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ANEN AR P ED s CCK-8 1 A H AR {2 &l SOD
G430 3030 £ 40 L PN — T 2 R ) & L B R e
ER A AL A (CCAT) I 2 3857 &l o6
P AR B ) W A R o AR ) AR B S (A
D) 5 ZH SN M A A I T JRRORS: I3 T 1 A 3
A (b5 5 Trizol W B Invitrogen (3£ [E) , cDNA
AR 7 & PrimeSTAR® Max DNA Polymerase
W | TaKaRa ( H #), qPCR i #] & Hieff® qPCR
SYBR Green Master Mix(Low Rox Plus) % H Ye-
asen 2y A (g, PED
12 EFERERS

B fa iFUE 40 i 85 % k. L-15 48% . DMEM
32%  F-12 15% . FBS 4% . W¥T 1%,

6-ZIHMHE AR B 6- LM M K L-15 %
VI figf 7 R L TC A A 0,10,20,40,80 pmol /L 1Y 6-22
W E AR WERBESH 628 (40
pmol/IDVEH F /N E W40 j™ " L 6-2 i (10 ~
45 pmol/I)AE & P RS9 40 i i ok i
13 6-ZHBMBEHNI &R

FHIE L5 £ JH I 240 A 3% 57 5518 50 7 B8 4 i (% B
292k 52X 10° A4 /mL) I 0 240 i 5% 55 A F 28 °C 85
FRAA O 500 COL) 8 TR 2k 8, R BE 15 £ )1 U 200 JiY
VUl B J e D i R W A, ) B AL PO AL 100 L (96
LA B 400 (24 FLARD B9 & A AR MR BE 6-22 45 1y
(952 5 20 i 1 % R (U B2 4399 9 0,10,20, 40,80
pmol/L) , B TR R h 4k £ 55, 550 24 h K
1R, HEWE 48 h,
14 HKZERN

WA 1,37 R il 96 FL 40 15 35 b v i
J& A FBS ML Ay 8 77 55 m 4L im A 10
pL CCK8 WM, B B R AE 28 CHEFRAA NI T
3 h, JHEEFRIY Infinite M200 NanoQuant ( Tecan , %
)W 5E 450 nm kb BTG RE
1.5 &M E (reactive oxygen species,ROS) & il
¥ DCFH-DA 57K & FBS H AU () 35 35 3 4%
110000k ) i Fe, 28 C A ML AN E 20
min, F PBS YeU40M 3 WK, DL FE 40 2 B AR ok A 40
JE P9 DCFH-DA ., H £ ) BE i #7 X SpectraMax®
i3x(Molecular Devices, 35 E) fifi ] 488 nm ¥ & I
+,525 nm & B RIS G5 B L S0 50 0 R A B
WG TP WM (Leica DMIS, 5 [ 4/ 45 45 W
JE 20 B R

1.6 BEWULYWE E (superoxide dismutase,
SOD) i& M4 il

b oA 85 R B W A TR T 9 Ak 2 B, e R
SOD 127 & GO 3 2 18 B 5 vh (4 7 ik B4R, T g
A% Infinite M200 NanoQuant ( Tecan, ki 1) I &K
550 nm Ab I 5E 5 Ak B2 1) W % R A .
1.7 ™ ZE (malondialdehyde, MDA) & £#& il

THALWCAE 24 LAk 4t M, F2¢ B8R0 & 0d I 45 45
1F o T8 B 0 5 2R vk BE, T B A {X Infinite M200
NanoQuant (Tecan, ¥+ 530 nm ZbM & £ 4b
PRZH O REE .
1.8 A Bt H KT | & ¥ B (glutathione peroxi-
dase, GSH-PX) i& 14 & il

THACSCEE 24 FL AR 40 AL, 75 ol A0 4 L B 3
e R 6 10 B S R L [R) B 2R R B T AR
A Infinite M200 NanoQuant ( Tecan, ¥+ ) I K
340 nm LI 5 45 A 382 ) I FE AR
1.9 T E W EE (catalase, CAT)iE H 4 M

