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Carotenoids as Singlet Oxygen Quenchers in Marine Organisms
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To understand the roles of carotenoids as singlet oxygen quenchers in marine organisms, quench-
ing activities of eight major carotenoids, astaxanthin, canthaxanthin, f-carotene, zeaxanthin, lutein,
tunaxanthin, fucoxanthin and halocynthiaxanthin were examined according to the method using a ther-
modissociable endoperoxide of 1,4-dimethylnaphthalene as a singlet oxygen generator. The second-ord-
er rate constant for the singlet oxygen quenching activity by each carotenoid was determined, suggest-
ing that an increasing number of conjugated double bonds in carotenoid was proportional to greater
quenching activity. The quenching activity of each carotenoid was found to be approximately 40 to 600
times greater than that of a-tocopherol. The potency of these carotenoids suggests that they may play a
role in protecting marine organisms from active oxygen species.
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Carotenoids are widely distributed in marine organisms,
especially in the integuments and ovaries in fish and
shellfish,"? and on the surfaces of invertebrates."” They
are estimated to play an important role as antioxidants for
protecting these organisms from injuries caused by free
radicals and active oxygen species, such as singlet molecu-
lar oxygen ('O,), an important active oxygen species.*® Di
Mascio et al.™® have examined the quenching activities of
carotenoids against 'O, by using a thermodissociable en-
doperoxide of a naphthylidene derivative, named NDPO,
and a germanium photodiode detection system. They®
realized that the difference in the results for 'O, quenching
constants between Conn et al.,” Lee and Min,'? and them-
selves” was not due to the solvent systems used in their ex-
periments, but to the recording techniques used, and recog-
nized the large quenching constant values for lycopene,
astaxanthin and several oxycarotenoids. One of the
authors® has also revealed that astaxanthin shows a strong
quenching activity against 'O,, which is approximately
one-hundred times stronger than that of a-tocopherol, a
common antioxidant in plants and animals. Although a lot
of carotenoids thus show effective '0; quenching activities,
little information has been obtained on the activities of the
carotenoids in marine organisms. We have already report-
ed the scavenging effects of major carotenoids in marine
animals against organic free radicals, common radical spe-
cies,* according to a newly developed method involving
Re-mediated lipid peroxidation.® In this study, we sought
to determine the second-order rate constants for 'O,
quenching activities of representative carotenoids in ma-
rine organisms using a thermodissociable endoperoxide of
1,4-dimethylnaphthalene as a 'O, generator in order to bet-
ter understand the role of the carotenoids.
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Materials and Methods

General Procedure

Structural confirmation of each agent was carried out
mainly by spectroscopic methods. 'H-NMR (500 MHz)
spectra were recorded with a Varian Unity 500 instrument
in CDCl,. Visible absorption spectra (VIS) were recorded
on a Shimadzu UV-21008S recording spectrophotometer in
hexane. Chemiluminescence emissions from excited 'O,
were counted with an Aloka BLR-201 Chemiluminescence
detector using a Hamamatsu Photonics R464 photomul-
tiplier tube (280-690 nm, max 400 nm).

Preparation of Thermodissociable 'O, Generator

Thermodissociable endoperoxide of 1,4-dimethyl-
naphthalene (EDN) was prepared as a 'O, generator from
1,4-dimethylnaphthalene (DN) according to the method of
Wasserman and Larsen'” described briefly as follows: DN
was dissolved in a mixture of dichloromethane and
ethanol (4:1), which was maintained at 0°C. After addi-
tion of 0.018% of methylene blue as a photosensitizer, the
solution was irradiated in the presence of oxygen using
30,000 Ix of white light at 0°C for 30 min while stirring;
this was then concentrated under nitrogen gas and purified
by column chromatography on silica gel (Silica gel 60, 70-
230 mesh, Nacalai tesque) using a suitable ratio mixture of
hexane and benzene as a solvent below 4°C by monitoring
with silica gel TLC to give EDN. Compound EDN was
stored at 0°C until used as a thermodissociable 'O, genera-
tor, which could release molecular oxygen in the singlet
state at 37°C.7®






