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Establishment and application of antioxidant screening model based on zebrafish larva
LIU Haibo, ZHI Yuan, WANG Huiling, ZHANG Qiannan, CUI Wenming, LIU Shan
(NHC Key Laboratory of Food Safety Risk Assessment, China National Center for Food Safety Risk
Assessment, Beijing 100021, China)

Abstract: Objective To establish a zebrafish larva model for identifying antioxidants and screen candidate substances.
Methods Zebrafish larvae with 3 d post fertilization (dpf) were treated with the fish culture water containing 12 known
antioxidants, 2 oxidants and 4 candidate substances for 20 h. The maximum tolerant concentration (MTC) was determined
by the acute toxic effect including death. With the highest dose of MTC, different dosages of tested substance were used to
treat 3dpf larvae respectively, and the reactive oxygen species (ROS) indicator CM-H,DCFDA was added to the water at
the same time. After 20 h treatment, fluorescent density was detected to calculate ROS clearance rate. Results Eleven
tested known antioxidants showed lower fluorescent density in treated zebrafish larvae compared to the control, which
suggested their ROS clearance potency. Two oxidants increased the fluorescent density, and three of four candidate
substances were found to decrease fluorescent density in zebrafish larvae. Conclusion The study provided a sensitive test

system for screening candidate antioxidants. The system was used to screen the products developed in the laboratory, and

the results showed that it had certain application value.

Key words: Zebrafish larva; reactive oxygen species; antioxidant

W5 M 48 (Reactive oxygen species, ROS) 24 &
838 J5U 3 FE v B — ZR 90 v ] 7 ), e e R AR R
AL 3 A R OCHEE T . IR I DL ML AR A AR
A3 T 1) - IR 2 3 v Y R K U 2 5 ] R AR
A, 533 0 L B Rk AR AR DDA
Ko A FEPTE ALY AT DL AR B iy B K,

5 B #3:2022-06-08

EE&WH:BExRESAFXITXI(2016YFD0400601)

EEBN:XNEE B SEEEF AR ITOARLHEELERR
4% E-mail:liuhaibo@cfsa.net.cn

BEEE:AH X HREA LT AARBFES LRI

E-mail : liushan@cfsa.net.cn

Il D S A A 3 Y A

Pt A AL D BE 09 VT AT LA GE A5 G 3 P il 5
SEI, T EARAE M A AL LA Bt A AR G K- )
Wi Z Y B AR L M AR S sh iR 5 BE
Ih £ A Ry — i A 25 A 2 A W) i BOR B 2 B 2 0
][5 S W= S 1 1 2 IR 4 R O 7 NV Y = IV
AR TE S v AT DU 2R i RS A . A L T
53 B M A A M R R B 4 R S A A
AE % 92 AL S8 B A W e Ak i B2 0 ROS 45 71 7
CM-H,DCFDA 7£ 4t Jfl N () ROS A HI T BE 7™ A= A %t
R A8 11 8 R B UG B N A B 1 4 & £ 1) B R A
F— BOI E] 5, 380 A I 2 ' ik R DRI DL i 5



AR AR

—872—

CHINESE JOURNAL OF FOOD HYGIENE

20224E%0 34 55 5 W

i [ R R B AR OO, U R 4 A e AR O i
PRBE S8 S 0T 7 i F 3 BT AR A IR T B b
8 7 2

AT FE LA T RE B A B9 22 T W) o O 523500
A3 B R SRV AN IR T A AR TR | S P R AR A
TE B9 W) J5E 25, o3 ) A BRE ) f0 4t AR 98O0 R
14 72 A ) Wy 52 U T B R K P B B2 0 DA TG 4
HERRAVAAEN . —Jr maR 2 Ayt Al
W) T3t ) A B AGE 6 0 1 A 2R ) T A A L O —
7 1 2 3 0E 2 RO A S 0w A A e 1 W)
Jot ) DT AR HEAT G, g e 30000 P R SR 2 5

1 REH B
1.1 FEAES 5 a0

BE L 10 F2 8 R g (B A ), IR KE 97246 (Thermo) ,
fit AR A (BIOTEK) , W 2 53052 ( Zeiss) o