THAL YA 24 FLAR A0 B (100 pL AEFL) L 8 75
PR 2 B B b 3 A D BR A AR 31,87, Mo i K
405 nm &b 45 4b BEAL WO RS
110 & RNARBEUAMBEXERRIESH

£ T25 A0 35 =0 in A 1 mL TRIzol % fi#
A R SR T 1.5 mL EP &, FE A 0.2
mL 5. ZF IR E 2~3 min. 11 304 r/min &
A 15 min, /NG IRECE O S B2 T AR R (RNA)
BB EP & d, in A SRR 2 N IR AT, = i
TiEE 15 min, 11 304 r/min .0 15 min, &+ b
ARV M A 75% 2B 1 mL, iR IR % 30 s,
4°C 8937 r/min B> 5 min, 2% b, UUIEAE 8 K
fiEf & B T 4% 3~5 min, JiIA 20 L DEPC 7K %5 f# .
PATH RNA 23 i 2 5 T cDNA 4 1, #
YEJ7 2 B PrimeSTAR® Max DNA Polymerase
WA GV BT, 5509 cDNA F—20 CLRAE.

AP E & qPCR 3. LA B-actin AN SFEH,
o B0 S £ A DG DR AE 40 O A R R 3R G Dl .
qPCR i J§ QuantStudio™ 6 Flex Real-TimePCR
System (Thermo Fisher Scientific, 3% ) ¥ &, X
R4 A%F M 95 °C 5 min, 95 C 10 s, (55 ~60 C)
20 5,72 °C 20 5,40 DEH, [0 A& F - Hieff ™
qPCR SYBR® Green Master Mix(Low Rox Plus)
10 pL, EF#E514 (10 pmol/L) 4% 0.4 pL (519 )%
WL 1) .cDNA 2 pL, INJCH 2518 K = 20 pl, 45
R 22k,
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Table 1 Primer information used in the current study © 100 a ah
€= 9o} be ,
He 4 4B ¥ (53D .2 g0l ¢
Gene name Primer sequence(5'-3") iﬁ Z 70
B-actin F:CACCACCACAGCCGAAAGAG e <ol
Bractin R:ACCGCAAGATTCCATACCCA 50 , . ) ,
nrf2 F: TCGGGTTTGTCCCTAGATG ©0 10 20 40 80
nrf2 R: AGGTTTGGAGTGTCCGCTA 6- L M /(. mol/L)
keapl F.CCAACGGCATAGAGGTAGTTAT 6-Shogaol concentration
keapl R:CCTGTATGTGGTAGGAGGGTT Vb G- B O W 41 KRN 100%, A [l 52 B 3R 4L A A
i6 F TCAACTTCTCCAGCGTGATG FE2 R (P<C0.05), The growth rate of 6-shogaol with a concen-
il-6 R: TCTTTCCCTCTTTTCCTCCTG _ o _
) tration of 0 wasset as 100%. There are significant differences be-
nfkb F:GGCAGGTGGCGATAGTGTT ) )
n fhb R.CATTCCTTCAGTTCTCTTGCG tween the different letter representations (P<C0.05).
ho-1 F:ATGCCCTTGTTTCCAGTCAGC Bl AERE-EHEBHERIEMBEAMBERE
ho-1 R:GGACTTGGAGCACTTCTTCGG Fig.1 The growth rate of zebrafish liver cells under
il-10 F:CATTTGTGGAGGGCTTTC different concentrations of 6-shogaol incubation
i[-10 R:GGTTCCAAGTCATCGTTG s
o S o 22 6-ZFEMABID AR ROS &N
tnf-a F:GCTGGATCTTCAAAGTCGGGTGTA o -
i —— i 4 N ,_‘?
tnfa R: TGTGAGTCTCAGCACACTTCCATC WK 2A Fros . 5o R 6-22 06 W A R &S A
111 GitFaE ARG 280 6-22 0 I 90 3 5 00 4 L ROS 26 (H 78

