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I RERR > 5 H R B AR B At A 5CT,
B AR SR R T, B K AR B 5 R 1A 3k
(Megalobrama amblycephala) IT JE TN — [
(malondialdehyde, MDA)& w34, SEUFIEN
SR AR AT o 55— T D, #2ESk ORI 2
Yo & B ARSI IR AR R, A S e
HE K 1Y 35 M 4 (reactive oxygen species, ROS)
AP Bl B A B i s B ™ {HL: i BRI ROS
G 2 - SN 4 S WO E A R kA vl D=
PO RE IR . PR, 7Es SR A ) A (2
I, 820 Sk R ME 45 S 4 T RE S Z B AR
A 3 T 5 B 8 g 5 B PR R D RE A2 40

e 3 ) AR R s T B i AR A T RE Y IR
Yy s i f0 2R A AR E Y BUAAARE Oy, PR R
G546 5 T RE IE B AR B Sk 0 R A 0 R IR R
FARR Y. WLEE(myo-inositol, MI)J& — %
M4 R, W TR KA S ikl h Y A5
R, e rh BRI K B LR BE 8 12 7
8 (Cyprinus carpio var. jian)gfj ' E A1
B g B AR (Oreochromis niloticusxOreochromis
aureus) 1 " AREY(Carassius auratus gibelio)4)]
US4 . DRSERET, LR A
24y £ 1 02 A= AR AT RE 5 H 4 i fa 2R ALK S
EHAALRE A G, AR IR E A IR OK SR
SR U 2, [l I 2 B PR g K R T S
R ez B R, LR R AR A8 T T 4R
A8 S RIGLE BT EALBE T, B IR R KRR
R R Y Sk B RR U SR AL B i N TR, W
AT

AR 52 58 38 1o 25 56N R WL K S %o g oK AR
JIEL RT3 S A A I e S R I Y ROS B
NEm S Al . EE R PUALRETG . $T
SE A T (55 3508 270 SR A i ST 2R ) S A TR B2 AH O A
F2(NF-E2-related factor2, Nrf2)ZE4i & LK 1E
0 FmRNAR L | Nrf2ZE AR A, HR
JULTE X I8 7 =50 T 880 e £ Sk W R R U S A 4
D3 9 PR3P A T B A D7 =X, A Dy £ i
Fr5H B B 23 BRI MK RS SR R 4 BRI

1 MBS J5E

1.1 SEIEAERY

ARSI AT 53 R — A s e
SEH AR R DL L C R A S0 wi I A T

R LL ks | T 2R PR BH i by o AR U
Bt Ak, 9 43 0l 1) JE b ARDER TR 0 . 150.0.,
300.0. 450.0. 600.0F1750.0 mg/kgfLEE . AR
Clements¥E "B 5 s, T4 620 S 46 1R Rk Hp JUL R &5
HAMN27.0CK ). 137.9. 286.8, 438.6.
587.7F1737.3 mg/kg, LAl ALK S B FRIKF I
1,
1.2 [AFEE

S A DO 1AM K 2 2 8 SR 5T T K A
Y E SR T S M AT . A ] 25 48] 9 %
J&, 2B Zhou%E PO A 1y ik AT WL R AE v 52
B, G R IS LB ) S A AR 2 S L RS
BRI K S5 £ Ry (221.83+0.84) g 14 fit Jié v ) i £
54082, MEPLSr 21814, BAMAH30E, 4
o ) WA [] JUL TS 55 5 1) SE B DR, HEAT 1O B A=
KSR A IR A B S B S 56 5 i S A 9 A ST
P AL AT, B R AR 4R, S
1) AR A pH 2> I 4E 7 7 (27+2) °CHIT7.2+0.4, 57
B K AR IR i S >6 mg/L. A KL 45 d s, B4
Aob R B T AL B TR A f0 1S, R AR s v
B JE2.5%x10° CFU/mLAY g /K < AR TE 1.0 mL,
WEESK 14 d, RILIZERY, 200 5 1 1 5 5
R D AR B AT AT SR PR, RES R AR K
RN FEIEIE T, WL E, 1A
BE LSS S K SR A B A A S

1.3 #HmXE&E

WHELR ARG, S WAL A0
ST R HEATRE AR BRI BENLIE £R 1208 /0
Kepigy st , JEATARE . R, R
A A3 B S R VE IR PR, B P R
A VRS TR AR PR AR (80 O R AT FE I
L4 EUIERNE

