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1,2 _2 L2 R 2 2
EWE ARG ZHE FaE BEMA K E
2 2 \ 2
RANES F W x| B
(L SRR FHFEEE, T 3152105 2. 0BT S R0 BE T, W11 58 Sy P R
U7 LIRS, T 8 266071)

WE: NI RBARIS 5 & B MEE J7 2, M 14F e 24 R i e 6kl 9B (Vibrio splendidus) 8 W 241
A FH A ek R 24, i I 1E A SESR R E S AE DU B T FF-Z (W7 T fs 7 5 0 1 5=15g'2 g:10 g'5 g)»
TERARLF 43 B IN10 20, 30140 g/kg R T FF-ZAE NRIG A, A& 2 A FF-ZREE g Xt I, 71 DL & Bk
I EH20 g/kgHIARIRL A 25 M nt A 20, i 4R W o) 22 10d, 4k 1T 449K B 9107 CFU/MLI A2 3 B 15478 8 2
B, DA RY R S5 BB, MR X & 75 FF-ZAR AU, 405 Bl B 12 11 1A(23.10+0.62) mm, /M1
T (MIC) A B¢ /N 2% T M FE (MBC)E 20 1) 7.8 181115.63 mg/mL; 5 B P4 % FE 4 A0 Eb, & 5 FF-Z.4%- 771 B 4L )
Z[1SOD. ACPHIAKPYH M i 42 i, HAR T 259 nt al . fEhls gl i i e Ja, B 5 FR-Z45 77 5 20 A B 1) ofl
2 %5 B 16 b B P o R 4 IR 2d, FiR &2 5 FF-Z 20 g/kgl . FF-Z 30 g/kg41RIFF-Z 40 g/kgH il 2 ()20d % 97
P N22.08%. 22.14%H114.58%, ‘i F AT PV HEAL1K84.45% . AU B WL 545 AR W, N30 g/kg
2T FF-ZIW R RR A OB Il B N AR 51 S 1) 2 L 43 98 R S B2, AT S B R B FH o B FAiE B, 7

FF-ZREMS 235 52 v RS (10 G BE MU 70, XA G 51 BRI Be 2% S AR R A AR IO TR R 97 RUR, REAE 2 1%

T B AR RERE I AR A A

XHRIR): R LEAAE, MR, hAE T BRI R, MM, RS
X EHE: 1000-3207(2024)07-1130-11

hEDES:S947.9  HEEFRIAEG: A

2 (Apostichopus japonicus)WFR{ I Z, BH
B E TR M, 2 R E WS IR 5E L i
IR AR, 20224 3R H IR B RIS 124,975
W, SRTI, B R 2 RIS K A L)AL
2 AN W B8 v, o B e R R, G o 2 R
274 {iE (Skin ulcer syndrome, SUS)f % & & 4 i ik
AL T AT K, 2 2 TR0 I R v s L
e 5 B P E IR, BB 2R 22 3R B P A
SE R ) B B

F120034E2 H IWARE B IR AERIZ TR K2k Ak
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AE7 A S5 ) R B, SUSIR R AR L 2 B A&
SN R ARE, 40T A 1R 2 SUS I Z R
Ji, HoAr il 9K (Vibrio splendidus) A2 H.H0
B (Pseudoalteromoonas nigrifaciens) s\ (Vib-
rio alginolyticus)~ W& 4k [IRYNEE (Vibrio harveyi) K 7%
ik <, 51 {0 1A (Aderomonas salmonicida)Zs, ¥ 7] 5| i
RIZSUS, Hizw BA KRR A4 rEom, ST
EAERE R, — BRK SRS TR R BERE ST
BT B, SR R R A
FUFITH B0 A B EAT BTG, B & S 25 A
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e 8 i 2 1) R, 0 T 7 9 SR BT PR, R,

