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WE: NIRRT BB =N (4losa sapidissima)g 7K 5.} B (Aderomonas hydrophila) &L F16 & E, AR
2 DA BB 5 N i 23 B 24 5 0 TR PR KB TR YMIL L, IR SR B- A BERGE S IO Rk R A
i 257 G BEARPARY B0 A EAR T AL S AR RO I, T KSR S IR R A YML 5%
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MR bR S ) M S e L2 (R L B ),
AR A RO L+ B ) %= -1P (Interleukin-1
B, IL-1B) A1 i 98 A FE A 7o (Tumor Necrosis Factor-
o, TNF-a)/K-F- 53 T, 51K 4 SR ZL ) SO0E I
J8, AT 3 3 G RS FE, HL 29I K2 A E DIk
s, ] R R B E AR, O IR
Fau VR B R 2 UL R A W) B A 5 (Superoxide
Dismutase, SOD)Flid %t A 1 (Catalase, CAT)iF 1%
T H T R, TERR B R e ks s 1A e K 4R
1k, W) i (Glutathione Peroxidase, GSH-Px)i% £ 4% 1k,
K AE B P AL 72 B H BK (Glutathione, GSH) 7 &
() B, 3 [F] 5 B0E ot o 45040 7= ) T — % (Malon-
dialdehyde, MDA) & 8 2 35 T} i, A% & 40 0 kA4 ™
BRI 5 ULIRI, B AR 5 SR
A O R A T AR, S 02 B ) R TR B, U
FE JH[E B, o b 9 14 %5 (Reactive Oxygen Species,
ROS)/KFZ il Fh iy, 51 KA L5 e ], &
RATHEIES T i R R

B 2 R R AR AREE A 5 7= A i 24 1 45
R R, FEZK P 3 4 v R LR R A S I
1] F-(Terminalia chebula){F N RPLE T H 2, O
BRUESE B A PUEAL . PUR . PR S B 4 i O
FORORIHREYE, IF HE & 2 sy, ka1
P4 F 5 (Methyl Gallate, MG). 7% & FFR(Gallicacid)-
BT IR (Tannic acid)” 2. Horfr, Wi 712 P Iig
O UE 5% K M AT 1 (Escherichia coli)~ A 2% 5.
i B (Pseudomonas aeruginosa) V%17 K& (Salmo-
nella enterica)~ 4 ¥ 7] %] BK & (Staphylococcus
aureus) % i 98 %% BR & (Streptococcus pneumoniae) E:
A AE A, B/ 30 B R B (Minimum Inhibitory
Concentration, MIC)%} Il 9512 256, 512, 512FH
256 ng/mL™ ", TR G A E 92 i R
9 SHURALTEVE: A OLREARG: I 2 5515 4,
i AT AR A7 JH 40 K Bt 0 A SR 1K AL A5
1%[29, 30]0

T J LA = A DX 3k 5 I filf 57 B S 5 22 R, At
Ft LA SB35 W Bl 73 55 1R W8 7K A B TR o0t Rl ik
e S B B E H L RE 7, 45 A 24 B IR Ik 15
AN h BLZEPE Ly, B PN I R B TR
FH TG ) R A 00 B 3 12 3 — Dl i A TSR 5,
PR T HT 5 I filf 71 0 7K = B J G P T 7 28R,
I A H B A . P DR A RO E R
FAEH o BIFFT 45 RN Dy i B2 AR K 4 R
By 42 v 00 87 F SRS R AR AR, I 56 I i i e 57 5
TR Y & £ 75 0 711 B2 7 it o

