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P ]38 6 1 0 SR 92 . Hoop DAO I
D — FLER AN 5 2K & 4 1F D 1 W i 24l 5 i
A B B D RE A 4 AR

il AR S A 2 A AR R H
T A, BT RS KRR
A5, 7 A KR A 2 A (N
T ) 45, I S i S A ™ W 2 00 M a7 A S AR D
W ARG T G R R AR, R BT R T
S 2 2 T U i T R I 45 A R 2 RE o2 R 1R
FBIE T I DA R TE o AR S AE IS AN [R) A R
e fa i i 4% fF T, R %Ot E i PCR 4 R
(qRT - PCR) X F A il 1) 6 > 5 % & B
B RIR G PR AT RN, OF 45 & R W R R A
25 S5 L A i G O P 4R AR 2R A 0 AT, R A
3k X fi b S T ) 3K % O 4 B AR TN R A
TP T b T A0 i ) 5K O % 4 M 52 R R A
o I 308 3 1 ) R
1.1 i&E

AR YR T W VL — B AR A BR 2% R R B

M, R R F R 1 A IS R Pk A A (e R LG
WiTE AR A (74.8 12 1.2) g Y% 44300 2 fh,
BEHLAT R S, BH 3 N ER, BIEKF 20 e,
1.2 AR

DI R IR G 28 R fa by o B EE AR, R
FHAE A AR 7 Ui JE b iR kL, AE T 6% K23
20 (6S 41) 6% fajh 4l (6F 41) 2% %A fk fi il +
4% TIyH4H (20F 4) 4% A Akt il + 2% 4
(40F 41) 6% % Ak fa 3l 41 (60OF 41) 11 A g Wi I
M9 5 2H 55 A S R S I kL, kL EUR K AR 5 60 H
i, L W ALH R A2 1.5 mm 59K &R, YTk
1.5 mm x2.0 mm fFCRCIR , KT, A 8 E T - 20
CrkM R A 25 F, BAREL 7 BB 52 KL% 1,
A AR T FOR S, R T AR
B R GHE R 552 B A B 3R R ORG R
ALl 2 25 SCHER 10 ] 5 el 45, 943 B e 1
3 Fbh g ik AL ME (POV) (R (AV) (N
(MDA) , Jf it 5 52 45 1i) %} POV A, AV {H .
MDA &4, BARg5 R %K 2,

®1 ZBEBMARREFKF(TFHRERM)

Tab.1 Formulation and proximate composition of experiment diets( DM basis)

miH 2 | groups

items 6S 6F 20F 40F 60F

J5UR} ingredients%o
% 4 [ casein 215 215 215 215 215
K V5 fa 5y steam dried fish meal 167 167 167 167 167
iR — 445 Ca(H,PO,), - H,0 22 22 22 22 22
Sk f3l] oxidized fish oil 0 0 20 40 60
il soybean oil 60 0 40 20
ff 3l fish oil 0 60 0 0 0
S fk JHBK choline chloride 1.5 1.5 1.5 1.5 1.5
i K} premix"’ 10 10 10 10 10
Wk dextrin 110 110 110 110 110
o - VERY « - starch 255 255 255 255 255
T 2T 4E microcrystalline cellulose 61 61 61 61 61
R B LA 4t K carboxymethyl cellulose 98 98 98 98 98
LA FEWE I ethoxyquin 0.5 0.5 0.5 0.5 0.5
41T total 1 000 1 000 1 000 1 000 1 000
# 327K F nutrient levels?

ML i crude protein/ % 30.01 29.52 30. 55 30. 09 30. 14
FLHE WS crude lipid/ % 7.08 7.00 7.23 6.83 6.90
Bt energy(k)/g) 20. 242 20. 652 20. 652 19.943 20. 860

L) TR R A ke fa R fE . Cu 5 mg,Fe 180 mg,Mn 35 mg,Zn 120 mg,10. 65 mg,Se 0.5 mg,Co 0.07 mg,Mg 300 mg,K 80 mg, VA
10 mg, VB, 8 mg,VB, 8 mg, VB, 20 mg,VB,, 0. 1 mg,VC 250 mg,iZ iz %5 20 mg, M #R 25 mg, VD, 4 mg, VK, 6 mg,it{ig 5 mg, )L 100

mg; 2) Sl {E

Notes:1) The premix provided the following per kg of diets;Cu 5 mg,Fe 180 mg,Mn 35 mg,Zn 120 mg,I10. 65 mg,Se 0.5 mg,Co 0. 07 mg,
Mg 300 mg,K 80 mg,VA 10 mg, VB, 8 mg,VB, 8 mg,VB,20 mg,VB,, 0. 1 mg,VC 250 mg, calcium pantothenate 20 mg, niacin 25 mg, VD,