EEWA: HKE IR (2023YFD2400704); 1h 4R 4 B £ HFATHRIEE R FHEEIHT THE) (2023CXGC010410); H E K™ R8T Fo b
R YL O\ B PRI B BT 3 AR R MY 4% 3% K TP 42(2023TD29) % Bl [Supported by the National Key Research and Development
Program of China (2023YFD2400704); the Key Research and Development Program of Shandong Province (2023CXGC010410);
Central Public-Interest Scientific Institution Basal Research Fund, CAFS (2023TD29)]

eI PEW(1997—), Wil LA Fi Az, EEMNF K =H ER IS . E-mail: minghaipang@163.com

BIE1EH: TENER, BF5 it ; E-mail: wangyg@ysfri.ac.cn

©The Author(s) 2024. This is an open access article under the CC-BY 4.0 License (https://creativecommons.org/licenses/by/4.0/).


http://doi.org/10.7541/2024.2024.0038
https://creativecommons.org/licenses/by/4.0/

73] P TR 2 6 B Sr A AR R 7 v 25 RS 0E S Ak N 25 R0 1131

BIF R 2 0 13 2 B B 259 RO I 220 5 B 45 1
HELS

WA RBZ . ZA. ZUREMIRES, 1E
Biia K= sh s Se sl id s Dige . (R A
K5 w1 O3z SR AR A AT
A IR A B R R A T B AR
SR M TR (Pseudomonas putida) IR A0 5256,
o HR B AR 2 O 1| S vk cpr 2t
TE MG FER b, 2 S0 8 o A S 40 B B 3R A A 07 128 HY
TP PR ACR R0 2558 77, B LA 9B
TIRGL ) 2, B0 UE %R 7 25 BT OR3P R, B
TE RS 8 B 256 AE A8 3057 458 3 A8 v 24 A
RICHES

1 MR5ERE

1.1 LR

ik mEE JlJE KB (V. splendidus) KL-1
PR PR FET R LK R A 9T 5 5 B i K BIE 5 P e AT
FOPE EASUSERIZ . Phiaifh g s
VPR, AT TSBU A S; 725, T28°C . 180 r/min
IR R B s 77 12—1 6h, BN KHH(460=
0.5—0.7, ¥IEL1 910" CFU/mL)H) B G AT iR o

ZIRA RS AR GIE 2 L0 (Androg-
raphis paniculata) K75 " (Isatis indigotica Fort.).
JIE (Ligusticum chuanxiong Hort.)s &#31¢(Lonice-
ra japonica Thunb.). Tiff ¥ (Rhus chinensis Mill.).
T % (Eugenia caryophyllata Thunb.). 17 - (Termi-
nalia chebula Retz.) F.9K ¥ (Schisandra chinensis
(Turcz.) Baill.). #1%(Coptis chinensis Franch.). X
¥ (Rheum palmatum L.)~ 7 35 (Elsholtzia ciliata (T-
hunb.) Hyl.). X M- (Artemisia argyi Levl. et Vant).
T Z(Sophora flavescens Aiton). %K W (Vincetoxi-
cum pycnostelma Kitag.) 3£ 1450 1 2545 v, #4105 i
A Z 2l A BR A\ (4 77 5 25128220601, Ktk
N1 kg)o HLIR 25 FE R & h A e
150 H Wi, FRERZ5 4 B K5 g, BA1:70R B A
350 mL% 725 TRIK, 1= 930, R 5 I # 4 B 2h, i
JE, R D8 MR W 46 210 mL, i AR 2 RN
500 mg/mL 257K, 121°C K 1 20min, & £ 5 43 3%,
4CRAER MY 507 T SR BORH % K 2 4y
AR, R LR BUR &, DL Bl TR, 4,
1) AR 24 2 B4 79 9500 mg/mL (55 FF1-FF9) Al
1000 mg/mL (/5 FF-Z)MI 2530, & . & 250k
O 73 ECE T FF-Z25 10+ 20, 30140 mL, ¥
SIWER T 1 kgiES gL b, B RS ) (R R
B47K=10 g:90 mL)7e 7 & 5, T4, BRI 2SS

JTFF-Z4E 258 820 910, 20, 308140 g/kgf) &

25k
SKWEnY BT BB RE

PR FFRAEY), A B 55 (60+5) g/3k, 1@ RIS
A, F300 LK H# 8 95 5d )5 T A 5286 . 9286
TR R 1 B R AR K, RS A 1) 7K 16.5—18.0°C,
pH 7.0—8.5. #h/F25—32, IFfRA =5.0 mg/L. 1F
57 30 18] e 1 fl) 24K = 1105 %047 $0W, A R 4K
1K, Bk EZN 173, PI3E5d )5 47 E RS2 .