1 #MR57EE

1.1 SEMR5RIT

SBT3 PN I SR [ VL5 A M T R R B 2
(120°06'E, 31°81'N), Ski H 7 & #8(Carassius au-
ratus gibelio) 1002 [(1A& T 30.0+1.0) g], H H E K7~
BFEAAIT T8 56 1 AR LA 7T o O v TR AIT S 56 255 3y
(120°33'E, 32°10'N) 2 fit, LM i 41 1110002, W A
BVTLIL 2 Jsvilv BH A B A 7] (119°82'E, 32°30'N).
SEI 8 8 77 T 25—28"Cok Ak, 4 H R MR2 U0
K1/5, 7TdfE BEHLELJE f R L R0 . . JiTE i
W FRT RE 2N, 4 LBES 97 £ 28°C 1 1 5 R
Br R A8hY To B va AL, K E oA B IR Gy H T 5k
5. AP % R ARG AR EREE.
LB} 77 500 B B 5t i O s AR R TR A~ 7
Premix TagR &M E T RIEEAEWA A . 16S
RNAG|PI(27F/1492R) i L ifg 2k TAY TRARA
H A . W L2590 F (Terminalia chebula Retz.)+
TFL£% ¥ (Rhus chinensis Mill)J B 2= M )1 {5 25V A
BRA D WETRR(=985%) #ETRHFEE=
98%)~ LT R (=96%)55 b AE i T B T L g R
AR A BRA A . AR AR AR & B I FE
% ¥ (Alanine Aminotransferase, ALT). % 5 % &
fiff (Aspartate Aminotransferase, AST). CAT. GSH-
Px. T-SOD. [ [ (Malondialdehyde, MDA). [
4 1% 2 I (Acid Phosphatase, ACP). Tl 4 T i fiff
(Alkaline Phosphatase, AKP). ¥ B [ (Lysozyme,
LZM). fi %M & &R 45 C3 (Complement Component
C3). C4 (Complement Component C4). HHJEIRFEA
“F-o. (Tumor Necrosis Factor-o, TNF-o). JHREIRFEA
“F-B (Tumor Necrosis Factor-B, TNF-B) IL-1p. 57
Jii B (Fish Cortisol). 15 Il % (Fish Epinephrine)
Y0 B v R O S AR IR IR A A

100 gZj#1460°C HET )5, 1000 mL23 &5 7K Fil
F 3K BOmin/iR), A HIEMRIRAE 2100 mL(1 g/mL),
4°C ORAF ] £ T R 2 SO . e TR IR
BB TN B BRAE AR AE Al S O 2 220 mg/mL
7K -
1.2 REAESEEESERIE

B 1 H 23R 2 4 F g IR B lR, 28°C B 97
24h, HEHUIE % 06 V% (A 4 9 YMLDZEAL )5 {47 T
—80°CH M o =2 IR YL (3 bR vHE VR RE (45 B SR
WKL) ik . AN EES (IARHE
TN BATRERACH . BEIE RSN E . 1Y
16S rRNAF PCR% 14 : 95°C 3min; 35x (95°C 30s,
60°C 30s, 72°C 30s); 72°C 5min. #HiIMEGA11.0#)
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BAZKEW.

K YML1 B (3.0x107 cfu/mL)4 4 5 s 3 5
L AIE 5 5% B SR A0(30.0+1.0) g 100 uL/JE], %
AT H (n=15/2) K A= # 3R K A R . 1d 3 96hFE T
R, FEEH o B S e RV A .

1.3 #Escis

80 CIRAFIIYMLI B Fh, B 75 J5 8/ F5 mL
BEIHRRZ Y, 28°C. 180 r/mindf % 5 7 24h. K
5 TG 45 VA 8 91.0%10° efu/mL 4 FH
BB 270100 pL ¥ 214 A 1P, I B 24 B4Ry i
28°C ¥59524h., i bR = RO = B B 5 A2, &
= (HUEY 25 ORI P AT R AE) 150 B
ATCLSIFR M 340 52 BB 30 1 Bl B 42 <10mm ()
10—15 mm (+9F80). 15—20 mm (++5 ). =
20 mm (+++H )

14 FPEHIIEFEMFE

K FH BN AR A 802 B A= AR 4T FLIE I ik v
RO T EE2s, AR 00 nLIRFE A 1x10° cfu/
mLI I 2R AR TLBE FR B R8s 77 4t b, {8 H
TR AT LA (EART mm)7E PR & InFeEfL, 285
TEZFLH 53 BN 200 pLBr il 45 R 259, BT
28°CHrF724h, M EIFIC R B HE. #H—P K
FH A% 7 B 9% (80.00—0.625 mg/mL), #4248 it 4 &
FiBE B RE B B T-28°C .« 180 r/min i 18 IR #2 IR T 3R
Vi 5597 24h, Bt 5 WA R 2590 B VE N %
TR B . 35 B TR A NP , R B
A2 B, LIS R 87 () 25 990 B B A s A A B
WEE(MIC). B HU100 L4 6 55 77 48 1 i A T
LBE 7% By fIg 55 7% 2L R 00, F B2 PG 1O IR E T
28°ClEIL B FR AR v B B B 9% 24h, K, LLSE AT
R 78 A2 K 1) B MK 29 0 VR P i o D /N o TR IR B
(Minimum Bactericidal Concentration, MBC). 5K 4
WIREE, DTG K A BRI . bR ifE A0
PEJT IR b, WA 910.00—0.15625 mg/mL.
1.5 WF5&EEFEBPRSXT S M E KR SE
RS B E BB IR E B E