4 mg, VK, 6 mg,folic acid 5 mg,inositol 100 mg; 2) Measured values
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F2 ZWEHEPH POVEAVEMDASESRER
Tab.2 Analytical results for POV,AV and MDA

content in diets mg/kg

2451 UK A(E] Ry N
groups POV AV MD

6S 3.67 30 0. 182

6F 72.45 800 10. 8
20F 64.55 400 61.6
40F 125. 43 770 123.9
60F 186. 31 1 140 185

ARSI Pl A A — E BRI AR,
T AR R A Ry 6% , A AL £ 3 2 HR A
A 3 AR A F R S VR S BE DU, BT LA 6F 41
H 52 PRr POV {H L 20F 4175 12.25% , 1fif AV W b
20F F1 40F #4143 jl =5t 100% F13.9% .
1.3 HFEEE

) 5 2 95 7 W7 L — B ARDRE R W) 557 5E
AT AEHAN 5 m x 667 m(SF-H4KE 1.8 m) |y
3 hBE RS, PARAEAS A (1.0 m x 1.5 m x
2.0 m), JEFRSELE AT 6 S 415k Itk — ], IE
A A SRR Ay 72 d, &K 7200 F1 16200 5 B 4%
B R 4% o B 10 RARHE 451 5 Al 55 £ 1A
WHE IR R E R B R, & E N E
KB — UK, S5 55 W ) K 25 ~ 33 °C, ¥ il Ak
JE >8.0 mg/L,pH 7.8 ~ 8.4, W AW <0.2
mg/L, Wil iR 5 ¥ B < 0. 01 mg/L, i fb ) vk J&
<0.05 mg/L,
1.4 FEKH

M RNA 42 Ht it 5] RNAiso Plus,
PrimeScript™ RT Mastetr Mix & #% 5 it # &,
SYBR Premix Ex Taq™ I #}3k 1 TaKaRa /A F] , %%
SR PCR Y51 W i A TAEY T/ (Bl ) ik
A PR WA
L5 Hafl&gs5am

fF ARt &L b R 72 d A5 R 24
h J5 B AR BE AL ECHE 10 ), R T # ik R 1
PO AME TR0, WiEIE 0.5 h )5,
3000 r/min .0y 10 min ] £ 1L 7 A i, 2000 A 3
IE, - 80 C LR A7 . I = M % 1L i
(DAO) 1 1 >R T R 5% g i i — e S Ak i ik 7 &
AT E . IMWE D - FLIR N R & R M
AR Elisa 37 & 24700 22 .

WhiE R E ST AR R &S oA M

B2 et mae R, THBET gz —4 01 ~2
em I8 1 Be, 9\ ] &) 05 2 28 vh ik oh Uk 5, 57
BKs AR A 4% 1% — 1 b [, FH T 3% 3 v B
BT o 375 S v B SR G IRR (8 5 DN B B /K, 0 J5 i A
RN Y) Y ta, i H 32 HT7700 3% 47 X i
- Ik fol 5% i 3 4 44 AR IR A R

Fomidm R AR S MR L%
Wb Ak i 6y 3 R AT I A R S P
A E Tk, fE sy 172 2B 1.0 em x
1.0 cm By —RA T PBS 1 IEWE 2 ~3 g, —
AW, R T EP & IR A#E K, T -80 C
TRAF o

% RNA 6942 B A= K% & cDNA  Fi| ] &
RNA #2 U RNAiso Plus 4% Bt i3 B 43 4 By 18
FE i B RNA. BT ug & RNA Dy #624, #% [
PrimeScript™ RT Mastetr Mix iz #% 55 i 7 £ 14 )7
o6 RNA #% 565 cDNA, F -20 CREF#RHH.

qRT - PCR 4| 7 25 I 20 e 18] - 25 2 4 & A
AW AL MRS A 0 Sk Ay
(RNA - Seq) 45 i, iz ] primeS. 0 B fF it 1 6
MEEERZEADENENMA SR HE B-actn
(Genbank % 5% %5 : DQ211096 ) /) % )t i # 1E |\ JX
g P(£3),

