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Withdrawal time study of lincomycin administered intramuscularly to
olive flounder Paralichthys olivaceus, and in vitro efficacy
evaluation against Gram-negative bacterial pathogens
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This study was performed to delineate pharmacokinetic residue characteristics of lincomycin (LM)
in olive flounder at low water temperature (13°C), and to examine whether LM is effective against
main Gram-negative pathogens. It was observed that the times for residue declined below the maximal
residue limit (0.1 mg/kg) in the muscle was, respectively, 32, 33 and 55 days following 10, 20 and
40 mg/kg intramuscular LM injections. The in vitro MIC value of LM against Edwardsiella piscida
was higher than 256 pg/mL and against Vibrio harveyi 32 pg/mL when examined with several clinical
isolates. These results suggest that the withdrawal time of LM should be more than 30 days in consid-
eration of the 10 mg/kg employed as the regular clinical dose. It was also found that LM administered
to treat streptococosis in olive flounder is not likely to be effective against some pathogenic Gram-neg-

ative bacteria.
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A X (Paralichthys olivaceus)= =U ¥4 44
o] EolFoR 20219 St ofF A
(41,800%), AAAFF99(6,6202] ) BF 1Y9Z 21A
e AR v Fa7 o FOITHKOSIS,
2021).

201519 A3t A Fol A AARE A ZRYE
of =W, HX| F2AgA BT AT AR
Yeloz= o4-ﬂ]—_ul'ELtE(Streptococcosis 9.76%), ¥l
B 2] 2 ¥ (Vibriosis, 1.35%), &A% (Flavobac-
teriosis, 1.22%) 2 ol = %] =1 (Edwardsiellosis, 0.55
%)°] Ao o] T Aol M 2 A E
F1 Y= AeZ2 BIEHJATKShim et al., 2019).

Lincomycin (LM, Fig. 1)< lincosamide A& &4}
AZA B FE& M FQ] Streptomyces lincolnensis
ZRE Eg5H penicillinAlE A A ol tlsld
FAEgk-gol Ly WAool AT A5 AFSETH(E,
2010). LM9] 287138 MT2] 50s ribosome]] F
235l transpeptidation g = AT o ZH T
A S gt AARES ol A=
&4 ATJosten and Allen, 1964; Chang et al.,
1966) H=3F, MacrolideA] &) A 2} antibacterial spec-
trum, 28 mechanism®] FAFSlS] T A<d
Mycoplasma\t 9% Plasmodium< 27¢3t=
o] A

LME IFYAA TR S parauberis$t S. iniael
8] 53 I o] RE S H(Kim et al,
2019), penicillinAl € 2] amoxicillin®} ampicillin ]
WAMIC 64 pg/mL ©]’H) S 712 S. parauberisl|
st HaqAEs=
tration, MIC)E 7}t

At }n
o Hn

flo JI
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A3} B-lactam WA =l

Fig. 1. Chemical structure of lincomycin. C;sH34N,04S
(molecular weight 406.53 g/mol)
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H ATFdA e Hotol mid Alvel & 7HA s
Frefrizte] Huzh 2 Aoz dEE 1300 =
QA LME T39S o, XA 274
< H1g A 7S =E3AT =8, A
LM9| 73 882 JA A5l =35 o
|7k o] otk 1 9je] Aol A WA s %
4 Al AHE FEA 7= Edwardsiella piscida 2
Vibrio harveyiol = E37} A=A &R18t1A} 3FHTh

2 AT A= FlolA A9 A FdF A

SAE ALE A gAF8EF 2 @ EFo] Algo) wE

222 (MIC 0.25-4 pg/mL)S B THLee

B3NS olF)sl= Hd =2o] H 4 9L Ao
o, Lno] AHT2 ol9jsl A Aol 1A
o] Y= T AHE 5= 9 Ao|r}