DAL B M 2l TPk 2162, AL 7 64
(BH3NEHE, BEL12R), 70l &k T ARWKE
fi 9 7K B T B (1.0x10% . 1.0x10°, 1.0x10°,
5.0x10". 1.0x10" cfu/mL) %% %% [ % HE (PBS). 96hI
SEI8 5, >k H GraphPad Prismi?t 417 Log-Logistic3F
Le Ve T, BESTAN R IR EE R T RO R
5 96h- %1 31 FE ¥k ¥ (Lethal Concentration, 50%,
LCs¢)-

THBH S8 2 AN B IR BT T (48d) A I B¢
SER(21d), 17T —B Bk B 3L I 600 2, BEAL 7

A Ay e A A IR A (KAL) ZEE o R A
(DA). 0.5%% BT HFEHMA). 2% 7 /KD
(HA), Scie A EE Rt BB R B . R BESES
& 48 5 N 50.0%. 10.0%A13.0%), & 34 EE
(n=3), B EES0RAFE48d, FEREELKQ1d)H,
KAANKEE, D. M. HZLKGL1/10 96h-LCs & /K=,
BB . ESL AN, E IRER G Td. 14d
A21dFIRTFIEREA (B R 9, A% 5 —80°C ff
T4 febrill 2 -

TESRI SRS, Gt —id sk BT SR ] 46 7k &
(Initial body weight, IBW). £ K /& & (Final body
weight, FBW). 4= (Total length, TL). %&£ K
K (Specific growth rate, SGR, %/d)=[In(%¢ K 14 & )
In(WIEE R 5)1/(69d)x 100 173% # (Survival rate, SR,
%)=100x 4145 1 R 3/ 2K R 4L
1.6 FFFSEFRAENIEKSENERSRE
EPLL R PSe R E St N0

A A FE BRI G E I IE, DD REFE R : ALT.
AST; L& ALEF: CAT. GSH-Px. T-SOD. MDA;
P A HE: ACP. AKP. LZM. C3. C4; KAEM
F: TNF-0. TNF-B. IL-1p; % J#4# & : Fish Corti-
sol. Fish Epinephrine, FfT A #/F ™ #% % i B 15 1
17, MR FE S B 7k E F1ODAHE, % F ELISAcalc# 14
THE bR i 28 1 513 5 F2, 3% A Logistic (14 2
OB FAT G
1.7 WFFE R FERAREMNEKSERERSR
227 R 48 SC B B FRA RS2

K H TRIzoLiR 7§ (TaKaRa MiniBEST, 74 & &
BRO)$ B2 W filif 14d 0 BE S RNA, 106 %% 5%
PrimeScript™ 1st Strand cDNA & AR ) &, SE &
HPCR5| Y2 MNCBIEUE 741t (R 1). 519
114 AR (TB Green Fast qPCRIE &4 KI5 T
FHET AN TREARAR . IR 95T
% Smin, 95°C 4% 4 10s, 55°C 3B K 20s, 72°C %E {1 20s,
40535 o p-actindt K 1E NN = K, R A
2T VE T IR A X ik KE . qPCRAM T
AR BB H K G i (gss) AL
(cat)~ #ZRFE2HRAF1 (nrfl), T FEHIIEA:
B (lyz)s Toll3ZAA3 (tri3)~ HURACEAH KRI85
F2a (tap2a)~ HEBEANEER 9a (psmb9a).

1.8 #HiENIE

SI2 6 # ¥% i F IBM SPSS (Statistical Package
for Social Sciences 20.0)4K 14 12E 47 B [K 25 J5 2 43 Mt
(One-way ANOVA), P<0.05% 7~ % 7 B %, 45 1K
FH GraphPad Prism 9.513F17 22 7 i1 40K B 40 #r, 33 LA
Y EEPRAE IR (meantSE) R 7R o



4 31 it 2 5 PRI Y I X SRl e 00 KRR T R S T BRI AL 4
2 FR WAL AEZ R XK i i S - 7RO 25 Sz B 12k

21 FEERHNNBSELEE

B 55 P fil S R IR, NS eE . R
i A 45 £ o, B ARK, AT TTL0 MR BB
fiF s AT L 22 R R, KRR, il S R 2
FEHLIR, FFRE DK Bk . 280K HER %2k dugoge
J&, MHFIE 73 B3R B AR Y ML TR 2% L% E
RIS 2B iE LI ATE . el KAGREEE
T, 2 Y BN Z 0, sl R (1), AR B
A AR 12 TR PR T T 26 BB (O—F 238 A F) i
PLAANE A R B LB /1L BL ), A R R0 I . B AR