®3 IMRAEESY
Tab.3 Primers used for quantitative real — time PCR

FEH 5l¥(5°-3)
genes primers (5°-3")
F CCAGGACAGAGTCAGTGGAGA
70 -1
R TGGGGTCAGTGCAGGTTT
F GTCGTTAGAGGTCATTTCGTCA
70 -2
R CCAGCAGCACAATCAGCAGT
F TTGTCATTTTGGGTCCTCTG
70 -3
R CTATCCGCCTAACCGTGTC
F TGGGTGAATGATGTGAATGG
Occludin
R AACCGCTGCTCAGTGGGAC
F ACAGATTCTCGTACAGGGTTGA
Claudin - 15a
R CGGTTGTTGAAGTCGTTGC
F TCGGTGGATTGTACTTCTTCTC
Claudin -3
R CCAAATCACTCGGGACTTCTA
F CGTGACATCAAGGAGAAG
B — Actin
R GAGTTGAAGGTGGTCTCAT

S A >R B CFX96 %8 )t a2 & PCR Y
(Bio - Rad,USA) #£47 , K i 14 % Jy 20 uL.SYBR
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Premix Ex TaqTM II ( TaKaRa) 10 uL, & 3& 5| 4
% 1 uL,cDNA 2 uL, K 7K 6 uL, PCR Jx Jif % H
P55, RN %A 95 CHUAZ 1 30 5,95 C Bk
55,60 C iRk 30 5,340 AMEIHF, F—HMEL
3N, LA B —actin /E NS AL, ML P4
M2 20 C, 3 Ho s B bp 5L R 2 BRI B -
actin C {H 1Y 22 5 A C s JieJ5 115 3 A [A] A i A X
T 5 HARE S SEN FA R B 2700, AR A
HEE,
1.6 HiESH

i@ 1L SPSS 21.0 @47 One — way ANOVA /p
#r, ) #£47 LSD 5 Duncan [K L #, &5 2R DL ¥
{H + Fr#fEi% (mean + SE) £/~ , 24 P <0.05 [, 2
.

2 ZR550

2.1 EEamFENSHE.D-ILERESEM DAO F
42 Z 8

5 6S IARLL , 7E W Ik /Bl )5, 1L DAO
WP N R TR D - LR A B B Y
(P <0.05)(#%4),
22 SHhahEEaMEMREETERS
= E 5

o3 72 d FRF ST, 25 S 4 B Al B
I 240 i T 55 32 42 45 g 1) o5 I3 P B8 IR DL IR B, [
JZ -1 ~5 43%1% 6S .6F .20F 4OF #il 60F 41 (&
W Sk BT R SRy R fig B R AN M R) R O A 4
) TEB G T, B EREW RN — KR
R B Tl R T R TG, G B AR

[ S JICJZ SE o P PR - 1 AT DL, 6S 21 5% % 1 4%
LER A BERT IR -2 ~ 5 5 3k B 4 AT L BE
R IE LA M BAE B, F HiZ 29K 60F 4 X
WG S 0, SRR Bl K. AR BoR
Ji7n 2 1 200 i 1] 55 5 3 2 45 4 A2 B 7 AL

*4 SUEHRNEEFEBSENEM
Tab.4 Effect of oxidized fish oil on the permeability
of grass carp intestine

MR

e D - F.1R
A5 A ALRE/(U/L)  /(EU/L)

- . . /(pmol/L)

groups diamine oxidase endotoxin . .
D - lactic acid
6S 19.56 + 1. 4° 46.5 +3.9°  0.605 +0.0575"
6F 23.22 +0. 88" 53.5 2.8  0.883 +0.0031°
20F 29.86 0. 88° 63.6 £1.5°  0.962 +0.0565°
40F 29.91 +0. 88°¢ 65.2 £4.9°  0.866 +0.1298"°
60F 44.04 £1.71¢ 125.3 £16.1°  2.022 +0.2075°

