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Abstract

The solvent extracts from the alg8argassum thunbergii (Sargassaceae) afionthalia corymbifera (Rhodomelaceae)
were subjected to soybean lipoxygenase inhibitamgeming. Two hydrophobic inhibitors were obtairfedm the
extracts of S. thunbergii through inhibitory assay-guided fractionation. Thmhibitors were identified as known
exo-methylenic alkapolyenes 1$97,127,157)-1,6,9,12,15-henicosapentaene 1) ( and
(62,92,127,152,182)-1,6,9,12,15,18-henicosahexaei®. (The alkapolyened and2 showed higher inhibitory activity
than the known inhibitor nordihydroguaiaretic a¢[IDGA). Pheophytin a3) was obtained from the extract 6f
corymbifera. The inhibitor3 also showed higher inhibitory activity than NDGPhis is the first report on lipoxygenase

inhibition of exo-methylenic alkapolyenes and a chlorophyll a-relaebstance.
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Lipoxygenase (LOX) catalyzes hydroperoxidation ofaturated fatty acids. This reaction is a trigtger
generate various leukotrienes, responsible fordimupsoriasis, asthma, rhintis, and arthritisaiachidonate cascade.
Inhibition of LOX is expected to prevent these dises. LOX inhibitors, such as fatty acids, polygeees, phenols,
have been isolated from many terrestrial pl&ftslordihydroguaiaretic acid (NDGA), a symmetric pimopanoid
dimer, is a well-known LOX inhibitor obtained froflygophyllaceae plarftThis plant was used as a traditional medicine
and nutritional supplement. However, renal and twpgicity was disclosed during chronic use of tpisnt and
NDGA.® Thus it is expected to disclose a novel type oKLhibitor.

Many studies have been carried out on highly umatdd fatty acids, leukotrienes, and LOX activity

originated from macroalgd€, whereas a few studies were performed on LOX indibi**

During our screening of
enzyme inhibitors derived from algal extracts, wselbsed potent LOX inhibitory activity of the eatts from the brown
algaSargassum thunbergii and the red alg@donthalia corymbifera. In the present study, we isolated texn-methylenic
alkapolyenes frons. thunbergii and a chlorophyll a-related substance fi©@ncorymbifera.

S. thunbergii (2.85 kg, air-dried) was collected at the coasOtfbe, south-western Hokkaido, Japan. Fresh
alga washed with tap water was extracted with Me&ater (9:1, v/v) for a week. LOX inhibitory actiyitvas assayed
by a modified absorptiometry meth3d* for the extract and at a series of separationsstdp ethyl acetate-soluble
fraction (8.46 g) partitioned from the extract &%) was chromatographed on silica gel column Wwékane-EtOAc (3:1,
v/v) as eluent. Further chromatography was emplayedilica gel column witim-hexane-EtOAc (19:1, v/v). The active
fraction was twice separated on preparative thyed@hromatography with-hexane-EtOAc (3:1, v/v) and 100% hexane
as developing solvent to afford inhibitatg(7.9 mg, 2.8 ppm yield) an@ (2.8 mg, 1.1 ppm yield). Inhibitors and 2
were identified as (897,127,152)-1,6,9,12,15-henicosapentaéhe(HEP, Figure 1) and ©9Z,127,157,187)-
-1,6,9,12,15,18-henicosahexa¥n@HEH, Figure 1), respectively, by their spectrataj® compared with the literature
data'”?° Stereostructures of double bondslaind2 were deduced to be allconfigurations from th&’C NMR data §
25.63-25.64 forl; & 25.52-25.64 for2) for the allylic positions in 1,4-pentadiene maistof them. Pfeffer et &t.
reported that thé*C NMR data ofd 25.7, 30.5, and 35.7 for the allylic positions im-pentadiene moieties of
polyunsaturated fatty acid residues were assigsedZa, Z,E-, andE,E-isomers, respectively. HER)(and HEH 2)
inhibited soybean LOX in concentration-dependenhmeas (Figure 2). The kgvalues ofl and2 were calculated 40
UM and 5.0uM, respectively. Both of and2 exhibited higher LOX inhibitory activity than NDG@ACsq = 400uM).