T AT ARAT 09 JE 6 B DL 35 fH (Mean) =+ b #f
R (SE)” R, R SPSS 22.0 #F#k47 3%
53 ¥7 . Shapiro-willkgp’s 4 5: F - 1F 254 16 % 56,
Leven’s #4177 22 5 KL 56, 0 R & 7 22 0 M vk
(One-Way ANOVA) BE47 J5 22 53 Fr . #5 20 18] 22 53
F(P<C0.05), 1 LSD i1 £ & 4,

2 HBREH

6-ZHBMMM D EREAEERKENZM
Wi 1 s s SR 6-2 0 B 0B 7 00 =S 1 4L
P 220 6-25 M I 02 7 90 A A R R 52 ) 4 o
FLFf A e BE 5 e 4 A TSR (P <<0.05)
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A
16 . ab
14t 1 '
12f  fsss R F
b e B 0

10 pmol/L 1 20 pmol/L ¥ FE A 6-3% 4 1 kb 3 40
B FE AR (P <<0.05) , HR W FE AL #ELZH ROS 95
(HABA — & B AL SR 6-22 4 1y 09 X B8 41 A8
LG it 27 5 0. B/ 2B H 98t i 5 BE R n ROS
g
23 6-EEMAWSEARAEMAME SOD iE M
WE 3 FrR, 5K 6-Z2 MBI E M2 (44
LU 225 6224 W 00 7 ) A BT IDE 48 M b SOD i 4
{5 5 f£ 20 pmol/ L B 35 3] 5 1 (P <<0.05) .
24 6-EEMWMXMELS &AM MDA 2NN
WK 4 iR, &ad 6-22 46 % F 5 1 5 5 i
JUE 240 B 55 oK FH 6 - 22 945 T 9 & A9 440 1L, HE MDA

10 p mol/LL 20 p mol/L

40 p mol/L 80 pmol/L

ABE S IFAE AN N ROS ZEOGME , AN R FFE R ROS 2864 W& 2 7 (P<<0.05) ; B.BEDfFAL 4N ROS = A 1§ &l , &k 5 e 1t

FEH ROS IANAE . A:ROS fluorescence values in the cells of zebrafish liver,and different letters indicate significant differences in ROS flu-

orescence values (P <C0.05); B:Production of ROS in zebrafish liver cells.Green fluorescence represents cells containing ROS.

& 2

AERE 6-ZHBMNERD AR P ROS KF

Fig.2 ROS production in zebra fish liver cells after incubation of different concentrations of 6-shogaol
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SOD/(U/mL)
O—=NWPA LN IO D

6~ M By ik BE/ (e mol /L)
6-Shogaol concentration
AN FRE R OR AN [ A BE2H ) A7 i M 25 R (P <<0.05), T,
Different letters indicate significant differences among different treat-
ment groups (P<C0.05).The same as below.
3 AERE C-EHBHMERHD EMEMEE SOD E %
Fig.3 SOD activity of zebrafish liver cells after incubation

of different concentrations of 6-shogaol

a0

MDA/(nmol/m

0 10 20 40 80

6-Z2 5 W 1€ BE/(w mol/L)
6-Shogaol concentration
B4 AERE-EHEMNEEEHSEFEMAE MDANESE
Fig.4 MDA contents in zebrafish liver cells after incubation

of different concentrations of 6-shogaol

H R E TP <<0.05), Hif 20,40 pmol/ Lk 44
TRk, 5 SOD Mt
25 6-E/GEEIXHED B AT AE4H B GSH-PX F
1

WnTEL 5 Fras  2ead 6-28 0 B I 1 e B 40 S R
FH 62065 B 09 75 )= 04 240 U AH LU L BR 40 pmol /L ¥
A GSH-PX {E Ve 3 L TF(P<C0.05),

6~ M5 Wy HE /(e mol/LL)

6-Shogaol concentration

5 AERE 6-EHRMNE /D &AM GSH-PX & &
Fig.5 GSH-PX activity of zebrafish liver cell after incubation

of different concentrations of 6-shogaol
26 6-ZHEHIBED &AM CAT iEHAIKN
e 6 Fros . 283 6-2 4 1 I 5 0 40 i S R
F6-Z2 0 B i )5 A AR M AR L L CATT G P2 3% I

