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Residue analysis of florfenicol in cultured eel Anguilla japonica
following oral administration
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Florfenicol (FF) is a member of chloramphenicol (CM) family member of antibiotics developed
to take advantage of not causing aplastic anemia, the typical side effect of CM. Because FF is a
safe veterinary drug it is also approved for clinical use for fish in Korea. The usage, dose and with-
drawal period of FF in Korea are the same as in Japan, but the maximum residue limit (MRL) is
set differently for eel, 0.2 mg/kg in Korea and 8.0 mg/kg in Japan. However, there is a lack of
research on residue characteristics that meets domestic standards to support this claim. In this study,
we conducted tests in order to set a drug withdrawal period in cultured eel Anguilla japonica. Following
administrate of FF up to 20 mg/kg, twice the approved clinical dose of 10 mg/kg for 5-days, it
is residual was evaluated. Trend. It was found that the previously set 7-day withdrawal period needs
to be extended to approximatiy to 60 days. The results of this study were used as evidence for the
recent year 2022 extension of the withdrawal period from 7 to 60 days.

Key words: florfenicol, Anguilla japonica, LC-MS/MS, residue study
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Florfenicol (FF)< chloramphenicol(CM)A 9] &
AAZ, CMo] 717 tiEH F2HE-Q0 AW EFA
NEe e g Ao B8] 918 /)
W] Stk FF2 19-3-4d(Gram negative) 2 1%
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FF 7% Wigojo Aol &, &= & Fokr|zt
o] Tﬁurﬂ‘rfz} o] HA o] FY3HAN, MRLS
v?lﬂ NHE 02 mgkgz AAHoIY ?J_E‘_oﬂ A

= 8.0 mgkgo 2 FolstA % xél‘clcﬂ?}lﬂr(MFDs,
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2359 tF. HPLC-MS/MS9l| AF8-% water, acetoni-
trile (ACN) % methanol J.T. BakerAH(Phillipsburg,
NJ, USA)9] HPLCH Al &F& AFE-3IATh T3 am-
monium hydroxide (ammonia water), formic acid %
MgSO,= SigmaAk(St. Louis, MO, USA), Pressure
swing adsorption (PSA) % Cis-> Thermo Fisher
ScientificAHWaltham, MA, USA)2] A| k& 247+ A}
&3t
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Florfenicol ATEN 2 A2 xHF
AN A= A AYFALY] FF 48 AlF< oF
_:rLo]_ﬁ 100°u(°ﬂ7]' 10 g)% Dﬂ—‘ﬁL/Kga/\] oﬂ/\ﬁ ]_
43l 0.15 mL Fo] A 10 mgkg 2 20 mgkgo] H %
= 33t AR AT Fo 3 MS-222(Sigma
A}, MO, USA)E 100 mg/LE A& ]S mpFslar,
748 feeding needle (rat size, Jaesaec Yang Heng,
ME)E 1 ml B FAP Ol Adste] el Z3A)
2 5o 31083 #F3P oM FES EESS=
Fe AldoA At 597 WY 10417
Oﬂ 1°‘ 13] ¥HE R ojslglom, FF Fo7F T84
S 098 AA3tY 3,7, 20, 26, 35 2 604 mT}
MS-222E o] &3f wtH A $ 157ty 9RE
e 252 A THTable 1). A3 A5
-80°Coll B #3}3 HPLC-MS/MS £ o]] A}-8-31%
o}

d 0x

Florfenicol2| ZXHEFZM X}
% FF 3 FFA®

xFAY9 A xFrEds AY
3] Do} ACNO —‘#Oc] 100 mg/L7} E| =2 2451
Ab&3Lth FF 2 FFAY] ZF#e 2 FIA
(tissue standard curve)S A3t JHZstAT). F,

FF ¥ FFAS] DA S 5, 10, 20, 50, 100 = 200
hgke FEF NES BANY F AN EEF 2
FFA®] 501917 e o2 Held Az ¥7

Skt olF MAlE] HE& AA A1¥8-S HPLC-

Table 1. Experimental groups setting and sampling times

MSMSE EA3le] B2 9o Wages ¥
Z:T’_ Q. Z]r/“] o]—oﬂq-

\__

NEELDE ST

A8 Axa WMo AEookzol ] <2
9 71E 4% ﬁ?ﬂ(xﬂzo 7§) 2 Hgslo] 43
&} 9 THMFDS, 2022). =, ﬁéﬁ}f& AA 2 g8 A

