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HEF AR INEBEEMNINEARERMEIELEBYS)
B H B h 2 i iR A2 VM

BERY TwgE? FAH® %k E? OKBE EWE? ITHETLY
(1. PRS0 m B 201306; 2. B EUKF R RFT I 51K P2 B 55
IR PO R E S B A BRI ARSI E LR HE 266071)

HE T IR T 96 4T 28 14 3 L AE (bacterial vitrified syndrome, BVS)EY F 25 & 7, A
R SR A AR AR R AT RSN T 5200, AN 50 R 2 b % X BVS BOR W A %
I (Vibrio alginolyticus)n &| V& i iN 1 (V. parahaemolyticus) 2.4 B ME R R P25, %K E, UL
Bk E AR R GRS, I BVS WEMAA,;, FEARAANGRFERARTE ., 445F
BEABMASREFAELRABE T HE 7 TE BVS W EHRR, BANMEELRERE
7~ , Tk F(Schisandrae chinensis fructus). % 4& % (Verbenae herba). & (Mume fructus)% P 2 X %
RINE B ME B EA T 12 mm YL E; 7] F(Chebulae fructus), Tk T . HFF 5 (Moutan cortex)%
B AN A E B H AR A 13 mm WL b, B F(Galla chinensis), WF. L%RF. TH
(Caryophylli flos)t 7 #% 9\ T Fn &) 75t 90 G 89 5 /D 30 K L (MIC)# < 12.5 mg/mL, &/ RAH K E
(MBQC)¥ <50 mg/mL., % & % W (Cyperi rhizoma) . 15T (Gardeniae fructus) 2 "k F 25415k 3 F P 24 &
Jr, A 1. A 2 A4 J 35 B 5x10° CFU/mL W74 il B R 8F ¥ i sh 22 5L BVS A, #
potEah ERAGHHTERTE 7 d, SAATEFEREFRANTAMEA, 47 1 4. 20%HK
KREMABA, LT7 3 4, AF 2 AfEMESEA, LF 1 AT ERTEEFRTHMEASEA
(P<0.05); 477 241, A7 3 41Hn 20% AR A BAN G AT FKTHESRA, EE£2RFEF
(P>0.05) MW, A F 1 TREBRREFTEATE, AL REFMEYALREZHARE T,
AT HMRAEA, X7 VAT EFFERFATEEVERE, WaFMRh 2%k, THFIELE
B mpilE., ARZEY, Kk, WRNFEERERERY, XA ORAT | T EFITH
Wy TR B A i A AR B RIFW R, JEETA T 2.0 &7 3 M 20%AKRBH M. &F LR,
WJr 1 (FTF30g. ERF20g. Fif 20 o) AR I A R W IF BRI AT AR B . AR
SR NFF By BVS ¥ R P AREKE, BT FAZETHELR,
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FLEN KT MR (Penaeus vannamei) & 3% [F B B 1) F25H
XHIR AR 2 —CRIIR T4, 2021), HEEETH, 2021 43K
[ 7K IR LA XTER P 5t 127.36 7 t, (K FR5H
B G Y 81%. [FIIS, 2021 4F FLYYXTHF i Fh %
Uiy 1.28 TR, 29 NERRE A 75.4% (folk Rk
TRt 0 U R e A, 2022) 0 0 TR ol ) B R X
W77l T 4P 28 i Je W R A R R R B X IR AR A
Pl R AR A IR AR SR A, MR E
A R N R FERIBH SR A TENAR
GEARXTES AT, SRR, s, DLRIRL, B
BAHE AR R, B R R, WS E R
H 2 PR 0 R M R K (R A, 2020)

