ASNAIUIITNAFDU tilmicosin Tuamsdninnauelaewmaiia liquid

chromatography mass spectrometry

o o

YANA 919gulu 99919 YYUsIY susTAl fanes Uilamn wnduqd

UNANED

nsfnuiiaguszasdifiowmunisnaaeu titmicosin Tuormsdnifiuaue tngld
wAdA liquid chromatography-tandem mass spectrometry (LC-MS/MS) \enanaounis
nszawetvaiiavefuiodieati (homogeneity) wasnagoumsduidouduvesen (drug
carryover) HaN1SNAABUNUIT mobile phase i1 20% acetonitrile mmzamﬁqm ileann
T9¢in retention time wazUszAnSnmnisuendiauna vaig?l 40% methanol Wusvhagane
fimnzauiigalunisinienansainnsgiu mMsadagdie 90% methanol wag 90% acetonitrile
luuanansusgnefidedifey (p 2 0.05) waganunsaldununuld n15as1e calibration curve
WU31 matrix-fortified calibration curve TinanuusiugannnInissnannansenuan
matrix effect daumsAnuszazansatanut 30 wi i finsauian fafuisd
WantuiannsadlUldlunsaseaeuanyldldveisnagevluemsdniinauslae
wiadla liquid chromatography mass spectrometry lagaly

AdAey : tilmicosin @NsdRIAiNaLsT nsyanedvesenludiofeniu nsuuleudu

liquid chromatography-mass spectrometry

§ o w a

nauRTIRERUANNINEEN Tuas Tngdunsiaiun1suadnd d1innivdeunmunInEun
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Development of a method for the determination of tilmicosin in

medicated feed using liquid chromatography-mass spectrometry

Chusak Ardsoongnearn, Ongart Boonbanlu, Thanathorn Duangthong,

Panadda Taochaiyaphum

Abstract

This study aimed to develop a method for the determination of tilmicosin in
medicated animal feed using liquid chromatography-tandem mass spectrometry (LC-
MS/MS). The method was designed to evaluate homogeneity and drug carryover. The
results indicated that a mobile phase containing 20% acetonitrile was the most
suitable, as it provided a balanced retention time and separation efficiency, while 40%
methanol was found to be the most appropriate solvent for preparing standard
solutions. Extraction with 90% methanol and 90% acetonitrile showed no significant
difference (p > 0.05), suggesting that they can be used interchangeably. For calibration
curve construction, the matrix-fortified calibration curve yielded greater accuracy by
minimizing matrix effects. The extraction time study demonstrated that 30 minutes
was the most suitable duration. Therefore, the developed method can be applied for
method validation in the analysis of medicated animal feed using liquid

chromatography-mass spectrometry.

Keywords: tilmicosin, medicated feed, homogeneity, drug carryover, liquid

chromatography-mass spectrometry

Veterinary Drugs and Hazardous Substances Assay Division, Bureau of Quality Control of

Livestock Products, Department of Livestock Development.
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1514 titmicosin luevsdnifinaueniuisnsiddguagivszansamluns
Snwlsaludnd Immawwﬂuaﬂmauamﬂﬂ sz:ummLammamimmiimwumﬂLmumsfl,ﬁ]
LU Iiﬂﬂammwmmmmﬁummﬂmia g fgriiuteuuaiFedsuuss 9avandnsins
Butheuasmevesdafdes naway titmicosin TuawnsdnfagthelidnSlasunisnuiadis
Wdaziluszansnim Tnevhluudraziinisld tilmicosin Tudmsnaau 1,000 &1 2,000 N
oo msdnd 1,000 Alandu wagasldreilonuszovina 15 Fu tielildnadninaianlu
nssnwuardosiulsa mmuauamnmese i Tinauediiudaddry tetosiu
LilsfiAnansnndnslundnsdasigaine dse1adamanssnusoguamuestiuilnauazduinden
uanani Mslden titmicosin Sstavananuidssanmsiindenoeludn’ fadulgmiing
aruuusstuluilagy MeiANTEUIUMSHARe IR TT R ez Uaenf BTy
Asdudu Weatuayunisidssdniogndsfunazifiuanuannsalunsudsiulunain
NYATNTTY

