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WE: WEaAARMEL, ZRAFE T ELA N RGE, UBTLTE G E
W ER. B AN EdhaEs, EdAAR-FAL e HE) AN EH Lokl
AW AR PR RERA RN S, CELELCETARETEERBNANR, #H—
Wy 2Bt € & PCR (QRT-PCR) M M 45 R B 77, 4T M M40 & A WE 7 4k RA AR X 2L 8y
Fko AHE—FHRREA B IS Zom, SRFTERNEHRPEINERA S o,
HE fr ¥ &+ F A6 4REW, KEWHE LS RS RIFM kiR, Ath
MEEF O ZE &S ERN, A4y, FE4ALhaEa &S EME/EEK
MEER M, THEENEMEREE T FEAR P4 RAMAEES KL, Lk, =
Botb ) T AR A RE AR ¥ R E B F R AN, RT-PCRARER, HAlEWM
AFEHET S EMETHERELKL, WRXETF TNF-a. IL-18 F0 IL-6, 73k B F IL-
10 LR # A E F IL-4 Fo IL-8 % . h 3t — P H KA & A5 My fL 21 & & 3 IF JE 4 R 8 &
AR AE AR B, SERA I T AR 4R o — B (MDA). Jlg it it & 4 (LPO) DA & B-2 3L 4%
FWWAE, RNEREY, e NE M ZEH T FREEALRGHER, B, qRT-
PCR B vE MR M EREr, W& AW ANTHEERA RS T FEALAARBATH R £
e, ZHAMNTHEALAFRANHEN REER, $RET, AANE LT EHET
AL R A AN FE R AREY, EAAABE OB AN BEAN T i E S T
EWMAETFREARREREMRGH L AL, RATHEAL PO @B AT, B 0EF
TR A LA R o

X v, maka; A, A

FESHES:S941.4 SRRFRASES: A

¥ i (Ctenopharyngodon idella) & 3% [H & & b, Rl Z R R s K 2k, MK
FIIR K A TF SR i 2, 2018 4F v [ il 4t i 4F PRSI g K SR ML TR (deromonas hydrophila) Fl
SR E o, IR E L AR R 5 7 R GA 534.56 7 t, i P A B A T 7 405 75 (grass carp reovirus,
HFEEm R EIRKFEZEY, FEFRMEM  GCRV) S 80 AR R i, 4% 5L f6 57 51
R B B AN TR I, 7K 7 5% Bl B 85 1 A W 7l 3 b 5 e
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g T M 5 i AT B A o TR K = Y
ML\ AHL F, 78 IEF A AT ML
DR T A R PR AN B AR i S Y i
LU A H 4L, 1 Hb-Fe [T 446K Hb-Fe ll
I HbFelV Jf 7 A4 K 4 9 & [ i 2 (HO,+) MIfiT
A7) HyO,, Hy0, i — 2030 i i 48 AL (pseu-
doperoxidase, POX), #{k Hb-Fell & 4L/ Hb-FelV,
[ AL T 220 A ™2k, A B (0,).
FREL A WL DL AR ER R T, M2 B e T H R
Ak 7= A= 1) 15 P 48 (reactive oxygen species, ROS) 1]
LA R AR5 JE A AE B P (R 3 1Y
T IR v AR MR A L 20 & AT DL S AL
IR AT R TR (N | = 0o i LI | A
EHAEAATERER A RIS ER . EH
BT GOk %R A i A A T B A R A
oy ok A8 RE Hh B K R D DT UE DA K T Iz 1 ) 8
PESRBE a3 ok o A AR T IR, 7R B E
WA, IR ML A, & A
P 19 I 21 2 138 3 20 MY P9 75 A2 4R (megalin-cubilin
receptor) I A & 2 M AF AR P, DT B4 i

b o ARG 0, A Ak I A B R R R T
ﬁhﬁ@#%ﬁ%“ﬁ@%i% S AL DL K
INE BPEIRIE, B4R BORE MY I L 8
LM A PR, I 20PE S B 45 (acute kidney
injury, AKI) 5 # 2 14 ¥ 5 (chronic kidney disease,
CKD) "1 [a] B} 1L £1 25 11 7] DA i 3#01% NF-«B
%ﬁ@ﬁ@%%.? it VB 450 40 Ak T R 22 AR