PTAER, XFHF PR 7 IR R T AL
KR Al —MEAERR ) 2~3 d, HBLAEAR 24 h Pk
FeTs, BA K. JETo RO R A, R
VRNV EE 2D OB T V|8 1 W SN S & S Y
IRE IR RG89 . IRE IR Eamsh =ha 8 .
JIFTRRR 245 . SRR . Bl iR @ £
ZREALGM T P R, Wiy, HHAa4
AU B A0 B M 3% AL RE (bacterial vitrified syndrome,
BVS) (EEIPE4E, 2021),

eI E (Vibrio alginolyticus) . 55TV HL 22 J8 W5
(V. neocaledonicus) S RIS MINH (V. parahaemolyticus)
BYen] SEUR Y BVS (EEI P4, 2021; Zou et al,
2020), WABFFANGITE I, BOw kBRI K
FH A P R I AT 5 RIS RUEAE ) & 4 (Yang et al,
2021), HAT, 2 FEMESHEEN . PR Mk
AT SRS 25 HEAT B 45 o (BP0 AR JR AR ZE AN 2
1iE H1 25 By 3 S5O TR 1) T 245 0 247 4 3% B 5 [t (R g
452017, ZRRRE4E 2020), BFSE SR, ASE TR R
T W i 0 T 2 R R i (B R 4, 2022),
AR B AT R TE R APk . ShiAE R, hE
LR BA YU . IR T FRIER/N . A S
AT 24 1 RN 2 B B AU A, AR R B A2 B AT
R, B, HEEARAEXT BVS AR
2yl . ik, HFRBHAERYE BVS AH 25 R T
FHE B X W 2t 0, i B S L AT B L

ABIE ST B8 DS W B o 0 5 0 B0 1 T
SR AR MR, TF RSN 25, Jf i £ %
o R S R YL A IR B BVS A, MBETER
21 295 B2 FURR Sl AL 200 B2 f BE R AN TRl P 25
T3 % T RO R 1 A O RIYA TR , DA B 3 ROR
AR Ty, DU — 201 & BiiA BVS By
255 PR BT AR R SR AR 2

1 MR5RFE
1.1 EIefal

111 EREA# ST B AR i IR (5 38 25
54 PAA) | RIVE LS (S 962 95 24 P2D)H 53 25 [
oA R BVS [ FLANXTIRERY , fRAF T R DK
FERFEE TS B BV K 7 W 5 T K R B D
1.1.2 £EH%HY ZARZY) . WT-(Chebulae fructus) .
HAEF(Galla chinensis) . T % (Caryophylli flos) . H.H
F (Schisandrae chinensis fructus) . %t F} & (Moutan
cortex) . Hb i (Sanguisorbae radix) . 4 #% F (Rosae
laevigatae fructus) . % M (Mume fructus) . A W 5
(Granati pericarpium) . 75j(Paeoniae radix rubra) . &
V1F(Ligustri lucidi fructus) . #3%(Coptidis rhizoma) .
16 W (Zanthoxyli pericarpium) . ¥ ¥ (Polygonati
rhizoma) . 4 Wi (Euodiae fructus). K (Rhei radix et
rhizoma) . T & (Artemisiae annuae herba) . % 38
(Forsythiae fructus). |1 (Crataegi fructus). [LIZB
(Corni fructus) . %% J (Fraxini cortex) . K& (Aucklandiae
radix) . 3 (Aurantii fructus immaturus) . He T
(Gardeniae fructus). WS IMEE(Spatholobi caulis). W%
i (Patriniae herba) . % 7M1 (Perillae folium) . 224
(Linderae radix). FEW.(Polygoni cuspidati rhizoma et
radix) . 5% (Scutellariae radix) . H ¥ (Glycyrrhizae
radix et rhizoma). ¥:AH(Eucommiae cortex). /AL
(Taraxaci herba) . 33 (Magnoliae flos) . H 1Tt (dngelicae
dahuricae radix). RZ(Ganoderma). 1 (Artemisiae
scopariae herba). T3 (Andrographis herba). &1
(Bupleuri radix) . H ¥l 5= (Verbenae herba) . ¥
(Phellodendri chinensis cortex) . 1 R (Atractylodis
rhizoma) . 4 4Rt (Lonicerae japonicae flos). KM
(Isatidis folium). AR ¥ (Houttuyniae herba). ik
(Portulacae herba) . 1R % (Poria) . 7% Z (Sophorae
flavescentis radix) . T Mt (Cyperi rhizoma) . J& fh
(Magnoliae officinalis cortex) 50 A E ZbrifE i) H
25RO YW B A B R A2 )