FH(P<C0.05), Hih 10 pmol/L e B 40 1 1k i 2 &
FHAbLH (P<<0.05).,

—

CAT/(U/mg)
CE RO L N®

6-Z 5 Wy e FE/ (e mol/LL)

6-Shogaol concentration

6 AEREC-ZEXRBMERMD EMERMR CAT FH
Fig.6 CAT activity of zebrafish liver cells after incubation

of different concentrations of 6-shogaol
27 6-EEMWMTHD & FTAEH A NF-«B 1 Keap1-
Nrf2/HO-1 18 B& 48 < £ B 3R 1% B9 54 i

s 7 s, 6-22 M 1 35 T 3 £ U 20
Wi nf-xb M35, 7€ 10,20 pmol/L ¥ JE T
n f-xb 33k KB F W (P <<0.05), %5 F il-6
Fl tnf-a FIBEBWEAS 7] MR BE 1Y 6-22 0 By 5%, G
10 pmol/L 4 A1 80 pmol/L 41K il-6 F£ikiw
F FEW(P<C0.05) 1l tnf-a FiKkBE 6-25 1 By e &
Fh 1 Fh g L #E 40 pmol/L ik #]  1g (P<<0.05) ,
6-Z 0 My W F W T bt R W T i-10 1R B
(P<<0.05),

HH & 7.8 AT D, 6-22 05 19y b 35 T R T 0 4
keapl BRI (P <C0.05), L ho-1 B FRIE (P <
0.05) ,nrf2 FIRTE 20 pmol/L 6-32 4 My ¥R BF 41 v
W FIH(P<C0.05),40,80 pmol/L ¥ EH W& F
P (P<0.05),

3 it

AR 25 R 7R 6-32 M 1y 23 30 o] B 1D £ )E
2 M 1 2R A R LI 3 ok B B v 0 4 e e ) R
FHBR SR 3% 5 6-22 5 M v B T o 410 ) N 2K DL A7 45
FEAE HCT116 M58 i fF o2 25 - — 2 . Ishiguro
SEUHE -2 M TN R AN R B 5T b L Al 6-32
I W 55 0 AR P 2 e = IR R AL 1Y SH R AT 1Y 4 S
PER N 5 B 07, A AE G2/M 4, A
W o B A 00 3 A 2 R IR B £ S U 20 G ) 2 R
BB . O3 Ah, 6-22 0 B AT BEIE o S p53 A AE AR
ROS 5 S04 A P8 T 1240 i J8) 199 BEL o 5 38 90 i %k A28
JE AR A0 2B A 4 ) IR AT AR B 25 R R
AHAF . X, 6-22 0 My <3 41 i £ 28 T 40 e i) 3 5
A, I i e A 1 v T oA P B A

%
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Keap1-Nrf2-HO-1

6C-EHEMNE GBS & AT IE 4 M NF-«B % iE & B8 #1 Keapl-Nrf2/HO-1 SIS B PEXE R R

Fig.7 mRNA expression of the key genes in NF-kB and Keapl-Nrf2/HO-1 pathways in

zebrafish liver cells after incubation with different concentrations of 6-shogaol
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Fig.8 The action mechanism of 6-shogaol on the Keapl-Nrf2/HO-1 antioxidant pathway
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JIE P AL, 2 A0 477 400 T S5 S i) 400 i T e L AR 4
JELfR 25 0 45, T 51 & 22 Bl F E B 0% . MDA
FH T 2 e 240 i R 20 2800 i o oo AR Ab R B R RAT)
5 MLR A E AL B S bR . KRR AN
TRL NG B R it v T 0 FL B A AR T K AR BRI
KR A KL 4 SBUAN ROS fl MDA & i
FhE . G A S AR . AR PR Y 6-22
975 3 T LA /D 20 L 9 72 AR 1 ROS BB % 6- 2245
WP TH R AR ROS & £, 33X Bl il 8 11
B PR A A0 M A K O B 5T b )RR R
P ORI D 4 B X 622 0 1 1Y R B AT — s 1 T 32
FEL o B Ao 390 L 4 B 25 7 A AR A B R g . fH
Zi4 Bk ROS FI MDA A 560 45 58, e 1A M AE A
T 56 ViR S B N 5 622 04 B T LA 2F BRE I IDE 4