ZARW) K5y =28 — 2y ali B i 1) ik )
PR AL HE T R L A i (BHA,99%) . T
FFRFEH L (BHT,98%) X B IR N R (PG, 98%) .
A Z W (98%) FINZ: B 81 (80%) W - g i A=
PR oy A BR 2N\, 55 AR R (989 ) W) F b 5 B
IR TEMERF K A RS A R e A% A R (NMIN,
98% ) H & IE R AR AR TAL AR, ZER
(70%) W H Sigma-Aldrich; 5 — 2K A 56 LW &
i S N 7R A 4 T ih A1 2 N R (T — AR
BHE A BR A A A A B AL (SOD, 5% 304 Y Rt
FoA WA AT i B U (VL5 B 38 i 700 /i
1) =Rk A ELEE ™o, O R A H
R RRAEH RO el JE Ak 2Rl
F 5% e A PR ZS A ER AL ) | DA K i B A s O C v B
S W Tl 5% B F 4t ) o o BE S, PP 2SR o STk A
(g R T A AR ey A FRZA R ) , CM-H,DCFDA
(Invitrogen) o
1.2 B fa Bl 4

Ve FRER 0 R R AT AT 32 i A B ) AB
P A RVEE S0 (5] T R B A SRR ) R
FTRARDMEFERG , ERSK pHIE 7. 2~
7.4 5 F 450~550 wS/m. & Gl 2l ke Al
A oK, 38 3k 1 2l ISR AL B R B R AR T R 4
K pH EHAHE FRUMSE LRSS HRE ., @5 RE
26~28 C,EME N 14 h JEIE/10 h B . 765
BT 1 R WG e e RO (20 1) 4 3 7 28 BC 8 1)
. 6 Y KR 25 T IS 2 2 e & Rl
Bk, 1 h SIS AR fabP 5 L RO RIRROR J5 & T 28 °C
G FRAETET o W2 2R HE2T0% 2K AT
H290% .3 dpf (2 W5 J5 K E) WE 1R >70% 1) 5% 1

b AR g f0 g T2 5
1.3 Sl xs & e s MR PRSI e 52 3 e e o

BEDLPEIE & F IEH FLB B —301 3 dpf BE %)
iR 5 6 LT, AL 30 BB . ARIE A2k A
FE K 5 DMSO e il fi £ Wi (4b 3R 40 fa B DMSO ¢
WEEN 1%) . HEHZWEWEN 31.3.62.5,
125.250.500.1 000 pg/mL 1) 5% fa 7K 4b # &)y £, [a] st
W IE X IR 20 (3% K A DMSO b FEZ ) | 43 AL
KN 3mL, ZIRYA B 20 h J5, WEK HBE D
i1 40y fOIR BT SR AE T B, AL S G e R 4 A il
AP Bk BETSEE RLAh S B T a7
P2 B B R R B O % 2 W 1 B KT A2 Rk
(Maximum tolerant concentration, MTC) ., I3
TRV BE VA REAS ) MTC, T4 R A6 0 ik 3 8 el
BT IR
1.4 ROSZK A&

B MLk B & B OEH HLBY B — 800 3 dpf B 5 £
ot T 24 fLAR AL 10 B s T 2R,
PLMTC hy fi e ) i 5 22 500 4 2~4 A5 A5 L A 7]
B 15 5 TG X B2 (%A B )  H Ay 5 A B A A
[) ) L IE X B2 (B 5 R U8 Jin 32304 1Y) SE 58
ZH) . [REFEL 300.600.1 200 wmol/L i F AL & LA
0.75.1.5 F1 3 wmol/L 1) H ZE it 4b PR &y #6, 7 2
AALW BHPE4 . A CM-H,DCFDA, fifi £ 3 & Ny
0.5 pg/mL. FEATRAIE R BE S iR 2 96 LA,
AL 1 4 100 wL WAk, Bl S AR 76 406 96 fL
M Bk AL 2L, 28 “CHE R BE T2 A DR & 20 ho SLE0 45
W H 2 DR B br A (R R G R 485 nm, & 4
HEWE KN 535 nm) K AT 2EO0GMH S. 32 Wy kb BE4H
R I (B 0 25 TG £ % R 4 1 5 G A, Sk 23K 4 A
Y BT £ AR Y ROS A X & o
1.5 ROSTHBRRITHA