X2 . 20%BAEH Ky, 100 g/4%, 50y
190372539, W [ e i A= J7 MRS il 254 FRA 7 o AR5
B AT ST 2 B, BVS 3 22 800 TRV B IR X R
Je % YU R (Yu et al, 2023), [FAEL, HOER%
¥y COKP=FRAE 25 4R 2022 4F 2 5 ) HEHER7K™
FREE 2, BRI 20% 58 JE % R S X IR 29
113 Sz 54AKER (@HM PLy LA
LN A NN AR R I S RSP LN B I e W 4S5 i
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REFFE 3 d SR TSR, SRR IEKIR h(28+2) 'C, ¥
ZEFEAR . B H MBI 2 Yk, TR X I R
1) 3%, W, K 1k, ke EARE 1/3,

1.2 SR A*E

1.2.1 FRE&RGIER SCUSHT, fHFH TSB BAR
SR X i g S BR R D I B AT 9 A O Al A R 5
Je, S RIPKBOL R RV, HeR T TSB WiiRkE R,
28 °C, 180 r/min fHiRHR Y, WA IEFE EXEERKM,
1.2.2 P HHRAGFH & BRI 2 2
BTV WRECZGRE, 12 KR 1 h J5 AT 1 h,

UEW AT . WURMRAR, WIEZS E RN 500 mg/mL
25, 121 CRIEKHIG T 4 CRBIRAT

B ZJAbTT 1~3) il 85 771 : 25 MR iR DU
T R LRI M A TR G, I 10 1% 70% L BE=Y
30 min, MHEEE 30 min, RUE, ZHE RN 8 % 70%
CBEAEYREL 30 min, U8, WEPMROEE, Wb,
YA S AP 1 h, 3308, WU, 56
IR A AT, MR I 4 B R 255k 250 mg/mL
P2, U8, 121 CRRKE, 4 CHRAFEH.

SR & AL T 1~3 B 30 g/kg BRI
20% TR E E LA 0.7 g/kg MBI T—E BKF,
Wk, PP SEIT, HEARAES
123 Fek st BVS Sonieiird Bl R
A EARTE DN 2 50 Al e 24 X6k 7 g B A I L 5K A 1Y)
IERCR . (] TSB A 7300 X8 K A
HINEM B R 1x107 CFU/mL, B 100 pL K A50%
fi T TSB BifgFA L, ¥ HB U4 B E T
SR, AR B A AR, (L S R R AL R
Hefih, FHor, 3 LA FIMA 150 pL A9 500 mg/mL
FIZ5%, 1 AFLINIIA 150 pL ddH,O AE A BAM: X A
28 ‘ClHIRIFEF A HIE B R TR 24 h 50 R HAR .
1.2.4  F 3 HE R EMIC)F= % ) 7 H ik & (MBC) 89
ME S HLM016)1Y T, R AR
SE H 256 I o 9IRS 1 9B 9 MIC AN MBC {H
i TSB WA 37 500 X B0 4 00 A 5 s oI B s
% 1x10° CFU/mL. ffi ] TSB AR 723K 500 mg/mL
() R 25 25 W B ZE 200 mg/mL, B 100 pL 253 A
96 fLAR, FMHi %Y TSB IR IARE SR KL Hopk 4t —
fEfiRE, R IMAZER Y 1x10° CFU/mL Y. B
SEEGZH J9 100 pL BEIK+H100 pl 2 2415 5 5L BT R
ZH°M 100 pL FK+100 pL 755 5L, 25 X BRZH 2l 200 pL
AR A A AL B 10 pL £1 P4 ME(TTC),
DIAS I AN e AR K. BHBE 3 7. K 96 1L

ME T 28 CHEIR R FRAR R 5%, B IAR LT,
U 96 FLARFAMRIE SR . SC A AR ALY b —31 it
I [ FE B R MIC o DA A A8 21 11 5 56 21 4% FL BURE
100 pL, 7350445 F TSB BE VM, 28 CHEIEE: I
24 h, WL Bils A L AN w s 50T 5 Hey
Tk B B Ik, B MBC.

