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TR AW AR o KR )2 A LANH I NH 7Y
T XAFAE, B T80 Ay B far, BA MRS YEN 5
o E A M, A AR LR KT
EZASRE MR, dENE, B
Fh4a; fE40 MK b, 2R 0] DLd i 5 F A )
SHRBIEIH R T I LR AR, BEMREY,
Tl A5 e P B B B b A ) 2R A K i
B AR D RE AL, B AIE AR IpiE .
ML 0. R R farh SRR S
HE 2R, ez EAVF 2N, XN
Je AT Wi B P, &R R e 2 Gl R 2H 2
AR, H I 22 K 3 A RO R, BN IR
b e A Bl 5" St 2K 2 BRI B . 2K
o2 R G A0 AR N S B AR Ry R I S . IR
i} (Acipenser schrenckii) %] o (ENE I 2 E Wi J5,
ALZM 35 PE J 1gM & 5 25 3R 0 A 38 8 PR AR ) i
#, R\BHEAEMIEEIK T LZM &% K IgM 1)
B, T T A ) S D RE, PRAR T A ) A
I, W (Aristichthys nobilis)W 2 584 FEE 1 5 52 B
(] ) 380, Jif R SR JE TR 5 (TNF-0) IR 26
(IL-6). B4R 12 (IL-12). A/ Z1p (IL-
1B) I mRNAZ & & 25 1 9, PLR KT B M/ &
10 (IL-10)/) ik 32 24, 22 5 5 2 T K 4
P 83 Bl AL g R, 2 % 81 (Cyprinus capio
furong. @ xCarassius auratus red var.d){E & &M 18
J& ACPHTAKP P4 tH 3 A [ 72 52 1) 38 58, 2 W 2
BT T BRI A T 0 A B g R g
i 2 0 R e e L 2N, DR B A A B i,
F HRAR & TP R85 7 10 5 — T B 4k, A R R B,
AW A8 W] 5 5 AR A L, AR BT A AR G P4
P07 G5 R G 5L i Sl St S AE T
T A 2 BB T AR ) B 5 S A 2 AE LA
T BSCERE, N T SR 5 A T v 2 2 2 i AT B
PRACRAP PR, G 1Rt — BT 5T .

T i 1 (Tachysurus fulvidraco)si J& 5T H (Si-
luriformes) % £} (Bagridae) 3% 5 1 J& (Pelteobagrusc
Bleeker), 72 & H HZ W FRE A GF K2 —, 5040
T IR EA VLA BRIV H SR KA o 3 591 2 gy
(10 R A G Bk £ 28, oAb B 3R 85 DN 1 AR A B AT B
{10 BB e I, LA 0T 106 D A 55505 e 1 R
T EAR I T AR5 S AR LA TR IR
R TS N S5 e W 2 R iR 0 3 S0 2 21
GER . TR bR A R B DR ) 5 o AHIE ST A R
A IR HA SEBR 4R S R, IR R AR
SR TIUIE I i S 2 U 38 1) G % 4y DL B A
et

1 #MR57EE

1.1 L6

S T 7 41111.(3.13+0.49) gty ik e ik A4k
VI S A O 1 AT B ) [ Ok T LR SR = R
FE2JE . B FE WA K IR (25.5+1.0)°C & K 5L 1.(8:30
F17:30) 45 M2V & i FC A TRk, I 45 M Dy f Ak
3% —5%, 5 K N #K30%. fEEFRERE,
396 P R — S0 ) R R 3 00 £ ) £ BE L A3 PE T 124
90 LIJ/K AR 1, TN/ AE Hh 72 4S5 R I E A
BEM . LIRS N60 cmx45 cmx45 e 7K RFE -
SIS FH K ORI S 48h BL_E 1 H ROK, SRIR 7 ot
FHNH,C1 (43 #r 28y Bic 1] i 10g/L i) BRI, S 560 e 2 b
1548 % 28 T R R
1.2 Xt

