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IL-8 Hykik. [4510 | BBR it HEERREHR. BT RERM BN WHKE
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¥ i 50 %

£ B0 (Epinephelus spp.) /&3 E 5 2R 7 .
X H B AR B K SR 2, BRI,
[*) R ) 24 T A B A SR A ) f R e, Hop
H A2 IR BERT B (NNV) 51 A B9 B 1 0 2 SR FEAE
(VNN)fG 3t o = M, NNV & — Fl 20 JE IF 4
RNAJKEE, JB TiiAmEEs bRy, 7
A1 BEf0 A B B LA RO, P33 80%~
100% [OFET-3, T BRIK P IR Al 3 1 3 R Hi
KB, NNV RERER EHIZ RS, 5l
LWL A WAL IRSE, HLRLAE IR A 55k e 12
T R o B S AR Al A HRT, £ X NNV Y
B 5 2 B RE B A 5 25 T I, R T
Fife & W B B o R G0 AR R, RO A
B, 29RO BT, SRimT, 1R Gifb#
25 BBt AR R K I 5 5 | & i 250 5 5% B 1)
L, H, RS, mRaaB R yiat
JERE,

rhE 2 L 28N IR . RS AT 24
PESEME S, 1R R K 7= 37 5 vh H B Y 25 ) %
PR, T RLZRIR )z, TS R A R o 2 iR
TR HR S, JIF R e e ShE i
SRV, AT S BN 9 I 25 A Bl 3 00 I AR
K, FIHRIR L A B i6 7K A sh P 559
G IRE  KIEEWFFE R, 2Rl P $2 B o
TR LA XK =8 DU RE , AN K 1 SR AR S B
(LMBV)!'" R RS EE (MSRV)! il
B EE (KHV)!' Y A B IE R (SGIV)!Y
KBRS AERG T (WSSV)US145 - 1y e i i I 35
MR, s M R 2 A K B R €6 B
R AT . AETPELZGHT NNV s, £
Tl KSR 7= S B B B 9 S LA B 3 P 7
Wt BN, FPESCRERAE RN EA BT NNV 1E
RS MR R A SR T BEsE
o L R 2R S ML R FE PR B E ™Y, KBER
AT T4 NNV 51 S J40 i & IR A . 4
il ATP A B, M A R il 28 42 =Y Beah,
i A B ) B LT P A0 P M T A TF S
T4 NNV iR . @A SR SIS, JFEdiE
THUEALA I N B ik, RO REE
ISR A R 2R IR I S T NNV 25901 % 2
HE T B

/NEER (BBR) J&—F N H5 3% . BEAN S5 2544
rh P IO S s R I A e, B 25 BRI O R
BBR HA T YR EMAEY . ik YA

RV L EA G ME, BTN T A
B 0™, FEDUIN BE T T, BBR A AL4E ™ H
PP 25 45 4 56 IR 96 7% 2(SARS-CoV-2)., i /&
. CHUFRIE R (HBV) 7E N 9 Z R 15 244 1
il 7 FH B0, LA AL Sife 2L T BP0 2 400
PUNEN s SRR A Y O A B el SR L E
I, A ] 58 S S P R i R AR N R . TEK
FRAEH, BBR U BRI )R C W) A0 15 B 50k,
5] fan G 0 7 0 B3 ILRE % BE (SVCV)E LMBVPY
F1 SGIVE 1y Jk e HAT B S 1) Il R SR o AR,
K F BBR J& 75 X A BEAA 1) B 205 I NNV 2 A T
WREEIETE, HHT AR ILRE .

