K72 2R, 2023, 47(10): 109406

@ @ 7]t 18 % ¢ T
== JOURNAL OF FISHERIES OF CHINA J— e‘ss

DOI: 10.11964/jfc.20220613578

MEREXNE & 18 %R MERAFN

i%\; ﬁ) %E\:/\a F/?%:E/Tﬁ) ﬁ%@%) ?%%Ey 7]:%7;(527 /752{ *%7
BN, ZFLH, FEE, & &, # %

(P IEARN TR 2 B SR R 24 e, | 2548 KRB 5K 72 2 4 TRER AR FT A 0,
oMK R E KBS E S, TR TN 510225)

WE: W EANFENE A R G EEHNE S, ALBUES AR L, HE L
AR O R A) EaiE A EEDERRAKREE 34, RREA2A)E, Rl
B vE A . %K ot € & PCR (qQRT-PCR) #n g3 & M 7 B A QA7 B P R e & 2 2 & i
REREREBELZFEER . SWERES, DABFRREEDEFMERRERKT
BB f A KT A A B (GPx). it A LA B (CAT). # A4 B LB (SOD) 4 &,
REH_B MDA WA E, FREAFEAMEE. Q RXREZ LT W INF-o. IL-15,
IL-12. NF-kB-P65. MHCT . slgM % % % WH ¥ F1 ZO-1. ZO-2. occludin. CLDN-1. JAM3
EHBEHREEN MRNA RAXEL E TR, BB EHAN %ZET INF-a. IL-15. IL-12,
TLR4. MHC I FufbfAax3E ZO-2. occludin. CLDN-1. JAM3 #ymRNA £k EBERZ T, (3) #
TI6SrRNA R ENFRET-H AR RNEE N E AR EMBAELEMN D, 207
HRET, ARFAMEEDERREARENEEHE o SBHULLEER, EX B FH
HMHARZELh, RA2HNEEAHEEHFEERALER T, EHURAELFE.
GERR, AHEAMEEYERAEREL PHES B AL, HEBR ALK,
S SR S S SR, RO I B % 5 R G B
RETEH.

KR ¥ a; fiEE; BEEVE; ARERE;, 2R, HEEH

FEES: S 94226 STRRARAERD: A
PR R KLY R — PR RGO KRN R, R ANE W40 A A A i PR oAy i
TABMAEEYY, RITHEESRARTB,  SURE, BHARRFSERIR R, SR A

FEFRFEN s W, R iR el T P R
L HAT e s R & AR, B0 it 25 1
BRI, A, 0 R AR i T Y ] 2
WK S WAL AR, I I G 5l K 4 82 07 2% g
FIB AT RBT, 8 H A I ER R 2 S B il
(Oncorhynchus mykiss) 7 P9 [ 20 il Fl e e BR & 1 1

WS EHA: 2022-06-29  {EEIHER: 2022-11-12

RENTE : H K AREIAIES: (4210061024); B REA B iE v AR W) B AR AR T SR I BB DT IRR

(LMB20211004)

E—1EE . wak (B)Y), AFRKMAEGE T, E-mail: 657858510@qq.com
BEEE: W&, NIKLEZWEHEBDIF, E-mail: linli@zhku.edu.cn;
WA, AR HE 5T, E-mail: fshil203@126.com

WAL © CKP=2541) 4nfif (CC BY-NC-ND 4.0)

HPE K22 25 F 46 sponsored by China Society of Fisheries

AT BE B SR AR I 0 i T R AE 5 8 i
MRS R AR SERE RN B
i 30 23548 R IE 1 i 1 S REAT Bl T 02 RS SR
e, BT G2 B B 0 i 3 X AR R A
Choi %5 HIF 5 3% 1] i 16 B 7 1 24 10 A3 A 55 1k
HEE R A, AUFTER BPTR R Al

Copyright © Editorial Office of Journal of Fisheries of China (CC BY-NC-ND 4.0)

https://www.china-fishery.cn



. A
EE, =F

4

K724, 2023, 47(10): 109406

a5
A 2 3 30l 18 TR B9 SRR R A B AL
18 23 52 ) fizg 3B TR B 2H B, RS i TR AR Y 2
FEPE RN BE, BS0  E rh e 24 TR AR ) R
FpzEtel,