JitL ) Bt SR AR VR A S TR B LR 20 pmol /L ¥R BE A 1Y
ROS & &t e I H G Bt 80 A A B2 o a5 G, P A
20 pmol/L 1 6-Z% I B G % B 4 b 4 F B o £
JHF I 240 e i e SR AR R

SOD.GSH-PX,CAT #fJ2& & Py 5 2 /) i fie 74
R . SOD &%k Bl 18 2 G 1 P AL W il . & —
TR A TR R ROS 20 A H, O, . % 1
Bt AR S B R AR ok EAT MY . HL O, W5 5
o 4 A LR s A K, — R 2R ROS, BE S
g1 % 4 B S Ak N B, A R E 4R 6-22 0 B X
H, O, 5509 A il B s b Rz 40 i NCM460 H A7 4141
e ™, T H, O, fig Bk CAT Al GSH-PX 4 1k 5%
K T BT 1k AR 3 A R 3R AE 2 . Ao
FEUH L 6-Z2 05 M VT LA 3k R Y 0 e I 1ef 2 AR e A6 3 T
5CTRPCS) Hl Bk B A7 {4 B 437 25 38 36 A1(TRPAD H
TR YT 41 B R Ak e 1. Ak, SOD 1
P23 i 25 S0P 0T 38 0 7 A T 0 DA T K A0 Y
PR, AR - LM E D M
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JHFRE 40 i i SOD i o 35 7 5 . 5 ROS 28 {E K
SR AR S L BERH 6-22 06 B AT LA 3E i 3G 5 BT A AL W
fitt SOD MY 1 T 4 L 9 ROS & 1 B AR i & 45
P E . AR GSH-PX 3 7 il MDA &%
R A, KW 6- LI v i = GSH-PX 7%
T3 VAV 41 R (0 B 5 Ao ST AR B AT K 4 B 4R Ak
YEH . CAT 78 6-22 4 Iy W% & T 16 4 42 o . (H R0
SOD H-AFRB M o P& AT se L HoA A
XAk S M R PSRRI Yang ZEUS BF 5T bt
WEEE] AR B, 80 pmol/L 4b PR 9 GSH-PX
ACAT Bl 76 & 25 TF =, 240 0 9 g 5 ok 42010 72 3
[ I 82 ARG o Pl O AT 20 6~ s I o 4 R i Rk R
GHA LA EMER .,

Keapl-Nrf2/Are {5 5 i} 2 % 1k N 3% 09 8 2
W S ANE Y, Keapl 2 bt 40 R 7% 2 16
JORZAS T BE & AR M AE . B 8 Nrf2 5 ™), Nrf2 J&
HEHUEAAE T N2 5 Keapl #5536 A 240 4
5484 R o 45 A M HE HO-1,SOD, GSH-PX
PR AL 3 R R A, HO-1 & — Fh 5 2 A4t
AT L H R RN R A B B A Ak L
AARY B R EANH R ROS WEMEMERSY . A5
HRE , 6- 2 8 i A S Nef2 Fl HO-1 K 59 58 41 4R
LB B HLE S FEAGR K, 0 6-32 0 i Ak PR Y
BED fa T UE 40 M P keapl B TR, nrf2 £ 20
,umOl/L 6-ZRMHH EH B R ho-1 B FIA,
ghA LR EEE AT ROS & 532 31 6-28 4 B 52w /43K
K2 B 8 20 pmol/L 1Y 6-3 4 ) At % B & {2 ik
Keapl 5 Nrif2 fift 25, i keapl FeP i FR35 , {2
Nrf2 B8 5% 47 78 3% sk K F B 30E Nrf2/HO-115
5 B AR SOD.GSH-PX 4515 PR 19 3 , T & 4%
HAYrEAEH . EARRKE 40 pmol /L ¥R E 41, 5
ot AR e 2 36 Y 3R 58 5 32 B, SOD.
GSH-PX 1 PE A1 b F At v B2 41 F B, i ROS &
B F T X — R AR T R T 6-F M
% Nrf2 .GSH-PX.SOD #1 ROS 84516 .