R, A58 B 7E4R 58 BBR X NNV 7 4 g
A RIRIVER , JT020 W v e B9 VR I BILR]
SHFE BT X NNV 1 €6 1 45 5 s B AR 170 i i 24
Y5 SR

I MRS ITA

1.1 SEEE#FRt

/NEERK (BBR, CAS 5 : 2086-83-1) g T [ ifF
Z i MRAE AR B A R W], AR 1 B 4
T (DMSO) # i IF BC i B 100 mg/mL +f:
W, BEJG#F Leibovitz’'s L15 {5 = 30K HG B &
B TAEWEE o 5256 B FH /9 BB 88 65 (Trachinotus
ovatus) B HE 5% £F 4k 41 Bl (TOSF)™ J2 NNV #124
VUK A AR 5 BRARA: A5 95 0 i S S & AR
SRR AR N ST AR ST S Sh e B
I IS0 S WG B2 D2l 5 1 L o BEPRAT

1.2 /NEEWE7E TOSF 4R 2 2R E i E

# TOSF 4 LL 1x10° N/ALEEF T 96 FLANAE
Figit, BT 28 °C Hig% 18 ho I L15 5555 Ak
BBR i B £ 100, 50, 25. 12.5 F1 6.25 ng/mL,
A3 AL (100 uL /ALY,  RLA 24 40 i A b it
W, Y442, dkseiisE 48 h s, AL
A 10 uL CCK-8 ik 7], =iRECIFE 4 ho [ FREE
FRAXAE 450 nm P AL 2 WOGAE (ODyse), F44 LA
A TSR A M AR O A R 2 AR X A T R
(%)=( 5K 2H ODy,sq / X HRZH ODy,s5)x100%, A itE—
i BBR AN VR, IS X IR AE T
R EPE2 519 BBR W (6.25 ng/mL) b FH 4]
ML, J3 50T 24, 48 Fl 72 h fE G 2F IS R W ER
TS, IR Tk A5 s T 00 2 LA 16 2
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5 4 g, &

/INBETRLAE A8 40 ) o 22 DR B 95 23 189 7 Y B LA 0t 9 50 &

1.3 SRR E= PCR(RT-qPCR)

ffi F TRIzol & 57| (Invitrogen) $& BX 40 fifd &
RNA, HU 1 pg RNA, #M8)4% 53407] & (Vazyme)
VLA & B cDNA, MR R : 1 pL random
primer, 4 pL 4xgDNA wiper Mix, H]JG RNase 7K
HE 16 pL, 42 CHHFH 2 minJ5, MMA 4 pL 5x
select gRT supermix II, KYKFE 37 °C JZ )i 15 min,
85 °C JW 55, iEdE PCR WA ZR K20 uL, fU7
10 uL AceQ qPCR SYBR Green Master Mix (Cwbio) .
1 uL cDNA £z, 0.4 pL IEF S50 K 8.2 L
ddH,0. KRB FEFH: 95 C FAE M 5 min; 95 C
10s, 60 C10s, 72C 15s, L 40 MEH; &5
PEAT I i B 22 3 B (AN 65 C TH2 95 C, THIRE
K5 C/s)o VA Bractin WNSIEH, RH272AC 4t
BHMEE N FRR R, ITEBIYT L 1.

%1 RT-qPCR K34
Tab.1 Primers of RT-qPCR

ElE/EAS F51(5°-3")

primers sequence
CP-F CAACTGACAACGATCACACCTTC
CP-R CAATCGAACACTCCAGCGACA
B-actin-F ACGAGCTGCCTGACGGACA
B-actin-R GGCTGTGATCTCCTTCTGCA
IL-1B-F GGCGTCGTTCAGAGTCTCCT
IL-1B-R GCGGGCAGACATGAAGGTG
IL-8-F CCGATCAACAGGGACTTCAA
IL-8-R GAGGACCGAGGGTTCAGACAG

1.4 /NEEWEIE LA K 4 NNV R 1T

# TOSF 4L 1x10° A~/FLEEFI T 96 FLANAE
Wi, BT 28 C 5% 18 ho SLHA 435l A
6.25. 3.125 5 1.562 5 ng/mL BBR & 0.8 uL NNV
W RE W (TCIDsy = 10°° mL™");  BA M XF J8 0 A Jin 1%
IR, BHMEXT RN BN, ARG WA
4CHEE 2hJEMALIME, 28 C kL5 5% 48 h,
To2E WA T WS AN M A8 4 IR