Exo-methylenic alkapolyenes$ and 2, first isolated from the brown algaucus vesiculosus in 1971 are
widely distributed in brown algae, except for thees from the red alg8ryocladia cuspidata.?? HEH (2) was previously
isolated fromS. thunbergii.?® To our knowledge, there was no report on enzyrhéitory activity of 1 and 2. Their
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oxidative degradation products were identified laaracteristic odoriferous compounds of brown afdde.the present
study, they were stable in the air for several \gegglata not shown). Soybean lipoxygenase mediatggeaation at the
6th (and 9th) carbon atoms from the methyl end grofulinoleic, docosahexaenoic, eicosapentaemsiimolenic, and
arachidonoc acids, while it mediates no oxygenaiiothe case of 2-methylarachidonic atidfhus the lipoxygenase
may recognize fatty acids as substrate with atctreoxyl end. The alkapolyenésand?2 are different structures from
carboxyl groups of fatty acids. This differencejgculated to be responsible for inhibition oflthexygenase.

O. corymbifera (790 g, air-dried) was collected at the coast akdétlate, south-western Hokkaido, Japan.
Fresh seaweed washed with tap water was extradgthdawetone-water (95:5, v/v) for 3 days. An ethgktate-soluble
fraction (7.72 g) partitioned from the extract &%) was chromatographed on silica gel column wehtloroform-MeOH
(9:1, viv) as eluent. Silica gel column chromatpimawas employed again withhexane-acetone (3:1, v/v). The active
fraction was separated on preparative thin-layeomlatography with chloroform-MeOH (99:1, v/v) asvdm®ping
solvent to afford an inhibito (6.5 mg, 8.2 ppm vyield). The inhibit@& was identified as pheophytif®gFigure 1) by
comparison with the authentic pheophytin a (WakoeRthemical Industries, Ltd., Osaka, Japan) onasijel TLC and
spectroscopic data with literature one&®? Inhibitory activity of 3 was compared with its related compounds,
pyropheophytin a4, Tama Biochemical Co., Ltd., Tokyo, Japan), pheopituer a 6, Wako Pure Chemical Industries,
Ltd, Osaka, Japan), and pyropheophorbide 84ma Biochemical Co., Ltd., Tokyo, Japan) (TahleCompound$8 and
4 which possessed a phytyl group showed higher itohibactivity than the other chlorophyll a-relatedmpounds and
NDGA. Hydrophobic phytyl group could enhance thiilditory effect against LOX.

Pheophytin a, the primary electron acceptor intpéystem Il, is a demetalation product of chlordplay
through biological or non-biological proces$é<hlorophyll a is commonly distributed in algae.ride, various algae
are capable of containing pheophytin a, which weteated in all extracts of two green algae, thresvh algae, and four
red algae by qualitative TLC analysis (data notwsijo However, only the extract @. corymbifera showedinhibition
against LOX among the extracts examined. The reaggninhibitory acrivity of the extracts derivedofn the other
algae was not detected is supposed that inhib#otiyity of pheophytin a is easily hindered or cadewith coexistent
other consituents. In the case@fcorymbifera extract, other constituent could be occasionaiéred the inhibitory
activity. Pheopytin a has been reported to havuaractivities®****Nevertheless, this study is the first report orXLO
inhibition of pheophytin a.

In conclusion, we isolated soybean LOX inhibitossadkapolyened& and2 from the brown alg&. thunbergii
and pheophytin a3j from the red alg®. corymbifera. They inhibited the enzyme more strongly thanwed-known

inhibitor NDGA.
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Figure captions

Fig. 1. Exo-methylenic alkapolyenek and2 and pheophytin &3] as lipoxygenase inhibitors. Compounds 4-6 are
pheophytin a-related compounds.

Fig. 2. Inhibition of 1 and 2 against soybean lipoxygenase. Open cirdle:open box:2, closed triangle:
nordihydroguaiaretic acid (positive control).
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Tablel
Inhibition of pheophytin a3) and related compounds

(4-6) against soybean lipoxygenase

Compound Inhibition (%) (meah SE, n = 3)
3 37.6+2.3
4 29.4+ 2.8
5 6.5+ 1.3
6 15.0+1.2
NDGA 12.7£ 0.5

& Test concentration was 1Q0A.

® Significant difference vs NDGA by Student'test p < 0.05).
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