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The acute toxicity and efficacy evaluation against Aeromonas
salmonicida of aquatic drugs oxolinic acid, neomycin-oxytetracycline,
and florfenicol in guppy (Poecilia reticulata)
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This study evaluated the acute toxicity induced by oxolinic acid (OA), neomycin-oxytetracycline
combination (NEO-OTC) and florfenicol (FF) administered to guppy (Poecilia reticulata) by compar-
ing standard formulations with commercial preparations (COOaqua curinpotion, COOaqua ter-
afinpotion and COOaqua profenpotion, respectively) for ornamental fish at concentrations of 2-4%.
NEO-OTC exhibited the highest acute toxicity in guppy, with no difference observed between the
pstandard formulation and commercial preparation (LCso = 126.08 mg/L and 112.44 mg/L, re-
spectively). OA acute toxicity was assessed in the form of sodium salt, with an LCsy of 504.61 mg/L
for the standard formulation and a slightly increased toxicity of 316.11 mg/L for the commercial
preparation. In contrast, no mortality was observed during the 96-hour exposure period with the stand-
ard formulation in the form of oxolinic acid. The acute toxicity of FF was measured to be above
1,000 mg/L for the standard formulation; however, the commercial preparation significantly increased
to 158.53 mg/L. These results indicate that toxicity can significantly increase in commercial for-
mulations, especially those with low levels of active ingredients. This is presumed to be attributed
to the organic solvents or solubilizing agents present in the commercial preparations, which may
enhance toxicity. Additionally, guppy infected with Aeromonas salmonicida were effectively protected
against mortality by administering OA, NEO-OTC and FF at concentrations of 50 mg/L, 100 mg/L
and 15 mg/L, respectively, for 2 hours and at half the dose for 24 hours. This result indicates that
liquid formulations containing low concentrations of antibiotics may partially increase toxicity, but
there is no problem in effectively treating diseases in ornamental fish.
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olFel ofobE St ALE fAGT AW
A% W ARSE o FRE ALE B |%F
So] gL olFo B
HeEn, 1FANAE
Ao Fad PHolth AFFeIE A<
Q7 W) mel Agztdold euks 2
o rEd 2 27 E AFgo] AR T
o] whilo] Welahn] o] Ao Aoz
2oj@ 4 9l7] wjwol kAol FolA 7pE nEz
o= /\}gg S THBlack, 2000). Tl = F=2
St & A Aol AY ) e Hol A
A7 E7Fed &5 MAE o= AHEHTI
2ol efSFogo] Fa3k Fof Yo, S4
d1H0A), vl emtolAl-SA HEA o] Ed 59
A(NEO-OTC) ¥ ZZZH U Z(FF)o] #do & &+
hgolofE o s FAEATHNIQS, 2022). 011-r
SPhls TEReRA Nl5Hon 5
3, Argol A4 =2Ho} glof 55 #al JXP
o A %%k% RWH=C}(Huh and Jeong, 1993). I3

e T2 A R FRer &0 AAE

T3] w2l A =7 e ARl A
Fostr]el wjg A 5A4-S 71
A= A FFS AASE o AFo
;g/l-] _Q_uH C‘/] EX—] oz /\]__Q_th
|Z U &4 YU S(APL, active pharmaceutical
ingredients) ¥ %S 23k} (Abrantes et al., 2016).
efgjstd o g RA= EZHS Ae=w T
o] AHEHAIRE, of=3 FEAgete] 35t g =
& 9¢S v@ £ tiKedzierewicz et al.,
1993; Richards et al., 1996; Gavatur et al., 2004;
Fathima et al., 2011).

