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ABSTRACT. Astaxanthine is a pigment that belongs to the family of the xanthophylls, the oxygen-
ated derivatives of carotenoids whose synthesis in plants derives from lycopene. Astaxanthine is also
a carotenoid widely used in salmonid and crustacean aquaculture to provide the pink color character-
istic of that. Recent study reported that astaxanthine has the role as a detoxicant against the free rad-
icals. In our study, we estimated the genotoxicity in ICR mice and possibility as antioxidant reagents
of mutant Phaffia rhodozyma strain over expressing the astaxanthine by gamma-lay and carophyll
pink including astaxanthine in apoE knock out mice, respectively. In our study, we administered Phaf-
fia rhodozyma (2 mg and 3 mg) and carophyll pink for 4 and 8 week. The clinical sign and mortality
were not detected compared with control groups. In the mutant frequency of hprt gene and chromo-
some aberration in splenic cells, there was not detected abnormality. There was not critical change in
hematological and serum biochemical test compared to control. In expression level of repair enzyme,
increase of catalase were detected and increase of expression level of Nrf-2 was detected in Phaffia
rhodozyma (3 mg) and carophyll pink in 8 week treated group. In GSH level, the group of treated with
Phaffia rhodozyma (3 mg) showed the increase of the GSH. In conclusion, mutant Phaffia rhodozyma
and caphyll pink may be applied to the effective food additives to reduce the free radical.

Keywords: Astaxanthine, Anti-oxidative, Genotoxicity.

NB

‘ Available online at http://www.toxmut.or.kr

Genotoxicity and Anti-Oxidative Effectiveness Study of Functional

Carotenoide= & - A &AL fungi, bacteriael gz #

TThese authors contributed equally to this work.

*Correspondence to: Myung Haing Cho, Laboratory of Toxi-
cology, College of Veterinary Medicine, Seoul National Uni-
versity, Shilim-dong, Kwanak-gu, Seoul 151-742, Korea
E-mail: mchotox@snu.ac.kr s

Gil-Hwan An, Department of Food Science and Technology,
College of Agriculture, Chungnam National University, #220,
Gung-dong, Yusong-gu, Taejon 305-764, Korea

E-mail: ghahn@cnu.ac.kr

381

arotenoid= A ol AHaE FR3HA &2
AAaE Hehe ZIEERE RS AR
o] tjx el AL B-carotened} lycopened] il TAE =
lutein, xeaxanthin 5] &3t} o|8 & 21Z9] 2Pz
o} 7R, o159 AlR HA7HHE 389 32 Carotenoid
Foll= lycopene, lutein, cathaxanthin,
astaxanthin %] S o|21gt carotenoidAl MAE
tocopherolzt g7 FAlel oJsl|A FAdE BA k4l gt

B-carotene,



382 J.-S. Kim et al.

e 2AAEA 2Eete 8O RA el F
Ho] Ao} AE £03 A o]FT 4= o] Wol AHE-
=z th. Z FllM trans-astaxanthin(3,3-dihydroxy-B,
B-carotene-4,4-dione}2 B-carotene?] FEAZ Y
Ao T3 *ZHOF— 3gtE=A algae, fungi, 28]
I Mg, Al el A E1 A Heol Holaksd
oJs] Aoy, 2, EE“E fr T2 olF, A= F
A dozlr & astaxanthm~ Hyg dwe A
5}74‘% of sl B8 AFAE QP SFEAY free radical

& AAsks 4 71%°] g HolurhKrinsky, 1989).
Astaxanthmﬁﬂ Akl 58 BcaroteneS XS oz
carotenoid2.t} 108] ©]4, a-tocopherol®H+ 100~
500H) o]’d won| A4 Abio) o3 M=l A A b
3= 7lske &A= B-carotenedth -FaiThL U
A A

