliural and Food Chemisiry. In our lab, my team and
I developed a new fluorometric assay for measuring
ancioxidant activity, We compared the relative ancioxi-
dant strength of astaxanthin to fellow carotenoids alpha-

carotene, bera-carotene, lutein, and
lycopene, as well as o vitamin E,
which is considered one of the
strongest antioxidants and rhus a good
comparative measure. In three differ-
enc assays, astaxanthin showed the highest
antioxidant activity toward peroxyl radicals—
a variety of damaging free radicals—in two tct-
als and second to onlv vitamin E in the third.

For example, one of our trials showed astax-
anthin at 1.3 on our rating scale, vitamin E at
0.9, alpha-carotene at 0.5, lutein and
lycopene at 0.4, and bera-carocene at 0.2. In
another assay, vitamin E scored highest ar 1.3
compared o astaxanthin’s 1.0 racing.’
Findings such as these validate the increased
consumer interest in astaxanthin as a sound
antioxidant dietary supplement.

Similar studies showing astaxanthin’s
antioxidant capabilities as equal to or grearer than vita-
min E have one fellow astaxanthin researcher referring
to the carotenoid as the “super vitamin E.”2

Stemming from astaxanthin’s antioxidant actions are
studies—muostly in vitro and animal—suggesting dietary
supplerent applications against cances, ultraviolet dam-
age to the skin and macula of the eye, and cardiovascular
condicions. Anecdotal reporcs that are as-yet unconfirmed
in the lab or in clinical wials speak of endurance booses as
well as benefits for repeticive motion condicions such as
carpal tunnel syndrome.

Major Antioxidant Studies

Oxvgen is essential for aerobic merabolism; a by-product
of this process is formation of oxygen free radicals, which
play a victal role in fightng infections and in other essen-
tial biochemical processes. However, if these radicals are
left unchecked, they can attack and damage cells and
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A leading researcher surveys the antioxidant frontier and
reports on potential uses for this nutrient new to the U.S. market

DNA, opening the door to the aging process and a host of
various degenerative diseases including age-related eye dis-
eases, Alzheimer’s, arthritis, cancer, diabetes, heart disease,
and inflammacory disorders. Antioxidants such as
carotenoids and bioflavonoids help cells cope with oxida-
cive stress by neutralizing free radicals and, for this reason,
have also been linked to disease prevention.

Carotenoids are considered potential membrane antiox-
idants due to the way they react with oxygen free radicals
and singlet oxygen—a nonradical pro-oxidant found in
biological systems and capable of damaging proteins, lipids,
and DNA. Astaxanchin atraches icself onco cell mem-

-branes and spans the cell membrane bilayer of fat and

water where free radical attack first occurs. By doing so it
inhibits the destrucrion of farry acids and proteins in cell
and micochondrial membranes caused by far peroxidarion.

Astaxanthin is one of the more potent quenchers of sin-

BY YOUSRY NAGUIB, PH.D.

gler oxygen. In face, one study shows the singlet oxygen-
quenching abilicy decreasing in che following order: astax-
anthin, canthaxanthin, beta-carotene, zeaxanthin, lutein,
and synrhetic vitamin E.#

Several studies have been conducted on the effects
of carotenoids on radical-mediated lipid peroxidation
in microsomes and in model membranes, a process impli-
cated in aging, atherosclerosis, cancer, and other condi-
tions. One in vitro study at Kyoto University in Japan
found synthetic astaxanthin and canthaxanthin could
retard peroxyl free radical-induced oxidation of an
unsaturated fatey acid ester more efficiently than
beta-carotene and zeaxanthin.’

A similar study showed natural asraxanthin is the most
efficient ancioxidant in retarding free radical-mediated
oxidation of the omega-6 fatry acid Jinoleic acid, with the
free radical-scavenging ability decreasing in the following
order: astaxanthin, zeaxantbin, canthaxanthin, Jutein,
beta-carotene, and vitamin E. The study also reporced that
astaxanthin showed inhibitory activity 100 times greater
than chac of alpha-tocopherol on peroxyl radical-mediated
lipid peroxidarion of rat mictochondria.?

In a lab study conducted ac Tufts Universicy School of
Medicine in Boston, ascaxanthin provided grearer protec-
cion than beta-carotene to rat liver microsomes undergoing
free radical-iniriated lipid peroxidation and was as effective
as vitamin E.¢ Furthermore, in vitamin E-deficient rats,
synthetic ascaxanthin protected micochondria from dam-
age cauvsed by lipid peroxidation, and the antioxidant
activity was greater than that of supplemental vitamin E.7
The latcer study, conducted at Kochi Medical School in
Japan, also found artificially induced inflammacion of rat
paws was significantly inhibited by ascaxanchin.

Other Antioxidant Effects

Astaxanchin also has the abilicy ro efficiently orap perox-
yl radicals, thus inhibiting that pathway of lipid peroxida-
tlon and suppressing che deleterious effects of peroxyl
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radicals. Therefore, astaxanthin is thought
to enhance humoral immune responses in
humans, protect against tumor formation
and skin cancer, ameliorate degeneration of
retinal photoreceptors, and protect the cen-
tral nervous system.

