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PERINBERE SN2 000 Lt v, FERE, MGDG 122w Tt % - 7-
FEERTH L)Y, MDRI OFRBEXFHET L2 2 EAMEEINTB Y ¥, fLofEHED
7)) O ERREIZOWT AR MDR1 OEZIZL L2000 Llkw, huT
A FOEFFRAELE T 0) — TRIERENIZED 5 &) BT TIE, Biohrar
JAFEZELL2EMEPENTL LS, 707 /4 FREEREBYTL S
IR ESOWIIURER S 2 £ B EMmPr BN L 2P RELT, 20
ARSI D 50 FFRIIIGTRIIUEER 5SS B EM O3 %
JFLoE LT, Z9 LAaRgOFRESE~OEEMASIES NS,

8. HOF /A ORI - EF&

Z2ET, V) VIREOWIURERE I C OV TN T E 7278, Kex o s 0
T/ A RISk L CRIDURERNE RS 5N EEZTWwDE P, LaL, $TIZHR
&9, e MIMAOEHELO IO T ) A FEERLTWSE 00, K1 TR
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Lizkdnhuar /A e, ZnoofR#EMEEZ SN L DZTH, b Ml
MIPICHEET L EPHEIN TV Y, BlZ21E, K8IIRT L) ZaTHic
IRFIEFEORENEEASH LI OT ) 4 FAERICIFIETNTEY, neo
xanthin & violaxanthin (&% @ & AT T CTHRIEE 3 2> 5 lutein X° f -carotene
BN E NS, 612, HTVTOALIE, H, 7=, kv, BEESE»S
IE, neoxanthin &L L 72L& @ fucoxanthin Z B L Twb, LAL, 2
NH3FEHEOLRF I AhuT /4 FILEFEOEAEF T Clde MIPIc /i sh
TWhDole 2OLIIC, FHEDOHITT /A OB - FEH SN TV D75,
FOANZALIDOVWTEHELS Do T, TOX) BAaT /4 FOAK
FHAMEZ LV ED L) EEZ DAL, TDOAD AL 2 EHT BUEND 5,

Caco-2 fifB 2 VW 7-if5eTid, TS5 RFTH a5/ 4 F (neoxanthin,
violaxanthin, fucoxanthin) (ZHILICEGAEN TS 7, F/2, BEI LI
BALL7-ZRFTHaF /4 F% ICR~ Y ZZHERE LS L7098 T H RIY
PHRERR SN TBY O (3L AL UEBREMT TR L72%HE, 7 ATl
REE L7 RF a7 /A Fid f-carotene % lutein [ElEE (10 — 40 nM) 120K
RENTVE, ITAZBWTREDL) ZhuT /A FTHRBEERIRNT 5 b
DEEZBND,

—F, E bTOREMIEFTH T/ A FOEERBEICOWTHRRZIET
P, Ry Ly yoilds (30 mg neoxanthin, 6.5 mg violaxanthin, 134 mg
lutein, 8.6 mg f-carotene) % 1 EMEHLL %il) 7214 @ 1.4 # @ neoxanthin &
violaxanthin DiEEIXEERAUT TH 70 72721, M—7—F<rU v 7R
A9 % B -carotene & lutein DML I L T 7z, S 512, BBRE
HALHBRIC L AR L 7 H 5D neoxanthin DNNA F 772y V) 7 4 —

ot
o
W YA b
R T T T T 20 T T 0
o HO

B-Carotene 5,6-epoxide Violaxanthin

OH
OH
N S I g g
o} HO
HO'

Lutein 5,6-epoxide 9'-cis-Neoxanthin
OH S

OCOCH;
O\\\\\\\\\o HO
o
HO

Capsanthin 5,6-epoxide

Fucoxanthin

8 B4BIRXIHOTF/AFOILEEER
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iZ lutein %° B -carotene & V) % 7> o 72 72 ® (neoxanthin, 30%; lutein, 15 — 20%;
B -carotene, 5%)™, WEALICHIEIZE VG, ThbL, IO RFIHIOT
AR FTRIZEAETIN - EESIN L VWEZEZ LN, YT ADEE LI
70, v MZidlutein X f-carotene FHEDFFED A O T ) A4 FPIL - THE &
N5 L) BRSNS T 500 b Ltk v,

7 71 A H @ fucoxanthin D AEMKFHMEIZOWTD & FEEEITONLTW S P,
L2rL, 7H X0t (61 mg fucoxanthin) EBILE O b b Ifi4EH fucoxanthi-
nol (fucoxanthin DY) BE D ER2RALT TH > 72, RBREHLHBRIC
LBTHADPSDONAFTT 7y E) T4 =3 70% L EETFITENRo7-D
TV, WELICIZEESEL, PRI RKEIhar 4 FERBICRINE R
W2 WEEZ BN, ERFHEMEAMBOZER & LT, KEEEw#iiE>I &
VIEBOMEZBOTHART /4 FOPFHEERT S THAAZESE L7207,
T A APICEEICE NS EWMKE (B2 X7V F V) 2 fucoxanthin DI
PRT EH7-000 LNz,

L7zoT, TOLHI % T7—F M) v 7 AOZEZ#ITTCHOT /4 FOE
BRAEE AL UEDN D L. BRIRFIHATT /A FHb0idH L ALYy
(KW FM 2> S OMMP T, EWBHERLMOBEDE = & A TR V) RiEED
hOIRFTHTT A4 PO b TOAEFHHELRRZZHET N O0H S,
INTIVHFLFA LY VIFZRFT a5/ A K& LT capsanthin 5,6-epoxide (1.8
mg) & violaxanthin % (24 mg) &ATWS, XTYAF LA LI VERZEDO N
AOIZOVHIC, IRHIERBRBEN 2727, LaL, IhH L) EFEEN
A7 hr o 72 9cis zeaxanthin (1.1 mg) 1ZMHEEI N2 ™, 2 OFEFEH S 1X capsan-
thin 5,6-epoxide & violaxanthin (& MZIZWINE N W EEZ Sz, X512,
#5 %4 violaxanthin (10 mg) & % VI3 AE# lutein 56-epoxide (10 mg) % £
OMEERIZ, b iMEBEEINLehro72™, o 7w (31 mg fucoxanthin)
2L 723546 C, A fucoxanthinol #EFEAY 442 nM IEL 729 b 0D, FEH
[ -carotene 56-epoxide % 5 mg {EHL L 7235 & O I i EE 2200 nM™ 125
EIEEIE D,

NS OFEEERA,S, p-carotene 56-epoxide & N MEDE T RF T A0
F /4 FiEe MO TR ENIZL wWEEZ BN, ALYyt T A%
o7z, 7= N~ M) v 72 ADPHEET 550 MO RE D —FK LT 5,

EEEIRF IO T A Fidx T A WL O OBWHRE S ([ZIRIN - i
ENb, PIRIE, 7axHrF il B RKERBIEIIRNINDG Z Lavb
Mo TWBHY, KERRZHETLANODERIEOOLNTEHT Y, ZoH
HiZECbhoTwhv, E512, TTIRARNRZEIIZT— R M) v 7 ADFF
0L ATMEIMRICE MIZH I L A LIRS AR WAS, REILHEERE I L - TRED
a7 /A RPBERICHGAEIN D000 LN ve LLAEDS, Sty
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FAhuT /A FOBERNAMREILERRE L M S 2w LT, Bz i
LCEREE BB TEL23TTH L, LA > T, RERDIEEZ 1 Cide MR
BRCaRaNz &) MIGERMEZFHHAT L2 LI TE R, TN OZERE L
T, NI Y AR= =12 X 2GEMEA 2 S EEM~OBRL % Z 2 5 L FHHAD
KA, ZORIZHE L TIZFHII 2 B L 723546 @ lutein O EMAEFHMEIZ ABCG5/8
BEG LT 5 EDOENRSD L L BETHERPD R, ZORAPHETH L,
Ublaglowz s, 707 /4 FORPUIEMILEL, (EEIE, EEM~odkt,
INSHOBBEIZ L DV REMICHEI SN TWILDES 9,