# TOSF 40 g LA 1x10° 4~ /AL Fh T 12 FL A
o, HAAR S LRSI — ., KR as o E $E
RNA J: 55 4 cDNA, LA B-actin N2, it
RT-qPCR ;i NNV CP % [H 1 # ik K. BAHB
3ANEY)EEE, gPCR % 4 MEAREE .,

1.5 /NEEREHT NNV EHEERNF
DNEERRAT NNV sm B e) AR %

TOSF A4 F0 T 12 fLAh, 7% H5 5% . K BBR
5 NNV REERIE S, 4 CIFE 2h, 4 °C. 25000x
g B0 30 min, 3 LV, A 100 pL TN 2% i
(pH 7.5) T BN EE R o B 20 pL 9 B B B L 4
fl, T 28 °C K557 48 h A4, $2H RNA Jf
i RT-qPCR #l| CP FE[H Rk,

NEEZEST NNV 2B 43 £ 4m el 0 35 v s
TOSF A4 Fh T 12 fLAR T, K55 . K BBR
ENNVHBRIEGE WA, 4 CHEFIL .
WEGRE, 2 LiEW, M PBS i YA
2R, WA BBR KRBT NNV, B4 fif 115
WEFR LT 28 °C 4k£E 1555 12 h, 83T RT-gPCR
Rl CP LR (335 . DAMUEEYE NNV [ 4 fE K
BELE X E

fd FH AL 75 2 8} (Cy5) Arid NNV, B 100 pL
NNV G EE W 5 2.5 pL Cy5 YL RHE UK [ REes &
2h, 4°C. 24 000xg XM T &L 1.5h, 7 LIEHR
DL BRue s gkl . 1 DLE i A 300 uL TN 22 v
W R, PR TAHRIZE TG 1.5h, 75 LR
Phitt— k. fea, T 100 pL TN 22 pjif
B, K1 Cy5 A7IE I NNV(Cy5-NNV),

# TOSF 4 £ Fh T 6 FLAR H, E B .
FFPE X REZE AE A M SO L1S Je 553k 5 PHAMEXT
A AN A Cy5-NNV; S50 21 W [W] B Jin A BBR
K Cy5-NNV, #£H4F 4 CHALBEF 2h )5,
FER LI, AN E T SEdn i, JFH PBS
PEV& 2 R, fcJn FH PBS HEANM ., A 40 i
ASCRGE 0 241 JH %) 2 5 B

DNEEBRIT NNV AZ A 15 48 i 64 7 i) e
TOSF #0270 F 12 fL AR b, s 5% ek
NNV 540 7E 4 C W HE 1 h, {0505 T 40
Fom . H PBS VEIRANML, FFR AWM AR,
A BBR, 28 C }i#%2h, Fij5, H PBStZ BBR,
AR L1S B, T 28 C 4REEEEFRE 12,
i i RT-qPCR £ CP 1 23k . IR YL NNV
1) £ LA Sy BE P X6 R

# TOSF 4 i 70 T 6 fLA P, E B 55.
Skt Cy5-NNV S40MI7E 4 °C ROEIEE 1 h, fH5
FEW I TR . FH PBS VEIRAIME, FEARMW
MIOREEE, I BBR, 28 °C 3535 2 h, HiFR45R)E
R LW, MAEAR KHALH 10 min, 1L
LM, AR S PR H PBS B UE 2 Ik, e
FHiE it PBS H L R I 2 4 SRS 0 240 if ¢ 't
SREE . LUURYE Cy5-NNV 040 MR A BH T AR

