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ZEY, m K, KER, INE, A H, HEER, BAF

(bR RV IPOKFRFIRE R LKE, B 201306)

W E: SRRSO GEE IR T RIE RN BRI B K RN
B AH10(Aeromonas hydrophila) fA5MN530% 280 % O HEA [R5 & 1y Y
B RLEMA 25 B 1 2 ARE , I 5 FF 25 2542 o 8 40 7 G o
RERT TN 29 RAE FAZG 758 . BRRESRRE, RRE R AHI0 B /M
¥ & (minimal inhibitory concentrations, MIC) & 1.0 pg/mL; £/
¥ & (minimal bactericidal concentrations, MBC) 24 2. 0 pg/mL; B 40
T Tt 25 28 28 ¥ & ( mutant prevention concentration, MPC) 4 8.0 pg/
mL; BTt 25 25 % £ % ( mutant selection window, MSW) 2% 1.0 ~8.0
pg/mL, ZEREGKIR (22 £1) CHMAT, X4 07 20,3040 mg/kg &
HAERPIER,24 h N5 BE R T MPC i 4E 58 8] 435104 3
8.22 h; AUC,, (area under the drug concentration-time curve)/MIC 435
A 89. 539, 174. 560, 251. 682; C,_,. ( maximum concentration in the

interval ) /MIC 435 14.92 17.69 .24 22; . 454 1 259 B 45 MPC
LA fis 6] 4852 24 h AUC,,/MIC > 125 5 C,_/MIC > 10 453547, 2
TR B 28 4 o ) 4 T e L I A 199 7 TS 25 P25 5 8 20 - Rl it 40 mg/
kg, —H—W, WBILAANPRERNAZE TR, ARBBERR
BEARHETRETRIZIN 15 d, BT AEARRE KR (22 £1)CF, Bk

MREA: HEENERNE
KA AHIO0 (R 5h 2550 %
S8 ( MIC MPC  MSW ) F138 i
WEODEARMENFRER
eI Y5 ULPI A BB IR
AU, SF R IE A R/ R
BEA S8, I AUC,,/MIC > 125
8% C,,../MIC > 10 545 ., Il 25 Hk
& >MPC Ll e B i 24 h
B oeMERA TR VR
TR 7= SR FE LA 29 W1 R B T 25 A
HhFRREER S,

XKigi: o PMER, AR
T2 B9 11 2% B Tid 25 R AR
WREE KSR
RESEE.: S948
MERARERS: A

ZHAET 15 do

A B & & (thiamphenicol , TAP) 2y 55 — X Bk
JEBER YA R , 5 HA e % (florfenicol , FF) AH L,
HAGUH S RITESCRE SR T RAE % (Hl T
HW M B Kot 2Rk = BUm E B A BRI
BERCR N 5 7 A T 2 v S R A T
I T 7K 7 5% 5E 3l 0 40 T 1 R i B 45 S R T T
I,

H T ZE7K P SR I PRy T i #E v, 2T MIC
HIVAYT Wk BEAX REFE L U B A, 20 22088 T 4
EHZG R AR R E £ . W T HE
i 25 5] i, 1999 4F DONG # DRLICA %5040 $2 iy
Bis 2 BT i 24 98 28 Mk B2 (MPC) TR 24 R A8 e B

I Fs HEF: 2015-01-12 {&E HHi: 2015-02-16

EEME : AL BEARERE B L TP (CARS -46 -12)

(MSW) 238, MPC 2 By 1k it 24 5% 32 B PR gk
FEE Y I PTHR BR RITR 25 YR B, MSW 2
/MW R B (MIC) 1 MPC 22 [6] i ¢ B i
X — SR IR TFIRYT, 5 A 20 i 48 5 i
2 il BT 25 ) FA 25 SRS 4R AL T8 S B

WEE RER M, IR A L2 AT I b
PIFPBEIL B2 S 25 ) (TAP FF) B30T 80CR , 3l
ERHMBATR. RENTEMAN/ 5%
% (PK/PD) KA 2 32 B@ i MIC 5 251 il 4%
THEA(AUC) SFEtRs IR 7 5, BB RIE
YRGS IRAE A I P R R A R — Rk A
N2, & U 2 N B0 7 AR 1 25 9% 22 i Ok
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o BT IA LI 5 B4 WA %M B
g, W BN E R X BOW g K R
(AH10) B#k (RSN 25808 S B AR 1A Py
2G2S 1R i R PP 2 42 o 0 2 1
JBCHILAE 4 Bl € 32 FA 25 77 58, o il 5 e PR FH 25 77 58
RAHIBE S

