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Effects of Krill Euphausia superba Fluoride Extract on Toxicity and
Oxidative Stress in Liver cell

Jeong Gyun Kim, Ho Dong Yoon', Sihyang Park?, Poong Ho Kim’,
Jong Soo Mok! and Yumi Hong**

Department of Food Science & Technology/Institute of Marine Industry, Gyeongsang National University,
Tongyeong 650-160, Korea
!Southeast Sea Fisheries Research Institute, National Fisheries Research and Developmen tlnstitute, Tongyoung 650-943, Korea
2Sun marine Biotechnology Co., Gyeongnam 650-160, Korea

In this study, we investigated about cell toxicity and oxidative stress of HepG2 cell by treatment of sodium fluoride (NaF) and
fluoride extracts from krill Euphausia superba meat, shell, whole body and krill meal. The cell toxicity showed significant at 300
and 500 pug/mL NaF treatment group. But krill (Euphausia superba) fluoride extract (KFE) treatment in all groups were not toxic.
The superoxide radical production increased significantly in NaF treated group, but there was no significant change in KFE treated
group. The superoxide dismutase activity was a significant increase 21.5% at 100 ug/mL and 24.7% at 300 ug/mL treatment group
of fluoride extracts from krill meat, and 8.7% at 300 pwg/mL in krill meals, compared to the control group. However, hydroxy radi-
cal flux and catalase and glutathione peroxidase activity of fluoride extracts from krill meat did not change. As a result, for a short
period of time, NaF treatment in HepG2 cells affect the cell toxicity and oxidative stress, but in the case of KFE, these were not
recognized. Thus, depending on the type of food ingested with fluoride, cell toxicity and oxidative stress was found to be different.

Key words: Krill, Fluoride, HepG2 cells, Euphausia superba

M E et Adof i EAE AASH] Y3t theket WHEol

A& 31 Qlth(Park et al., 1998; Kim et al., 1990).
T2 2 YA o] A Aleh= YAl Sl B g A Zt EhE Ao 2T g= SR 59 Aol AT
o] g oho] meo] Al 44l SRS GG ATALL A 10 o4} 31 10 mg Z3}elo] AFIek Azt W] Wy
st glek 5 2 ARE AU w gl Aa o st AT BN H3e) B4sken e Sk ek 4 ol

o YL FL A AERYA 5 THOE AAYeR 1 1 1549 ch(Park et al., 1988; Son et al., 2008; Underwood,
A -8-g-of st A7 ts] A=A QIti(Tou et al., 2007). 1977, Christians, 1983).
ShAIRE 2 O] Z-gof SlojA 71 2 A-lE2 2| SE 4 URHH O R 84 A B Ao 52 Bl A=
o] Q= Eao|tt oA AHE A% 5 Ehe 7 2 FAIEl4] 0.01-0.8

ago] BAere 99 shellS EFsH= whole body?}  mgrke, o1 E ol A 0.21-4.47 mg/ke, OFHlol= 0.28-1.34 mg/
shellef] 22} 330 ppm37} 1,200 ppm©| TH7-%]o] Qlrhal H ik kgo] Z3}E] o] ¢l ©n(Dabeka and Mckenzie, 1995), 3] %

3L 3Itk(Sherlock, 1984). whebA] A& A5 24 2 28517 = 7ol A S8kt Q= Aboll thFe] =47t g o A=
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Ao & A QItH(Chen et al., 1996).

O DRSEE EUEEEELR
St A|2Hl0] A4S Aol TF =4S Rttt
th(Son et al., 2008). 3 A7} S0 =EH 9 8
4] 7| AKfocal necrosis), -3 A| 22| YA}, ATgh A W 31
(vacuole) A/ 9 7HA| 22 Sz RBle} 2h-2 TF 22 o] 22
4 HslE do )= Zlo 2 U4efA Qlti(Shivarajashankara,
2001).