U171 B 2 M R R A PN ¥ I S B0 IDE
ﬁkmgﬁm%ﬁﬁﬁfrﬁ%%ﬁ@%
?E A0, 45 4 1R 41 AR (sickle cell disease, SCD).
A HiL 7 F I PR 7 E 27 & JE (atypical hemolytic
uremic syndrome, aHUS) DL K [4 % 1 W B 1L 21 25
I J& (paroxysmal nocturnal hemoglobinuria, PNH)
ARSI 2T 8 1 v A T R EOR M A
H 23l M E R AR, L s s BB
ke B IR AT, RE A AR SR AL AN IR ZES Y, K
W5 R WY, AT P 0y I 208 R K
WAEAE TP X HUAR & ™ E i 7, B
I, AT AR AR SRS B 3R

H AT A 2 1L 21 8 76 2 28U A 5 405 i T 5T
3‘5%% SRR ERSILY/ L L S S [ EAR -4 = Do)

2 {52 e AH DG 58 38 + a3 Bk = . AR A AT BA
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FIATIARE R b R 30, EAL R EA ) 2 Mt
PEYE, IF B LT TG 32 R il 2T 8 AR
fbr= A B ROS /KB, 1] ROS F1: A J—4B X J) 81,
TE 95 I A AR B 38 2 2% 47 0 i AR A 5 A
1M 22k 42 (1) ROS 23 X ML A4 A B 3t il A A 401 4512
mﬁﬁﬁfﬁm@@wk%mmﬁ%ﬁmmq
R JHRONT £ A 2H 2 52 e i R AR T A 5
BRI, A B 5E DL e Dy S0 6 2, sk 7 5 i
Z1 R R OR R EL LR P o, G0 A 41
O] JHE R 32 8 AR Al 05 VR I BIL A AR A T 4R 5T
TF 5% 25 S B Sy 0 20 i Y Ho 9% 2 B2 4 Ak B R,
(] B oy 0 2 il SR A AR I IR 2 %

1 MRS TTE

1.1 SN

SCH AR A (100£10) g K {7 AR M A
Yy, &SR S B FRE T 1000 LGB K L
o, RERA AR, KR T BRAT
LR AT BRI, S A 7R S
TGN 2 ST RS

1.2 MAEHNST S

mﬁﬁﬁ%ﬁ%%%ﬁﬁﬁi%%%ﬁ%

T A T EE B ) T S A A AR
%xm,x%mmmﬁﬁﬁgmmmmmﬁ%
SrEai e i, KA s g it T R
FRfl)E, 4°C%&MF, 10 000xg .0 30 min,
£ VW . 181 Bradford J5 32 2 24k J5 i 21 75
F I E , 15% SDS-PAGE 63l 1l 21 7 (1 41

1.3 MAIEBMEESGSELE

SER L BENL A A 3 4, If 4T B 4N v
52 mL #BE R 5 mg/mL WY I L0 5 1, R M4
%&%2mﬁ%ﬂ&%%ﬁ%mw@,ﬁ%%
I Sk S A R I TR AR B ER UK o A i E T S
JG 0. 12, 24, 48 F196 h RAENFHE, REMEES
— R E T 4% M ZRPEET, R RAEY
FHE A BRA A i#E4T HE F& g, —&a
£ i 43 %% RNAiso Plus {5 i &, F T )5 &2
RNA $2HUFI qQRT-PCR K3 5 — 3540 FF & B3 5
FETFWAT, T 5 20 A SR 5255 .

1.4 RNA 1ZEUF1 cDNA & A%
K 4E BT IE A9 5L RNA 42 B 4% I8 RNAiso Plus
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1888 KorE ¥R

45 %

TR G U I B AT AR B, 4R ARG G RNA W e
4li B FH AR R 4 )6 8 B 1T (NanoDrop2000, & [E)
B R B B Uk R AT R, SRS A
gDNA wiper [ HIScript® Q Select RT SuperMix for
qPCR i 7 & (Vazyme) & il cDNA, 7£—20 °C {4
.

