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qRT-PCR % L ¥, tfv dmtl. hepcidin. fpn 1 ncoad X H Kk E 2% LR, T Rl o fer-
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EE, R AR AR K 2 keaplas nrf2 Foho-1 kB EE L. (450 ] AR NK
HKRUARTRHEE AR A FZIL. ALY EFIARER L. ARER N EAKR
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¥ i 50 %

i -OH REME 55 20 b 5t JIE v 114) 22 N4 I 77 1R S
N, A pAg S AR, A SRR ST
HA

55 DNABKE | LR ARG . 40
AR R0 A S AR B, 38 Bl ) e BE B A
A LAE S A% 387, A T AR X R 55K,
PR — 3 2 R AR R Uk . —FE A
TN, Ty — O I B b B
2 1 AT 21 40 i R 90%~95% (R 8k, 5 A Bl ik
A7 02k 7 2Ll LR R A T R, LASEIR
IEH R . A B2 S BB
B, KNEE . R (S5 & AR ).
B AF (5 2 A7 A6 T I R0 S 5 200 ) LA R B A
THEC 1O RTLAARERA A) E RE k 32 B DA al £T R A
e L B AIE A . Hop, JEMa Rk
(Fe™) TERE W 2 mir e 22 i i -+ — 48 I i 4 i
{1, % B(DCYTB) it J5i ol Fe*', SRIG1E M 4@ i
i [ (DMTL) 35 Bh T §%is 2060 25", 2
KGR R G Fe™ 290 W 4k AL B (HP) F4 5 2
AL Fe'', 5HERE N (TD 456 T8 iU 2k
Hai A ek, BEE NS AU SHEEAZIK
(TR1) 254, MHAME A0/ . 1A 20 i 59 2k ph
4 JEIL IR (STEAP3) i J5i-h Fe*', #orakith ALk
WiRS 58N, 57— RE A BB
KEEGfr, A —EB/r i kL2 85 H (FPN1)
HEH AN, MR A B AR, RNk
HU R LR E NN A Ee ), AR R
F145 &4 (NTBI), NTBI H & 45 S Ak i J5 36 M al
Ay, BIOREESE PRI 8k (LPI), LPIZS5) #4141k
W, SRR TR A B RO . i Bk A
JL B4 2 T BB P AN B Bkt (LIP), NI | A& 25
R, PR A (ROS), 7 H N AT RE- 53
Y ERIET -,

BRI (Hepeidin) S 2R L, E
M E AR PIEK, EELEAE S
R A4 MY, Hepeidin 38 1< 4 FF AL ) 5 0 — A9 2k
W& E (FPND) A EAEH . —JZFH K FPN1 9 4h
BRI, %S FPNL WO N A MR AR, &
5 20N P9 Bk R R, AT DD R PN Ak B A0 A
7, Hepeidin 5% FH s 2 3 804 S Sk fH
TR LT M AR i, T 4 B ik A ik ol 2k i 2 3
() JC A5 A ROR Y o PRI I AR T 2L
B IR A . G A R PR GERE ., 2
MR AL T #kad ARSI, FFIEA B Hepeidin (5
B, I B R A2 B T RE, R Ik

TEAEW D, R TFIE ERWREAT T, K
SRR A4S A B L NTBI P JE 208l I s
W, JERLERTTRR , Tk iy AR 2R 00 AT e 5 | R AR
A

¥ Af (Ctenopharyngodon idella) J&=F E H B
ROKFRFE A, H7 B K I Js T IR K a7
ZH. REFESONE HIBRME, ST
PR AR S s ARRE, DR R R Bk R
I8 R0 20 A R ) B2 R TRIR
PR AT X e AR K R A B A0 VR A ST 5
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1.1 SEIG#hH

S et [ EE R AR A F; B
MRk F o ERME Z B R EOEHA BRA ] A
2 £k #% (III)(FAC). DCFH-DA i H 3% [& Sigma-
Aldrich A w5 M199 $577 50 FH 3£ 8 Gibeo 24 A 5
G417 (FBS) 3 H 35 Cytiva 23 H; FeRhoNox-
1 g F A4 GORYO Chemical /A7) ; 4% £ HI
H 2£ [# Biosharp Life Sciences /A Fl .

