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Carotenoids Components of Tunicata, Shellfishes and Its Inhibitory
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Abstract

To investigate the composition of carotenoids present in marine organisms and the biological activity
of the carotenoids, carotenoids of the muscles and tunic of tunicates and shellfishes were isolated and
identified. Anitmuiagenic activilies of the carolenoids for S. fyphimurizm TA 98 and cytotoxic activily
for cancer cell lines were determined. Total carolenoid conlents in the muscle of tunicala ranged from
18.65 mg? 1o 2.39 mg%. The highest amount of the total carolenoid was found in the muscle ol Halo-
cynthia aurantium, lollowed by Styelo clova (HERDMAN), H. roretzi, H. hilgendorfif. igaboya, H. hilgen—
dorfi f. retteri, 5. plicata {LESUEUR) in order. Interestingly, total carotenoid content in the muscle
of 5. clave (HERDMAN) was higher than thal of H. roretzii Total carotenoid conient of all tunicata,
other than H. quraniium and H. roretzi, were higher in muscle than tunic. The major carotenoids in
H. rorelzi, H. aurantium, S. plicata (LESUEUR), and S. cfaug (IHERDMAN} were cynthiaxanthin (25.1~
42 226}, halocynthiaxanthin (9.7 ~26.3%), dialoxanthin (8.0~ 18.7%) and B—carotenc {7.7% ~21.7%). Similar—
ly, cantaxanthin (19.6%), cynthiaxanthin {15.4%), halocynthiaxanthin (14.8%), and {3R,3’'R), {35,3'S)-
astaxanthin (22.6%) in H. kilgendorfi f. refteri and Tucoxanihin (26.6%), cynthiaxanthin (21.8%),
halocynthiaxanthin {15.2%), and B—carolene (9.3%) in H. hilgendorfi f. igaboya were major carotenoids
in both tunicate. However, the composition of carotenoids im muscle and tunic of tunfcala was similar
each other. Among the shellfishes examined, total carolenoid conlent of the muscle of Peronidia
venulosa (Schrenck) and Corbicula fluminea, and of the gonad of Atring pinnata and Chlamys farreri,
was ranged (rom 2.51 to 6.83 mp% which were relatively higher Lthan that of olher shelllishes, The
composition of the carotenoids of shellfishes, which might depend upon their living environmenis, was
varied. Bul cynthiaxanthin (15.9—39.0%) and zeaxanthin (9.6~219%) in gonad of C farreri, and
muscles ol Buccinum Volutharpa perryi (JAY) and Crassostrea gigas, cynthiaxanthin (21.5—48.6%)
and mytiloxanthin {14.6%) in muscle of C. fluminea and gonad of A. pinnata, and canthaxanthin (60.6%)
and isozeaxanthin (20.5%) in muscles of P. venulosa {Schrenck), and B-carotene (23.7~34.8%) and
zeaxanthin (18.2~20.4%) in muscles of Semisulcospira libertina and Meretrix lusoria were major
carolenocids. Inlerestingly, diesler lype—carolenoids were present along with free type-carotencids in
muscles of C gigas. Antimulagenic elfect of the carotenoids isolaled [rom tunicata and shelllishes
against 2—amino—3-methylimidazol [4,5-Fiquinoline {IQ) for S. {yphimurium TA 98 was proporlional
to the amount (20, 50 and 100 pg/plate)} treated. Mutagenicity of [Q was significanlly reduced by
astaxanthin, isozeaxanthin, mytliloxanthin and balocynthiaxanthin, whereas the mutagenicity ol
aflatoxin By (ATB1)} was significantly reduced by B—carotene, isozeaxanthin, and mytiloxnihin. Growlh
inhibilion effeci ol carotenoids isolated from tunicala and shellfishes for cancer ccll was proportional
o the amount (5, 10, and 20 ng/plate) trealed. The growth of HeLa cell by B-carotenc, cynthiaxanthin,
astaxanthin and halocynthiaxanthin, NCI-H87 cell by B-carotene, asliaxanthin, cynthiaxanthin, and
halocynthiaxanthin, HT-29 cell by B—carotene, cynthiaxanihin, mytiloxanthin and halocynthiaxanthin,
and MG-63 cells by B—carotene, cynthiaxanthin, aslaxanthin, canthaxanthin and halocynihiaxanthin
were statistically reduced.
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Table 1. Descriplion of the tunicala and shcllfishes used for the analyses of carotenoids

