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Introduction

Astaxanthin, one of a variety of carotenoids that includes f -carotene, is a
frequently consumed natural red color widely and naturally distributed in
marine organisms, including Crustacea such as shrimps and crabs and such
fish as salmon and sea bream.

Recently astaxanthin has been reported to exhibit strong anti-oxidative
action? 100~1,000 times stronger than vitamin E (alpha-tocopherol), and
approximately 40 times stronger than beta-carotene in its anti-oxidative
activity. Although used only as a coloring in the past (either as a color food
additive® or a dye-up agent for cultured fish), astaxanthin has become one of
the major materials eagerly anticipated by industries for dietary
supplements.

Furthermore its other various specificities have been reported, including
anti-inflammatory action®, anti-atherosclerotic action®®, action against
diabetes”®, retinal protective action against light-induced injury?, daily
rhythm regulating action!®, immunomodulating action!V, anti-stress
action!?, muscle function duration improving action!®, semen quality
improving action'¥ and inhibiting action against bladder cartinogenesis!®. In
terms of dermatological actions, suppression of hyper-pigmentation!®),
inhibitions of melanin synthesis and photo-aging!” have been reported. We
have also reported visual wrinkle reduction by topical astaxanthin!®. These
reports, however, are all based on investigations for topical use.

On the other hand, tocotrienol is part of the vitamin E group found in the
barley-wheat family, rice bran, palm oil and other grains, and has three
double bonds on the side chain of a tocopherol molecule. Like astaxanthin,
tocotrienol is a naturally occurring compound that has been frequently
consumed and used widely as an anti-oxidant food additive!?.

Tocotrienol also has anti-oxidative action in its physiological activities
similar to those of astaxanthin, and its activity has been indicated to be
40~60 times stronger than tocopherol 20,

Among its other properties, blood pressure lowering action2V, cholesterol
lowering action??, improving action against arteriosclerosis?®, and inhibiting
action against growth of breast cancer cells?¥ have been reported. Most



recently, new specificities not included in tocopherol have been found, such as
inhibiting action against angiogenesis?® and improving the action of whole
blood flow2®). Furthermore, in Europe and America tocotrienol is being widely
used topically in cosmetics and other products as a next-generation vitamin
E.

Both astaxanthin and tocotrienol have excellent anti-oxidative properties.
Astaxanthin, however, possesses properties that act to quench singlet oxygen
and to inhibit lipid peroxidation, in contrast to tocotrienol, which possesses
the property of scavenging peroxyl radicals?”. Consequently, these different
mode of actions can be expected to produce synergistic action through
combination.

Furthermore, the concept of an “Beauty from Within” internal cosmetic has
been attracting attention in the dietary supplements field and is an
indispensable item for development of new products and improvements to
existing products.

Based on the above considerations, we performed a clinical investigation
using a dietary supplement containing both astaxanthin and tocotrienol.

1. Method

1-1. Test samples

The dietary supplement containing astaxanthin and tocotrienol (Trade
Name: OPENING™ Beauty Foods) was comprised of Haematococcus
plubialis microalgae extract containing 5% of astaxanthin (Trade Name:
ASTAREAL® Oil 50F), palm oil extracts containing 37.5% of tocotrienol
(Trade Name: TOCOMIN® 50%) and canola oil as soft gel capsules. Each
capsule contains 2 mg of astaxanthin and 40 mg of tocotrienol.

Placebo capsules for control were prepared with only canola oil in soft
capsules.

1-2. Subjects

Sixteen (16) healthy women with dry skin, age about forty years old, were
used for the study, after obtaining their consent for participation. Taking all
subjects’ properties into consideration, such as age, physical build, skin-type,
and constitution, the subjects were divided into a test group and a placebo
control group (each consisted of 8 subjects) by homogeneity of such properties
after measuring skin-parameters before beginning the study. Table 1 shows
the subjects’ properties.

1-3. Duration and method of study



From January 15, 2002, one capsule of the dietary supplement including
astaxanthin and tocotrienol was administered to each subject every evening.
Test duration was four weeks. Measurements of each test item were
performed at three points, at the beginning of the study, after two weeks and
after four weeks. All tests were performed using a double-blind procedure.

1-4. Conditions of measurement

The measurements were performed 15 minutes after administering the
capsules to the subjects, who were kept resting in a seated position after
washing their faces in an environmental test room conditioned to 20°C-RT
and 65%-RH.

1-5. Measurement parameters

1-5-1. Questionnaire

Skin condition and a skin diary were recorded using a questionnaire based
on the FCG (FCG Research Institute, Inc.) model (referred to below as “the
FCG model”).

1-5-2. Inspection/Palpation by cosmetic specialist
Performed using the FCG model.

1-5-3. Skin moisture content
Corneous moisture content (electrical conduction MS) of the right side outer

corners of the eye and cheek was measured using an electrical
conductance-type SKICON-200 (IBS).

1-5-4. Sebum content
Sebum content levels of the left side of the brow and cheek were measured
using a transmission sebum-meter.