1.5 fAXEREHR qRT-PCR 7747

i 2 qRT-PCR J7 32 A5 0 i 26 28 e 2 A s
KR FE N T IR B, qRT-PCR K & A
20 uL: 7K 6 uL, L TFUEGI44 0.5 ul, SYBR i
10 uL, cDNA ##z 3 uL, SI¥FEHE M W2 1.
qRT-PCR 272 [ UltraSTBR Mixture (Vazyme
), m ) BRI, ROV TE gTOWERS touch3
9t E B PCRAX A R 47, Horp 40 3% BE X M -
actin NS EER AT 3 RE R, RNREF: 95°C
A PE 308, 95°C 10s, 60°C30s, JFREDL
a5, EaEmiLmiEs Wee 2, fH
27 R IR B AR X Rk i

1.6 FFRRAATMOIERSERN

pog Rl ke ne = IR A R 1A e = L0
ErE AL AL, SER B Oy sk AT AR . B
PR T5 ¥ o R 4B 1Y I E 21 20 o 4 2 R A 7
ST, 4 °C 4T, 8000xg & > 30 min,
B 200 pL b 3590 3 96 FLA Y, I H B bR ARG
T 404 nm Kb G .
1.7 BTBEZEZR Fe 2=

AR P I R Y I R R v AR AR T M 1 i 2T
HAMAAL, AR E AR S B2
F, LT E A 2T 2 N A AR BT BRIB0NE B Fe
HEAH LU Ry itk — 25 A I AR 2 2 Fe 14 7%
g, ASHF SR AL UG IR R B (B SK R
YA RRA T, T ED) ST B ARSI Ty i
Fiz B A Ul B B A T
1.8 ZHZRF LI 4m 18 4

Rk — R AR K S, AR
I 2104 O RE L 2L 3 /R . SEae il T
TE S5 2 TF R 4H 2R I 8 (MDA), Jig it i
ALY (LPO). B-F:ZLWE 1T B (B-GAL) Fl caspase 3
() B 1 o BT A R R I TR SR A
VIR A BR 2w, W Jr k4 BOAR & BT
AT o
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Tab.1 Primers used in the experiments

514 R 5

primers sequence
GcTf-RT-F AGTTACTATGTCGTGGCGGTTG
GcTf-RT-R ATCCAGCGTTGCGGTTCA
GcTfR1-RT-F GATGATGAAATGGAGGCTAACG
GcTfR1-RT-R GGCAATGACAAATCCGCAG
Gcferrintin-RT-F TCCTGTGCTTCGTGCGTGT
Gcferrintin-RT-R ACCTTCAGTCCGTCCTCGTG

GcHepcidin-RT-F
GcHepcidin-RT-R
GcFPN1-RT-F
GcFPN1-RT-R
GcDMT1-RT-F
GcDMT1-RT-R
GcCAT-RT-F
GcCAT-RT-R
GcSOD-RT-F
GcSOD-RT-R
GcGSH-RT-F
GcGSH-RT-R
GcIL6-RT-F
GcIL6-RT-R
GcTNFa-RT-F
GcTNFa-RT-R
Gceceaspase3-RT-F
Gcceaspase3-RT-R
Gccaspase8-RT-F
Gcecaspase8-RT-R
Gcceaspase9-RT-F
Gcecaspase9-RT-R
GcIL-1B-F
GclIL-1B-R
GcIL8-F