ROS 1 bR % (%)=[ 1-(S Z ik ¥ 41 -S Jo fa % H]
) /(S IEH W R4 -S T Xt R4 ) Ix100%

1.6 Siil=:ohr

oG HR 45 H L Mean+SE 78, ] ANOVA
AT 407, K Dunnett’ s T-K6 56 347 20 [8] HL %5, P<
0.05 KB k22 A B M. ZIXWAE—F A%
0 BE AR T B2 25 S oA S kL A i 2
WIAE A R & b B B SE AR T

2 R
2.1 K52 W MTC

P AN ) e B2 1Y) 52 32 43 iR T 3 1 0 4 £
AEFE 20 h J5 L AT UL SOD T ZL 3R (M R R AR B
i AT I i B4 A B2 DL R £ %o R D) SR UL AR T



BT - 01 24y 00 B 4T S A ) 7 A 1R A S R H g P —— X, 4

—873—

K HALFEF P . 24 BHT BHA PG 2S£ 2%
FASLER AEEE JFAEETR KREAE
BN A L O Ak B (Y 4y e AR R 43 R BB T
o Hofth BEME BN . BLAh, B R AT R EY K 2%

B SR o 2 A W WOURT . A5 AR 2
VR R 400 1 3 B A e 32 ) |
15 O, 80 5 J5 2 92 5 v A [a] 52 45 09 e R )
o BRI 1.

1 ZIYRBE L th 4 i i AR T

Table 1 Toxic effect caused by tested substance in zebrafish larva

ZiRY R/ (wg/mL) FERE R fe K 3% % /(pg/ml)
BHA 0.313~1 000 10 pwg/mL 21 &)y f MR 0P 3 46 A5 TR 62.5 peg/mL 41 2T AE TS 5
BHT 0.781~1 000 12.5 pg/mL ARG 2 @IET-(4/30) 6.25
PG 3.13~1 000 50 we/mL 4L H B ALK A (1/30), 100 we/mL 4145 00§ (20/30) .25 Hi (3/30) 25
KEW 125~1 000 250 pg/mL2H K L 1 4 3BFE T 125

A B B 62.5~1 000 S A A WL (500 we/mL B UL B4 B i) 250
g F 31.3~1 000 A Wy o R LS (250 we/mL K DA B 2H A BT ) 125
ANZ BB 125~1 000 250 pg/mLA A LT (6/30) 125
NMN 62.5~2 000 2000 wg/mL#H A 4 AFET:(2/10) 1 000
SOD 62.5~2 000 F-S iRk N e 2 000

55 AR 3 i 125~2 000 E S ki Nt 2000
SR 62.5~8 000 E S Ok N e 8 000
B 0.489~1 000 1.95 pe/mL 4L A 2 fEET-(6/30) (3.91 we/mL AL A Hr i) 0.977
AT R 1~100 5 wg/mL 44 fa LT (9/10) 1
KB IF AT & 1~100 5 wg/mLALE 4 HBIE T 1

PR R 31.3~1 000 62.5 pg/mLALE L)t 1 BLBET(2/30) L0 R 18 (2/30) 31.3
o A 0 IR 15.6~1 000 62.5 pg/mL AL %) fa 1 BFET(4/20) 31.3

VE R 32 BT 9 O
2.2 BV RCME S

LA MTC 4 4% 32 3000 1 fie KR B, I 22 71 d 2~4
R4 HL B A, /R 20 b S5 A I 5 i B . PR 4 fk
Y1 4L (300,600 FT 1200 wmol/L 41 ) Fl HI Z5 g
(3 wmol/L 20 ) &b 34 11 523 480 Ak 4 BH P 20 2% O 8 BE
1M (P<0.05) , AN H A W B ROS W E A, 45
W 2,

2 IR EAL Y X BE D £ &) £ 5% R BE R (n=8)
Table 2 Effect of 2 oxidant on fluorescent density of

zebrafish larva(n=8)