Boakvh B2 N A B R IRR 25, 5
RIVERR IS, JB T iEdui 2y, X =2 [QE M A e
PR HA ) P E . T HX KA S s
D B B TR M R U, it 2 R )
(SC/T 1132—2016) E¥H BN hoK = FRoH AL T 25 2.
— W R B AR K s 25 W sh ) e ik o
AL 5 R R ESAE (Procambarus clarkii)'™, JE %
% 4 . (Oreochromis niloticus)'™ . 1 [E X} 4F (Pen-
aeus chinensis)'™'. K ¥ 4 (Larimichthys crocea)"”
S, O R B AR K Bl ) 18 G g% FH TR A
AT Tk = o AR H R IR 2, X
22 PR T S B PR TR A A BRI PR RCR . B
A —E MR HRIER . bR E, 5
K S A PR A, BRI 2 2 B kbl
ZAL, IR R =z ol B AR RN R
KIE Z XK M H (deromonas) . HEEKE (Strepto-
coccus). YK (Vibrio) Fl % {818 [C W (Edwardsi-
ella) 5595 I T 5 | S 1) £ 28 A B B Y BT IR ROCR
St B B N K R GE v N ) T2 2 2
— U RO R B, AR e 7 B e o 4 o) e
A W 20 B ) A I L I L A B 3 A A et AR, XL
NI XTWF (Litopenaeus vannamei) W) TG 15 4K 45
R EEPERY, E AR 5 KK 5 3 ) i T TR Y
ML TFEE

A (Ctenopharyngodon idella) J2 & [ )« /4
REZ—, BAERD B4 00 R,
WARALE IR EPOR IR Z H o 5 2020 4Rl
EUEHE W, 2019 4F 3R R B A SR E 7 AR A
55307 t, HIROKAEIRALE T EAY 18.36% ", HE
hlpEPAAERENMAEY, FEHEIRE]
(Proteobacteria) . J& B [# [] (Firmicutes) 1 £k I&
I'] (Actinobacteria) ZH i 1§l 35 37 FE IR RN 25
AR, SR E AL AL, R A=)
TG, RECRAAREE T, R 2
TR, PRt , T Je A g 7 By 425 AH DG I 50 0F
THFRGE b A fl B e AR, AW e
BsTh B IGROR e % 2 Rt T R TP e 4k
M, PRI HNE LA iy 8 G P RE RS2 . A Bt
FEAARBIR AT A R AR, Ry s
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1 MES A

1.1 SR

HiAh [RTE (64.00 £ 0.34) g] W 1 ) KA I
TIFRGE e, R0 12 MR Z J5 B FR1E (28+2) °C 1)
KB, REERARE, KT E. 2 5k
B . REHS A, BV E (CAS 5 :
93106-60-6) 5 75 JE % (CAS 5. 73231-34-2) bx
Y A g BT T AR AR A BR A F
1.2 St

AV S Ay 3 4, EIERIAERE O 1R
A1), FERIEARL R IR VD B AN SR RIS I g R
B%, AN 3N ELE, HAEE 30 RBM, S
Wik 2 J. Bs BAHORE & R (g
B FHFIE ) (SC/T 1132—2016)™ FIAH GE STk,
BE T B AR e % RS i 10 meg/kg, FF
Bl AR K IRAR AR I 2 28 °C, IR KT 5 mg/L,
pH Ay 7.5, SE5u b B b AR N 50 ™A% ST i A
A TR BE sh P G A 23 0L (e 3R, JF
P JEAP TS AR, TR 2 Be s fR 4 Al FH 25 L &1
PR 3251 5 R EE T E AT o

1.3 #EERE mRNA HRIESH

4 RNA Y42 HU4% F# RN Aiso Plus 157 3683 43
AT, PEECRAE I S RNA YR BE K 4l B H i
B EEEE T (NanoDrop2000, 35 ) A3 I B EE
JRE LK HEAT R I . AR NCBI B4 T 2% 5 fa f
PEACHE P, Bt A RN E .
519, it PCR I BEATSI WL, p-actin EH
WS (3R 1), ASLEERERYEER . Mg SAsER
“F a(tumor necrosis factor-a, TNF-a), IR
1B (interleukin-1p, IL-15)"". FZEMEIS 2 12 (interl-
eukin-12, IL-12)*7, Toll ¥:5Z4A 4(recombinant toll
Like receptor 4, TLR4), %% 3K F «B-P65(nuc-
lear transcription factor-kappa B-P65, NF-xB-P65)7
2 M e 9% BR 25 4 M(surface immunoglobulin M,
sIgh)*® | ¥ £ F6 K43 F (junctional adhesion mole-
cule 3, JAM3)., A /NAEH [3 5 2O FHHFENH
(zonula occludens, ZO-1. ZO-2. ZO-3)]. M &E
HE R (occludin) . #5 R 1 [2 F CLDN & 11 &
[l (CLDN-1, CLDN-6)] , EEHLMENE Gk
II (major histocompatibility complex II , MHC 1I).
LI cDNA F 4Rk , # 17 % )t %€ & PCR(real-time
quantitative PCR, qRT-PCR), gqRT-PCR JZ I 1k %
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®1 KBRS