2O L) ITHIEREIIARBHTIEd 205, 5 HEOREBRNZ: TRICE > THR
NEBEHOSNLWEMEDND D, T, h ZHE0OFRBMIETH S astaxanthin (X 1)
O ARVEDSE < AEARFIHESERNEICH B 2%, Bz 1, 1 - 48 mg OF5-Tlil
FFIEEMN 12 — 344nM ThH b, L2 L7%A5, astaxanthin 121%, f-carotene,
lutein & [/ L OV THLHERE A E WEI (2178 nM) 25 S Tw b ¥, 2ok
HTIE, 100 mg DREHGIZE DEROTRREIIEETE WA, ZNFETH
NR7zE912, WHBREICEIL T ETHIE L, WRENLDIFTIEEWT
ENSEZDE, HHEHEIMPRNEROLL Y MEHL00 LNk, Z
Z T, astaxanthin @Y — FL v b (@ a#l Hoar /A4 F, 5352, ¥
o M)y 7 Az byE0ayEHRTI-MLAEZDO) ZFHL TS, &
Y= FL v MTHEGT 5 ERIGIEIHCOPEHIIAETH 5%, fucoxan-
thin EOEBBETIRF 707 /4 FO Y= FL vy N THS5$5 2 &P 4EEFMH
HEEDLFEELRLPL LR,

Z 2 F CHlmARLIGEREICINZ T, ZDOBOILFER L R BRI 2 D
HOT A FOBFEICHEL CnhbLEEZLNDL, S5I2, G HED
ZAUT A FOEEXFIEL TR WERESH L. 10T /4 FOBEN
K@ E LTlE, B-carotene D 7T VY ¥ I~ A B f-carotene-15,15 -oxygenase
(BCOL) OFEHITE S I v ACEMENLZENLLMENTWDD, ZhL
SO IEREFERY, BERMIBIZE OER & 2 S ORI D W TR 5,

9. »O7/ 1 FOIEERFRIELBRREY & £ DHREM

I % 19 72 B -carotene O Bl %L @ W R B LW, canthaxanthin (X 1) @
B EL W) T & % 4-oxo-retinoic acid & DA HIRE L NNV TE KHE S
NTW®, N MR XA WM 2R3 CTd 5 lycopene (& HH
BWaEFTICED, e PIPICOEHFEL TV LIREMZIETOESY I~
Ahasr /4 FCThb, #EZHEHEAZINBEAELTBY, MID L) %k
(LB IEM DS S AW R D B 72721, 9,10 RMIZBRER$ 5 L) %
BHETUMSNLIRHOD D, BILICX BT /4 FESEL, 14
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Lycopene

M\\K/\N\/\r\\/\r\/“o

Apo-6’-lycopenal

/K/\/j\/\\)\/\\)\/\m\/ﬁ/wo

Apo-8’-lycopenal

/J\/\/&/\\/J\/\\/&/\W(\/CHO rMCHO

Apo-10’-lycopenal 4-Methyl-8-ox0-2,4,6-nonatrienal

W\/&/\\/&/\\/YCHO /&W\/&A\/&/CHO

Apo-12’-lycopenal Acycloretinal

/&/\/&/\\/&/\MCHO W\)\A\/&/COOH

Apo-14’-lycopenal Acycloretinoic acid

9 # 4% lycopene FREYDILEBER

WERBICHEL25 22503 TRERL, SOX) 0Byt 5 L C
WALRHHREM DD Do FTHIFITHEH EIN TV /DR RERENTH - 72,
[ -Carotene O HEASBHEZL E N T T & 5 retinoic acid S BAN L 7% —D ) 77
FELTHEBIN TV NS THDL, 2L T, AREHTS, UVRV—2% 3k
W7 EIZBWT, lycopene FHFAZEEY Td % acycloretinal (K 9) 234
HZE, THIEAEY A — MILD, & 512 acycloretinoic acid ™~ & ZEHf S 1
HZEHRBAIHS2IZLTWA ¥, Astaxanthin (22T H Kk~ R ERLBIZYEE
WIZOWTOHEDR DB P, MOBEO AT T ) 4 FTH RBEDRHEEYH 4
RATEETH S I o

FZEWA I OT ) A FORREMEEZBEL CHW IR W TRE 21T-
7oo S USH T OBRSEDIZIIC bz 5720, $FILRAY % Bt
WAL 720 v MHROIEERR S T F ~ lycopene, phytopluene, ( -carotene (1)
BB T HEIRRL & 8 TE S N F NN BZLEY IR o A BT
PRI B2 7z AL e LT, b FRTEREME AR (HL-60) %k b
RO BRREAIE (PC-3, DU 145, LNCaP) %M\ /2o 215 OMIBIZ DWW TGS L
7-HHIX, retinoic acid 7% HL-60 fliE % HLERRL BRI BN ML S5 2 &3k <A
LNTHY P MoHraT ) A FORREEEDICS R MREHRELZZ L,
F 724 { OWCKFAENZ BT 2000 FLEST TIZHEFILD 2 A0 % 5D TV 7217
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BIE~NDORE (HRTHLSR EMIZH S) b~ bR b~ bAR— 20 & HEE
% lycopene IMHEREE L FOMBICH L 2 EDRRELCHMONTW 215 TH
P

ZORE, huTF A FZOLDOLEN L, TS ORZEEWREY O ) IE
FABROBGIRIS R EZ R LY, 72, uTF /A FZEOLOORMTL I
BEAER VR SR % 7% L 72 phytofluene, { -carotene (dEs i CTIEH 1A% E THIA
IR L 72830 R SN TB Y, R0 FAREWIER ISR RIR % 5
320 EEZLN%Y, T/ lycopene DT ILBHZLEEY), acycloretinoic
acid Z HHE - L L CZOBELZ AL A, © MR AR T A b —
DA RTELCHIEEIEI L WA ER R LAY, 512, FIO lycopene
FHZLEEY) 4-methyl-8-0x0-24,6-nonatrienal (X 9) 12d 78 b — ¥ AFHEIZ L A
Mife (HL-60 Mfa) BEmmfnslah sl s W, IR, paF )
A ROPETERDF OMALBZEWIC L 5 2 L 2BORB LT, 72720, 2
Z CHEREME A 7R L 72 & 9 7 lycopene BHELEEW O b b #EE COFEMKRIZIT- T
Wiz, ERENTREBEEZFE L TW 20089 2EAHTH S,

WIS, BERMBFREWIZOWTERRS,

10. HO7/ 1 FOBEZRBRREY & e

PBEICIRR72ASBCOLIE 7R E Y I v AZ T /4 FOFREZEE S %,
— )5, RSB & &7 f-carotene9 , 10" -oxygenaze (BCO2) i, f-carotene,
B -cryptoxanthin, lutein, zeaxanthin, lycopene &%, #k4 7% 057 /4 KO CY &
C-10 Mo H#EAZHRE TS 120, 7272, phytoene & phytofluene (& BCO2
DB DLONEI D, o &N Ebho T 810,

