3238 e )3 Ketocarotenoids2] & A ¥F AX
RE gl A3 A7

BB FXRE - FRE
C RTBEBERTIRIT - 42K )

I. A4 £

A8 - 55 oA EA e ekl HEH stREkolte 2 3HEHH Aol F&YE o
Uzh A E3hd ety Fe 4o wu|gtel AFRH g stehAES] A4 o] H
o] ¢cb( P.Karrer and E. Juker, 1948)

o] gt FtRZE| ol =to Aol hllAE B REMEZAY JF, AEHH I
=3 slEE ro)l=F QB9 7o) Vitamin A 4L 7HA o8 g ot HalA F
5| o},

28y 1955 Stanier Sl oo AF ¢ AP #7552 FHA Al 7H2EH o]
zr da] EAlslE 2L chlorophyll o]} bacteriochlorophyll o] &l 2 #-435le] o
o] 1}= photodynamic destruction &2 2E A EE ¥ 3§37l el 74 (R.Y.
Stanier et al,1955)0] # %" F, sk e ojro] A BEALel g FA o] ot
et

FtzE ol to] WA BT o7 FEA Al A= AT A T3 A& quench-
ing, 0,9 quenching, free radical reaction® inhibition$°] §l&°] Krinskyell
o A oksl vF lek ( N.1.Krinsky,1982). Krinsky & 7F2E kolx9] A B3 o7}
UEe HA™g wisbEel Type 14 singlet oxygen g M 4Aste oA A= #7hy
%9l TypellZd #ed®t sb54dg st Bwstx gloh

Aol 4 A5 organic free radical @ ¥4 A2 singlet oxygen('0,)
hydroxy radical(*OH), hydrogen peroxide (H;0,), superoxide anion radical (03) 52
Al Zuko) &4 urz| Aol peroxidation g ¥ Edle] whiA, AL, edlrss HA zE
A 2Ao stHo poddtel A o] &4, Eduwle] i, W, 249 w3heo] Ul H
vbx otd A 9leb( B.E. Leivovitz and B.W. Siegel, 1980; C.S.Foote, 19825 N.I.
Krinsky, 1979).

g 2ol oA b ellol A Hol malF shukl <bwe) o A4 AT, F
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+ 2 4% 454 A NFAse] A4S Y-S AA S Y =F oxygen radicalo]
detd 4SS F538 S/l dFRas Qo (Y.Niwa,1986)

olF #A A&F '0, & FF4olvt high energy ZARHE 5% 7 obl A% ofy
2} QA el A superoxide anion radical & AX EAHIEo 2 AYdd" 4 9)Le B2,
WP AFAE (N.].Krinsky 1982) A1k 98t A3 (S.] .Klebanoff,1980) 4l 2]
HAx Adsie] 2Ae AF, M Eute] Askd W§AFo] He o] FH ol Wz 9ok

s Al g '0, 9 Fagt ubEAol A4 =A Foote & B-carotene o] 0, &
E #3422 quenching A7) A}z (C.S.Foote and R.W.Denny,1968) 2% o¢g
7t stz xel=Eo] vellE 'O;0 W3l quenching ratetk )7t 24 Bm sln g
ot &, lycopene # B-apo-8' - carotenal @ 'O,ol g quenching rate(ky) & ]
%3le] (C.S. Foote et‘al. 1970 a)all- trans retinal, lutein, B-carotene, synthetic
Ca0r Cas» Cs0, Cgo 7FEExCIZO Zg T3, o]2XE st2Elxol=9] !0, quen-
ching activity &= ©]F72 g9 conjugationT¢} o] 91-Lo] Aoty uf 9} ( C.S.
Foote, Y.C.Chang and R.W. Denny, 1970b).

2 ATANNE A8 (Haliotis discus hannai )°] W FFol A lipoprotein o A 33}
e FFRE RO =E oo pattern® wgEtE ohokdt FMEE kolme] B Foj: o
A e Abgel A4kl lauric 2 myristic acid ] lutein ester o] w2
#A#s]x (T.Y.Lee, D.H.Lee and S.N.Park, 1984) ol 2|3} lutein o] Z|H}AF ester
= in vitroolAE 10,9 quenching activityo] 9loJ4 lutein 7 = 27 ot
in vivool 4% aolst g sHsAe] 9lrx Al AkgE Bl7b gk (S.N.Park,T.Y.Lee,1984)

=8t A ( Trachypenaeus curnirostris)el 4 carotenoid<l astaxanthin ¥
ester A}o|9] !0, quenching activity 2o]%  in vitr.0°ﬂ/‘1-":— =g ghalel Qo (S.
N.Park,T .Y.Lee, 1984).

28] canthaxanthin®} 22 3933l 4-hydroxy-4'-keto~- B-carotene, 4,4’ -
dihydroxy B-carotene Abole] = &}abFzol F4E7ke] AA S mAs carbonyl ]
'0; 9l quenching activityol o @& o)X} hydroxy7l& W2 A7 9Se uws
Rt

2 Al AME 28 (Capsicum annuum) 2] =23 F}2Elx0]=Q] capsanthin3} =2
esters, 2|9 (Undaria Pinnatifida) 59| 7ZZ5Fo| da] £ %5 0] A= fuéoxanthin,
22z ko) F A4l lycopene & iAo 2 '0,0] Widt quenching rate & 3}
o 2 Fxo49 AE AESA D, 4T Aol 3 F8Y ArE =3 FozA A
Zafoll g ol F FtREwojEgY] BE ALY Fzo Ao '0, quenching rate
constants ¥ H|i 7 E359 ),

2 A7l A&et dtRE xolEge F2E Fig.19 2o}

L

]
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B-CAROTENE

Z X S g U U Vg e P&

LYCOPENE
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H
_v- CAPSORUBIN

FUCOXANTHIN

Fig. 1. Structure of carotenoid pigments used in the quenching
studies of ' O,.
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Ir-4 3