ROS. MDA, [ 5 Bk 4 (PC) A 4 bt H K
(GSH) & =, 5 i S 1L ¥ 15 {L i (CuZn-SOD) |
5 A AL ) B AL B (Mn-SOD) | it & 1k & T
(CAT). AWt H ki S8 AL P (GPx) . 23 bk H Ik
A (GST) AR e H KA J5L il (GRS 1 1 o
Y12 BRI R 0 O ek AT .
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Tab.1 Composition and nutrients content of basal diet

TiH items T H/% content

J574}  ingredients

fafy  fish meal 10.97
B%H [ casein 20.39
HAME  gelatin 6.10
DL-FE&HR(99%) DL-Met 0.24
L-t4 & #(99%) L-Trp 0.06
il fish oil 2.37
KT soybean oil 1.81
o-JEH  a-starch 24.00
TKUERY  corn starch 22.65
A4EF  cellulose 5.00
Ca(H,P0,), 136
A4 R TREL  vitamin premix 1.00
TCEBURES  mineral premix 2.00
LAAHEEIBR(30%)  ethoxyquin 0.05
SALNHER(50%)  choline chloride 1.00
LB myo-inositol premix 1.00
EEERHEIF  nutrients content

HE A crude protein 30.73
HUIENT*  crude lipid 5.18
n-3° 1.04
n-6’ 0.96
¥ available phosphorus 0.40

e YEA R TR RN g/kg) LY 4EAE RABERREE (500 000 1U/g),
2.10; 4E42 3 D,(500 000 1U/g), 0.40; DL-a-2E & By EEELEE(50%),
12.58; #EAFKK(22.9%), 0.83; 4E4EEB,(1%), 0.94; DEMER
(2%), 0.75: WHR(95%), 0.42;: FHERHEZ(98%), 0.09; 4K CHE
FREE(95%), 4.31; MAR(99%), 4.04; D-IZHS (98%), 3.85; #%
HH(80%), 0.73; HEAZEB(98%), 0.62: HAEF L KER #b
EE] kg W YIC R BUREN(g/kg) B 5 MnSO,-H,0 (31.8% Mn),
2.659 0; MgS0,.H,0 (15.0% Mg), 200.000 0; FeSO,-H,0 (30.0%
Fe), 12.250 0; ZnSO,-H,O (34.5% Zn), 8.246 0; CuSO,-5H,0
(25.0% Cu), 0.956 0; KI (76.9% 1), 0.0650; Na,SeOs (44.7% Se),
0.016 8; HAMA AT KEMA R EL kgo WEETURE: FUREM
AR, BN & B S EIHE— 8. EARM
AR N SEMAE - ° n-3AIn-62 8 Zeng 25 G NRC" ST 5. 4
R S Wen % 5 NRC L BTG

Notes: ' per kilogram of vitamin premix (g/kg), retinyl acetate (500 000
1U/g), 2.10; cholecalciferol (500 000 IU/g), 0.40; D, L-a-tocopherol

acetate (50%), 12.58; menadione (22.9%), 0.83; cyanocobalamin (1%),
0.94; D-biotin (2%, 0.75; folic acid (95%), 0.42; thiamine nitrate (98%),

0.09; ascorhyl acetate (95%), 4.31; niacin (99%), 4.04; calcium-D-
pantothenate (98%), 3.85; riboflavin (80%), 0.73; pyridoxine
hydrochloride (98%), 0.62. All ingredients were diluted with corn sta-
rch to 1 kg. * per kilogram of mineral premix (g/kg): MnSO,-H,0
(31.8% Mn), 2.659 0; MgSO,-H,0 (15.0% Mg), 200.000 0; FeSO,-H,0
(30.0% Fe), 12.250 0; ZnSO,4-H,0 (34.5% Zn), 8.246 0; CuSO,-5H,0

(25.0% Cu), 0.956 0; KI (76.9% T), 0.065 0 g; Na,SeO3 (44.7% Se),

0.016 8. All ingredients were diluted with corn starch to 1 kg. * myo-
inositol premix: premix was added to obtain graded levels of myo-
inositol. * Crude protein and crude lipid contents were measured value.
* n-3 and n-6 contents were referenced to Zeng, et al''”, and calculated
according to NRC "*!. ® Available phosphorus content was referenced to

091 18]