BCO2 OZESRERPE IR L E, YD, vy T M), THEFTIEAH
07/ A PO S N IRIHEANER L C, BRIV Eft B35 0,
BCO2 ® KO ¥ A|Z lutein # 5-2 % &, AR &L AT lutein O jeskig# %
FEL7-EHED 3% L L ERT 5 ", BCO1 @ KO ¥ 7 2 @ fiffis Tix BCO2
HETERAPE T L0HMELH 2 ', BCO2IZL D REFEOMEIT T T
A ROFERMREIRTHY, Z0k) R RERIBERE Ko r /A4 F
DERICRECEELTWE EEZEZ LN,

BCO2 12 & o T I N/ ASH 5 lycopene A EY, apo-10 -lycopenal
A T a—Z2ABREOL POMHAITHFIELTW5, 72720, ZOWEIL03
nM A2 TH % "2, Apo-10 -lycopenal 7% & &5 12 apo-10 -lycopenoic acid 12 28t &
TS 2 DOWEER ST 5 2 E IR E LS, Apo-10" -lycopenoic acid 1213,
~ T ZAOBETFIER Y, BB - BERAEE TV AT S sirtuin BR T O
8B ESIC X B IR O BRI HRIE - 25 S v Twn b 1Y,
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1. WEEICHT2H07/ 1 FOBERINHED & e

FETUEyIVAITT A FIIERAT, LTl L ) RIEERND 50
BREFENGERLFZAC L > THVWEKO L ONEFLIZFMENTV EEZ S
NTW272 T, HFLETOMOAHEIRIZOVTIRIEE A DR > TV o
72

L2 L%, ¥ A2B W fucoxanthin & lutein 2257 b a7 /7 4 FAD
AL AT 2 2 R ST b © ™, Fucoxanthin % 52 72<
A D [M4E & JFBE A & fucoxanthinol & amarouciaxanthin A 28 &7z, AL
&N C fucoxanthin 2 5 IR 3 f# 12 & o TH R L 72 fucoxanthinol (X &P % 753
i, X 5|2 amarouciaxanthin A ~ & BLBIZEBR I NS (K 10A)s 2D XD
AR e MITHALE TV HepG2 THIEZ 5, EHIZ, 0D L) Ll bryZift
% i B BKERER G~ 7 ABICAETE T2 2 &, #ilEE L L TNAD'
PRLERZEFREEN, Tabb, HAHIIBWEEL NV THIaT /A
R 5 F i O ZAOKEEE TR LIS SN Z AL s 2™,

10B IR L72 &9 % lutein O EW L E 2 SN2 M51E, DHEirs e
M oungE, BRI, R, MBI T S 2 EAHIS TS B AR

Fucoxanthinol OH Amarouciaxanthin A OH
XTI NIRRT
Q OH|
HO o o ]

A

DS S e I

c 3’-Hydroxy-g,e-caroten-3-one
(Canary xanthophyll A)

OH
TR
A g HO
Ho 3-Hydroxy-B,e-caroten-3-one

Lutein (3’-Oxolutein)

ASEE SN 1 T U S

g,e-Carotene-3,3’-dione
(Canary xanthophyll B )

(o]
W W
HC' e}
B-Cryptoxanthin B,e-Caroten-3’-one
D

OH
Capsanthin Capsanthon
TR o) TR Q
HO' HO

10 HAF/AFEZDRIENRBEHEY
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BRI L CEIAHTH o 720 Lutein EH AR % G- 2 72~ 7 A0 IEE, JFE,
ek, MEidAE A 2 lutein fE Y (3 -hydroxy- ¢, € -caroten-3-one, ¢, ¢ -caro-
tene-3,3 -dione) 25HF L L BERL Y, <7 ZAJFE D lutein 13 FE W 13 R4 lu-
tein 12%F L CHY 25 51 L T\ iee w7 AP L D 134 vas, v b mdEdic
b lutein [IZA L TH 23% bORBEMEEZ LN A0 T /4 FHARHE
NCTw5 ™, B Cryptoxanthin # % { L iMADPA Y 2 — 2 % EHEI ()
2HM) L72HAaor MMz, ZOMRHEWTH S B, ¢ -carotene-3 -one (X
10C) DEMATFED LN TV 7, bl b rE&EDLMIEENTHO T
) A FRIGER D ZHOKERIENSBRIL S, 7 b haT /4 FICR#ERSh s 2k
ERLTWS, DL W biREE I, v MPcBo s s ENR Y
05 /4 FZ2TTREL, fokkcszr07 /4 FICHLTHEIY 25, il
HICHBORH L TH D L EZ 5N b, Capsanthin # % GH/X 7)) h P 2 —
ADEE, v b I4EF 21X capsanthin (21 2 T capsanton 28 i S 7z 120,
Capsanton |3 capsanthin @ 3" - KERHEAY 3 - 7 MEANBAL SN TAHB L E 2
515 (¥ 10D). 44 -Dimethoxy- f -carotene DFEI1#¢5-7%, 4-keto- ff -carotene
& canthaxanthin 2SIMAE A IC LI S N7 2, S8, ZOBRORKEK, ERER
DR, E5I21Z KO w7 ADEE SIS NS,

Lutein, zeaxanthin, f-cryptoxanthin iZZNF THRR2LH 12, WEOESH
TTe MIFICEEICHFTEL, TORBBE RIATDOATVL I Lnsb, Frid
O &) RRHEIOEREIEICOWTHES Lz, A uT /4 FIZIdkk 4~ 2 ihetk
MG SN TV DD, EEHIZOWTREBHIRO I T T/ £ R TZOREE
M@ L7z Lutein & f-cryptoxanthin, &1 56 OB EY 3FHE (3 -hydroxy- ¢,
¢ -caroten-3-one, ¢, ¢ -carotene-3,3 -dione, f, ¢ -carotene-3 -one) (2 2\ T,
RAW264 ¥ A~ 2707 7=V OR) YRy v H I A4 FlliEIZ & 5 nitric oxide
(NO) FEAIHIRhREZ LB L7217, Zo#EE, lutein Tk NO A EIHIRhH 1%
D SNT o 72h, ARHEWICIZFRD bz, FORFEIT ¢, ¢ carotene-33
-dione @ J5%% 3’ -hydroxy- € , ¢ -caroten-3-one & V) & 874> > 72, B -Cryptoxanthin
IIEENEEICS NO AR RSBO siizd, 2B EW B, ¢ -caro-
tene-3' -one (21 £ ) BRI RDFED Sz, FMEEW A, inducible nitric
oxide synthase (iNOS) ®OFEHAZIHI L TWbH 2 & SHLII L7,

IS ORERIL, RHEDSHEREZ N, L TX Dl a L <
WBHZEERRL Tz, RHMEWIIIGET LS L LT, ~ A 7 VUL
ELTHONG a,BAEAAIVEZNVIEEDNS S, Lutein L ¥ f-cryptoxan-
thin & [dl UBRIRKE % % B 3 5 3-hydroxy- f-damascone &, fCHEW ER U a,
S AEFI 7 VAR Z VR % B9 5 3-0x0- a -damascone DPLIRETEH % ik L 72
DG STV D P A 3-oxo0-a -damascone D HF DRI EEZ RS, a,f
AEFI A VR = VDS nuclear factor E2-related protein 2 (Nrf2) % i b &
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4T, heme oxygenase-l (HO-1) ®OZHE2EHD A Z & TNO EAZIHIL T
LEEZLND,

R EDOF OFERENE L L THUEmMRIRIC O W T b7z, §TIZ fucoxan-
thin, neoxanthin, f-carotene, pf-cryptoxanthin {Z2V>T < 7 A HiERAGHGHIAL
msuw%%ﬂw«m\m BN R A ST/ "2, L L, lutein
WZIEZED &) BRI R ENFE D FRFICHRE SN Cw72 9, Lutein RE#EW ’?jJ
EoRw7zeiid, eI LA 5 MR 26 & CE 6 ?ﬂa/\? D5
b A2 lutein (2 LR EIPHIZI R ILFRD & N2 2o 7295, &MHT T, 3
-hydroxy- ¢, ¢ -caroten-3-one [ ZRIFEATFRD 5 L7z 12,