B AR
R gy R e e
(wmol/L) (pmol/L)

0.00 2 244+685 0 2 244+685

0.75 1 881+703 300 216 315+24 461"
1.50 3 858+1 789 600 404 625+119 234"
3.00 13 431+4 793" 1200 559 055+35 255"

5% B 4R, #P<0.05
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Bk e e 0 R A L At R R 2 Ol B B 3 R AR (P<
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Figure 1  Dose—effect curve of ROS clearance rate in larva treated by test substance
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Figure 2 Dose—effect curve of ROS clearance rate in larva treated by SOD or puerarin
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Table 3 Summary of ROS clearance rate of test substance

Ty ——— ——
Ziki L(i:jif)/ *’féi{l W RosiE /%
BHA 0.156~5 0.156~5 54~72
BHT 0.195~6.25 1.56~3.13 27~40

PG 0.313~25 0.625~25 20~81

P EA ) 0.009~125 0.15~10 65~86
(i3] 1~300 1~100 52~59
e 3.91~125 7.81~125 54~75

ANZ MR 3.91~125 3.91~62.5 55~80
NMN 3~1 000 30~1 000 27~74
EESITEARE 0.1~8 000 1.0~8 000 30~100

55 AR T 62.5~2 000 2 000 56

SOD 1~2 000 — —
B 0.031~0.977 0.031~0.977 23~44

T — IR 25 Rk 4 34 2R UL ROS 1Y J2 35 e A%
Fd R R AR RALTE RO BE 1 4)) £ 9L i
5 (n=8)
Table 4  Effect of procyanidins and oligomeric procyanidins on

fluorescent density of zebrafish larva (n=8)

I/ JRAET R IRRAET X

(pg/mL)  HIRIDOLHRIE WHERF /% HIXDOCIRIE W%/ %
0 3004221 3220+317

0.031 2 627452 13 2564+183" 20
0.062 2759372 2 616+293" 19
0.125 2891+388 2392+303" 26
0.25 2 190+220" 27 2373+224" 26

0.5 1 976+225" 34 2193+126" 32

1 2070+374" 31 1 852+230" 42

5 X B H 4R, #P<0.05
F5 TR BN R R A 05 P X B £ &) 1 O
(5 (n=8)
Table 5 Effect of cycloastragenol and zinc—chelated oyster
peptide on fluorescent density of zebrafish larva(n=8)

i TR A B Ik
(pe/mL) HIXFOCIRIE IR/ % MATIOLME W /%

0 3392+334 3242+727

0.977 2 635+501° 22 3 808+150 =17
1.95 265642117 22 3 162+758 2
3.91 2 165+215° 36 3097+250 4
7.81 2 622+403" 23 3296+246 -2
15.6 2 664+494° 21 4 008+380 =24
31.3 4339+421" -28 2 863+308 12

SRR AL L, #P<0.05

WL 2R T AT e R e . CM-H,DCFDA £
W BE L 0 40 £ ROS 7K & A7 SCHk il , =2 H T 45
AN SE AR R TR A B 5T 4 AR AR S E A T AR
LR 1% S5 7 AT LAk I T A X AR E B A
Mk X 18 R EAT TR, AL 12 AP E A
PrE ALY Ak = 5, 2 Fh ARSI R G 424
Py BHE G ) L 4 Ry S 56 2 i A5 00 HR R

12 FlE AP B D BE A KRR BA AT &
BRI G . o SRR Ok B R SRR I S R A
R ALHE 3 A LAY T R S A Bk (BHA) |

TR IR (BHT) M & FRRINER (PG) , LA K
2 B R BR R UR Y £ U 5 £ B AN AT T SR ST
T3 AN T RO A SCERRGE B PSR R S P R
R A FRMAR HHE LEER ASLE
T LB A TR 0 O B B T R (NMIN) FTER A Ak )
AR (SOD) ™ o 4L % M B E MW R
FeVEVE B A R v i R AR R
KR BR SOD A HAY 11 R R B e 8L mo /e,
A REE(11/12), B —rE 5 dpf
TF O, ABESE T 3 dpf 4 ik R REHE A,
FE i PR R AR AR R b2 i B
i R O 4 . SOD 43 F AR 4 F
Jo K (29 k 30~40 kD), /N b i85 2o 41 i J5E , ] BE 2
HORF P E R ROS MERIIE I 2 — .