Mz W

of oj

AR U F24 HI7Hin vitro), 2PAH IF
d 2 HPLC-MS/MS 4] 9] A}%Q LM E&F
< lincomycin hydrochloride (Sigma-Aldrich, St
Louis, MO, USA)E A&3lSth A H]u) =]
(brain-heart infusion, BHI)E= Becton-DickinsonA}
(UsA)oll A, ] 81 &4 &z AMEE =, of
A B E ¥ (acetonitrile, ACN) 2 ™ &-&(methanol,
MeOH)= Burdick & JacksonAH(Muskegon, MI,
USA)9 A, primary secondary amine (PSA) & C;32
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Thermo Fisher ScientificAH(Cleveland, OH, USA)®l A& 100 pL(FF5 %= 5.0x10° CFU/mL)Y F 7}
Al Fufste] AHg3EATH 7B AleFES Sigma- shof 28°Coll A 24-48 413t St Mgttt ti=

AldrichARoll A ol sle] ALE-3ES T (0 pg/mL)ol =

LM t4l phosphate-buffered saline

(PBS)E A7tk o, g4t zT A= LMA

LMS| AI&EH2Et LH(in vitro) QM T}t A T X
Ao AHEH FFE= E plSClda o 5 &

| 93 BHI 8% 2} PBSTHS @

Wit ol e AFe RO R Y

V. harveyi 47\ TF 2 ZF 137/] IFE AFH S ok A S BHES 2135+ 0.2 mgmLe p-
]_

AT, Ak, EETS(ATCC) B

iodonitrotetrazolium violet (p-INT)S 30 uLE 7}3}

AEE & T3 X3 HATH(Table 3). of 2AIZF B HH-SAIZ]1 F INT formazane] A4 ol
LMl tit 72 #5729 Ad# W 754 < broth- o3t HAlo] YERA] = HAFEE MICE A

microdilution ] & A3t MICE =4, H718IS kA=
o &, AEE§ T2 BHI HiA| ol A] 28°CZ 24-48A]

ZF a kg 3 ARSI 01 LMS 256-0.125 pg/mL HPLC-MS/MSE 0|85t ZTtg 24
#9220 @7 S HSkel T BHI WA R 349 ) AE F& 3 HPLC-MS/MS £4

< 96-well plateol] 100 pL & HEF3 & A& 1.1) HPLC-MS/MSE ©] &% lincomycin #4

Table 1. HPLC-MS/MS analytical conditions

Parameter Conditions
HPLC QSight™ LX-50
Mass spectrometry QSight 420 MassSpec
Column 2.1 mm x 150 mm, 3.5 um C;s (Brownlee SPP Cis)

Column temperature 40°C

0.1% formic acid in

2 mM ammonium formate, 0.1%

Mobile phase Time (min) water (%) formic acid in ACN (%)
0 90 10
1 90 10
6 60 40
Gradient 10 5 95
15 5 95
15.1 90 10
20 90 10
Run time 20 min
Flow rate 0.3 mL/min
Injection volume 5 uL
Ionization mode positive (+) ion electrospray
Gas temperature 320°C (N)
Gas flow 7 L/min
Gas flow 30 psi
Collision voltage 7 eV
Multiple reaction monitoring (MRM mode)
Scan type - - —
Precursor ion (m/z) Fragment ions (m/z) Collision energy (eV)
126 30
Lincomycin 407 172 2
359 18
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LM 40 AREE 77 A A2 rE T
(QSightTM LX-50, perkinelmer, Waltham, MA, USA)
& AME3l o A A 7](QSight 420 MassSpec,
Perkin-Eelmer, Waltham, MA, USA)E A&7 A}
43519 . 492 Brownlee SPP Cig(2.1 mm x 150
mm, 3.5 um Cig) 2 H = AMESIF o, =& 40°C
£ FA AT 0.1% formic acid in waterS ©] 5%
A, 2 mM ammonium formate, 0.1% formic acid in
ACNE °]F% BE ARSI 452 03 mL/
min, FYFL 5 uL=E 3t gradientE A A 3HF
(Table 1).