Lutein D5 205G B &~ 207 70— s E#RE(LEZPiIET56 2, £
DAHZALIZHOL DEE L TW5DH I EDHRE SN TWS P, Lutein %5 T
RBPEW DI RKEICERET A2 83T TILBR, $hbb, oA LFEEICIE
lutein {43 EE YD AS HO-1 D383 % BN & & CHULm A A % 564 L T\ 2 W HEMEDS
FEVo A ORI X AR D FEBED X 7 = X LA CTHENFHE I N D &
T& 57, ZOHAPIESHOMETH 5D,

12. EH VWIS

B3 - R oonnas )4 F (ZOMONREERRERS D) X, I~ b
Uy 7 AhHHEREL R UTR O 2w, P, LSRN TH L, EIFEL
LTENRDEHIE, MK HEXRZZOBETETHIEEL VW) ZEDHERETE
Do MHEAHEL WAL, AL —TV =RV 2 — AT 5 EOTRILELS I,
Lo AR IS Z%&Wﬁ%ﬁﬁ@ FWEIIROENTE D, ZERICHKEOEW
HaF ) A FEBRLTCHELEN L DIE—EIEE v, T2, — &I
BEIIEIZEVD O, WE - IBEXECDO LR 3N, BELAEDBEIZMmE
@kotﬁ%ﬂ%%ﬁ5®iE<&wt%2%n1w%#%Lﬂ&mo%#“
O \BEFZE LRV, L L, @b TIIIREMERE - B
WIROWE %8 D 2 &2k b, TR, BE WW@@&Tiﬁ%E%@W”
BELEREEFH-TWL, 42707 /4 FARFEOREGTEINEIN TV
2, b MR ICERE SN U T /4 FOREEIZESNTW S, BHE TORINWG
WAL DRI L o> THED I O T ) 4 FOEREINLbDEEZ D
Nb, EEPLIHBNTWEIOT /) 4 FEROBIWHEES L N TOHEE
REAZEZ, ZOL) BRBEPOHMTELZREMEND Lo TIND X /1 = A LI
%quﬁﬁ#%%ﬁié ZREDEAENT S 22 7% o 7295, WIGRIR T & B
FRIZOWTRAH L BEAL IR ENT WS, HHEEEOB S 1oV THIFEAL
bhroTniRv, TNHDOZENLEZNE, BOTIINS I WHEO O
T/A R EEEICRARICERLTOH T ) EERFSEN EHSHEFETE L, T
A ) = X %R L CRIURER ORI R T A ZENEBETH A H ., &
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SIZ, WINER I 4 72 o0 ) oAU RE M AV R I L TR RE %2 384 L T\ 2 REILDMS:
SN T &7z RHEDOIEZ MRS 2 IIIAHHEZEOREBR S0 5 % EDTR
WEEL R DD, 2 2 TR LB IS IZ 2V TR OE RPNV TDH
D, GROMMNAPEIZIS.

(Fan R RHAVEESE IR 2=~ AV 3E—)

ZEXH

1) Miller, N.J., Sampson, J., Candeias, L.P., Bramley, P.M., Rice-Evans,
C.A.Antioxidant activities of carotenes and xanthophylls. FEBS Lett. 384:
240-242 (1996).

2) Di Mascio, P, Kaiser, S, Sies, H. Lycopene as the most efficient biological
carotenoid singlet oxygen quencher. Arch. Biochem. Biophys. 274. 532-
538 (1989).

3) Kotake-Nara, E, Asai, A, Nagao, A. Neoxanthin and fucoxanthin induce
apoptosis in PC-3 human prostate cancer cells. Cancer Lett. 220: 75-84
(2005).

4) Kotake-Nara, E., Kushiro, M., Zhang, H., Sugawara, T., Miyashita, K,
Nagao, A. Carotenoids affect proliferation of human prostate cancer cells.
J. Nutr. 131: 3303-3306 (2001).

5) Kotake-Nara, E., Terasaki, M., Nagao, A. Characterization of apoptosis
induced by fucoxanthin in human promyelocytic leukemia cells. Bioscu.
Biotechnol. Biochem. 69: 224-227 (2005).

6) Kotake-Nara, E., Sugawara, T., Nagao, A. Antiproliferative effect of
neoxanthin and fucoxanthin on cultured cells. Fisheries Sci. 71: 459-461
(2005).

7)  Soontornchaiboon, W., Joo, S.S., Kim, SM. Anti-inflammatory effects of
violaxanthin isolated from microalga Chlorella ellipsoidea in RAW 264.7
macrophages. Biol. Pharm. Bull. 35: 1137-1144 (2012).

8)  Marcotorchino, J., Romier, B., Gouranton, E. Riollet, C., Gleize, B, Malezet-
Desmoulins, C., Landrier, J.F. Lycopene attenuates LPS-induced TNF-
a secretion in macrophages and inflammatory markers in adipocytes
exposed to macrophage-conditioned media. Mol. Nutr. Food Res. 56: 725-
732 (2012).

9) Maeda, H., Hosokawa, M., Sashima, T., Takahashi, N., Kawada, T.,
Miyashita, K. Fucoxanthin and its metabolite, fucoxanthinol, suppress
adipocyte differentiation in 3T3-L1 cells. Int. J. Mol. Med. 18: 147-152



10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

69

(2006).

Okada, T., Nakai, M., Maeda, H., Hosokawa, M., Sashima, T., Miyashita, K.
Suppressive effect of neoxanthin on the differentiation of 3T3-L1 adipose
cells. J. Oleo Sci. 57: 345-351 (2008).

Lobo, G.P., Amengual, J., Li, HN., Golczak, M., Bonet, M.L., Palczewski,
K., von Lintig, J. Betabeta-carotene decreases peroxisome proliferator
receptor gamma activity and reduces lipid storage capacity of adipocytes
in a betabeta-carotene oxygenase l-dependent manner. /. Biol. Chem.
285: 27891-27899 (2010).

Shirakura, Y., Takayanagi, K., Mukai, K., Tanabe, H., Inoue, M. f
-Cryptoxanthin suppresses the adipogenesis of 3T3-L1 cells via RAR
activation. J. Nutr. Sci. Vitaminol. 57: 426-431 (2011).

Khachik, F., Beecher, G.R., Goli, M.B., Lusby, W.R. Separation,
identification, and quantification of carotenoids in fruits, vegetables and
human plasma by high performance liquid chromatography. Pure Appl.
Chem. 63: 71-90 (1991).

Khachik, F. Spangler, C.J., Smith, J.C.Jr, Canfield, L.M., Steck, A., Pfander,
H. Identification, quantification, and relative concentrations of carotenoids
and their metabolites in human milk and serum. Anal. Chem. 69: 1873-
1881 (1997).

Asai, A., Yonekura, L., Nagao, A. Low bioavailability of dietary
epoxyxanthophylls in humans. Br. J. Nutr. 100: 273-277 (2008).

Hashimoto, T., Ozaki, Y., Mizuno, M., Yoshida, M., Nishitani, Y., Azuma,
T., Komoto, A., Maoka, T., Tanino, Y., Kanazawa, K. Pharmacokinetics of
fucoxanthinol in human plasma after the oral administration of kombu
extract. Br. J. Nutr. 107: 1566-1569 (2012).