RPN A MR PR R ERARE (P>0.05), %
R TR 5 B e 7R 22 5 .35 (P <0.05) , T [

Notes: In the same precedence, values with different small letter
superscripts mean significant difference ( P < 0.05 ), the same as

the following

2.3 SUEHFSELARFNEMAREERZERE
EAERAREEHEE THRREMEXESH

X 2 i T et A ] 5 3 e 45 4 A 1
FEPFARTE P B R 45 SR W5k 5. & S Al g,
55 6S AR, 7E 1 kb s 8 AL sl ), P&
[ Claudin -3 ,Claudin - 15a fIfg3¢ 1 20 -1,
720-2.70 -3 BEHRKXEER ETRE(P <
0.05) , i P41 8 & F Occludin % A 3 1% 7% 7 i B
AFERRER TR HERARE(P>0.05),

x5 SUAHNEERNEAREDREEREAEEREEERNZMN
Tab.5 Tight junction protein gene expression of intestine in grass carp under oxidized fish oil
ke = i it S 2 1 kA PR 1 TR
closed protein gene cytoplasmic protein gene atresia protein gene
41531
Al ) AL Al AR AL AL AL
group Claudin —
Claudin -3  fold 15 fold 70 -1 fold 70 -2 fold 70 -3 fold Occludin fold
a
change change change change change change
6S 1.00£0.09° 0 1.00+0.01° 0 1.00x0.01° O 1.00=0.08" 0 1.00x0.37° 0 1.00£0.1° 0
6F 0.51£0.22* -45% 0.51 £0.09* -49%0.93 £0.17° -7% 1.5+0.25° 50% 1.04 £0.01° 4% 1.56 £0.29° 56%
20F 0.64 £0.1* -36% 0.44 £0.01* =56% 0.78 +0.21* —22% 0.45 +0.04" -55% 0.42 +0.07* -58% 0.88 +0.03* -12%
40F 0.6 +0.11* -39% 0.71 £0.11° —=29% 0.73 £0.14° -27% 0.52 +0.01* -48% 0.44 +0. 02" -56% 0.88 £0.31° -12%
60F 0.9+0.01° -9% 0.55+0.06" —45% 0.48 £0.03" =52% 0.36 +0.02" -64% 0.46 +0.02* -54% 0.94 +0.05*° -6%

WA = (Al s A A A R BE - Sl AL EUE ) x 100% / 5l 24 i FUfE

Notes: Fold change = ( the value of fish oil or oxidized fish oil group - the value of soybean oil group) x 100% / the value of soybean oil group

http : / www. scxuebao. cn
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¥ 6S.6F . 20F 40F F1 60F 41 1A Bl i) AV
{E \POV { MDA & 1t 53 5| 5 Ji7 i I 4 i 1] 25 %%
i 42 2R 1 R 3R 3K T Pk i Pearson A OC M 43 AT,
G 56 AU S 2 R AL n =5 (R 6) o Akt
) AV {i.POV i MDA & & 5/ & & O

Claudin -3 ,Claudin — 15a, ffi3¢ & 20 -1 .Z0 -
2.70 - 3FMA] 88 ) Occludin K& P 38 35 16 14 1 2.
7N BARE OGO & 1Y A8 Ak e, Fovb iR BE POV (H
MDA {5 M8 H Z0 — 1 FLPF Rk 2R 2
FEHRAMKKLR(P<0.05),

R6 FEFHFEAMEERTEREAEEREEESAMMERENBXESN

Tab.6 Correlation analysis between tight junction protein gene expression of intestine in grass carp

and oil quality in diets

Pearson | &3 #7
Pearson correlationl Claudin -3 Claudin - 15a Occludin Z0 -1 70 -2 Z0 -3
analysis
R? -0.292 -0.599 -0.147 -0.775 -0.228 -0.438
AV
P 0.634 0.285 0.813 0.124 0.712 0.461
R? -0.096 -0.483 -0.221 -0.941 -0.554 -0.673
POV
P 0. 878 0. 409 0.721 0.017 ™ 0.333 0.213
R? -0.093 -0.318 -0.53 -0.978 -0.783 -0. 806
MDA
P 0. 882 0. 602 0.358 0.004 ™ 0.117 0.1
TR MCREG PR GO AKCF s © FoRHFmHRBFEMR, P<0.01
Notes: R? correlation coefficient; P significance level (Bilaterally) ; ** significant correlation between different factors, P <0. 01

AAHE R KL R > 0.90 1 11 W1E 43 7 )
KB, POV {H MDA & X i # 1 20 - 1 ZEA
ARG PE R W DL 0RO R G T e, U
B HESY M 0.910 6 F10.959 1(F 1),

12r y=-8E-06x0.001 3x+0.993 2
6S g R=091063

40F

60F

ZO-13E RN RIL &
the levels of ZO-1 mRNA
€s!