1.2 SCIEXHR

Al 4 £ [(50.0£5.0) g, (17.0£0.5) cm)] 14 H
RS MY, SLEHT, WAk iR AR
WK FE R, 7 (29+1.0) C HIRE Y9Ik 2
oAbl 34, H4 9. & DRk
VB HAR A SRR, A A5 A S AN ) e B
B IR Rk (0. 400, 800 mg/kg) (9 H AR, 43 5i%t
NAK . . BRI . RS, fE IR
2 60 d B R MLV AT EEAE ff o SE g0k A8 AR
NG A BESF S0 sh e B , 4 IR AR Ak
Mp T AR Be s W B 2 Be AR B 22 D 2 il 1 BE 3
AT -

1.3 EKMEsE

O R A PR EE ARG, O A R
(WGR). %54 K% (SGR). K & 4E K F (LGR)
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WGR(%) = (W,—Wo)/Wox100%
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5556 ¢ RIRTE (g); Lo MWIIRIRK (em), L, M5E
I8 ¢t RIIAKRK (cm).

1.4 ALOZFIYE

T SR R ka2 ) A A SR, )
S 0. 400, 800 mg/kg 4 R AERFEHLL, IF
i 4% ZRHPBEFE 2D 12h, MG, %K2EHER
AR AT BR S TR AT A A R LA R S AKS 2T
(H.E) Yoo, 75 Wise T WS AT 4l 4R 254 A8 1k
&80, 18 Adobe Ilustrator #4445 345045 o

1.5 4P AFNLAAELE 7

A0 JTF A M 18824 F A v Al K2 i A [
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T 5% 3 F1 100 pmol/L £ 75 2K 1 M199 35 57 H K
3%, HET A 5% CO, 128 C 3746,

1.6 /= RNA ZEXAISERTR A E= PCR 347

AR SYBR 52 I} 25 5 5t PCR i 57 & 15 B
B (st MERE AR MR e A BR A |, i e
T S SR A Tl X S N (QRT-PCR) A6 i Fr WA 4
i A R IR DL, FH 2, 7E 12 LA
I RIG R0 18824 4L, 43 I HAS Rk BE %) FAC
(0. 250, 500 pumol/L) ZbBE 6 F1 12 h J5 Uk £ . Bé
J&i, i83d RNAiso ik 7 (TaKaRa, i) Mk B
(%) L8824 4 it A H M ZH 2L b 42 HUS RNA, ARSI
#1 mRNA 9 FR3K K MR i 1 i B (a2
o ME R AR BB A A BR A D), KRR IO B
RNA i %% 5% 5 cDNA, 235 X T 3% cDNA # 17
qRT-PCR 73#7. qRT-PCR fEFFFEF: 95 °C 5 min,
B J5 £ 4T 95°C 15 s F1 60 °C 30 s A 40 IKFE R .
i N E 3 NEE, UL pactin fE NS EEA
K2 AR MR R R 2 5

1.7 ZHHR Fe*'. = ROS R

230l FACHEE 5, Kl L8824 4il ity i) Fe™
1 ROS /K, £ 455 ROS. i it 48 1k Fn £k ki
& ROS. 4 18824 4 il (4x10° 4~ /mL) % T 6
L, W EEFR, ZJE 50 H FAC (0. 250,
500 umol/L) S & 6 Al 12 h, i 7 ¢4 4 DCFH-

DA 1 FeRhoNox-1 M# 5 30 min, Jf3 1 %¢ 6 B ik
BEID A 58T Imagel #4450 B 96t i
Bt MG B Y5 e B

1.8 BT

{i /i GraphPad Prism 8.1 11 SPSS 17.0 %X {4 %}
Bdla AT B R J7 22 5301 (ANOVA), iR B i AR
RT3 TR AME

2 4R

21 HIRPESDERIT KGN E S+ KMERE
FORT A AO S0

SRR FEAS TR e B R Sk ko A A K R 5
Wi, FEFAMERESE 60 d J5, 0 R AR IR FIA K,
o3 T 45 A AR LB 45 A Y WGR . SGR Al
LGR. kv J82 21 1 v 0 v B 4 5 I Ak ok 32 4L A
Ft, WGR il SGR %4 i &Mk, (HEdkukE
ZH Y LGR ' #F &K (P < 0.05) (K 1), H.E YL {4
R, RERHR R A Y S A I 25 P e i, A
HESA s Rk BRI 4 B i = i (b PR 42
T e VA B 2 1 200 B 2 v AL B J i ™ 8, P
AR Z 2 BB (BT ).

