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(all-trans Fx). 9"-MiF B2 (9'-cis Fx). 13-MT7 ¥
T 2 (13-cis Fx)FI 13" 4 35 % 2K (13"-cis Fx), H.F
TSR R GERE WL 1o T2 3 0 28 A A o TR A
H R T2 78 o8 28 0 B 5 A 4 1) A 0 1 1 F 5 AT Ak
TIRRO B

137X 58 85 25 (13'"-cis fucoxanthin)
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Fig. 1 Structure of fucoxanthin stereoisomers

WFIE R, ARIA S R A A s AR
HAT, 1 J0 KT 55 8 0 2 54 70 2L 1 Jes 440 Jed ) 4
il V6 F B AR P ML G o A 2 3 AR J2 AT A K
RO S I £ T A iR R R, IR LLRLR
FEA0HE MDA-MB-231 MAHL W58 T RS w B R
SRR RSN IR T, A R L R Ak
(R ATF & I FHER AL T LS A8

1 NBRS5HHB
1.1 R3F

Agilent 1260 =R AH (A%, DAD Kl #% (3%
2 EEMR); e 28 AL (R2003 1, I X P4 4%
A RTIEAA]); Agilent Prepstar il £ 74 /55 8508 AH (4
W%, DAD Kell#% (€ E 4542 ); NanoDrop 2000(3 [H
TR R /R B A F]); Eppendorf AG 22331 Hamburg
PCR 4" 84 (1 [ 3 A o

1.2 5 XA
TR R A AR SN, v i T e B AR AT 55 .
ERE(200~300 H, F S FATAHRAR), A

Wk (o3BT 2k, REETT T A2 A R A |, SR
TR A s, K| i A R A ), HEE
(i al, fE Merck ARl N (g4, 75
Merck A H); 4 F 20 B R AR S (213 >98%, dt
WERERHARA A, HkigdsJe 0.22 um,
T S B B A A PR ) o

L-15 i 3# 3 (HyClone, [ Gibco 24 H]); P
FREN(BBI, A= T TREBM A BRZA D), a2 i (1 2=
H, WL KRR R BR 2 F)); Plasmocin
prophylactic(32[E Nvivogen /A #)); JEEFBBI, 4 T
TR Ay H R 2 7); Cell Counting Kit-8(Solarbio,
A REERFARA A, & RNA 2B &
(Solarbio, Jt I REFERIFAHRAF); K k5K
& (TransScript, Jb it & &AW A B/ F); qPCR
SuperMix(TransStart, b4 048 AEWARAF).
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2.1.1 AEBERBRRESB
BT A RS 2 ORI EE 1 2 10 A 95%
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W, W 2R T M eS8 K B R G PR EE . A4
[ i AR RSP RE, R AR R T A R E N E
., VRIS A - ZIROBE(V 2 V)=10 : 1 Hb
JEAL R A CRROER(V V=1 1 5, WUEHZ
BT &k 530 o 2 R M 5 bR o S AT L A o
FHWE R W E R A W RN R 758 & R
VTG I TE RS PR, 38 2 ol Jo Ak 2 T o 2 8
R — 0B . RERAEJE TR F R B Ve Y
K, WA A © ZIROER(V : V)=10 1 1 BHJE
LB OB - CRROER(V 2 V)=1 : 2. GERAEEHT
S A B BRI R ORI A I s R
Y5y iGN K - HEE © ZE=10 251 75; Ak
¥ Agilent Eclipse XDB-C18(5 um, 4.6 mm x 250 mm),
W 1.0 mL/min, ¥ 30°C, BFE] 30 min, R0 K
450 nm, [HFEEA 20 pl.
212 AEERFWESELL

W ke FS A 2 AT T A 1) e o R AL O e A 2% R R
FVEFE A F BV, 2o S i 8 S 1o o
AR T B R A A & . AR K
B © ZJE=10 15 : 75; A3%HE: Agilent Eclipse XDB-
C18(5 pm, 9.4 mmx250 mm), ik 2.5 mL/min, 7 JF
30°C, BfE] 35 min, MK 450 nm, FAEEL 500 pl.
S ENARE Sl i HPLC KN ILai g, It 40 | i
TR i A S 0 UE LAk 2 454

2.2 mpIEH
OELIE 40 MDA-MB-231 4036 [ b 140 g

%1 qPCR 3|¥&it
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P, AMFE L-15 353, U 10%m 16 45 1
HH 1% NEREN, KiREETmA 0.1%8 P 2R
K254 Plasmocin prophylactic, 45 FE7E 5%CO,
W, BEFRIREE RN 37°C.
2.3 @iRiE ) %

i 1t CCK-8 iR X 4TS T4 TR, + MDA-
MB-231 A4 Fh e 96 FLAR I, FFLINA 100 pL Y
B o TR 55 SRR Th SR 24 b, RIS INACARR]
TR 1Y) 7 TR O RS SEARREE S, 3 AR A S 3% 6.
12, 24 &% 48 hJ5/im A CCK-8 ¥ (10 pL)i H:20
WM& 1. A CCK-8 J5HF AR 1 h, T 450 nm
WA R I IC O B A4 o FL 20 A A A ) 5
IS RCK T R (%)=100%—[A(HN 25)-A(25 11)]/[4(0
TNZ5)-A(%5 )] 100%.