1. ALB7171 & Al

FN B AR F4AH EH L Varian Techtron Model 635 UV-Visible spectrophotom=
eter S A}-&3}o] 9909 photo-oxygenation ¥H$Al FYPS& 300W, 82V tungst-
en lamp & A}23}gch =t %2 Bausch and LombAFe] high intensity monochr-
omator (1,350 grooves,/mm, 300nm braze) & E3l ek 7h2E|xo]l =) Helo] At
2% TLCW2 MerckA| silica gel G60o] 0.2=m57 2 precoat ¥ ot E o] g 3o] Q)
ot Age F% % el AHLE n -4, B E, ofME, HEREMY 52 E
= Ago4 B ZF-E E& A AAstgod e 543 ddshA e Ade A
3 9F AFe zeh 2 A2elglch. Photo-oxygenationo] Ab&Eh slebeg A Al A
AZ 55t WAL Kanto chemical Co. UF AloFE P0s 2 AR|® § FFHstd A
£3}9lth. 1,3-Diphenyl isobenzofuran (DPBF )+ wlebgoll A AZAA
rose bengl-& Aldrich A &g 2] & ALgst¢ )

<t
»al
mlo
¥
lo
2

2.0 =B

B-cartotene & 2 Wako A} A 22 Ca(OH), & %AF columno 2 F2|sle] A}

23519900, capsanthin % 7 o] 2E 5L 1984 9Yx A|FolA FYI EHv) 4
Ho aFoa %, AASEArh Lycopene-2- 8U% /‘]Z o 4} Fdgk el A, fuco-
xanthin-& 10¥ 2 AlFol A Fgt |l ztzb FZ3}drct

3. Myuy

1) 72 ol =] ¥g

(1) B-Carotene : 42 Wako chemical Co.2 5& A& Ca(OH), 2 FA%T
columnoll A &AL -o&o 8] 2 (10:1) &wiA 2 Fe|3t B-carotene H L oA &4t -
ool el 2 (10:1) & #sHg TLC chromatograme Fig.29 (1)3 7o}

ol@ Al ¥2]3t B-carotene 4R FAF F4 M EHL p -3l A4 2 max 7} 51,
478 nmgl 2, ol eh-2oll & 433, 451, 480 nmEth L3 95% ol EbE - #Akzhe] ol A
¥ (F.].Peracek and L.Zechmeister, 1956) oA+ 4A3) sliZ o g Fulslglo
ol FA|719] f5E& ZE o F4) Bl~E (P.Karrer and E. Juker,1950) AzE 240
At

(2) Capsanthin & L esters : 323 739 ol E 2 FZ2EL il - oEdHE
(2:3) % AH&sled TLCE ¥2j3 Agrt2a%e Fig.29 (29 Zth oF 7% &
23 E&o] 4 capsanthin ¥} capsorubin® EFER FZ2F= Miu 3HE 3,
Ab-oldel B 2 (1:8) 2 A5t 5 Aoz FEstdet. (Fig.29 (3)).

feptRib et #1132 (1987) 9
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Fig. 2. Thin-layer chromatograms of various carotenoids.

Solvent system; 1) n-hexane-ether=10:1
2) n-hexane-ether= 2:3
3) n-hexane-ether = 1:8
4) n-hexane-ether = 2:3
5) n-hexane-ether = 4:1
6) hexane
7) methylene chloride-ethyl methyl ketone = 4:1

ey

OCOCH
FUCOXANTHIN
28,400 ;- - B T R TR - S
1 - \/\j\/"\ /

29, 400 \ / \/J
24, 400 1
D3 A00n - /

\ N

\/ Vi
1. 480
20, -IUI){ - L i i 1 " ! N A N i . 1
204 1o 1u6U0 1300 i 31310} 700 S06

Fig. 3. IR Spectrum of Fucoxanthin Isolated from Undaria Pinnatifida
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Fig.29(4)Ecapsanthin & capsorubin® monoester 8 F&5& M4u 4,538
A -o"o 8|2 (2:3) o2 AAMEZI Zoln, (5)& capsanthin #} capsorubin
diester E£3E-g i -dHoel2 (4:1)F NG Zolck Capsanthin# Z mono-,
diester = chromophore F-5o] &5 77| o Fo 7P R F52H EHo4 Amax = o
etgo A 473nm, WAl HE 486nmE FASA “debstch 95% HlEbE #al7be] Euy
Aol A= 95:59 AL capsanthin © 2,0 12:889 712 monoester 2, 10:90 0.8 X
iR A2 diester 2 FA = Ak

(3) Lycopene : 9o n -4 5558 n -4 A28 chromatogram Fig.
29 (6)3} #rh AR F4 ~HEYL Amax 7 WA L0} 24 458, 487, 521nm, n
- d Aol A& 444, 472,503 nm 2 vpebiton A el AE #As] HaFoz Pl
ok

(4) Fucoxanthin :Z10]99] olAE F2EE 547 A& o -8itoz  FEoty
chlorophyll & A A3}, 8e§A] methylene chloride- ethyl methyl ketone (4:1)-&
Abgste] M7Ng chromatogran- Fig.29 (7)3 #ch 7MARE Frad E=fo 49 2
max = ofl B} 8ol 4] 450nm, =20l A 447nm, HAbell A= 427, 450, 478 nmF ©}. Ep-
oxy test Az gAeoldon, FMA g A stolEFAI 7t 2, FFEREA, o F
A7), ol 2B 71 7F ZH2k S gle] kM E 95% wiekg Foz Huwisklil, IR spec-
trum& Fig.3 3 o] 1930cm™ E-Zof allener]o] &Rzl ul39} 1735cm ol o &