2 dA7e dEAd BAFA T3 (Poecilia
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FAE AAL SA=5ES Bt E2FFH9
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ZRUy2d X8 3% Frisiarh
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B AFolA FAIZ A@ A= oxolinic acid
(>95%, CAS No. 14698-29-4), sodium oxolinate (>
95%, CAS No. 59587-08-5), neomycin sulfate (>
95%, CAS No. 1405-10-3), oxytetracycline hydro-
chloride (>95%, CAS No. 2058-46-0) ZL&] L florfe-
nicol (>98%, CAS No. 73231-34-2)°]t}. Oxolinic
acid, neomycin sulfate % oxytetracycline hydro-
chloride= SigmaAH(MO, USA), florfenicol<> TCIA}
(Tokyo, Japan), sodium oxolinate:= %ol U FA}
(Seoul, Korea)oll Al 43t ATh A dAA 2 o
Z Ao g AHER A8 AAE AFadaAt
9] Fo}lFtolfo] H E M (sodium oxolinate, 2%) L
F-olFolg| 2t A XA (neomycin sulfate, 4% 2 oxy-
tetracycline hydrochloride 4%)< 4HA|l JE =2, F-o}
o} 3z 23 Z A (florfenicol, 3%)S HA| FEZ A}

L3l AAI 9] B3 A= glucose (70%), lactose
hydrate (29.5%) = powdered com syrup (0.5%)2- 2,
BA| o] FEPA = propylene glycol (94%), poly-
sorbate 80 (3%), N-methylpyrrolidone (2%) % buty-
(1%)o.2 =AU
Brain-heart infusion broth (BHI), brain-heart infusion
agar (BHIA)E= Difco (MD, USA)OIA], 1 &]9] »E
A 2FL- SigmaAHMO, USA)l A ASC 5F& -
el Ag3Th

lated hydroxy toluene

AME o7

AgpEEoA #o|2 A= = AT 05-
1.0 g9 795 A3t AHESAT Tal= Hol
o)z ghdbatar, QB 71 o, ol o)Xl
Sle 1A NAEZ AE3t] 45 cm (L) x 90
cm (v&o x 40 cm (H) <=8 742 (eF 120 L) =0l
A 273 =R RS AR E wl Y 12:00 VHo
YSI 556mps (YSI, Ohio, USA)E A3l F&
24+3°C, D.O. 5-6 mg/L, pH 7.0-8.05 &A1t}

2d=4 gt
T30l 4 OA, NEO-OTC & FF ¢&-Fojol w2
T:]L/K(')]%/Kg ) _LZJJ— tﬂ }\c]-ﬁ‘g_ Xﬂxﬂi J:]7]'0]-%‘"D‘l-
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Z 5LY AbgrEoAlA 9613t T AASTE wE
SHA] = A 42 Al E(static test) FHOZ =E35}
RO™, 96h-LC5p -2 F A4 =45 H78H A TH(Lee
et al., 2015). Al@ol= Zb &ttt 10922 Bt
st om, fg3 oyt 2 }le] fle AMAE A
At 2 Adste] SA] ARSFo A A ASATH =
AEANEE 98t FAIS BE A s
g Ee] gheFs AR O™, Table 1, 2004
27 3-1,000 mg/L M Z AA3AT 0A EFEF
< sodium$ & Ell(sodium oxolinate)2} oxolinic acid
FE F7HAE B7HE A0, NEO-OTC I—rfe
NEO ¥ OTCE 1:1 (WW) HIE&E Z}7; ALSo
L35l =R FF EFFL 232 DMSO
o g3t (HFTH LR AT 02% °ldh F
AT AL AFS BF ARl &85y

Fol e,

Al #F

TN in vivo B B7F AFLH A, salmoni-

=] 2 Aeromonas salmonicida®l] T3 ¢F& H7}

cidax= 16s ribosomal DNA2] &7]A&°] NCBI
GenBank database®l| 5 5% ATCC 270139} query
cover 99%, percent identity 100%% < BLASTE ©]
S35t BlslAth. 4. salmonicidat= BHIZ 28°C
AN 2442 FF vl sl o H, BHIA % 8 A]
A 30-30070 2] s FPee TEE 3NE
=43kl CFUE AA 33

e 2 A d¥s 4ot

T3] 9l A. salmonicidaS A A2 A 7]7]
915te] BHION ¥l ¥ A. salmonicida’s 4,000 RPM,
1583 A &2 | ASdEs AAs Hd
ZAFZG LA b HAdd AlE
7 285 E 44 x 10" CFUMLY} 5=
A 9= 48A17 B¢ AATE S H
o] ol £ 24431 ¥ MRS T2
)l Al OA, NEO-OTC ¥ FF 48 AAE <
ot 1493 FAHALE S HUlstA . of
o= OA, NEO-OTC ¥ FFE Z+Z}F 50 mg/L,

] iz fi o
AN a2 nE
ok 9 l-rl
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Table 1. Acute toxicity of standard antibiotics in guppy following bath administration. n=10.