Femamadananaeusuldiuugrsmansnisdanismsiosdugatndssnalne
WA, 2560-2564 gnseaniil 4 nstlestunarauamdonosuarauauiniuguanislden
Fuqainoshamnzaulunansinunsuasdnfides nsuuadndildsiusiidunsdieliusng
Whunelunisannisldenufaurasiesay 30 Taufen1sauauAmA Mo SRITiNaLEN
Ussmansuuadnd 13es Mmuandninasiuazisnisniuaunindnemsdndfinauen
Fafinmsimuandninasinsauauaunwiidifyde naaeunisnszarsersasianeiiy
Wi e1igay (homogeneity) wagnaaoun1sUuLd ouduaeden (drug carryover) Tagdl
Toguszasdiiielviinisnszarefvessiet waianenaludsgvesdmunmdaununisy
anmsailulflunssnulsednfegredivssaniam sufvliiiansuudoudussvine
sudn aufinguanedvus WumsaslenaiRaasandesufniniadefosdugadn
FamsnsraaeuimuslildigmatesufiRnaslunsiiasei homogeneity wag carryover

Robin S. Readnour et al. (1997) A39311U3aal titmicosin luamysdarifigaanam
Wty 100 - 600 Aadnsurenlansy lawana tilmicosin 31N@WNTENIAILATSIANATTATR
9IMNIENT 200 Uadans (Usenaume acetonitrile wazth Tudnsnaa 20:80 71 pH 2.5 waxdl
dibutylammonium phosphate 25 mM) aslue1msand 20 5 wdilUwguuedeang
Hunan 1 Flus andunsesansatauarinszaideds liquid chromatography (LC) Wuu
gradient wen tilmicosin 88na1n feed matrix Tutaan 30 W9 recovery 984 tilmicosin 270
onsdniTiAnansImsgLeglute 96.7 - 112% laeilan coefficients of variation (CV) g
Tut3 1.4 - 3.9% n153A5129% tilmicosin Tuemsdnifinauelien recovery iy 92.7%
veaUTinai szyuuaaindvivemsviaiafinnadudu 200 fadnfudedlandu was
99.1% dmiuevsviansiaududu 400 fadnduselaniu nsilaTedt tilmicosin Tu
p1N3dn iTinaueTien OV aglutng 2.6 - 3.8% Filldnumssuniuanendudn 18 i
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Yibar Artun et al. (2014) NM150529911813ANA19N8 4 macrolides Tua1misdniiite
mdasnievesemafulssifiuiiddgann Ssldfimsiauuazasaaeumugnieswes
15 liquid chromatography tandem mass spectrometry (LC-MS/MS) W anUSuNENS
ANAN9Y09 macrolides 4 wiln (erythromycin, spiramycin, tilmicosin kag tylosin) Tue1mis
&5 el roxithromycin (ROX) @91y macrolides 1ulaldlunsdmaunmgidu internal
standard N197LAT18% mass spectral ¥luluun positive-ion Tagldn1snsaadanuy
multiple reaction monitoring @ 28le®eou (mass-to-charge ratio, m/z) @ < T m/z
837.4—>679.2; m/z 734.4—>576.2; m/z 422.4—>174.1; m/z 869.1—696.1 hag m/z
916.4—772.4 @195 U roxithromycin (ROX), erythromycin (ERY), spiramycin (SPI),
tilmicosin (TIL) wae tylosin (TYL) mugnsiu A5ilvaanuuiugn mnanites waznsaundu
il TnoilinnsAunduiadvegsening 98.9% (TIL) fla 101% (ERY) uazALad oIy 99.9%
Tad17nv0an15n52930 (LODs) voa ERY, SPI, TIL uay TYL 0g/7 5.1, 6.6, 6.7 uay 7.5
lulasnSusanlansy AUaPU wazdnINNnveINITIATITITIUSUA (LOQS) agjﬁ 8.5, 11.1,
11.2 uaz 12.4 lasn3udenlandy amudsu uenanideldmdniitavesmsiadula (CCa)
wazALamnIalun1sATIady (CCB) uwela 3380uisAde m1ads daruilas uas
WHEdmMSUMTIATIEReU ¥ ugngu macrolides Tuawnsdninsauiuvaievile