(3 2); 16S rRNA PCRY™#4 /= #) 2l J¥ 791339 bp
(Kl 2), BLAST/r tr i /n 5 G K R (& 5% 5
MG428960Z5) L 1599%, R4tk & Ml A
J& TR KM 75
B[] A % e S 00 4 R O, (R AR
£ YML1 (3.0x107 cfu/mL)/g& J¢ Ji5 48h P 4> & 48 T
(% 3)o 753 HEWL S I S 350 A7 W b 40 o 5 o if, 3 —
5 ) R IR 1 e 5 B AR R ALK

22 AL ER
73 85 HH R ) W K R T B AR N ER R R R
#1 qPCRHHTHEESIHIFT

Tab. 1 Primer sequence for gene analyzed by qPCR
FEPH FEH 5175 PCR“HIR/IN
Gene name Gene Primer sequence (5'—3') Product size (bp)
B-WLB) 4 [ Reference gene B-actin GTGGATCAGCAAGCAGGAGT 165
ATCCTGAGTCAAGCGCCAAA
Bk H kA il Glutathione synthetase gss AAAGAGGGCCATGCTCAGTC 224
GCTGCAGGGTTGTTGTCAAG
1% R FE2A4H5¢H 71 Nuclear respiratory factor 1 isoform X3 nrf1 GGTGGATCAGAACTGGGCAA 265
CAACACACGTTGACTCGCTG
B ¥ Lysozyme C-like lyz AGCCTACCTCAGATCACGGT 213
GTGAGACTCCCATTCGGCAA
U PR AH 15 25 9 2a Antigen peptide transporter 2-like  tap2a TTCGCACTGTACGAGGGTTC 173
CCTGCCATAGAGGAGCATGG
i AL S Catalase cat GGGGGACTCAGAGACCAGAT 246
CAAACACGTTGGCCTTGGAG
2 A g4 I # B 9a Proteasome subunit beta type 9 protein psmb9%a  ACTGTGCCCTCTCTGGATCT 180
CAGCGACAATGAGATGTGCG
FERZ A3 Toll-like receptor 3 Toll tr3 TCCTGGTACGTTTTCAGGGC 164
GAGCAGCTGATAGTCGACCC

Fig. 1

a. RIEATERE, RRA QI b. FHIEZ A, IEEW, TTrY; o FHIELL, 5K, 882232500 I d. YMLIBVETE S e. YML1EE 2[R
VSEESES

Clinical symptoms of Alosa sapidissima

a. The caudal fin is incomplete, and there are wounds on the body surface; b. White liver, translucent intestine, no food; c. Liver redness,

ascites, slight bleeding of gill filaments; d. YML1 colony morphology; e. YML1 Gram staining results



5 K A& E ¥ wR 2026, 50(4): 042614

HHER. ABEREHYMBURGE 4); XF R Fu Rk,
AR, WU RS R AP, X &R 2
%, ABER. MABER. kMRS 6 EH
JK, H1 A P L A% A2 8.20—40.75 mm.,

2.3 PEARTERINEELE

LA T, R o 2GRS ) TG KR
PP R U RE RV A T (R 5), AR 41 74 [
Fir (& 3)e S8 RER, W1 R IR+, Tuth

R2 DEWEBEELS
Tab.2 The physiological and biochemical results

4% FRName 45 W Result % FRName 45 P Result % FRName 4 W Result
i Muscaric sugar 137 %5 Serum inulin + 6.5%1= #2 P1%6.5%high-salt broth -
i1 %) B Amylaceum + “H #% HiiMannitose + TR £ (34 J50) Nitrate (Reduced) +
% % PliBarley-suga + T3¢ EMelampyrin — K TR % R Phe _
H #& ¥ Mannitol + AEZ Inose - - [ 4425 i Semi-solid agar +
JEBESucrose + L AL Sorbol - i At Hydrogen sulfide -
K 37 {71 % Arabinose + 7K A% % Salicin + B4 I Glutin +
A Xylose - L+ Esculin + % B2 Ornithin —
¥ FFERaffinose JHYT-Er Bile sevoside + Hi fRlysine +
R M Fructose JR# Urea + ¥ % IR Arginine +
- Z. Wi Galactosum ONPG + ¥ 7K Semen +
1L Z4HESorbose - 7 %1 BETR #h. Gluconate - S 5L 5% B8 Amino acid control _
£ 4 —HfECellobiose - MR IR £ Citrate - ¥ 7K Xt HE Semen control -
% — PiMelibiose - 7 & #:Malonate - £ A 7K Peptone water -
A =#liMelicitose O—F F