Date of Total sample
Sampl 108 3 i
ample species caught weight (g) Area caught
Tunicata
Halocynthia roretzi Chojeonmyeon, Namhae
9045 ’ :
(Chammeongge) = 10, Jan. 58 2045 Gyeongnam
Halocynthia aurantium . Kangmundong, Kangnung,
(Bulgeunmeongge) 20 Oet. 97 22z Gangwon
Stvela plicata (LESUEUR) - Yongnammyveon, Tongyong,
(Hogrudeodeog} 28. Jan. 00 l§ & Gyeongnam
Styein clava (HERDMAN) Yongnammyecon, Tongyong
. 283 {9 & g J '
(Mideodeog) 4. Jan. 00 1885 Gyeongnam
Halocynthia hilgendorfi f rilieri . Samdongmyeon. Namhae,
(Ritteri gaemeangge) 22 Jan. 00 1709 Gyeongnam
Hdlocyrithia hilgendorfi f 1gabom 22, Jan. 00 1596 Samdongmyeon, Namnhae,
(lgahoja gaemeongge} - i Gyeongnam
Shelllishes
Semusulcospira liberting - .
(Daseulgy! 1. Apr. 99 2357 Hamyang, Gyeongnam
Buccinum Volutharpa perryt ( JAY) Secdong, Samchonpo.
{Kogodung) L Feb 99 8563 Gycongnam
Crassastree gigas
(Gul) 19. Jan 00 4761 "
Peronidia venulosa (Schrenck) Jungangdong, Tongyong
Tont: . : 7 C a, 3 ,
(Bidanjogae) 11. Mar. 59 & Gyecngnam
Meretrix lusoria § - Seodong, Samchonpo
22 . ! '
{Baeghab) Jan. 00 o1 Gyecngnam
Corbrcula flununea Hwagaemvyeon, Hadong,
{Jaecheol)} &2, Mar. 99 1370 Gyeongnam
Alrina pinnata 20, May. 99 1559 Seodong, Samchonpo,
(Kijogae) ’ ’ Gyeongnam
Chiamys farren Hyugsanmyeon, Shinan
o 20. . 2 ! ’
(Bidangaribi) U Jun. 99 526 Cheommam
Panope japorica 17. May. 99 a7 Gangrmundong, Gangnung,

(Koklurijogae)

Gangwon

*Represenied korean common name in parentheses.
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Fig. 2. Preparative thin—laycr chromatogrm of total caro—
tenoids from shellfish, Crassostrea gigas.
Absorbent; Silicagel G0Lx
Developer; Petroleum ether * Acetone (70:30)

*Colunn chromatograghy; MgO © celite 545 (111, w/'w)
**HPLC system 1, Sumichiral QA~2000 column (4
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Mohile phase; Hexane : Dichloromethane ! Ethanol
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Mpobile phase; Acetone: CHa CN (85115, v/v)
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16), 1.03s(3H, Me-17), 1.225(31, Me-18}, 1 94s(6H, Me-
19,187, 1195(3EL Me-16'), 1 245(3H, Me-17"). 1 99s(9H,
Me-20,201,19), 2.59 and 3.66(both d, 1H each, 7-CHz),
60~70 mica 10H, clefinic H, 6.84dd(4H, Me-11)}4]
signale] vleld s Mass spectorum®] S48 3 Cplsly
595 (W12 pealr} Zel=le] B3 2] (43)2) v} b9 -
cis-halocynthiaxanthin =2 S aglch
Pyvirhoxanthinel © 70% MeOH/acetone 22 &
Tr o2, 7FA1 3 54 spectrum®] &3 2= 4 =)
2] 7} 459, 488 nmin p.e}, 459, 488 nmlin ethanol), 469,
497 nm(in chloroform?, 470, 498 nmin benzene) 2 1}e}
Lo}, Lol 27t ol HE ghs Y EFY TR F
spectnum- 454, 485 nmiin p.e)2A4 5 nm blue shaltsl3
ok IR spectrum$) &4 A3}, Vmax 3300 em (-0,
2165 e (-C=C-)2] F5d7t e, 'H-NMR
spectrum-2 6 0.98s(3H. Me-17), 1.13s(3H, Me-173, 1L.20s
(OH. Me-16,16',15"), 1.92s(3H, Me—18), 2.01s(3H, Me-19),
2.23s(3H, Me-19), 391 br s(1H, Mc-3'), 399 &r s(Me-3),
B,74~7 17 m{ca, 10H, olefinic F)2| signale] ey,
Mass spectrun®] =3 A3 CuHgOs 370 M, 552
[M-18], 478 [M-92]2] pealr} &41E ¢ pyrrhoxanthine!
o] #xtersl dx)sle] pyrrhoxanthinol ® 55 39 o},
9-Cis-pyrrhoxanthinel * 70% MeOH/acetone 2.2 &
2% Tr.e] v HPLC{Chemcosorb 5CN column)#l|
& £ o] H AR, 7] Fop

%]

3:.
=

=

7é.?

spectrurn®] &3

i}
L+

2

}

.
“a

o] oA Zx) 927
cthanol), 465, 492 nmiin chloroform, 456, 492 nmlin
benzene}® vhebgrow T £ &k o] 4 wlS- B4 52
ZEA) B E2b cpectrum 448, 479 nmlin p.e) 24 5 nm blue
slufizld =, IR specirum®) 24 A=), pyrrhoxanthinel =
FdakA ‘4-5},\19}. ‘H-NMR spectrum-2 § (.98s(3H,
Mefl'i’) 1.19s(3H, Me-18), 1.20s(6H, Me-15',16",
5s(3H, Me-16), 1 97s(3H, Me~18), 2.00s(3H, Me-19),
A.ZSS(SH, Me-20"), 3.91 br s(1H, Me-3), 4.01 br s{1H,
Me-3) 374717 mlca, 10H, olefinic 11, 6.81 dd(1H,
Mefll))—’-ﬁ] signale] t}eEbst T, Mass spectrum®] &7
B}, CyHaeOs 570 [M'), 552 [M-18], 478 [M-52]£] peak
?}- #elge] O—cis-pyrrhovanthinol?] A8kt o 2] 8)
o] 9-gis—pyrrhoxanthimol 2. %4 8195 o,