Tab.1 Primers used in the experiments

SELH] Gk FA(5'-3" S|
genes primers sequences (5'-3") application

TNF-a. TNF-a-F CGTATGGCGGGTGTGTGG qRT-PCR
TNF-0-R AAAGCCTGGTCCTGGTTC

IL-18 IL-15-F GTGTCTGGCCATTTCCAAGAGTA qRT-PCR
IL-1B-R GGTGTTGAGAGTTTCAGTGACCT

1L-12 IL-12-F ACCATCTTCCTACTTCCC qRT-PCR
IL-12-R ACAGGTTCCATTCACTCC

TLRA TLRA-F GAATAATGGGCAGCCGTAAAGTC qRT-PCR
TLR4-R TCCTCTCTTCCACATCTTCCAGA

NF-kB-P65 NF-xB-P65-F TATTCCTGAAGCGAAGATCTGGG qRT-PCR
NF-kB-P65R TTGGAGCTCTGTTGTCGTAGATG

slgM slgM -F CTTTCACTCCGATGTATCACGC qRT-PCR
slgM -R TGAAACGATGACCCTGACATGT

JAM3 JAM3-F GTTAGTGTGATGATGTGTGGCTG qRT-PCR
JAM3-R CGTCGAGCAGGTGATAAATTGTC

Z0-1 Z0-1-F GTGAAAACACCCAGTGACATCAG qRT-PCR
ZO-1-R CAATCTCCCAGGTGTCTAAAGCT

Z0-2 Z0-2-F GTGTTTCAAGTGTGGGTATCTGC qRT-PCR
Z0-2-R GTTGTAACAGGTGTGTCGAAAGG

Z0-3 Z0-3-F AAGCACCTAACCCTGGATGTAAG qRT-PCR
Z0-3-R AGATTACCTCTGGGATCAGGTGA

occludin occludin-F GCAGTACGGATTAGGTTACGGAT qRT-PCR
occludin-R GTAAGGGGTCGGGTAAGAATTGT

CLDN-1 CLDN -1-F GCAGTACGGATTAGGTTACGGAT qRT-PCR
CLDN-1-R GTAAGGGGTCGGGTAAGAATTGT

CLDN-6 CLDN-6-F CATCGGGAACAACATTGTAACGG qRT-PCR
CLDN-6-R GTACAGATGAGCAAAGCGAGAAC

MHC 1T MHC 11-F CGACTTCTACCCTCAACC qRT-PCR
MHC 11-R GGCGTGCTCCACCATACA

P-actin f-actin-F ACCCACACCGTGCCCATCTA qRT-PCR
f-actin-R CGGACAATTTCTCTTTCGGCTG

16S rRNA V3-V4 343F TACGGRAGGCAGCAG Illuminaill 7>
798R AGGGTATCTAATCCT

(20 uL): SYBRiff 10 uL, | FiF51414% 0.4 uL,
cDNA Fi#z 4 uL, XFE/K 5.2 uL., qRT-PCR JZ i
. 95°C30s, 95°C10s, 60°C30s, 40 M
o R 27229 3E R p A Rk

14 EaERRELENNE

BUE AL BRI S 2 A OC SRk, M 3 41
11 Hp A 2 BE R B 6 J2 B A UG 1 A 10% 221
A1, SRERINE T 3 AN S I A e R 4R
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LYl (GPx). it E LA/ (CAT). AL
fiti (SOD) FIPN [ (MDA) MBS T, FrA B 1%
FE 0 E T s U E YRR AR, e
D7 ik IR G Ul ik T . HE R RAEYHA
Bradford &5 [ 46 a2 12X 7] &0 I 2 S5 20 B 90 —
AR RE I it ) B VR B
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TEHL 6 J& B0 HUE I il 5 2 ik 5 24 DNA $2 1L,
16S rRNA 72538 w5 LA KA 22 0 A 915 B 2F 0 o
XPFE AL HEAT DNA (4, 42 HUH) DNA HI 3 IEHH
HEI HL K RN 43 YE O RE 7 (260 nm/280 nm W) HE
TR . L DNA AR AR, i FH & R B il
1T PCR Y #, PCR Wi 45fF: 98 °C FiiZE % 3 min;
98 °C A5k 30's; 50 °C iRk 30's; 72 °C %E{H 30 s;
27 NMEH; 72 °C JE AR S min, )T 5 5 2L 50HE
G HT Ak SR TR YRR G A A s 2 BB AT R
AT,