RFNFEMEXTRAEY S8 T B
(Lysozyme, LZM). 8 % 1t ¥ B {1t & (Superoxide
dismutase, SOD). [ 4k ¥ B2 i (Acid phosphatase,
ACP) 55 14 i B2 & (Alkaline phosphatase, AKP)%
T Am AR X 77 6 3 W R 8 AR ) TR A
Fro B E¥MOKH), 1 E ILARFEGMPEZ]
R N5%.

1.2 7%

RONIE SR AR AR V2R Il % I B
1470 B v o 24 (R ORR R P, B 4290 mm 8 57
LB -8 5 AR 80N 28 0 AR i fk 1 TS B 97 3
(1.5%35 %) 7—9 mL, 35 PEAn & B B 5, m AR
H R BONAREEAR, FREINZ IR L ) TSBES 77
F(1%35)10—15 mL, 4N KHE 5 878
AR, T R FLIG RS R AR . WRER 100 pL
BB (1x10" CFU/mL), F 7K B ke 70 4 7L PR b
YIE1AT, 2 Ja LA N 100 pLAR 25 $E B0, 1E
BN 28°C1H IR 5 75 58 b I A BE 77 16h, bR R R
D52 40 P B4R, S0 EE R 3R, BRI A e 2544
W BE 7555, A E br i W B A% =20 mmoAy A iR
Bt + 47, 15 mm<HFH B15<20 mmA 5+ +7,
10 mm < {IE EAA<15 mm AFEe+, #IEEA<10 mm
SRR T e— 1,

EXRESEHFEME Rk 2SN
WO AT T LA T S AR R AT R g
e 28 O3 . N E GG, ME R IEAS SEEG 4
K, 5% (PEEH) 2020/ ()% 21

x1 EXRITEFEMRRKE
Tab. 1  Orthogonal design of compatibility factor level of
compound prescription (g)

sz 2R T FOE =
7J(]j§ V%IW Terminalia Rhus Andrographis  Ligusticum
name chebula chinensis paniculata  chuanxiong
(A) (B) ©) (D)
K1
Level 1 3 2 10 3
;ﬁjzlz 5 10 4 20 10
;ﬁj;lg 3 15 6 30 15
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FH B BB 37K P (32 1), il 1F 38 # Lo(3*) M 12 15 3
9N 75 (FF1-FF9), B A5 & & R 3R 2 (A 1948 HAE
H, TEZ5 M2 UG M AN B B B AR /N EE R
£ (MIC) A fz /N % B K FE(MBC). IR I IR B &
3%

&/ MIEREMIC) SREFREREMBC) K
) A B e A s e s Bk rh 2 A b 24
77 $2 BOBORHl 2 IR FIMICHE .« B 9641 41 i 15 5%
B, LI TSBES 73100 uL, 7658 —HedF A fF
259100 pl, 4 R 4K B R Rl 26 9k B2 2R 250,
125, 62.5. 31.25. 15.63. 7.81. 3.91f11.95 mg/
mL ) & 2555 77 5L, SR 5 B SL A I 100 pL i
(1x10" CFU/mL), #% J& F [ 54> FL o A 10 uLf
1%ZL DY R IE T, B3N EE . &2 xR
2 : BH PR X HE (TSBXRE 77 =+l 42 5N T ) A B 4 5 B
(TSBY: R IE+TLH K) . T28 CHEIR KT 740 HH 85 9%,
BE XS B R AR, ] SRR A R AR (R FL
(AT —HEFT O R 25300 B, BIAMIC. M BBk
A8 {4 LA I 100 LR A&, 20 BiRAT T
TSBI] {4 £ 77 5P W FF br ic o0k B2 250K B2, T
28°CH 55 77 46 P (8] B 85 9240, £ H OGN £ K
P4 T 7 Fr R B, B AMBC™”.