Piatkowska Marta et al. (2015) Wau135n1595298150nA8 120 stlansounulula
an lngansvarduadungue1uifaug tetracyclines 6 ¥, fluoroquinolones 11 %iin,
sulphonamides 17 il nitroimidazoles 9 %iin, amphenicoles 2 %in, cephalosporines
7 %1, penicilines 8 ¥ A, macrolides 8 UM, y1018NWY1S benzimidazoles 20 ¥ A,
coccidiostats 14 %19, insecticides 3 ¥, dyes 12 v1n LLaza’liﬁlu"] an 3¥da 35019
w3sufetevinlngatngae 0.1% formic acid luansazane acetonitrile: (Snsaau 8:2)
Tagifn EDTA uazviliuiqnsdonisatmsinundu HybridsPE msuenanslénedund C8 way
Tdvefifudrunannes (A) methanol: acetoniltrile (8:2) uaz (B) 0.1% formic acid buU
ADYY L NAUTNTY NAN1TNAABUAIINYNABININNIATFIU Commission Decision
2002/657/EC wuindianuiduldunss (r = 0.99), M1snduAl 75-108%, Auuauglung
AT CV 1.60-15.9%, Annuusiugilunsingnsmadu CV 2.60-15%, Tasainnsindula
2.25-1156 lulasnsuseilansu Lagaua n1salun1snsiadu 2.04-1316 lulasnsuse
Alansy ATl Ul nesishedlaassau 150 fegs Mivanlasnisdhsy s
ATUANANATN

George Kaklamanos et al. (2013) n1s@nwinulunlndvssnalulad full scan
mass spectrometry léfgninanuseifiuiessyasimnuaiiFonarnanswialuemsdni
Tne Orbitrap Exactive fifiUszanBnmlunisusnuezgaiulfnnuusiugilumsinmaiimdes
dsmalianmnsnlinssinadunimuasUsinaludegiidudeusgsemsdntld n1s
w3pufeg 191435 s lvegnsine Tnsafafegvemnsdnisedvhazaedunisuan
1309 mass spectrometer Waulula full scan wazaduialwihsswinsuinuazay Tne
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14 Heated Electrospray lonization (H-ESI) N1301533 39 5guumIuAudnlulifvesdnuiu
lepauiliingindesiiasziina saufunsmuguiaiiunisdnleseuy silkaunsoinsei
Feusunaldegnausiug fesainanududouvesiietsevsdnd Usednsamlunis
wonuezdadunguaddylunisuenmaisunuainuyinduazanaiuriaiwesasidivmne
el ldarunsugrvesuiad 5 ppm wenannd nsldyaunanay (+5 ppm) YaeLity
s Inzvedla vhlsnsdudyaaseduaasunuYesEsiTy nsnwlaEIunIs
n31vaaunuldlavesisiasvieg1vazifenluo1nisans wasnuiinisly Liquid
Chromatography 32ufu High Resolution Orbitrap Exactive Lﬂum%ﬂﬁaﬁﬁﬂizaw%mvv@
dmsumengiamsinuluaiiFeilifivsrasdlunismuauewnsdnd defuusziunm
Uaensevasomnsniglanseunguuneidlgenmsvesanninglsy

Fig. 1 Structure of tilmicosin

1. dnguszena

WiowwwuiEvaaey timicosin Twensdwifinavelaemeaida liquid chromatography
mass spectrometry
2. YUY