1.2.5 EHEINE SE R Z e e 38 1A (7] v
F4) 7 38 I T X {8 B A PL W I A0 ER L S G , R I 0
A B IR o TG 1.5% NaCl s ek X 8k
U 110 3 i oI TR 0 0 A o 8 R PR AR R {1
PL, IRETFAEHLST A 6 41, i 5 hXeagd, 140
ZEXTRA, A3 HITRId S 1. 2 Fil 3),
BT 40 BT o K BRI ARG ALK A
fifi 7K A P i E I A LR BE 430 R 1x10° . 1x10%,
1x10°, 1x10°F1 1x107 CFU/mL, 25 4% R4 A
[FIRFLY 1.5% NaClIE . RIBILHEE 48 h J5 X 3751
IKRIEAT HH K 1730 AR R, TR % &
FI AL RE SRR B &% L, LRI IR S,
G 12 h WEIC A AL g5 R 1, 2 I SEabfr )
IR AET I 0 o X BB T S R 1 8 79 D o 40 18
FE L, JEARYE MR G T B B R A0 2 BT vk
(LDso)o [FIE, fE4A45 0 3 ek, MRAEL
R ESR, BEMLE 10 REFEEAT KR LR P
RO U VT T PR i A 7 T B DR At BRR O, FLWSR S5
AL IE]

1.2.6 s %% ¥ o oI A TR A YT R O L
1.2.5, KRR PLo JLANXT URIR BT BENLAY N 6 41, 4%
BIAAL T 1~3 SEER2H | R JE 5 R | 2 ot R
PR R4, A1 3 MR g5 1. 2 Al
3), AT 40 RBERE . BREEAXTEAIMA 1.5%
NaCl ¥, HAS 43 A 5x10* CFU/mL Y7 i K
FHATEIR I, W 48 h 5 X RF K AR#EAT H 3
oK 1/3. WREMIRIES, AbJr 1~3 SCEG e M & A ik
T 1~3 7 25 R, 2500 IR 7 20% 980K
JE 22 H3 R AlAL 25 T B 2R H P4 6 B 2H 8 MR AE 1)
AR, LRI RE, B 12 h WEE RS
5N 1. 2 BYSEIRGT AR I AET N O . IR, FE4%
M5 N 3 SEIRGETH, ARSI PR ER, REALER
10 2 MR H A6 KA LT R B A B 7 T 8 Ao A gy
s BEE R m e Bk, RS a7 i el

1.2.7 AR R Biif e H W 7 d, 7
R (RIEE 7 X)), A0 BIMEHLECRE 10 BB
1, [& % F Davidson’s B, 24 h J5# A 70% &
PRI . BRI AN L L (HE) Yt , i
TP BUR LA o R, 454140 T BEHLEURE 5 R Xt
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WRIR R, (T 2.5% B 2, PR TR AR
1.3 HiEabiE

S 45 R V- EEbR E2E (7 £SD)E R . SR
SPSS 25.0 {4 X £ e 47 BRI 2R 7 224311 (one-way
ANOVA)FI Duncan #5575 4011453871, LA P<0.05 tx
HEHIWT 22 5 W 2

2 #R

2.1 Bk X BVS TEHRENNEER

BRI 2 X6 g oI TR R RIS i IR B A TR 4
WRGER 1 MIFR 2), HRT . B AWM. Dk
IR T 4 v 28500 1 P oI I P 400 B R SR A, 00 el v
i 12 mm DL b F . FOBRT L A PR B A b A A
20T R 1 ST A 0 BRSO BT, S B T35 13 mm
Phbo 7850 Fphghrh, i+, HAGF. TH. A1