11 FhZ 3 3 B ROS (194 Rk 5 3 1Bl 22 AR
K45 A MTC 3256 508538 7T LUE A7 26523800 16 45
R B U SR B HE W 0 A FEPE . IR R AE 1 pg/mL,
BHA #1 BHT £ 10 pg/mL 7= 47 B i 30 BH S 25 4, 4%
Z W AN 2 8 B VE R i AE 100 pg/mL LA
o AN AN TR B2 3K 1 7 S AR 1 4R R AR TR
AL Z W) (an BHT FIAS 2 ) 4b 38 i) 4)) 0 3 B0 1
—ERRE ) ROS B (ROS T BR RN 50 8%
g A] AR AE o AR B B AR ZGR R R
WLZ% 3 B i R A 2 iR N A R AR
ik 8 000 wg/mL (197 & A5 JC B B (0 S pE R . ARF
FEHf SOD & 7 B 4 2 e 1 5k, mT BE 5 K b R Y
EERBA SR INEm T KRR T4t K
Ko S EHFE L 4R TEAG 0 £ i B H 2
B E (hitps 2 //dL. efsa. net. en/) H 58209 5 79 K B
AVETEPEVEOR & B, BHA 9 LD, M 2. 2g/kg'BW |
BHT 4 890 mg/kg'BW PG K 3.6~3. 8 g/kg'BW . 5%
Z Wk 2.5 ¢/kg'BW, R 3 S0 M & 05 A
(GB 15193.3—2014 )% I & PU Ff 47 J5 1 7 0 AIK 75
Py, AR HE A KB LD, KF 10 ¢/kgBW AL &
KT 5 g/kgBW, e JEFR i 3 9 Fh 4 ot o 55 B G 5
Pyt Al WA IR S AR F v A2 K ) R BE 1 £ 4)) £
T 2 MR 59 5 3L ah ) AR — B, Xkt
W R ok B P o R AR TR 7™ o — e 4R S L

AL REMAFBEMILEZIERILER
S5 2 B 2R AW, — OR SRR RN T S Y
PRI T 7 . PR EIEAH K LA KR
BT A ARG PR A T S PR SRR AR
JEACTT 2 A Y e e ARBIE S i R AL
FORUIR R AL 7 R el 4 R 3R O ok L i KT
95% , o 2 5 i B T 20 AR AR AR A AR R ) EE A
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M) MTC #0 1 pg/mL, 1% R 9 19 bt & 10 R 4050 &
(0. 031 pg/mL) W LR R $7 (0. 25 pg/mL) ik —4>
B, 5 RA EANK AL R AR R S
WEIE S5 A — 2 IR R — R i e T 2R
Yoo, BT B BT A AR L 38 AT LS o 3T i R
it 3 A AT S e R ) 2D L DT R B 40 o
AR 5 v PR B RS A S A ) A RS R A 7
31.3 pg/mL i T oK UL BEH 4l fa A7 B 5 3 A
SEH L AH B EH Bs ROS KB, 78 0. 977~
15. 6 pg/mL 71 5 i B 9 00 A B 2 A 35 B ROS A1
FH o o B A 0 K2 388 ok K S 4 0 AR A9 22 B P S
BAEUS, B2 E NN &S T WBoR M A g
P 1R B AN EE AR AR IE O R L AT T BR ROS 1Y
YER o FHZ MR Z o6t 50 56 2 JF & 1 7= 40 1647 O 2k ]
WLRAEE R RRAAHT RN E EERAL —E
BT AR T R DL R A B P A E L S
A SCHR R E A A MR B A R R R AR R
i 1 v A I FH A4

2 b, i A B P O R A SR R 2R R AN L
AR ROS MAEH , 12 FE A kb A 11 Fp
FIHIERR ROS AE , BA BRAF Ry R BUE . Ik
F X8 5 16 5 R 7 W W i e B AT — B N AN
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