HAF2 carotenold A

BoAlg el AR WA Fe] & carolenoid ek B
2], 359 4 carctenoid &=4-& Taple 29 #c}, &
carotenoids -2 Eaje] 44 —S'ﬁ-‘_ = A (30.96 mg/)
A9 97 mes), P1H = (489 meg%s), o] 7FRok A =] A
(253 mgs, sl = 219 A2 33 me%) @ Fr)eig(1.15
mg%)e] F#o2 SHdAE BLA(18E65 me), YT
F(6.45 mg%), 3 A (4 80 mg2%), o7 Rel A=A E
A} (.07 mge), 2lel = A3 35 mge) 2 Fv
2239 mg)e] £o 2 diEta e, ok o2 w8 E

E(41,49)2]) &= C”u‘otenmd Skl HTI:’_?&‘]-O# F-2)akei e},

\H‘

=}, F SR 7} 4530 482 nmun pe), 454, 482 nmlin 3, Ay Aot 20 AE ¥79 % carotenoid ]
Table 2. Amount and percentage composition of individual carolencid in tunicala
Species of Composttion (%6)
tunicates” Tunie Muscle
Carotencids 1 2 3 4 5 6 2 3 i 5
E-Carotene 106 176 5.9 59 5.0 G656 126 212 F1Ts 127 93
Isocryploxanthin
B-Cryptoxanthin 3.7 a3 113
Canthaxanthin 17.1 a7 186 50
Lulein 0.6 0.3 19
Zeaxanthun 51 51 18 21 11 19 1¢.0 47 13 3.0
Dhatoanthin 132 1o 106 8.4 43 38 118 187 23 66 79 4.1
Cynthiaxnihin 346 374 208 274 213 l4h 251 265 422 265 1b4 218
8-Cis—diatoxarnthin 39 2.4 14 0.7 2.3 0.9 22
8-Cig-cynthiaxanthin 26 10,7 19 22 2.4 27 14
(3R, 3'R)-Aslaxanthin 6.4 58 5.4 9.7 100 4.8 59 04 111
(35. 3'S)-Aslaxanthin 5.8 2 6.7 72 3 6.1 4.2 7.0 22 118
Mytiloxanthin 37 2.2 140 185 51 16 a7 9 6.0 3.3
Fucoxantihin 164 156 7.6 230 266
Halocynthiaxnitun 17.1 165 151 L3 1.8 126 97 263 162 148 152
9-Cis-halocynthaxanthin 0.5 03 23 1.0 2.9
Unidentified carotenaoids 7.0 68 118 153 108 49 121 128 103 239 86 88
Total carolenaid (mg2) 997 309 115 4.89 2,33 253 480 1865 239 845 336 407

M1, Halocynthia reretzi 2

i Halocynihia avrantium 3. Stvela plicaia (LESTUEUR) 4

. Styvela clava (HERDMAN) 5 Halocyntfia

migendorfi T ruttert and 6, Halocynthia hilgendorfi | 1gaboja
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FHol & v, Eeey, o)l of Alw A 2
el 2 A A= §2 & caratenoid Feko] Zo vt o}
& FA el Selgginh

A A 2] carotenoid =48] E ZE &} KollA cyn-
thiaxanthin(31.6%, 251%), halocynthiaxanthin(17.1%,
12,69}, diatoxanthin(135%, 11.6%) ¥ p-carotene(10.6%,
12.6%10] 422 o]z 2 2] (35,3'Si-astaxanthin,
(3R,3'R)-astaxanthin, zeaxanthin, lutein, myliloxanthin,
9-cis—cynthiaxanthin 2 9-cis-dialoxanthin Se] A8
°2 grgelgend, &3 %39 carptenoids H L A2
F-Atat g e}, cbalb Fol & 31 o] §18 9-cis-datoxanthin,
9-cis-cynthiaxanthin % mytiloxanthin2 &-§-3}o] AF
o] atgct,

H27 A2 carotenoid =AW= F 2} SdlA) cyn-
thiaxanthin{37.4%, 255%), B-carotene(17.6%, 21.2%3),
diatoxanthin(14 524, 18,726} 4 halocynthiaxanthin(12.9%.
97%)e] FAE-Z o] R0, 2 %) zeaxanthin, (3R, 3'R)-
astaxanthin, {35,3'S)-astaxanthin, 9-cis—cynthisxanthin,
9-cis—diatoxanthin ¥ 9-cis—halocynthiaxanthin 5-¢] 4=
ke 2 Sl e, 9 299 carotenoids A& A
2 f-Alstedck ot bl %3 folle 296 gle
9-cis-diatoxanthin, 9-cis—cynthiaxanthin % mytiloxan—
thing F-f8fed Adolstaict