Nagao, A., Maoka, T., Ono, H., Kotake-Nara, E., Kobayashi, M., Tomita, M.
A 3-hydroxy f-end group in xanthophylls is preferentially oxidized to a
3-0x0 ¢ -end group in mammals. /. Lipid Res. 56: 449-462 (2015).

Kim, S.J., Nara, E., Kobayashi, H., Terao, J., Nagao, A. Formation of
cleavage products by autoxidation of lycopene. Lipids 36: 191-199 (2001).
Koutsos, E.A., Calvert, C.C., Klasing, K.C. The effect of an acute phase
response on tissue carotenoid levels of growing chickens (Gallus gallus
domesticus). Comp. Biochem. Physiol. A 135: 635-646 (2003).

Shardell, M.D., Alley, D.E., Hicks, G.E., El-Kamary, S.S., Miller, RR., Semba,
R.D., Ferrucci, L. Low-serum carotenoid concentrations and carotenoid
interactions predict mortality in US adults: the Third National Health



70

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

and Nutrition Examination Survey. Nutr. Res. 31: 178-189 (2011).

Friis, H., Gomo, E., Koestel, P., Ndhlovu, P., Nyazema, N., Krarup, H.,
Michaelsen, K.F. HIV and other predictors of serum beta-carotene and
retinol in pregnancy: a cross-sectional study in Zimbabwe. Am. J. Clin.
Nutr. 73: 1058-1065 (2001).

Lefevre, CE., Ewbank, M.P.,, Calder, A.]., von dem Hagen, E., Perrett, D.I
It is all in the face: carotenoid skin coloration loses attractiveness outside
the face. Biol. Lett. 9: 20130633 (2013).

Richelle, M., Enslen, M., Hager, C., Groux, M., Tavazzi, 1., Godin, J.P,,
Berger, A., Métairon, S., Quaile, S., Piguet-Welsch, C., Sagalowicz,
L., Green, H., Fay, L.B. Both free and esterified plant sterols reduce
cholesterol absorption and the bioavailability of beta-carotene and alpha-
tocopherol in normocholesterolemic humans. Am. J. Clin. Nutr. 80: 171-
177 (2004).

Maiani, G., Caston, M.]., Catasta, G., Toti, E., Cambrodon, 1.G., Bysted, A.,
Granado-Lorencio, F., Olmedilla-Alonso, B., Knuthsen, P., Valoti, M., Béhm,
V., Mayer-Miebach, E., Behsnilian, D., Schlemmer, U. Carotenoids: actual
knowledge on food sources, intakes, stability and bioavailability and their
protective role in humans. Mol. Nutr. Food Res. 53 (Suppl 2): S194-S218
(2009).

Holst, B., Williamson, G. Nutrients and phytochemicals: from
bioavailability to bioefficacy beyond antioxidants. Curr. Opin. Biotechnol.
19: 73-82 (2008).

Zaripheh, S, Erdman, JW. Jr. Factors that influence the bioavailablity of
xanthophylls. /. Nutr. 132: 5315-534S (2002).

Yonekura, L., Nagao, A. Intestinal absorption of dietary carotenoids. Mol.
Nutr. Food Res. 51: 107-115 (2007).

Rock, C.L., Lovalvo, J.L., Emenhiser, C., Ruffin, M.T., Flatt, SW., Schwartz,
S.J. Bioavailability of beta-carotene is lower in raw than in processed
carrots and spinach in women. J. Nutr. 128: 913-916 (1998).

Small, D.M., Penkett, S.A., Chapman, D. Studies on simple and mixed
bile salt micelles by nuclear magnetic resonance spectroscopy. Biochim.
Biophys. Acta. 176: 178-189 (1969).

Nagao, A., Kotake-Nara, E., Hase, M. Effects of fats and oils on the
bioaccessibility of carotenoids and vitamin E in vegetables. Biosci.
Biotechnol. Biochem. 77: 1055-1060 (2013).

Chung, H.Y., Rasmussen, H.M., Johnson, E.J. Lutein bioavailability is



32)

33)

34)

35)

36)

37)

38)

39)

40)

71

higher from lutein-enriched eggs than from supplements and spinach in
men. /. Nutr. 134: 1887-1893 (2004).

Breithaupt, D.E., Weller, P., Grashorn, M.A. Quantification of
carotenoids in chicken plasma after feeding free or esterified lutein and
capsanthin using high-performance liquid chromatography and liquid
chromatography-mass spectrometry analysis. Poult. Sci. 82: 395-401
(2003).

Breithaupt, D.E., Weller, P, Wolters, M., Hahn, A. Plasma response to
a single dose of dietary beta-cryptoxanthin esters from papaya (Carica
papaya L.) or non-esterified beta-cryptoxanthin in adult human subjects: a
comparative study. Br. J. Nutr. 90: 795-801 (2003).

Bowen, P.E., Herbst-Espinosa, SM., Hussain, E.A., Stacewicz-Sapuntzakis,
M. Esterification does not impair lutein bioavailability in humans. J. Nutr.
132: 3668-3673 (2002).

Hollander D., Ruble, P.E. Jr. Beta-carotene intestinal absorption: bile, fatty
acid, pH, and flow rate effects on transport. Am. J. Physiol. Endocrinol.
MeTable 235. E686-E691 (1978).

Scita, G., Aponte, GW., Wolf, G. Uptake and cleavage of [ -carotene by
cultures of rat small intestinal cells and human lung fibroblasts. /. Nutr.
Biochem. 3: 118-123 (1992).

Reboul, E., Abou, L., Mikail, C., Ghiringhelli, O., André, M., Portugal, H.,
Jourdheuil-Rahmani, D., Amiot, M.]., Lairon, D., Borel, P. Lutein transport
by Caco-2 TC-7 cells occurs partly by a facilitated process involving the
scavenger receptor class B type I (SR-BI). Biochem. J. 387(Pt 2): 455-461
(2005).

Kiefer, C., Sumser, E., Wernet, M.F.,, Von Lintig, J. A class B scavenger
receptor mediates the cellular uptake of carotenoids in Drosophila. Proc.
Natl. Acad. Sci. U.S.A. 99: 10581-10586 (2002).

Borel, P., Moussa, M., Reboul, E., Lyan, B., Defoort, C., Vincent-Baudry, S.,
Maillot, M., Gastaldi, M., Darmon, M., Portugal, H., Planells, R., Lairon, D.
Human plasma levels of vitamin E and carotenoids are associated with
genetic polymorphisms in genes involved in lipid metabolism. /. Nutr.
137: 2653-2659 (2007).

Moussa, M., Landrier, J.F.,, Reboul, E., Ghiringhelli, O., Coméra, C., Collet, X.,
Frohlich, K., Bohm, V., Borel, P. Lycopene absorption in human intestinal
cells and in mice involves scavenger receptor class B type I but not
Niemann-Pick Cl-like 1. J. Nutr. 138: 1432-1436 (2008).



72

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

O’'Sullivan, L., Aisling, S.A., O'Brien, N.M. Investigation of beta-carotene
and lutein transport in Caco-2 cells: carotenoid-carotenoid interactions
and transport inhibition by ezetimibe. Int. J. Vitam. Nutr. Res., 79: 337-
347 (2009).

During, A., Hussain, M.M., Morel, D.W., Harrison, E.H. Carotenoid uptake
and secretion by CaCo-2 cells: beta-carotene isomer selectivity and
carotenoid interactions. /. Lipid Res. 43: 1086-1095 (2002).

During, A., Harrison, EH. Mechanisms of provitamin A (carotenoid) and
vitamin A (retinol) transport into and out of intestinal Caco-2 cells. J.
Lipid Res. 48: 2283-2294 (2007).