AstaxanthinZ A 2jvelg IEste nl=, §3,
UE SoA FNEA W AlggoR "\Olﬂail A7rE
ZAE, 3PEE, AR SOE o]g5a 9o, ol gt
ATE Al & Folt kA, YA it ik 8
%72 F Hoffman-LaRoche Co.{Switzerland) o <]}
trans-astaxanthin®] 3}ahd HhHo g AAbx|o] o] A}
HA7HAIZA FDAC &) &<l=o] An=lar 9oy <l
5 A7l i3k Anlxpe} ARe] Zad gt dd A
o} Feirt th2m g at ksl o] ke D‘rﬂgg Bl
o:]/kﬂ/\ /@/ﬂ o _r]’cﬂ- Aggal/‘(% system ] oj;ﬂ_ ]_
waby B Ao astaxanthing] ¢HEA, 7]
z—] g2 Al 7)FA A 8}/\]—:5],}:_ —zﬂ.o =
7<47l—g ARl astaxanthln— o] &3k 754 2EE Al
23} astaxanthind71=E9 853 %
ato] HAgsle <t a3yt ¥

AForo NL rFsAE dFshed 2AREE
gt 517] skl st

fa

o\r T:
> O_u ot
S

H
Jz o
N
)
N
)
B
>
(2= R\

Al 2 o ]

_4

rL o H
il
jned
e
1
U

for @ ox O g

e 2

S2 300 ME= SHAAM

AI% EE. Zgiols A=K Phatfia rhodozyma?2
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Pre &A%t} ALT, ALP 52 ¥ig2 =0 ue} ZAAE7}
7heebd = QlorE 30°CE 7|t 24319

F4. NE F5A AESTEL etherZ A7 ﬂﬂr
HAALE dAE 3 B (abdominal artery)C 256
Ade & Ho]——e g AL AA A 9] A7 2E S &1bH

ICR miceZF8 A # s splenic cell
E Zo}x PBSQ} A, vg] 98 histopaque -1077
(Sigma, USA)7H ‘47# = tubedl] o] FHo g o
400X GellA] 30E7F adie] &, o] A7 lymphocyte



Genotoxicity and Anti Oxidative Effectiveness Study of Functional Food Additive Containing Astaxanthin 383

7} E3HE mononuclear cell® 8-S ZAAHA Ho}
Aok 13} wjke AlESE7E 1X10° cell/ml 9A &4 zt,
AY 2T 50 mig- culture flaskE AR&-3te] 2wk
AT vlgRAS RPMI &HuA]ol 36~40A17F &<t
incubator(5% CO,, ¥3}4¢%100%, 37°CllA vjFsi
ok 1x} vjeke] €5 E ¥ celld YARE VIR FAS L,
RPMI 2w =)ol 52171tk o] A|EE 5 hprt-negative
mutants A9 3171 918 6-thioguanine(6-TG)= AH8-3H
Melufors s=aialdnh. AE 57t 1X10° cel/miZ 713
o= sl 96 well plate®] 1 wellel 2X10* cell/0.2 ml
HA sk iR ALS 6TG F7F RPMI &du)=]e
10~15¢ E<t incubator(b% CO,, E3EE 100%,
37°Clll A viFstAtHAlbertini et a/, 1985).

A Ol AIEH. A WEe 2ot v At
(Moore et al, 1996) ICR miceZ5¥ splenic celld Z
olr e PBS9 432, mlg] FH|E histopaque -1077
(sigma, USAPF A S tubedl o1& BFoz Yo
400X GellA] 3047 E4lEe] §, Fo] A71H lymphocyte
7} £89 mononuclear celld F2-& XA2H7A Hol
A}k Washing 34-& 913l 10 mi2] PBSS} 4132 250X
GollA 1087 YAEE sk #8E 28 ¥HE3 3 05
mi¢] PBSe resuspenddls] 10% fetal bovine serum
o] Z&E RPMI ulx]o] 48~72A17F &<t incubator
(5% CO,, X3}F%, 370CKIA wigstsitt. 48~72A)7F
HjF & colcemid(Gibco, 120-0574)% FZ5= 0.2 pg/
miz} B2 7} dishell A2)skg . Colcemid A8 & 2
AlZE O vt the BEE7IHMEE A, 1,000 pmoE
1087+ faEejsly] AEAS AlAsa, A734(0.075 M
KCI}E 7tsted 37°C #8734 1583 Aelatitt. o1&
Al A EYEY dEds AAST & Wdd 2y
{(MeOH : Acetic acid = 3: 1 vAi)2 7F5ld BE, THA
DAEF S 3087 S g3 FH dAielstd 1
HAANG 23] o w3 FVIAXHOE EAAH BE
Y=Y 5% Giemsadlo® FMETh Aol #A
A 10009 & HH BEFISS B o
ool & ¥ WIXE ¥l p <0.05 E p < 0.0
© 2 chi-square testol] 28] EAIxg it g
A o} WA criteriadl| X gapel Z717F GAA FA K
t} zke- chromatid gap?} chromosome gape E3HA|
R S i=