12) AR F&

21 F o oFERbAA A AIGE T2 F0] )& 9
T4, 0l wet LM A2 E s sk
WX 25 2 g & 0.1 M NaEDTA in 50 mM ammo-
nium acetate 1 mLE 7138t 48 £ 2 mM
ammonium formate 9 mLE H7}3te] 583t &3}

STt 10,000 x g, 4°Coll A 1087 YAEZS F A

Z 945 250 mg PSA, 250 mg C;3°] BAZ 50 mL
AR Foll At 183 I"3EA T 10,000

X

g, 4°Coll Al 1083 A& 3 5§ A3 F 5
mLE 1 mL7HA A4 $53 F 0.2 um 9 o A
(membrane filte)2 73t AP FAO R 5o
HPLC-MS/MSZ #4319 th(Fig. 2).
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Fig. 2. Extraction process of lincomycin from olive floun-
der muscle.

FxIAA =X F AHESEAT. AE F pHE 7.0-
8.0% fFA8tH o &E4FA(dissolved-oxygen) =

5.0 mg/L °]’d& fFASAT
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) AP 74 2 AEER T
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I 9= 10 mgkg bw.o] £F & 7|EoRE 1,29
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ANEED Forl T5E @€ 042 AA 3o
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vit}, 40 mgkg Fol e 3, 7, 14 2 204} 157
2H 2% AFske] Bl AHEHThFig. 3).
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Fig. 3. Schematic representation of lincomycin residue experiments in olive flounder following intramuscular injection

at 13°C.
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Table 2. Recovery of lincomycin from olive flounder
muscle

Tissue Fortified Recovery (%) C.V.
level (ng/kg) (MeantS.D., n=3) (%)

Muscl 10 7921 £1.97 2.49
usele 50 83454221  2.65

* C.V.; coefficient of variation.
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Z7hthal el A ATKElis et al, 1978). &
ANEAL] A, B wi/ifTe 250 o9&
o] t}(Bjéklund and Bylund, 1990).

JA A E quinoloneAl & AQ1 oxolinic acid,
nalidic acid & piromidic acidE 7 TF 8} uj,
Ag(13 £1.5°C)° Hl3l 14223 +1.5°0)9] F
Aol A al g AIZEe] HAavF et B
HAJung et al, 2010). oA LAZ o= A}
£ 5= guideline(NIQS, 2021)°] W=™ dX = 13
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ol gk 73 AAYES Fo 5 BAAZ
S 24 LMY FEAo] ATFEUThLee et al., 2022).
o] AlgdolA= =] guidelineo| A A Al 3}= F 7
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Fig. 4. Chromatograms of lincomycin of (A) blank, (B) 10 pg/kg spiked, (C) and 10 pg/L standard soution (D)

standard curve from lincomycin spiked muscle samples.

3k A3 10 mgkg £ Al HA1FE 2217+974 pg/
kgl &2 FE3tder 30Y o] % A JNA oA max-
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A7k qke] b dataE &85t FUItE =

F3h4e,

FoF717Ee o} Foll A LME] MRL?! 0.1 mgkgS
Z1Eo® AXteA S W 44 32,33 9 5599
oF7]3ke] =& AThFig. 5). °l& LMo] 48
oo ® AGE A 259 #Aglel A 8ol
75 Ao g AR

A2 W(in vitro) REd Bt

LM< Staphylococcus aureus, Diplococcus pneu-
moniae &% Z-& 1FFAETANA Z4E& Ve
< W O AddelAls A 100 pg/mL =0
M= Aol gle Ao g H I EATH(Chang,
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Fig. 5. Residue analysis and withdrawal time calculation in olive flounder muscle followings intramuscularly ad-
ministered lincomycin at 13°C.

