creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

H AR
J X| (Paralichthys olivaceus) ] |3t

EUERELELRRE
WF B L FOF I MY AT

© A o

AZhsta ofahel
s & 33t}

20249 24



L

ot

-
o

K| (Paralichthys olivaceus)®| CH

=

(=13
=

o2 Hs

S B2
&= &

(=13
of

t

MA

[=13
ot

L I=S

oj

o] =&

Q x| &

orl
Jol
==

E

Jor
=

0
K

<
r

202348 11 €

<
okl

H oz

-




= X

ADSTIACT. ...ttt ettt v
N OSSOSO vi
FE S Kb et X
QEO] SR xi
T B R s 1
Lo M B R 4
I U B s 8
1. EXI0] CHBE tylosin THRE S48 AT iieieeiessssesssssssssssssssssssssssssssssssssseeees 8
1-1. A2 HOME| tylosin THRE S8 ATl 8
L T TR = 0 OO 8
T=1-2. EER] TR0 e sesssssse s s 9
T=1=30 ALEEH T oo esssssss s sessss s s 9
1-2. FAHAFOMY| tylosin THFE S AT 13
T=2-T. AR O] e 13
1-2-2. EEE B O] 13
122230 AERHF] e 14
1-3. 5 X SEHOMY tylosin E& .o 16
1310 A 7171 Bl AL ssssss s essssses 16



16

1-3-2. TYIOSIN FEE.....ooooooeevveesvssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes

17

17

7

1-3-4. Mass spectrometer =41 %

18

Hr

22

B AT s

= E
e

Xlof| CHBE lincomycin

L=
=

2.

22

8l
0
wjr

2-1. A2 LHOIAM Q| lincomycin THF

22

22

.23

24

8l
0
wjr

ZoM2l lincomycin THF

O ALY

2-2.

24

24

.25

w25

HOML| lincomycin A oo

El

.
O:
=

o
2-3. 28 9

w25

26

.26

27

7

2-3-4. Mass spectrometer =4 %

27

Hr



32

w32

M

tylosin &t& &

Ao chet

L=
=

1.

w32

o
<k

1ol
oK
<
Hr
KK
I

36

1-2. AT LHOIME| tylosin TR &A1 BLb eieiieeesiesisesesssssssssesessseenes

38

M
A

O M Q| tylosin Zt& £

SSECES

1-3.

...40

o

2 240

ahe

1-4. 2= W tylosin

.44

T

lincomycin £t&7 2

G0 Cieh

2.

.44

on
<k

ol
oK
=
Hr
KK
I

A48

<r

2-2. A LHO|ML| lincomycin TH&F &

50

=
K

xr

Ol A Q| lincomycin 7 &

SR

2-3.

.52

=T
wa
N
or
ok
ﬂu.|_
ol

xr

2-4. 25 LW lincomycin Tt&7 &

...56

...01

B!
ol

Ko

...04



Abstract

Olive flounder (Paralichthys olivaceus) is the leading commercially farmed fish
species that accounts for more than 50% of domestic aquaculture production. As the
aquaculture industry developed and production increased, mortality and antibiotics use
also increased. Streptococcus sp., which causes serious damage to olive flounder every
year, is a bacterial disease that causes death by symptoms such as dark discoloration
of the body, exophthalmia, hemorrhagic septicaemia, ascites and fin haemorrhage. In
aquaculture fields, antibiotics are used to prevent and treat Streptococcus sp., but it is
difficult to effectively treat the disease due to the increased frequency of antibiotic use,
drug residue due to misuse of antibiotics, and increase in resistant bacteria. To solve
these problems, the need to develop new antibiotics emerged, and tylosin and
lincomycin were newly approved as veterinary medicines in 2021. However, the
maximum residue limit (MRL) of tylosin has not been set for fish, and the withdrawal
period for olive flounder has not been set. MRL of lincomycin specifies individual
standards for various tissues for livestock products, but for fish is set at 0.1 mg/kg
without distinction of species or tissue. Through residual analysis of tylosin and
lincomycin for olive flounder, this study was conducted with the goal of securing basic
data to set an appropriate level of MRL and searching for withdrawal period. In the
laboratory, tylosin and lincomycin were orally administered at the 10 mg/kg B.W. for
5 consecutive days, and muscle and serum were collected at 3, 7, 14, and 20 days after
the last administration. In the aquaculture sites, tylosin and lincomycin were orally
administered at the 10 mg/kg B.W. and 20 mg/kg B.W. for 5 consecutive days, and