Wenet al"”, and calculated according to NRC!
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PEBEp-actin y NS LN, 51 MY 84 &4 k2,
LA ki R 2 AT AT A, Bk Oy
% W Livak %>,

1.6 EBFTEME

K H Western Bloti il 5 Sk "B 1 J8LAIE 241 g 4%
Nrf22E 1 %35 . PR ESHE(Nrf2flLamin B) . k'
FRGE B P2 B . SDS-PAGEHLIK /3 B . HL
M. PUAREE . EZIRI S B R LisE R
AR T T . Lamin BLYNSE A,

1.7 BUEESH

SEBG R F O S bR i 22 %R, SR SPSS
18.01E 17 ¥ [H & J5 2243 H1 (One-Way ANOVA), I
25 5 Duncan QA X U T 2 E L, LIP<
0.05/F 0 22 5 B EKF- . S LISVWHE, H
YT LR A AT 0 A R v R £ L

2 4R

2.1 flEsxiPEKSBRMEESFNEEKAESR
S EFEREEXRG RInE NIRRT

W 7K A< PP T 3 S s A R e S B R A
ROS. PC K JiIE MDA & %t bifi 4] ek i L2 /K SF- Y
G AR (P<0.05),  H YRR LEE K P2
B N51438.6. 438.6. 438.6. 137.9£1286.8 mg/kg
mF, PR ILEE A, 22548 B3 P>
0.05)(#3). WLEE W % KRV K P E NS
AR E S EMDAS &, Y RHILEE K
587.7 mg/kgltt, kBN EAKIE(P<0.05), HE kL
7K V- 4286.8~737.3 mg/kghf, 4540 [A] 22 AN B
#(P>0.05).

I 7K A B ML TR O U A M B £ Sk GPx
GSTHIGRIE M, i CuZn-SOD, MnSOD. CAT,
GPx. GSTHIGRIE M LA I 3k B FIG T GSH & & bl
Tk b LT K S 2 i 2 2 4R R (P<0.05), HL
) e il K7 43 S S #1379k B GPx) .
286.8(3k "B GST). 286.8(Gk ¥ GR), 286.8( i
CuZn-SOD). 137.9(J&tEMn-SOD) ., 438.6(J4 Ik
CAT). 286.8(JilEGPx). 286.6(JEGST).
438.6(iIEGR) ., 286.8(3k B GSH)A1286.8(JIf i
GSH) mg/kgftf, #F— B8 miERINIEEKY-, 25
AN (P>0.05), LM I 35 4 a5 g /K AR T T
S E A= K ) % a3k B CuZn-SOD . Mn-SODAIl
CATIH M, Yk WLEE K P43 5 2 438.6. 737.3
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Tab.2 Real-time PCR primer sequences
AR s YA ikl %/ °C keeac
gene name primer sequence forward (5'—3") primer sequence reverse (5'—3') temperature accession no.
CuZn-SOD CGCACTTCAACCCTTACA ACTTTCCTCATTGCCTCC 61.5 GU901214
Mn-SOD ACGACCCAAGTCTCCCTA ACCCTGTGGTTCTCCTCC 60.4 GU218534
CAT GAAGTTCTACACCGATGAGG CCAGAAATCCCAAACCAT 58.7 FJ560431
GPxla GGGCTGGTTATTCTGGGC AGGCGATGTCATTCCTGTTC 61.5 EU828796
GPx1b TTTTGTCCTTGAAGTATGTCCGTC GGGTCGTTCATAAAGGGCATT 60.3 KT757315
GPx4a TACGCTGAGAGAGGTTTACACAT CTTTTCCATTGGGTTGTTCC 60.4 KU255598
GPx4b CTGGAGAAATACAGGGGTTACG CTCCTGCTTTCCGAACTGGT 60.3 KU255599
GSTP1 ACAGTTGCCCAAGTTCCAG CCTCACAGTCGTTTTTTCCA 59.3 KM112099
GSTP2 TGCCTTGAAGATTATGCTGG GCTGGCTTTTATTTCACCCT 59.3 KP125490
GSTO1 GGTGCTCAATGCCAAGGGAA CTCAAACGGGTCGGATGGAA 58.4 KT757314
GSTO2 CTGCTCCCATCAGACCCATTT TCTCCCCTTTTCTTGCCCATA 61.4 KU245630
GR GTGTCCAACTTCTCCTGTG ACTCTGGGGTCCAAAACG 59.4 7X854448
Nrf2 CTGGACGAGGAGACTGGA ATCTGTGGTAGGTGGAAC 62.5 KF733814
Keapla TTCCACGCCCTCCTCAA TGTACCCTCCCGCTATG 63.0 KF811013
Keaplb TCTGCTGTATGCGGTGGGC CTCCTCCATTCATCTTTCTCG 579 KJ729125
p-actin GGCTGTGCTGTCCCTGTA GGGCATAACCCTCGTAGAT 61.4 M25013