Mortality (%
Antibiotic Compound Con. y (%)

(mg/L) 24h 48h 72h 96h

Oxolinic acid 1,000 0 0 0 0

3 0 0 0 0

10 0 0 0 0

0A Sodium oxolinate 32 0 0 0 0
100 0 0 0 0

316 20 20 20 20

1,000 90 90 90 90

3 0 0 0

NEO-OTC Neomycin sulfate, 10 0 0 0 0
. . 32 0 0 0 0

oxytetracycline hydrochloride

(1:1 W/W) 100 0 0 10 30

' 316 0 30 90 100

1,000 100 100 100 100

3 0 0 0 0

10 0 0 0 0

FF . 32 0 0 0 0
Florfenicol 100 0 0 0 0

316 0 0 0 0

1,000 10 10 10 10

Mortality (%) = death number/total number % 100.
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Table 2. Acute toxicity of commercial antibiotics in guppy following bath administration. n=10.

Mortality (%
Antibiotic Compound Con. y (%)

(mg/L) 24h 48h 72h 96h

3 0 0 0 0

OA 10 0 0 0 0
(API 2%, Sodium oxolinate 32 0 0 0 0
powder) 100 0 0 0 0
316 40 50 50 50

1,000 100 100 100 100

3 0 0 0 0

NEO-OTC Neomycm sulfate, . 10 0 0 0 0
(API 4% oxytetracycline hydrochloride 32 0 0 0 0
N der)’ (1:1 W/W) 100 0 0 0 40
pow 316 0 0 100 100
1,000 80 100 100 100

3 0 0 0 0

FF Florfenicol ég g 8 8 g

0,

(?PI Z)A’ 100 10 10 10 10
au 316 100 100 100 100
1,000 100 100 100 100

Mortality (%) = death number/total number % 100.

100 mg/L 2 15 mg/L BEE 2413t B9+ =335 2t} 96417t B2 oxolinic acido] =&F T =
o} w3 AV GBS WE FaXdS HUtst 3 H7E =21 1,000 mg/LAAE 2E A7}
7] 98t 2 Ayle] 80 7 A HEQ SRR A Z3A T ¥ sodium oxolinated] =% T3

AT Fo T8 F B ASFRAA F = 100 mg/L ©]3te] wxolA RE MAV}F HEE}
1493 FHHAALE S SHEAS Ao}, 316 mg/Lol A 20%, 1,000 mg/Lol A 90%
HAFSFA T 96A1%t F<F NEO-OTCl =&4

E7 st ®z| ¥E 32 mg/L ©]&te] FEolA BE AV AE

96h-LCsy H 95% A& SA Fh2 United States 3Fom, 100 mg/Lol Al 30%, 316 mg/L ©]*2] &
Environmental Protection Agency (EPA, USA)9] ZA 100% FNASFA T 96A1ZE &<t FFAl =&
probit ¥ Trimmed Spearman Karber (TSK) A H T3 316 mg/L °|5te] F=olA ZE WAV}

£ AHEEt E&3Th 2R Y2~ X8 &% AZE31H 2.1, 1,000 mg/LANAM = 10%5Fe] H AFS)
2 GraphPad Prism version 5.0 program (GraphPad St} 7oA OA, NEO-OTC ¥ FFe| S48 =4
Software Inc., CA, USA)S AF-&3}4] Mantel-Cox2] S g AAZ HrEeE A= Table 29F 2
log-rank testZ 2|42 #7180 OA ¥ NEO-OTCE EEFF fAS 54 BA
Tt} OA ¥ NEO-OTC+= 242t 100 mg/L 2 32 mg/L

=~ olste] oA 96AIZt Rt BE ANAVF BES)

%521, 1,000 mg/L ¥ 316 mg/LANA ZE WA 7}

FOoM A2E00l IE SHE=E "ot HASA T FFe 553 28] 3-8 AlA A
Tl A OA, NEO-OTC 3 FF ef&-Fofof ;& w5d0] A% FTFeAT 96417 EF 32

HREENE EEFOE HUIF AFE Table 13} gL 0]3te] BRolAE BE A7 ARG
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Table 3. 96h-LCsy of standard antibiotics in guppy
following bath administration.