muscle were collected at 3, 7, 14, and 20 days after the last administration. The residual
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analysis of the collected samples was analyzed using liquid chromatography tandem
mass spectrometry (LC-MS/MS), and withdrawal period was calculated using the
Withdrawal-time calculation program (Heckmen, WT1.4). Tylosin has no MRL set for
fish in Korea, but the European MRL is set at 0.1 mg/kg, and the MRL set for livestock
product at 0.1 mg/kg in the Korean Food Standards. This study also calculated by
applying an MRL of 0.1 mg/kg for tylosin. Lincomycin was calculated by applying
0.1 mg/kg, which is the MRL for fish in the Korean Food Standards Codex. In a study
on tylosin in the laboratory, the withdrawal period was calculated to be 13 days for the
10 mg/kg B.W., and in the aquaculture sites, the withdrawal period was calculated to
be 5 days for the 10 mg/kg B.W. administered group and 6 days for the 20 mg/kg B.W.
administered group. In a study on lincomycin in the laboratory, the withdrawal period
was calculated to be 21 days for the 10 mg/kg B.W., and in an aquaculture sites, the
withdrawal period was calculated to be 11 days for the 10 mg/kg B.W. administered
group and 12 days for the 20 mg/kg B.W. administered group. The residual results of
tylosin and lincomycin are expected to be used as basic data to present standards for

usage, dosage, and safety for olive flounder.
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MRM Multiple Reaction Monitoring

RSD Relative Standard Deviation
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HLB Hydrophilic Lipophilic Balance
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Figure 1. Olive Flounder (Paralichthys olivaceus) acclimating to laboratory

conditions in fish water tank maintained at 13 + 2°C.
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Figure 2. Blood sample from the caudal vein of the fish colleted by 1 m@ syringe,

separate serum from the supernatant by centrifugation.
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Figure 3. Muscle isolation of olive flounder (Paralichthys olivaceus) for tylosin
analysis in the laboratory.
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Figure 4. Muscle isolation of olive flounder (Paralichthys olivaceus) for tylosin
analysis in the aquaculture sites.
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Homogenize 2 g sample with MeOH / ACN(25 : 75) 10 mQ
(vortex, 2 min)

l

Sonication (10 min)
l
Centrifugation at 4,700 G, 20 °C (10 min)
l

Move the upper layer in another 50 mQ tube

l

Shaking after added hexane saturated with Acetonitrile 10 m{
(10 min)
!
Centrifugation at 4,700 G, 20 °C (10 min)
!

Move the lower layer in another 50 m{ tube

l

Nitrogen concentration up to 5 m¢ at 40 °C

l

Vortex the concentrate (2 min)

l

Filtration with 0.2 ym PVDF membrane syringe filter

l
LC-MS/MS analysis

Figure 5. Extraction procedure of tylosin from the olive flounder (Paralichthys
olivaceus).
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Table 1. UPLC instrument and analysis condition for tylosin

Parameter Conditions
UPLC OSAKA SODA - NANOSPACE series
Column 2.1 mm x 150 mm, 3.0 ym C;3 (Cadenza CD-C18 HT)

Column temperature  40°C

Mobile phase A :0.1% formic acid in water

B : 0.1% formic acid in acetonitrile

Gradient Time (min : sec) A(%) B(%)
0.0 95 5
0.5 95 5
4.0 0 100
7.0 0 100
7.1 95 5
10.0 95 5

Flow rate 0.3 md/min

Injection volume 2 10

Run time 10 min
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Table 2. Mass spectrometer instrument and analysis condition for tylosin

Parameter

Conditions

Mass Spectrometry

lonization mode

Gas temperature

Nebulizer gas flow

Nebulizer gas pressure

Collision voltage

Scan type

Tylosin

Sciex QTRAP 5500 ESI triple quadrupole MS

Positive (+) ion electrospray

600°C

10.8 ¢ /min

100 psi

45 eV

RT Multiple Reaction Monitoring (MRM mode)

Precursor ion product ion Collision energy
min

(m/z) (m/z) (eV)

3.96 916.4 174.1 / 88.1 45 / 109
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2-3-2. Lincomycin &
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2-3-4. Mass spectrometer
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Homogenize 2 g sample with 2 % Acetic acid solution 10 mQ
(Shaking, 5 min)
l
Centrifugation at 1,200 G, 4 °C (10 min)
l
HLB cartridge(6 mQ, 200 mg) conditioning

by 5 m0 methanol, 5 mQ water

l

Adsorption of supernatant to cartridge
l

Cartridge washing by 5 m water
l
Elution with 5 m methanol
l
Nitrogen concentration up to 3 m at room temperature

l

Add 0.1% formic acid solution to 4 m{
l

Filtration with 0.2 pm membrane syringe filter

l

LC-MS/MS analysis

Figure 6. Extraction procedure of lincomycin from the olive flounder
(Paralichthys olivaceus).
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Table 3. UPLC instrument and analysis condition for lincomycin