W3] Dol 50 mL |23 4 Fg Tl H
3Tk ACN 10 mLﬂ- ammonia water 100 pL=
7Vste] 1083 A3 & 4,700 x g, 4°Co A 10%
ARG AAEe g AEds B A
3}] 150 mg PSA, 150 mg Cis 2 900 mg MgSO47}
FAXK 50 mL YA F 713 1870 "
Z 4700 x g, 4°Col A 1087 AR 3sch o
AR 3} Azl = 5 mLE st 40°C 8 AA}
ol A gas blow® FZ3H . ZF 2o ACN/Awater
(30/70, v/v) 1 mLZ 7}3fe] Aj-&s)jsla, wlu#Ql
I E{(PTFE, 0.2 um, Advantec, Chiyoda, Japan)Z ]
st} A FPEHOF AR T

HPLC-MS/MS 24 =

FF 3! FFA E40] AH&-E 7]7]= JA|a=vtE
22 3] (QSightTM LX-50, PerkinElmer, Waltham,
MA, USA)E A3l o A =FE4 7](QSight 420
MassSpec, PerkinElmer)E #HE7]2 AFE-3} AT
AL 2.1 mm x 150 mm x 3.5 pm Cjg(Brownlee SPP
Cys, PerkinElmer) 942 H S Al&33 o A
L2 40°CE A ©]F 32 0.1% formic
acid (H,O €94, A)9} 0.1% formic acid (methanol
£ B)E A&l oW 542 0.25 mL/minute,
A FEd o FHFL 5 uLE dH3th AFEA 7]
9] o]} WhH2 7)E-5 o] 238 H (electro-spray
ionization, ESI)& Al-&3lA T FF& 0|2 2T

(negative ion electrospray), FFA= o] EEZ=

Temperature Dose Sampling (n=15)
20 £ 3°C 10 mg/kg b.w.
20 mg/kg b.w. .. .
0 o b 3, 7, 20, 26, 35 and 60 days after oral administration
28 4 3°C mg/kg b.w.

20 mg/kg b.w.
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Table 2. Analytical conditions of HPLC-MS/MS for florfenicol (FF) and florfenicol amine (FFA)

Parameter

Conditions

HPLC

QSightTM LX-50

Mass Spectrometry

QSight 420 MassSpec

Column
Column temperature
Injection volume
Flow rate

2.1 mm x 150 mm, 3.5 um Cjs (Brownlee SPP Cig)

40°C
5 uL
0.25 mL/minute

Mobile phase

A, 0.1% formic acid in water
B, 0.1% formic acid in methanol

. i Composition
Time (min)
A (%) B (%)
1.0 90 10
Gradient 3.0 10 90
5.0 10 90
5.1 90 10
10.0 90 10
L Florfenicol (FF) : negative(-) ion electrospray
lonization Florfenicol amine (FFA) : positive(+) ion electrospray
Multiple reaction monitoring (MRM) mode
Precursor ion (m/z) Product ion (m/z) Collision energe (eV)
336 10
Florfenicol 356 185 16
152 19
230 11
Florfenicol amine 248 130 21
91 48
(positive ion electrospray)Z full scang F3 A ZAn} 2 g Ek
2HERS A2 F =49 AdFol(precursor
ion)S A E13}9ITh Table 2014 B4 Z2AL B% Argst ZAEel dHd * 1Y
s Fig. 191X = @A ¢ &4l A8-¥ HPLC-MS/
MsHel AEd B 4A4e welzt SR
Data®| E3 L 5072t £& o FF % FFA®] ®F=45 7hstal #43 33t
ARAN oD daat Bitgkst wEAAs T W S peked] TEAA backgrounds} T
olg3le] EHFIU. FeF/IHe ol Fol e MRL  © ICHFig. 1A, Fig. 1B)

9l 0.2 mg/kg florfenicol, florfenicol amine®] 3%,
MFDS, 2022)2 %-83}%] Withdrawal time calcu-
lation program (WT1.4 version, Hekman, 2004)°. =
FF717HS A A T

= £33 peakS oé% T A
L3 220 FF % FFAS 7}l Aol R 2 A (tissue
standard curve)< FF«] F 3B AS@)7F 0.9820, FFA
< #0] 0.99202] X2 Ko Codex guidelinedl] A
Adste Fod AFES Il ATHFig. 1C,
Fig. 1D).
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Fig. 1. Chromatogram of eel muscle spiked with (A) florfenicol; (B) florfenicol amine at 5 ng/kg. Tissue standard

curve of (C) florfenicol; (D) florfenicol amine.