ZMA| ASAE. ICR miceEREH 5~10 plo] A&
Mol HA 70°CE Yz <gteldll acridine orange
(AO, 1 mg/ml, Sigma}3 30~50 ul Z#HA =1 2] b~
10 ple] EHg mste] SHo|=8 4°Co 2A17F 3<%t
2ot dw7 1,000002] Big StellA 2,0007H] S

r 4 flo

& i

8+ {reticulocytellX ¥I7dHQ] FAA A 48
< ¥ gAsl] AF3tEcHProudlock and Statham,
1997: Shmid, 1975). H]&2 p < 0.05, 0.01 FFEo=2
chi-square testol] st thZZHe] EAH FX&
AR AT

SE 300 28t gisty §49] level £H

ANg 88 HITES FYHHITEAN YT 65
% Apoprotein E(apoE) knock out mice(in C57BL/6
background}g 1574 w3zl ¥ A-) AR, F
7z 10uEN e AAst A7E FAsAT. AT
HZF(control), Phaffia  rhodozyma2 mg), Phatfia
rhodozyma3 mg), Carophyl pink A48l AL 2 A2}
o A FAEIRoH 871k Fosid A7E TG
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Table 1. Mutant frequency of hprt gene in splenic cells from test materials treated ICR mice for 4 weeks in young mice (6

week-old)

Sex Group Positive wells/total wells in 6-thioguanine plates  Po CE | Mf MF
Control 25/700 0.96 027 364x107 1.35x10°

Male Phaffia rhodozyma (2 mg) 21/700 097 030 3.19x107 1.05x10°
Phaffia rhodozyma (3 mg) 22/700 097 029 349x107 1.48x10°
Carophyll pink (2 mg) 24/700 096 028 423x107 153x10°
Control 28/700 096 025 4.08x107 166x10°

Female Phaffia rhodozyma (2 mg) 22/365 0.97 029 3.19x107 1.08x10°
Phaffia rhodozyma (3 mg) 26/358 096 026 379x107 1.45x10°
Carophyll pink (2 mg) 25/306 097 027 364x107 1.35x10°

1 x 10* cellsivell used for selective medium containing 1 ug/ml 6-thioguanine.

Po=P(o)=Number of negative wells/total number of wells.

Mutant Fraction=(-in Po in TG-plates)/(1 x 10° cells/well). CE(Clonal Efficiency)=(-In Po in CE-plates)/(3 cells/well).

Mutation frequency (MF)=Mutation Fraction/CE.

Table 2. Mutant frequency of hprt gene in splenic cells from test materials treated ICR mice for 4 weeks in old mice (80

week-old)

Sex Group Positive wells/total wells in 6-thioguanine plates  Po CE Mf MF
Control 24/700 097 028 349x107 1.26x10°

Male Phaffia rhodozyma (2 mg) 25/700 096 027 364x107 135x10°
Phaffia rhodozyma (3 mg) 24/700 097 028 349x107 1.26x10°
Carophyll pink (2 mg) 26/700 096 026 3.79x107 145x10°
Control 29/700 096 024 423x107 1.77x10°

Female  /haffia hodozyma (2 mg) 31/365 096 023 453x107 200x10°
Phaffia rhodozyma (3 mg) 28/358 0.96 025 408x107 166x10°
Carophyll pink (2 mg) 271306 096 025 393x107 155x10°

1 x 10* cellsivell used for selective medium containing 1 pg/ml 6-thioguanine.

Po=P(o)=Number of negative wells/total number of wells.