1.6 £MEEREIWMEREESN

fii FH Trimmomatic 35 {4 %F i 46 3 7 51 47
A%, FIHI FLASH #fxf Fp 90 it A7 9F 43, IRl
FHl UCHIME(version 2.4.2) # {4 2 bk T4 7 51 i
AR, 132 T T #:4E 2 28 LT (operational
taxonomic unit, OTU) XI5 AL ETF 5], )T 2
Tosb BA: AR BP9 2 J5 SR H] VSEARCH #f4:,
i HR97% B AHABLBE BEAT OTU 4325, XTI LE Silva
(version 123) FU¥ % L X1 B, 15 341> OTU Xf
N R AE S, PR L 4 B RDP classi-
fier F M, AR EGXEIRT 0.7 ERBLER . XF
A5 A SR AT RS . OTUs £
o/B 2R AWEEESTAE o 2R
B, f4%5 Simpson 5 4{ . Chao 1 #5%% . Shannon
B AR o ZREVEEAT 00T, BETE B £
KM 2 B R F unweighted-unifrac I binary-jaccard
L, H QUME #4417 3 AL 5 43 BT (principal
coordinate analysis, PCoA) DA S IS A B2 .
FH SPSS 26.0 A%t ZFEPEE R 1T (K, P <
0.05 FRZ5 W,

SLIGES I - Y HEPR EZE (mean = SD) 3R,
it R A H SPSS 26.0 AR T AR 2 250
Br, P<0.05 F/RE5703%, P<0.01 FR2E7M 0
=, AR EFHH GraphPad Prism 8 #4331 THEE

2 4R

21 BIRMERSBBEELHRG

ST RS 2 TS I B 2R 2SR A X R
Jon i B A AT E R o ASSEERI 2 T 3 Rl
il SOD. CAT. GPx. MDA WG M. 4588
N, GXTHRAMEL, Rasvh B MmO e
f) SOD., CAT HI GPx & i3 T [ (& 1-a~c),
MDA F & i &8 (E 1-d).
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(a) SOD, (b) GPx, (c) CAT, (d) MDA; 1. X} &, 2. BifEW A,
3.EABE; ¥ P<0.05, **. P<0.01, F[F.

Fig. 1 The antioxidant enzyme activities in the hindgut
of C. idella fed with dietary enrofloxacin and florfenicol

(a) SOD, (b) GPx, (c) CAT, (d) MDA; 1. control, 2. enrofloxacin,
3. florfenicol; *. P <0.05, **, P <0.01, the same bwlow.

22 MEHEREREERERXETFHRIE

g ik — 2 ARG MR 2 PR TR 20 A i 1Y
ok R AH S PR IR 2, AHIFST i ad qRT-
PCR K T il v e 2 AH JC S R i Rk K. 5
XTREZHAH B, s Vb B4 A SO e 25 41 b AR %
K F 40 TNF-a. IL-1B8. IL-12 Fei5 135 BB R4,
MR UD AL BEZH T ) NF-xB-P65 Fil sight FRik it
AR, FR)JE B AP 5 E RN T NF-xB-P65
Hl sigM [ FRk K (] 2-a),

¥ 3 5 AR Sk A P SR B 119 — KB i 2 —
HA T o@EEMER . fiE, PRty
TE AR W IX 2R R HLAT A 1 BB S 07 198 X6 M 3 o o
(5B PE A TRE IR (L, SCI i — B9 T
Uk B B R E R AR, 5X A L,
B B RRAR I HBMR R ERILT ZOo-1. ZO-
2. occludin, CLDN-1, JAM3 B3&3i5/KF- (E 2-b),
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Fig.2 The mRNA relative expressions of intestinal immune related factors (a) and intestinal mucosa proteins related

factors (b) of C. idella treated with dietary enrofloxacin and florfenicol

(a) 1.TNFa, 2. IL-1B, 3. IL-12, 4. TLR4, 5. NF-kB-P65, 6. MHC 11, 7. sIgM; (b) 1. ZO-1, 2. ZO-2, 3. ZO-3, 4. occludin, 5. CLDN-1, 6. CLDN-6, 7. JAM3.