22 EREE DRSS S 6 R R IR
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MiE% & & SERE S 1 (TIBC) FIZL 40 il AR
(PCV) BYZEAL, B AS I T I 375 0 FFF I %) A 5
Wit tabs LY A L BRI . SR B, BARIMTE
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(1% 2-a), TIBC K& SRR 1 fin e ETHE R
R, FLS5 ARk MR B A0 e 25 S0 3% (P < 0.01,
&l 2-b), PCV 7F i e B 415 ARk vk i 2 A7 TR A
WEZES (P<0.01), 17 H M B2 0 TG b 3 1k 2
5 (P>0.05, ¥ 2-c), Kl 2-d~f 7, B HART
BB TR, I R B Sk T
(MDA) & i B A%, AN 2 (ALT) FI4 5
A (AST) BTG PEN 2 2 T+ (P< 0.01), w4k
W B 2 MY i AL AU (CAT) LA e H IR 41
LY (GPX4) T PR W3 T+ (P< 0.01), T
BRI R LT (B 22 5% (P> 0.05)(FE] 2-g~h)., Fifi
F H AR DRk S B, A
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Fig. 1 Effect of feeding ferrous fumarate on the growth performance of C. idella
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Plate [ Effect of feeding ferrous fumarate on

histology in liver of C. idella

1. low iron group, 2. medium iron group, 3. high iron group. The red

arrow indicates a vacuolated cell.
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FTHE (P <0.01) (B 2-m~n),

. low iron group, 2. medium iron group, 3. high iron group, the same as Fig.2 and Fig.3. *. P<<0.05, **. P<{0.01, ns. P>0.05, the same below.
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Fig. 2 Effects of ferros fumarate on serum (a-h) and livers (i-n) of C. idella
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antioxidant (f-j) in liver of C. idella
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1 1] ERS, %

YRR AR I 355 5 A A 452 4 L

50 %

— 2RI T AHOC I AL I R G SRR . 25 R
A, B A B2 M C I F (). I0ET 25 0 4 -
1(ho-1) Fll gpx4 B mRNA %% 5% /K ¥ Fifi 25 2k ik B 1)
TR 2% B (P<0.01, & 3-h~j),

2.4 INERIEY FAC 5|2 4 B gk 2 H BUE
K E 18 B

R A 4 7 ek 2 R B A A0 A R 5 L
i, & 250 F1 500 pmol/L 1) FAC 43 ) 4b B #5 f1
JHF- 41 Bt (1L8824) 6 A1 12 h, fii i} FeRhoNox-1 X 4
MIEAT et )5, 3 P O BB g, IR
ImageJ B 55 L ) - 3 e it JE AT 40 AT o ¢
Hortras R R, FACALEE 6 fl12h 5, 40X
B R BN (P<0.01, FIRLI, & 4-a,c),
IAh, KA qRT-PCR 4 FAC 4b ¥ 18824 4 fifl
6 M1 12 h J& RAEAH I K ) mRNA 587K, 76
W 6 h 5, tnf-a B sE KT Bl 2 40 Tk BE B 384 n
W EE FH (P<0.01); nfxb F perk 5% 5%
JKFH 2 R (P< 0.01); p65 Fl p38-mapk 1E
250 pmol/L 2k PRI} & 2 T 34, {H 7500 pmol/L it
JC B F AL (P> 0.05); o4 R IR i R Ak
(P> 0.05) (K] 4-b), AbEE 12 h /)5, iXELILEHM

m( pmol/L =250 pmol/L =500 pmol/L

100 um 1 100 um

100 um

ElhR 11

100 pm

RINAELRE FAC 3 L8824 4RAf

R 2R
1. 6 hoxF HRZHL 20 i ¢ 6 BB, 248 A 250 pmol/L FAC % & 18824 4
6 h 555, 348 500 umol/L FAC W % L8824 4l 12 h
JEM s e g, 4.12 h ANk, 5.4 F 250 pmol/L
FAC % & L8824 4l 12 h 5 26 EI%, 6.8 F 500 pmol/L FAC
Ui L8824 4l 12 h J5 M2 e g, IR T,