During, A., Dawson, H.D., Harrison, E.H. Carotenoid transport is
decreased and expression of the lipid transporters SR-BI, NPC1L1, and
ABCALI is downregulated in Caco-2 cells treated with ezetimibe. /. Nutr.
135: 2305-2312 (2005).

van Bennekum, A. Werder, M., Thuahnai, S.T., Han, C.H., Duong, P.,
Williams, D.L., Wettstein, P., Schulthess, G., Phillips, M.C., Hauser, H. Class
B scavenger receptor-mediated intestinal absorption of dietary beta-
carotene and cholesterol. Biochemistry 44: 4517-4525 (2005).

Kotake-Nara E., Nagao, A. Effects of mixed micellar lipids on carotenoid
uptake by human intestinal Caco-2 cells. Biosci. Biotechnol. Biochem. T6:
875-882 (2012).

Sugawara, T., Kushiro, M., Zhang, H., Nara, E., Ono, H., Nagao, A.
Lysophosphatidylcholine enhances carotenoid uptake from mixed micelles
by Caco-2 human intestinal cells. /. Nutr. 131: 2921-2927 (2001).

Yonekura, L., Tsuzuki, W., Nagao, A. Acyl moieties modulate the effects
of phospholipids on beta-carotene uptake by Caco-2 cells. Lipids 41: 629-
636 (2006).

Kotake-Nara, E., Yonekura, L., Nagao, A. Effect of glycerophospholipid
class on the beta-carotene uptake by human intestinal Caco-2 cells.
Biosci. Biotechnol. Biochem. 74: 209-211 (2010).

Block, M.A., Dorne, A.]., Joyard, J., Douce, R. Preparation and
characterization of membrane fractions enriched in outer and inner
envelope membranes from spinach chloroplasts. II. Biochemical
characterization. /. Biol. Chem. 258: 13281-13286 (1983).

Kotake-Nara, E., Yonekura, L., Nagao, A. Glyceroglycolipids affect uptake
of carotenoids solubilized in mixed micelles by human intestinal Caco-2
cells. Lipids 50: 847-860 (2015).



52)

53)

54)

55)

56)

57)

58)

59)

60)

61)

62)

73

Kotake-Nara, E., Yonekura, L., Nagao, A. Lysoglyceroglycolipids improve
the intestinal absorption of micellar fucoxanthin by Caco-2 cells. /. Oleo
Sci. 64: 1207-1211 (2015).

Ralston, E., Blumenthal, R, Weinstein, J.N., Sharrow, S.0O., Henkart, P.
Lysophosphatidylcholine in liposomal membranes: enhanced permeability
but little effect on transfer of a water-soluble fluorescent marker into
human lymphocytes. Biochim. Biophys. Acta 597: 543-551 (1980).
Sanchez, M., Aranda, F.J., Teruel, J.A., Espuny, M.]., Marqués, A,
Manresa, A., Ortiz, A. Permeabilization of biological and artificial
membranes by a bacterial dirhamnolipid produced by Pseudomonas
aeruginosa. /. Colloid Interface Sci. 341: 240-247 (2010).

Sawai, T., Drongowski, R.A., Lampman, RW., Coran, A.G., Harmon, C.M.
The effect of phospholipids and fatty acids on tight-junction permeability
and bacterial translocation. Pediatr. Surg. Int. 17: 269-274 (2001).
Petruzzelli, M., Groen, A.K, van Erpecum, K.J,, Vrins, C., van der Velde,
AE., Portincasa, P., Palasciano, G., van Berge Henegouwen, G.P., Lo Sasso,
G., Morgano, A. Moschetta, A. Micellar lipid composition profoundly
affects LXR-dependent cholesterol transport across CaCo2 cells. FEBS
Lett. 583: 1274-1280 (2009).

Stankewich, M.C.,, Francis, S.A., Vu, Q.U., Schneeberger, EE., Lynch, R.D.
Alterations in cell cholesterol content modulate Ca(2+)-induced tight
junction assembly by MDCK cells. Lipids 31: 817-828 (1996).

Lambert, D., O'Neill, C.A., Padfield, P.J. Methyl-beta-cyclodextrin
increases permeability of Caco-2 cell monolayers by displacing specific
claudins from cholesterol rich domains associated with tight junctions.
Cell. Physiol. Biochem. 20: 495-506 (2007).

Baskaran, V., Sugawara, T., Nagao, A. Phospholipids affect the intestinal
absorption of carotenoids in mice. Lipids 38: 705-711 (2003).

Dimitrov, N.V., Meyer, C., Ullrey, D.E., Chenoweth, W., Michelakis, A.,
Malone, W., Boone, C., Fink, G. Bioavailability of beta-carotene in humans.
Am. J. Clin. Nutr. 48: 298-304 (1988).

Prince, MR, Frisoli, J.K. Beta-carotene accumulation in serum and skin.
Am. J. Clin. Nutr. 57. 175-181 (1993).

Brown, M.]., Ferruzzi, M.G., Nguyen, M.L., Cooper, D.A., Eldridge, A.L.,
Schwartz, S.J., White, W.S. Carotenoid bioavailability is higher from
salads ingested with full-fat than with fat-reduced salad dressings as
measured with electrochemical detection. Am. J. Clin. Nutr. 80: 396-403



74

63)

64)

65)

66)

67)

63)

69)

70)

71)

72)

73)

(2004).

Field, F.J., Albright, E., Mathur, S.N. Regulation of triglyceride-rich
lipoprotein secretion by fatty acids in CaCo-2 cells. J. Lipid Res. 29: 1427-
1437 (1988).

Ho, S.Y., Delgado, L., Storch, J. Monoacylglycerol metabolism in human
intestinal Caco-2 cells: evidence for metabolic compartmentation and
hydrolysis. J. Biol. Chem. 277: 1816-1823 (2002).

Field, F.J., Born, E., Chen, H., Murthy, S., Mathur, S.N.
Lysophosphatidylcholine increases the secretion of cholesteryl ester-poor
triacylglycerol-rich lipoproteins by CaCo-2 cells. Biochem. J. 304 (Pt 1)
35-42 (1994).

Andersson, L., Bratt, C., Arnoldsson, K.C., Herslof, B., Olsson, N.U,,
Sternby, B., Nilsson, A. Hydrolysis of galactolipids by human pancreatic
lipolytic enzymes and duodenal contents. /. Lipid Res. 36: 1392-1400 (1995).
Ohlsson, L., Blom, M., Bohlinder, K., Carlsson, A., Nilsson, A. Orally fed
digalactosyldiacylglycerol is degraded during absorption in intact and
lymphatic duct cannulated rats. /. Nutr. 128: 239-245 (1998).

Martins, A., Vasas, A., Schelz, Z., Viveiros, M., Molnar, J., Hohmann, ],
Amaral, L. Constituents of Carpobrotus edulis inhibit P-glycoprotein of
MDRI1-transfected mouse lymphoma cells. Anticancer Res. 30: 829-835
(2010).

Sugawara, T. Baskaran, V., Tsuzuki, W., Nagao, A. Brown algae
fucoxanthin is hydrolyzed to fucoxanthinol during absorption by Caco-2
human intestinal cells and mice. /. Nutr. 132; 946-951 (2002).

Asai, A., Sugawara, T., Ono, H., Nagao, A. Biotransformation of
fucoxanthinol into amarouciaxanthin A in mice and HepG2 cells:
formation and cytotoxicity of fucoxanthin metabolites. Drug Metab.
Dispos. 32: 205-211 (2004).