F1438.6 mg/kght, ABNHKME, HERILEKF
A3 4286.8~737.3 . 286.8~737.3F11137.9~737.3
mg/kghf, 4 A2 A8 B2 (P>0.05)(323).

22 B KSEREEFNEERKHES
KEMBRMECEBEABRXES T TEER
e 0EA o)

g 7K A T B U AR K A Sk B GPxla
GSTP2 mRNAJK V- Fifi f] Ak o JIL s 7K - 9 38 i i i
F LI (P<0.05), H M1pkt Al 7K 43 513 fin )
438.6F1286.8 mg/kght, #F— 2538 hn ek LA K
e, BEIKACH R B S A K R L GPxla
GSTP2 mRNAJKF 2 5 A i 3% (P>0.05) (& 1),
JUL P G 2 1 90 g KA B M R A R AR R £
B CuZn-SOD. Mn-SOD . CAT. GPx1b,
GPx4a. GPx4b. GSTP1. GSTO1. GSTO2.
GRFINr2 mRNAZK -, 24 LR K P43 5 A
438.6, 737.3. 737.3. 587.7. 737.3. 737.3.
587.7. 587.7. 587.7. 587.7. 737.3 mg/kght, ik
B iz KAH (P<0.05), H 1a Bk WLEE K S 5 5 K
286.8~737.3, 286.8~737.3, 286.8~737.3,
286.8~737.3. 438.6~737.3., 438.6~737.3 .

286.8~737.3, 286.8~737.3. 286.8~737.3. 286.8~
737.3., 286.8~737.3 mg/kghf, 440 %E %A LEH
(P>0.05), LES I =& T 9] W8 7K <50 0 71 v 3 5 A=
K A Sk W KeaplaflKeapl b mRNAJK - (P<
0.05), S1apkHIILEE K43 51 R 587.7F1737.3 mg/kg
IS B A, ELADEHILEE K43 1) 4 286.8~737.3
mg/kghf, &40 A 22 5 A8 B 3 (P>0.05),

I 7K A PP TR S IS A K R A I IE GRAN
Nrf2 mRNAZK V- B Gk v LS AP (4 38 fim i ik 2
L (P<0.05), H kLR K F 23 50 38 i 2]
286.8 mg/kgihf, FE— LA EHILEE K-, B K
SRR R A K R A I IEGR . Ni2 mRNA
K22 TR B3 (P>0.05)(K12), WL B 2% g
TR TR VE S AR K 3 £ I CuZn-SOD |
Mn-SOD . CAT. GPxla. GPx1b. GPx4a.
GPx4b. GSTP1. GSTP2. GSTO1FIGSTO2
mRNAZK -, YRk LB K F 53 51 S 438.6 .
587.7. 587.7. 737.3. 737.3. 737.3. 587.7.
587.7. 737.3. 438.6#1587.7 mg/kghtt, iAF|H K
{H(P<0.05), HiEEHLELK -7 51 4 286.8~737.3
286.8~737.3. 286.8~737.3. 286.8~737.3 .
286.8~737.3 . 438.6~737.3. 438.6~737.3 .

http://www.scxuebao.cn
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Tab.3 Oxidative and antioxidant status related parameters in head kidney and spleen of on-growing C. idella fed diets