2 AN = 2R E 53N B4 FEES AR A
glsto] o] FE=o] A A 2Eg2of m|A|

¢

~
g

)

A

o R
£ 1o oh
o

x
= b

oK B 3o

iy

B A3 o) AM-E 28 Y= 33 (Euphausia superba)yS 5
A (A2, =)o 25 E dsE e = wrol ARof ARg-
el A FlollA A (shel) 2t S(meat)<
alo] ZHzh A B2 39l aL, He]shA] 92 krill whole body
o} loyol Mol A o 2jsto] vl Az 222 A2 kil
mealst 7| A2 2 AE-5}% T} Sodium fluoride (NaF, Sig-
ma Chemical Co., St. Louis, MO, USA)& L &oj|A] &3 &
29} Blusty] QR 2t o= ARR-SkGITh
A Ao ARgE AekS Modified Eagle's Medium
(MEM) ¥ fetal bovine serum (FBS) Hyclone Co. (Logan,
UT, USA)9] Al&2 ARE-SHRIAL, 71 @of Aadofl AR 4]
& AJeF2 Sigma Aldrich Co. (St. Louis, MO, USA)o|| A =+
I5kAtt. vk B E 7]7]+= NUNC Co. (Langenselbold,
Germany)9| A5 AH&-5FSITH

SE2RE SAME 2 Y AR HZE

7 o] S BAE 2367 ool B 2E Mz
Aom JEA Gl T 2EUE o] LoITHXie et al,
2012). A &A% (dry basis) & 508]2] 10 mM FHARS 7}3H
% homogenizer2 800 rpmol| A 557 ulafjsl Tt o] A& A
20| A] stirrerE ©]-8-5t0] 3027 &3t F+EE-2 5,000
rpmof| 4] 2087 YA esal e e ot & ool
A Axste] 3 B4 FE5(KFE, krill fluoride extracts)
2 ARtk Bt E40l27d=(9609BNWP and
960900 fluoride combination electrode, thermo scientific,
Bellefonte, PA, USA)Z 215 pH/mV W EKOrion dual star,
pH/ISE benchtop, thermo scientific, Bellefonte, PA, USA)=
REZAT AR ol & HEE SAsl] HEU HE
FAE B AR FO) Bk Heke AE T B Al A
&% KFEQ] F=& Al 2o APA] 2|F Eagtro s A st
ot}

O

b4
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A3 of| AREEE 7HoF AL ZE(HepG2 cell line)= SHtA| T3
3J(KCLB, Seoul, Korea)of| A] -9F dlto} A28} ¢ T}, A 32

10% FBS ®jx] & §-f-gF MEM B X| 2 H{oFslolom, 15
dof| 2-33] Alf wjstlet. Al 5% 95%, 5% CO, ¥ &
L= 37T w710l A ui ekl e, iRl = 2-3U o] gt W
# makssct.

A2 v FE Eef o] uiekgt HepG2 Al 225 1 x 10* cells/
well®] 5= 2 96 well plateo]] 2553131, 24417k F-<t vl Fs}S
ot} 28wl A of] FF-51=71 50, 100, 300 2 500 pg/mLo] &
L5 A|zsto] Alzo] A 2skaL 24417t F1t B sl Al
A ZE-2 Promega (Madison, WI, USA)AFe]| A -3t CellTi-
ter 96 well Aqueous One Solution Cell Proliferation Assay=
0]-8-3}4] microplate reader (Perkin Elmer 1420, VICTORTM
X Multilabel Plate Readers, Waltham, MA, USA)Z 490 nmo]|
A =S S5 A2 AEES RS AP sHA] &
& i ztoll thul gt Al 7 A2t o] SF == e it