Mutant Fraction=(-In Po in TG-plates)/(1x10° cells/well). CE(Clonal Efficiency)=(-In Po in CE-plates)/(3 cells/well).

Mutation frequency (MF)=Mutation Fraction/CE.
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Table 3. Hematological values from test materials treated ICR mice (male) for 4 weeks in young mice (6 week-old)

Group Control Phaffia rhodozyma (3 mg) Phaffia rhodozyma (2 mg) Carophyll Pink (2 mg)
PLT (K/pl) 758.80 £ 90.40 721.00 + 53.46 761.00 £ 96.73 788.00 + 78.25
WBC (K/ul) 6.14 £ 3.40 6.05+£0.53 6.92+3.75 6.53+2.13
RBC (M/ul) 8.90 + 3.32 8.45+1.93 8.22+4.31 8741223

Hb (g/dl) 11.22 + 3.55 11.12 £ 1.92 11.28 + 4.87 11.48 £2.70
HCT (%) 71.68 £ 19.46 7530+ 18.78 727012226 75.82+13.70
MCV (1) 54.06 £ 343 55.08 £6.77 54.18 £ 14.99 56.30 £ 6.71
MCH (pg) 11.42 £ 1.86 11.76 £ 1.62 11.52+1.71 1148 £1.70
MCHC (g/dl) 26.58 +3.17 2516+ 3.98 2470+ 4.44 2720+ 244

Data are means + SD, n =10.

Table 4. Hematological values from test materials treated ICR mice (female) for 4 weeks in young mice (6 week-old)

Group Control Phaffia rhodozyma (3 mg) Phaffia rhodozyma (2 mg) Carophyll Pink (2 mg)
PLT (K/ul) 719.40 + 69.39 73560 + 72.28 73214 £64.10 710.80°% 37.56
WBC (K/ul) 519+4.11 518 +3.41 494 +1.91 5.09+1.19
RBC (M/pl) 8.55+2.16 864+3.94 8.66+3.14 836242

Hb (g/dI) 11.02 £ 2.51 10.60+2.38 11.50 £ 2.74 11.60+1.92
HCT (%) 63.02+18.24 64.40 + 15.85 67.02 + 17.29 64.14 + 18.88
MCV (fl) 5570 £6.45 55.08 £ 5.66 57.96 + 4.00 5544 +2.35
MCH (pg) 11.14 + 1.58 10.96 £ 1.76 10.84 £ 1.82 11.36 £ 1.71
MCHC (g/dl) 2164 £355 21.72+233 2296 £2.02 22.06+2.16

Data are means + SD, n=10.

Téble 5. Hematological values from test materials treated ICR mice (male) for 4 weeks in old mice (80 week-old)

Group Control Phaffia rhodozyma (3 mg) Phaffia rhodozyma (2 mg) Carophyll Pink (2 mg)
PLT (K/ul) 735.40 + 98.57 711.60 £ 73.08 707.20 +60.89 697.80 + 136.67
WBC (K/ul) 7.25+242 8.11+1.21 7721275 7.96+1.55
RBC (M/pl) 7.30+£3.49 8.00+1.22 722+1.11 753+1.13

Hb (g/dI) 8.00+3.25 8.88 +1.71 7.72+1.49 7.70+1.48
HCT (%) 41.06 £ 17.91 48.26+6.15 50.98 + 6.66 41.56 +9.71
MCV (fl) 59.12+3.74 58.96 £7.45 61.12+12.10 60.06 + 6.89
MCH (pg) 11.54+2.78 11.12+£1.76 ' 10.02 + 2.41 12.34 £ 1.36
MCHC (g/dl) 20.06 £ 3.96 18.34 £2.21 16.02 + 8.04 18.96 £ 3.44

Data are means = SD, n =10.