GcIL8-R
p-actin-F
f-actin-R
GcIL-10-F
GclL-10-R
GcIL-4-F
GclL-4-R
GcHap-F

GcHap-R

TGAAACACCACAGCAGAACGA
CAGCCTTTGTTACGACAGCAGTT
ACTCTTCGCTGGCGTCATTG
TGGATTTGGTGCGAGGATGA
TTCTCATTGACGAACAGCCAG
CAAAGGAAAAGAGCCACGGAT
GCCATCTCCAACGGCAACTT
CCAGACCTTAGTCAAATCAAACGG
TCCGCACTTCAACCCTTACAG
ACTTTCCTCATTGCCTCCCTT
AGGAGTTCCGAGATGTTGGATTC
GTCTCCATTCACATCCACCTTCT
ACAGCAGAATGGGGGAGTTATC
CTCGCAGAGTCTTGACATCCTT
GCTGCTGTCTGCTTCACGC
AGCCTGGTCCTGGTTCACTCT
GCATCATCATCAACAACAAA
GACTGAGCATCACACAAACA
GTTTCTGTGCATGGACCTGATTC
CAGCTCTCTTTCCACTTCCTCTT
GTGGGATAGATGACCAGATGGAC
AGACATAGCCTGGAAAGGTTGAG
GTGTCTGGCCATTTCCAAGAGTA
GGTGTTGAGAGTTTCAGTGACCT
GAGTCTTAGAGGTCTGGGTG
CAGGTTAAAATATTGTGCAT
ACCCACACCGTGCCCATCTA
CGGACAATTTCTCTTTCGGCTG
CCCTTTGAGTTTGCCACCA
CAGCCATCATCCAATCCAC
AATAGGGATCAACGAGAA
TGAATGGTTATGTAGGGT
CTCTCTGTGGCTGTGCTGCT
TCAGTACCCAGCGCTGCGCT
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1.9 HIESH

S50 A 341 LV B (B 65 1 22 (mean+SD) %
N (n=6), b FEMEZE R0 R A SPSS 26.0 #AF Y
AR E )T 25387 (One-Way ANOVA), P<0.05 25
B3, P<001l NESWEE ., X% EH Gra-
phpad prism 6 KA AT/ER .

2 gER

2.1 RACESTIMAE B X AT AR RIS 0

SHANAAR GRS L5 X BT IE 2 4L R
NS R N SN R 0 B e I RO A
Ho it HE Qe @A B, BEE TE ST E A FE K,
JH I ZH 20 s BB ) 40 s 0 A CR T k),
IF BA 4R B (B 1 U AFIE
B R2BUE O, Ead RS LR OB, N
MEEAE, WA P T e RE, &£
I FEE 2 2 e g k5 i 53 n (Bi)

2.2 {FPCESTI L] E B H0E BT B 5 #k X5 AR
RERBFIX

PR PN T S S B TR gk = R
B, OO TGS 2 T I b kAR 15 A G 3
R 63k o AR SIE I3 3 7 ' o # PCR 5 76 A6
TR A C I g ik o A5 R, AT M
AEMAR, ZWERE FHREEN 1 RLG
(DMT1) 76 7 4 12 h J5 i 2 388 hn (P<0.01), {H
JETE 96 h J5 [ B IE % KF- (Bl 1-a), FERERR
FIRHLTE 12 F1 96 h i 3 T I (P<0.05, [l 1-b);
ERRE A ARTETE S 12 h BEERS N, MiAE 24 h
e 535 T R (P<0.01), At I ] 5 A2 A A i3
(Bl 1-c); BB M RIKKT-AE 12 h il B2 T I

(P<0.01, K&l 1-d); BEEkEZiZE 1 1 (FPN1) BY3RIA
HIE 120 B2 EIE, 96 h #2 1B3 T % (P<0.01,
K 1-e), BIAE (B 1-0) MfhERE M (K 1-g) B E
TR T SIS R A B ) A R R AR

2.3 R X AT AR B9 #2 A

Ry i — 25 WF G AR P I T A R, S
0 38 AoV S 2R R R B LR P i A S R B
CES AR, R4 2 rb BB A A s v
PEFIA e ik (R @), BEERHRER T2,
FIEF, {324 5, v LLBH S 7 200 b B0k
AN MR TE R, e 48 F1 96 h B B K& /b s
W ELEHT ) I v 0 4k i FR 58 A Bl 5 S ef
Vi) B K TG 3 0 (18] 2-2) 0 S50 U A I T AR
Je . FREAL S i 21 8 Rk B T i AR b
oL, SRR, RN, e Y
I 41 86 A i 2 38 (P<0.01, &l 2-a), [F] A&k
B R Y (P<0.01, 4] 2-b),