T B, BTG, KEER(F)

Note: Positive (+), Negative (—), Fermentative (F)

MG428961 Aeromonas encheleiafff iz K #

a b A Aeromonas hydrophila (YMLI1) &K PRI
MG428960 Aeromonas hydrophila®g 7k < .
165 rDNA 18 e
NI MF716686 Aeromonas hydrophila®% Kk < 2.}
0.050 OR673567 Aeromonas hydrophila¥& 7k <, 3.0
S1 A 2% KC344853 Aeromonas hydrophila®7Kk < %I 4
14 MG428957 Aeromonas hydrophilaf#saia sk &
OR687215 Aeromonas hydrophila®g 7Kk <. it [
T AM262152 Aeromonas mediavf A< HL A
. X60410 Aeromonas mediavf [A] < B
99 HG970952 Aeromonas aquaticajk A=< M N0 A
48 ||| NR136829 deromonas aquaticazk /& H g
KF761305 Aeromonas sobriaili F1'< 4L b
99/‘{NR037012 Aeromonas sobriali FN'< I
OL441605 Aeromonas veroniiZfiz\,< PRI
%9 /_I PP309970 Aeromonas veroniiffi2X. < ¥ ifd b
AB015480 Flavobacterium columnaref iR ¥ HF 4
B2 B K2 SR R YMLL PRI R 400k 6

Fig. 2 Gel electrophoresis results and phylogenetic tree of YML 1strain
a. YMLBER ik 45 2R 8], 55— %1 9 Maker, 5 SIS/ B EHRYMLL; b. 23 BIE M YMLI RS B
a. YMLI1 gel electrophoresis results diagram, the first column is Maker, the second column S1 is the isolated strain YML1; b. Phylogenetic
tree of the isolated strain YML1
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Tab.3 Reinfection test result
2k VEgT AL B JET-HMortality BETIH
Group Injection treatment Number 0 6h 12h 24h 48h Morality (%)

JIE s 25 3.0x10" cfu/mL 15 0 0 1 3 11 100
Intraperitoneal injection 0 0 2 4 9 100

0 0 2 3 10 100
LA 5 3.0x10" cfu/mL 15 0 0 6 6 3 100
Intramuscular injection 0 0 5 7 3 100

0 0 7 6 2 100
it 6 2H Control A FEER K 15 0 0 0 0 0 0

Physiological saline 0 0 0 0 0
0 0 0 0 0
F4 HEIBRNEREERRHRIEZEEFR
Tab.4 Bacteriostatic diameter and sensitivity level in drug susceptibility test (mean+SE, n=5)
JF*5No. 24 Antibiotic 17 Pl E 12 Diamete of the inhibitory circile (mm) UL Sensitivity 15 % % Antibacterial level

1 H%KPenicillin - _ -
2 ZR M 7 FR Oxacillin — - _
3 T P #k Ampicillin - _ _
4 WRFLVEMRPiperacillin 22.46+1.25 Pt -+
5 Sk 158 " Cefalexin _ - _
6 kfflMRkCefazolin - - -
7 kffAkECefuroxime 23.53+0.83 etg ++
8 kHfhnE Ceftazidime 25.45+0.90 et H+
9 kifaikACefiriaxone 29.36+1.26 et +++
10 kffURAFCefoperazone 26.65+1.74 etg +++
11 AV EEnnosault 20.65+0.40 e +++
12 BTK-RE Amikacin 22.40+1.30 et +++
13 JKK% % Gentamicin 19.8040.40 [t ++
14  FHB%E KKanamycin 21.35+0.62 L& +++
15 % & Streptomycin 19.45+0.41 B i
16 A2 Achromycin _ _ 3
17 KiE¥MFEMinocycline — - _
18 4% #%Erythromycin 17.35+0.45 [k +
19 K] 47 %% 2 Azithromycin 30.75+2.15 Wt -+
20 WYY E Norfloxacin 28.55+1.65 e +++
21  HH?E Ciprofloxacin 28.85+0.65 Wt F++
22 M A] B &K Cillimycin - - -
23 Jii% % Vancomycin - - -
24  ZFW B Polymyxin B 11.65+0.85 i +
25 K J7¥iikW] Bactrim 15.45+0.96 Hg +
26 &K Chloramghenicol 36.40+2.85 L +t
27  WAHMEEZEClindamycin — _ _
28 ZLAHI B Levofloxacin 27.45+1.85 etg H+
29  EMEHiHiImipenem 10.20+0.30 g +
30 318 FDoxycycline 8.20+0.25 i +
31 #KJEHFlorfenicol 40.75%0.75 etg +Ht+
32 ¥i#&ENeomycin 21.65+0.85 L +H
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TR, FESERE RIS SN, T
SCHR AT, A SO — I L T X PR 2 1 s A 1
SFARHE AT ER . R TR E TR
BE)EATIRAM FL . IHE LI 4 R BN B TR
FH i 5% 1 7K B i 1 3 R S A B R () P 1
TE RS BT ER AN TR R v P U (+H) [ A R
.
24 WTFE5REFEEPE EMEIEKS LEE
BB RE R E K EE