WApolo] ek Frel 858 24 A 5 1
50 ngkgoll thated 95.4% 2 84.6%= ZA o
™, FFAL 5 2 50 pgkgol thate] 1009% 2 89.3%
2 23950tk o4 F 7HRAY FRATE B
Z3 A o]7)o A=A 5 E E3) oA
9] FF 3|4&8 4% ) A8 A =4
X oA F5Ee 89.21-95.01%2 HIiH YL
(Seo and Jung, 2013), 2T L )3+ IJ4E2
73.07-92.11%% B35 ] 1 tH(Seo and Jung, 2020).
Wogolol A ] FF 3782 84.6-954%% oA
TAEH ¥ A FARE S e

Florfenicol (FF) & florfenicol amine (FFA)2]
TeE "Wt Y g2t EE

dutxg oz HEFEQL AF
A 2 oujE 7] s o] A ke
™, Ellis et al. (1978)°] WE2H F2 1°C7}
W o] 7] Al B wjEEo] 10% S7HekkaL
AT BEAFFoZ FoU|7HS AT u) o

>

N 3o

]_

A EE7 = RHog oiEe A Y
ekl HAeo FoFrizte] Hgulojof g

M 2 Kok o

o 4t fo

ok Syt Afolm FAME] AR ) ook
F ARILVES A FFe B e

A=
B A g g g dea nA g 7
o] Alg4e2 20+3°C 2

FAIZAZ ol vt g
28 +3°C A3 F31aL, FFE| 371¢ Eo:]ﬁako]
10 mg/kg} 28] 8321 20 mgkgo. 2 A F
THNFQS, 2021). A1 FEHS T A|FF ZF
o FolAl A8 3 7HE FF $H<Ql 545
3] & A Zbol| WhERAE AL, Zzte] £ F
of &7 2t

FF2 9oFE T £& AAl&&S HAF
HEAQA EHZ Aol A thAEH FFA©] *ﬂ**
=tl, ©] FFA°] &5 WA 22 FFhar
& A )l th(Horsberp et al., 1994). Al d A x}ol A
T VA R FF2 Aol A w2 A thAtE] o] &
= AN@TA FAFRE o|F FFe] 543 &=
ATHFig. 2A, Fig. 2D). 7P B2 RS Yebd
20°C, 20 mg/kg Folol A 3¢ FFFo] 0.057 +
0.062 mgkg® F& FF] AFHFS HAAFYTH
10 W3 FF] thAMHE Q] FFAL A3 kol

i
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Fig. 2. Residuel concentrations of (A) florfenicol, 20 + 3°C (B) florfenicol amine, 20 + 3°C (C) florfenicol + florfenicol
amine, 20 + 3°C (D) florfenicol, 28 +3°C (E) florfenicol amine, 28 + 3°C (F) florfenicol + florfenicol amine, 28 + 3°C.

Aol LMY W] FHo JF
(Fig. 2B, Fig. 2E). FF % FFAY] ZF S H )3l
5 FrefrIzke =E6t7] HaiM e A4 ge &
sleo} stk 1 A7} FFe] FoF7)7F =2 FFA
7ol A 2] &38} 9 vHFig. 2C, Fig. 2F). Bl 1L
2 FF2] A7 =39 20°Col A 20 mgkg T+
o] FFAY] 3Y Z-F L 24.453 +9.478 mg/kgo] 1L,
FF#} FFAS] 32 24510 +9.479 mgkgl 2 ™ &3l
2ol & HolA] ettt

WT1.4 programs ©]-&3te] FH77ts =&
= & 7HAI7F MRL o]stZ Fsiy AFo s
bH o] AREE /7o & 1
< 2 I =39 {Fo7IkH MRL ©|3t=2
FRshe 7I1tES o 4A A E ol vlag
21 20°Col A 10 2 20 mgkge] =2 FT5F
3AS A 60Y 2 64U E =EE YA (Fig. 3A,
Fig. 3B), A4 28°Col & 44 E 4942
(Fig. 3C, Fig. 3D) F+ &= E5F Fo §&o] F7lst
A% FoF7IZe] F F7he fle o2 YERET
SEAIRE 7 oM o] Fopr|ihe Aol Al

B} A4
AT

Lin et al. (2013)& FFS] #jA & 57} 20°Ce] H
3l 28°C =tk AL BRAFRTh drbdoz He
=2 o= o] s wf At B v TE
o] AstEE= Ao IHA o, Ellis et al
(1978)0l =W F 1°C7F 5718 of o7 of
A} 2 oA Eo] 10% 713tk R B
ATNMNE e F2oA Bt 21 Fofrjzte] =
SEHAOH, FHHOE Fohs AT o o
FoA £x7 =49 Ao 2 ddE= wldA v
L& a#ste] HAF Foprizteo] A&x ook gt
th A1Y AR vigte 2 A vl 23
H FFe 89 % 838 EUE 3AS wole W
Zold A= 71E9] 79ET U 71 60499 FeFr)
7ol A3tst Ao= HTHT

HAA FrIzbs AR5 A R AT e
T AFARE FR
AR olF A7) A A= 5T
otk dA $Eyete FakgolotEe 34