13 EFHPAENRISEEEEERMTIET R

SCU 43 4H R Ab TR i AL 128 B3 7 5d s Mk
FHIE 14203 A e ) 2, 4 FF- 35 00 BT, 53 N
PR R (NCAE, i@ k) BH xS BRZH(PCA,
FeamiA Rl 40 B JTFE-Z25 Y 4 (bRl A 2y ) i
10, 20. 30F140 g/kglf & J7 124, id NFF-Z 10 g/kg
“H. FF-Z20 g/kgZl. FF-Z 30 g/kgZHMFF-Z 40 g/kg
) e Zint B 4L (End, & BE VD S Rr20 g/kg 1
Bh, AN ER, BANEE20LHZ, 790 LK
KA AT . S ER R IR, Bk S
PR H (1)1 %A T R, LR R 10d.

WHXLW % I8 Chang25 " B W #5775, 7F
WEAVEE U HE . RIS LLAE 125 KRR, BENCALAR,
oA B AL T A2 2 A0 W 29K B2 107 CFU/
mL K R I R YL 24h, 2 J5 & A R e
IR, FERR . #oK, WD SR S B R e
AL PR A0 1 45 B R REAR,, W 5% #2204

MmRESSH  SfE4 250, 4d. 7dA0
10d, MBEZH H BEALIE B 233k, - B2 414K
ARG BT UK F, F GRS 24 B mLjil 244
Jo T 1.5 mLIG B 250 T, 4°C, 5000 r/mingk 4F
&0 10min, X _E7E, T LZM. SOD. ACPA!
AKPHIM 5E , A B8 A B A I 1R A A2 —80°C F PR A7 o
TEM S IS R 5, MR H U 253k, fif] Ja Bk

BE L VRN g+ ] e v b [ e, FH T4 4 B 2
14 BUES

S HA AP I E AR HE 2 (meantSD) K 7R,
K HISPSS 26,0540t S 36 H 4 HEAT G vk 40 i, # 3k
AT B R 2 7 2253 W1 (One-way ANOVA)J=, i A
Prism 9.0%: & AF 1 1

2 R

21 BIRPHAIEHR

Wk 20 R, 230K B 3529 500 mg/mLi, 7]
Fo AfEF T AN R E A KT
20 mm (B BUE); HoAim . FL A 7 I 30 1 B AR
KF25 mm, HMICHIMBC43 % 912.58125 mg/mL,
TE FT A DA BRI 24547 v 00 5 R B A5 e IR %of
HWRF BE. FEMUH N E e, R, 5

F2 BRABHERR

Tab. 2 In vitro bacteriostatic effect of the different traditional
Chinese herbals

R 2y
Chinese herbal

TG e B A BURE MIC MBC
Bacteriostatic  Relative (mg/ (mg/
circle (mm) sensitivity mL) mL)

T
Anirographis paniculata 14.65+0.29 + 12.5 25
Isazsul!ndigotica 11.86+0.19 + 25 >50
élilg‘:jsticum chuanxiong 12.81£0.17 + 25 25
l‘%()fl%ﬁ’ajaponica 12.41+0.10 + 25 >50
%ﬁimenm 25.60+0.51 - 12.5 25
;Einia caryophyllata 21.05+0.08 +++ 25 50
g;fninalia chebula 26.50+0.69 =+ 12.5 25
;Zﬂ;‘jndra chinensis 16.04+0.32 ++ 12.5 50
iﬁm chinensis 19.80+0.20 ++ 25 50
é;,im palmatum 13.240.11 + 25 >50
ﬁsfoltzia ciliata 15.03+0.31 ++ 50 >50
A%?:misia argyi 18.17+0.74 ++ 25 50
w5

Sophora flavescens - — >50 >50
N B o

Vincetoxicum pycnostelma

T T E R =20 mmoA B EUR, <+, 15 mm<H)
T <20 mmAy FE, <47, 10 mm< I ELA2<15 mmAy g,
“—, IE BAR<10 mm A R BE G 2L