2.4 qPCR ®Z A8 XA E &L KF

MDA-MB-231 ZH i il A 80 pg/mL 7% % & 544
KIGIEE 48 ho i 158 RNA 45 st F) & k17 41 o 2
RNA 25, #EHUH RNA ¥ R4 18 14 NanoDrop
HEATRSIN, H: 260/280 fHIYTE 2 © 1 247, ML 100 ng /2
i RNA 2§55 cDNA, J5#IR R R i RNAS L,
Oligo(dT) 1 upL, Reaction Mix 10 uL, Enzyme Mix
1 uL, gDNA Remover 1 pL, Rnase-free Water 2 pL,
PCR F2/%K: 42°CWEE 15 min, 85 CMFE 5 s, it
qPCR A5 I AH G SE K 323k 7K F . qPCR AR R A0 A5
2 6.8 uL, 514945 0.4 uL, qQPCR SuperMix 10 puL, 1%
1IE# 0.4 pL, Nuclease-free Water 2 uL, qPCR 25 -
94°CHFE 30 s, 94°CHFE 5 s M 60°CHFE 30 s IEFF,
TEARRECH 45 K, & IR TR ELL GAPDH R
FiREESM, B4 3 ANEFL. HBIWiEih ik 1.

Tab.1 Primer design of qPCR
24| iE5 Y T
p6s 5'-CTCCGCGGGCAGCATCC-3' 5'-AGCCGCACAGCATTCAGGTCGTAG-3'
p50 5'-CACCTAGCTGCCAAAGAAGG-3' 5'-AGGCTCAAAGTTCTCCACCA-3'
pS2 5'-GCAAATCTCCGGGGGCATCAAACC-3' 5'-CTCCGCTTCCGCTGCACCTCTTCC-3'
SOX9 5'-GGAGATGAAATCTGTTCTGGGAATG-3’ 5'-TGAAGGTTAACTGCTGGTGTTCTGA-3’
GAPDH 5'-TGACCACAGTCCATGCCATC-3' 5'-ATGAGGTCCACCACCCTGTT-3'

25 BEMESMN

BRI B /D 3 HEE, SCE B
BIEbR IR 25 7R o SEBRBR (i SPSS #4777 2%
O3HT o AN Ab B () A 3 v 22 R S 2 A
5. P<0.05 M hAREEES.

3 ERE544

30 BRRFARLFMES B LA
R 28 th 2B S IT 1 BN 0 LR, I
RN TR 4.8%. HHEEERILRHKS
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il 25 A A5 B 3 Lo 3 il i o 2 S A A,
B Fx-1 A4 aUA 385 (65.8 mg, 5% 0.013%0),
Fx-2 N 9'-Jlli 1 3 ¥ 2% (6.7 mg, 33 0.00134%o0), Fx-3

‘h@AWME

Wi HPLC Zr#T & B8 3 A v 25 S g iR i i 4 531
AF]: 95.59%. 98%F1 93.8%.
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Fig. 2 Flow chart of separation and purification of fuco-
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Fig. 3 HPLC analysis of fucoxanthin
a: 450 nm R AR > A SRR 19 HPLC [, b o 3 e A PR A 1l 4 8 ORI Fx-1: 2 SGRUA BB & Fx-2: 9

G258 3 2 Fx-3: 13-JA 13- A M ZIR G

32 EERBFEAMKEMRELS LR

O3B AR = AN 4 4l o 2R A AT WO g L BSI
JOT T R A A U o L A R A TR AE S S . —
TR R AR AN AT OGS R A R LA da. 45
REWY], =Fh SIS 2 A A B s R bR fES A
FEARLE) 58 AN, f R R WAL W 4 7™ £ 7 450 nm Ak,
5B R RRWEARAF . L 320 nm KT 0L
WS FEANIR], FRon AR A IS (B 4a). Ti A d
FEH, Rh A S A AR R A SO £
T LR B B (B () AN TR), LR = 2 A A [R) 9 A X 43
TR, TR m/z=659.5 ALK 3] 4> 75 114
(IM+H]")(E 4b). th T AN GRERRE 5 A X 4
Y5 SCHRHCE A A, P R B A B A I A R PR
R,