{8 F GraphPad Prismit 47 3F 28 14 [=] V4 5347, 43
HH 25 P EO6h-LCso 5 1.58% 10° cfu/mL (& 4). % 6
F7w, & S2 36 A SN &R R E . KA EE
KEH TR EZ R . EAAEFEITH, MAH S5HHY
&2 & T DAL (P<0.05); KELAEIE K B & & T M4
(P<0.05), {H 5 HH T B 257 .
25 HBFRMFFRER FEREEXEKS S
BEE B8 fa 35 N B840 56 A (LB AR RO S2 N

AT FERAMA) M 5 ha b igts 2
AL BR f P B v e (B S). AE S T T, AMA
(C3. C4)5TNF-B/K -1 14diA 3 [FI & (E (P<0.05);
TMIL-1B+ TNF-o B (R EE . B )N
7E21d7t % 5% =1 (P<0.05). 7EPi4A AL 5 1H, MDAS;
. GSH-Px. CATIGVETE14dE 3% = T HAth 21 (P<
0.05); £21d, MDA. GSH-Px. CAT /% T-SODi# %
41 945 5 [7) B d5% v 7K ST (P<0.05), 5 0 2, % 20 1
ALTTEBEA S0 A (A FR 8240 T e K7, ASTE 14
TE 4B [B] A I kb F R 1

W8 5 7d, BCEEs IR AL(DA) Y 28 FE K F(IL- 18-
TNF-o. TNF-B)5 #M& 73 (C3. C4)7K 135 i 2%
1 T2 AL (K2 )(P<0.05), 32 BH 21 B I L A 2 il o
AL G R T BT N 6FE 7).

T~ 2H (HAH ) W R 30t e 22 48 5 11 S e s A
. fE14d, HIL-1p5 T-SODIE 1 & 3% & T HAth 4b
FRZH(P<0.05), [AII #MA(C3. C4). LZM. GSH-Px
J T-SODJE 1 ¥ 2. % = T D4 (P<0.05). % 21d,
HAHKIFMA(C3. C4). KAEF F(IL-1B. TNF-a)
I 0 2R KT HE— 2 2 R T DAL (P<0.05), H
MEC3IE B H B & 1§15 (P<0.05). {E T IhEEfE Ax
T, ZAMALT/AKFE21dK S & 525 A4,
ASTIEMENIFE 14d B A )5, T-21dFE R BK .
2.6 HIRFRMITTFEE FEREPEEXEKSE
RO K& 5 35 e AR X B E RIE R

WER 1441 IEqPCRZE KL (] 7): M4 RE
I A A 5 K] (gsss nrfl s cat)5 G % 3 A
(Iyz+ tap2a. psmb9a)f1 Kk, S FHHE R L&
(P<0.05), H.H: Iyz5 psmb9alt) 3% ik 58 & & # T
HZH (P<0.05). HALM B E A T3 o bt 3L H
(gss~ cat) B 2K (lyz« tap2a~ tlr3)F) K 1A K
F, 5XERH 2 7 R 3 (P<0.05).