TEE TR 5, AR S RS A 2 /i vt 743
I 4t 96h - H BB Y, Skt R fE T
TRIRE R E(4.7 mg/L, 10%96h LCs) FFlEN3d. 7d
H14d, 4 28 1 AN [R] IR AR B 28 280 103 9 4H. (3
7d 14d)FI I 2H (R 28 I AR R 3 S 0 T . ) 1 32
o £ il 5 B T e VR BE EUAL(23.7 mg/L, 50%96h
LCso)"H1 12h148h, 32153/ 147, i it 2 & i
() 7255 B 50 A ) B TR A T A TR K PRI IR P S U T
MG IR R RS . AR P U TS 5K
6 A 1A FE MR, R LA (8:30 K1 17:30) B ME2 VK i i i
R, BRI Th 5 57 B AR AR, 9 R e N
PSR TS ST . R R 2 R R A
S 6] /K IR.(25.5+1.0)°C, 45K E I (18:30) 5 e 1
S TC B A FOAR N IR . SRR FINH, CIA K,
FAYIHINa, CO AT /K AR pHAERFARE o
1.3 B

TE IR S R A R R AT 24h s (E R . 4> BITE
W R A RS0, 12h, 48h ALK & A FiliE
Ri3dy 7d. 14dJ5 ik B 2 0 % 505 12hF148h
[X} B 2H (CO; C12h; C48h). T i&E M 3d (PrE3d12h;
PrE3d48h). Tili& M. 7d (PrE7d12h; PrE7d48h). Fili&E
Vi 14d (PrE14d12h; PrE14d48h)], AN i 1] 25 BE AL
1% BURE b 1045 £ (B 2H304% ), I 120 mg/L MS-222.
/N B[] st AR £ e ) 4 S I 2H 21 68 20 ZRURE A Ak
K S EIFEAR G, WiHERE T, 1T )54
(A BLAE ALY BT, a4k B IAREAR B IF, BIRTEIRA
H, F T 5 SR RNATR B 1 5% £ iR AR [ e 72
4% 2 KR, T E8HRF 01T
14 fHAF

8 2H VA, AR B AR KTE B, B9 V) S 4 2
NE, TINA%H) 2 58 I [ 78 24h . (£ 53 2 OBEW
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WA MK, 75 = R R P, AR A .
#4 pmf ), T IR M ZL(HE) B4 (1, F 2
TS ILEE I T
1.5 HEIEFRNE

FH T4 A T R K 4% 19 LU 451 1) ol 2 25 50 3% W
7£4°C, 9000 r/minZk /4 T &0 10min, B FiF R
K FAS [E] 1A B3k R A= W BB A BR 2 = A It 7
S e 3 1) S BR R FIM (Immunoglobu-
linM, IgM). #MA&C3 (Complement3, C3). #MkC4
(Complement4, C4) (1) EAIE HBE(Lysozyme, LZM)
(1) R A
1.6 EREFTIEKFENE

{5 FH TRIzolplus™ 2. RN A $& B 7 78 = & e
0. 12hFH48h; M\ 3 591 £ (1) i 2H 21 F2 HUS RNA
FH 1% 358 g3 e Jiz FL A I RNVA P 48 i 0 58 4
A8 FH 30 5 SR G 10 e SR i e DN A, i #8412 A
THEAT B S R Al EE ) N (qPCR) /3 #T . qPCR
517 A SR BRI AE90% A b i
F2xSYBR Green qPCR Mix (Antibody; Genenode,
GO FEFS96 LI PCR & 4t (& M AR AR AE W H AR A TR
AT VLI R BT 8. PCRY ML F N: 95C i
A5 P 3min, 95°C 48 P Ss, 60°C I8 K -ZEfH130s, 401/
o A -actinfE NS H 5, K2 s H
(PR B ARG R A 1
1.7 Zir59Hh

T 15 52 56 H 4 18 DL S bR 1 25 2o,
SPSS27.0% 4 (IBM, NY, USA)XT W 77 3% 75 ) £ 4/
HEAT B R K 7 22 43 BT (One-way ANOVA), B J5 % H
Duncani#f17 % # tL#5, P<0.05FK /R % 7 B3 .