96h-LCsy (mg/L)

Standard  95% confidence limits
antibiotic  Concentration
Lower Upper
OA 504.61 327.69 777.07
NEO-OTC 126.08 90.48 175.71
FF >1,000 -

Table 4. 96h-LCsy of commercial antibiotics in guppy
following bath administration.

96h-LCsy (mg/L)

95% confidence limits

Commercial
antibiotic

Concentration
Lower Upper

OA 316.11 219.65 454.94
NEO-OTC 112.44 78.86 160.33
FF 158.53 127.58 197.00

1}, 100 mg/Lol A= 10% ZN ARSI 316 mg/L ©]
Fe] FEol A= 2441 T 100% H AT

T3 oAl OA, NEO-OTC % FF9] 96h-LCspS T}
<3} ZTH(Table 3, 4). OA EFF(sodium oxolinate)
2 FAdg A A 96h-LCspe 27 504.61 mg/L B
316.11 mg/Lol o™, 95% AN 3A W= 242+
327.69-777.07 mg/L L 219.65-454.94 mg/LE =%

=] 2 Aeromonas salmonicida®l] T3 ¢F& H7}

F Atk NEO-OTC EEF 9 A48 AA<] 96h-
LCsp> 717} 126.08 mg/L 2 112.44 mg/Lo] o,
95% A= 3HA Hel= 2+2 90.48-175.71 mg/L %
78.86-160.33 mgLE =ZF U FF BFF 2 4
A& AA 2] 96h-LCs 2+t >1,000 mg/L B 158.53
mg/Lol o, -8 AA Q] 95% Al A H4
£ 127.58-197.00 mg/LE =Z5ATh

TO|oIM A, salmonicida ZH0l| CHEt SiHs ™It

T3]0l 4 OA, NEO-OTC @ FF ¢8-Fojol w2
A. salmonicida® o] &5 242} 50 mg/L, 100
mg/L ¥ 15 mg/L =2 247}, 25 mg/L, 50 mg/L
575 mgl $EE 24M3 F Folste] Hrhst
Row, 1 AdE o 2ok 2T 3490
AEat7] A AFsEe] 149 3F 85%-90% ] AFSE
%2 © & 0A 50 mg/L, NEO-OTC 100 mg/L &
FF 15 mg/L 3 5& 2A17F B¢ f& 543 ¢
2] v &A1 (P<0.0001) HAFE WoldlH 2 M, rela-
tive percentage survival (RPS)= Z+Z} 94.4%, 88.2%
2 944% = ZAHF A} VA2 0A 25 mg/L,
NEO-OTC 50 mg/L @ FF 7.5 mg/L 52 2443k
St FEFAT A o 8kA(P<0.0001) H A
£ Wojstyon, RPSE 27 94.4%, 100% 2
94.4%% ZA4 = 3 tH(Table 5).

Table 5. Effects of commercial antibiotics on mortality of guppy artificially infected with A. salmonicida. n=20.

Groups Mortality (%) RPS™ (%) P-value™
Control 90 N.A. N.A.
OA 50 mg/L, 2h 5 94.4 <0.0001
25 mg/L, 24h 5 94.4 <0.0001
Negative control 0 100.0 N.A.
Control 85 N.A. N.A.
100 mg/L, 2h 10 88.2 <0.0001
NEO-OTC 50 mg/L, 24h 0 100.0 <0.0001
Negative control 0 100.0 N.A.
Control 90 N.A. N.A.
FF 15 mg/L, 2h 5 94.4 <0.0001
7.5 mg/L, 24h 5 94.4 <0.0001
Negative control 0 100.0 N.A.

"Relative percentage survival (%, RPS)= 1-[mortality (%)/control mortality (%)] x 100.