Asai, A., Terasaki, M., Nagao, A. An epoxide-furanoid rearrangement of
spinach neoxanthin occurs in the gastrointestinal tract of mice and in
vitro: formation and cytostatic activity of neochrome stereoisomers. /.
Nutr. 134: 2237-2243 (2004).

Yonekura, L., Nagao, A. Soluble fibers inhibit carotenoid micellization in
vitro and uptake by Caco-2 cells. Biosci. Biotech. Biochem. 73: 196-199
(2009).

Pérez-Galvez, A., Martin, H.D., Sies, H., Stahl, W. Incorporation of
carotenoids from paprika oleoresin into human chylomicrons. Br. J. Nutr.



74)

75)

76)

77)

78)

79)

80)

81)

82)

83)

84)

85)

75

89: 787-793 (2003).

Barua, A.B., Olson, J.A. Xanthophyll epoxides, unlike beta-carotene
monoepoxides, are not detectibly absorbed by humans. /. Nutr. 131: 3212-
3215 (2001).

Barua, A.B. Intestinal absorption of epoxy-beta-carotenes by humans.
Biochem. J. 339(Pt 2): 359-362 (1999).

Matsuno, T., Ookubo, M. A new carotenoid, halocynthiaxanthin from the
sea squirt, halocynthia roretzi. Tetrahedron Lett. 22: 4659-60 (1981).
Matsuno, T., Ookubo, M., Komori, T. Carotenoids of tunicates. III. The
structural elucidation of two new marine carotenoids, amarouciaxanthin
A and B. J. Nat. Prod. 48; 606-613 (1985).

Strand, A., Herstad, O., Liaaen-Jensen, S. Fucoxanthin metabolites in egg
yolks of laying hens. Comp. Biochem. Physiol. A Mol. Integr. Physiol.,
119: 963-974 (1998).

Sangeetha, RK., Bhaskar, N., Divakar, S., Baskaran, V. Bioavailability
and metabolism of fucoxanthin in rats: structural characterization of
metabolites by LC-MS (APCI). Mol. Cell Brochem. 333: 299-310 (2010).
Matsuno, T., Ohkubo, M., Toriiminami, Y., Tsushima, M., Sakaguchi, S.,
Minami, T., Maoka, T. Carotenoids in food chain between freshwater fish
and aquatic insects. Comp. Biochem. Physiol. B: Biochem. Mol. Biol.
124: 341-345 (1999).

Herron, K.L., McGrane, M.M., Waters, D., Lofgren, L.E., Clark, R.M,,
Ordovas, J.M., Fernandez, M.L. The ABCG5 polymorphism contributes
to individual responses to dietary cholesterol and carotenoids in eggs. /.
Nutr. 136: 1161-1165 (2006).

Okada, Y., Ishikura, M., Maoka, T. Bioavailability of astaxanthin in
Haematococcus algal extract: the effects of timing of diet and smoking
habits. Biosci. Biotechnol. Biochem. 73: 1928-1932 (2009).

Miyazawa, T., Nakagawa, K., Kimura, F. Satoh, A., Miyazawa, T. Plasma
Carotenoid Concentrations before and after Supplementation with
Astaxanthin in Middle-Aged and Senior Subjects. Biosci. Biotechnol.
Biochem. 75: 1856-1858 (2011).

Mercke Odeberg, J., Lignell, A., Pettersson, A., Hoglund, P. Oral
bioavailability of the antioxidant astaxanthin in humans is enhanced by
incorporation of lipid based formulations. Eur. J. Pharm. Sci. 19: 299-304
(2003).

@sterlie, M., Bjerkeng, B., Liaaen-Jensen, S. Plasma appearance and



76

86)

87)

83)

89)

90)

91)

92)

93)

94)

95)

96)

distribution of astaxanthin E/Z and R/S isomers in plasma lipoproteins
of men after single dose administration of astaxanthin. /. Nutr. Biochem.
11: 482-490 (2000).

Handelman, G.J., van Kuijk, F.]J., Chatterjee, A., Krinsky, N.I.
Characterization of products formed during the autoxidation of beta-
carotene. Free Radic. Biol. Med. 10: 427-437 (1991).

Mordi, R.C., Walton, J.C., Burton, G.W., Hughes, L., Keith, 1.U., David,
L.A., Douglas, M.]. Oxidative degradation of f-carotene and S -apo-8
-carotenal. Tetrahedron 49: 911-928 (1993).

McClure, T.D., Liebler, D.C. A rapid method for profiling the products
of antioxidant reactions by negative ion chemical ionization mass
spectrometry. Chem. Res. Toxicol. 8: 128-135 (1995).

Stratton, S.P., Schaefer, W.H., Liebler D.C. Isolation and identification of
singlet oxygen oxidation products of beta-carotene. Chem. Res. Toxicol. 6:
542-547 (1993).

Baker, D.L., Krol, E.S., Jacobsen, N., Liebler, D.C. Reactions of beta-
carotene with cigarette smoke oxidants. Identification of carotenoid
oxidation products and evaluation of the prooxidant/antioxidant effect.
Chem. Res. Toxicol. 12: 535-543 (1999).

Yeum, K.J, Lee-Kim, Y.C, Yoon, S, Lee, K.Y, Park, LS, Lee, K.S, Kim, B.S,
Tang, G., Russell, RM., Krinsky, N.I. Similar metabolites formed from
beta-carotene by human gastric mucosal homogenates, lipoxygenase, or
linoleic acid hydroperoxide. Arch. Biochem. Biophys. 321: 167-174 (1995).
Wu, Z., Robinson, D.S.,, Hughes, RK., Casey, R, Hardy, D., West, S.I. Co-
oxidation of beta-carotene catalyzed by soybean and recombinant pea
lipoxygenases. /. Agric. Food Chem. 47: 4899-4906 (1999).

Hu, X., White, K.M., Jacobsen, N.E., Mangelsdorf, D.J., Canfield. L.M.
Inhibition of growth and cholesterol synthesis in breast cancer cells by
oxidation products of f-carotene. /. Nutr. Biochem. 9: 567-574 (1998).
Hanusch, M., Stahl, W., Schulz, W.A., Sies, H. Induction of gap junctional
communication by 4-oxoretinoic acid generated from its precursor
canthaxanthin. Arch. Biochem. Biophys. 317: 423-428 (1995).

Etoh, H.,, Suhara, M., Tokuyama, S., Kato, H., Nakahigashi, R., Maejima,
Y., Ishikura, M., Terada, Y. Maoka, T. Auto-oxidation products of
astaxanthin. /. Oleo Sci. 61: 17-21 (2012).

Degos, L., Dombret, H., Chomienne, C., Daniel, M.T., Micléa, J.M,,
Chastang, C., Castaigne, S., Fenaux, P. All-trans-retinoic acid as a



97)

98)

99)

100)

101)

102)

103)

104)

105)

106)

107)

77

differentiating agent in the treatment of acute promyelocytic leukemia.
Blood 85: 2643-2653 (1995).

Giovannucci, E., Ascherio, A., Rimm, EB. Stampfer, M.]., Colditz, G.A.,
Willett, W.C. Intake of carotenoids and retinol in relation to risk of
prostate cancer. J. Natl. Cancer Inst. 87: 1767-1776 (1995).

Nara, E., Hayashi, H., Kotake, M., Miyashita, K., Nagao, A. Acyclic
carotenoids and their oxidation mixtures inhibit the growth of HL-60
human promyelocytic leukemia cells. Nutr. Cancer 39: 273-283 (2001).
Nagao, A., Nara, E. Conversion of carotenoids to retinoids and other
oxidation products. ACS symposium series 851, Food factors in health
promotion and disease prevention. 28: 322-335 (2003).