Note:*“+++”. the diameter of inhibition is superior or equal to
20 mm, the sensibility is extreme sensitivity; “++”. the diameter of
inhibition is from 15 to 20 mm, the sensibility is high sensitivity;
“+”. diameter of inhibition is from 10 to 15 mm, the sensibility is
medium sensitivity; “—”. the diameter of inhibition is smaller than
10 mm, and the sensibility is insensitivity
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SN, ST H A2 R FEMERY0. 4d. 7dRN10d AR SR I W, Fa i &2 J5
22 HHE LR FF-Z5 Jl SR B M LZM A 52 (B 1) SEIG TR IR BT

TEAE R Lo(3 MRS B 194N 20 77 (FF1-FF9), 42 HZLZM & B R, 45251079, ¥R IR JTFF-ZAR
B HEATARAMIE . MICSMBCIIE (£ 3). 259 [ 7] 2 2 o fil) 2 LZM S B R R R AR Ak, 5
WEE 500 mg/mLi, LA BBl B AR AE VP FE bR, 1 RBUE R G LRIk 24h 2Z54diT, A8 m
W 22 53 B 45 B SR, 3V AE A8 6 5 i 0 1 P L A% B Vb B (Enfll) 5 5 J7FF-Z 20 g/kgH il 2 (ILZM
() R =5 43 5 C>B>A>D.  A>B>C>DHID>A> WmMEE G, HS &AL R E % 5 (P>0.05); 424510d
C>B, 3R IEATIRIG AR 22 0 W 25 R W ow, & 25 1) i, 2 7 FF-Z 30 g/kg?ll 5 5 7 FF-Z 40 g/kgl | =
it L %N ALB,C\ Dy, BIE 7 FF-Z (i 1 F4% 1 ILZMIE R T e i, B S AR A E R AR E
ZFOE ) E=15 g2 g110 g5 g) A4 B %R &% I (P>0.05).

3RTT Z M A REZ], 4RI RN R ZF R, = J7FF-ZX 1| 2= SODE /1 840 & 2% (1] 2). i
A DA R 22 7 A 5 RBEAT 25 25 W LB i 25 F MR 18] A SE A, 7S IS [F) 7 2 5 FE-Z 2410

¥ 52 J7 FR-Z4% LB IR I 2 M 3 U, R AT Z¥1SODY £ I H % F T . Hd & T FF-
SRARAMNBE IR R . 45 R B, EHFF-ZRI3IK 7 30 g/kglHi|Z1SODYE 1 7E4d. 711043 4% &
174 PE) V- 13 B 4% M9(23.10+£0.62) mm, MIC5MBCHH Er T HRBAHP<0.01); FEE10KRE, AFEFIEE
5991097 .814115.63 mg/mL, & J5FF-Z 3 B ZCR L J7FF-ZZ 51 2 [¥1SODE /13 Bl i KA, H IR
FFF1- FF9 (3¢ 3). Ak, ATk 5 7 FF-Zit— 25 I TNC4.

TR A 245 AR B 7 7 FE-Z3% 51 5 200 R 2 K 5 W ACPI 11
23 EFPAMNRSERFEREMERZ s T A6 AN [ IS 8] B 4 A2 A 22 7 K (K 3). BT

DAAS [ 77 B8 1) 52 77 FE-ZAR MR 25, 43 AIAETT 4h FF-Z 10 g/kg1 M2 1) ACPYE 1 1E 45 24 4dI 1A 2 i
*3 PHESNIERBER. MICSMBC
Tab. 3 In vitro bacteriostatic circle, minimal inhibitory concentration (MIC), and minimum bactericidal concentration (MBC) of the diffe-
rent herbal compounds