R1 ERAEEEPCR3IHIFS
Tab. 1 Primer sequences for gPCR

Hbr 2L A Gk GBS
Target gene Primer sequence (5'—3') Accession number
#MA3 (¢3)  ACCCATAGAAAAGAAGA XMO027136454
GCGACT
AAATCCTGTCAGCAAGCC
GAT
S EERE AM ACTGGCTCCACATACACC  JQ067604.1
(igm) T
CTTGCCATTTTCTCTTTTG
TACTGA
4/ E 1PTCAGCCTACAACCCACCA  JQ730738
(il-1B) AA
GCTCCATTCCATCGTTCTC
CT

JiIR R FER F ATCTCAAGGGGACTTACT XM 027146388.1
o (tnf-a) CCA

CCACCCCTTCAAGTAATT

CACA
MEEEB- TGCTGCCTCTTCCTCCTCT KM673246.1
action) C

GGACACCTGAACCTCTCA

TTGC

2 #£R

21 RKERETENESREAMEX EHE L
LR LN EERIHI 2 A

I 3ok S A 5 T N7 ZH R R 2L ) 0 2H 4
T, T R ZH (CO) i 20 23 i) i 22 HE 21 60 0], 94 S04 i
b R A M HE B 5 ST T, A AR IS I, i 22 25 4
SEEL, SF HEZH (C12h) 88 2 23 8 B0 5z 400 B 7K e ok
FE ZH (C4A8h) i ZH 23 (1) i 22 7 [B] () 22 BE A K, i 22
o g, b Ar RS 3R EL, b R 4 R S
fo7= Ak, B8N B AR R . B, A OF, A
AT E (] 1) fE R 2 A SR R 1 20, TUE N 3d
(PrE3d12h). 7d (PrE7d12h)F114d (PrE14d12h)f1%}
B ZH (C12h) 8 2 21 H T 440 i = v Ak, /08 P AR
Ll G IR A R FR EE A0 B AR A, H Tl B 3d
(PrE3d12h). 7d (PrE7d12h)#114d (PrE14d12h)fE 20
SUGHFE T R THHRLH(C12h); AT FXHEZH(C12h)
AIFIE 23d (PrE3d12h), FildE B2 7d (PrE7d12h)Fl114d
(PrE14d12h)f 25 23 451 1 % 4%, Ho v 14d (PrE14d
12h) 88 2H 2R 457 495 R f /)N, 8 22 HE A 5 R0, i 5
SRR b R A M HE A B R Y, A A T I,
N HBUERMER Bl SIS, ERK
JE & R 2 T 48hi, Tii& M3d (PrE3d12h). 7d (PrE
7d48h)F114d (PrE14d48h)Fl% [ 2 (C48h) i 2H £ 11
Jos BRAR AL — A2 0, 3 A & . 14d (PrE14d48h)
i 20 2 R f )N o
22 RARERAMENESRAhEXNEHER
pEE itz 0pA

T 8 U S 4 R0 FE 2 B8 40 2R ) 40 G g 4
PROE R s B R 7 N Ak ] 207, LZM 35k
MIgM. C3IT EAEMKE AR ETE48hE, SX
ZH(CO)AHLL, TiEN3d (PrE3d12h; PrE3d48h). 7d (PrE
7d12h; PrE7d48h)#1 14d (PrE14d12h; PrE14d48h)fE
HLAN LZM iEMEMIgM. C3 &8 B THE(P<0.05),
Horp Xt I8 41 (C12h; C48h)E 41 41 Py LZM 3% 1 Al
IgM. C3&EHA I #HZ 7 (P>0.05), HUE N 7d1H
LZM 3P Je T i Ja PR . CAS R AR ik B A 2
#&48h/5, 55X A (COYMH L, THU&E B 7d (PrE7d12h;
PrE7d48h)#114d (PrE14d12h; PrE14d48h)fiE 25 23 P
CA5ERETHE(P<0.05), MHBZL(C48h) LR N C4
&8 2 PR (P<0.05); 1H3d (PrE3d12h; PrE3d48h)
fRZH 2R CA45 B B3 2 57 (P>0.05).