Kotake-Nara, E., Kim, S.J., Kobori, M., Miyashita, K., Nagao, A. Acyclo-
retinoic acid induces apoptosis in human prostate cancer cells. Anticancer
Res. 22(2A): 689-695 (2002).

Zhang, H., Kotake-Nara, E., Ono, H., Nagao, A. A novel cleavage product
formed by autoxidation of lycopene induces apoptosis in HL-60 cells. Free
Radic. Brol. Med. 35: 1653-1663 (2003).

Kiefer, C., Hessel, S., Lampert, J.M., Vogt, K., Lederer, M.O., Breithaupt,
D.E., von Lintig, ]J. Identification and characterization of a mammalian
enzyme catalyzing the asymmetric oxidative cleavage of provitamin A. J.
Biol. Chem. 276: 14110-14116 (2001).

Hu, K.Q. Liu, C., Ernst, H., Krinsky, N.I, Russell, RM., Wang, X.D. The
biochemical characterization of ferret carotene-9', 10" -monooxygenase
catalyzing cleavage of carotenoids in vitro and in vivo. J. Biol. Chem. 281:
19327-19338 (2006).

Mein, J.R., Dolnikowski, G.G., Ernst, H., Russell, RM., Wang, X.D.
Enzymatic formation of apo-carotenoids from the xanthophyll carotenoids
lutein, zeaxanthin and p-cryptoxanthin by ferret carotene-9', 10’
-monooxygenase. Arch. Biochem. Biophys. 506: 109-121 (2011).

Ford, N.A., Clinton, SK., von Lintig, J., Wyss, A., Erdman, JJW. Jr. Loss of
carotene-9 , 10’ -monooxygenase expression increases serum and tissue
lycopene concentrations in lycopene-fed mice. J. Nutr. 140: 2134-2138
(2010).

Lindshield, B.L., Canene-Adams, K., Erdman, J.W. Jr. Lycopenoids: are
lycopene metabolites bioactive? Arch. Biochem. Biophys. 458: 136-140
(2007).

Véage DI, Boman IA. A nonsense mutation in the beta-carotene oxygenase



78

108)

109)

110)

111)

112)

113)

114)

115)

116)

117)

2 (BCO2) gene is tightly associated with accumulation of carotenoids in
adipose tissue in sheep (Ovis aries). BMC Genet. 11: 10 (2010).

Tian, R, Pitchford, W.S, Morris, C.A., Cullen, N.G,, Bottema, C.D. Genetic
variation in the beta, beta-carotene-9', 10 -dioxygenase gene and
association with fat colour in bovine adipose tissue and milk. Anim.
Genet. 41: 253-259 (2010).

Eriksson, J, Larson, G., Gunnarsson, U., Bed hom, B., Tixier-Boichard, M.,
Stromstedt, L., Wright, D., Jungerius, A., Vereijken, A., Randi, E., Jensen,
P., Andersson, L. Identification of the yellow skin gene reveals a hybrid
origin of the domestic chicken. PLoS Genet. 4: 1000010 (2008).
Strychalski, J., Brym, P., Czarnik, U, Gugolek, A. A novel AAT-deletion
mutation in the coding sequence of the BCOZ gene in yellow-fat rabbits. /.
Appl. Genet. (2015). [Epub ahead of print]

Amengual, J., Lobo, G.P., Golczak, M., Li, HN., Klimova, T., Hoppel, C.L,
Wyss, A., Palczewski, K., von Lintig, J. A mitochondrial enzyme degrades
carotenoids and protects against oxidative stress. FASEB J. 25: 948-959
(2011).

Kopec, RE., Riedl, KM, Harrison, EH., Curley, RW. Jr, Hruszkewycz,
D.P. Clinton, SK., Schwartz, S.J. Identification and quantification of apo-
lycopenals in fruits, vegetables, and human plasma. /. Agric. Food Chem.
58: 3290-3296 (2010).

Lian, F., Smith, D.E., Ernst, H., Russell, RM., Wang, X.D. Apo-10’
-lycopenoic acid inhibits lung cancer cell growth in vitro, and suppresses
lung tumorigenesis in the A/] mouse model in vivo. Carcinogenesis 28:
1567-1574 (2007).

Chung, J.,, Koo, K., Lian, F., Hu, K.Q., Ernst, H, Wang, X.D. Apo-10’
-lycopenoic acid, a lycopene metabolite, increases sirtuin 1 mRNA and
protein levels and decreases hepatic fat accumulation in ob/ob mice. /.
Nutr. 142: 405-410 (2012).

Khachik, F., Bernstein, P.S., Garland, D.L. Identification of lutein and
zeaxanthin oxidation products in human and monkey retinas. Invest.
Ophthalmol. Vis. Sci., 38: 1802-1811 (1997).

Khachik, F., de Moura, F.F., Zhao, D.Y., Aebischer, C.P., Bernstein, P.S.
Transformations of selected carotenoids in plasma, liver, and ocular
tissues of humans and in nonprimate animal models. Invest. Ophthalmol.
Vis. Sci. 43: 3383-3392 (2002).

Bhosale, P., Bernstein, P.S. Quantitative measurement of 3" -oxolutein from



118)

119)

120)

121)

122)

123)

124)

125)

79

human retina by normal-phase high-performance liquid chromatography
coupled to atmospheric pressure chemical ionization mass spectrometry.
Anal. Biochem. 345, 296-301 (2005).

Bhosale, P., Zhao, da Y., Serban, B., Bernstein, P.S. Identification of
3-methoxyzeaxanthin as a novel age-related carotenoid metabolite in the
human macula. Invest. Ophthalmol. Vis. Sci. 48: 1435-1440 (2007).
Yonekura, L., Kobayashi, M., Terasaki, M., Nagao A. Keto-carotenoids are
the major metabolites of dietary lutein and fucoxanthin in mouse tissues. /.
Nutr. 140: 1824-1831 (2010).

Khachik, F., de Moura, F.F., Chew, E.Y., Douglass, L.W., Ferris, F.L.
3rd, Kim, J., Thompson, D.J. The effect of lutein and zeaxanthin
supplementation on metabolites of these carotenoids in the serum of
persons aged 60 or older. Invest. Ophthalmol. Vis. Sci. 47: 5234-5242
(2006).

Etoh, H., Utsunomiya, Y., Komori, A., Murakami, Y., Oshima, S., Inakuma,
T. Carotenoids in human blood plasma after ingesting paprika juice.
Biosci. Biotech. Biochem. 64: 1096-1098 (2000).

Zeng, S., Furr, H.C, Olson, J.A. Metabolism of carotenoid analogs in
humans. Am. J. Clin. Nutr. 56: 433-439 (1992).

Gerhauser, C., Klimo, K., Himmer, W., Holzer, J., Petermann, A, Garreta-
Rufas, A., Bohmer, F.D., Schreier, P. Identification of 3-hydroxy-beta-
damascone and related carotenoid-derived aroma compounds as novel
potent inducers of NrfZ2-mediated phase 2 response with concomitant
anti-inflammatory activity. Mol. Nutr. Food Res. 53; 1237-1244 (2009).
Kotake-Nara, E., Hase, M., Kobayashi, M., Nagao, A. 3 -Hydroxy- ¢,
¢ -caroten-3-one inhibits the differentiation of 3T3-L1 cells to adipocytes.
Biosci. Biotech. Biochem. 80: 518-523 (2016).

Han, H., Cui, W., Wang, L., Xiong, Y., Liu, L., Sun, X., Hao, L. Lutein
prevents high fat diet-induced atherosclerosis in ApoE-deficient mice by
inhibiting NADPH oxidase and increasing PPAR expression. Lipids 50:
261-273 (2015).