23 MEWMEYREE o SRS

S5 ) FH e 38 e 0 B AR K 3 A S 6 4 1) B
81 )5 B e 7 2 N 2 R EAT T B A
RN, 3T A A 39124 OTUs, H
P OTUs %t 134 4 (1K 3-a), M 3-b
ATRVE N, 3 i i 2 e K N TR
W, IFIRFBNRAT, U PR AT 8 AT LA
MREATHRZEAME M. HET Kruskal-wal-
lis 15, o ffFE V& Z A P 45 %L Simpson, Chao 1,
Shannon 7E45 4 5| Z 0] 22 5 AN B2 (P> 0.05, &l 3-
c~e)o o ZREETEE R BN, BRIV R MR
RICH G E R W B o 2T W AR
1k (P> 0.05).

24 HEENBEMEEHE A FEENFN

3 4 R i A R R T S A AE T A3 2K
HAB S ZFRErE, A FERERT 15 Fh 2
FFEE ] (Bacteroidetes), ZZJE ], JEEER] . &
FFE 1] (Fusobacteria) . FUZR B[ ]55, 1E# MRl 4l
FRIUFT R AR JERER T HARAT R 1]
& TR ET, B BE X Bk 4 o
MZESARE, MERKEHZRMAY, BRE
T RO ST T L) b 2, AR T Y L)
BE T (A 4-a).

TE B 7K P b 00 240 TR B % A an 14 4-¢ i,
AEXTFEBETT 15 B9 F2G EUFF# & (Bacteroides)
W FF 1 J& (Cetobacterium). S M JE . ZOR006
MEE . % KIKEE (Shewanella). 7 H &
(Alistipes) %5 . Rgvb B4 5XFRAM T, <M
W& . ZOR006. A FLICTH & Ll 2 Tk, A

[ K P2 2% 25 32 Jp sponsored by China Society of Fisheries

J& 53R R R R R A L) S A, T AR
KB GX AN, BT EE . AR RE
A FU QB A5 LU S 28 T, BT R . DA
TS R 1 s L f91) e 25 A1

2.5 MERMNBEMEDRE p ST

F£F unweightedz-unifrac Fll binary-jaccard 2
BV, SEEE G PCoA X 3 41 1 R BE 1Y B A
PESEAT 00T, DAB 8 REAS 22 ]G AR R v 45 A O A
Ik EaLE 5 AT RUR L, XRS5 sV R A
FGAR 2 7 2 TC A2 XXk, A [ 26 531 B 4 53 I
K 3 A A8 E R Z E A OTUs 2>, 3 4i[H]
AR R B BE A1

2.6 HMERERMNFEMEDEEDHFE

TEIR KV b, SR AR 6 22 S5 W R 8 AE X 32 2
H 30 Py FP kAT R 2 o 30 gk xop BB v B 2 R R
RIEFH 53 AR b, KBS AT =,
R vh B 22 S YR X s ROR e B 4l 22
YR FEXT % (K] 6-a), TEIXLL2E W Flrh, 3 Fil
i S5 B A e A BLIR & (18] 6-b). KR TE R
(K 6-¢c) FHER T & (Enterococcus, ¥l 6-d), S5
SR NN, 3MEAE 3 AR g A T R IA 2
S Ay BT E A RV R AU R e % 4
BFE EIb, AR R R R4 B BT,
TERAREEHZ AR E, WIKERERAEH
MR LT, BEREDREAES AR EE.

3 R

PR ZR AT B5 12 40 R0 1) 28 ) A 7K ™ IR BH
hE ) Iz Y PUR R Bl —E AR B
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(a) FAFERILFRIAIAE OTU 45 B, (b) 3£T OTU KK BIME K 97 Y% AHAUME AT 40 4 (O H i 2k, (c) Shannon #5%, (d) Chao 1 R

B, (e) Simpson $5%; L FEVEFE B Z KL T Kruskal-wallis 535; ns. ZHAEE (P>0.05); N

Fig. 3 a diversity of the intestinal flora of C. idella fed with dietary enrofloxacin and florfenicol

(a) The Venn diagram of the number of common and unique OTUs for each sample, (b) rarefied curve of different groups based on the OTU clustering

threshold of 97% similarity, (c) Shannon index, (d) Chao 1 index, (¢) Simpson index; diversity index is based on Kruskal-wallis algorithm; ns. indicates

that the difference is not significant (P > 0.05); the same below.