Bz . MR . SRR 7 R b 24 0 S I I R
ISR 1A B 13 AR

2.2 B/NVIEREMIC)F & /N R B R E(MBC)

B IO 5 s S TR R I 3 a0 I 91 R P AR AR
(1) 25 D B ELA PR R GO 1 A B . AEF 2 BRR
2, ME MIC 1 MBC. SEE045 R B (3K 3), .
FAEF . TH&. R M AR 0 il 7 v
SRR I I TR ) 00 P AR R A X 3 e rp, A
TAIF LT R XA e I R R I 3B P B R
WRE, MIC ¥<12.5 mg/mL, MBC <50 mg/mL.
[f]— 25 %F X 2 FRE Y MIC 5 MBC 17/E2 5, &
2 R . — SR XTI 9 MIC 5 MBC i
— 3, X ATREE R T RO, SR A R
R REHERA DU A2 A 25 T 251 MIC A1 MBC {E 54 5
VTR VB A I S 4 SR AT, R A S PR R
H MIC {E /N R

F 1 R REINE NI E B B2 (mn)
Tab.1 The diameters of bacteriostatic circles of Chinese herbal medicines on V. alginolyticus (mm)
el e ] gy R
Chinese herbal medicine V. alginolyticus Chinese herbal medicine V. alginolyticus

¥ C. fructus 11.90+0.35 W P. herba 8.70+0.27
HET S chinensis fructus 12.63+0.32 LI P folium 7.66+0.14
HF} e M. cortex 9.83+0.17 525 L. radix 8.42+0.16
oty S. radix 11.97+0.61 R P. cuspidati rhizoma et radix 8.33+0.33
ST R. laevigatae fructus 9.73+£0.13 XS radix 9.01+0.01
TAET G chinensis 12.000.47 HE G. radix et rhizoma 8.79+0.18
5¥§ M. fructus 13.37+0.55 FAh E. cortex 9.16+0.18
T4 C. flos 10.70+0.18 WYL T. herba -
1K G pericarpium 15.80+0.13 ER M. flos 8.93+0.30
IRAS P. radix rubra 9.42+0.11 HTE A. dahuricae radix —
LT L. lucidi fructus 8.83+0.44 RZ Ganoderma 10.32+0.19
#i% C. rhizoma 8.54+0.83 PR A. scopariae herba 8.96+0.04
ML Z. pericarpium 8.67+0.33 ZENTE A. herba -
Wiky P. rhizoma 9.12+0.18 L5%1 B. radix 7.93+0.07
RAH E. fructus — ILEF ¥ V. herba 13.29+0.57
K R. radix et rhizoma 8.90+0.60 W P. chinensis cortex 10.80+0.21
FH & A. annuae herba 11.65+0.52 BAR A. rhizoma 11.00+0.64
¥ F. fructus 12.9340.69 44RAE L. japonicae flos 10.97+0.16
WA C. fructus 8.12+0.15 FM L folium 7.67+£0.33
WZEHE C. fructus 9.55+0.34 ti R ¥ H. herba 7.67+0.33
Z I F. cortex 8.31x0.14 5 P. herba 8.000.58
KT A. radix 16.36+0.43 K% Poria -
AL A. fructus immaturus 9.40+0.19 2 S. flavescentis radix -
VT G. fructus 12.54+0.74 W C. rhizoma -
L HE S. caulis 8.54+0.18 JEAD M. officinalis cortex -

T =7 FoR W AR R,

Note: “~” indicates no obvious bacteriostatic circle. The same below.
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Tab.2 The diameters of bacteriostatic circles of Chinese herbal medicines on V. parahaemolyticus (mm)

iy BRI 10 5K gy I 1M 5B
Chinese herbal medicine V. parahaemolyticus Chinese herbal medicine V. parahaemolyticus