99 2] carotennid £ H]l= 3 2 S cyn-
thiaxanthin(20.9%, 42.2%), halocynthiaxanthin(15.5%,
26.3%5) ¥ dialoxanthin(10.6%, 8.3%)0] T4 E2 o] F
X, I 2] (35,3'S)-astaxanthin, (3R,3'R)-astaxanthin,
P-carotene, 9-cis-diatoxanthin, mytiloxanthin, 9-cis—
cynthiaxanthin % 9’ -cis-halocynthiaxanthin 5-¢] A2
o2 FH3ld o] S3 £99 carotenoids FA4-2 A
2 fabetadct obut 2760 el W Adddske] =
< [ucoxanthing &-f3te Ao] Ale]alglx].

vJtisf 2] carotenoid Z4¥]E #£79 Kol cyn-
thiaxanthin(27.4%, 26.5%), halocynthiaxanthin(15.1%¢,
16.294)¢] FA4 B2 1% 51, 7 9] D—cis—diatoxanthin, -
carolene, diatoxanthin, (35,3'S)-astaxanthin, (3R3'R)-
astaxanthin, f-cryptoxanthin, mytiloxanthin, zeaxanthin
%W 9" —cis-halocynthiaxanthin $°] A3 o 2 39319
o, $3 #99 carotencids 42 A 2 F-AFsbeE ok
il 1] o = Soll = His ARl & 9-cis—cyn-
thaxanthing -5l He] 434

2l 2 7 Al carotenod =AW 2 3] &) ol A
cynthiaxanthin(21,3%4, 15.4%) 2 canthaxanthin(17.1%5,
19.6%5)01 54 £-& o] F7, = 2] myhloxanthin, (3R,3 R}~
astaxanthin, (35,3'S)-astaxanthin, fucoxanthin, 9-cis-
diatoxanthin, B-carotene, diatoxanthin, halocynllnaxan-
thin, zeaxanthin, lutein, 9-cis—cynthiaxanthin = 9'-cis-
halocynthiaxanthin o] £%02 FFslged, $3

£99 carotenods F4-2 A2 falsled) ok Za)
v FellA MY 2 el = fofl §1E lucoxanthns 35351
o] Abelelgc)

al7bRel A A L] carotenad FAAR)= T3] 2} Sol| 4
fucoxanthin(23 095, 26.6%5), mytiloxanthin{18.5%;, 3.5%)
2l cynthiaxanthin(14.5%, 21.8%)¢] 4 & o] R, =
# (3R, 3'R)-astaxanthin, (35,3'S)-astaxanthin, cantha-
xanthin, B-carotene, diatoxanthin, zeaxanthin, halocyn—
thitaxanthin, 9'-cis-halocyntlnaxanthin, 9-cis—diatoxan—
thin ¥ 9-cis-cynthaxanthin 5-¢] 432 43192
=, £ #709] carotenoids 4 & A 2 frabshel e, o)
WF B9 el Holle §1E astaxanthms- F-$3kE Zlo)
“Fol sl ol

v Al B2 A 2] carotenoids A4 2 Matsuno 5
{44) 2 Ookubo2} Matsunoid5)7} wwgk A=A,
roretz))2] carotenoid FA 3 ¥)3s}le] cynthiaxanthin
{alloxanthin)¥® halocynthiaxanthine] S48 22 1}
@2 Sabslgd et FARc =2 43 mytiloxan-
thinonee] 243l = HE=]=] o} Aolslgdct =
9t Enle]E = vejE 9] carctencids 242 Ookubol)
Matsuno(4h)7} B 23 Ev|vlel (Spleq plicaia)® #)
= (Stylea clava)?) carotenowd F4 2} 1) 78k $Abshsd
ot FARew Gf3FH fucoxanthinol¥ mytiloxan-—
thinonee] & A el A& A thel Aelsled} 3
A, el = N AL carotenmds =4 A canthaxan-
thine] 422 = ¥2), A==, o1 47| FEchi-
noidea)(d6) 2 8l|4-F{Aspidachirotida)(4D el 4] can-
thaxanthine| 4 #2 2 =a)&tE 79 vl =& 4 glgl
o x3k olrlme) A AL carotenoids A ol A [u-
coxanthine] F4He & B, A4 7L Ockubos)
Matsuna(d45)7] | & 2o &= fucoxanthin®] 4 ¥- 2.2
EZAFRThE A3 B wsle] FAlsledc]