R E K7 2: 2 E /) sponsored by China Society of Fisheries

https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

534 Ko

% 50 %

DEEBST NNV Efafi ) A4 e%eh W
TOSF AUMaHzFp+ 12 fLi b, i fcdsss. JetE 4
ZAMETFMANNVBEE 1h, FE EH®R, MAR
115 559508, T 28 °C #5395 2 h, BHJSINA BBR,
YRZEAE 28 °C 3557 8 ho £F NNV 7E TOSFAHMIN &
WG, FEW, B PBSIHVEANM, *b 7 &t
L15 B3k, 4kZe7E 28 C 535 2 h i, it RT-
qPCR il CP FEH ik o DAAUZGE NNV T4
A A B X B

1.6 /NEEREXHE ERKEFRIERNF M

1 TOSF 4l a2/ F 12 fLrf, kB 5% .
1 28 °C &1F FEEHINA NNV fil BBR, 5% 48 h,
W45 G, @it RT-qPCR K3 IL-1pB i IL-8 i
R IR 7K. DAWUERGY NNV A AE Ry % |

1.7 HFESH

AT R R 2 SO E S S PR T e
OIHT o SRR LS (E £ ARiEIR KR (mean +
SE), >k M GraphPad Prism 9 I Excel 2010 %X {4 &b
BRI HIMERE R, R SPSS 16.0 # (i1 7 HLA
R 00, WS EdE 2 8 22 50 5 2 v,
P<0.05 S BA G AR

4+ H
2 fll/l\‘

2.1 /NEEWEZE TOSF A h L &R ERNE

B AR e B2 6 B2 ) BBR 438 TOSF 4iififd 48 h.,
MOMELLE R R, BBR HE T 6.25 ng/mL I,
TOSF 4 IE 25 % A B ok, 43S f1 R R i
BBR ¥ J& & 6.25 ng/mL Y5256 2H 41 g B 25 5 %) R
H—2, HYEREIE R LA (K 1-a), CCK-8
SO AG I A0 i 3 PSS R R, BBR WK E T 6.25
ng/mL s 2 {35 1 4 25 B AIG, 1T 6.25 ng/mL Vi B
RGN TG 7 5% R G R A (K 1-b).
AN, {8 6.25 ng/mL BBR 43 %1 4b ¥ TOSF 4 jiy
24, 48 F172h )5, WAMEE N WL Bon HATMIE S
RSN —8, RWIH RS (& 1-¢), CCK-
8 4 i i P A U i — 2P E S, 6.25 ng/mL BBR 7E
72 h 9 XF TOSF 40l R 7=k B E B ks . 25 1
FiR, A2 e 6.25 ng/mLAE ) BBR 7E TOSF
A b B A TARIREE
2.2 NEERHXT NNV 58 H9H0%/E A

1E 6.25, 3.125 F1 1.562 5 ng/mL 3 T A ] ok &

) BBRALIE T, NNV JEYL T | 2 ) 20 i 22 2
i (CPE) ¥y# [HYEXT A1 A7 P is (18] 2-a) o i
— i i RT-qPCR A& &2 ¥, 4% BBR Ab FH4H 4
JfL 9 NNV CP 2 (5] 1 22 35 i 25 I8 F FH 4 X JE 2
(% 2-b), HEMFEMH . 458KV, BBRGEE
ARG NNV A58, HHAm G B AT WK
Lo

2.3 NBEREHT NNV BEIE{ERN G

NEERRST NNV sm A HA e #m RS
BBR & 7 fig H %A THdE0kL, 44 6.25 ng/mL
BBR 5 NNV LI E, S0 UK LBRIFE 259
J& ., FH BBR AbH S 195 1 R WUB YL TOSF 4 il .
RT-qPCR £ M Z5 R B ox, HXFMZiAH L, BBR
b FE AL 1 i NNV CP 3 [H] () 36 35 B i 3 A
(1 3-a), 45950, BBR A5 MOkL & AE 1 4%
AHEAERT, P BRI I i U 05 75 45 1 50 & At sl B AR
HREGLRE T, DT 2 375 1 o