Table 6. Hematological values from test materials treated ICR mice (female) for 4 weeks in old mice (80 week-old)

Group Control Phaffia rhodozyma (3 mg) Phaffia rhodozyma (2 mg) Carophyll Pink (2 mg)
PLT (K/ut) 577.20 £ 172,92 562.40 + 106.93 547.60 + 107.99 567.40 + 82.17
WBC (K/ul) 6.41£2.00 6.31+2.32 5.80+2.63 6.46 £ 1.61
RBC (M/ul) 8.06 £1.15 7.95+247 7.84+174 794+1.13

Hb (g/dl) 9.78 £ 1.40 10.12+2.92 9.56 £ 1.27 10.38 £2.57
HCT (%) 75.52 + 9.65 69.52 + 11.91 73.36 £ 11.38 7770+ 8.78
MCV (fl) 55.70+6.45 55.08 £ 5.66 57.96 + 4.00 55.44 +2.35
MCH (pg) 12.18+0.86 12.94£1.72 12.32+1.00 12.74 £1.05
MCHC (g/dl) 15.56 +4.53 17.84 £2.00 17.66 £ 1.21 15.76 +2.05

Data are means + SD, n = 10.
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Table 7. Serum biochemical values from test materials treated ICR mice (male) for 4 weeks in young mice (6 week-old)

Group Control Phaffia rhodozyma (3 mg) Phaffia rhodozyma (2 mg) Carophyll Pink (2 mg)
TPROT (g/dl) 7.83+1.57 759+ 1.88 7.66+1.42 718 +£2.94
ALB (g/dl) 3.45+0.98 3641089 3.73+153 3.54+1.03
TBILI (mg/dl) 0.75+0.32 0.67 £ 0.48 0.61+0.15 0.64+0.28
ALT (ufl) 38.9+567 36.41+ 383 37.3+712 37.37+529
AST (u/l) 7776 £7.32 7817 £2.37 78.39+8.76 80.80 + 9.52
GLU (mg/di) 84.67 £ 16.43 89.21 £22.83 86.56 + 15.86 8530+ 16.34
CREAT (mg/dl) 0.77 £0.33 0.60 + 047 0.64 £ 0.55 0.59+0.39
BUN (mg/dl) 0.35+0.10 0.40+£0.10 1.08 £1.82 0.38+0.10
Ca (mg/dl) 9411292 9.60 1 3.21 931+25 922+224
P (mg/dl) 6.20 £ 3.30 6.34£265 6.12t 1.55 590127

Data are means + SD, n = 10.

NMe BE AFoAM izt vlaste] fofdvig |
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Fig. 1. Effect on chromosome aberration induced in ICR
mice lympocytes treated with test materials for 4 week in
young mice (6 week-old) and old mice (80 week-old). Val-
ues represent mean + SD in 10 mice.
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Fig. 2. Peripherial blood supravital micronucieus test in ICR
mice treated with test materials for 4 week in young mice (6
week-old, A) and old mice (80 week-old, B). Values repre-
sent mean £ SD in 10 mice.
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Table 8. Serum biochemical values from test materials treated ICR mice (female) for 4 weeks in young mice (6 week-old)

Group Control Phaffia rhodozyma (3 mg) Phaffia rhodozyma (2 mg) Carophyll Pink (2 mg)
TPROT (g/dl) 592 +3.17 5.89+0.88 6.12+1.42 6.18 £2.94
ALB (g/dl) 3.99+0.84 3.78+0.89 4.03+£153 3.85+1.03
TBILI (mg/dl) 064 +0.34 0.65+0.48 0.58 £0.25 0.57+0.28
ALT (u/l) 38.9+567 36.41+3.83 37.3+7.12 3737529
AST (uft) 8176+7.32 8317 +2.37 8239876 80.80 £ 9.52
GLU (mg/dl) 88.67 +16.43 89.21 +12.83 86.56 + 15.86 85.30 £ 16.34
CREAT (mg/dl) 0.67 £0.33 063+047 064 +0.55 0.65+0.39
BUN (mg/d) 042 +0.08 042+0.08 0.32+0.13 0.34+0.09
Ca (mg/dl) 9.014£2.92 9.1+ 3.21 878+25 8.82+2.24
P (mg/dl) 6.20+3.30 584 +2865 6.12+0.55 59027

Data are means £ SD, n = 10.