[=}

N

0 50 100 150 200
POV

l6s ¥ =-3E-06x*-0.002 1x+0.970 8

R?=0.959 08

40F

60F

ZO-1 5 A RIE =
the levels of ZO-1 mRNA
€S
(=}

(=)}

0 50 100 150 200
MDA
E1 ZO-1ERFREFESHAMBERENXR
Fig.1 Relationship between ZO -1 gene

expression and oil quality in diets
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3.1 ShamEEaiEEEEEEEm
DAO J& HLA i B 0 P 1 200 L P 6 , 2% I 7 /)N
MBI 290 & T R e 4
A 0 P o 4 8 0 Y 2 5 R I 3 1 4
TG M8 P9 B i K i 9 DAO 23 i 5 g %k 5 e s
i 1 A L9, 18 0 % DAO W ETE . D - 3
B B A0 T B AR W, IE R LT AR
WM . Y T 0 5 454 N B 286 A 4
T, H A P A B A R D — LR o A% 45 b
24 0 HE AL YR, L3 D - LK TR B
LI 2% DAO & P A1 D - FLER & 7] 45 K it
T R A0 R G A A B bR . 4
T S B R I 7 MR 3 8 0, G 4 N
2T Ao M R T 2 I 3 % 28 T B A o8
F9 240 55508 1%, AL 5| e PN 7 R LR . PRI
PN A T O T R i B R R o Re
BT AW, TG R T R 25 22 B OIR 25 4
TG B0 I B I B i R R 45, B
i b A M M AR R g k4
25 WL R TE TR AL 3 S | 103 DAO 3% 75 D
~FLER R P R A RA B (P <
0.05) , & WA R 48 £k £ 30 B IR 1 i % 16 40 ffa
P 0 20 1) 1% 98 3 e 5 A, B M R I 3 %)
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A o ek R 5 S R
3.2 SUHEHEREERYRAREREERRE
BERRZEERE TE

&l 2 B, MR 1 Occludin Al 5 2 A
Claudins &4 B B % E 45 W F 2B I E O,
AAAB i & 40 M 8] G b #5 B ZR - Occludin
Claudins (1)}l #} 35 DL $ 4 7 AR AH 3% 422, T8 W 8
FN7 GE R DT S5 P A AR 05 1] B, 76 4 4 5RO %
{14 B s o RE FE o P R CEEET L X
EEAE T BT & B, SR 4 £ B AT W 1 R
Bzt BB N, X T RE S BREHEA
Occludin £ 35 F & 3%, Turksen 2" W57 %
B, 24 % 5% 3% 32 45 (1 Claudins , Occludin & Jif 72 A
RIS, B R 2 BB, M T2 i ) 5 i
Ph2s @ % 9 . Furuse %1 % B 5 K M B =
Claudin — 1 /1y /NER, B Bk B Bz B B 2 52 1) ™ T 52
W, Inoue 25" BF 55 2 W1, Bl i P 9BE O i K B
J¥% 5t B% T BE 1) #5155 5 Occludin | Claudin-3 1) % 35
ARG X, MR EE Z0s & — KA EN A
3P (Z0 -1.20 -2.20 -3) , EAfiT— i o]
DL 5B % 19 Occludin , Claudins [ fifd P9 38 40 i,
o5 — i AT DL 5 LS 8 A 45 A, TR B R A
55 AN N B R AR G e R M RS E Y R O
gk MR Z0s T LUK A R 915 B AL
33 3 B5 25 11 Claudins . Occludin, %] % 8% 7% 432 4%
IR 5 AT AT RET . ARk
H1,Z0 -1 &5 H 70 2 RE 5 55 % 2 4 1 LAt A B
KEFY, ZHE T, R 20 -1 Z 3 #IR, %
WIEREN IR W S Z A, BT LA, Z0 - 1
FHAAE g 41 21 5 % 1% 2 e s ) e 03 3% 14 19 4
[ERIPAE 3 S e SN PN W R
W, Z0 — 1 FIKF KT 1 b B e s i) e 8 1 2
BER . RANE T K B, — 26 20 B I 25 AR
ZO - L[ IR T AR I b Rz 20 M 1) B B sl g >
A EE WD, B 5 1 M T8 E i 5 0 Y
[ e, 4 B 3% 2 4 ZO — 1 1 Occludin i "
A v AR AR AR fa o i, M8 ) Occludin
BRI 3K 05 M BUAS W) R T B, TS AR
Claudin -3 .Claudin - 15a £ [X k7G5 2% T
(P<0.05) 08 20 -1.,Z0 -2 ZO -3 4t
HRBTEMERE TP <0.05), FiRgRE
W, ke 4 Ak f ek 2D T P4 8 1 Occludin | ] &
# H Claudin -3 .Claudin - 15a 4 A RE 17, 1l 55