NEEBRAT NNV B TOSF fafee)®mn N
TS BBR e T4 NNV 76755 4001 (W B,
T 5K TOSF 41 i 55 6.25 ng/mL BBR K NNV
TE 4 C SR FILWEE, VPR & E LBk
BEJS e LW LA SRS A g, IR A0 =
28 C #5495, RT-qPCR Z5 AL /R, 5032 NNV
AL FRAGXF FRZHAH H, BBR ALFEZH Fh NNV CP 3£ [H
FRRR X e 38 i I R AIG (B 3-b). Witk — 2D IR
gL B CyS FRiC i NNV R 17 iR W e,
AT AR, 450 B, BBR AR
Ui (Y CyS ¢ 608 B B 2 K TSRS CyS-NNV
X RRZH (K] 3-c). 45R3RWI, BBR GBS A AN
il NNV 7£ TOSF £ Jifd i W B it 72

EEARZT NNV 12\ TOSF @mfittd®rn h
THR5E BBRXF NNV 2 A B, &%
NNV 5407 4 CWHEF S, A 625 ng/mL
BBR Jf 4% % 28 C H15% 2 h, BEUEERZGY), 4k
ZE7E 28 °C i 3% . RT-qPCR 45 %R ok, S50
NNV 4b B X FZ AR, BBR AR#E4H H NNV CP
HE A B AR X 2R 38 1 0 BRAIR (8] 3-d). k4,
HH CyS FRic i NNV #E7 LiRR ASCE, I
A E T, S5 RERW], 52 Cy5-NNV
AR BE A BHAE X R ZHAH e, BBR &b 4H 40 i P 0 2¢
A5 5 o0 IR 1 250/ (8] 3-e), S5ARRE, 7E
Js 7 W BT A i K i J5 , BBR ABREA TR
SR AR
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5 3] BT, A /INBERAE PR S e 20 IR B0 T 1 B A A S L AR T 50 &

100} == 1
2
X 8 80f
=S > *%
E—‘: 60 = ** ok
E
>
= 40t
38
20 +

con 625 125 25 50 100
ANF b EEZH /(ng/mL)
different treatment groups
(b)

24h 48 h 72h

con B

BBR

©

1 NEERSYE TOSF 4HfE+ =4k E 8 E
(a) AN[F¥KR ¥ BBR 40 ¥ F TOSF 4L T A4 4k (b) i CCKS8 3R FIAL I AS [F] 9K F BBR 4b 21 5 TOSF 40 i 775 (c)TOSF i 5 6.25
ng/mL BBR L7 & 24, 48 f1 72 h 4B . HXTHRALLE, ns. P>0.05; **. P<0.01, con.Xfff4H .

Fig. 1 Determination of safe concentration of BBR in TOSF cells

(a) morphological changes of TOSF cells under different concentrations of BBR; (b) cell viability under different concentrations of BBR; (c¢) morphological
changes of TOSF cells incubated with 6.25 ng/mL BBR for 24, 48, 72 h. Compared with the control group, ns. P>0.05; **. P<0.01, con. control group.

DD NNV 22 TOSE 20inf A0 00 ok 8 AR (1 3-0), W1 BBR RESS A A0 I
N T RIS BBR X NNV 7EA N HIATE I, NNV 72 TOSF 48 N (98 5 s
TE NNV SERIRRH SR ARG A BBR, RT-qgPCR

SR, SIUEE NN A m A, 0 R NNV BRI S IR RO

6.25 ng/mL BBR 4b FE 4 H1 NNV CP 3 [A ¥ #H X & A WF5EIE BBR 0] LA i 845 i 32 RAE
[ K P2 2% 2: 3275 sponsored by China Society of Fisheries hitps://www.china-fishery.cn
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50 %