Table 9. Serum biochemical valuesfrom test materials treated ICR mice (male) for 4 weeks in old mice (80 week-old)

Group Control Phaffia rhodozyma (3 mg) Phaffia rhodozyma (2 mg) Carophyll Pink (2 mg)
TPROT (g/dl) 7.23+1.08 7031024 7.30+1.36 724 +1.37
ALB (g/dl) 4331032 4351066 4.08 + 1.65 4.36+£0.23
TBILI (mg/dl) 0.84+0.76 1.04 £0.59 0.84+0.33 0.92+0.10
ALT (u/l) 57.53+6.94 57.48 £2.87 58.30 £ 6.01 58.23£8.25
AST (ufl) 72.30+4.84 72.80+£554 73.55+11.94 75.38 + 12.71
GLU (mg/dl) 85.50 £ 28.63 91.75 £ 10.53 89.25 + 19.99 86.25 + 15.65
CREAT (mg/dl) 0.55+0.06 0.55+0.17 0.64+0.31 0.68 +0.36
BUN (mg/dl) 0.73+0.32 0.88+1.18 0.85+0.95 0.95+0.39
Ca (mg/dl) 7.5513.17 7.30+£1.15 765+ 157 7.90+154
P (mg/dl) 7.80+1.60 7231145 7.98+124 7.78+2.16

Data are means £ SD, n=10.
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Table 10. Serum biochemical valuesfrom test materials treated ICR mice (female) for 4 weeks in old mice (80 week-old)

Group Control Phaffia rhodozyma (3 mg) Phaffia rhodozyma (2 mg) Carophyl! Pink (2 mg)
TPROT (g/dl) 7.26 +0.65 7.20+1.07 7.29+1.37 7.14+1.06
ALB (g/dl) 462 +0.38 408+0.34 432 +0.89 446 +1.09
TBILI (mg/dl) 0.82+1.42 0.73+0.79 0911073 0.80+0.58
ALT (u/l) 57.94 £2.46 59.34 +12.50 60.60 £ 13.99 54.98 £ 14.23
AST (ufl) 68.17 £3.90 72.63+13.05 7220+ 564 73.73 £ 1447
GLU (mg/dl) 65.88 + 31.96 67.80+9.63 68.00 + 15.05 72.40£21.03
CREAT (mg/dl) 0.78 £ 0.27 0.72+0.27 0.84+0.18 0.74+0.13
BUN (mg/dl) 0.50+0.31 0.30+0.39 064 +0.38 0.56+0.36
Ca (mg/dl) 6.70+0.14 6.98 +240 7.01+3.62 6.99+0.95
P (mg/di) 4.10+1.32 576 +1.57 570 1.16 566+1.19

Data are means £ SD, n = 10.

Table 11. Hematological values from test materials treated Apoe knock out mice (male) for 8 weeks

Group Control Phaffia rhodozyma (3 mg) Phaffia rhodozyma (2 mg) Carophyll Pink (2 mg)
Total protein (g/dl) 6.09+1.23 6.44+2.11 638176 6.32+144
Albumin (g/dl) 4.92+£0.99 421076 4.82 £0.53 453 +£0.62
ALT (ufly 44.29 + 3.21 40.50 +5.03 4278 +5.92 40.26 £ 6.29
AST (ul) 60.32 £6.89 63.10£5.27 66.99 +6.76 64.80 + 8.52
Total cholesterol (mg/dl) 803.7 £55.3 609.3 + 44.6* 642.4 £51.0* 614.9 + 58.4*
Triacylglycerols (mg/dl) 80.34+12.44 79.33+10.32 77.29+13.21 76.48 + 13.37

Data are means + standard deviation, n = 5, * Significantly different from control at p < 0.05.
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Fig. 3. Alterations of Cu-Zn SOD, Mn SOD, Catalase and
GPX mRNA level determined with RT-PCR in test materials
treated Apoe knock out mice (male) for 4 week and 8 week.
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Fig. 4. Alterations of Nrf-2 (NF-E2-related factor 2) protein
level determined with Western Blotting in test materials
treated Apoe knock out mice (male) for 4 week and 8 week.
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Fig. 5. Alterations of GSH determined in test materials treated
Apoe knock out mice (male) after 4 week (A) and 8 week
(B). (n = 5). * Significantly different from control at p < 0.05.
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