2.4 KA IEGE BT BE A SRR AR X B E A
wiE

A PR R ik R Y Il 41 AR A
IEALZLrp () B R R A R B DR AE I
WEH o O TR IR N IR A 2 B T Ak
AR A DG 56 i Gk o AR IF Y I O POk =
PCR J7 LKl T AR A G B I iy ik o 4521
KI, DMTI EVEST 12 F1 24 h G 9 Rk 2
FE R (P<0.01), fHJE7E 48 h 5 8] 3] 1 3 K F
(K 3-a), HHEAMERIREAE 12, 24 M1 96 h i
= LA (K 3-b); R A2 AR Rk R S
12 F1 24 h #% @ 3588 00 (P<0.01), T 7E 48 h J5 & T
PR B IE H K (B 3-0); B Y Rk K F- 78

50 pum

ElhR APREST ML E B A AT AR ARG

I~5. HE % ft, 3% m 0. 120 24, 48 F196h; 6~10. G L Getn, 435K R 0. 12, 24, 48F196h, FH

Plate Effects of in vivo hemoglobin injection on the liver

1-5. H.E stain, represents 0, 12, 24, 48 and 96 h, respectively; 6-10. Prussian blue, represents 0, 12, 24, 48 and 96 h, respectively, the same below
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T i i
5 4 5 16 5 25
i 8 3 5 1.2 g § 2.0
X 2 X 2 K2 15
RE 2 ®E 08 ®E
-’r;{ 1% = X - X 1.0
(5 = o = o
55?1 |—I—|5£§0.4 Eg0.5|_|
E 0 E 0 E o
8 12 24 48 92 8 12 24 48 8 12 24 48 96
i 18] /h B 18] /h B T8 /h
time time time
(@ (b) (©
T T T
2 2.0 2 207 ok Z 10
S 15 8 15} s 8
P P X2 4
®E 10 ®E 1.0 trE ®E
= X = X o X 4
= o = o = o
g o g ol g o
g 12 24 48 96 g 0 12 24 48 g 12 24 48
i [H] /h B[] /h B[] /h
time time time
() (e) ®

k% jalal

N W A

FHXS B &
relative expression level

0 12 24 48 96
I

time
(8
E1 FSmMaEBRFRELAPSERRHEXERNETRIEER

(@ “HrE&mETHREEA L O REEER, (RFBEAZKL (BREA, (o BHKKZEA L OHKHR, (o MkEA,
3. * P<0.05, ** P<0.01, T

Fig. 1 Expression of iron metabolism-related genes in liver after hemoglobin injection
(a) DMT1, (b) Tf, (¢) TfR1, (d) Ferritin, (e) FPN1, (f) hepcidin, (g) Hap, the same as Fig.3. *. P<0.05, **. P<0.01, the same below

12~48 h 1 8. T i (P<0.01, [&l 3-d); JE4kitiz i R N F 1 ik, Hrf TNF-o b % B[] 4E K i
B 1 (FPNL) (Y RIXEAE 12 F1 24 h il 2 T 35 (&l 4-a), IL-1B (K] 4-b) FI IL-6 (1] 4-e) TETE
(P<0.01), 48 hiKE BIIEH AKF- (B 3-e), BME  H 2h/FiksmmgE, ZFEHEMR. [,
(I BB T1E 48 h KR 022 4k, HAhYy AN i B 280 7M1 12-10 (& 4-0) AL
FiRFEEP<0.01, E3-hH, MEEA ®3-9n AL T IL-4 (K] 4-c) F IL-8 (1] 4-d) BYRIKKF-.