3 g
31 HFEESBELE. AHERSIEEN

WE KR B T A — PR K A S 2% A
BURE, 7T 51 502 3V 5 CRRE, e i A

x5 hEARRERBIMIEZER

Tab. 5 Antibacterial effect of Chinese herbal medicine and standard drugs in vitro (mean+SE, n=5)

/NI
Minimum inhibitory
concentration, MIC (mg/mL)

RN IRE
Minimum bactericidal
concentration, MBC (mg/mL)

ik VBT Pl B4R BURTRE

Antibiotic Diameter (mm) Sensitivity
0] F Terminalia chebula 21.00+0.75 heft
TLA%F Rhus chinensis 19.5+0.50 [
HL R Tannic acid 18.50+0.50 =3
T2 BEMethy] gallate 24.0041.50 et
R & TR Gallic acid 19.5040.50 i

5.00 40.00
5.00 40.00
2.50 5.00
0.16 5.00
2.50 5.00

P3G el B o B 2 A SR D IO AR A4 T
Fig. 3 Screening of antibacterial Chinese herbal monomer and standard substance in vitro antibacterial results
a TR b IRE T ¢ WETIRWES d fiff Tre WT

a. tannic acid; b. gallic acid; c. methyl gallate; d. Rhus chinensis Mill; e. Terminalia chebula Retz
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ST CLIEAE S TP ) K DU BF 225 (U
&L KR )58 4T 25 (40 1 1B B4 <10 mm),
ST RS i 2 — 8 o = Ak T
B CRAAbIE . St hRA L Sk 70 IR ) A R (3
P [E>25 mm).

b SR A BT T 2 O R, o B2 RGBT, R
PR, LAME. N5 S 2 KT
AR, OB 2 R TR . B
Hh B 24 B £ B ) R R SRR A, AT

100
g 20 :
‘Qa'j 96h-LC,=
: 6

% 60 : 1.58%x10° cfu/mL
2 :
mg 40 +
H
H20+
&

0 2 4 6 8 10

TR IR JEE R A
Logarithm of bacterial concentration
Bl 4 i K= L TR TR 56 U B 96h-LCsg

Fig. 4 96h-LCs, of A. hydrophila challenge in A. sapidissima
after 96h exposure
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o b S B0 A 43 8 e H OAR R 4, Heepr
P TR S FLRE K 5 Hik 255%™, A TR G
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BRSSO B e 1 K T 2 490 1 5 R
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2, F5 R F S 2. 2GRN, AT S AR A B
e SR 1 37 P R
32 WF5REFERERNEMNMEKELESE
RS B MBI RE N E

IS IN0.5% 7% & TR F G 52 % H 1 T 7K 3247,
St 2 I () TE 3 A= Kk RS AR 2 7 A B, A T35
HITRE . BRI =2 S R 2 2% % Pt
By, BAESE M. FUMIR . ORI
P S 2 P2 S MY, T T K 3
M BB HR . PUa PR R 2 A
?£‘r$[59, 60] .

Fo6 WTFFRETFRPRNEKSEEELEREEMNMERK ML FERIM

Tab. 6 Effects of Terminalia chebula and methyl gallate on the growth performance and survival rate of 4. sapidissima challenged with A.

hydrophila
2H 5 Group K D M H
VIR EIBW (g) 1.28+0.35 1.41£0.38 1.35+0.33 1.39+0.36
AFRIKEFBW (g) 7.44+0.48 7.25+0.67 7.38+0.98 7.48+1.60
4 KTL (mm) 85.1146.75 84.5445.51 86.83+6.16 86.1449.02
7€ 4 KR SGR (%/d) 2.55+0.28 2.37+0.30 2.46+0.35 2.44+0.40
1715 % SR (%) 94.00+2.00° 79.33+3.06° 88.67+3.06° 90.67+2.31"

E: BRI NG TRy by o) AZERMERRL, FREARIRIRZE R B3 (P<0.05), FEMHRINFR R Z R A BE
Note: Lowercase letters (a, b, ¢) following the data serve as markers for significant differences; Different letters indicate statistically
significant difference at £<0.05, while the same letter denotes no significant difference
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Fig. 5 Effects of dietary supplementation of Terminalia chebula and methyl gallate on the antioxidant and immune performance of 4.

