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Pharmacodynamics of florfenicol alone and in combination with
amoxicillin or cefuroxime against pathogenic bacteria of fish origin
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Abstract : Combination therapy of antibiotics is leading to improved efficacy or safety profiles with decrease
emergence of bacterial resistance. Because of this benefit, many of antibacterial combinations have been
used in veterinary practice for the past few decades. The purpose of this study was to examine the in vitro
activity of an amoxicillin alone and in combination with other antibiotics against pathogenic bacteria of
fish origin. Based on the fractional inhibitory concentration (FIC) index (FIC £ 0.5), a synergistic interaction
was shown in combination of florfenicol with amoxicillin or cefuroxime. The combination of florfenicol
and amoxillin showed higher antibacterial activity than that of florfenicol and cefuroxime. Ratio of
amoxicillin and florfenicol in combination was 1 : 1, which showed the antibacterial activity against bacterial
isolates of fish as compared with other ratios. A synergetic effect of the combination (amoxicillin and
florfenicol) was further confirmed in the time-kill curve study. The study showed a better in vitro antibacterial
activity of a 1 : 1 combination of amoxicillin and florfenicol than the individual antibacterial against bacterial
isolates of fish. In conclusion, the combination of florfenicol and amoxicillin may serve as a potential
antibacterial therapy in fishes infected pathogenic bacteria.
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SAEo " Vehtbe YRkl Ao R AgtAlo A+t
A= A7, ARl oF BetAl= A3k 28] A
dAet AHAlE FSAES doTs Ao dEA
UARE AA| B FtAtee] S5, Ao B e
O EolA ool wet A 28-S gEkR| i
ATk [11]. & A7elME o8 3e Atste] datA
oF A, A St Al FeAg-S oFshA #
Aol dolr Al st A % amoxicillin(AM)
3} cefuroxime(CRM)S BlactamA] ZAYEZ 2 HAF9]
g S21710l A ZH mucopeptide®] TS I AlS
o] MERE AT = AtAE-S gt ol A7t
2 7159 AR, AAENE 93 AT 28
32 o Fe] ad A ¥ S, FEAES a8
LA o] o g A5l B S AREIAL
o} [9]. o]l RE3) florfenicol(F)< A AY-E-2- 51 & (aplastic
anemia)= Y ©7]= chloramphenicol®] p-nitro group=
sulfonyl 1502 2]|83te] 54& A AT Aol &
3lH, thiamphenicol FX=AZ A< 50s ribosomal
subunitol] ZAgtste] ©hll M-S AA|ste] Ao S52
< A% (2, 15].

B 3o ME o] F-AM 183 F-CRM H-& Folo]
tjate] HAAdrAAE gk H A A5 (minumum
inhibitory concentration, MIC)} # 2~2h#& % (minimum
bactericidal concentration, MBC)ol| thgt 84, £3
¥ A5 = (fractional inhibitory concentraion, FIC) 22
3 At S5 (killing rate)ol] g oF s AJEH S 49
sto], A S AE-S FHstaat sk

e o

EHN| Z=H|

E Aol ARE-S 3 T Al A EAT
(F=holl A AlFE2 AM, F 2283 CRM 1 g& H
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B A AMEE #E St Et oA Bk
drol Adof FalR o ofF uAER Staphylococcus
(S.) epidermidis, Pseudomonas(P) piscicida, Lactococcus
(L.) garvieae, Vibrio(V.) harveyi, Streptococcus(S.) parau-
berius, Edwardsiella(E.) tarda 2 Streptococcus(S.) iniae
£ Brain heart infusion brothE ©]-8-3}o] vjkst & 2
Aol ARg-sF3ATE.