7L carotenoid =4

2 A el A8 AT F carotenid e} e, T
% 2} carotenoid =42 Table 3% 3¢}, & carotenoid
P2 737N 26,83 mes), HIshEA $(6.53 me%s),
A3 5(3.44 mg%), vl dbrielv] (250 mgs), th
S01.20 mp%s), Z71= 27 G050 mg%), T25
(0.38 mg%), & 5(0.30 mg%) B 3} 50032 mg%)4]
wo 3 el ol o2 AR =, e Patino-
pecten yessoensts)(16), T =N Scapharaa broughtonii),
A #2HS, subcrenaia), RS, satowr), Fo) =) 27
(S globosa ursus)(15), E3F(Mytilus coruscus)(14), 1+
AF FAa(Aplysia kurodai)(48) 282 72 3%E &
(Fusinus perplexus)(49)E3} vl aste] algkz7) &, #)5%
70wk, vl sbrleie] wha 2 A -8 & carotenoid &3k
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Table 3. Amounls and percentage composilion of individual carotenoid in shellfishes
Species of shelllishes” Composition (%)
Carolenmds 1 2 3 4 5 6 2 It
B-carotenc 348 12.1 107 34 23.7 149 8.0 89 311
Isocryptoxanthin
Lutemn chester 2h 18
Zeaxantln diester 30 7.3
Diatoxanthin diester 26 50
Cynthiaxanthin diester 24 2.0
Canthaxantiun 177 60.6
Isozeaxanihin 20.5
Lutein 23.2 45 105 6.5 5.9
Zeaxanlm 182 73 1346 204 67 31 8.6 44
Dhatoxanihin 23 87 38 8.8 42 86
Cynihiazanthin 2.1 8.0 15.9 6.8 486 a15 390 87
8-Cis-diatoxanthin 56 1.0
Mytiloxanthin 6.0 45 4.0 116 146 38 264
Fucoxanthin 10.7 79 56 6.8 G0 6.8
Halocynthiaxanthin 3.4 a5 70 5.8 84 10.3
9-Cis—Halocynthiaxanthin
Pyrrhoxanthinol 3sg 29 18 3.8 2.0 4.1
9-Cis—pyrrhoxanthincl 1.3 11 L2 13 05 1.4
(3R, 3'R)-Astaxanthin 55 63 3.0
(38, 3'S)-Astaxanthin 85 72 20
Trudentlihed carolenoids 58 7.3 6.2 25 60 39 94 08 107
Total carotenmd (mg%) 1.20 0.33 0.35 6453 0.32 3.44 (.83 251 0.50

Y1, Semusuicospira libertina 2 Bucciman ( Velutharpa) perryi (JAY) 3, Crassostrea gigas 1 Peronidia venulosa {Schrenck)
by Mereirix {fusoria 6, Corbicula flurminea 71 Atring prmata 8; Chlamys farrer: and 90 Fanope Jopornica

o] "2 gk o], & carotenoidss] FHLRE o] 83
 qlvkm AElw 2 o)e foake g S By

52 carctencid 24L&, th&7] §44 B-carotene

(348%). zeaxanthm!l182%¢) 1l
FHRE o

diatoxanthin % cynthaxanthing <=8 §-§-3}u], &

canthaxanllun(17.7%6)°]

153 7 2] [ucoxanthin, halocynthiaxanthin,

% Bl A cynthiaxanthin(24 2%), zeaxanthin(21.9%)
Al FARL o) FZ L 2P
- carotene, diatoxanthin, pyrrhoxanthine]l % 9-cis—pyr-
rhoxanthimeld] #2522 g5k

E Hola cynthiaxanthin{15.9%4), zeaxanthin(13.6%6)
o B-carotenst{10.7%}0] S+ 2% o] F 3 7 9] zeaxan-

=
thin diester, 9-cis—diatoxanthin, fucoxanihin, diatoxan-

1socryploxanthin(20.4%5) 0]

thim dicster, Juiein, diaroxanthin, pyrrhoxanthingl 2

cynthiazunthin diester2] 42 2 3530, v|5t=A &

o A4} canthaxanthin(G0.6%:) 2 o]

4 o] F3 I ¢ halocynthiaxanthin, mytiloxan—
el

o 4] B-carotene(22 796) I zeaxanthin(20 4%)

=,

=074

isozeaxanthun(20.5%

MO
iy

P

thin ¥ B-carpiene?) o2

Ell] -?g

thiaxan(hin, eynthiaxanthin, pyrrhexanthinol, mytiloxan-
thin ¥ 9-ms—pyrrhoxanthinol ¥ +2.2 $-fabm | A4
HdA cynthiaxanthin(48.6%), B-carotene(1.19%) =

=218 0
TTe R

mytiloxanthin(14.6%)2] o] &3 I %] geaxan-
thin, Jutemn, fucexanthin, halocynthiaxanthin, pyrrhoxan—
thinol @ 9-cis—pvithoxanthinol®] 2= g-f-3}sdvh

713270 A4 eynthiasanthm(2] 594) = myvtiloxan-
thin{14.6%)0] 43¢ «]F32 2 2 halocynthiaxan-
thin, B-carotene, (35, 3'S)-astaxanthin, (3R, 3'Ri-astaxan-
thin, diatoxanthin, zcaxanthin, pyrrhoxanthinel. 9-c1s-
diatoxanthin Y 9-cis-pyrrhoganthinold) &0 2§53
o, g ghrlEE] Wil A eynthinkanthin{39.095) "2 halo-
cynthiaxanthin{10.3%)s] =4 22

2 o]lFx= 2 9] zea-
xanthn, B-carotene, diatoxamtiin, (35, 3'S)-astaxanthin.

