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T ablel. Effects of concentration of lutein ester on the singlet oxygen

quenching activity.

concentration(M) log [DPBF]‘l/t R

0 6.40 x 1072 0.9999
2.92 x 1077 5.90 x 10?2 0.9998
5.84 x 1077 5.65 X 10 ~2 0.9998
1.17 x 1078 5.65 x 10 2 0.9998
2.34 x 1070 4.67 x 10 ~2 0.9998
4.67 x 1076 3.68 x 10 "2 0.9995

@4dog Hg g (A0 AH FFY Stern-
Volmer #-& 45 4 Srkh
SoSg = 1 + (Kg/ Kg) (Q] ao

o714 Sy ¥ quencher, Q7 $1-% wiE vieh
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1010M-1 gec™l o]y 57, 4,4'~- dihydroxy-fB-
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Carotene? Kgv= FarmiloE}’Wilkinsond]
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Table 2, Rate of Singlet - Oxygen Quenching by Carotenoids in MeOH.

. No. of Conjugated -1 -1
Carotenoids double bonds kq/kd kq (M™"Sec ")
i 5 0
Astaxanthin 13 1.29 x 10 2.32 x 10"
diester
|_ . _ O
4,4 -dihydroxy 11 1.04 x 10° 1.87 x 107
B-carotene
. ) 5 10
Lutein diester 10 1.06 X 10 1.90 X 10

Table 3. Effects of concentration of lutein

quenching activity,

on the singlet oxygen

-1
concentration(M) log {DPBF] t (r)
-2
0 6.65 X 10 0.9992
-2
5.84 x 1077 6.13 x 10 0.9987
1.17 x 10~ 5.74 X 10 0.9999
R -2
2.34 x 1076 5.36 X 10 0.9998
X -2
4.67 x 10 76 4.54 X 10 0.9997
8.8 x 10 3.24 x 10 ° 0.9999
-6 -2
*1.22 X 10 5.26 X 10 0.9996
x; 4.4"' —dihydroxy - B —carotene
N = of Lutein® lutein ester: n-hexane- 85
- = - % methanol 7k9) HulA 9} L8] S (lutein
€ methanol, ethanol soluble, ester &
4 wi H/ Lol 'O, quenchingel v]Al& hexane soluble) 7} Mol wie} 7ol =4
ki o QelAl olzb vhxlgk MeOH &9 5ol 4 9|

(80) ferffbBgst = 105 (1984)
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effect & 2719
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cher % Ag Ax Jella Qo (Fig.18),
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& Aozt A ¢hw A2 Nopa 479
o3
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G olX A ke AR F ok wepy
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conjugate ™ 2% Al Fo] ol 1A 2 7 9o inductive effect & HE
5 Z gltl Fig.180o)4] A3 vje} 7ol as- u] X =] k= Fxol ester dE &’iwﬂ OH
taxanthin ester = f-carotene B.rf% 0% 7|7} ¢li= canthaxanthin 2} %8 Axel 7
a7l A F=3 quencher ¥ E #Z4} quenching &% Jepd E olsid F 9l
W3 ¢ltlk Astaxanthin ester ¥ fS-caro- =3
tene Br}% 2712 conjugations 257§
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ABSTRACT

'0, quenching abilities of several carotenoids which contain hydroxy,
carbonyl and ester groups were compared quantitatively with g-carotene, and
the capacity of the quenching was interpreted in the light of electronic effects.

The rate constans of '0, quenching of lutein diester and astaxanthin
diester in MeOH solution were shown to be 1.9 x 10'® M! Sec!, 2.3 x 10'°

"' Sec! respectively.

Under the experimental conditions, and within the carotenoid tested
results, the larger the resonance energy is, the larger becomes the rate constant
and consequently the lower the transition energy is, the better becomes the
quencher.