o3| ajcz N o

e rle

o

At 5A0| &

—

o9
tol
0x

e eelz AT 2 A mae] B
s

shar 2412k 5ok whopstaieh. viarEl A 2] ehlg 4
sk ek Tl A 24el7] Slstol kel A= o
St e o2 selgin. WA WS A5 PBS |
mLZE 23] A3} t}2, lysis buffer 300 pLE 4 37 scrapper=
A2 wlo] Ujo] EP REo| 7tk & 91014 3087
3347, 12,000 rpmel| 4] 20871 A4 Eelet & 1 ASAS
Hatod, o) eriz AT B A B0 TS 2
o), A& FEhe) Tl Alglake BCA o2 24519,

o of
o
-
2

ATSAIE afrjz Ao

S —

i
2

NaF 2} KFE 4] AlE 33909 534S ehelze] 44
> McCord €} Fridoveh o] W of] whe} 545k th(McCord
and Frichvch, 1969). Al 329 300 uLejl 0.1 mM EDTA
£ ¢33k 0.3 M potassium phosphate (pH 7.4) 36 mL&} 3
mM potassium cyanide 680 pL, 0.1 mM cytochrome C 4 mL
£ &R 69 2 mLE 7IRE 5, 550 nmofl A 287 F8 =9
Aol & S48 o] 1 cytochrome Cf HSh2 FARF
A% 19,500 mol/l *mm ' = A4FsHT o] M IS D
oA AAIsHTE.

SIZAl Bfriz Maol &

0%

SIEZA] g A5 Halliwell?} Gutteridge?] ®H

o
(1981)°] wef Z7435Hict. NaF % KFE A2] Al &9 50
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Table 1. Fluoride contents of krill Euphausia superba fluoride ex-
tracts

& $3% - uhAEk -

25 L HEA B0
HE2 - 555 - v

Table 2. Cell toxicity against HepG2 cell line with treatment of
NaF and krill Euphausia superba fluoride extracts

Krill
Whole body

1,041.9

Shell
1,731.3

Meals

1,942.6

Meat
476.1

Fluoride (ppm)

ulLet D.WE] ¢Fo] 200 uL7} ¥ =5 gk %, 0.1 M potassium
phosphate buffer (pH 7.4), 10 mM sodium azide, 7 mM de-
oxyribose, 5 mM ferrous ammonium sulfateE 2+2}+ 33.3 LA
2Rt AlofkE 71t alnh. S 37 CollA 1581 32 AlX]
5 nle] £gsto] 323k A& 67 ul, 8.1% SDS 75 uL, 20%
acetic acid 500 pLe} 574 25 uLS ¥ar 333 ulLY 1.2%
TBAE 7}ao] 2 &31sE 5, 3,000 rppmof| A 5E7F QAR
shoic. 532 nmell 4 =S Ssto] B T4lo] ukeh
S ALkt

Superoxide dismutase (SOD)2| &4 &H

iksl a421 SOD2] 2442 Oyanagui®] Wi (1984)] u}
2t 431 31th NaF % KFE 2] A2 354 100 uL, S7
500 uL, 71282121 3 mM hydroxylamine-hypoxanthine 200
uLe} 0.1 mM EDTA”} &-3-% phosphate buffer (pH 8.2)=
A Z%t 7.5 mU xanthine oxidase &4~-8-21-2 200 uL 7}5}¢
37CoA 4087F vESAJHTE 16.7% acetic acidol] |34 7]
3.5 mM sulfanilic-N-1-naphthylethylene diamine 2 mLE 4
o] Wk TAIAIZ]AL 2ol A 2027 A7 £ 550 nmof| A
SE=E Skt 5 Aol whet SOD 24 (unit/mg

protein)2 =4 35}%tt.