RIBRLETEANE 1200035 BRI (P00 6 ppyth i 51 42 FFAE G IR AR T
2.5 (RAH IRE BT B 2H 48 Hh K FE [ F RY RIK BB UG TE R I 2T TR A A A 5 AL

Pul =
Skt — A ST AR P X 2 2R B S s R AL, S T IS A A P LS R
AHEFTREI T S 2R MR AL 0h RAE R R Y I 20 8 E O R A 52, A RIS I E T T
TR . FREERE s, EHEBET LR SR MG R 2y R R S A
FUEG TNF-o (8] 4-a), IL-15 (K 4-b) FIIL-6 (Kl 4-e)  &im. Z5R s, EHRBAFIEHL P A
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4r *x
=
i
>N o 3|
B g
R
;FHH 3
W © 'T T
§ 8 1
2
0 i i i i
0 12 24 48
I 8] /h
time
(b)
E 2

(2)

S ) S0um 3 50 um 4 50 pm s
7 50 um g 50um 9 50 um 10

4 ¢
= sk
€3 T
0.0 ok
I e
1S 2 T -
25 L
=]
SR
o
=9
O 1 1 1
0 12 24 48
B 18] /h
time
©

R PE ST & B e Xt BT AR 4B 4R B9 R 0

(@ HE 0T & LERO, (b)) MAHEATELAER, (o %kE T REAER

Fig.2 Effects of in vivo hydrazinobenzene injection on the liver

(a) H.E and Prussian blue stain, (b) heme content detection, (c) Fe content detection

RN R B A A Y B B E A (K] 5-a, ),
(]I AGI 1 A v B-2 FLBE R 0 & B RO, 45
SR, PR DY S AR G T B L
B 09 & i (P<0.01, &l 5-c), [iRZRKM,
Tk Y 1212 12 T W HE I 4 23 A
T 4800 05 19 45 R 25 ) = S04 240 B o o 1 38
I, R A I 5 A A T O T A G R PR Y 3R Gk
(RS E ST i PO 4 SRR -4 S B S L
caspase8 . caspase9 Fll caspase3 [1)FiE/KF- (& 5-d~
Do R itf— 2L ARGT AR Y IR O T 0 5
ARG T caspase3 FREEIG M, Kl 2h B
N, SRS, FFHE caspase3 )G PR
FHm (P<0.01, K 5-g).

27 HARHIMBGERFEREX RS

H1 S0 5 R 3R S BOULA AR 4 B [ i, L
PRAE A3 2o G B B0 B AR A R G LAY B AL
Yro D91 BRTEUR PN H I A 2 0 T A Y
VLR R G, SCRA I T E A T A AL

K P2 % 2 32 /) sponsored by China Society of Fisheries

A5 88 A Y B A A8 e T KR A A e =
fitg, R OUEE R R, R R LT
SOD(# 6-a). GSH(/A 6-b)Fl CAT(I# 6-¢c) 1) 3 ik
IRV o ASBEFEHE— 20 R BT, DY R Y
ST PR Y I 21 8 AT DSOS IR 2 2 B
ARG, DERrHUIAR OB T4 .

3 g

2140 fifd (red blood cells, RBCs) 4% f4) 18 1, %
A 50Ul 40 B %) 20 B A L o L B A R 2T 2
MLE A MR, k) Iz AR iE
BEEN T H, MERRAMIRA, Figki
LY L2 2 5 RSE R iR,
Z HHUARAMA 2R G i IR 45 . 20 T Y A e R0 G
N £ 7 3 LV IV 1 D0 20 [ s A 1
FEAEAN A%, 1R TT M0 R 45 A U RIS
A A BT BA B 5 v & B, R A P 2140 M AE A
—Legifa gy, JF BT IS S5H0R g™, Tl £
% 1 (hemoglobin, Hb) 2 £1 41 Jf M W 1 J 4 45 74
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T T T
5 25 . 5 25 . 5 3
g § 20 = i § 20} i §
ﬁﬁLS ﬁ%lﬁ. ﬁﬁz
= = =
z £ 10 =5 10 ' 51
E o 05 r] T2 05y e r]
g oWl Il Il 1), R E 0
g 0 12 24 48 96 g 0 12 24 48 g 12 24 48
i (8] /h i 8] /h i T8 /h
time time time
(@) (b) (©
5 15 ERE 2 10 .
T BE o, s ®
Kz L0 IrL Wg - K2 6 v
jag=S r g} - Re ,
=505 F] =5 05 F] [W =3 -
= o = o =9 2
= o ok = =
E 0 . . — 1 E 0 . E 0 |a_| F-T .
g 0 12 24 48 96 g 0 12 24 48 g 0 12 24 48 96
i) /h i 8] /h F 8] /h
time time time
(d) ©) €3]
25
2.0