TR AN R TR 2 R i TR RS A
SR I S SN, S BG s i T 5 2od  i
BrBE, JFiEARIE g S, AR S B B
U BRI AR S 75 0 T 1 G 5 I i T TR 45 ) R
ZRPERRE I, TR A 0 e R R AR 4 A H e
et o
SRR R N AL S PR E T e i —
MRS, A i SRR N 7 A Y — R H
T LR B 20 4N A A — 8 58 B B B AR BIL 1 ke O 4
HLIA G 52 AL B 14551 SOD., CAT Hil GPx
PR AR ALA N FE W HUAACRE, AEE T —
FIN R BIHEFR A A B 5. MDA 25 Bt A4k i)
BT, HAS Y R IR ) e S et 460 9y
B & g PCT FEBE A (Danio rerio)™ F1 %[GR I
(Macrobrachium rosenbergii)™ WF5Z W, WP H
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DK 7 Fo g2 oj 225 o b o OCHEVE . TIL-1B., IL-
12, TNF-o 2 #E 5008 K A2 & 7P, NF-xB-
P65 Fl TLR4 J& 50 RGN RGBT A 7,
sIgM J& B 40 g 73 WA i — R AR MHC 1T
PR R AR PR E™, Fung 5™ 7E/NRL (Mus
musculus) &I, P E IR YT 2E /N B
TNF-o FlIL-18 WIERIEIK-, P45 1 28088 ot i
THAL LA A 22 e a9V, X 5 AR S IR 45 SR A
Ko ARWELE T, FOREH R ERRALT f
+ TNFa. IL-1B. IL-12, TLR4. NF-xB-P65.
MHC 1 ) mRNA £ikKF-, B B X NF-xB-
P65 Fl sig [ RIKK A BEHW . RIFHRE
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Fig. 4 The structure and distribution of the intestinal flora of C. idella at the phylum level and genus level treated with

dietary enrofloxacin (a) and florfenicol (b)
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Effects of antimicrobials on intestinal immunity and microflora in
grass carp (Ctenopharyngodon idella)

HUANG Yao, QIN Zhendong, CHEN Jiajun, YANG Minxuan, XU Zizheng, YANG Youcheng,
LIFeng, ZHAN Fanbin, LI Yanan, LIQingging, LINLi", SHIFei’

(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: Grass carp (Ctenopharyngodon idella) were fed with basic feed (control group), basic feed supplemen-
ted with enrofloxacin or florfenicol for two weeks, respectively. Thereafter, enzyme activity, real time quantitative
PCR (qRT-PCR), and high-throughput sequencing were used to analyze the effects of these two antimicrobials on
the intestinal oxidative stress, immunity and intestinal microflora of C. idella. The results showed that, (1) addi-
tions of enrofloxacin and florfenicol could reduce the content of glutathione peroxidase (GPX), catalase (CAT) and
superoxide dismutase (SOD) in the intestines of C. idella, while they increased the amount of malondialdehyde
(MDA), resulting in oxidative stress in the intestines of C. idella. (2) In the florfenicol group, the mRNA expres-
sions of immune related factors, including TNF-o, IL-1p, IL-12, NF-kB-p65, sIgM and intestinal mucosa-related
protein ZO-1, ZO-2, occludin, CLDN-1 and JAM3 were significantly lower than those in the control group. In the
enrofloxacin group, the mRNA expressions of immune related factor, including TNF-a, IL-1 p, IL-12, TLR4, MHC
II and intestinal mucosa-related protein ZO-2, occludin, CLDN-1 and JAM3 were significantly lower than those in
the control group. (3) The results of high throughput 16S rRNA sequencing showed that the additions of antimicro-
bials had no significant effects on o diversity (P > 0.05) of microflora in C. idella intestine. However, there were
significant changes in B diversity (P < 0.05). The results showed that neither of the two antibiotics affected the
community richness, but they changed the diversity among the sample communities. Taken together, dietary enro-
floxacin and florfenicol could cause oxidative stress, inhibit the intestinal immunity as well as affect the intestinal
microflora of C. idella. This study provides a reference for the researches related to the prevention and control of

C. idella diseases and the green and healthy culture of C. idella.
Key words: Ctenopharyngodon idella; antimicrobial; enrofloxacin; florfenicol; immunity; intestinal microflora
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