Parameter Conditions
UPLC OSAKA SODA - NANOSPACE series
Column 2.1 mm x 150 mm, 3.0 ym C;3 (Cadenza CD-C18 HT)

Column temperature

Mobile phase

Gradient

Flow rate

Injection volume

Run time

40°C

A :0.1% formic acid in water

B : 0.1% formic acid in acetonitrile

Time (min : sec) A(%) B(%)

0.0 95 5
0.5 95 5
4.0 0 100
7.0 0 100
7.1 95 5
10.0 95 5

0.3 md/min

2 o

10 min
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Table 4. Mass spectrometer instrument and analysis condition for lincomycin

Parameter

Conditions

Mass Spectrometry

lonization mode

Gas temperature

Nebulizer gas flow

Nebulizer gas pressure

Collision voltage

Scan type

Lincomycin

Sciex QTRAP 5500 ESI triple quadrupole MS

Positive (+) ion electrospray

600°C
10.8 ¢ /min
100 psi
45 eV
RT Multiple Reaction Monitoring (MRM mode)
Precursor ion product ion Collision energy
min
(m/z) (m/z) (eV)
3.89 407.2 126.0 / 359.0 33/29

31



. Zat

1. 'X|of| CH$t tylosin THF =M

Tylosin 2| EE=EAUS SIAIR0 H7tot X2 ot = Le-MS/MS 2 Z4StA =0

—

Retention time 2 3.95 &=(Figure. 7)2 2 ZALE|QLD FFHO|=29| m3 HH Zie| HIE

ol 88 #EIqME &g 41}, 2 s=0f mat o3 Aol H{o|7t Higsten 10

M2 AoASr)e g8 28 25 099 0|4 XMHS LIEIL QA ChFigure. 8).
g =S {8 tylosin 0] O|30| Y= 25 A FHO| tylosin EFEEAUS

001 mgkg =2 FII510] @ MNZ|LEHE ot 20t BT 102%, 100% TELE

3|4ER¥0  CODEX 7tO|EZIQI(CCRVDF CAC/GL 71-2009)0 ZFst= ZAtE

L}EFLH R4 CH(Table. 5).

32



Intensiy

Intensity

-

3.6 3.8 4.0 o >
Tim=. min

Figure 7. Chromatogram of 0.01 mg/kg tylosin standard analyzed by LC-MS/MS.
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Regression Equation: y = 20110.21206 x + -2658.25912
(r = 0.29964) (weighting: 1 / x), r2=0.999
1066

9065 A

806

£.0e3

50ed

Aran

4063
306
2063

1065

006

? 4 6 B MW ow ¥ B WA 2 H X BN OR UK OB L LU K B
Concentration (pob)

Regression Equation: y = 22471.34239 x + 2603.47511
(r = 0.99896) (weighting: 1 / x), r2=0.998.0

B

z
-

Area

? 4 6 B MW ow ¥ B WA 2 H X BN OR UK OB L LU K B
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Figure 8. Matrix matched calibration standard curve of tylosin extracted from
(A) muscle and (B) serum.



Table 5. Validation parameters for the analysis of tylosin in

serum of olive flounder (Paralichthys olivaceus)

muscle and

Fortified
Recovery(%) LOQ
Compound  Sample  Concentration CV(%)
Meen+Dr=d) (mg/kg)
(mg/kg, ppm)
Muscle 0.01 101.9 + 8.6 8.5 0.001
Tylosin
Serum 0.01 99.9+ 0.5 0.5 0.001
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Figure 9. (A) Muscle and (B) serum concentration-time profile of tylosin from
olive flounder (Paralichthys olivaceus) after oral administration of tylosin 10

mg/kg B.W. in the laboratory.
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Figure 10. Concentration-time profile of tylosin from olive flounder (Paralichthys
olivaceus) after oral administration of tylosin (A) 10 mg/kg B.W. and (B) 20 mg/kg

B.W. in the aquaculture sites.
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1E+03 . PREVIEW

1E-02 _—
0 5 10 15 20 25 30 35 40 45 50

EXP NO: SSTOT: 906.1064

DATE: SSPE: 16.5187 ® 95% SEE  |ah muscle wi
SPECIES: olive flounder  SSREG: 888 6689 O 99% ‘wT 12.939999999999
TISSUE: muscle SS5LOF: D.9187

NTOT: 60 ICPT: 185.4460 F-TEST 1.5573 [2/56] (p>0.05)