€] 1650cm* o conjugated A& 27} Urt,
Balgh 7 stEElxol=Ee gAe AHe|shH Tablel & ek

2) '0, quenching A&

Photooxygenation 2] A& A2+ 39 (300W Tungsten lamp) £ monochromator
(Bausch and Lomb, 1,350 grooves,/nm, 300nm blaze) ¥ uk3-87]2 FA= )
10,9 WAL 3l AFLAEA rose bengal & AMEEH oM, ZAEGS webg o4
o A%t 556nm, WA -s kg Gole) A9 559nmIlch wPH 0,9 AEL 0,
7} wkgoll 93 DPBFO] 74§ &4 0= o] Fozc}, DPBF+ 'O, 3 physical quen-
ching glo] Aeky o2 up-2dle] monomeric peroxide 7} M7l 3 o] Ao Al 4 Hg)
3le] 0- dibenzoylbenzene & whEchw W ysle] glrk ( J.G.Calvert and J.N.Pitts
Jr,1966; A.Singh et al, 1968),

gl e A BRI ASshel BAS FAAAEH, ol FrlE S 8o Eo
Z0e nUsH] Ao vz g8t 2L gol, F olwe §o WAl -Bgo]  Hol
e 8715 A= shgich

Photooxygenation 3l E¢ DPBF9 %% 74 DPBFY &3x w3z stasly
k. ZAPH I RAFE 4 Fol dlighE glo A= 410nm, WAl -l eRE ReBol AE 413
nmol A F#5 WHE ZAsgch Aol 4 rose bengal & FEE 6.5 X 107°M,DPBF

fextan b @t #1135 (1987) 60



Table 1.

The properties of isolated carotenoids.

Pigment Absorption maxima n?ha;t::;:r_)gr;gol?wl:oﬂ Epoxy test
p-Carotene 451, 478 (n-hexane) 100:0 negative
433, 451, 480 (MeOH)
Capsanthin 486 (benzene) 5:95 negative
473 (MeOH)
Capsanthin 486 (benzene) 88:12 negative
monoester 473 (MeOH)
Capsanthin 486 (benzene) 90:10 negative
diester 473 (MeOH)
Lycopene 458, 487, 521 (benzene) 100:0 negative
444, 472, 503 (n-hexane)
Fucoxanthin | 450 (EtOH) 0:100 positive
427, 447 (MeOH)
450, 478 (n-hexane)
£ 3.25x107%, 1.95x107%, 1.3x107%, 0.65%107°M, 7}2€ xo]l=& 5.0X107°,

2.5X107%,1.5%x10°%, 1X10°MEo2 2148 E9AA st
7t 7tz Erol o] k% Aol AHE3 extinction coefficient & Table 29 Zeh

Table 2. Extinction coefficients used in determining pigment concentration

Pigments Absorption maxima | Extinction coefficient | Solvent
p-Carotene 433,451, 480 141,000 MeOH
Capsanthin 486 110,000 Benzene*

473 113,000 MeOH
Capsanthin monoester 486 110,000 Benzene
473 113,000 MeOH
Capsanthin diester 466 110,000 Benzene
458, 487, 521 185,000 n-hexane
Lycopene 444,472, 503 165,000 Benzene
450 75,000 EtOH*
Fucoxanthin 447 80,000 MeOH

(* J.G. Grasseli, W.M. Ritchey, 1973)

{eesn b2 @Et M 132 (1987)
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2 239 photooxygenationeo] o] stz wh-gwAlE o] B s ubg4 S o] S5t

(S.N.Park, T.Y.Lee, 1984) ©J® Stern-Volmer 422 F¥ k,/kq & ¢

dez ojekg fRol 49 kgl 1.8x10°M™! sec™' €& (R.H.Young et al, 1971)

delstd & FtRZE x0] =9 quenching rated] k,#%S T 4 AUk Se/S, =1+

| =8

(ke ka)(QJ: Stern-Volmer 4] ( “HE"x 2 )

51 o] u]

3) 388 Ay
(1) 24 23
FEol A AYPAE okl 2P Pop
138715 30W FASold TAlEuE WolA ofadw ol Y5 Yo A E

292 wWdg ¥ 10-25 871 #& A ok
reaction vessel

ooooooX

acryl plate —

- fluorescence lamp

2) Ao Fl
"é’"aq]/‘i Abggt 48T E 30419 A4 4l dRE FH ddoh H¥ FA EDTA
5 9o A& Y-S F 3000rpmell 4 5%7F YA st Ao} 48 FEsin
Ba)sl A¥F= W saline - phosphate buffer (3. old 7.4)8 33 A AHs LA

ol ofejEF-9 buffer ¥ phosphate buffer = oxygen radical A&l 7}

At Ao wysx glet ( Murrag A.Brown, John K. Raison, 1987). #&jg A

e 45X YAz 2asisicish 24 A7E olvel AFel AREsisiet

(3) F&doll vlA = carotencid @l o ol HFH A&
F2lg 4845 0.9% saline-phosphate buffer (3], o3 7.4) 3.52zlg]eo] &

0

BAlZl & o &g 52 DMSOel 9] #Z carotenoid & 25-50 1 As}5hglch 304
7} pre - incubation & ¥ #&7tAlel rose bengal @M & 0.5UEHE Y1 BL 2
ARA| et FZAFE Bd & post- incubatione] 9% A ¥ wim £r 2 (5874
S.2 700nmell A scatteringol &3 3o iz EE Falgch 2 Alg 3
ZA43te] A3 ok

fERESME B @t 4133 (1987) 62



m. = s

1. B-Carotene 2| 'O, quenching rate

| 28 9l A-83F B-caroteneo] o ELE fM o4 DPBFEXo] gk Akl =&
DPBF &5 749 2ell X Fig.40lx, B-carotened FEol oid S0./5,9 zallZE
Fig.58 #ch Stern-Volmer 2o 9|3te] F& B-carotene ] k, 2 2.36x10"

Table 3. Kq of g-carotene

Kq (x 1010M- 1S’l) Solvent Quencher
2.36 MeOH DPBF
2.0 benzene DPBF (1)
1.3 benzene DPBF (2)
2.6 C82 Anthracene (3)
2.3 benzene-MeOH (3:2) Rubrene (4)
3.0 freon-113 DPBF (5)

1) P.B. Merkel and D.R. Kearn, 1972
2) A. Farmilio and F. Wilkinson, 1973
3) C.S.Footeetal, 1972