AR T

1.1 B EERG
1.1.1 {3

FEAUER A : LC-100 =350 AH 3% AL (1 B
FEBRFERE B RAR) ;s EERAGHES
BT R 5 B R R B DL e 2 R AN EE
1.1.2 s

34 : ZORBAX-C, S H7AE (150 mm x 4. 6
mm,5 wm) ; FHAH: V(ZHE) - V(BEBREN/KIE )
=20: 80, pH =4. 3; S AN T FF I K : 224 nm; I
#:1.0 mL/min; A:iE .30 C; AR .20 pL,
1.2 HRRERF

FEGH: FRERHES(=99.1%) , 1
HPEEELMEEN; FRERERZ: (=
98.5% ) , W T LM R A FRA R MH WA
BIRRE TR AL

FERN: B RS g; ZEoK K
BEFREA VKBETR . LBR CBRIEC bE N i g, LA
25T E 2 B E R A R A F]
1.3 R R EHK

fRRRME N A LS REY, KRR R
150 ~200 g, FALHG 2 /K %A (0.4 m x0.5 m x
1.0 m) B 55— A5, ¥ EZ S 04~k 5 3
4,44 120 B, i EKIR (22 £ 1) C,

R 7K SEA L B Dy S I = 43 S X E R IR AR
R, g5 AHI0,
1.4 BAWERXFEKSEME(AHI) 3%
e
1.4.1 MIC MBC MPC 1 MSW [l

Fe ] AR R 25 W 1 280 wg/mL",
B B WK BE  10° CFU/mL, F 30 C#;3£ 24 h
J& , LA BB 1 40 B8 AR K W B /N2 M vk BE R MIC,
kLB 3% 48 h K MIC DL EoR W40 A K 1 43R,
B EMERBIEPR, DT 5 M REE K
NS B R B /N AR MR BE (MBC) . B 5 IR
BOFHME,
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G35 BC ] & 25 W BE Sl 2 MIC. 4 MIC.6
MIC .8 MIC .10 MIC {25 P 3 BE AR, A%
S B WMk B3k 3 % 10" CFU/mL, 3% B 0. 1 mL
WHRTE LR & A AR 2509 BE 3 IR PR b, i
MEMER1.2x10"° CFU,IEE 72 h, A ETE
ARKBRRZ YUy MPC, EE 5 K
{8 ; MSW iy MIC 5 MPC 2 il Fy vk B T I
1.4.2 PAE [ili5E

WEIREA T, T, T, 2598 E 55 HR 2
MIC .4 MIC.8 MIC FixtHR4 C, .C, 253K F 5t
FEZHF10.08 MIC Z545% B XF B4, F 30 CIE R,
BRI S 259 B el 1 ho SRAH 400 f5BRZG15,
3B AR A A R v A A IR AW 0. 1
mL, il % 30 CHIEM 1.9 mL ¥ MH 7, 1R
AEHEE 0.1 mL 43 5nZE 30 CHER 1.9 mL
B MH P, 3068 C, Him A ARG R Mk B A
2Tk 400 EFRESE 25U EE, T 30 CHFH,
W KRG MER . FF7E0.1.2.3.4.5,
6.8 h HITHEAEEITE, EXE 3 K, WY
B, Heo T.C A5 hEESE TERE TN
10 f5FFEE B 1E] , PAE % B8/AX.PAE =T - C it

%O
1.5 BREBRAHNFHAR
15,1 25 R iR A

H AN EE 2R R 25 BR 20,3040 mg/kg (K E
FIEOVENART I, B4 120 B, TRk H
BIERL . 240 F425/50.25.0.5.1.2.3.4.6,
8.10.12.24 h J5HUM 2 mL, JLEAFES, 2 g, ML
T4 CHES~12h FELOMEET -20 CH
7L AT -20 CIRTF, &BTHARE S AME
8, 45 PR RBUR] — i 30 A I B LA 25 A
Ml o
1.5.2  If¥EREmETAE