TMISKE 1 ZO0s X 5 E 45 BT A5 A M
A7 A TR R R BT A A 1 U5 5K
S B b 5% 200 i 1) 5K T 1 A5 K I IR R i e
1 4, 45003 M 28 R e

WRE microvilli
: TN topside

B %E R tight junction
Occludin o e

d——b
d——1b

Claudin(s)

| (

Z70-1

WBhE I F-actina

01/2/3

N
=
—
~
S

N
T
7,

T ZH 50 ] B intestinal mucosal cell gap

2 BEERMBEENESREREIEE
Fig.2 The tight junctions of intestinal

epithelial intercellular

Wrie s BE S g B, e M R A B 2 B BUR
PR & i R I B . s kA R 3k
W, ] R Al 3 R4 3 AT 4 W 1 4 A B
P R Wil S E SIS o 2 6 45 L SR, 16 VR f
B AL £ S 17 R Y AV fE POV i MDA
&5 M4 % E Claudin - 3, Claudin - 15a, il 3¢
HHZO-1.Z0 -2 .Z0 -3 HIH #i%E & Occludin
3 PR T 4 SR SR 06 06 R AR b B A,
ikl POV { MDA H 5 i3 & 1 20 -1 B
FRTEVE R B E AL LR (P <0.05), HAF
AWK R, KU HE AV . POV {H .
MDA 5 #2338 5 1 756 155 200 0 1) 5% % 7 4% 4 1 4
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The study on damage of intestinal mucosa barrier structure with
oxidized fish oil diets in Ctenopharyngodon idella

HUANG Yuwei, YE Yuantu® , CAI Chunfang, WU Ping, CHEN Kequan, WU Tao,
XU Denghui, PENG Kan, LIN Xiuxiu, LUO Qigang
(Key Laboratory of Aquatic Animal Nuirition in Jiangsu Province , Preclinical Medicine and Biological

Science College of Soochow University ,Suzhou 215123, China)

Abstract; A 72 - day experiment was carried out to investigate the effect of oxidized fish oil on intestinal
mucosa barrier structure and intestinal permeability of grass carp ( Ctenopharyngodon idella) [ average weight
(74.8 £1.2) g]. Five diets containing different levels of soybean oil, fish oil and oxidized fish oil (6% fish
0il,6% soybean oil,2% oxidized fish oil; 4% oxidized fish oil, 6% oxidized fish oil) were evaluated
according to the equal standards of nitrogen and energy. Using qRT — PCR method, the gene expression
levels about atresia protein Occludin, closed protein Claudin3, Claudinl5a and cytoplasmic protein ZO -1,
Z0 - 2,70 -3 in the intestine were measured, and TEM observations of intestinal mucosal cells tight
junction and intestinal permeability index were comprehensively analyzed. The results showed that, (1)
Serum diamine oxidase activity,endotoxin and D-lactic acid content significantly increased under oxidized
fish oil (P <0.05). (2) The gene expression of closed protein Claudin-3, Claudin-15a and cytoplasmic
protein ZO - 1,Z0 -2,7Z0 -3 were significantly decreased under oxidized fish oil (P <0.05). (3) The
tight junction structure of intestinal mucosal cells displayed gap under oxidized fish oil. (4) The values of
AV ,POV and the content of MDA in diet downregulated with closed protein Claudin3, Claudinl5a and
cytoplasmic protein ZO -1,Z0 -2,Z0 -3 gene expression, besides, the value of POV and the content of
MDA in diet significantly downregulated with cytoplasmic protein ZO — 1 gene expression under oxidized
fish oil (P <0.05). Collectively,the present study demonstrated that after adding oxidized fish oil in feed,
peroxide oxidation and other oil oxidation product like malondialdehyde of fish oil led to the fact that tight
junction protein gene expression activity significantly decreased and tight junction physical structure
significant damaged, resulting in the fact that intestinal barrier structure was destroyed and intestinal
permeability significantly increased.

Key words: oxidized fish oil; grass carp; intestine; cell tight junction; permeability
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Plate TEM micrographs of the junction structures in grass carp

1.6S group, midgut tight junction was normal ( T ) ; 2.6F group,there was space between the tight junction( 1 ) ; 3.2OF group, the space
between tight junction was enlarged( T ) ; 4.4OF group, the tight junction was injured and the space was obvious( 1 ); 5.6OF group, the

tight junction was injured badly and completely opened( 1 )
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