NNV+BBR

6. 25 ng/mL

3.125 ng/mL 1.562 5 ng/mL

é 1.0+ T
k%
B! 4
9.8 i
g A
el a . k%
£ 3 2
-9 <1>) 0.4+
©g -
S 0.2 ##
0 1 1 1 1 J
con NNV 625 3.125 1.5625 (ng/mL)
NNV+BBR
NG oSN
different treatment groups
(®)
2 NEERH NNV fEFR SR TG

FEAFKE (6.25+ 3.125 Al 1.5625 ng/mL)BBR 4 TOSF 40y, F/& Y NNV, @il 6% Bis M % TOSF 4 il f¥) CPE(a), i#id RT-qgPCR

Rl CP A XS RIA & (b). SHIMEXTHEAH (con) LR, ##. P<0.01;

SRR IR (NNV) LL#R, **. P<0.01.

Fig.2 Evaluation of the anti-NNV effect of BBR

TOSF cells were treated with different concentrations (6.25. 3.125 and 1.5625 ng/mL) of BBR and infected with NNV, CPEs were observed under a
light microscope (a) and the expression levels of CP were detected by RT-qPCR (b). Compared with the negative control group (con), ##. P<0.01; com-

pared with the positive control group (NNV), **. P<0.01.

ik SGIV 5™, ik — BRI BBR & i i
T 4 M R AE S KA NNV 34518, AT A
T NNV R 5 2 & P+ IL-1 il IL-8 A R 3k
RT-qPCR Z5 R 7w, S5{URYE NNV (1) X} i 41 4
I, BBR AbHRAH {48 K IL-1B il IL-8 A9 AHXT
%L%ﬁ%%ﬁﬂEQOMLﬁ%%% bR T EHAE

BURFEVE4h, BBR iR REE A S08 4% NNV L
VI RAE S
3 v

NNV A5 — o] 42 BRK 5™ I FE A 1™ H
A B AR, T A A S84 7 R s o e AP SRR e
JIr i AR B BB S ARBETERGE TR R
72 ¥) BBR 7E4H JE /K7 % NNV B A i & 1500 3
WPk, IR fn THERER TR R RRL . +
PO RE MRS R« 4 2 7 2 i P A DA %
PRI 2 SRR B A 22 AR HIBILAR

T R 24400 1) 22 W P i L T FH 7K ™ fi
FRIH I ETHE . 25k B i AR AT BB JC 1k R HEIT AL
T3k W AT R 5 | AR A0 B EE P, Sl AR K 2 S 3
FET ., AWFSEE T AR SCLS, B 6.25 ng/mL
i BBR 7 TOSF 4 fif I 1) 4 S AE VR EE o 7RULik
JET, BBR XA A TE 2 RG 71 ¥ 00 8 5
R ST EEIL R B TSR 1 AT S v BEAR R

BBR [ 90 5 16 P B 76 2 Mol B P Tz
3l , A B R (HCV)P 2 6 A 3

(DENV)[”] % % # (ZIKV)™ F1 SARS-CoV-2
QPSS BERFSY R B BBR & — R IS PU EE R

SRPEY) . ATAEK, BBR FE/K =0 8 B 45 H A g
8 % 2 561, A 8 BBR Xf LMBV il SGIV
P EA B MG ROR D, AR kKB, BBR
X NNV [A) A R0 2 U s RO . AR5
5 BBR BPUHE AE FH AE {1 258 19 58 227K 70 IR
RNNV, tHX R LSO HAWRE b, H
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54 BT, A NBEBRAE (A SN o 22 IR S5 75 3 5E 0 A T R ML BT A 50 %