4) M.M. Mathew-Roth et al, 1974

5) 1.B.C. Mathenson et al, 1974

o
8
2o,

ir

(M sec™) 2 & QdFAFe] 78 gt st o] Tabledolth FA e
AH88F quencher ] &/ &oliel 89 FE AololA FAsle Aol 2 F 2 U

g Aoz Prf

2 . Capsanthin 1f 1 esters®| quenching rate

ol &g SAolA 'O, quencher? FEE ] & W DPBFO Za 5o vw|A =
capsanthin 2t capsanthin monoester & 3 &g 23t ¥, Stern-Volmer 4o S +
gt capsanthin®] k,3k& 2.29 X 10'°M'sec™ o]} capsanthin monoester & 2
2.23x 10"k, 25 B - caroteneo] x| & & ko] !0, quenching activitys B
o Folch =g F 7tRE ol Aol slol=EAl 2 EFH o AHE Ee wE
'0, quenching activity 2] ol lutein % ester, astaxanthin 3 L o &E ] gleo]
Aot wpbxz A9 Hee HAdFw glch ulal ol sko] 4] ka 32 olisbg Bofol A
ZFA45 kg vlag + Qok A4 8o Fo) A9 0, life time #} diffusion rate o

fLvEs (b Bt #1135 (1987) 63



1.7F
1.6+
L.5F
1.4+
1.3
1.2
1.1
1.0

So/Sq

T

Slope; 1.3 x 105
Intercept; 0.988
r ; 0.999

[B-Carotene] x 106

Fig. 4. Plot of S,/S, vs [p-Carotene]
Irradiation wavelength; 556nm
Irradiation time ; 4min
Solvent ; MeOH

-d [DPBF] (8
dt

1 I

[DPBF] x 10°

Fig. 5. Plot of ﬂ%@ x 108 vs [DPBF]
-dt
for competitive quenching of g- Carotene in MeOH
Irradiation wavelength; 556nm, Irradiation time; 4 minutes

B-Carotene concentration; (a) 1.25x 100M (b) 2.49 x 10°M
(©) 3.73 x 100°M (d) 0.00M; control
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viscosity 7} u]H £ o] 5 Ko Asbrl IA ka3l wrg =HA wHFolct
2ot kasky B ko ks SHENE A2 49 GolB2 e SshAelA S5 @

£ vlistEd AHEE 4 9l& parameter och,

3 . Lycopene 2| guenching rate

WA -elelg (3:5) &Bol4 !0, quencherd FTEE 2] & @ DPBFY L &
%ol vlA £ lycopene®] d g ZAHF ¥, Stern-Volmer Aol o3 F& lycopene
9] ko ke S 2.06 X 10° 28 B-carotene XrtE o %2 !0, quenchergd-& 2o
T ok

4 . Fucoxanthin ] guenching rate

of ebg folo 4] !0, quencher? E5& 2] & W DPBFY 74 Sxd v]iE
fucoxanthin® < 82 ZA43 % Stern-Volmer Hol 28 k, 32 0.96 X 10'°M7}
sec”' & lycopene, B-carotene & 5§ capsanthin @ 2 dAHE B Y4 F2
10, quenching activity & ®o Fo}h

ol 42 Aol 4 TF& 712 E ko] EE9 0,0 NI quenching rate & AHe|sl Table
4 9 7t

Table 4. Rate constant (Kq) of singlet oxygen quenching by the carotenoids

Carotenoids Kq/Kd (x 105) Kq (x lOlOM'IS'l) Solvent
B-Carotene 1.31 2.36 MeOH
Capsanthin 1.27 2.29 MeOH
Capsanthin monoester 1.24 2.24 MeOH

1.33 - Benzene-MeOH (3:5)
Capsanthin diester 1.26 — Benzene-MeOH (3:5)
Lycopene 2.06 - Benzene-MeOH (3:5)
Fucoxanthin 0.53 0.96 MeOH

5.5HYTo HRBUN e FHEE|LO0I=0 IS

1) Ag4gol E2 Fdo] AT #EY A

AYF ohe we) AuerH AT FL ALE AL F T4 @A R A
FzU AseA 4350 # FeiA o AA APNEE A48T + AE Al I
.
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a3t AT Fed Agwde A2 Tz, /%, At " Qsisel AT
—1-‘%}_9_1*] B oopde, ¥4, ALFolv FFA4 E’Q«] screening test & o] Q3
Aupgols wad AP gstAl & £ Yv AAol Ao ZA A7k o FFel
SHAE ArESe AsEAold FEA RE sl A7 WwHoEA A e B
23 Agud Aol =3 AFsF Bwsieh 2 FEE Aol AddAgd AL
Ao, aging, 2AF Y, FERA A7, FF2AAS FHek & Tl s F&He] Y
He At 2 2oz A4 e AAE Adsrlsh odE Ao Aok

B Ao AbRE FaAshe A8E uEsle FAY F dx AL AgEE A5
8289 ZAHo] 75}, Fig.6-2 A=A G F& Aol Hal 700nmol A sca-
ttering O.D. 2 ZA3F 2k7 530-540nmeollA] 3] 28 s1¢l& W29 absorbances}
ol #HAE Jehd Fo|ch 700 nmelA &A% O0.D7F 0.8 A 0.29 #+ 0.99 o4
o] 2o AHAWAE ¥ FAt

wela] 283 A5 ZAHL 700nmollA @3 AL (1568 AR )AL E scatt-
ering 0.D. 5 A8l A7k wE A7 st gl TE 232 50% §IE o 714
o] A7} 71Fol st wlEA AASE Aol A ggdta AuA FAZ e
glek, =g o 3 27, & 25 &ulf Goll Hg AHojrt BF HASE=R
ZH wyrd 7} ] aleh #zAF AZEe 30W 3F5o 2 TAERH A
A 10WHA 2587 Ak A 971 HAo|dx F5AAZ AHESE rose - bengal] &
EE ~ 10 Axst A3k Rose-bengal 9 EE7F 10°M AxolAs FEAE
90 %ol 4e] AT A3, 1077M olslol e FEA F 247ke] AUE 20% 4
5 Yol st = A ekghet

AYTe Ad F 45 PGzo] masrlwt shd 24 A7 ojuldlAE 2R AR
- ARt

-{m
o)