B 1 mL &, FFANA 200 pL 25% 28 3% W A
To/KBREREM 0.2 g IR 1 min, FAIA 4 mL Z R
ZEE, /KR 15 min,4 C 4T 8 000 r/min
B0 10 min, FAIA 2 mL ZRZBEE B 2B —
WOMEPIIR B, 45 CEIRZEAZE T, il
mL F A f#,8 000 t/min 2> 5 min, Bl 1§
W2 0.22 pm HFLUBBERUESS , HPLC WE "
1.5.3  JLAREMETAL 2

FREC1 g ILP, N A 400 wL 25% Z W, 1R
)1 min, A S mL ZFRZEEF 2 mL Z R 2
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BEIAATPIRA B, IR PI IR L6 W, 45 C fER e
HIERET, A2 mL ZEM 3 mL IEC kL, B
% 2 min, #E 10 min J5,4 C44F 8 000 r/min
B0 S5 min JUFZE 45 CTFERET. BMA
1 mL JishAEiEfE 4 C5&4F 8 000 r/min B.0» 5
min, Bl EEW S 0. 22 pm 5§ FL U8 BT U8 )5,
HPLC ",
1.5.4  FrfEhdk IR NS5

FREX0.06 g HIREE RAnEm, H V(ZIE): V
(=ZE7/K) = 20: 80, % f# T 100 mL X2 H, I
B R MR B2l 600 wg /mL, Ff#5 B 20,
10.5.1.,0.5.0.05 pg /mL ARyfER, 4 0.22 pm 3§
[t 385 HPLC 43 #7. DA R M A AL bR, i &
YRR AR AR BR A BRI 2% o

B2 100,101 pg/mL ¥ BE i) AR EE R 4% 100
pL, A ImL f8f2s H i iE %8R 1.5.2 )5
AT, VR EE 3 AT, B PATIR LA
25 T R, DAY 8 AR G IR B 9 K% B EDRE %
-39
1.5.5 HdEabrs

FRUERZR 25 R ) Excel 2%, 254030 A
2ERIRY K Z N FH Kinetic 4. 4 25030 J1 2284
VLEL

2 ER50H

2.1 FAWBRI AHIO FIMAKERR

FIR % 2 XF AH10 % MIC 34 1. 0 pg/mL,
MBC Jy 2.0 pg/mL, 3K HPIE R EKIE
R B A B BT TS M Bl T 25 SR AR R B
(MPC) 3 8.0 wg/mL, fif 25528 £ % (MSW) 2y
1.0~8.0 pg/mL, R FRER LY IKELE
1.0 ~8.0 pg/mL B}, Af LA BRI HOR , (HER
R 1L 2528 AR (R 7= A, R MR T
8.0 wg/mL B}, 7 Bk S 257 R 7= A

K248 MICHKREMFMEBERAW, 5
AHIO B A B # Ml 1 h J5, PAE 2555351
(1.30 £0.13)h.(1.83 +0.14)h (2.1 £0.12)
hi BRGEMBAERIA (1) . S5RRIE?2 ~
8 MIC Y5 FE N, PAE i} [H] B & 25 40 ¥k BE i) T
T B B A, 3R B AR 2R S vk BE IR I 250
2.2 @WMFENRRNBERNARTNERR
2.2.1 HRERMERL

F AN EE RARHEIRLE 0. 05 ~20 pg/mL YR BEYE

BAELMERR (B 2) , BRI y =42. 4x
-1.534 (r=0.999), ATAFREBEREELRR
ﬁo

101 «%f}E4] Cl control group
* %A €2 control group

35 9] ~S{ERGMERIE sMiC
=t gl =MiBIKHEKE MIC
%g . < 2AEIARIVEIRE 2MIC
i
~T 6
I ©

4

3

0 1 2 3 4 5 6 8
] /h time
E1 BEREREATEASENRER
PAE HiR)4H R &

Fig.1 The growth curve of Aeromonas hydrophila
in the PAE of thiamphenicol

concentration—time curve
g

I area under the drug

0 5 10 15 20
A IR/ (v g/ml)

concentration of thiamphenicol

B2 BANERFE#RL
Fig.2 Standard curve of thiamphenicol

2.2.2  [ECRFINER B

¥ 1.5.2 B AL B 7 L3R fa , T A5 89 1 1
H R R 173 [ R 83.58% , H NAE %
FER2.72% , H EIXE % EE N 2. 96% , SLI 5 R
BRI BEEER .
2.2.3 6l i R R AR