» HUMORAL HMMUNE RESPONSE: Research
demonstrates char astaxanthin protects
against pathogens by promoting humoral
immune responses. These involve anribod-
1es that are secreted by B cells and circulace
in bodily fluids. Such responses decline
with age, often resulting in autounmune
diseases, frequent infections, and even can-
cer. In culture and animal tests, astaxan-
thin’s enhancement of humoral immune
responses suggests a potential role in older
people by partially restoring specific anti-
body responses and maintaining che
immune response ac optimal levels.18

B ANTITUMOR ACTIVITY: Astaxanchin’s
ability to enhance immune responses in
mice has a corollary effect of exhibiting anti-
tumor activity. Researchers ar the Univessity

of Minnesota fed mice 40 mcg astaxan-
chin/kg body weighc per day. Those mice had
significantly smaller twmors chan controls
when supplementation was scarted one and
three weeks before tumor inoculation.?
Another mouse study, ac Washingron
State University in Puliman, showed
astaxanthin inhibits the growth of mamma-
1y tumors in mice by modulating tumor
latency and exerting antioxidant effeces.
Mice were fed a dier containing O, 0.1, or
0.4 percent astaxanthin, bera-carotene, or
cancaxanthin. Three weeks later, all mice
were inoculated with rumor cells. After 45
addicional days, plasma concentrations of
the carotenoids were undetectable in
unsupplemented mice but pronounced in
the supplemented group. In general, all
chree carorenoids decreased mammary
cumor volume, Lipid peroxidation actjvity
in tumors was lower in mice fed astaxan-
thin, which dose-dependently inhibited
mammary tumer cell growth, and was most
effective of the three carotenoids.!0

et

Aqu'aculturel

ASTAXANTHIN is best known for
its commercial use in the aquaculture
industry. In its pure, synthetic form,
fish farmers use it to provide the pink-
ish-red color to salmon, trout, and
crustaceans such as crabs, krill, and
shrimp. The ruddy pigmentation of the
fish flesh brought about by astaxanthin
is considered an important consumer
criterion of quality. Wild fish acquire
their characteristic salmon flesh color
from astaxanthin found in the single-
celled organisms they eat.

The fact that salmon cannot synthesize

Many carcinogens undergo detoxifica-
tiop by xenobiotic-metabolizing enzymes,
which enhance the diversion of toxic
by-products toward detoxification path-
ways.1! Xenobiotics are chemicals thar are
foreign to the biological system and
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astaxanthin and must find it in their
diet to maintain pink-colored flesh—
and can reproduce only if astaxanthin
is present in their diets—are indica-
tions of astaxanthin’s necessity in
these animals.!

Owing to the high demand for astax-
anthin in animal feed, particularly
aquaculture and poultry (for egg yolk
color enhancement), astaxanthin is
chemically synthesized on a large
scale. The worldwide market is esti-
mated at about $185 million in 2000
and is growing rapidly.

Astaxanthin is found naturally in
The vyeast Phaffia
rhodozyma and  the

certain plants.
microalgae
Haematococcus pluvalis are the only
microorganisms able to biosynthesize
astaxanthin in appreciable yields and
have recently gained considerable
interest as sources of natural astaxan-
thin. Among the natural sources, H.

pluvalis contains the highest level of

astaxanthin, which exists mainly as

esters of various fatty acids.
Astaxanthin occurs in several dif-

ferent forms depending on its precise

molecular makeup. Many laboratary
studies use synthetic astaxanthin.
Although similar in action, one differ-
ence noted between the two forms is
that natural astaxanthin tends to pro-
duce a higher pigmentation in rain-
bow trout compared to synthetic
astaxanthin provided at the same
dietary concentration.2 Other nutri-
ents contained in natural sources, as
well as subtle chemical differences
between the two forms, may also
account for nonidentical activities.
—YN.

include npaturally occurring compounds
and drugs. Xenobiotic metabolism is the
physical and chemical change thac affects
foreign substances in living organisms
from uptake to excretion.!? Asraxanthin
has been shown to induce rac lung and kid-

ney xenobiotic-metabolizing enzymes. 3

A recent animal study reports on the ben-
efits of ascaxanthin against Helicobacter pylori,
which in humans is associated with chronic
type B gastritis, peptic ulcer disease, and,
more {raportantly, gastric carcinoma. In this

study, conducted at the University of Lund in
Sweden, mice infecced with H. pylori were
given daily treacments for 10 days of eicher
algal meal rich in astaxanthin of various
potencies (10, 50, and 100 mgkg body
weight), 400 mg/kg vitamin C, or control »
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meals. After one and 10 days
post-treatment, both the astax-
anthin and vitamin C groups
showed significantly lower H.
pylori colonization levels and
lower inflammarion scores than
controls, with astaxanthin show-
ing a dose-dependent response. 4
2 EYE HEALTR: Certain
carotenoids have been shown to
help protect the retina of the eye
from oxidative damage.! The
lens of the eye focuses mcoming
light onto che photosensitive
retina, which transmits visual signals to the
brain. In the central area of the retina lies
the macula, which has the highest densicy of
photoreceptors that provide visual acuiry.
Oxidation, as from sunlight exposure,
degrades membranes and likely leads to dam-
age or destruction of photoreceptor cells.16
A recent US. rar study indicates
astaxanthin is able to cross che blood-
retinal barrier and exert ancioxidant effects
to ameliorate retinal injury by staving off
lighc-induced oxidacion and protecting
photoreceptors from degeneration.!? The
carotenoid pigments lutein and zeaxanthin,
which concentrate in the macula, absorb
blue light and quench singlet oxygen radi-
cals.)8 As previously mentioned, astaxan-
thin similarly has been shown to be an

tes

ing ra

=

[=]