containing graded levels of myo-inositol after infection with A. hydrophila

TARLEE K F/(mg/kg)  dietary myo-inositol levels

W& compound
27.0 137.9 286.8 438.6 587.7 737.3

L'  head kidney
ROS/(% DCEF flurescence) 100.00£5.97¢ 95.03+7.83° 85.15+7.36" 73.274£3.71* 72.74+5.04* 73.86+6.76"
MDA/(nmol/mg tissue) 52.56+1.90° 46.74+2.65° 43.27+4.01° 42.75+£2.74° 42.56+2.44° 43.52+3.84%
PC/(nmol/mg protein) 2.38+0.24° 1.9120.16 1.82+0.17° 1.59+0.13° 1.60+0.12° 1.54+0.15
CuZn-SOD/(U/mg protein) 4.3240.36" 5.31+0.49" 5.50+0.35> 6.01+0.59° 5.73+0.27% 5.57+0.49"
Mn-SOD/(U/mg protein) 4.10+0.33" 5.80+0.56" 6.36+0.55> 6.52+0.58° 6.27+0.49% 6.70+0.65°
CAT/(U/mg protein) 0.64+0.05" 0.70£0.06™ 0.71+0.06" 0.75+0.04° 0.72+0.05° 0.74+0.07°
GPx/(U/mg protein) 14525414.44°  162.96+13.77°  172.76+1494°  171.5015.92°  169.75+13.60°  174.56+11.40"
GST/(U/mg protein) 42.1547.04° 46.55+10.44° 56.752.91° 61.26+3.86" 59.04+6.35" 61.08+5.34"
GR/(U/mg protein) 19.47+1.39* 23.22+1.99 32.33+1.92° 30.63+2.83° 30.73+2.18° 30.48+2.25°
GSH/(mg/g protein) 0.58+0.05" 0.67+0.06" 1.32+0.09" 1.31+0.10° 1.29+0.16° 1.29+0.10°
FEAE  spleen
ROS/(% DCF flurescence) 100.00+4.77¢ 79.21+3.82° 65.10+£5.75" 34.4343.07" 33.95+3.69" 37.32+43.64"
MDA/(nmol/mg tissue) 54.46+4.22° 51.04+3.20° 45.44+2.78" 45.04+3.20° 46.72+4.77" 46.36+2.88"
PC/(nmol/mg protein) 2.66+0.16° 2.18+0.15° 2.02+0.20° 2.08+0.15° 2.01+0.05" 2.06+0.13"
CuZn-SOD/(U/mg protein) 2.52+0.23" 3.06+0.31° 3.99+0.30° 3.73+0.37° 3.91+0.37° 3.84+0.26°
Mn-SOD/(U/mg protein) 3.37+0.30° 3.81+0.33" 3.95+0.22° 3.80+0.32° 3.95+0.39" 4.09+0.35
CAT/(U/mg protein) 0.32+0.03" 0.39+0.03" 0.41+0.02° 0.46+0.04° 0.49+0.02° 0.48+0.03°
GPx/(U/mg protein) 113.30+12.16° 133.74+12.11° 161.20+8.63¢ 153.05+10.64¢ 150.05+5.04° 159.52+14.70¢
GST/(U/mg protein) 61.38+5.80" 71.65+6.32° 81.97+7.56° 88.91+2.49° 89.40+6.70° 85.83+10.23°
GR/(U/mg protein) 14.23+1.37* 22.77+1.76° 30.72+2.37° 35.90+1.78° 35.34+2.69° 35.46+3.45¢
GSH/(mg/g protein) 1.00£0.11° 1.57+0.09" 3.13+0.37° 3.11+0.31° 3.19+0.23° 3.27+0.25°

e FTEARA RS T REERORE R B (P<0.05), R

Notes: values with different small letter superscripts are significantly different (P < 0.05), the same below

286.8~737.3. 286.8~737.3. 286.8~737.3 .
286.8~737.3 mg/kghf, 4l 25 KW #H
(P>0.05), LS & 35T 0 8 7K A o 1 5 5 A
KW wE AR KeaplafM Keaplb mRNA K
(P<0.05), 4Tl kHLEE K144 737.3 mg/kghtf ik
A%, HAREHILEE K344 286.8~737.3 mg/kg
A, A4 R 22 5 A8 B 2 (P>0.05),

2.3 AEEMEKSEREIHEEKHES
K5 A0 B A 40 B AZ Nrf2 8 B R IZ R 2

W TP B T A I A M Sk (D 3)
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TR U (1 4) 490 A2 N £2 28 1 7K S Bt el v L st 7k
S B4 A0 T 2.2 R (P<0.05),  H 244k ILEE K
S5 ) A 0 5] 438.6 mg/kgit, S B TR RIS 7K
S f FE— A5 18 i 3 HR R (P>0.05)