Téfdmsunaaeuuiuna timicosin Tusegtemsdnifinaue) wagn1snszaneag
aiauefuidodeoniy (homogeneity) Fitassiuamnudadu 100 - 500 fiadnSuseilansy
waznaaoumsUuautiuvesen (drug carryover) lugiassdu 1 - 25 faandusenlansy
3. Usgleviifinnndnezldsu

135N U sWauIISneaeu tilmicosin luevnsdn i finauslaemaia liquid
chromatography mass spectrometry wazihlulglunisnsageumnldlavesisaaly
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4. Faanlunng
4.1 p3ediauazaunsnl
4.1.1 1p383 LC-MS/MS 8% Thermo $u TSQ plus

'
£ dv

4.1.2 Lﬂéaqmémﬁw%qm gvo Thermo U Lab Tower EDI 30
413 wiestamaden 5 duvs S Mettler Toledo u XP205DR
4.1.4 gaaaiu (fume hood)
4.1.5 Beaker vu1n 50 Uadans
4.1.6  Volumetric flask ¥u19 25 wag 50 1adans
4.1.7 Micropipette au1a 200 - 1000 lulasdns
4.2 Yaqinermans
4.2.1 Acetonitrile, HPLC grade
022 thudavsenuduniuliitosndt 18.2 Mo.cm (1 DI)
4.3 a13U1nIIU
1511955 tilmicosin B9 HPC
4.4 funounIneaes
4.41 @nw1 condition ¥4 Liquid Chromatography (LC) @z m/z N15W Al
condition 183 LC afinnsannisidennedutifiminyay n1slvaves mobile
phase uazguungifmunzaud olvldnsuend fuszdnsam drunis
fvunA1 m/z dedden ionization mode 7 winziudnvazvesans w1
precursor ion k@ product ion MRNILL1ZAY kazUSuANIITmese
mass spectrometry L% U collision energy hag Dwell time 1AL
sensitivity ﬁaﬁqm
442 Fnwdndiuves mobile phase il acetonitrile waneefusEing 10 - 50 %
f¥nquszasd il oUszidunavesesd Usznoudvinazatos oautanig
chromatography 89 tilmicosin
4.43 nsAnwaududunse (inearity) Tnown3suansazaisuinsgiu 5 A
Wautuiinseunquaududuvesdaetiaaia vesnsmaasuUTIUA2L
dfuaznsnszatsegeannauoidu eiietu (homogeneity) uaz
nageuni1sduld euduvesen (drug carryover) nsUssid unas e
correlation coefficient (1) fidfaafidn r = 0.995 wodugunuduiusidudu
sgninemnududunasdygiunovaues deaziiuanuyd ofereenis
AATIPATIUII
444 msAneInsld acetonitrile war methanol lunsazanefimnuidudu 40%,
60%, 80% way 100% wialdenaududuiivangay
445 AnwUseutneunisananaog13laelyd 90% methanol way 90%
acetonitrile wiawdenisnsatafivnzay
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4.4.6 n15ANYT matrix effect 989 homogeneity Wag drug carryover lagn1siiigu
slope ¥® 9 matrix-matching calibration curve Wa ¢ standard calibration
curve solution

4.4.7 msfAnwszeviaInsata lnenusseausseznainmsanadu 15, 30 uay 60
U naasulnela matrix-fortified calibration curve wag standard
calibration curve solution d1%3unAaaU homogeneity Wag drug carryover

5. Wan1snaasg
5.1 Wan13An®1 condition U84 Liquid Chromatography (LC) Way m/z a1s Table 1

way Table 2 lneldAaaul Phenomenex Kinetex C18 (1.7 um, 100 x 2.1 mm)

nelanisinawuu gradient I mobile phase Usgnounlsaisazas A fie 0.1%

formic acid qul;’] wavansazans B Ao 0.1% formic acid Tu acetonitrile Tnei3us

7l AB = 80:20 (v/v) wazu§uidu 20:80 anelu 3 i asan1izdanannauds 4 und

ntdutfunduidu 80:20 7 4.1 undt uaguand 5 u1it Snsnisluaiindy 0.2

mL/min gaungiinadu 40 °C gaumaifiegne 10 °C U3unsda 2 pl n13n5393n

¥eeLA3ed tandem mass spectrometer #il4Inun ionization wuy positive ion

(ESD) wssnuludin 3500 V wion sheath gas, auxiliary gas wag sweep gas i 40, 3

uaz 1 (Arb) mnuansiu aaunndl ion transfer tube Wag vaporizer Wiy 325 °C uay

300 °C snugdsu tneldAinudiu CD eas 7 1.5 mTorr

Table 1. LC condition.