Iy R+ /RY/RT
IR/ CAR-
TYPE @ &

o Ry N
KN\

RCAR

N,

Fig. 1. Mechanism of Carotenoid protection. Carotenoids
(CAR) can quench triplet semsitizer A, quench
102 B, chemically react with l02 C, or
react with radical intermediates D, C and D
presumably result in the bleaching of the
carotenoid pigment.

ISC = intersystem corssing; S = sensitizer;
R = an oxidizable substrate.

N.I. Krinsky and S.M. Deneke, JNCI, Vol. 69,
No. 1, July 1982
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B-Carotene
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HO Lutein
L
rbo Lutein-diester o
v
n Canthaxanthin OH
v L) o
4,4'-Dihydroxy-B-carotene
vl
Astaxanthin
VII
Astaxanthin diester
Flg. 2. Structures of Carotenoid pigments used in the
quenching studies of 02.
air
bubbler | o

Reactor

Glasswool 10% pyrogallol
in 40X-NaOH
Fig. 3, Reaction Vessel with gas masking bottle.

OH

o]
[

Photobiological Mechanisi of Sensitized Photooxidation and the
Ceneration of Singlet Oxyger, Superoxide anion Radical or Organic

free Radicals.

(a) Singlet oxygen mechanism (Type 11 photooxidation):

S + light ]S : Absorption of light by sensitizer

S - S + Fluorescence emission
]S - S + Heat(radiationless decay)
IS - 35 + Intersystem crossing

35 + 02 + S+ 102(‘;,g): Energy transfer
‘02 + substrates ~ oxidation of substrates and resulting
damage to cellular systems.

(b) Electron transfer mechanism (Type 1 photooxidation):

1

S + light + 'S

N + S + fluorescence
S + heat

s - 3

S + A, substrate -~ S° + A°
S+ 02 - 0, +5
ST HA - S+ on

07 + Cellular components - oxidative damages

H + $00
20, v 20— 0, + HO,

L R

Schematic diagram of the photolysis
system.

Flg. 4,
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Solvent Vapor

Saturated Air
Light Source Monochromator Airr S54nm React
(300W tungsten lamp) (grating) Tev B6omm or
Spectrophotofluorometer
Aex 410nm dem 455nm,
Spectrophotometer
Py 410nm
max
Fig. 5. Schemtic diagram of the Irradiation .pparatus
I DPBF
a
Irradiation time
(min)
a; 0 "
L b; 2 " 1.3
[ o 4 " ®—=0 ; Control (only DPBF)
d; &8 " X——x ; Lutein ester
e; 12 " o~—g ; Lutein
1.1 o—e ; B-Carotene
c
3 "
2 )
3 =
B Rose-bengal x
3 -
- 0
< &
o
a
—
d
e
2 4 8 12
i i
Time (min.)
400 500 600

Wavelength (nm)

Fig. 7.

Fig. 0. Rose bengal sensitized photodecomposition
of DPBF irradiated with the light of

554nm in MeOH.
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Singlet oxygen quenching activity of Carotenoids.

DPBF : 3.1x107°M, Rose bengal : 6.5x10°x
Lutein : 4.67x10-%M, i-Carctene : 4.57x10-0%
Lutein ester : 4.67x107%M



1og [opae)”!

3,3'-dihydroxy-a-Carotene
on o 5.5
-
S5.5p
SO N
A a
JOH x
)
& ° -
x =
— @
T a & 5.0
T s.0 [ . el
o & &
3 / -
20 »
2 3
a/
.
//
/u
o N
a/%/ 4.3
=
a.scl/
12 4+ 8 i2 16
Time (min.) Fig. 9.
Fig. 8. Rose Bengal (6.5x10-6){) sensitiged photo-
decomposition of DPBF (3.25x1077M)
irradiated with the light of 554nm in MeOH.
**% Concentration of Lutein _7
Ouer—o  ; 0.0M Awe—fy 5.84x10 °M
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Fig. 10. Singlet oxygen gquenching activity of carotenoids.
DPBF ; 3.1x10'5!1, Lutein lauric acid ester ; 6.67x10'6!1 Fig.