“"Kaplan-Meijer curves and log-rank test.
N.A., not applicable.
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ofF FHolAes dtH o g o B o F
M T = Aes BTF47F AHE=H ™ (Black,
2000), A 7187Fd FAHE o FFS O |
X|(Paralichthys olivaceus), ¥87&(4dnguilla japon-
ica)®t 22 FAolFAA BTFRAE HWEoz 5
AT Bl Fe FEFA7 79 FAHRE
oW, dtho], Yo, s 5 ASEE TRt
ohefetA N, Bl FE o2 HUHe 48
oJoFFe] ATt vl mHIRE Ao B Aol
AMe i BFFAd T4 OA, NEO-
OTC ¥ FFo FASAE 96h-LC5p 02 H 715+
o, APl FaFo] 24%= v W & AlA 2}
FASAS v s T3 4. salmonicida® 7t
A5 FAoNA A} ol HoshET el A
OA, NEO-OTC ¥ FF £FF9] #4542 NEO-
OTC, OA ¥ FF A&, NEO-OTC?| Z4jo] 713
E3 O, 96h-LCsp> 7172t 126.08 mg/L, 504.61
mg/L 2 >1,000 mg/LE S E Yt} vkl 4
& AA 9 96h-LCsp> FEFF vlaste] NEO-
OTCE 2ol & HolA 23k31(112.44 mg/L), OAE
o4 Z718l9 2 M (316.11 mg/L), FF= @3] =
7}3F 9 TH(158.53 mg/L). OA ¥ NEO-OTC &
AAE A ZA FAdo] EXEHA L glucose F
lactose hydrate”} F-@A| o] o F&& 2FA|3FH L,
powdered com syrup®] &% 7= T Ok OA
& AA oA 96h-LCso0] THA F7He AL &
320l 2% vl Grol Abgael ¥R Hrtst
Al &3 Aol Yo Z FZHTH1,000 mg/l &
= H7M] A F FRe oF 5%). FF 4 &
AA = HA FHEA FFFH vlaste] 540]
A3 ST ATH96AITT T EF H FHE
AA7F 1,000 mg/LAl Al ZH2E 10% 2 100% FA}.
o] Foll A FFS] LCsy2 pacu (Piaractus mesopotanti-
cus)® A 1,000 mg/L ©]/3(48h-LCs), nile tilapia
(Oreochromis niloticus) larvae®| 4 349.94 mg/L (96h-
LCs)E wAaFAg0] @& Aoz 4HA Ao
(Carraschi et al., 2011; Mattioli et al., 2020). ¥ 7
ANXE EFEFS 96h-LCsp= 1,000 mg/L o] =
SAHAT. FAAE &alstr] fsto] AHE A

B BRI 5 PRt S R

A el 22 = o Fuk oprtul Al Zol| =
A& FE3tH(Na and Hong, 1998; Tanneberger et
al., 2010; Sandbacka et al., 2000; Levet et al., 2016;
Sun et al., 2017). FF 7348 A Al AH8-8 Svil=
propylene glycole] 3&Fe] hRES AA|8HH,
N-methylpyrrolidone, polysorbate 80 2 butylated hy-
droxy toluene®] &% H7IE Tt T El g
propylene glycol®] 542 =53 EHRT &3F7]
W gl Ao A8t AR A Aol
AT dHA At(Kent et al., 1999). EHE
(Ceriodaphnia dubia) 2 5 (Pimephales promelas)
ol A propylene glycol % 2] LCsp2 ZH2} 18,340
mg/L (48h-LCsp) 2 55,770 mg/L (96h-LCs0) 2.2 =
AE AR -8 AA Q] LCse2 27 1,020 my
L (48h-LCsp) & 710 mg/L (96h-LCsp) 2.2 & A 3}A]
Z 748k th(Pillard, 1995). FF 418 A A ol A ]
AT FH4EZY S7he otvtx: A& AA
e fF718my Sl R2ATF 548 A3
e Aer #5490,