FREE
(3R, 3'R)-astaxanthin, pyrrhoxanthinol. mytloxanthin 2
9-cis-pyrrhoxanthinol®] o2 TH-3l%r]

ael 3 27 e 27 wAol 4= f-carotene(34.1%) ©
mytiloxanthin(25.4%)e] F4 E&- o] F 7 = 9 cynthi-
axanthin, lucoxanthin, lutewn, zeaxanthin, (3R, 3'Ri-as-
taxanthin ¥ (33, 3'St-astaxanthin®) <=2 2 -3},
#) 52 carotenoids 2412 42157 e] o}E A A= A4
Ao = ul H2 Ae]ggc]

o] 2] 8 H 3= A fvhfus coruscus) 2| S50 7 25
SR (Avtrlus edulis)2) S(00), 27188 Patincnecten ves-
soensis)] HA16)2) carotencids &4 3 W) wEhe] ohi

Alelabyd o9 2S-s monoester ¥ diester® carcteno-

-
Io
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1ds?t 218 carotencids®} 4 sle] Ealgiche 72
| FANS, brovughtorur), (S, safowd), MAIHS. sub-
crenata) “1¥|xm Zolgku| ZrNE  globosaursus)(15)9}

wlmate] fabe 2l

FQ carctencidd SMHo| S4t olF &0}

A AF g5l Eela Fa amtmolds-} Arnes
tegle] 2|8 Edwlo] fd o] &4 Table 19} 72},
Z-amino-3-mecthylimidazol [4.5-flquinoline(IQ) < 2] &
=% S yplumurium TA 98¢ i3l carotenoids®] &
Fhe 20080 22|32 100 ug FoA 4] FeErlel v
astaxanthin A7}l A 728 ~87.4%, isozeaxanthin 3
7Hell A 536.0~67 3%. mytiloxanthin & 7}l 4] 515~
69.3% ¥ halocynthiaxanthin 7}l 49.7~77.5%
AL A frejd ez Eeinle] fuba] dA=Egl e,
] 20 ug?) FXiel A= P-carotene el A 86.19,
canthaxanthin A 7Hell4 68% 12l 50 ug2| =
A& cynthiaxanthin 7ol A7 66522 o1 2| A7} L}
bl w3 AFBel Y8 Fr=® S nphumurium TA
98l T3} carotenoids®] B FEZlel vl Hste] B
~carotene 7}l A4 45,2~55.9%, isozeaxanthin M7}t
TF-ell4 548~73.0%, cynthiaxanthin & 7}Fo4 388~
71.6%, mytiloxanthin A7} 4] 51.6~695% 4 <l A
oA e ® Fawle] fie] gAlEglern), 28] 20 ng
2] rmelA= halocynlhaxanthin A 7FTellA 529%
canthaxantin & 7H-<ll 4] 51.5%, astaxanthin & 7F<]

Al 38092 oJalmalrl Jebdtl e Axz 2 oq
carolenoidsel 2]l Eelwe] Ak of 2] 242 AFR H.
o} QA4 oA =2 YA ZxE vy}
o1Ake] # sk | -methyl-3-nitro-1-nitrosoguanidine
(MNN)3 benzola)pyrenelBla)P)el|l 24 Saiwde]>}
5% S typhirmurivm TA 1002 f-carctene, §-apo-§
~carotene-methylester, 8 —apo-B-caratenal & cantha-
santhin® 2 ol a] Frlke] o 4 = g] 22(51), 3—amino—
3A-dimethyl-5-H-pyrido{d3-blindel Trp-p-1ell 2] 4|
Eayie)|7 F29 5 fyphmurur TA 1535/PSK 1002)-&
retinol, retinol acetate, retincic acid, canthaxanthin, f—caro—
tene ¥ retincl palmilate2] & 2|2 EeiHda] fx AR}
ume Co o] odaE ) 2w (52), AFB® l-nitro-
pyrene (1-NP)el] &8 Eol e} F-=5 S avphimurium
Y1024 marigold® 48] £2]5 luteinsl] &3] S0
a] ko] A= 9l i53,54), ik AT ] 2 S
o]7} §%= S fyphinugiem(TA 1535/PSK 100202 &) =,
Porphvra tenerg®] 2552 B He] £ 347 unc C
2] Wl & of A Al g eHEh)s B ) Bl atEke] FalkEli Tl

2 carotenold?| ZUME S4 oF =3}

A F2] Al A 228 58 carotenoids®] MTT
assayll 23k BFAE F4] A B41E Table 59 2},
-7 ¢k Z(Hela)+l A%} carotenoidss] f3t& 5
10 4 20 ng Fo} 2] 3= Z7Fol] ¥ 23] B-carotene A 7}
Foll A 43.5~67.6%6, cynthiaxanthin A 74 4] 56.5~

Table 4. The antimutagemc effects of several carotencids isolated from the tumeates and shellfishes on the mutagenicities
induced by IQ and AFB, in Safmonella typhimurium TA 98