MIC ¥ MBCQ| &X
MICE broth microdilution *H-& AR&-8l] 24313
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ok Y w5 SR 24417 Al it 0.5
MacFarland(10 CFUML)&E 552 Zdsto] A1&319)
o FAAE 96 well microplates ©]-8-3t 256~0.125
pg/ml7HA] 8|48 & i daF5 HESIa 24417 vl
¥t F HAAFEE =49t MBCE 96 well
plateol|A] o] F245HA] 92 MIC ©)d2] welle] Bl
S R o] HFske] 30°Co A ksl A&
AteEe H2O HEFT 99.9%E Ardste Hu
slalare] FE= A [10, 13, 14].

FICe| =3

AM3} F 228]3 AM3} CRM2] B8 3= checker-
board X7 o]-&-3te] BT I dHFE5S agar
platecl| A 2447+ Al v ¥3te] 0.5 McFarland(10° CFU/
mL)E FEE 288310m, AM3} F = CRMe] 3
% 96 well plated]] FE3ke] 30°Col A 244171 vl k3t
F A7 AR RS IS F Al FsEE
2 FIC index® ¥7}8l3At). dnb o2 atA|e] W
Al FIC < 0581 73-%- 74528, 0.5 <FIC<2 % 7%
7H2H8-(additive effect/indifference), FIC = 2 ©]’d<] 73-%-
7181418 (antagonism) O = TG} FICE 1ahs 2&
okgiel 2tk [12].
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"4 vws] f18k] T3 d A diste] MIC 3
S wwskdck ¢4 F, AM, CRM2| & A} F
75g+AM 25¢g, F 50g+AM 50 g, F 25 g+AM 75 g¥
YA AM+CRMS SHEZ E§sl zzt &%
A Al tst MICE d7]9] W oz =439t
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AMZ} FQ| Killing rate curve

AM} Fo| H3AIF & o] &ste] AAIORE #& F
ol 4u &S THLA AY FFE agar plated]
A 2477+ Alt) ¥k 0.5 McFarland(10° CFU/mL)E
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o] ujge R EE Al §AE ket o /Al
< 30°CollA R v FstArt. A+t &Hs Hrh Ax A
7} 05, 1,2, 4, AT A EE A F k] dE 0.1%
agar saline 802 108] TAE AP R A &
tryptic soybean agar plate®l] 20 uL¥ Z=@atod 24A] 71 wj
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Table 1. Minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) of various antibiotics

against pathogenic

. AM (pg/mL) CRM (pg/mL) F (ng/mL)
Bacteria

MIC MBC MIC MBC MIC MBC
Pseudomonas piscicida 0.5 4 0.5 16 4 128
Streptococcus parauberius 0.5 0.5 0.5 0.5 2 8
Staphylococcus epidermidis 0.5 4 1 64 2 64
Lactococcus garvieae 0.5 2 0.5 8 4 64
Edwardsiella tarda 128 128 4 32 1 16
Streptococcus iniae 0.5 0.5 0.5 0.5 1 8
Vibrio harveyi 0.5 0.5 0.5 2 8 8

Table 2. In vitro activity between amoxicillin (AM) and cefuroxime (CRM) against bacteria isolated from fish

MIC (ug/mL)
Bacteria Antibiotics
Single Combination FIC index

Pseudomonas piscicida AM 2 0.031 0.078
CRM 1 0.063
. AM 0.0625 0.031

Streptococcus parauberius CRM 0.0625 0.063 1.5

. o AM 0.25 0.031

Staphylococcus epidermidis CRM 1 0.063 0.188
. AM 0.5 0.031

Lactococcus garvieae CRM 05 0.063 0.188
AM 2 0.031

Vibrio harveyi CRM 5 0.063 0.047

FIC: fractional inhibitory concentration.
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7 AM®] A E. tardaS A|21S o F WL Aol
thate] 0.5 pgmLe] MIC 3t UERARITE. CRMS] 7
% S epidermidis 123 E. tardalX 22} 13} 4 pg/
mLe] MIC 32 eI Fol 4% Ald ool i
sto] AWH o2 1-8ug/mLe] MIC % EEE Yeh)
Ak