GTOT: 4 CORR: -0.1341 COCHRAN-TEST 0.2995 [ 4/14) perform manually

MRL 100 SLOPE: -0.8511 BARTLETT-TEST 0.6951 (3]  [p> 0.05)
FACTOR: 1 SHY: 0.5483 SHAPAWILK-TEST -1.0000 (60]  perform manually

Figure 11. Calculated withdrawal time of tylosin from olive flounder (Paralichthys
olivaceus) muscle after oral administration of 10 mg/kg B.W. in the laboratory

using the WT 1.4 software.
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Figure 12. Calculated withdrawal time of tylosin from olive flounder

(Paralichthys olivaceus) muscle after oral administration of 10 mg/kg B.W. in

aquaculture sites using the WT 1.4 software.
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Figure 13. Calculated withdrawal time of tylosin from olive flounder

(Paralichthys olivaceus) muscle after oral administration of 20 mg/kg B.W. in the

aquaculture sites using the WT 1.4 software.
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Figure 14. Chromatogram of 0.01 mg/kg lincomycin standard analyzed by LC-
MS/MS.
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Regression Equation: y = 16631.35369 x + 6302.20373
(r=0.99671) (weighting: 1/ x), r’=0.993

3065
20654
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e} L
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7 4 6 8 M OBR ¥ OB oW N DN KE B D DR KK BN L & & B
Conceniration (ppb)

Regression Equation: y =4.68529e4 x + 3429.07780
(r = 0.99969) (weighting: 1/ x), r’=0.999
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EIIM - B

2 4 6 8 1 1 ¥ OB B N 2 ¥ K B D R K E BN L 4 & 84
Concentration (ppb)

Figure 15. Matrix matched calibration standard curve of lincomycin extracted
from (A) muscle and (B) serum.
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Table 6. Validation parameters for the analysis of lincomycin in muscle and

serum of olive flounder (Paralichthys olivaceus)

Fortified
Recovery(%) LOQ
Compound  Sample  Concentration CV(%)
Meen+Dr=d) (mg/kg)
(mg/kg, ppm)
Muscle 0.01 98.1 + 5.1 5.3 0.001
Lincomycin
Serum 0.01 91.6 £ 0.1 0.2 0.001
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Figure 16. (A) Muscle and (B) serum concentration-time profile of lincomycin
from olive flounder (Paralichthys olivaceus) after oral administration of

lincomycin 10 mg/kg B.W. in the laboratory.

49



2 Hil& 220 mgkg BWHE 21

Ol A
oo

=x

ol

2210 mg/kg B.W.)

O o
AFEO  lincimycin

(e] PN

I

=

o

3. SAEFEO| ML lincomycin
o

2
i

a4

sk

e

lincomycin

¥

g2 25

]

AlZHZ o]

17 Of LIEFLHRACE,

Figure.

i} = 7

Wk

(K,

F L lincomycin &7 Sk

4

83

ojn
300

£ 0.2 + 0.19 mgkg 2|

34

50



700
600
500
400
300

200

Concentration (pg/kg)

100

w
-]

14 20
Time (day)

B

700
600
500
400
300
200
100

Concentration (ng/kg)

Time (day)

Figure 17. Concentration-time profile of lincomycin from olive flounder
(Paralichthys olivaceus) after oral administration of lincomycin (A) 10 mg/kg B.W.

and (B) 20 mg/kg B.W. in the aquaculture sites.
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EXP ND: SSTOT: 1166.0288
DATE: SSPE: 27.9517 ® 95% DataSet lab_muscle_linco.s
SPECIES: olive flounder ~ SSREG: 1137.6377 O 99% WT 21.100000000000
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FACTOR: 1 S 0.6996 SHAPAWILK-TEST -1.0000 (60)  perform manually

Figure 18. Calculated withdrawal time of lincomycin from olive flounder
(Paralichthys olivaceus) muscle after oral administration of 10 mg/kg B.W. in the

laboratory using the WT 1.4 software.
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Figure 19. Calculated withdrawal time of lincomycin from olive flounder

(Paralichthys olivaceus) muscle after oral administration of 10 mg/kg B.W. in the

aquaculture sites using the WT 1.4 software.
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SPECIES: olive flounder  SSREG: 494 6973 O 99% WT 11.729999999999
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MRL: 100 SLOPE: -0.8321 BARTLETT-TEST 7.3629 [3)  [p> 0.05)
FACTOR: 1 SV 1.6449 SHAPAWILK-TEST -1.0000 (60)  perform manually

Figure 20. Calculated withdrawal time of lincomycin from olive flounder
(Paralichthys olivaceus) muscle after oral administration of 20 mg/kg B.W. in the

aquaculture sites using the WT 1.4 software.
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