Mutagen ) B-Caro- Cantha- Isozea- Asta- Cynthia- Moytilo— Halocyn-
4881 Adding tene sxanthin xanthin xanthin xanlhin santhin Lhiaxanthin
amounts {(Lg)
50 220+17 s3z£28 723107 4720’ 6213t TOTELE BG+2]°
“ (861" (63.0) (56.0) {72.8) (60.3) (51.5) {19.7)
Q - 244+20 65011 62023  357Ls" 551 16 619+ 25° GO0+ 18"
85 4) (60.2) (62.5) (786) (66.5) (62.7) {63.5)
10 45121 713 BAZEAC 20741%°  0l4+B 505+ 2% 360+22°
(733) (57.3) (67.3) (874 (46 1) (G993 (775)
o0 00%15° 3E3xIg 3[0L18" 46035 AT 353=12" 344 +30
“ (45 2) (51.6) (54.8) (380 (3300 (51 6 (52 9
ATB 5 /AL 3UET 415" 45420"  3E7ER 300=20° 340414
! 471 (5L8) (65 0) (391 (515) (57.1) {(51.8)
100 3227 3930 19748 65527 207+12¢ 993+27° IE1£12
(55.9) (55.2) (730 (108) (716) (59.5) (503

YEach value represents the mean® S 0. of three plates.
?The values m pareniheses are the inhubilion rate (%)
1Q reverlants, 1643+36, Spontaneous revertants, 2334
AFB: revertants, 730211, Spontaneous revertants: 23x2

Means with the ifferent letlers m the same column are significantly different (p<0,05) bv Dwncan's mmltiple range lest.



o] M55 o #3%2] Carotenods 8 4-A4

13.9%, astaxantlun E7}7ola] 471-60.8% 2 halocyn-
thiaxanthin % 71-ol 4] 63.3~88.5%2] W& ¢~ 522
22 dAE FAe] dA =g en, 78] 30 pgel Fxd)
4= mytiloxanthon 5 714 81.3%, canthaxanthin
H7rel A 51.0% T#l3 isozeaxanthin %7}l A
BERE A ALF) b

2 oA Z(NCI-HE7)oll T & carotenoids] Ave 5
7k nl A ste] B-carotene il 37.6--56.2%.
astaxanthin & 7}7-<lA] 543~ 88.1%, cynthiaxanthin 4
Zhrell A 450~668% 2 halocyntiaxanthin & 7o)
A A72~708%2] WA folH o ol FAl0]
AA = gen], 2 9 20 ngs] ¥ %ol M= mytiloxanthin
A7 A 736%, 1sozeasanthin H7LE oAl 330962
of 2| &7} el

Ak £ET-291 W7 carotenoids ] A7E ¥
ZZ Vel A1EEte] fcarotenc A7}l A] 316~ 49.1%.
cynihiaxanthin 3 7b¢ll A 37 4~43.3%, mytidoxanthin
7oA 488-~-79.8% 1 hﬂlocynthlaxanthm =H7
4l 32.3~30.5%6¢] Bl§ el A FoF o obA E )]
AA = 5dew, 2 o] 20 pgs] =l A4LE jsozecaxanthin &
el 37.6% 1Rl astaxanthin Aol 46092
A 27 depyga)

A 2 (MG-63)o] & carotenoids = 2 &
Zhell #158te] B-carotene A 7}olA] 40.6 70 6%, cyn-
thiaxanthin 87}l 4] 48.3~73.9%, astaxanthin &7}
T-ollA 54.5--77.3%, canthaxanthin & 7}.4] 54.4% ~
77.5% ¥ halocynthiaxanihin 53 7}l 4] 43.2~62.0%2]
el 4] fo]al o2 gz Falo] olAs|gl o], o 8] 2
g2 Fxe)AE mylloxanthin 271l 63.3% 28|12
isozeaxanthin A 7}7el47 75.9%% oA £z} Fepgdeh,

23} Balde] @ FUAE 34 ofnww

Q}M' 2] A -ﬂ—t‘

=) ;x.?._% T 13
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AFB A 23] f=d vl oz de

W= Pcarotened] =&l oA = ¢l2 0 (56),

ol#l2] Aatel A4 DLD- li’} colo 320DM<]| w&] 2
1 f-carotene= 732 EF &4

canthaxanthin, & -carctene 2
S AL B wET), =3 kA E

thin® halocynthiaxanthn
A2dE shalvks B (E8)s} vl fAletedn

kO

ETY

ok
=

S <] fucoxan-

T E FHY 2

ok 5o ot Bo) 3 carotencids 24 7 o) £
carotenoids®] Melg4d-& ¥ A v A 55 o A7
3 Taol] Ea0%= carotenoids A H& B, A&
92w, o]& marine carotenoidsell o] & A He] FoI
A 2 FabAE Saloda] daL v)w, dedt dAae
&3l e} 9 Al 78] F carotencids 2 S-olA = 5
S A, e, R, ojrkRebl A, w2 A g
Zeed e 0w z;s; R8T A(18.66~2.39 mpts), vlTiT]
Ho] HulA & ”‘ﬂ-iﬂ] vfeu} Bolshy o, LA,
A 2= 59 % carctenoids o] o< 1] £
ebgel A {4 carotenoids 242 A, B
Al, Eolvjy 2]z #eGellE cynthiaxanttun{?s.1 ~