2) F4do “]7"]*‘: 2 el xojxe] &

Fig.7,8.9% 2% HM38% rose-bengal 3 FtEE kol=9 Fxrrt 27
3.20x1077Molnf 25 87 2Ab AR 2587 F2A F FA d3871E AR Q05D
o2 3td 9tAlol| 4 post-incubation AlZ}H A 158 b4 92 700nmej4 O.D A
ste] F8d HEE e ze 28 Ao, #Aze) AP 3W o4 uEsigle %
AM@Aol F2 A4 Aot

B2 o] ¢tAle]A] post-incubation Aol = Al5H 22 sigmoidal time curve 2
£8o| AEKHE ¢ F Uk

Fig.7o|A ®So| capsanthin, lutein, B-carotene 0.8 TEEo]| uv|3td FE&EE
o A e Flo] & 4 9l3, capsanthin'® diester, capsanthin, capsansol & f-

carotene 2t} F&8e gt B $420] & A0 R Fig.8L HAF Utk Fig.9olA
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Fig. 7. Effect of Carotenoids on Photohemolysis.
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= Fig.7,894 Xt}x B-caroteneo]| u|3ted fucoxanthin, capsorubin, astaxanthin
ol #Ag F8E A ANE vep L ot

olE FtRExol=st AT ol Wi osmotic fragilityol & Fo2 28H 9
ABEFA} AY Holx= AE 7] 985t 0.1% erythrocyte suspensiono] fucoxanthin
T 92 A dA ¥ Ag NaCl ¥ A3z Az 13 HWalE & 4 dgich =
24 el xolul A3 FTRAE HAYUFS] osmotic fragilityo] o}F& oddko] g
=% ¢ & d=+.Fig.10)

Fig.7.8.99 Azlell & A&y o3 222 BE 50%LHHE 1502 A2sld
Table5 9+ 7t} Lutein, capsanthin, capsanthin diester, astaxanthin, capsorubin,
fucoxanthin& 25 B ~caroteneod] u)sted #8388 -2 A A7 fucoxanthinE

A% fold WEEAE nolx Yok

(%)
I : Caps-diester
20 F II : Caps
IIT : Caps-ol
IV . g-Car
@2 40F
S
&)
g
[
T 60 |
B

80 i [Rose-bengal] : 1.5x IO'6M
[Carotenoid] : 3.29 x 100'M

Irrad. time ;25 min.
Lk i (1 i 1 1 L
15 30 45 60 75 90 105 (min.)

Post-incubation time

Fig. 8. Effect of Carotenoids on Photohemolysis.

{feyriib Bzt #1335 (1987) 68



% Hemolysis

(%)

20

40

60

80

1 [ 1

30 60 90

120 150 (min.)

Post-incubation time

Fig. 9. Effect of Carotenoids on Photohemolysis.

Table 5. Effect of Carotenoids on Photohemolysis

Carotenoids 750
CONTROL 39.1+ 1.1
B-CAROTENE 44,7+ 1.0
LUTEIN 479+ 4.5
CAPSANTHIN 55.6 +3.3
-diester 62.0+ 1.8
ASTAXANTHIN 90.8 + 6.1
CAPSORUBIN 163.8 + 10.2
FUCOXANTHIN 243.4 + 13.6

3) F&Ho) 3t Mannitol 9] FF

Mannitol & oxygen radical & 7}% ubg-4o] &

-OH%E ¢lof = scavenger 24 49

fbgES b B @ik #1135 (1987) (9



(%)

0 incub. time; 30min.
20
40 |
[/}
o
[/}
>
—{
g
(1]
T 60 F
e
80 [~ @ control
O +fuco (3.29 x 10°7M)
i 1 [ D N B
0.9 0.7 0.5 0.3
% NaCl

Fig. 10. Osmotic fragility curve of 0.1%
erythrocyte suspension at 60 sec.
after mixing

2] Argsx glck ( j.P. Martin and N. Logsdon, 1987), Rose - bengal ( 1.37 X 1078
M)E AHes 288 Ao FZ2A A FE 7] Ao w828 F mannitol & FE
7t 22 1 mM, 10 mMo| =5 & drlstz 1087+ FEAEE ¢hAlel4] post- incubati-
on A|Zuhol mannitol 2 F& AEA o HYTe] &8 dAstxn v (Fig.11) =
% mannitol & A ¥Fo] W3t FzAbrt BdA Fol| sHgE A {Pol AT control ol ¥ S
28789 A A4S 2 5 ok (Fig.12), YHbH 22 mannitol & A FAI XS] UFY
AAS JAo 2 st Aol sorbitol 53 FA osmotic stabilizer 2 o[ &F 3
Sl et

Fig.11,1201 49} 7to] A @Fo| gt mannitol 8 £3 AL} ABT A Zol o

3} osmotic stabilizationol 71918t #Hel A& 7 ES7] 943t osmotic fragility 4
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\:§: .

L 1 ] i 1

ok ———— e —— —

15 30 45 60 75 90 (min.)

Post-incubation time

Fig. 11. Effect of Mannitol Added Before Irradiation on

Photohemolysis . Irradiation Time; 10 min,
Conc. of Rose bengal; 1.37 x 106M

!I
| —e—e-: Mannitol, 10mM
20} | \ —a—a- Mannitol, ImM
| —0—0= Control
sl ! \\
| .
»
I o\
60 | | ™
l \
|
80| | o\'
l ' L J
I Qz
0 15 30 45 60 75 90 (min.)
Post-incubation time
Fig. 12. Effect of Mannitol Added After Irradiation on

Photohemolysis.  Irradiation Time; 10 min.
Conc. of Rose bengal; 1.37 x 10°60M
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\G\! incub. time; 30min.
20}
@ 40
; .
5]
g
[#)
T 60}
=
80-. ; control
o ; Mannitol (10mM)
& ; Mannitol (0.8mM)
100}
{ ! L i
0.9 0.7 0.5 0.3

% NaCl

Fig. 13. Osmotic fragility curve of 0.1%
erythrocyte suspension at 60 sec.
after mixing.

