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Abstract — Astaxanthin, one of the dominant carotencids in
marine animals, showed both a strong guenching effect against
singlet oxvgen, and a strong scavenging eflfect against free
radicals, These ellects are considered to be delence
mechanisms in the animals [or attacking these active oxygen
species., The activities of astaxanthin are approximately
10 times stronger than those of other carotenoids that were
tested, namely zeaxanthin, lutein, tunaxanthin, canthaxanthin
and 8 carotene. and 100 times greater than those of
a tocopherol., Astaxanthin also showed strong activity
as an inhibitor of lipid peroxidation mediated by these
active [orms of oxvgen. From these results, astaxanthin
has the properties of a ~SUPEE VITAMIN E".

INTRODUCTION

Studies on biological functions and activities of carotenoids have been
mainly performed in the fields of photosynthetic plants, algae and bacteria (rel. 1),
and two major Tunctions have been revealed: 1) a light harvesting role in the
antenna complexes of the chloroplast in photosynthesis. 2) as protecting
agents against the harmful photooxidative effects of bright light

On the other hand. the well established biological function ol carotenoids
in animals is as vitamin A precursors (refls. 2-4). A Carotene or other
carntennids which possess a 8 retinvlidene or 3 dehydroretinylidene end group
can easily be bioconverted into retinnids through cleavage of the C 135, 15
double bond by A carotene 15, 1% oxygenase. Carotencids without such an
end group show little or no pro vitamin A activity, and any signiflicance ol
these carotenoids remains unknown,

For the past ten years, our group has studied ovarian carotenoids in
marine [ish and shelllish. and astaxanthin was [ound to be the most widely
distributed and major carotencid (ref.5). This carotenoid, however, possesses
neither 8 retinvlidene nor 3 hydroxyretinvlidene end group and shows little
pro vitamin A activity (refl.4), Moreover, it is not considered to be an
effective protecting colorant becauwse the color of astaxanthin, pink to red
is far different [rom that of the surroundings. In the case of the ovaries,
astaxanthin usually exists both in the [ree form and bound to protein as
astaxanthin protein complexes, but not in esterified form (ref.5). These
studies showed the possibility of another function of carotenoids, especially

dstaxanthin in the (ree {orm



W. MIKl

In the case of photosynthetic plants, 5 carotene, lutein and other
carotencids play roles as quenchers or scavengers against active oxygen species
[or the purpose of photoprotection against bright sunlight., Our group has
therefore searched for a similar role for carotenoids in animals. and has
found interesting activities ol these carotenoids. especially of astaxanthin,

In this article. [ will describe the quenching or scavenging elfects of
animal carotenoids, especially astaxanthin, against active oxvgen species,
singlet oxvegen{ '0,) and hydroxy radical(-0H). and against organic [ree radicals,
and compare the eflects with those of other carntennids and & tocopherol(vitamin ).

QUENCHING EFFECTS AGAINST SINGLET OXYGEN

The strong quenching effect of § carotene against singlet oxvgen in
plants has been known [or over twenty vears (refl.6), but, in the case of
animal carotenoids, such activity still remains unknown. In this chapter,
the activity of astaxanthin is described, and compared with those ol the
nther carotennids and a -tocopherol as controls (ref. T

Singlet oxygen was produced by methylene blue under irradiation with
white light. and the quantity of '0: was measured by determining the peroxide
value of linoleic acid dependence on '0,; by the TBA(thiobarbituric acid)
pmethod (ref.7). This in vitro model assay system was employved to check the
inhibitory activities ol astaxanthin, a tocopherol and other carotencids by
seasuring the increase in TBA value. The increase of the value in the absence
of any carotenoids or nther compounds was determined as a reference, and the
carotenoid activities were calculated by comparing with this reference value
The EDs, of astaxanthin was approx. 80 nM by this calculation, and the relative
inhibitory activities of the other samples are shown below (ref. 8).

Astaxanthin >>> astaxanthin diester. ... .....ooviiiiininiinaaaes {a)
Actaxanthin > & tocopherol. . ... ...cocviicesmmmrissinmssrtannocnsis (b}
Astaxanthin > zeaxanthin > 8 carotene..............ccocvivnncnnnnns (c)
Astaxanthin > canthaxanthin > F-carotene. ..........ccoevviiinnncnnns (d)
(35, 3 5) astaxanthin 5 (3% 3 B)-astaxanthin . (38 3 B) astaxanthin...(e)
Zeaxanthin > lutein > tunaxanthin ......... .. iiiiiiiiiiiiiinrnnanas ()

From result (a)., astaxanthin diester showed no activity. but. this compound
can be activated to astaxanthin in the [ree [orm by estergse enzymes aflter
administration to animals, so that free astaxanthin and astaxanthin diester
show the same activity when they are used in the diet. In the case of
a tocopherol, the EDsy is approx. 1 gM in this system, and this value is about
vae hundredth of that of astaxanthin from result {(b). a Tocophernl has been
used as an antioxidant inm lipids. drinks and other [oods, and this result
ghows that astaxanthin has the possibility to be used [or this purpose instead
of a tocophernl. BResults (c) and (d) showed that carbonyl and hydroxyl
groups in carotennids are important for the quenching activities., perhaps
because of the affinities between carotenoids and [ree [atty acid (linoleic
acid) or the hvdrophobicities of the solvent used in the mndel experiments
From result (e), the activity is clearly independent of the steric configuration
aof the carotencid. These results showed that the carotenoids and '0; come in
contact directly, and the energy transfer is very rapid. This phenomenon is
considered to be almost the same as the reaction between S carotene and ‘0. in
photosynthetic plants. Result ([) showed that the number of the conjugated
double bonds is very important to the activities. This result also indicated
that the magnitude of the quenching depends on the polyene chain, and the