42,228}, halocynthiaxanttan(9.7~26.3%), diatoxanthin
(8.0~187%} H P-carotene(7.7~21,2%)¢], =8| =714 A

o] = canthaxanthin{19.6%), ¢

vinthiaxanthin(15.4%), hal-

ocynthiaxanthin(14,3%) 2 (3R, 3'R). (38, 3'S)-asta-
xanthin{22 69%)e], = %

xanthin(26. 6%,

xanthin(15 226

2] p-carctene{9.3
Shob, WAFY carotencids T3-S A A A o3

o] ZF el Al = fuco-
cynthiaxanttun(21.824), halecynthia-

%)0] 4

PoE
B AE 2}

Table 5. Inhibilory effect of several carolenocids isolated from the tunicates and shellfishes on the growth of hwman
(inhilntion rate 24)

cancer cells

Cancer {arotenoids B ~Caro- Cantha- Isozea— Asta- Cynthia- Mytilo- Halocyn-
cell ;‘ngﬂzﬁs - tene xanthin santhin xanthm xanthin xanthun thiaxanthm

HelLa 5 4351219 331431° 151t 47 471434 56504 683F00° 633+3F
{Cervical 10 548+17" 4z2+25® 298+ 38 539+23% 6034400 702:i685 749x2st
carcinoma cell) 20 G75¥54° 510%99° 336F 36° 0812 7a9x18  RLI+05 88508
NCI-H87 5 3784 0 2154 31" RIAE3L 450%28°  5L2+34F 473%15°
{Gastric 10 199=12 0 282% 28765317 510+04°  689t22°  583+15°
carcinoma cell) 0 562x24 B 330% 35" 821+17° 668+23F  TIEHLT J08*4 4
HT-29 5 316+1 4 0 3451 20" 392+35" 374%02° 48837 323+09°
{Colon 10 JMGE0Y 0 380+ 36° 434734 393+25"  553£30" 3/TE09
carcinoma cell) 0 491£47 0 75+ 05 460+16° 433+23° 798X1E 95+
MG-63 5 406%46° 514F13 595+ 82° 545+58" 43311 MEr4y  43zxal
{Osleosarcoma 10 167145 B18+22°  6L2+ 45 65.3+41% 502%14%  494F14° 5L.0+4.7
carcinoma cell) 20 709%49° 775+31°  7551101° 773138 730+49°  633+62° 620445

"Means with the dilferent leticrs in the same column are significantly different {p<005) by Duncan’s mulliple range Lest.
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o) 22l HAEL S5 299 carotenoids A%
AR faleted ok AR alFEedA vk &, 7l 3
A, vl grlEld] 4 2 A £2) F carotenoids TS
1~6.83mg2s)o] vhE HFel vl o5 =gkeny, A5
carotenoids &4 -2 A2 3] o} 2 AlA g AAHeE
AZ Aelstelct it Bierle]n] @ 23% § F
= #off = cynthiaxanthin(15 9--35.0%), seaxanthin(9.6~
21.99%)e], AFH K3t 7la7) diolE cynihiaxanthin21.
5~48.6%), myliloxanthin{11.6%)o), 72| 2 u]F 7 S
£ canthaxanthin(80.6%), isozeaxanthin{20.5%8)0], <] <
ch7) & 2 w8l Holl = Prcarotened?3.7 ~34.8%) 4 zea-
xanthin{18.2~20.4%)¢] 44 220 2 F-f-8pgictk =g o
Frofl = dicsterd carotenoids”t 72 ¥ carutenoidsst &
Feo] Eaishs Aol Feldtdol, 4, AR 2 WF
o A B2 8 carolenoids] F<d A el il A 57
<= 8. typhimurium TA 93¢ ©hste] 20, 50 28] 32 100 ug
Fola] ewZrle v ate], IQ=) 4| & astaxanthin, isozea-
xanthin, mytloxanthin 2 halocynthiaxanthin 277l
A, AFBi¥ A= B-carotene, isozeaxantlin E mytiiloxan—
thin A7}l FoH 22 FdHe] fde] = lcth
it HAF 9D #Fd 225 8 carotencids?] &
of A LAl A A5 10 28] 2 20 ug Soli) Bess)

off wiediated, Alg-d W HeLaH Eell 2 f-carotene, cyn—
thisxantinn, astaxanthin ¥ halocynthiaxanthin & 717
A, 29 NCI-HST A E )4 = b-carctene, astaxanthin,
evnthiaganthin % halocynthiaxanthin 27k l4], =3kt
(HT-294] £A43 = B-carotene. cynthiaxanthim, mytilo-
xanthin ¥ halocynthiaxanthin Z2]57 % HMG-63)
A ZEe) A= Bcarotene, cyntliaxanthin, astaxanthin,
canthaxanthin % halocynthiaxanttun 3774 #-9
o EofAE Falo] ofA= g

FANENE!

o] =F-& 19983 E FEete A Ealw aedF2A
ulol| 2lste] A E|Qom, o b=
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