Table 6. Effect of Mannitol on Photohemolysis

Conc. of

Mannitol Added T 50 (min.)
Before irrad. 10mM 60
After irrad. 10mM 50
1mM 44
Control 0 42
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g (Fig.13) L A5 ETx¥H9 (0.8 -10mM)ellA mannitol ©] osmotic stabilizer &
ZA8sla 228 HolF3m 9l web4 mannitol € osmotic stabilizer 2 7] Xo] o}
Y -OH9 scavenger 2419 Zgol SAA w3 glvh FE&Ho| it mannitold] &
A HEE 152 F At Table6. 7 7

V.= 4

1 . Singlet oxygen quenching 0l 0O|X|&= FI2E[L0(E2| X &0

Aol ALeg 7 Ft2E rolrl o|FAY &+ o 7tEEre] & Table 73 )
1970 Foote5-& all-trans retinal, lutein, B-carotene, synthetic Cao,Cgsss
Csos Coo 7I2E| 0| =9] k 3h& Fole] stz Elxol=9 !0, quenching activity & o
TATY ot o] glom 2 g o FATFI TAHA 94 Alolely FHF 4T
4 ® w3t ( C.S. Foote, Y.C.Chang and R.W. Denny, 1970).

olo} djaf Mathew- Roth 5-& sarcina phytoene, sarcina phytofluene, P-422,
P-438, B-carotene, isozeaxanthing9 k,& 3l Footed] —77“-7‘(}‘%:5,4\%5‘9%]—91_9_1:1,
lutein 3 P-4227} 2719 3lo|=&A7 8 23 9lowis of$ F2 !0, quencher ¢
£ o]ZA% 4 Boh: FtZElxo]=9] ionization potential o] 'O, quenching ol
] o 3e vjA|y] W Folds Akt vk vk (M.M. Mathew - Roth et al., 1974),

]

Table 7. Number of functional group in the carotenoids under studies.

No. of conjugated  No. of carbonyl  No. of hydroxy

double bonds groups groups
g-Carotene 11 0 0
Capsanthin 11 1 2
Capsanthin monoester 11 1 1
Capsanthin diester 11 1 0
Lycopene 11 0 0
Fucoxanthin 9 1 3

B -carotene @ lycopene-& ulis] ™ o]FA e} conjugation T 2E 1142
Aok 2efub B-carotene @ 59 WEre FaE 89A wast AFY F49% van
der waals®td o]Wel Q171 = Fol steric hinderance Z <13l B- ionone z2lE co-
njugationd AFEH B9 HwG ol Fx Rtz o 455 A= AL A 5 B
carotene & AAte F#Hal overlapping g ©f Fx X3ted lycopene 2t} & m-ion-

ization potential & 73 W %& w-electron donor °|th wels B-carotene 9] 'O,
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quenching activity & lycopene 2t} st EF& 2 Ao 4 LeiAle) po]2  ql3)
lycopene o kg &t& T3hA Fdtglovt ohg dFAEo] 23bd fu)o diffusion rate
9} e 3x10"0 -z ¢34 gch(C.S.Foote et al, 1970a, 1970b).

Capsanthin 7 7 o|l2H 59 o|FAY & 7tud7E Ldsld ZF 1148 B-ca-
rotened] %A &2 !0, quenching activity & Bo} Fu] o]AL o]&F A %7}
4,4’ - dihydroxy - f-carotene®] A #elx YA 3t} Fucoxanthin& conjucationd
7b 97 PolB2 ko3 F43) F4std 0.96 x 1010 02 s gk o] o o
TAY 77t 2L Foote ] Cg 7t2E k0| x9 33} v|kgt A4S Mo FQlek A of
F7A 82l conjugation<+& ionization potential o 7}A & &L v]X B2 conjug-
ation 49} 'O, quenching activity® 4% ionization potential 2% A=) o] 7}i5}
ot Capsanthin3 2 | 2H & slo] =& A7l FL o £E 7|7} conjugation system ol
FIFE oIAA G 3,3 -HAAo| gl = Fol ionization potential o] F o B Fx|
b3, =2t 10, quenching® A9 &3l kg ZErh o] F dfo]=E4 F2 o
B 719] o gL vkR lutein 2 2 o 2859 H$(S.N.Park,T.Y.Lee, 1984) 9}
2 Zojdh
22} astaxanthin 3} 2 o] 28 E749] '0, quenching activity = astaxanthin®] 3}
o|=5A)717} allylic $1X]e] 917l i &ol ionization potential o] AFuls]E o 88 w)
A= inductive effect 9} resonance effect & z+z 9)o] kq %2 vl<3tY  resonance
effect 7} A vYebtche 2aote o & 7ol

8lxat capsanthin & 2. esters, lutein®} 2 o] 2B £ 10, quenching activity
7t in vitro f&kg EHo A Aols} bz Feot stvigts AW MR ¥ 2y cim B
T =t AWl A carotenoid = 71 alkyl chaino| cell membraineo]  4+g]=| of
g Boste 9OoBZ slo]=EAy] BohE of A8 #ej9) hydrophobicd Aol ¥ &
2 & S5 7] w ol

ofs

U D

2. '0;00 2Igt Xy To| HRBY| H3t ketocarotenoid o] A F EEE 1)

H¥79 389 (photohemolysis)oll A3 AFE A As), o] TAW AL 2 9 ofEo
v 34E AsHE9 photosensitizing effect & phototoxic effect 5o] Al Eo] Ax)
Ztol u) X Gg] o, FS HETF ol A ¥4 A4 Fol A £¥ WIS
€ ojdlErl A AT Y3 A1 F2 FAY Aol Hx Uk

Gl A AET A ¥ 2 2889 dF A AFE FER Al
protoporphyring& 402 1970 o] ukals ol FolFct 53] AR porphyrin &

porphyrin A} o] 40 & kel protoporphyrino] HEFo] FHH o 24 ¥t W
WA S A2 ATl PaEd 2¥E A ARE2AFAS) AslE F49
Z, AFYHE zHsts 8oz & <A ok (Y.Niwa, 1986),