sapidissima after A. hydrophila challenge
KEFEHA. By C..): T E—sEI B A R SR HES NS5 Ea. by ) FIT W) T AR SR 2H 1] 9 B < REA
[F(ITA vs. B B a vs. b) 7R 2 5 0 3 (P<0.05), AH A BRI TG0 2 2 5%, TRl a i 8B (CAT); b. A W H Ik 040 1 AL il
(GSH-Px); c. &M HAMABALEHT-SOD); d. I —EE(MDA); e. FRTERFERAG(ACP); £ Bl PEBEEREE(AKP); g W EIBE(LZM); h. /2 AL-1p)
Uppercase letters (A, B, C...): Used for comparisons within the same experimental group across different time points. Lowercase letters (a, b,
c...): Used for comparisons among different experimental groups at the same time point; Different letters (e.g., A vs. B or a vs. b)indicate
statistically significant differences (P<0.05), while the same letters denote no significant difference,The same as above; a.Catalase (CAT);
b. Glutathione Peroxidase (GSH-Px); c. Total Superoxide Dismutase (T-SOD); d. Malondialdehyde (MDA); e. Acid Phosphatase (ACP);
f. Alkaline Phosphatase (AKP); g. Lysozyme (LZM); h. Interleukin-1f (IL-1pB)
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Fig. 6 Effects of dietary supplementation of Terminalia chebula and methyl gallate on inflammatory factors, complement system, and liver
function of 4. sapidissima after A. hydrophila challenge
a. MR AL A ¥ - (TNF-a); b. M8 SR A6 Kl 7 -B (TNF-B); c. L AMAC3; d. fFMAEC4; e. 1 FZ i B (Fish cortisol); f. ' - I# & (Fish
epinephrine); g. A N4 2 EH(ALT); h. B ELEL ZBH(AST)
a. Tumor necrosis factor-o. (TNF-a); b. Tumor necrosis factor-f (TNF-p); c. Fish complement C3; d. Fish complement C4; e. Fish cortisol; f. Fish
epinephrine; g. Alanine aminotransferase (ALT); h. Aspartate aminotransferase (AST)
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Fig. 7  Effects of dietary supplementation with Terminalia
chebula and methyl gallate on the expression of related genes in A.
sapidissima challenged with A. hydrophila
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ANTIBACTERIAL AND PREVENTIVE EFFECTS OF TERMINALIA CHEBULA
AND METHYL GALLATE AGAINST AEROMONAS HYDROPHILA
ISOLATED FROM ALOSA SAPIDISSIMA

TANG Hai-Jun', ZHENG Yao"’, SUN Yi’, XI Bing-Wen"’, CHEN Kai’ and XU Gang-Chun"’

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China; 2. Freshwater Fisheries Research Center,
Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract: To explore effective approaches for preventing and controlling Aeromonas hydrophila infection in Alosa
sapidissima, the pathogenic strain YML1 was first isolated from diseased fish and confirmed as an A. hydrophila resis-
tant to B-lactam and tetracycline antibiotics. Antimicrobial susceptibility tests revealed that the water extract of Termi-
nalia chebula and methyl gallate produced inhibition zone diameters of (21.00+0.75) and (24.00+1.50) mm, respec-
tively, indicating high sensitivity. The minimum inhibitory concentration (MIC) were 5.00 mg/mL for 7. chebula and
0.16 mg/mL for methyl gallate, while the minimum bactericidal concentration (MBC) was 40.00 mg/mL and 5.00 mg/
mL respectively, demonstrating favorable in vitro antibacterial activity. Further investigation was conducted on the
effects of dietary supplementation with 7. chebula and methyl gallate on immune and antioxidant functions of A.
sapidissima following challenge with A. hydrophila. The results showed that both treatments significantly improved
survival rate, with 7. chebula exhibiting more pronounced effects. Methyl gallate demonstrated potential as an
immunostimulant, synergistically upregulating immune-related genes (lyz, tap2a, psmb9a) and antioxidant genes (gss,
nrfl, cat), while simultaneously activating the complement system (C3, C4), lysozyme (LZM), and antioxidant enzyme
activities (SOD, GSH-Px), thereby establishing a multi-level defense network. 7. chebula enhanced basal immunity and
pathogen recognition capacity of A. sapidissima through a multi-pathway, progressive mode by concurrently upregulat-
ing antioxidant genes (gss, caf), innate immune genes (lyz, #/r3), and antigen processing genes (fap2a), and signifi-
cantly boosting their corresponding enzyme activities (T-SOD, GSH-Px, LZM, C3, C4). This approach effectively
established robust defenses while avoiding excessive stress. In conclusion, both 7. chebula and methyl gallate can
effectively alleviate the stress and damage caused by A. hydrophila infection by modulating the immune-biochemical
indicators and related gene expression in A. sapidissima, showing promise as potential feedadditives for bacterial
disease prevention in this species.

Key words: Aeromonas hydrophila; Terminalia chebula; Methyl gallate; Immune regulation; Antioxidant; Alosa
sapidissima
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