Catalase (CAT)Q| &M &H

CAT 2742 Rigos2] H(1977)] wh2t Z4313{ . NaF
W KFE A2) Al 229 & 59) |43 5 5149 20 uLol
130 mM sodium phosphate buffer (pH 7.0) 250 uL, gol]-2
330 uL, 15 mM hydrogen peroxide 900 pLE 7}35}o] 25 Fot
240 nmof| 4| S35 =4 slo], Bt hydrogen peroxide 74~
a2 S5k Ao B4 ik

Glutathione peroxidase (GSH-Px)2| &M =X

GSH-Px @42 Lawrence?} Burk (1978)2] ®of whe} A
Alel4itt 4 mM EDTAE ¢35+ 0.3 M phosphate buffer
(pH 7.2) 1 mL, 26.56 mM sodium azide 0.5 mL, go]2
1.295 mL, 294.37 mM glutathione 60 uL , 8.4 mM NADPH
110 uL2} glutathione reductase 5 uLE ¥l &35t &5t
o} NaF 9! KFE #2] 4| 29} 30 uL8} 1 mM hydroper-
oxide 320 uL Y11 5% F<QF &31st H, 28 591 340 nmoj| A
FHEE 5745t 129 hydroperoxide 2] 7H4-&-2 745}

Cell toxicity(%)

aZTn?E or Kil
Meat Shell  Whole body  Meals
Control 100.0+5.6
50 984144 109.9t74 103.3t6.6 100.0¢5.7 107.117.2
100 914452 118.948.2 96.1#1.5 105.4+10.0 96.415.6
300 84.7+14* 119.8+4.8 104.7+3.0 99.4+124 108.649.2
500  87.3t3.8* 116.3t10.7 98.2¢84 110.6#4.7 101.5#4.2

*P<0.05 compared with control group.

GSH-Pxe] 248 5)9t}.

Table 1- krill meat, shell, whole body ! krill meals 527
250 Bagteke 245 Autolch Krill meats & (dry
basis) 476.1 ppm, shell = 1,731.3 ppm, whole body+= 1,041.9
ppm®] A2, meals-S 1,942.6 ppm 22 shell} mealsol| 4| 7}
A5 B TS eI,

Mz =4

KFE©] £4.2 NaFe} 505 B4 gepo] KFEZ} Sol71e
2 A A 2% Ba Feron AP Al E 2447
ol vloral e ) Al 142 oz HlE g vle)
300 pg/mLof A= AlsEAYEE-0] 84.7 + 1.4%, 500 pg/mL of
M 873+3.8%2] AEES LER|2L00, 300 pg/mL o]
9] FrofA B4 el QI tH(Table 2). 218y KFEZ A 2]
3 AR ROl A AEEA S LR QorT.

og| 2oz AdAEf al

THIAE 202 o

0x
olr

THEA|E 2hd2 Z2| 2hed Rhgol A 271 A oA 7h
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Table 3. Superoxide radical formation of NaF and krill Euphausia
superba fluoride extracts in HepG2 cells

9
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Table 4. Hydroxyl radical formation effect of NaF and krill Eu-
phausia superba fluoride extracts in HepG2 cells

Superoxide radical formation

Hydroxyl radical formation

Sample
) nmol % (gimL) Protoin %

Control 717473 100.0+10.2 Control 331420 100461

10 724t56  101.0:7.8 10 201104 87.9413

NaF 100 90.8:8.8*  126.6:0.7 NaF 100 294124 88.948.1
300 96.0:3.8*  133.9+4.0 300 336105 1017424

10 719+11.4  100.3+15.9 10 30.6£1.1 92.6+3.7

Meat 100 72.5+4.2 101.2¢5.8 Meat 100 30.1+1.4 91.044.7

300 84.5+9.7 117.9+11.5 300 29.3¢1.0 88.7£3.5

10 7404130  103.2+17.6 10 30.0£0.4 90.6%1.5

Shell 100 81.2+1.0 113.3+1.2 Shell 100 32.9+2.1 99.5+6.5

300 74.9+13.4  104.5£17.9 . 300 31.9£1.0 96.4+3.2

il 10 71356 99.5:79 el 10 318613 96.0:3.9
Winde 109 670665  93.5:0.8 Yogy 100 336:36 10154106