4 o rlo
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FE&Ee vl Zel ol A 4ol Hi gy £3
10, Sojn 07L& 24 ‘;3‘—3-?_ d&E A deva FH 5

(A.M. Michelson, 1977; Kelvin J.A. Davies, 1987), & #7-2} 8o o}aj4] 4t
WE 2 E F2 spectrin® cross - linking o] Yoyt (A.A. Lamola, 1980
AW. Girotti, 1976; T.M.A. R. Dubbelman, 1978) active transport & 7]%5o] A
8t5 = whbel non - specific permeability & Z71stchy skl ( T.M.A. R.Dubbelm-
an, 1980), olo] ol &2 4 dhatste] gt Ho| opd =k whd o]l Halsle] 7lql
sht 2k shl o) cross - linking #F #8382 A7 falo] ofdels Faw wiw g)
(A.A. Lamola, 1980), o]9lolx - dute] 8o]2 w3t bl dql Band 3 7} &
49 target2b= ¥xx vk ( J.P. Pwler, 1986)

i o
I e

Fig.6,7,8014 Hol F%o] FxA7 Bt o] ol % sigmoidal time curve @ A
el E¥go] AFHR dojvki Y& & F Urh ol Elel 10,0 23 ut
e 4 e A E4ol oF whEg fUshe m3t 0,099 oW QA &9
o o] dhg Alabstar gk, Z7]1e] 10,0 9]6} 24 wpakst 2wt oA ) os R F e
of &4Hw slEg=ulel A9 AEAbsbel] 21sle] reactive oxygen species (- OH,03,
HOZ, HyOy, '0g, ete) 7t Al A 0 8 mh5ox 51 o] & oxygen radical M & Ab4
% (HyOg, 0500l 2l3lo] 214 pabste}l uh whulzlo] B2 qldle] &8 o] &A% 7%
A5 ot (K.J.A. Davies, 1987), w3t 838o] dolutiz 5ot §28 dlwFaulel de-

tergent property & 2u|Qto} fdo] sh&gle 4x 9lr)

)

Fe2¥el 4 mannitol ol 918 Lded A (Fig.11,12) € osmotic stabilization
of 71l5l slel eby i (Fig.13) ubg-4o]

gt A E B2 zhFEch & #E7H (rose- bengal Yol Qe 10, o8 Al E =
S A gloll A sz AAl] A7l mannitolo] 2JgF £#ela Ea( 10mM ; T = 60,
1mM 5 Tge = 46) 7F T2 ALS 748 (10mM 5 T5o=150, ImM; 75 =44 ) B obm &7
L. A Folln 10, 0]919] oxygen radical ( 3] -OH) Fol A" 4 ¢l&& oF

Algreh bz abzh Exh A& ubgol Zoll sbslRl mannitol X A A 0@ 438 of A st

[

b3 & -OH9 scavenger 2418 #&of

O’O

2L mannitol o] 10,0 opd -OH®] F£L. scavenger 2hi= ARA Y A ol Al Ghop,
&oodfoll Al A glell AREEl rose - bengal & 'Oyl ©18F 2y M EEAS 9o
ol &2 <lsted stof gl Aeol M A el Al Eufo -OH%O] A A4 Fo] AL At

o

stvl 9% dodle WSS AW Ao 7hEg o)
ol A E-ro| sl EFul Fol Ho| Frlo] Qo] smFzule] Qdut £S5 uly b

B AbEAbslell 2lsle] -OH, 07, H,0,%5°l 7 A" 4 gl afFo|ch(]J.E. Repine,

R.B. Fox and E.M. Berger, 1981; H.Rosen and $.].Klebanoff,1981)
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AYF A X vt YL reactive oxygen speciesol 95t cross- linking,agg-
regation-g aging A4 wl7bd Al £4AHS A v A R (proteolysis ) £
wtx 4 damage & SPHO 2 Yotk M E ek (A. A. Lamola, 1980; K . J,
.A. Davies, 187).

AEE A INolE lysosome 2 §l o 4%2 ATP- independent, soluble neutral
proteolytic enzyme o] ZA|&hch, A Ab4Eo] 9)5le] A F271 wslElm ojepzt
o] £4-¢ wke il ol B A4 FL JAe] FHol £¥8E FAY sHEAol
F83] 9otz AbE=lch 3} oxygen ragical o] A A © & RBC protease & ¥43}

,ol‘

Al bS5 v ek A F . AZ £3¥e] sigmoidal time curve+t endogenous
oxidants ( OH, O3, H,0, etc) ¥ proteolytic enzyme 52 o & AAbst 9lot,

F4Yol 9ol AzExol=e SYAE Fashch (Fig. 7,8,9), A-Carotened] '0,
quenching rate £ o8 QAFaEo] ol st LHFHAY w} 72F st2Elxol=F sy £
< quencher 2 ¥ %At

2 ATAFo 23 Ao HE B-carotened Kk e 2.36 X100 M P sect 2 A
33 ok 2y Aol s FtgElxolm F B-carotenee £8AdX Exst A4
3ok om| lutein, capsanthin, capsanthin diester, astaxanthin%©°2 £3dA &
o] Z7H5 . 53] capsorubin 3} fucoxanthin® A3 L84 AL Fig.
9 ¢ Table 5o 4 HolFx Qlrk In Vitro A &el 4 fucoxanthin® !0, quenching
rate constant: 0.96 X 10 M'sec™! & A Y5t slaE roluE 74 Golot Ag
T 8894 AE A 2 7 (Tso=243 % )& FAUch (T.Y.Lee, D.H.Lee and S.N.
Park, 1987), A= B-carotene-> photodynamic reaction & 2% €] M5 10,2
axtde 2 A sk, -OH, HOO- o O2 Soll 2lsiA FrEsls ARSkR FE = ketocarot-
enoidol st Ao 2 A E & BIehA Reg HolFi ok
o] & FtRE|xolEe) k, ¥ 50§ vl d 2| Table 8ol vo} gjrk 'Oy 0l o8 HAl"