: ; (2 PN NE T B
H%rfal Te erj{tjalia Rhuzic{;ij:nsis Andéij’;o‘;rji)his Ligustigum Bacteriostatic circle (mm) MIC MBC
compound  chebula (A) B) paniculata (C) chmzr]z)x)long k K K" #){H Average (mg/mL) (mg/mL)
FF-1 1 1 1 1 20.10 19.80 19.67  19.86+£0.22  15.63 31.25
FF-2 1 2 2 2 18.06 18.01 18.10  18.06+£0.05  15.63 31.25
FF-3 1 3 3 3 18.56 18.38 18.50  18.48+0.09  62.50  125.00
FF-4 2 1 2 3 18.53 18.15 18.72  18.47+£0.29  15.63 31.25
FF-5 2 2 3 1 18.37 17.73 18.53  18.21x0.42  15.63 15.63
FF-6 2 3 1 2 19.43 18.69 18.73  18.95+0.42 15.63 31.25
FF-7 3 1 3 2 19.32 19.31 1893  19.19+0.22  15.63 31.25
FF-8 3 2 1 3 19.31 19.03 19.27  19.20+£0.15  15.63 31.25
FF-9 3 3 2 1 19.84 19.60  20.00 19.81+0.20  15.63 31.25
ky/Average 1 18.907 19.317 19.613 19.437
ky/Average 2 18.777 18.580 18.810 18.937
ky/Average 3 19.490 19.307 18.750 18.830
%2 R 0.713 0.737 0.863 0.637
k'\/Average 1 18.730 19.087 19.173 19.043
k'y/Average 2 18.190 18.257 18.587 18.670
k'3/Average 3 19.313 18.890 18.473 18.520
% R 1.123 0.830 0.700 0.523
k" /Average 1 18.757 19.107 19.223 19.400
k",/Average 2 18.660 18.633 18.940 18.587
k"3/Average 3 19.400 19.077 18.653 18.830
W7 R 0.740 0.474 0.570 0.813

FF-Z I5¢g 2g 10g 5g 2380  22.60 2290  23.10£0.62  7.81  15.63
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e, H5NCHZ 7 i) 53 (P<0.01); 745 25 7diT,
2 J7FF-Z 20 g/kgH 1l Z Y ACPIE 2 5 i fE, 5 H
fih - 26 2% 5707 2.2 (P<0.01); 5 J7FF-Z 30 g/kgZH Al
2 ITFF-Z 40 g/kgZH Il 2 11 ACPYE 71 it £ WL [] 1)
K RIHE TREE ETF S, BAES 2510d0)
5 B = {H, e B 5 FF-Z 30 g/kgll 5 HAh %41
7 SR L (P<0.01) o

FH P 4T 50, B2 7 245506 ) S0 1 T AK P
(1) 5 W) 8 IS () A2 40 22 52 W &k . 52 J7FF-Z 10 g/kg
. HIFF-Z 20 g/kgl J2 2 J7FF-Z 30 g/kgZi il =
(1 AKPYE /7 B SV IN R) F 2E K 2IH e THm Je
NS PRS2 J7FF-Z 40g/kg2H U] B I
] AR Ak 2 e T R e B HA; TE4R Zi4d
i, 5 FF-Z 10 ghkg?l. EFF-Z 20 glkgl. &
J7FF-Z 30 g/kgZH AEn# 2 3% = TNCA(P<0.01);

54 20 g/kg E5 30 g/kg [ 40 g/kg

o a
- £ 150
=D
= 11177
2= 100 HINYVERE
s g
e s 5

g =

— =

0 =
0 4 7 10

It} Time (d)

1 R IJ7FF-Z5 B AU R 2 AR L ZMIE 77 150

Fig. 1 Effects of different doses of compound FF-Z on LZM
activity in coelomocytes of Apostichopus japonicus

AN NG FRERIRAELE B 72 7:(P<0.05), AR K 'S =B R R
2 5% 5.3 (P<0.01); FIA

The different lowercase letters represent the significant difference
(P<0.05), and the different capital letters indicate extremely signif-
icant differences (P<0.01); the same applies below

15 r
CINC EX En ZA 10 g/kg

54 20 g/kg E5 30 g/kg [ 40 g/kg

o)

HBSAA BT
SOD activity (U/mL)
w

IO »>

TR >

XXX XXX X 4+ 0

o
~
N
—
o

I} 17 Time (d)