<

=1}

S

=
=

@

=
S

(=]

-

2

ive sing

Relat

excellent quencher of singler oxygen radi-

REFERENCES

1. Jyonouchi H. et al. Astakanthin, a carotenocid without vitamin
A attivity, augments antlbody responses In cultures Including
T helper cell clonss and suboptimal doses of antigen. J Nutr
1995,125(10%2483-92,
2 MIkl W Blalogical functions and activitles of animal
carotenoids. Pure Appl Chem 1991;63:144.
3. Naguib YM, Antloxldant actlvitles of astaxanthin and related
carotenolds J Agdc Faod Cham 2000 Apri48(4)'1150-4
4, DiMascio P, et al. Carotenoids, tocopherols and thiols as
blologleal singlet molecular oxygen quenchers. Blochem So¢
Tranzactions 1990:18'1054

. Terao ). Antloxidsmt activity of beta<arotene and related
caratanalas ln solutlon. Liplas 1988:24:659.

6. Palozza R, Krinsky NI. Astaxanthin and canthaxanthin are
potent antloxidants In @ membrane model- Arch Blochem
Blophys 1892 Sep:297:291-5

7. Kurashige M, et al Inhibiion of oxidative injury of biological
mambranes by astaxanthbln. Physlel Chem Phys Mad NMR
1990:22(1):27-8.

8. Thompson 1, et al. The effect of dictary vitamin A and astex-
anthin on the Immunocempetance of ralabow trout.
Aquaculture 1995;133:91-102.

9. Jyonouchl H, et al, Antltumor acilvity of astaxanthin and Its

mode of action. Nutr Canocer 2000,36(1).53-65.

Chew BP, et al. A comparisan of the antucancer gctivites of

dletary betacarotene, canthaxanthln and astaxanthin In

mice n vévo, Anticancer Res 1999 May-Jun, 19(35):1843-53,

Gradelet 8. et al, Modulatlon of afiatoxn B4 carcinogenlcity,

genotoxicity and metabolism in rat liver by dietary

carotenolds: evidence for a protective effect of CYP1A lndue-
ers. Cancer Lot 1997,114(1-2):2213.

Jewell C, O'Brien MM Etfect of dietary sugplemeration with

carotenods on xenobiotic metabollang enzymes In the llver,

w»

10

11

12.

62

tunaxanthin

Antioxidants

alpha- | 4
tocopherol

lutein 200
zeaxanthin |45
astaxanthin 550

cals. The photoreceptor cells are a con-
stituent of the outer neuronal layer of che
retina, which is a component of the central
nervous system. These study results suggest
astaxanthin may prevent and treat neu-
ronal damage associated wich age-related
macular degeneration, and may also treat
ischemic reperfusion injury, Alzheimer’s
disease, Parkinson's disease, spinal cord
injuries, and other types of cencral nervous
system injuries. However, studies have yet
to be conducted co validace astaxanthin’s
effects on these conditions.

» CARDIOVASCULAR REALTH: Cholesterol
is a primary indicacor of cardiovascular
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lesterol) to low-densicy lipoproteins (LOL,
or “bad” cholescerol). A study at the
University of Panama measured cholesterol
levels of rars fed diets conrtaining 1,000
parts per million bera-carotene, canthaxan-
thin, and astaxanthin, respectively, for 30
days. Those on astaxanthin and canthaxan-
thin showed significant increases in HDL.1®

Toxicity of astaxanthin is not believed o
be a problem, although toxicity and safecy
studies have only been conducted on the
natural Haematococcus phuvalis algae and
most of the scientific studies have used syn-
thetic astaxanthin. The toxicity results on
H. pluralis were negative. A Japanese 13-
week oral repeated dose rat study found H.
pluvalis adminiscration corresponding to
0.5, 1.5, and 5 percent astaxanthin showed
no toxicological changes.20

Most astaxanthin studies conducied thus
far have been on animals or in laboratories.
Although these preliminary resules have
been promising enough to ignite the astax-
supplements  marker, most
researchers agree that larger, prospective
human clinical trials are necessary to ade-
quately evaluate che antioxidant and pro-
tective effects of astaxanthin in humans.
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Yousry Nagub, Ph.D., is a scientist and profes-
sor at Suey Canal University in Egypt, and for-
mer senior scientist at Phytochem Technologies in
Chelmsford, Mass. He holds wwo U.S. patens.
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