A

#aso B2ZAZE B Iz AlEAHe] secondary reactive oxygen species S A4

o

= b ubSol 9a] & ¥o] Uoju} o]w) ketocarotenoidE ol E A ALEFES

o}

EgHo AANNER B4 4Tl Y Ft2Erolze] HYF MERT HEET
Bhil et Abgd ot

B-carotene & AF ol T TtzE;wolE Fze 5 BF -OHJ EE-C=0 7|
gtz 9lom 53 Hiago| MY £ fucoxanthing o[F #E7] ool epoxy

719t allene 712 EZstx ok o] F #HE71E e FhRE|xo|E 5L o|F 7tEEH kO E
b AETF Al Eoj Ao A™Fah, uwf chla w IRl Holdel AFE shdl
Ft2ExolEe] F27 AA Al AGL s Fo 24 whA] 10,2 diffusional quenc-
hing #ulo] o}y photodynamic action 2 H& A MERITEAE Jepd 5 9l
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Table 8. Kq and T 50 of carotenoids

Carotenoids Kq/Kd (M'l) Kq (M'IS'I) Ts0 (min)

-CAR 1.31x 103 2.36 x 1010 45
LUTE 1.06 1.90 48
LYCO 2.06 — —
4, 4-OH

-8-CAR 1.04 1.87 —
CAPS 1.27 2.29 56
-monoester 1.24 2.23 —
-diester 1.26 - 62
ASTA — — 91
-diester 1.29 2.32 -
CAPR — - 164
FUCO 0.53 0.96 243

thw Alg o), EF FtRE[kolm9 F24 Zm g 7#ste] oxygen dHek (- OH ,'c’=o,vor,
@]
I

“C-0-)° W 7hEExolse] MoFs E Ae Huwlo] 7hRE|xo0] 9] hydrophil-
city 7tk S8 A& & 54 9lth. 5 hydrophilicity 7F 4% Ax|ul 4o 2
of 219] &a w7} A Folgli reactive oxygen species & FL-§H 02 A AstAL} E
+ soluble proteinel &% binding 224 (P.F. Zagalsky, P.J. Herring 1972)
photodynamic action © g XE] MEE HG3 7b5AE 85 ok AbEslo

b o2 FLZE| kol = oxygen radical & Al A Gk ol '0, 9] physical quenc
hingoll njshw vlokgh A 08 ZbF o 9l ot x| d7bA9] oA wE E4a ¥u, caps
orubino[ v} fucoxanthin 5-& <¢Fuke Fak & A4l oxygen radical 8] £& scavenger
2 28 slsdol b4 A o g 1 mechanism®] #ulo| o] Folx| chul a) Ak}
BEEmo) A 23 7] 2T obdel kShYR] AL Aube] g 28T 2 =&

o] slejet Azhsl of,
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ABSTRACT
g-Carotene has been known as an effective quenching agent of singlet oxygen
and the carotenoid pigments in general are expected to protect cells against

photosensitized oxidations. We are determined the quenching rate constants of

bt Beit Al13% (1987) 69



several Ketocarotenoids including capsanthin, capsanthin diester, astaxanthin
and fucoxanthin, and the relative quenching activities against singlet oxygen
were compared with those of g-carotene and reported carotenoids. Nevertheless
the ketocarotenoids exhibited lower quenching rate constants than g-carotene,
they showed more pronounced protective activitives than g-carotene against
photohemlysis induced by singlet oxygen. Among the ketocarotenoids investi-
gated, fucoxanthin indicated a significant protective activity for the cell. The
results suggested that. 1) 102 may be alikely initiator of photohemolysis, but
this reaction is followed by slow dark reactions involving secondary reactive
species. 2) For protection of RBC against photodylnamic action with carotenoids,
carotenoids having functional groups such as -C=0 and -OH groups are most
efficient.

This suggests that partition of carotenoids between the bulk and the mem-
brane and/or their specific binding to membrane proteins are more critical for the
photo-protection by carotenoids than is a diffusional quenching of 102.

=
e

£ A% photo - oxygenationel #3te] & wbg s okt el AZE + Qo

hv(la)

S TR E T PR (1)
Ig _L____, T s (2)
3 f'0,

39 4+ 30; ——=2 10y + S crrerrerreereenrtnn (3)
1 Kr

Op + F —F p F(g  reererrreesecmtiiiiniiiiiiiiiiiiir ittt testnasistanss (4)
1e) ﬁ&o ....................................................................................... (5
Car(Q) + loz-ﬁq_goz 4 Car¥(Q) soererrrrmmseescrintesiiiniiiii st reraaes (6)

A714 SE FAl 24 rose-bengaloln] FiE 10,7 Ao Agkdoz uh2sld

.

photo- oxygenation 2 4 ©7/% DPBFo|x Car(Q)¥ 0,9 quencher 24 2 %4
£ v PEIzA e 4F FRE|xolzolc) o3l HbE WA o4 steady -state
approximation o] &g ¥l-g& v = k83 7}

K, (FJ

-d(F) _ ,
B K (FJ+K,(QJ+K4

dt

la- wISC - f 102 °
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A7lA 1, & FAl A3 e Ful§ (mol - quanta/ sec) o™, D& FZA
o AEd dejel FAFESEol | 10,€ AFT 4 FAME RH 10,9 580
o}, o e g2 f7l BTl A A5 Ael quencher 7F EAlshA] &g W 1.0
o] zk& 7pAlo] w3t ( P.B.Merkel and D.R.Kearris, 1972).

(MNAAA (FI7F of$- AL a (~107°M) Yzhike £ 4L 92 + gleh

_d(F] _ K L N oo e et e eesee e vee e s eesreeean e e v eeaneranaeaan
dt K qr+x:° 8)
A714 (FIo 3t wah] e — ddtf]asw HES Xz mee A87] S=
chesh ot
— Kr -----------------------------------------------------------------------
s = K Gy (©)

SO/Sq = 1+(Kq/Kd)[Q] ................................................................ (10

o714 Sg+ quencher, Q7} 91& W& vebdh S /S, vs.(Q39 Stern-Volmer
A ZMel QojA Z1&71E Ko /Ka® eI T

et B &t A 135 (1987) @

1
4

)