Channa argus®] #AlY=x2 2 B2 HE 225
E. piscida 50 @5 % 7 ¥57} LM &% 128 pg/mL
oA, U= 43 FF7F LM B 5 256 pg/mLol Al
25 At AA #77F WS UE itk
B (Lee, 1988). T3, Epinephelus awoara®l|
A B2 V. harveyidtoll Ttk disc A8 23 LM

2 pg/discoll Al AAHE FA A ol & WA
< ettty R EATHQin et al., 2006).
2 TN E TFEFE E piscida B V.
harveyi®] LMol tist A8 HI1e A3 T o
% 5% 2440] gl 402 LERgThTable 3)
E. piscida 9 ¥ 25 HIFER] 256 pg/mLol A

=
A
sl
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Table 3. Minimum inhibitory concentrations of lincomycin on E. piscida and V. harveyi

Code Code Isolated fish Isolated region Isolated year MIC (nug/mL)
477 Olive flounder Jeju island 2011 >256
498 Olive flounder Jeju island 2011 >256
529 Olive flounder Jeju island 2012 >256
531 Olive flounder Jeju island 2012 >256
E. piscida 533 Olive flounder Jeju island 2012 >256
543 Olive flounder Jeju island 2013 >256
548 Olive flounder Jeju island 2013 >256
550 Olive flounder Jeju island 2013 >256
FP-5060 Olive flounder Jeju island 2005 >256
ATCC 14126 Talorchestria USA 1981 32
V. harvevi MC9029SU Obscure pufferfish Boryeong-si 2017 128
’ Y GenBank AY750577 Olive flounder Japan 2007 128
HJ20 Olive flounder Boryeong-si 2020 256
o] BESHAC, V. harveyi®l 4 5= 47 32, e 30 ol o2 AAEH FeHY Ao A
128, 128 Bl 256 pgmL2| MIC #& Yebio] &  ZHth &, £of §30] 40 mgkgo & A S712
5% BRoIM g ngrk A EEHE FobIe S5 BAT FokAIT
olge] AT ANE FHFHA, LMo] AATF 9 AFo] LT H o] 40 mgkgOE A A 10 2
ol el E. piscida R V. harveyil A= 734 Y 20 mgkegR Tt o 71 55 o]t F|tE F
B A pgbth A9 Aol mEw, LME 510 oF & Zlolth
mg/kg S 2 @3] FAFAA S parauberis©ll ©| 3 B AFE T3l A A Z T3l A=
DA TEF A5 AU A2 YEFSITH(Lee AN TESTE A7) st LMe =5 W F
et al., 2022). WetA LML GH oA AT A Folsts 495 7Pt 2ad el
ARE BHoR A Alo] AMsith e 94 Yol 22aad. A7 A%E M
B A= 13°CollA 10 mg/Le] §F o2 &5 < FAAEN FAgYFoR FAsks vl

W w8 FAEC g w3299

=Z5Jth LMS %MOM A Sl
o 10 mgLe] &< 59U 1Y 132 AFF
oF

Fople 25U AR
S Pag 3YTHNIQS, 2022).

Fefr17tol
of 3}
o Al
0 FeFrIzxt

T APAFA LME 21°ColA 10 mg/LE
@3] FARA S W, 20€ 9] FoFrItel &
Ao (Lee et al, 2022), B AFollA LMS 13°C

N FAY §F 8 PO Fois

7 Feprizto] =& AU

be o

W FAEC] A Q48] 2§32 20 my
ked Folste A9AAE Fepiael 2 37t

UEA] 9o} 10 mg/kg/] Fokr]7to]
Fd=HT, & JAA Y AAL S

mgke®l FER B3 FAEC] 5192

#3 6PKW
EEE R
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0]
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of ol whE
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& W in viro SFEE H7V317] 918k AT
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e, T5 w27 AFEETE

olgtz st 713 4 324
2 YrtE Y =3 9% 28 75 2854 Al
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