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T TR NROFEEAR 37.8g 2 MeOH (2.0L) TiRIEMH L= (x2[E), B L
7o A AR L, MeOH fliti# 2 457-, MeOH #iitti# (6.1g) % EtOAc & H.O T4y
Bt L, EtOAc FliEMsy (291 g) %#1%7-, EtOAc IRy ZWiti4A—7 > T Lo a~
N7T 7 4 —IZfF L, Fr.1~Fr.5 #4372, Fr.4 (1.70g) ® 55, 505mg % 85 % MeOH
IR fi#E%, WifH HPLC  (Detection: 210 nm, Solvent: 85 % MeOH, Flow rate: 3 mL/min,
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Fig. 1 Chemical structures of isolated compounds from Dictyopteris polypodioides.
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and 10 from zonarol (2). (a) Ag20, acetone, rt,
85%; (b) Ac,O, DMAP, pyridine, rt, 83%; (c)
Mel, KoCOg3, acetone, 60°C, 35%.
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Fig. 2 NO production inhibitory activity and cell viability of isolated compounds and semi-
synthesized compounds in RAW264 cells. Data are shown as the mean = SD (n = 3).
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Fig. 3 Effects of compounds 1~3, 9, and ipriflavone on RANKL-induced osteoclast differentiation
of RAW264 cells. RAW264 cells were cultured with the test compounds in the presence of
RANKL (10 pg/mL) for 72 h. For microscopic analysis, cells were fixed and stained by TRACP
and ALP double-stain Kit. Arrows show TRAP-positive multinucleated cells. Each picture is

representative of at least three independent cultures. Ipriflavone was used as positive control (PC).
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Fig.4 HPLC chromatogram of MeOH extract of D.polypodioides. Black line: before chemical

reaction, red line: after chemical reaction. *Newly generated peaks.
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Fig. 5 Chemical structures of isolated compounds from Laurencia okamurae.
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Fig.6 HPLC chromatogram of MeOH extract of L. okamurae. Black line: before chemical

reaction, red line: after chemical reaction. *Newly generated peaks.

4. FRRFER

AFFERR DO LT D LB FER LI,

Kumagai, M, Matsuda, A, Shiiba, N, Tsuruta T, Endo, H, Nishikawa, K, Morimoto, Y.
Structure-activity relationship of anti-inflammatory meroterpenoids isolated from Dictyopteris

polypodioides in RAW264 cells, Biosci. Biotech. Biochem. 2024, accepted.

5. B#E

AW TERE 2 AT T D272 AR A TH & £ Lo AMENEANY v 7 A BL7R
BRI D KV IEHBR L LT E7, F7o. BIRERFKETH MHEPSK & HEREEE
FATIEIARBZEDHEHE I T W22 & F Uiz, AR CTHWEZ I Y T Y VTR B R
RFPOES RFER % SFHEANE LI W2 & £ L, BIRERFKE
Eeu WeEEE I TR Y ARORRIE LT TV E £ L, LS K
B L BT ET,

6. 5| H3THR

1) Lopez SN, Ramallo 1A, Sierra MG, Zacchino SA, Furlan RLE. Chemically engineered
extracts as an alternative source of bioactive natural product-like compounds. Proc. Natl.
Acad. Sci. U. S. A., 104, 441-444 (2007).

2) Kawamura T, Matsubara K, Otaka H, Tashiro E, Shindo K, Yanagita RC, Irie K, Imoto
M. Generation of “Unnatural Natural Product” library and identification of a small
molecule inhibitor of XIAP. Bioorganic Med. Chem., 19, 43774385 (2011).

3) Méndez L, Salazar MO, Ramallo 1A, Furlan RLE. Brominated extracts as source of



4)

5)

6)

7)

8)

9)

10)

11)

bioactive compounds. ACS Comb. Sci., 13, 200-204 (2011).

Beato A, Haudecoeur R, Boucherle B, Peuchmaur M. Expanding Chemical Frontiers :
Approaches for Generating Diverse and Bioactive Natural Product-Like Compounds
Libraries from Extracts. 2024, e202304166, (2024).

Kumagai M, Nishikawa K, Matsuura H, Umezawa T, Matsuda F, Okino T. Antioxidants
from the brown alga dictyopteris undulata. Molecules, 23, 1-8 (2018).

Kumagai M, Watanabe A, Yoshida I, Mishima T, Nakamura M, Nishikawa K, Morimoto
Y. Evaluation of aculeatin and toddaculin isolated from Toddalia asiatica as anti-
inflammatory agents in LPS-stimulated RAW264 macrophages. Biol. Pharm. Bull., 41,
132-137 (2018).

Laube T, Beil W, Seifert K. Total synthesis of two 12-nordrimanes and the
pharmacological active sesquiterpene hydroquinone yahazunol. Tetrahedron, 61, 1141—
1148 (2005).

Kumagai M, Nishikawa K, Mishima T, Yoshida I, Ide M, Watanabe A, Fujita K,
Morimoto Y. Fluorinated Kavalactone Inhibited RANKL-Induced Osteoclast
Differentiation of RAW264 Cells. Biol. Pharm. Bull., 43, 898-903 (2020).

Laube T, Schroder J, Stehle R, Seifert K. Total synthesis of yahazunol, zonarone and
isozonarone. Tetrahedron, 58, 4299-4309 (2002).

Funakoshi-Tago M, Matsutaka M, Hokimoto S, Kobata K, Tago K, Tamura H. Coffee
ingredients, hydroquinone, pyrocatechol, and 4-ethylcatechol exhibit anti-inflammatory
activity through inhibiting NF-«xB and activating Nrf2. J. Funct. Foods, 90, 104980 (2022).
Fenical W, Sims JJ, Squatrito D, Wing RM, Radlick P. Zoiiarol and Isozonarol, Fungitoxic
Hydroquinones from the Brown Seaweed Dictyopteris sonarioides. J. Org. Chem., 38,
2383-2386 (1973).



Construction of chemically modified compounds using seaweed
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The aim of this study was to obtain new bioactive compounds from chemically engineered
seaweed extracts. The presence of multiple terpenoids was suggested in the extract of the brown
alga Dictyopteris polypodioides collected in Kagoshima Prefecture. In order to set the chemical
reaction conditions, we conducted semi-synthesis using isolated compounds and obtained several
analogs. Their anti-inflammatory and osteoclast differentiation inhibitory activities were
examined, and the acetylated analog of the natural product, compound 9, showed remarkable
activity. Therefore, we subjected to acetylation reaction of the extracts and analyzed by HPLC.
The results indicated that there were several newly generated compounds. In addition, the extract
of the red alga Laurencia okamurae contained several brominated terpenoids. We attempted
chemical modification of this extract by Suzuki-Miyaura cross-coupling reaction and analyzed it
by HPLC. The results indicated there were several newly generated compounds.

These results suggested that seaweeds extracts are good sauce for chemically engineered

natural product extract.