IR KL A R R R S0 W A Sa i
TN o HARE XA T2 RS {E 6.0 2 7.2 Z[H], 6.0 %]
7.2 GO WLIE Sbo MRS HAL 2R B (B e AT
HI, H-12 7€ Fx-1 F1 Fx-2 HAb2= i B R 6.67
F16.66, TMAE Fx-3 b2 B8 K 7.21 . H-14 7£ Fx-1
1 Fx-2 LAY N 6.41, Ti7E Fx-3 Hifb2q
AH N 6.30, H-15 7E Fx-1. Fx-2 fll Fx-3 L2200
5391k 6.63. 6.66 Fl 6.81, H-15'7F Fx-1 Fl Fx-2
AL RS (EI N 6.75 TTE Fx-3 WAb2a i AE N
6.65. H-10"7E Fx-1, Fx-2 ll Fx-3 H{b2E 0 R (H 5 5]
4 6.13, 6.05, 6.17. H-8'7E Fx-1, Fx-2 il Fx-3
AN ME R 6.05, 6.68 il 6.13, HAb2A{7
(B Y5 SOk B R AR AT, U S A FI Y S A
BRI,
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Fig. 5 Complete "H-NMR spectra of fucoxanthin stereoisomers (a) and Enlarged view of featured area (b)
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BRI LA W E D 80 pg/mL, WEH 48 h B 7R
2 BPUIPIR IEE, AR R 22.6%(E] 6a).
PR RERAT HE— 2P0y B 1R 8 IV 44y, FEAY
EEEE R MR TV 4 I R A B R
YEH, 80 pg/mL WEE 48 h J5 X s 20 4 i 2 ik 5]
56.6%([&] 6b). 7 i R M AR IR S LR g
UL 7, 55, =R e R S AR X 7L
Ji 9 241 L MDA-MB-23 1 4 i AF K 7 383 1) 41 i
YER . HAWHIVE A R 255K Fx-3>Fx-2>Fx-1,
Fx-1 (1) ICso fH M 45.30 ug/mL(67.95 pmol/L), Fx-2 i}
ICso {4 27.09 pg/mL(40.63 umol/L), Fx-3 ) ICso {8
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A 23.71 pg/mL. ASSEH e UL ST 25 WA TR A

FHPEXT R, H 1Cs fH R 8.54 ng/mL(28.47 pmol/L).

34 EBEETERMNBHIA

T 3 % LR SR 40D NF-kB iR AR A S Jk R 265k
IR R, =P R SAIATER S 80 pg/mL,
R 48 h B, W E T T4 p65. p50. p52
FLR ik (K 8), 7F NF-xB &8 p65. p50.
p52 FE AT HE A G0 AR RO JC L Rk, T
p65. p50. p52 FEPH B FR IR R U] 5 5 B R W ]
T NF-xB #0306 . FLAREAIAERY SOX9 JEH &
NF-«B i B2 0 N iEociE, 1EMRE kA ke
e R EEAE Y, qPCR 455K, AmE R
WEIH T SOX9 FEN ) F A5 .
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Fig. 6 Inhibition rate of growth of breast cancer cells by crude pigment extract (constituent I (a), constituent IV (b)).
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Fig. 7 Inhibition rate of growth of breast cancer cells by fucoxanthin stereoisomers
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Abstract: Pigments from Laminaria japonica were extracted using ethyl acetate, and fucoxanthin stereoisomers
were purified by column chromatography. Finally, three fucoxanthin stereoisomers were prepared by preparative
high performance liquid chromatography. The structures of the fucoxanthin stereoisomers were characterized by
ultraviolet (UV) spectroscopy, mass spectrometry (MS), and nuclear magnetic resonance (NMR). The in vitro anti-
tumor activity of the fucoxanthin stereoisomers was analyzed using MDA-MB-231 breast cancer cell line. Results
demonstrated that the fucoxanthin stereoisomers possessed significant inhibitory effects against the growth of breast
cancer cells. The 13-cis and 13'-cis fucoxanthin mixtures exhibited the highest inhibitory activity, with the 1Cs,
value being 23.71 pg/mL. Moreover, the ICsy values of all trans-fucoxanthin and 9’-cis fucoxanthin mixtures were
45.30 and 27.09 pg/mL, respectively. Furthermore, the qPCR results suggested that the fucoxanthin stereoisomers

inhibit the growth of breast cancer cells by downregulating the expression of the NF-kB pathway-related genes.
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