¥ C. fructus 18.34+0.31 ¥ ¥ P herba 8.44+0.22
TR T S. chinensis fructus 16.16+0.28 LI P, folium 8.35+0.06
H Y E2 M. cortex 13.45+0.35 525 L. radix 8.29+0.33
Hit S. radix 13.45+0.19 BH P cuspidati rhizoma et radix 8.29+0.17
G PEF R. laevigatae fructus 13.33+0.33 WA S, radix 8.24+0.45
HAEF G chinensis 13.02+0.31 HE G radix et rhizoma 8.23+0.23
B M. fructus 12.4340.41 FAh E. cortex 8.13+0.12
T C. flos 12.12+0.29 WAL T herba 8.10+0.15
iM% G pericarpium 12.124+0.34 ER M. flos 8.08+0.14
IRA P radix rubra 11.51+0.25 HTE A. dahuricae radix 8.03+£0.14
¥ L. lucidi fructus 11.49+0.15 RZ Ganoderma 7.63+0.63
% C. rhizoma 11.16+0.48 HBE A. scopariae herba 7.62+0.27
M Z. pericarpium 11.00+0.58 TELNEE A. herba 7.51£0.15
#AE P rhizoma 10.46+0.18 LEHA B. radix 7.46+0.24
SR E. fructus 10.3340.67 L V. herba 7.45+0.09
K R. radix et rhizoma 10.21+0.37 WM P, chinensis cortex 7.44+0.05
H & A. annuae herba 9.82+0.06 BAR A. rhizoma -
M F. fructus 9.60+0.21 44RAE L. japonicae flos -
WA C. fructus 9.55+0.16 KEM L folium -
WZEHE C. fructus 9.50+0.06 )R 5 H. herba -
Z Y F cortex 8.91+0.23 G50 P, herba —
KT A. radix 8.88+0.20 K% Poria -
FUSE A, fructus immaturus 8.81+£0.27 2 S. flavescentis radix -
V¥ G fructus 8.49+0.21 W C. rhizoma -
ML S. caulis 8.47+0.10 JEAN M. officinalis cortex -

F 3 HPEXRREINENE A LN E K&/ EIREMIC)M & /N RE IR EMBC) (mg/mL)
Tab.3 MIC and MBC of Chinese herbal medicines against V. alginolyticus and V. parahaemolyticus (mg/mL)

Hizy B HINE V. alginolyticus B MK V. parahaemolyticus
Chinese herbal medicine MIC MBC MIC MBC
TAET G chinensis 6.25 25 3.13 50
¥ C. fructus 12.5 50 3.13 25
T C. flos 12.5 50 3.13 50
KT S. chinensis fructus 12.5 12.5 12.5 25
ity S. radix 25 25 3.13 50
FNEEZ G pericarpium 25 >50 12.5 >50
5§ M. fructus 25 25 25 50
ST R. laevigatae fructus 50 >50 6.25 >50
HPF 2 M. cortex 50 >50 12.5 >50
¥ F. fructus >50 >50 50 >50
KT A. radix >50 >50 >50 >50
W C. rhizoma >50 >50 >50 >50
¥ G fructus >50 >50 >50 >50

Bl B A% . MIC Il MBC (8 25 5 N 3k hilh, 456 BT
FEAR . AR RAT A BCAILIEIN , 34 A BRI+ 2 wir
AR BYS WARCRE T, VA 2, A8 3 fE I heiGE 4),

2.3 AHRFELRZIRNEGY

i

=
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SEYGFEFEAT 72 h, SEER I [A] A 6 REZH R TR U
B BVS SER AR P I AE R R B S R R
RE . Ramgm, s, SRR, BRI
PR JR AR 22 4 . 0 B AR | 20 €0 A8 R 2 IR B (A A IR
5 ARG R—8 A AXTIBALA 13107, 1x10%,
1x10°, 1x10°F1 1x107 CFU/mL SZE2H MR ¥ 7R &Y 12 h

% g R 5 45 %
B, &R ILE 15 48 h i, JERYL IR 458 H BURIE o
SCERAN], 25 E X R AR R BB TS, 44T

B 72 h B EBBETRILE 2, Hdr, 1x107 CFU/mL
SCYRLHARETE 12 h FAERAET . RN TR G AR
B3 B S A DL AT bR 28 00 B8 M I o, A7 G
RN o SR FH e R ERVR TR AR, T BRI R v R
Yt 72 h B XHER Y LDso 4 2.82x10° CFU/mL,