% 20,3040 mg/kg A4 J5T 5 57 & 1 4 AR
EBEG, RBBIEZ Excel {424 250 2 (&
3),EREREHEOEMNFRERSREHLL
R BE A 35 W vk B L 1, AR B (R) B AT, 4% 20,
30,40 mg/kg (AFIEBEOERMNERG, 7£F 1,
0.5.0.5 h M 254k B4 B3k 3 e {E (14. 917 =
1.23) .(17.685 £1.63),(24.218 £1.48) pg/
mL; HJ5 VR BE T [, 24 h YR 43 51| (2. 001 =+
0.23) .(5.209 £0.13) .(7.567 £0.21) pg/mL,
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% 30 -+ Jl& 40mg/kg dose
£ & 30mg/kg dose
oy E 25 -Jil& 20mg/kg dose
N R
cw 20
S5s
gé‘—a 15
+59
ELEE 10
Eg-a
'ﬁ:,lo_g 5
£z
S
B 0025051 23 4 5 6 8 10 12 24

BffEl/h time

3 FELBHEBTHRRERE
8 M 7E 2Rt 22 (n =5)
Fig.3 The concentration time curve of thiamphenicol

in serum of crucian carp at various doses(n=>5)

2.2.4 HMANHFRERWARFESE

CVERRIA 2550 & , 25 BE 4 Kinetica 4. 4
WAFHEAT 3h ) F RIS ST E, ¥
SEINE 1 ARGRFSPNE 2, BREN,3
FFOVERIERMT, 8 g R ALA N FERERZ
BPBAR IR & — Ol — E AL,

*1 HOERRFNERNEREANELE
Tab.1 The concentration-time equations of

thiamphenicol in crucian carp serum

FI4& dose T3 equation

20 mg/kg C =25.781e %7 1+3,190e ~* " 28,971 "1
30 mg/kg  C=13.549¢ ~ 1Pt £10.274e ~* B _23,823¢ T4
40 mg/kg C =16.638¢ " +11.003e ~*"% _27.641e "7 4*

2.2.5 HIRER PK/PD Bk & S8 E

FIAER R EKBEZ Y Ao H
AUG,,/MIC.C,,,./MIC 52 ¥ BE A1 14 245 4 il
EKRAL T RNEESH . DEARNE
HI IR , 8075 ) PK-PD BRSSO R R
R34, G5REM, ¥ 20.30.40 mg/ kg (&)
R O P NER, £ 175 4, AUC,,/MIC
4351k 89. 539 174, 560.,251. 682 ; C,../MIC 435
7 14.92.17.69 .24.22 (3 3) ; ME 25 WYk B K
F MPC ¥y 4EReatal 5351k 5.8.22 h(El 4) o

http: //www. shhydxxb. com

*2 @HMFEPOERRFE
RRERGHFESH
Tab.2 The pharmacokinetic parameters of

thiamphenicol in crucian carp serum

A2 dose
7}&5{ parameters

20 mg/kg 30 mg/kg 40 mg/kg
A/ (pg/mL) 25.781 13.549 16. 638
o/h 0.7788 1.6972 0.3933
B/ (pg/mL) 3.190 10.274 11.003
B/h 0.0225 0.0333 0.0193
Kel/(/h) 0.166 0.075 0.045
Ka/(/h) 1.686 7.403 7.459
T /h 0.890 0. 408 1.762
TI/ZB/h 30. 800 27.813 35.880
T oa/h 1.0 0.5 0.5
Cooax/ (pg/mL) 14.917 17.685 24.218
MRT/h 35.928 31.684 48.211
AUC,,/[ pg/(mL « h) ] 89.539 174. 560 251.682
AUC/[ wg/(mL + h) ] 89.539 174. 560 251.682
CLs/[L/(kg + h) ] 0.114 0.095 0.065
Vd/(L/kg) 5.084 2.847 3.384

T AL M AR AR AR 5 ov. 437 SR B B I BRAR T AL 5 B.
TS BRI 5 555 Keel. 2597 H S 55 IR R 3 05 Ka, WO 6
WHGT g 5345 W Ty g T BRI Ty 35 0 I 1 5
Conax- ISR BE ; MRT. -39 B 15 [] ; AUC,,. 0 — 24 h Py 2t ith
T IR AUC. 2 i 22T 61 A5 CLs. BAJE BR 36 Vd. R
AR