TR EAA OTC 2 NEO2] 4548 Ad
e, A GA|, Sl et vl¢- Adolsitt OTCe)
F454-E A =Rl A 0.207-11.18 mg/L (ECs),
nile tilapia larvae®ll 4 3.45 mg/L (LCs), zebrafish
Hjolol Al 127.6 mg/L (ECso)= HILE Yl ow, 7H7}
Fo o F AANAE vl kA ste] dEH] o}
ol A 806 mg/L (LCs), catfisholl A1 663.8 mg/L (LCs),
zebrafisholl A Alg H35 =<2l 900 mg/L 7HA =
HAFSA] =tk B % A TH(Liitzheft ef al., 1998;
Ferreira et al., 2007; Oliveira et al., 2013; Pandit et
al., 2020; Takeshita et al., 2022). NEO2] G454
2 Moina macrocopa, Daphnia magna®l~ 22.9-56.0
mg/L (48h-ECs), ™1 F(juvenile Oryzias latipes)°ll A1
0L =E2:AF S W A FIFEE B T
5= 242 11 mg/L 2 0.87 mg/LE R E A}
(Park and Choi, 2008; Lee et al., 2021). Juvenile
Oryzias latipes (10-14 days post-hatching)ol| 4] NEO
5l OTC?| =4S Hlwst& o 96h-LCso0] 22+
80.8 mg/L ¥ 110.1 mg/LOE A3ttt B33}
A= o] FollAl NEO-OTC M EFH=ZE g 54
Whs 2o bt glon, & Aol &= NEO
g OTCe] /WA ZA & HrhekA] &3t7] Wi

i}
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HE&FAR Q3 549 Hale &A Xtk
Aol Al NEO-OTC &34 9] 96h-LCso2 126.08
mg/LE SO, 2447 52t 316 mg/L ©]3}
o FxolAE HALE NAZE EAEHA FUT
NEO-OTCS] =432 AEFTH A ue} Aolst
ARE, 2AZE o) o] A7IZE oF &2 of kA gk
24 7HAE F don, 53] AAor]e 22
SAl A o] ol Fosfiof & Ao g2 AZdEn
OATE YHtd o= Eo tigh &3 =7} 3.2 mg/L
20°C)2 % o] LC5 & 10 mg/L ©] 40
dHA Ut £ ATl A% oxolinic acidE 1,000
mg/L TEE FA3YHES "e 96A T BE
37k AESAT, T S-SR R A}
25 0AE sodium$ FEI 2 AHEE M, 316 mg/L
OV‘*-"J sxA 7 HARSE] A EER T 5
3] BE H A= OA7F 8F5H7] <1 24413t &<t
A ST YA 02 o] Fol A OAE 200 mg/L
o]t 2 A= X 9k(Samuelsen, 1997; Noga, 2010;
Samuelsen, 2003), 83| =7} -2 o efF oA H 9
Fejoll W& &= ztole FEF AN A A
7 B4, 8% 723 2902 yPsjor & A
ojt}.

OA, NEO-OTC ¥ FFE E5F F2]ojFolA o=
BU2z® A58 HHOE AFFAY 2 G485
o2 &3] AEHET. OAE old quinolone A€ 9]
FGAAZA Gram 4o EFHo|H, FEF
Al YHbA 0 2 25 mgLE THAIZH(15E), 3-200 mg/
L& A ZH8-72A1%1) AH&-E Th(Barry et al., 1984;
Samuelsen, 1997; Noga, 2010). NEO+ aminoglyco-
sideAl € 2] &A A Z A mycobacteria®l] 32 o] 7]
wjizoll A3 X g AEHATH(Waksman and
Lechevalier, 1949). =3+ 3714 279 Gram =7
7ol E3Aojm, OTCoF B-&F A Z42He] Aol
3l B} AHYE HYS B oolug} 28l o]0 2 &
sol AeHo FHAsA A8 & Arh(wil-
liams, 1971; Williams, 1985). 53] NEO-OTC= &
Al NEO 2 : OTC 39} H|&7o] FRIF o] glont
HA 1:1 ¢ vlgo] SA= ] AR ATHNFRDI,
2008). FF= chloramphenicolAl @ 2] AYA|Z A4
thiamphenicol®] E4:3} F=AZ Gram <4, ¥4,
AR @74 dhd g ool A8t FHAT Tt