BANM o e IARTFS & 5 3
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(A) 20 + 3°C, 10 mg/kg (B) 20 + 3°C, 20 mg/kg
R -
R N =T
2000 ° \\g_\k s T z::: : \\"‘gn, \\\\\ E‘ B .
s ] i ég 591 day p o s T~ \‘33.8 day
g w0 A ° g § g 2 . =
50 I . g ;:" ] f \\\\\\\ —g
20 g\\ 20 LIl
0 7 14 21 28 Da;ﬁ 42 49 56 63 70 0 7 14 21 28 Dag; 42 49 56 63 70
(C) 28 + 3°C, 10 mg/kg (D) 28 + 3°C, 20 mg/kg
oo 13
10000 — ™ ;zzzu i . ™
o gb . 433 day o= ] a‘é a 48.8 day
g :zz g LS - \ s % 200 M -; e
g 0 A o T g o § B
50 § 50 ] “H
20 ~E 20 3
10 - ! . ; \ ;D ] \é
0 7 u = zaDayas 2 49 s 8 70 0 7 “woa s [;;y R 5v5 63 ;“
Fig. 3. Withdrawal periods of florfenicol at different temperatures and doses
A EE A2 A = (Positive List System, PLS)E= 4 & Ul 7153 ofFol Bte R HUF 2 Fzt
8] F ANEH ol Fel BE ARF AR F o ALY A7 Wae FAY 5 Ak
el ARIATS ] A AE F Frel BRAEIIE debiz 4B A7)
Moot T3 Lin et al. (2012)2 A. japonica®l A Aok v, fH 9 B H5 W 75}01 o A< z+
O3 2 FFS T39S ul oA 4 anguilla 318 715°] 1.0 mgkg, 1.0 mgkg 2 8.0 mgkgS
oo =gA F5 % AAETL B o 2 AR, FolatA I B9l 2
= WAl Foll we} FFe] Aol 8-E<] A} urekst Frol theh 8% B §-Fo] FdsAN 3t

o7} Uehd 4 gltks 2E guldt o2 F3

38 7]F0] ttZTHMEFDS, 2020, Table 3). ©] =

Table 3. MRL values of florfenicol for fish meat in different countries

Country MRL values Fish species concentration
Korea 0.2 mg/kg All fishes 10 mg/kg (5 days)
Catfish
USA 1.0 mg/kg Salmon 10-15 mg/kg (10 days)
Freshwater fishes
EU 1.0 mg/kg All fishes 10 mg/kg (10 days)
1.0 mg/kg Salmon
Japan gg Egti ]fafsls 10 mg/kg (5 days)
1.0 mg/kg Other fishes
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dpero 2 S2jujetel Aol 7

518 71F<] 0.2 mg/
o

kgol HA&3 ZA7k= Az & dart sl
Atg )

o] gateko] 7kl uhel sk A
of gk AL} AbEo] Frkstar Ak b
FAA AHE fle = AT ZFEE7IEH
Fo71zbe AAsortth & A7l s 4
TLT &Y, 8F B FIREE 7HAARE Re
&71F0] /ol g FFoll tisf Wadojol e 25 A

XJ Zolell A o] FF #2447

604 = A 3HA EJO‘E}(NFQS 2022). &

= i Ao]o A 2] FFo| W A5 Py} 2

F7IZF AR Y FaARE AFsaA A

, =&4 %ﬂg Eo%ﬂ U 7]Ed gte o F
74 < BT

P

=

Florfenicol (FF)< chloramphenicol(CM)A &] &
AAR CME WES $4E) AURFH 1L

fridsha ge AHS 837 A8 A=A
FF& MAZ O 2 otA3 A Al&20] T2 4 o]k

F F R SYUEE ofFolAl ddH oz
Abg-o] 37td A otk -2 yete] FFe| &
H, 8% 2 Fopr|te 429 dAo] dt
SHA T o) 3758 7] (maximum residue limit,
MRL)2 0.2 mg/kg¥ 8.0 mgkgl 2 *Jo]slA 24
Hod) AT o] & SRS ) 7]Fol ge
AR 54 A7 vHlgk AHoln B A4 =

AEFAHES FHoE Forits AAst7] 98t
o FEFHAFEFANA A FEEOFF
B4 ADAR G2k 9L ARG,
2] W 7o)l Angullla Jjaponica®l ] FF2] 57 &t
2 BHISI. FFE 5U MRTG Mo &
AE A &2 10 mgkgD 28120 20 mg/kgZHA]
FogtRon, 2R E ¢S Bk 23 oj x| A
FEolAT 799 FoFTIHE of 60UE AFT
a7t e Ao Z BeAT o] ATy A=

o] de] 7¢I NH {‘%"4717&% HZ(2022d) 602
2 &84 v Aok
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