TE 7 ¥R B2 & % %% 72 12hi, Til3&E M 3d (PrE3d
12h). 7d (PrE7d12h)#114d (PrE14d12h) ) a4 2 A
LZMIEMRIC3 . C45 2 2R E T miash(P<0.05;
Wi fi3d (PrE3d12h). 7d (PrE7d12h)Fl14d (PrE14d
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12h) FILZMiE MR 2 5 TXTHEAE(C12h; P<0.05), Hork
T 14d (PrE14d12h) &= TUE R 14d (PrE14d12h)
[P AMAC3 5 & i 35 5 T % B 2H (C12h)F13d (PrE3d
12h; P<0.05); FiEN7d (PrE7d12h) fl14d (PrE14d12h)
[ EAMACA & B T R ZH(C12h) FITTLE N 3d (PrE
3d12h; P<0.05); MIgM % &% A &% Z 5 (P>0.05).

TE /5 ¥R FE & 58 %% 75 48hI, T3& 9 3d (PrE3d
48h). 7d (PrE7d48h)#114d (PrE14d48h)#E4HALZM
EYEFIIgM. C3RICAT & 35 F1 51 (P<0.05); Tili&
[3d (PrE3d48h). 7d (PrE7d48h)#114d (PrE14d48h)
(I LZMg P 5 3 75 1 % L 43 (C48h; P<0.05),
Tii& N 14d (PrE14d48h) % f=1; Tii& N3d (PrE3d48h)-.
7d (PrE7d48h)#114d (PrE14d48h) i IgM & & 5% &
F-XFHE4(C48h; P<0.05); Tii& M 3d (PrE3d48h). 7d
(PrE7d48h)Al114d (PrE14d48h) A MAC3 & & B &
T} 8 2H (C48h; P<0.05), H 1 1iiid i 14d (PrE14d

48h)f far; Tilid B 14d (PrE14d48h) [ #MA C44 &
Fimr TAHRZH(C48h) . THUEN3d (PrE3d48h) Mi7d (PrE
7d48h; P<0.05).
23 EIRESEMENESRAMEIT KIEMR
R XEERF T

B 281 0 U I 4R e R 2 08 2 2 A G B A 5%
FEE R B i N A an & 3R, FEmik
FER R 12h, 55t RAL(CO)MI L, XHEZH(C12h).
i MN3d (PrE3d12h). 7d (PrE7d12h)F114d (PrE14d
12h) 88 20 2R N il- 1 pBE IR 3R TE K V- % 8 3 72 S (P>
0.05), 1M T3& S 7d(PrE7d12h) 8 25 21 P il-1 53 R 6
k7K B, SHIB4L(C12h). TidE B 3d (PrE3d12h)
H114d (PrE14d12h)88 2H 2 N il- 155 R R 3k K~ T
W R R R FE FE 12h, 5 AL (COYH L, Xt
HEZH(C12h). T M3d (PrE3d12h). 7d (PrE7d12h)
Hi14 (PrE14d12h)ERZH 2N inf-o. c3FE R ALK

BT AN I I R R R TT0E B e TR R T s Bt i L 2R 4

Fig. 1  Gill histological structure of yellow catfish under high ammonia concentration after pre- acclimatization to low ammonia concentra-

tion for different time periods

a. C0; b. C12h; c. C48h; d. PrE3d12h; e. PrE3d48h; f. PrE7d12h; g. PrE7d48h; h. PrE14d12h; i. PrE14d48h; EC. b2 4 fifu; PIC. FEIR 40,
B. .48 f; SL. 88/ Fr; CC. &4, EO. b 4tk /it END. bR 4R FERII S ; LF. ERMhA; EV. 4028 1k; SSL. B8/ 7 464