e =

ol

ol

43 9 Aeromonas salmonicida®l] T3 ¢F& H7}

28-S R ATH(Ehrlich e al., 1947; Fukui et al.,
1987; Dowling, 2013). ¥Rt o2 = HAFFEAZ
ARG E L of &R ofo] & oFFE) R, 2R

g 8% To] Riy ‘ZiE}(Junlor et al.,
2021; Shiroma et al., 2021). £ ATFoNA &= =22
U2 X 5ol £3] AHE-HE OA, NEO-OTC
FFE T&*W%c‘ﬂ A RS RARE AREL7] 9k
|F 2 =F AL E &5 HUlEdT &
of 8% FASA B 2 2447 TS HAPL
WS Fe §FES VIFSE, S OAE 100 mg/
L ©]3}, NEO-OTC+ 316 mg/L ©]3}, FFE 32 mg/L
olstZ A9t OA, NEO-OTC ¥ FF= Z+zt
50 mg/L, 100 mg/L ¥ 15 mg/L T2 2431, 25
mg/L, 50 mg/L & 7.5 mg/L FEZE 2447t FEF
oto] HA Lol E Hrledt 1 A3 BE &
F A gk A @A T HA o] E5E BT
(P<0.0001). ©] A3} OA, NEO-OTC ¥ FF7} o4
ojoA fEEARE JERUAYS AHHOE
Wl & F e BT, i F A A
B X3 AFAAT FEHoE =7
71715 sHATE A 07 Fido] 9 < A8
at71dl= A7 fles orlgith

=
=

N ox H'i
o o to

o ok
0 =

B AF= T (Poecilia reticulata)| 4 oxolinic
acid (OA), neomycin-oxytetracycline &-3A|(NEO-
OTC) ¥ florfenicol (FF) S454E 96AI &
Qb oF & F o 3te] 96h-LCs > & B 7lst AT E3H
FAAR geFo] 24%E e A8 AAe SA
=4E& Wrkste 2FEFH v, o 2Ry~
1 o WEF} A" B85S FUistAth 749 J
=448 NEO-OTC®] 126.08 mg/LZE 713 =340}

Av B9 FHlo matA FAAFAY ATt A
7ﬂ 2Jo] &t} Oxolinic acid FEl& 3 5=
1,000 mg/Lo A= 2E A7} AES v, =4t
Go|FF o7 AHEEE sodium$ FEHIE 96h-LCs
°] 504.61 mg/LE =Z= Ut 53] ZE HA=
OA7} &= 5 7] A< 244%F ool B kATt
FF2] 34548 -9 %o} 96h-LCs°] 1,000 mg/L
oo E EEHIY B dAFolA H7kg OA ¥

+~
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NEO-OTC 7448 A A= 4HAl el 2, FF 44 &
AA = AA Fe = AHEE AT FF A= A 9
739 glucose X lactose hydrate”} 32| i F-E-2
Z}A 84, powdered corn syrup®] A% H7FE AT}
HA| 2] 74-$- propylene glycolo] ¥&Fe| Tl HEES
Z} A 8}, N-methylpyrrolidone, polysorbate 80, bu-
tylated hydroxy toluene®] A% Z7}= ATt 0A 2
NEO-OTC 3-8 AA o] §4542 22534 2
ztol & HolA eFUAIRE FF Q& AA+= 7‘54%1
stAl g4 =40l S7K8HA AL, 11 olfre o=
A& AA | T 718t %Eﬁizﬂlﬂ
e A= 74°i FZ¢t} 0A, NEO-OTC
g FF oFS-Fof &= QAIZIQAIRL) k& Fo A 2H2t
50 mg/L, 100 mg/L 2 15 mg/L 552, & 7H24
N 7Y FE&FE A 2+ 25 mg/L, 50 mg/L D 7.5
mg/L FEE EZERUY2YE Foju|stA wolst
ATt o] A= AT TAHA A= &F
Heo A o ZERU2H A 5E AT &7F 2D AR
£ AR oH, e FEo JAAE 233 o
A A 7} —'uj—l"?"ﬁ' 2 54L& F7HAI7E A
T aRH o R B AWE AR oe &
A7F e o g
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