300 61.5£9.1 85.8+14.7 300 34.9+0.7 105.4+2.1

10 725+11.7  101.2416.1 10 30.42.1 92.047.0

Meals 100 66.948.3 93.3+12.4 Meals 100 34.4£1.0 104.0+2.9

300 58.1+6.0 81.0+10.4 300 31.8+2.2 96.146.8

*P<0.05 compared with control group
4 7yt 2] 2ho) 22 NaFe} KFE A 2] A] 7HA| 2] =1 FA] B F7Hs HERA] gttt
A= 2|z o] AY/Adwhe Table 33} e} NaF #]2|<29] 7

100 pg/mLofA] 90.8 + 8.8 nmol/g protein. 1, 300 pg/mLoﬂ
A= 96.0+3.8 nmol/g protein © 2 F%=7} Z7}5tol| what &
ojH o g puEA L etz /o] S7HE ek LU KFE
Ao A A = et AT S7FSHA] st

SIEEA| 2|z dds

%

of
il

Blugk 2
g
=3
ro}

NaFe} KFEA| 2]-2] s|E5A] etr|Z A4
3, | EEA] 2|z A SHSA|E g
2] NaF A2 #0F ofygt 2E KFE A 2jitof A
S| EEA] gz AR {949l Atol= UEREA] 9k
(Table 4)

ﬂlii
S~

Superoxide dismutase (SOD) &

NaF$¢} KFE #2|+2]SOD &4 Table 591 Lefu et
NaF A 2|32 B F ol A o2t} v shglS o, SOD )y
Ao 80149l 2= Y] ekgkth. 12 u) krill meat &
ZZ5 A2 100 ug/mL 5= 4] oF 21.5%, 300 pg/mL
55—501]/\1 ghdo] oF 24.7% Z71= 9t} Krill mealsEa =%
= Ao Zf-olli= 300 ug/mLsEof A oF 8.7%= Zdo]
Z7Vsl= Ao & Yelgth 28U krill shell?} whole bodyol]

Catalase (CAT) &M

CAT= A9 A4 9 §71=59] 43t A44E H O, &
S} AR Jafjato] 2| A Alste) ot M EZEANS “P°1 o}—
9] Zr83sh= §ARA, CAT &4 23+ Table 77} 72t} CAT
242 NaF A 2] 300 ug/mLe] 5ol A 014 0. & gHdo]
Z7F= Qi) 18y BE KFE A 2lolile TAX SR f9
Q1 B/ Wz UEh A et

Glutathione peroxidase (GSH-Px) &4

NaFe} KFE A 2]to] tjst GSH-Px2] 84S =43¢ A}
(Table 8), NaF & 2]#-& o 23} v 3L uff &4 Wal= 1}
ERA] koo, KFEQ] W& Fo A e -2)2¢] 24 ¥z}
© UERA] Rt

oo
2= YAl FEo] g S8 AR ol5S s
Elfti,{POML olefgt ofEolu A4S FETI= I
9] Bk-g-o] Yojrtr} (Whitford, 1996) %i% AlslA AEd
r2 oy

7)= B AraZ2T) AN G40 BES 24

=
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Table 5. Superoxide dismutase activity of NaF and krill Euphau-
sia superba fluoride extracts in HepG2 cells

& $3% - uhAEk -
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Table 6. Catalase activity of NaF and krill Euphausia superba
fluoride extracts in HepG2 cells