3 TR

DIAETF ST 4 0, LR T 4 5 A K B 2 R
FrRFISGR, AR K 14 T 5 A 0
0 003 R B B, L A
% S5 o S JULE 5 A 001 0 05 5 9 R B B
i 8 5 £ 2 T 7 9 5 90 i A S 5% —
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10 3] BB, AR LR KSR A A TR S R RE S AR R A7 B £ b A 2261
>
g FRLEE K F/(mg/kg) dietary myo-inositol levels
Z.0 - 0270 [3137.9 2868 E4386 [¥587.7 M7373
a9 < c
B 8 by b®  pb bY bbb OF bee wbb By Py pb o b bb
.{, <= 1.6 ab ab ab I ab EC ab || ab ab ab ab b
g a [ it I [! .l bl 11 il i a1l I i
ﬁ 212 ta |i.i!| ||IL=H aa iiii .a iii 2 Iliii : ll"E af ﬂil iiw |!Iﬂii aa ﬂbl a |lim ||EE| wﬂi.i bbb Cbcb
o Ex WNGIES Wk Weiicy MR WA S U T Tl [ el (TEE I abe
n§08|ﬁl$iﬂﬁwmIHEWﬁWﬁ'mgﬂa'%'|.iﬁ“m e My
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Fig.2 mRNA expression levels of antioxidant enzymes and related signaling molecules in spleen of
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after infection with A. hydrophila
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Fig. 5

Broken-line analysis of ROS in head kidney (a) and spleen (b) of on-growing C. idella fed diets containing

graded levels of myo-inositol after infection with A. hydrophila
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Protective effect of myo-inositol on oxidative damage of head kidney and
spleen in juvenile grass carp (Ctenopharyngodon idella)
induced by Aeromonas hydrophila

HUKai ', LIShuang’an', FENG Lin"**, JIANG Weidan **, WU Pei "**, LIU Yang *,
JIANG Jun **,  KUANG Shengyao®, TANG Ling’, ZHOU Xiaogiu "**
(1. Animal Nutrition Institute, Sichuan Agricultural University, Chengdu 611130, China;
2. Department of Animal and Veterinary Science, Chengdu Agricultural College, Chengdu 611130, China;
3. Fish Nutrition and Safety Production, University Key Laboratory of Sichuan Province,
Sichuan Agricultural University, Chengdu 611130, China;
4. Key Laboratory for Animal Disease-Resistance Nutrition of China, Ministry of Education,
Sichuan Agricultural University, Chengdu 611130, China;
5. Animal Nutrition Institute, Sichuan Academy of Animal Science, Chengdu 610099, China)

Abstract: This study investigated the protective effect of myo-inositol on oxidative damage of head kidney and
spleen in juvenile grass carp (Ctenopharyngodon idella) induced by Aeromonas hydrophila. A total of 540 C.
idella [(221.83+0.84) g] were fed six diets with graded levels of myo-inositol [27.0(unsupplemented), 137.9,
286.8, 438.6, 587.7, 737.3 mg/kg] for 10 weeks. Subsequently, a challenge test was conducted by injection of A4.
hydrophila and the survival rates recorded for 14 days. The results indicated that compared with myo-inositol
deficiency (basal diet, unsupplemented), optimal myo-inositol supplementation decreased reactive oxygen species
(ROS), malondialdehyde (MDA), and protein carbonyl contents, and increased the activities and mRNA levels of
superoxide dismutase, catalase, glutathione peroxidase, glutathione S-transferased and glutathione reductase, and
contents of glutathione in the head kidney and spleen after injection of A. hydrophila. Meanwhile, compared with
myo-inositol deficiency (basal diet, unsupplemented), optimal myo-inositol supplementation up-regulated NF-E2-
related factor 2 (Nrf2) mRNA and protein levels, and down-regulated Kelch-like ECH-associated protein-1
(Keapl) a and b mRNA levels in the head kidney and spleen after injection of A. hydrophila. These results
suggested that optimal myo-inositol supplementation could protect fish head kidney and spleen structural integrity
through increased antioxidative ability after injection of 4. hAydrophila. Finally, based on the antioxidant indices
ROS content in the head kidney and spleen after injection of A. hydrophila, the myo-inositol requirement for

juvenile C. idella was estimated to be 452.1 and 449.0 mg/kg diet, respectively.

Key words: Ctenopharyngodon idella; myo-inositol; head kidney; spleen; anti-oxidative enzyme; NF-E2-related
factor 2
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