Plate [I Effect of different concentrations of FAC on

iron content in L8824 cells
1. fluorescence images of control group cells at 6 h, 2. fluorescence
images of L8824 cells treated with 250 pmol/L FAC for 6 h, 3. fluores-
cence images of L8824 cells treated with 500 pmol/L FAC for 12 h,
4. fluorescence images of control group cells at 12 h, 5. fluorescence
images of L8824 cells treated with 250 umol/L FAC for 12 h, 6. fluores-
cence images of L8824 cells treated with 500 umol/L FAC for 12 h, the

same as Plate III.
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2ED w X :‘;‘.4 [ *x . ., EE 500 molL
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xg5 ¥ ZE |
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= . L] il (1L il .
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Con¥r50 W0 W )

©
4

RINAELRE FAC %f L8824 RSk & & F 4 AiE IR BB 2200

(@) ¥ H 6 h JG ML Fe 9 e BR HIF 90, (b) AR FAC % & L8824 4HMd 6 h J5 AN LK 1 mRNA KF, (¢) 1 H 12h 5
P Fe” 5 6 BRI 258 Sk 3R, (d) AR JE FAC % & 18824 41 12 h J5 4% JiE AH 5C 5 [ ) mRNA /K-F. 4. 0 pmol/L, 5. 250 pmol/L,

6. 500 umol/L, K5 .

Fig. 4 Effect of different concentrations of FAC on iron content and inflammatory pathways in L8824 cells

(a) average fluorescence intensity analysis of intracellular Fe** fluorescence images after incubation for 6 h, (b) mRNA levels of inflammatory related

genes in L8824 cells treated with FAC for 6 h, (c) average fluorescence intensity analysis of intracellular Fe** fluorescence images after incubation for 12 h,
(d) mRNA levels of inflammatory related genes in L8824 cells treated with FAC for 12 h. 4. 0 umol/L, 5. 250 pmol/L, 6. 500 pmol/L, the same as Fig.5.
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Fig. 5 Effects of different concentrations of FAC on oxidative stress of L8824 cells

(a) average fluorescence intensity analysis of intracellular ROS fluorescence images after incubation for 6 h, (b) mRNA levels of antioxidant related
genes in L8824 cells treated with FAC for 6 h, (c) average fluorescence intensity analysis of intracellular ROS fluorescence images after incubation for
12 h, (d) mRNA levels of antioxidant related genes in L8824 cells treated with FAC for 12 h.
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Mechanism of dietary iron overload inducing hepatocyte damage in
grass carp (Ctenopharyngodon idella)

HUANG Xiaoman, LINingjing, YANG Yan, SONG lJialing, TIAN Ye,
LINLi", QIN Zhendong "
(Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Farming,
Guangdong Engineering Technology Research Center for Water Environment and Aquatic Product Safety,
College of Animal Science & Technology, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China)

Abstract: Iron is an essential trace element in vertebrates, involved in critical biological processes like oxygen transport and
energy metabolism. This study focused on Ctenopharyngodon idella, investigating the damaging effects of dietary iron over-
load. Healthy C. idella weighing 50-80 g were fed a diet supplemented with 0, 400, and 800 mg/kg of ferrous fumarate for 60
days. Growth performance results indicated that excessive iron intake significantly reduced the fish's length growth rate. Iron
ion content analysis showed that ferrous fumarate supplementation significantly increased iron levels in serum and liver. ELISA
results indicated that dietary iron overload led to an increase in hematocrit, along with significantly elevated activities of ALT,
AST, and GPX4 in serum and liver. qRT-PCR results revealed that iron metabolism-related genes Tf, DMT1, Hepcidin, FPN,
and NCOA4 were significantly upregulated in the ferrous fumarate group, while TfR1 and Ferritin were significantly downreg-
ulated. Furthermore, antioxidant-related genes ho-1, gpx4, and nrf2 were significantly upregulated in the ferrous fumarate
group. In vitro experiments showed that FAC incubation of L8824 cells resulted in a significant increase in intracellular iron
and ROS; qRT-PCR analysis revealed significant increases in inflammatory genes p65, tnf-a, nf-kb, tir4, and p38-mapk, along
with significant rises in oxidative stress-related genes keapla, nrf2, and ho-1. In conclusion, this study suggests that dietary iron
overload leads to an imbalance in iron metabolism and oxidative stress in C. idella, accompanied by inflammatory responses,

providing a theoretical basis for understanding iron metabolism-related diseases and their prevention in C. idella.
Key words: Ctenopharyngodon idella; iron overload; iron metabolism; oxidative stress; inflammatory response
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