T B AU R g R B
& 12 e & 12 . 22500 N
— - o =} Kk
=3 10F L R 2 2000
s} L X S 08+
ﬁgo.g $£08 %élSOO—
= 2 0.6 = 2 0.6 ol
=g =g X3 1000}
*30.4— 4&30,4_ K 5
Sz o2l S 202l = 500
s s =]
E e 0 A | —
NNV NNV+BBR NNV NNV+BBR o0 con NNV NNV+BBR
ENGIL e ANF b EEZH ANF b EEZH
different treatment groups different treatment groups different treatment groups
(a) (b) ©
(EIN . 2N il
3] 1.2~ - = 2500 o o & 1.2+ -
ok z N T
mmﬂé 1.0~ —— «g 2000 - MHE 1.0 + L
S 08h 2 s o8k
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Fig.3 Effect of BBR on NNV viral particles and key steps of its infection cycle

(a) TOSF cells were infected with BBR-treated NNV particles, and the relative expression of CP was detected by RT-qPCR. TOSF cells were treated
with BBR and NNV and incubated at 4 ‘C for 1 h. After removing the supernatant and washing, fresh L15 medium was added, and the cells were
further cultured at 28 °C. The relative expression of CP was then detected by RT-qPCR (b), and the fluorescence intensity of the cells was measured
by flow cytometry (c). TOSF cells were treated with NNV and incubated at 4 ‘C for 1 h. The supernatant was then removed, BBR was added, and
the cells were cultured at 28 ‘C for 2 h to allow viral entry. After discarding the supernatant and washing, fresh L15 medium was added for con-
tinued culture at 28 “C. The relative expression of CP was detected by RT-qPCR (d), and the fluorescence intensity was measured by flow cyto-
metry (e). (f) TOSF cells were treated with NNV at 4 °C for 1 h. After removing the supernatant and adding fresh L15 medium, the cells were cul-
tured at 28 °C for 2 h, followed by the addition of BBR and continued culture. The relative expression of CP was detected by RT-qPCR. Com-
pared with the group treated with NNV alone, **. P <0.01.
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Fig. 4 The effect of BBR on pro-inflammatory
cytokines expression in TOSF cells
TOSF cells were treated with BBR and infected with NNV, and the

expression levels of IL-1B (a) and IL-8 (b) were detected by RT-qPCR.
Compared with the group treated with NNV alone, **. P <0.01.
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Effects and mechanisms of berberine on inhibiting nervous
necrosis virus proliferation in vitro

QIN Xiangmou ', HUANG Jing', YU Jieying', YUQing', LIUMingzhu', GAO Yanxia ',
LAI Junxiang ', CHEN Huapu’, HAN Shuyu®, CHANG Yanlei®, HUANG Lin", LI Pengfei "
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2. Guangdong Provincial Key Laboratory of Aquatic Animal Disease Control and Healthy Culture, Fisheries College,
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Abstract: Nervous necrosis virus (NNV) is a highly pathogenic agent that threatens global aquaculture. Berberine (BBR) is a
natural alkaloid with broad-spectrum antiviral activity, yet its effect and mechanism against NNV remain unclear. This study
investigated the antiviral effect and mechanism of BBR against NNV in vitro. The safe concentration of BBR was determined
via CCK-8 assay. Antiviral activity was assessed through cytopathic observation and RT-qPCR detection of NNV capsid pro-
tein gene expression. Mechanistic insights were gained through virus pretreatment, time-of-addition assays, RT-qPCR, and flow
cytometry, evaluating BBR’s direct virucidal effect and its interference with viral adsorption, entry, and intracellular replica-
tion. Additionally, RT-qPCR was used to examine BBR’s modulation of NNV-induced expression of pro-inflammatory
cytokines IL-1f and IL-8. Results showed that BBR significantly inhibited NNV proliferation at non-cytotoxic concentrations.
Mechanistically, BBR directly inactivated viral particles, blocked viral adsorption and cellular entry, and suppressed intracellu-
lar replication. It also downregulated NNV-induced overexpression of IL-1p and IL-8. In conclusion, BBR exerts anti-NNV
effects through multi-target actions, including direct antiviral activity, inhibition of key infection steps, and attenuation of host
inflammatory response. These findings provide a theoretical foundation for developing BBR as a green antiviral agent against

NNV in aquaculture.
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