R4 BHAYIBHPHES

Tab.4 Chinese herbal compounds for in vivo efficacy test

211l Group

W24 75 Chinese herbal compound

Qb7 1 Prescription 1 10§ C. fructus 30 g, TLMT S. chinensis fructus 20 g, FMt C. rhizoma 20 g
Qb7 2 Prescription 2 11 C. fructus 40 g. A4} G pericarpium 30 g, T3 C. flos 30 g

Qb5 3 Prescription 3 10 C. fructus 40 g

Fifi5F G chinensis 30 g, HEF G fructus 30 g

100

75

50 -

KIFH Morbidity rate/%

¢ ¢ @ & & &
\ \ \ \ \
0‘0 QQQ 660 ‘JOQ e 0 Cj@
&S SR
#H 51 Groups
B 1 ARRFHIEE 12 h 5 LT ERER T & 9%k %

Fig.1 Morbidity rates of P. vannamei larvae after 12 h
challenge in different treatments

\+

25 HHNHHFEIRER

2.5.1  AFIF R R SR INTA 69 06 RO K HREC AR
TR YU 25 2550 T ARAE TN ) (b A&+
RGP HLy, 2022), A TG Y R GL i R A2 R
S B /D EBE AR 80% LA B sh Y B A
B RIRREIR R R, 254 Do ) 0 e Se 86 vh
IR ARG R AT 3R 25 5, ARSI R T bk Bt vk
FERARAY 5x10* CFU/mL ¥ SR B I IR IR 48 h, LU
WP AT IR A AT A, HAET HEE 2.

SIGLEREH, N TGS o P B2
TERKYE 12 h J5 RN ET TS 1155, FFBRAR 245
R . B AR BIRF O BVS MLAER, FH
PEXTHEA] 24 h WL 2B, WA T RiK
33.75%. 5 FAXTRRALER ARG . 167 BB DL ITFIE
JRR S S 25 1E (] 3)

252 PHAFERATAITFRTHIL %2 7 d

100

BEBFETR
Cumulative mortality rate/%
W
(=)
T

@\@» o@\@» & o
\+\ x* \+\° \+\ \+\Q

445 Groups
K2 NFHIFE 72 h B LGS IR IR i HABE T2

Fig.2 Cumulative mortality rates of P. vannamei larvae after
72 h challenge in different treatments

i, #4 BBUET R ML E SR 25 AT IRAL | b
TV FARREX A, 4Ty 34, AbJy 241, A
PEXTHRZH oAb 77 1 2R P A0 T 50 2 K T FH M X IR A
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Fig.4 Cumulative mortality rate of L. vannamei larvae
after challenge in different treatments
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Fig.5 Section of hepatopancreases of P. vannamei larvae
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Fig.6  Sections of intestines of P. vannamei larvae
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Fig.7 Ultrastructural pathology of hepatopancreases of P.vannamei larvae
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A, B: Blank control; C, D: Positive control; E, F: Prescription 1; G, H: Florfenicol control.
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Abstract
quality of the larvae is the cornerstone for the sustainable development of the shrimp industry. In