@%ﬂmﬂﬁ

FHX B &
relative expression level

12 24 48 96

B[] /h
time

€))

B3 CESEMEMEARTHKAHEEXERNRERER

Fig. 3 Expression of iron metabolism-related genes in liver after hydrazinobenzene injection

R, JEH 2 5k a FEERE I 2 KEE (141 BEETR)
12 4% BFRERER 1 £ IKEBE (146 ZIEMR) #4 LAY 1Y
RAIRGER (00B,), B I — A BR 8 (A AL
SLEP ML S A0 TE Y 96% LA L,
BT ZLg M b e R b s Akl , b i Ak
YEAREE . o AL E R . A IR AR
FgaF, PG, 78 IE & A B OO T B AR 3 7 4 i
AT AS B A A 0, 22 /0 o 1% 21 240 i IR Tl 1)
I 218 (A M, S fih B A A I
ARG HEASHERENR, 2 tEmE
M NE SRS, EREAMMITRL S
EAEGYESENYFEEZEEFE, 2T
JAREZ L E: JachL =P QN O 81 RN = = e -2 % N i
AMB P R i 2 A2 ROS (AR R B, 51k g0
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R R TR IR O N W B B VR = < s Q)
MmAEWEE™, SAUERY, L E A7 AR
BEZHEMAE, NARES HES S5 EMA
PAAE R, (R sh AT LS i 3 40 I ) AR J
N 7= A R BT, BeAh Ui ES Y I AT R A I
ARl BN SRR (S I i €l R N A SN TR N
T IR L 25 5 B 240 i A1k 4 45 R0 AR R TR
TEEOHAT, T4 RME R 5 L&
S 05 VR B AR OG e Bk U0 AR A i
(sickle cell disease, SCD). |F HL AU 1l M R 75 5 25
&1 (atypical hemolytic uremic syndrome, aHUS) LA
K B P M R I 4T 25 11 )R (paroxysmal nocturnal
Hemoglobinuria, PNH) 5> [6]#E, 225 40 5 ok,
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Fig. 4 Hemolysis activating the expression of inflammatory cytokines in liver
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Fig. 5 Hemolysis causing oxidative damage and apoptosis of liver in C. idella

(d) expression of caspase8, (¢) expression of caspase9, (f) expression of caspase3, (g) Caspase3 enzyme activity detection

I 4T 86 [ W] L3 3 PI3K 3 K 0% N Ui 48 0 I
IR, Bk Z MR RN, makEan] bl
2 0 2R RE - 1 Rk B, Y LR R E
KA, Waxt gl i i mifEH, b
TR A L AR AE PR TR OGS R I R A
B, AWEGE RO T S O8RS T E Hh 2 R R RE
FHOCHE R R 3k, BFoR 3R il mT D S 25 BT
JF JUE 40 21 iR AR 8 I T~ (TNF-a, IL-14 F IL-6), 41
RHF IL-10 Tk L R F (TIL-4 T IL-8) 1) 323k 7K
o AR S5 A K4 i FL 3 W I SR AL Y
SERAH B0, U B AR B R Y I T 2R

https://www.china-fishery.cn

S [38-41]