NF-«B {5 5 i f§ 77 76 T 45 JE R 4 v, 5 b
o RAE | O S A BT R % WA OG . NF-«B i %
BTG X A i e R RS A EEAEH . AT
FERIATY, NF-«B {5 5 i % 75 g 2 05 19 4 3L R 1%
1k RIER TR IA R R S B AL H A R
RE S N IR S NF-«B # R 1k p65 7 5, ff
TNF-o IL-18,COX-2 4 4 it R BTl . 240 il 1) 18 4
s 2 o s, M Emfe S SR RER
RSN ST S ST AT 6-2% 0 W X T 9 AE 40 A

SH 4k LPS 459 0 i B A0 I i T RAE R R B
6~ 05 193 ] 38 2k 0 ) LeBo B R 1L AR 1 9 i A
M35 p65 e B (3R 2%, Bl Jm W0 il NF-kB 7 5% 3%
gy S0 40 A A A A R A IR S RO R
622 Js 1y X B 25 £a T E 40 i NF-«B {5 5 38 i A
WO AR AR E T S 0E B 0 3R 3K DA Rl T R
K i-10 ()R GK XS R 5 Fik N i i 58 45
AR =B b7,

ZE BT RATIESE T 6-28 0 Wy B AT B 5 bt
SEARAE L I v R B 6-32 0 T 6B A% 1 40 il A K
[7i] A 00 725 A 3 ) 625 A Ty 4 i LB AR IV 3K
T 6-2% J 1y 1) 470 480 A A 38 3 30 ) keap 1 SEH 1Y
Ik R B Nri2 $EATAZ AL NS Nrf2/HO-1
S5 B, 325 SOD.GSH-PX  CAT 2471 48 Ak i 114
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Effects of 6-shogaol on inflammation response and
antioxidant capacity in zebrafish liver cells

HUANG Min',CHENG Ke',MA Chunsong', WANG Meng', WANG Chunfang'"*

1.College of Fisheries , Huazhong Agricultural University sWuhan 430070,China ;
2.Engineering Research Center of Green Development for Conventional Aquatic
Biological Industry in the Yangtze River Economic Belt/Hubei Provincial Engineering
Laboratory for Pond Aquaculture ,Wuhan 430070,China
Abstract In order to explore the immune-regulation function of 6-shogaol in fish,the growth rate,
the production of intracellular reactive oxygen (ROS) and lipid peroxidation (MDA) ,the antioxidant en-
zyme activity,and the expression of key genes in the inflammatory and antioxidant pathways were detec-
ted in zebrafish liver cells incubated with different concentrations of 6-shogaol for 48 h. The results
showed that high concentrations of 6-shogaol inhibited the proliferation of liver cells (P<C0.05).The an-
tioxidant effect of 6-shogaol was significant, with the highest activity of antioxidant enzyme SOD and
GSH-PX.,and lowest production of ROS and MDA in the 20 pmol/L treatment group (P <C0.05).The
gene expression analysis showed that the mechanism of action might be due to the activation of Keapl-
Nrf2/HO-1-antioxidant enzyme signaling pathway by inhibiting the keapl expression. 6-shogaol in-
creased the expression of inflammatory cytokine genes in the NF-«B inflammatory pathway (inf-a,il-
18.,il-6) in zebrafish liver cells (P<C0.05).While in contrast to the control group,6-Shogaol down-regu-
lated the expression of anti-inflammatory cytokine il-10. The above results showed that 20 pmol/L 6-
shogaol can promote the antioxidant function and 6-shogaol can activate the anti-inflammatory pathways
of zebrafish liver cells to initiate immune response.
Keywords 6-shogaol; zebrafish liver cells; antioxidant capacity; anti-inflammatory pathways; in-

flammatory response; immune response; immunopotentiator
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