Superoxide dismutase activity

Catalase activity

Sample amol/g Sample nmollg
(Wg/ml) protein % (ug/ml) protein %
Control 79504331  100.04.2 Control 34.1£3.1 100.09.2
10 77924871  98.0+11.2 10 376146  110.0£12.2
NaF 100 7716£107.7  97.1414.0 NaF 100 38.0t44  111.4:115
300 83164610  104.647.3 300 46.15.1*  135.1:11.1
10 792.4160.0  99.7+7.6 10 36.0464  105.6£17.6
Meat 100 966.3:49.8  121.5t5.2 Meat 100 34148  100.0+14.2
300 991.5¢112.4°  124.7+11.3 300 34.0¢120  99.7+35.3
10 873.8493.3  109.9+10.7 10 34.142.1 99.846.1
Shell 100 82521630  103.8£7.6 Shell 100 39.9¢7.0  117.0£17.5
. 300 880.1481.0  110.749.2 300 375123  109.96.1
Krill 10 761.0t751  95.749.9 Krill 10 376:75  110119.9
Vg/g(cj);/e 100 819.4:33.6  103.1%4.1 Vt\)/gg;e 100 335644 9814133
300 855.6+40.1  107.644.7 300 357437  1045+10.5
10 763.41755  96.0£9.9 10 37.6£10.5  110.2+27.8
Meals 100 793.8+26.2 99.9£3.3 Meals 100 29.0+4.6 85.0+15.7
300 863.9:26.3  108.743.0 300 28.144.1 82.4+14.4

*P<0.05 compared with control group.

shiL, Bl o] BAL Aesto] skt AEHAS Qo
Z1tk(Basha and Sujitha, 2012). ZL&] 1L in vivo &} in vitro <17+
ofl A A& AL, |, Thof| A o] 4lethA AEAS ST
a1 B 15} th(Saralakumari and Ramakrishna, 1991; Zhang
et al, 2000). ©] 2Jo]l Y APOA|E s} TAkA] A
/L& F5&staL lipid peroxide’y/dS S7HA7|H, Sl 2]
Woll o] gHAakel mas AlAglo] E4FS Frhal Harskal glo
U(Mittal and Flora, 2006; Rzeuski, 1998; Chlubek, 2003), o}
A7HA] E27F Aol vl A= FEFolvt 7142 kst Hs
# 1A erel.

2 o7 Avje] 2 BAFS o) HuE 29 B g
(whole body 1,058+ 108 ppm, shell 2,594+ 661 ppm)3}
ARet A= Yeh gl o u, Meganyctiphances norvegi® 74-$-
whole body+= 2,153 = 194 ppm, shell & 3,343 + 775 ppm .2
2 Ao A ARGE 2 AR ET Y 52 e UER I
(Adelung et al., 1987).

2 A+ Aol A= NaF= g EollA] Al Z54E e 9l
O}, KFE X 2|70l A= NaFe} 53t oFo] B2 22]5}g]
Solli Bak, B4 ehix kot 2R A E etz
A% NaF Aol A 100 ug/mL o)/g9] iE=oA &
o)Al AT 57 &1 = Sl o, KFEA 2| 2=
ol Al SIS ALE ehrizt o] S71EA) esket. SlEEA]

*P<0.05 compared with control group

i)z A e NaF A2t #0F ofu et KFE A& 2E o
ol A 942l F7F= §LoiTh. E3H SOD g ol A= NaF A 2]
2] 74-F- SOD 2 9] #2914 Hsh= §iglou, krill meate}
krill meals B4 325 Ao 2 U5 oA G4 2o
t] Z7lE= Ao & Uelygth SODY] S 47} AgA
A A &2 2Hgste] 2/dS Adlgitta defA] ¢lom(Zhang
et al.,, 2000), NaFo] =& SHE 9] o]ahidof A= SOD 24,
CAT 29 9 A& 3}itshs A ol ofw gt G3Fe vl 2] A] ¢kgk
O}, oA ol A= SOD &g o] F7kstet7} Alzto] AJge]| )
2F 7hAske o A ™IS B 7 A 0 2 ekt
(Yamaguti, 2013). ¢}5}40| 4] SOD &4o] A Ho g &
7Fet A} o), B Ao A= SOD BHAo] ZF715H%=d| o]
AL B4 545 AAsH| $18t 282 YAAQ] 5t 374
Hh(Yamaguti, 2013).