Kl 2 S J7FF-Z% 5 & 40 2R SODYE 711 5
Fig. 2 Effects of different doses of compound FF-Z on SOD
activity in coelomocytes of Apostichopus japonicus

LA Z510dI}, 445 T FF-Z7 & 41 [ AKPHYL 5 %
TNCHLFEn4l, H & J7FF-Z% 7| & 4141 2 [f) AKP
1SR ZRIE R IEA R,
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SCREENING AND EVALUATION OF THE IN VIVO PHARMACOLOGICAL
EFFECTS OF TRADITIONAL CHINESE HERBAL FORMULAS FOR THE
PREVENTION OF SKIN ULCER SYNDROME IN SEA
CUCUMBER APOSTICHOPUS JAPONICUS

PANG Ming-Hai"”>, WANG Chun-Yuan’, WANG Yin-Geng’, LI Cheng-Hua', LIAO Mei-Jie’,
ZHANG Zheng’, RONG Xiao-Jun’, LI Bin® and LIU Ni’

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China; 2. Laboratory for Marine Fisheries Science and Food
Production Processes, Laoshan Laboratory, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: In order to develop a herbal compound medicine for the prevention and treatment of skin ulcer syndrome
(SUS) in the sea cucumber Apostichopus japonicus, we screened single herbs with significant inhibitory effects on
Vibrio splendidus from a pool of 14 herbs. The most promising antimicrobial herbal compound, FF-Z (comprising
Terminalia chebula, Rhus chinensis, Andrographis paniculata, and Ligusticum chuanxiong in a ratio of 15 g:2 g:10 g:
5 g), was optimally selected using an orthogonal experiment. Subsequently, 420 healthy sea cucumbers were randomly
divided into 7 groups: Negative control group (NC group, normal feed), Positive control group (PC group, normal
feed), Enrofloxacin control group (En group, feed containing enrofloxacin powder at 20 g/kg), and four FF-Z treatment
groups (with feed containing FF-Z at 10, 20, 30, and 40 g/kg, respectively). Following ten consecutive days of feeding,
V. splendidus dip bath with a final concentration of 10" CFU/mL was administered to all groups except the NC group.
The results showed that V. splendidus exhibited high sensitivity to the herbal compound FF-Z, with an inhibition circle
diameter reaching (23.10+0.62) mm and MIC and MBC values of 7.81 and 15.63 mg/mL, respectively. Sea cucumbers
in all FF-Z dosage groups significantly increased (P<0.01) activities of SOD, ACP, and AKP, surpassing those of the
En group. Following V. splendidus infection, the onset of SUS in the FF-Z dosage groups occurred 2d later than that in
the NC group. Moreover, the final incidence rates of SUS in the 20, 30, and 40 g/kg FF-Z groups were 22.08%,
22.14%, and 14.58%, respectively, which were lower than that in the PC group (84.45%). Pathological tissue section
analysis showed that the addition of FF-Z at 30 g/kg effectively reduced inflammatory reactions caused by pathogenic
bacteria invasion into infected tissues, thereby protecting sea cucumber tissues. The study demonstrates that the herbal
compound FF-Z enhances immunity and disease resistance in sea cucumber, providing effective prevention and protec-
tion against skin ulcer caused by V. splendidus. It retards the morbidity process and reduces the SUS morbidity rate.

Key words: Skin ulcer syndrome; Vibrio splendidus; Chinese herbal compound; Enrofloxacin; In vitro bacteriostatic;
Apostichopus japonicus
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Plate I  Histological examination of the body wall, muscle, and intestine of A. japonicus
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1—4 means the healthy A. japonicus NC group, the diseased A. japonicus PC group, the En group, and the compound FF-Z content 30 g/kg
group. The A, B, and C represent the body wall, muscle, and intestinal tract of 4. japonicus respectively. The black arrow indicates inflam-
matory cell infiltration, nuclear condensation, fragmentation, cell disintegration and necrosis, muscle fiber nuclear condensation, intestinal
mucosal epithelial tissue necrosis, and exfoliated and necrotic mucosal epithelial cells in the intestinal cavity, forming a large gap
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