1-5-5. Observation of skin surface
Magnified skin surface photographs of the left side of the outer cantus were
recorded using a Medical Nikkol (Nikon) and microscope (x60) (Hirocks).

2. Results
2-1. Skin condition evaluated by subjects’ self-assessment

Fig. 1 shows changes of skin condition evaluated by the subjects’
self-assessments after two weeks and four weeks compared to the base-line



initial values.

The improved tendency was observed in the test group compared to the
control group for all evaluated parameters at both Week 2 and Week 4, in
each mean value of the parameters for the eight subjects. “Spots/freckles”
evaluated at Week 2 and “acne/pimples” at Week 4 showed statistically
significant differences.

2-2. Inspection/Palpation by cosmetic specialist

Fig. 2 shows changes of skin condition evaluated by the specialist’s
inspection/palpation at Week 2 and Week 4 compared to the base-line initial
values.

In each mean value of the parameters for the eight subjects, the improved
tendencies observed in the test group compared to the control group included
“dark rings around eyes (significant)”, “oiliness”, “wrinkles around the
forehead or brow” and “flabbiness under eyes” by inspection and “smoothness
(significant)”, “moistness” and “elasticity” by palpation at Week 2, and “dark
rings around eyes’, “oiliness”, “glossiness”, “acne/pimples”, “grain”,
“flabbiness under eyes” and “flabbiness around mouth” by inspection and
“smoothness (significant)”, “moistness (significant)” and “elasticity
(significant)” by palpation at Week 4.

2-3. Moisture content

Fig. 3 shows changes of moisture content measured at Week 2 and Week 4
compared to the base-line initial values.

Moisture content of the outer corners of the eye measured at Week 4 in the
test group increased significantly (p<0.05) compared to the initial base-line
value. Good moistness of the cheek was also observed but was not
statistically significant. On the contrary, in the control group, a slowly
decreasing but not statistically significant tendency for the moisture content
of both outer corners of the eye and cheek was observed. The values
measured at Week 4 showed significant change (p<0.05) between the test
group and the placebo control group.

2-4. Sebum content

Fig. 4 shows changes of the sebum content measured at Week 2 and Week 4
compared to the base-line initial values.

No change was observed to the sebum content of both the brow and cheek in
the test group. For those in the placebo control group, however, the sebum
content decreased. Taking the test period into consideration, this may
suggest the skin condition in the test group was well maintained compared to



the placebo group.

2-5. Observation of skin surface

Fig. 5 shows magnified skin surface photographs (M4 and M11) in which
improvement of wrinkles was observed.

The skin condition in the test group tended to be maintained well compared
to the placebo group.

3. Discussion

We studied the effect on the skin of astaxanthin and tocotrienol, which
possess strong anti-oxidative action, by oral administration in a double blind
clinical test. Consequently, significant improvements were observed in skin
moisture content (the outer corners of the eye), the subjects’ self-assessment
of their skin (spots/freckles, acne/pimples), and the inspection/palpation by
cosmetic specialist (dark rings around eyes, smoothness, moistness,
elasticity). All of these are important parameters for skin condition. The poor
circumstances on the skin during the test period, however, must also be taken
into consideration. Furthermore, improvement of skin wrinkles was observed
by skin surface observation.

As a result of the above, an excellent cosmetic effect on human skin was
observed from concomitant administration of astaxanthin and tocotrienol.
Considering both the cosmetic effect on the skin observed from concomitant
oral use of astaxanthin and tocotrienol in this study and the cosmetic effect of
topical use of astaxanthin observed in the studies already reported!®, further
cosmetic effects on the skin can be anticipated through both oral and topical
use.

Conclusion

The cosmetic effect on the skin of dietary supplements containing
astaxanthin and tocotrienol was demonstrated in a double blind clinical
study. We note, however, that the study was performed during winter, which
1s a harsh season that creates a particularly dry human skin condition; and
also that it is usually very difficult to observe any significant difference to
skin condition resulting from the oral administration of dietary supplements.
Consequently, it is significant to note that there was achieved a noticeable
improvement to skin condition with the oral administration of a dietary
supplement containing Ax & T3, despite the harsh environmental condition
of winter and the administration limited to oral dietary supplements.

Of course, although dietary supplements containing only astaxanthin and
tocotrienol may be preferred, a total inner cosmetic product that combines



ingredients, including skin components such as vitamin C or other
water-soluble antioxidants, collagen, hyaluronic acid, and chondroitin sulfate,
can be expected to produce a much greater cosmetic effect on the skin.

We anticipate such dietary supplements that are beneficial cosmetically on
the skin will be developed and commercialized in the future.

This study was conducted jointly with the Beauty Science Laboratory at
FCG Research Institute, Inc.
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FIGURE 1

» Skin condition by individual assessment
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FIGURE 2

» Dermatologist inspection/palpation
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FIGURE 3

» Skin moisture content
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FIGURE 5

» Magnified skin surface inspection
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