Penaeus vannamei is an important breeding shrimp species in China. Moreover, the

recent years, shrimp postlarva bacterial vitrified syndrome (BVS) has caused huge economic losses in
the shrimp postlarva breeding industry, with epidemiological characteristics of rapid onset and high
mortality, occurring at 2—3 days post-hatch. The diseased postlarva symptoms include emaciation,
decreased activity, and an empty intestinal tract and stomach. The hepatopancreas shows atrophy,
blurring of contour, paleness, and even vitrified syndrome. The causative agents of the discase are
Vibrio alginolyticus and Vibrio parahaemolyticus. Furthermore, antibiotics are often used to treat
BVS; however, frequent and inappropriate use of antibiotics can lead to bacterial resistance and drug
residues. With the advantages of antibacterial activity, immunity regulation, low toxicity, few side
effects, and lack of drug resistance and drug residues, Chinese herbal medicines play an important
role in aquaculture. There are currently no effective drugs available to prevent and treat BVS. It is
urgent and important that effective Chinese herbal compounds are developed for BVS prevention and
treatment. In this study, first, an antibacterial test was carried out in vitro by the Oxford cup and
double dilution methods. Overall, 50 types of Chinese herbal medicines were screened, and those
with a good bacteriostasis effect on V. alginolyticus and V. parahaemolyticus were identified. Then, a
pathological model of BVS was constructed with different concentrations of V. alginolyticus. The
efficacies of the Chinese herb compounds were evaluated based on the mortality, histopathology and
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ultrastructural pathology characteristics of the postlarvae. The bacterial inhibition test showed that
the inhibition zone of V. alginolyticus could be > 12 mm with the application of one of six types of
Chinese herbs, including Schisandrae chinensis fructus, Verbenae herba, and Granati pericarpium.
The inhibition zone of V. parahaemolyticus could be > 13 mm with the application of one of five
types of Chinese herbs, including Chebulae fructus, S. chinensis fructus, Moutan cortex and
Sanguisorbae radix. Then, 11 types of antibacterial and two types of immunological drugs were
selected for further analysis. Moreover, the MIC and MBC of G chinensis, C. fructus, Caryophylli
flos, and S. chinensis fructus against V. alginolyticus and V. parahaemolyticus were < 12.5 mg/mL
and < 50 mg/mL, respectively. Then, three types of compounds were used for in vivo
pharmacodynamics tests by combining Chinese antibacterial medicine with Chinese immunological
medicine (Cyperi rhizoma and Gardeniae fructus), which were named prescription 1 (C. fructus 30 g,
S. chinensis fructus 20 g, C. rhizoma 20 g), prescription 2 (C. fructus 40 g, G. pericarpium 30 g,
C. flos 30 g), and prescription 3 (C. fructus 40 g, G. chinensis 30 g, G. fructus 30 g), respectively.
Florfenicol was used as the positive drug control, and V. alginolyticus infection without treatment was
used as the positive control. The BVS model indicated that V. alginolyticus caused the same
vitrification symptoms in shrimp postlarvae as a natural infection. The LDs of shrimp postlarvae was
2.82 x 10° CFU/mL after 72 h of infection with V. alginolyticus. The pathological model of BVS was
constructed by immersing shrimp postlarvae with 5 x 10* CFU/mL V. alginolyticus. Based on this, the
infected shrimp postlarvae were treated with drugs for 7 days. After this period, the mortality rates of
each group from low to high were: blank control < prescription 1 < florfenicol < prescription 3 <
prescription 2 < positive control. The mortality rate of the shrimp postlarvae in the prescription 1
group was significantly lower than that in the positive control group (P < 0.05). The mortality rate of
the shrimp postlarvae in the prescription 2 and 3 groups and the florfenicol group was lower than that
in the positive control group, but the difference was not significant (P > 0.05). Thus, prescription 1
can significantly reduce the mortality of BVS-positive shrimp postlarvae. Histopathology observation
showed that after 7 days of administration, the hepatopancreas and intestinal epithelium of larvae in
the prescription 1 group were more intact, with more hepatic tubules, less exfoliation and necrosis of
the epithelial cells, and more abundant and well-arranged intestinal epithelial cells. Ultrastructural
pathology observation showed that after 7 days of administration, the cell membrane and nucleus of
the liver tubule epithelial cells of the diseased shrimp postlarvae in the prescription 1 group were
normal, and the mitochondria and endoplasmic reticulum were abundant. Histopathology observation
showed that the hepatopancreas and intestinal tract lesions of the shrimp postlarvae in the
prescription 1 treatment were significantly less than those in the other groups.

In summary, Chinese herbal compounds (C. fructus 30 g, S. chinensis fructus 20 g, C. rhizoma
20 g) had the best effect for preventing and treating shrimp postlarva BVS caused by V. alginolyticus.
The results of this study lay a scientific foundation for the development of specialized herbal
compounds for the prevention and treatment of bacterial infections and contribute to the green and
high-quality development of the shrimp industry.
Key words Penaeus vannamei; Bacterial vitrified syndrome (BVS); Pathological model; Chinese

herbal compound; Pharmacodynamics