SOD= HEAE ]S H)0,0F 0,2 ATHA7]= 2+
< sho], AR AE A iRk 13} o] Aaolm, CATS}
GSH-Px+= H 0,5 =& gk o] QA W] 4sta AEH A
£ rofgtti(Chinoy and Memon, 2001). 0|23t a4 &4 A
ol AsH AEHYAE Fbsto] A 22 9] &4 o)
15 g o] WA/ El=t|, KFE= CAT} GSH-Px 243
& TA fe Aoz Yehith o] 23t Atz EE NaF
£ TARE Ao ASHY AEHAE Yo AL 2t
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Table 7. Glutathione peroxidase activity of NaF and krill Euphau-
sia superba fluoride extracts in HepG2 cells

Glutathione peroxidase activity

Sample

(Mg/mL) nmol/g protein %
Control 176+15 100.0+ 8.4
10 17.7+£3.5 100.5£19.9
NaF 100 18.7+1.3 106.6+ 6.7
300 17.7+£0.7 100.4+ 4.0
10 18.4+1.0 104.6+ 5.3
Meat 100 17.0+3.6 96.4+21.2
300 19.9+£1.5 113.3+ 74
10 18.1+2.4 102.7£13.1
Shell 100 19.6+2.1 111.5+10.5
. 300 171124 97.3%14.3
Kl 10 17.7+7.6 100.6+43.2
Vggg'ye 100 16.8411  954% 67
300 16.6£2.9 94.2+17.6
10 17.4+1.0 98.9t+ 5.6
Meals 100 16.0¢1.5 91.2+ 94
300 16.813.7 95.44+21.8

t)zke] RS REFO RN M EEAS FUSHT A EAE
o] [©) 7]1,]. KFE= NaFﬁ} Eakg] S
oL} EAJAkA A U 3RAKS) g4
A QFQkaL, YK FEEol A SODO 28>
NaF& OjlﬁP 7ol dAell A ZlHWOI = ?é
oF gHitstA of thgt B2 U] 29| 5= o] Hato] gt ¢
THEwa et al., 2009)°]1 4] F{IA| NaF & o3 &2 Foi5}
e, Folto] AAt Atshs vlfo] tiztel Hlsf 1.57
o) Z7kske 202 velstrh Jefu gharskael vlehnl Cob
ES 9P Folagle i Aupak Alshs djzata) A o) uls
3 Lpeh, Abeka) 2B 27} oA =92 Selstale). &
H Guo 5% H|S3 A5 B skl Qtk(Guo et al., 2002).
o]Jof| = A} F+EEo] NaF= Qlsf A% A apitstof vl
A= S A7 23 NaFE Foldles o 527t =55
= WOl A A A IiskEe] B Wol A E Ao, ks s
o] CAT, SOD ¥ GSH-Px9] & 482 74313 t(Trivedi,a
etal, 2011). 183 54} 3552 S0 Fol S ] NaF =
oA oh2 th2tat A 9] HSeRt kS 4 S Ho

731
2 A o] SAIZE X2 A] NaFie P ] A1) 25 2
S FAY, YN 5 B 2EBY F9 A8 227

20| gk 23] okofr), o3t AR njRo] I8 B4 2
Bo| 7HA| 2] AlSHA AEF Ao 2 HFES u] 2] 2] Eete A

1o

AFSHA AE A 687
£ 39 B4 2220 S48 O BB 50 Hges Ao
2 ygEnh 38 E4 284 2229 ARl ‘ZH?E} A=
mycosporine-like amino acid®] A4S} G50 T3 H119} 5
AL S4E& Afgith= Hal Qof 484 Aol gt A
= A9 12U (Stuart et al., and Yamada et al.,2011), =22

B A 2EZ vhol o] efat FAo] Toloh BARE 5
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