Lutein ; 4.67x1076M, z.ca
Lutein lauric acid ester’
Rose bengal ; 6.5x10=6y

*] li‘ on TLC plate in syanthesis of lutein ester.

#*2 : #4 on TLC plate in synthesis of lutein ester.

rotene ; A.guo"’n
4.67x10 0y

. °
X
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o /
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x [}
u/
L
a
/n Lutein-lauric acid 0
4. ester OC(CH,) | (CH,
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8 12 i

12 4 6

Time (min.)

Rose Bengal (6.5x10_bM) sensitized photodecomposition
of DPBF (3.25x10-7M) irradiated with the light
of 554nm in MeOH.

*% Concentration of Lutein-ester 2
O———0 ; 00N 6 A~B=p; 2.92x107 M

1.17x107 )M o=@ ; 2.34x]07°M
3 4.67x107°M ’

/ (£}
r (e)
afomse] g0 /533
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/ (a)
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1 2 3
{opBF] x 10°

Plot of '—"%%M vs [opBr]

(Lutein diester quenched photooXydation of DPBF in
MeOH irradiacted with the light of 554 nm for
4 minutes)

(a) .37x107°
(e) 2.92x10° %
(e) 1.06x107°y

L1.

(b) 3.69x10"%x
(d) 2.22x10 "y
(£) 0.0M ; control
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5
! q

Stope : 1.069x10°
Intercept: 1.003
r : 0.9981

Q x 106

.12, Ploc of S /8 Us(Q)

Q : Lutein diester
(irradiated with the light of 554 om
for 4 minutes)

Slope : 1.2884x10°
Intercept: 1.0130
. : 0.9927

fal x 10®
Fig. 14. Plot of So/sq vs[qQ]

Q = Astaxanthin diester

5

Slope i 1.04x10
Intercept: 0.959
* : 0.9978
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() x 10°

Fig. 16. Ploc of Sy/Sq vs (Q)
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Q = 4,4'-dihydroxy-8-carotene

et R et A 105 (1984)
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A (a)
4
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. L
1 2 3 (oesF} x 10°
Fig. 13. Plot of - Eig%ﬁ{l vs (DPBF]
(Astaxanthin diester quenched photo-oxidation
of DPBF in MeOH irradiated with the light of
554 nm for 4 minutes)
(@) 5.72x1070  (v) 3.37x1075y
(c) 2.25x107 v (d) 1.12x107°M
(e) 0.63x10 "M (£) 0.0M ; Control
(e)
(@)
| (c)
_ 4(opsE)
dt * ®
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5
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3
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v
1 %
1 2 3
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Fig. 15. Plot of - 5i§%EEL vs (DEBF)

(4,4"-dihydroxy-8-carotene quenched
photo-oxidation of DPBF in MeOH
irradiated with the light of 554nm
for 4 minutes)

(a) 6.62:1078  (b) 5.06x107%%
(e) 2.60x107°M  (d) 1.73x107°M
(e) 0.0M
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Fig. 18. Singlet oxygen quenching effects of carotenci
Tioe (mia.) ® on the rose bengal sensitized photodecomposition
Fig. 17, Rose Bengal (6.5x10-6M) seasitized of DPBF irradiated with the light of 554 om in
photodecomposition of DPBF (3.25x107°M) MeOH. "
irradiated with the light of 554nm in MeOH. Astaxanthin ; 5.3x10 "M

o—e; Lucein OM

; Lutein 2 34x10° ‘1
Qe Lutein 4.67x107 .M
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Fig. 19. Protective Effect of Lutein diester isolated

from the vicera of abalone on the phaeophytin
a (like) sensitized photodecomposition of DPBF
irradiated with the light of 666 om in MeOH.
DPBF ;6.-’ox10_6M %

lutein diester : 3.3x10 M

phaeophytin a 5 1.9x10™°M

sodium copper chlerophyll 1.9xlo—6H

LR e B&3t Al 10 2 (1984) (89D