Note: A. Intercept of the linear equation on log transformed data; a.
Distribution rate constant; B. Slope of the linear equation on log
transformed data; . Elimination rate constant ; Kel. Elimination
rate constant from the central compartment; Ka. Absorption rate
constant ; T, . Half-life of absorption from the central compartment;
Ty/pp- Half-life of elimination; T,,,,. Time required to reach C,,, in
the interval; C_, . Maximum concentration in the interval; MRT.
Mean residue time of drug in body from 0 to 24 h; AUC,,. Area under
the drug concentration-time curve from the time zero to twenty-four ;
AUC. Area under the drug concentration-time curve from the time
zero to last time point; CLs. Total body clearance; Vd. The apparent

volume of distribution during the terminal phase.

*3 PK-PD EHEKEXSH
Tab.3 The parameters of PK-PD integration

, (fﬁ y Cou AUC,, MPC MSW
doseg /MIC /MIC  /(pg/mL) /(pg/mL)
20 14.92 89.539 8.0 1.0~8.0
30 17.69  174.560 8.0 1.0 ~8.0
40 2422 251.682 8.0 1.0~6.0
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4
-~ 30 = Fl& 40mg/kg dose
% >« Fl& 30mg/kg dose
oy é 25
N R
MO @ 20
%5a
B 15
252 " -
i Mo g ———
g 000.250.51234568101224
i fE]/h time
E4 #mEFEFOEFREAFNERNERERR
it B 259 ik FE 5 MIC MPC
K MSW gyx & E

Fig.4 Oral different dose of thiamphenicol in crucian
carp serum at different time in drug concentration
and MIC,MPC and MSW diagram

2.2.6 {RZHIRIHIE

PREG IR 2 2 i PR ] 5 45 285 7 R B2
oy HEMEEME T HINER &S KE
BRE (MRLs) i 50 pg/kgo MRIERZGHIHIRE L,
DURYE AT B R4 5k B IO WR BE R 2, I e A
WO ML AUE N R B A I A 41, 7 45 2550 B
H 40 mg/kg BF, HZ5ah2 A C = 15.969
e—0.2459t +3. 0646 -0.0132t _ 19. 0336—0.2637to Ei«ﬁgﬁ
KR (22 £1) CHMAFT, O 40 mg/kg FIRZ5Y)
Ja SILA R IRER SR T EXNE N &R
5B BR & (MRLs) 50 ng/kg KB IR 209 15 do

12

2
E 10
SE2 g
$52
'as?'g%.
# 58
REZ 4
2=
E§§ 2
g o
o 005051 2 3 4 6 8 10 12 24
i E/h time
BE5 40 mg/kg OEFERNER
TESAN P TR R9 25 e ph 2%

Fig.5 Concentration-time curve of thiamphenicol in

crucian carp muscle following oral 40 mg/kg

3 itie

LB AR B H IR R WK

R AHI0 BB HPIETEE. MR
% HAUHBOR I MPC W55 R e A T
e A 32 i SRR g B, 3 96 7 25 49 R BB 3k B — <€ YR
FPROR o 7K 7= SR8 I PR FH 25 L 16 8 R P A
254 (flk MPC 7% MSW) = # R BUS He i 259
T B LU SR i 25 PE R 7 . BHETE AN T
FIER AR O A #RE, tné € ( Cyprinus
carpio) "™ | Bk W 5 15 %% ( Dicentrarchus labrax
L) AR R, FRERE
BMA NGRS T Z H RS, HE5 R
St gt U KSR B Sea
( Lateolabrax  japonicus )™ . FL 44 & Xt #F
( Litopenaeus vannamei ) "> 25 g iyt oy R IR &
HRESHPMEBR KR, XWREMBEER G2
B IEEREA R . HIIEHE 2R
FAZGHRME I, BIER& 75 SRR 25 W) DU 35 S 2
WEARMEENNZAFES, RA Y PK/PD
SRR G R, A BEEBNAT AR .