AMZ} 7|E} gHdiE|ete] M5 EE

o}F WHYA A< P piscicida, S. parauberius, S.
epidermidis, L. garvieae 2 L. garvieaeol U3}
amoxicillin?} 7]e} 7| eke] o285 doprr] ¢l

319 checkerboard methodE A3} FIC #h2 73134
o}, WA, AM+ CRM] 3% S. parauberius 41 FIC A
FRe] 1502 A7hake-g Rl o, 1 99 w3
oM 28-S AT = AYTKTable 2). AM} F
H3tof] thek AHE Table 39 YEPN AT, S, parauberius
oA FIC A3ko] 05632 47148 Jeplgle
H, o]& A3 4 Fo] ofF WG AlMe BF
2ol YETh o] F HS 2 A5 AEE 7
= AMZ FE] ERIAAE o]&ste] F7HH SR E. arda
o} S. iniae®ll THEF FT 28-S ok A3t 77} 0.625,
0.188%] FICRLS 7Hil.oH, 371t 52H8-& Vel A
TH(data not shown).
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Table 3. In vitro activity between amoxicillin (AM) and florfenicol (F) against bacteria isolated from fish

MIC (ug/mL)

Bacteria Antibiotics FIC index
Single Combination

Pseudomonas piscicida AM ! 0.031 0.156
F 1 0.125
) AM 0.0625 0.031

Streptococcus parauberius F 5 0.125 0.563
. . AM 0.5 0.031

Staphylococcus epidermidis F 3 0.125 0.078
) AM 0.5 0.031

Lactococcus garvieae F 4 0.125 0.094
' . AM 1 0.031

Vibrio harveyi F 4 0.125 0.063

Table 4. Minimal inhibitory concentrations against in different ratios of amoxicillin (AM) - florfenicol (F) combination

— MIC (pg/mL)
Antibiotics
Pseudomonas piscicida  Edwardsiella tarda  Streptococcus iniae Vibrio harveyi
AM 1 4 0.5 1
F 4 1 2 4
AM75% + F25% 1 2 0.125 1
AMS50% + F50% 2 1 0.125 2
AM25% + F75% 2 1 0.125 2
12 12 -

Log CFU/mL
Log CFU/mL

0 6 12 18 24 0 6 12 18 24
Time (h) Time (h)

Fig. 1. Killing rate of amoxicillin (AM), florfenicol (F) or their combination against (A) Edwardsiella tarda and (B)
Streptococcus iniae. -4p-: Control, -@-: AF, -A-: AM, -X-: F.

S0l WE MIC 7HS Table 491 2.9kt o8 el 0.125ugmLE YEPJSH, ¥ harveyi, P
g2 o]Fo7 Q] MIC 3+ P piscicida, S piscicida®) 7392 AM 25% + F 75%, AM 50% + F 50%
iniae R V. harveyi®] 73$-o & F Bt} MIC Fo] & oA FLE MIC ko] Uttt 919 225 oF
ko™ P piscicida®}t V harveyi®l 73-%- AM 75% + F 25% 2 Mol digk MICe] 2345 ZAZ AM 50% +F
oA o2 wiEH] & BlaLste] MIC gto] @ AES 50%2] A vlgo] /Mg 5 Fa8dSs B
BHATk S iniae?] A5 TE W& Ls MIC  (Table 4).
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Killing rate curve
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otk A GEMIC 55) e F 3AA B34
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X AYFaFol ATt [7]. WA TR o) e
A L] BEFAE EF AT FHHYE H
AU Al e] S XAA 717 S5k AHAE
o A1 ARSI ATt 2y Al E HEshe A
o] FHE T F2HEo] YeEh e AeE Jler=s
oFH A gt It FHEE AR HL ook
3t} [4, 8]. YW S F penicillinAl 2} aminoglycoside
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AR ookt [6]. WA, B A5 AM, F2} CRMS
ARE-3te] W8T Aol gk oFF el Algstar
A} 33T

ol WBAME 78l diste] 7k YA 2] MICS}
MBC #+& 233 232 Table 19] Ve o F
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