CL. 2/ Jy 2 h

a. C0; b. C12h; c. C48h; d. PrE3d12h; e. PrE3d48h; f. PrE7d12h; g. PrE7d48h; h. PrE14d12h; i. PrE14d48h; EC. epithelial cells; PIC. pillar
cells; B. blood cells; SL. secondary lamellae; CC. chloride cells; EO. epithelial oedema; END. epithelial necrosis and desquamation; LF. la-

mellae fusion; EV. cellular vacuolation; SSL. shortening of secondary lamellae; CL. curling of secondary lamellae
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HIGH AMMONIA EXPOSURE AFTER PRE- ACCLIMATIZATION TO LOW
AMMONIA CONCENTRATION ON GILL TISSUE STRUCTURE, IMMUNE
INDICES, AND RELATED GENES IN TACHYSURUS FULVIDRACO

NIE Li-Ling"*, YANG Zhan-Hu’, ZHANG Qing’, BAO Rui-Feng’, ZHU Chuan-Kun', LI Li*”,
ZHU Xiao-Ming’, XIN Wei’ and ZHANG Lei" ™’
(1. Dalian Ocean University, Dalian 116023, China; 2. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072,
China; 3. Liangcheng County Science and Technology Bureau of Agriculture, Ulanqab 013750, China; 4. Huaiyin

Normal University, Huai’an 223300, China; 5. Huai’an Research Centre, Institute of Hydrobiology,
Chinese Academy of Sciences, Huai’an 223002, China)

Abstract: Ammonia nitrogen is an important water quality indicator in fish culture, as concentrations exceeding the
safe range can cause stress to fish. The study aimed to investigate the effects of high ammonia exposure on the gill
tissue structure, immune indexes, and related genes of yellow catfish (Tachysurus fulvidraco) after pre-acclimatization
with low ammonia concentration. Yellow catfish [body weight: (3.13+£0.49) g] were exposed to low concentration of
ammonia nitrogen (4.7 mg/L, 10%96h LCs,) after pre-acclimated for 3, 7, and 14d, followed by exposure to high
ammonia nitrogen concentrations (23.7 mg/L, 50% 96h LCs,) for 12h and 48h, respectively. The results showed that:
(1) after 48h of high ammonia nitrogen stress, the gill structure of yellow catfish displayed various pathological changes
such as vacuolization, shortening, curling, and merging of gill lamellaec. However, the pre-acclimated groups (3d, 7d,
and 14d) experienced less damage compared to the control group (not pre-acclimated to the low concentration of
ammonia nitrogen). The control group showed different pathological changes such as vacuolization, gill lamellae shor-
tening, curling, and merging.In contrast, the gill tissues of the pre-acclimated group were less damaged at both 12h and
48h of exposure to the high concentration of ammonia nitrogen. Specifically, the 14d pre-acclimated group exhibited
the least gill tissue damage at these time points. (2) After 48h of high-concentration ammonia nitrogen stress, the LZM
activity and IgM, C3 and C4 contents of yellow catfish increased to varying degrees in both pre-adapted and control
groups. In all pre-adapted groups, the LZM activity and IgM, C3 contents showed significantly increased, while C4
contents were only significantly increased only in the pre-adapted 7d and the 14d group. At 12h of high-concentration
ammonia nitrogen stress, the LZM activity and C3, C4 contents in the 14d group were significantly increased. Addi-
tionally, the LZM activity and C3, C4 contents of the 14d group were significantly increased. C3 and C4 contents were
significantly higher than those of other groups at 12h of high concentration ammonia stress (P<0.05). (3) The expres-
sion levels of tnf-a and ¢3 genes were significantly down-regulated at 12h of high ammonia nitrogen stress, while in the
expression level of il-1f gene showed no significant change. The expression level of igm gene was significantly up-
regulated only in the 7d pre-acclimatization group. The above results indicated that pre-acclimatization to low concen-
trations of ammonia nitrogen, followed by exposure to high concentration of ammonia nitrogen, resulted in reduced gill
tissue damage, increased LZM activity, and elevated IgM, C3 and C4 contents in yellow catfish. This suggests that
yellow catifish develop a certain tolerance to high concentrations of ammonia nitrogen after pre-acclimatization to low
concentration of ammonia nitrogen.

Key words: Pre-acclimatization; Ammonia nitrogen stress; Gills; Immunity; Tachysurus fulvidraco
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