RGRE T R EEZRIB AR N FFF
AEFA S B /) 30 T ok BE G €, IR AR 38 AUC,,/
MIC.C,,,./MIC 1 T > MIC #8453 % 2591 1
W s & He T R NE R PIA
AT 4 B 4 BRI DK I Y 45 2 0] & Dy 8. 52 ~
47.94 mg/kg, PK-PD [5] #I 24 AUC,,/MIC g
35.37,C,../MIC 3} 24.89, XFEH) HEETERZE
TEOL T AR, H R 24 MLVE B R 2 vk
T MIC H A TR RS AT, 25 H B 25 28
AFBEAR I BV B SR M QN B M 25 . o fak
X —[a] @, i PR SE B Hh B o 2 B AR MPC %
MSW (254 , Bl 50 B 0y RENAT 'S T
MPC ¥ BE , I 255 3h Wy 1A N 25 - I v ok B 7
LA, e E AW HA TR

TREIA% " FIEN " B MPC \MSW 3
WHAYENAREREARSE G R, B T
TR B 42 1) 0 24 o A MO AE P R 25 7 3R
T LA L MSW B9 iR 97 SR Mg, A S g il g 1 H
TR 3R 42 T 0 40 T e O I oy T 245 9 78 R 245 O
R HERE B, RERBES D E
AUC,,/MIC > 125 5 C,./MIC > 10 1§15 F AT A2
FIAMEITROR . SRR, FEME N, O
30,40 mg/kg fATE | & 1 25 P #R REIR B AUC,,/
MIC >125.C,,/MIC > 10 BJZ5R ; (5 1 25 ¥ K
T MPC F)4ERemt (8] 4354 8 h.22 h, BT £
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|

24 %

e A [ T LA R 1 T 24 T 1 7 A, L PR
W EE KT MPC [ 4k R¢ i) ] £ (24-PAE) h D)
b I E A 2R & 40 me/kg, HYREE
Wiz R B — kA ZE " . AT, 7R
KR (22 £1) CHRMT, FRERIRIT 4 E
PB4 257 8 O 40 mg/kg, — H —IK, IKkZ
=N 15 d,

S 30k :
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Integrated pharmacokinetics-pharmacodynamics parameters of thiamphenicol
in crucian carp( Carassius auratus)

LI Mengying, YU Fei, ZHANG Guoliang, SUN Penghui, HU Kun, YANG Xianle, LU Liqun
(College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract; In this study, the pharmacodynamics ( PK) of thiamphenicol on pathogenic Aeromonas hydrophila
strain ( AHI0) and the pharmacokinetic ( PD) parameters of thiamphenicol in crucian carp ( Carassius
auratus ) were investigated by high-performance liquid chromatography ( HPLC) system, which were used to
draw reasonable medication regimen to control disease and prevent drug resistant bacteria. The in vitro
pharmacodynamic results showed that the minimal inhibitory concentrations( MIC) of thiamphenicol on AH10
was 1.0 pg/mL, and the minimal bactericidal concentrations (MBC) was 2.0 pg/mL; the mutant prevention
concentration (MPC) was 8.0 pug/mL (8MIC) ; the mutant selection window (MSW) of thiamphenicol on
the pathogenic bacterial strains was 1.0 — 8.0 ug/mL. The time of thiamphenicol concentration in serum of
crucian carp above MPC was 3h at the dosage of 20 mg/kg; 8h at the dosage of 30 mg/kg, 22 h at the dosage

of 40 mg/kg, respectively; AUC,, ( Area under the drug concentration-time curve)/MIC and C, ( Maximum

concentration in the interval ) /MIC of thiamphenicol in serum were 89. 539 and 14.92 at the dosage of 20 mg/
kg, respectively; 174.560 and 17. 69 at the dosage of 30 mg/kg, respectively; 251. 682 and 24.22 at the
dosage of 40 mg/kg, respectively. Considering the drug remained in the plasma with a concentration above
MPC for 24 h and AUC,,/MIC > 125 or C_ /MIC > 10, it is suggested that hemorrhagic septicemia can be
controlled using a dosing regimen of 40 mg/kg thiamphenicol, at intervals of 24 h. The proposed withdrawal
time in crucian carp should not be less than 15 d at the water temperature of (22 +1)°C.

Key words: crucian carp( Carassius auratus) ;thiamphenicol ; pharmacodynamics; pharmacokinetic ; mutant

prevention concentration; Aeromonas hydrophila
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