P T AR ML 5 RE AH DG L R A 25k
I AL AAEETALUh, BT
R A, 5 RA SR RN, il k&
TR JF s R R RN, R BT B g
it AL R BT, R R AR B, X2
2138 B8R R R, e, AR5
[F) A G 01 o S X 20 4 SRR 4
sz, Z5R IR, SR BEA T MDA LPO
DL K B-GAL & i 34 W23, MRl 20 i
ISR T, A o A A T R R A
EREARG, SR BN, Fakiiin, 2

o E K P2 2 320 sponsored by China Society of Fisheries


https://www.china-fishery.cn

114 FEAR, M w0 R PO I xR AR B A% B AL 1895
T T T
5 25 e 5 4 . B 25
i § 20 8 3 g § 2.0 *
KELS ﬁ@z ﬁ%LS *
= % 1.0 = %‘ = % 1.0
=z 2 05 I—:EI =z 2 I'"I z 2 05
2 0 = 20
2 12 24 48 = 12 24 48 = 0 12 24 48 96
5 8] /h Ff 8] /h i 8] /h
time time time
(@) (b) (©)
Ee E&AALMBGETHFEALFHMNELRES

(a) SOD Fik7/KF, (b) GSH, (c) CAT

Fig. 6 Hemolysis in C. idella activating the antioxidant system in liver
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Mechanism of liver oxidative damage induced by
hemolysis in grass carp (Ctenopharyngodon idella)

QIN Zhendong, LU Zhijie, YANG Minxuan, HUANG Yao, ZHAN Fanbin, LI Yanan,
SHI Fei, CHEN Shaojun, LIJun, LINLi"

(Guangdong Provincial Water Environment and Aquatic Products Security Engineering Technology Research Center,
Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding, College of Animal Sciences and Technology,
Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China)

Abstract: A variety of bacterial or viral diseases usually cause massive hemolysis in fish, and release a large
amount of cytotoxic hemoglobin into the tissues. However, the damage mechanism of hemolysis to fish tissues is
still not well known. Therefore, to explore the damage mechanism of hemolysis in fish to the tissues, Ctenopharyn-
godon idella was used to systematically study the damage mechanism of hemolysis to the liver. Firstly, the hemo-
globin was injected into the C. idella, hematoxylin eosin (H.E) staining assay results showed that injection of
hemoglobin caused the dead cells to increase obviously in liver, and Prussian blue staining revealed that more iron
deposited in liver. Quantitative real-time PCR (qRT-PCR) detection results showed that the injection of hemo-
globin activated the expression of iron metabolism related genes. In order to further explore the damage of hemo-
lysis to the liver, we injected phenylhydrazine into C. idella, H.E and Prussian blue staining results showed that the
hemolysis caused the liver cell necrosis and iron deposits to increase, and the content of hemoglobin and iron in the
liver all significantly increased with time. Furthermore, the increase of iron also activated the expression of iron
metabolism related genes. Then, we detected the expression of inflammatory cytokines in liver after the injection
of phenylhydrazine, and qRT-PCR results showed that high dose of hemoglobin activated the expression of vari-
ous cytokines, such as pro-inflammatory cytokines TNF-a, IL-1f and IL-6, anti-inflammatory cytokines /L-10, and
chemokines /L-4 and /L-8. In order to further explore the oxidation damage of hemoglobin in liver, we tested the
content of malondialdehyde (MDA) and lipid peroxide (LPO) and P - galactose glucoside enzyme in liver, and the
results showed that the hemolysis significantly increased liver oxidative damage effect, at the same time, the qRT-
PCR and enzyme activity test results revealed that the oxidative damage of hemolysis induced the occurrence of
liver cell apoptosis. Finally, we also examined the expression of antioxidant enzymes in liver, and the results
showed that in vivo hemolysis significantly activated the antioxidant system in liver. In conclusion, the present
study revealed that massive hemorrhage in fish released the high oxidative activity of hemoglobin which activated
the occurrence of inflammation, oxidative damage and apoptosis in liver, and simultaneously up-regulated the
expression of antioxidant system. The results of this study will enrich the blood immunology of fish, and also

provide theoretical reference for the healthy culture of C. idella.
Key words: Ctenopharyngodon idella; oxidative damage; hemoglobin; hemolysis
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