Parameters Value
Column: Phenomenex, Kinetex 1.7 um C18 100 x 2.1 mm
Mobile phase: A: 0.19%FA in water
B: 0.1%FA in Acetonitrile
Time A B
0 80 20
3 20 80
3.1 20 80
4 20 80
4.1 80 20
5 80 20
Flow rate: 0.2 mL/min
Column temperature: a0 OC
Sample temperature: 10 Oc
Injection volume: 2 UL
End time 5 min
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Table 2. H-ESI parameters.

Parameters Value
Positive lon (V) 3500
Sheath Gas (Arb) 40
Aux Gas (Arb) 3
Sweep Gas (Arb) 1

lon Transfer Tube Temp (C) 325
Vaporizer Temp (C) 300
CID gas (mTorr) 1.5

Breakdown Curve of lon 869.633 m/z at 1.5 mTorr (+)
Max Intensity: 1.84E+004

100
- Productions Col. Energy
80 174.083 m/z 46V
696.417 m/z 42V
-1 88.083 m/z 65V

Relative Intensity
H (2]
o o
1 1

N
o
|

T
20 40 60 80
Collision Energy (V)

Fig. 2 CID breakdown curves of tilmicosin

Table 3. MS detection.

Compounds  Precursor Product Collision RF Lens  Dwell Time
ions (m/z) ions (m/z) Energy (V) V) (ms)
Tilmicosin 869.63 174.08 46 259 118.339
696.41 a2 259 118.339

NAuUATIIERUAMNINETN Iuae TngdunTeiunsUAda Wi 8 910 18



1.4e5 -
1.2e5—:
1.0e5—:
8.0e4—:

6.0e4 -

Response []

4.0e4 4
2.0e4 4

0.0e0+

{| counts

-2.0e4 !
0.

52

F 680909_TIL_40%ACN-homo-sol #3 STD solution 0.4 ppm MS Quantitation

Tilmicosin

00 1.00 2.00 3.00 4.00 5.00
Time []

Fig. 3 Chromatogram ¥4 tilmicosin #ilfannnsusu condition veq Liquid
Chromatography (LC) ez m/z

NN5UsEiuNate mobile phase 7ifdndau acetonitrile wansafiusewing 10-
50% WU31NSIUABULUAIAIT T UTBS acetonitrile finanaAn retention time,
peak area, asymmetry factor lae theoretical plates Tnedicteulunsld 10% ACN
T%31uIU theoretical plates qaﬁquﬁﬂﬁU 28,400 kAIAN retention time WINAU
2.9 Wit Fsenaldmanzausen1siesgRiiden1sausIg Yasfinsdiindndiu
acetonitrile LAY 30% VW retention time duataEaLIn WHSIUI theoretical
plates anaseg19TALIU danaliusz@nsnmnITuenarAINANTATIDY peak anas
sistiwudn Fouledild 20% acetonitrile TWnan1shinseviiaunauniian lned
retention time 1inAU 2.5 W17 ldgnAuly A1 asymmetry factor 11y 1.04
WERIDIAUANNINTVDY peak 7if warfidruau theoretical plates Ay 22,005
Fuisanelunisasvieutszdninnvesnodu datuanunsnagulddn mobile
phase 711 20% acetonitrile Luangfmngauiigndmiunismaasy tilmicosin
AU Table 4 ey Fig. 4 - 8

Table 4. The test results of the proportion of acetonitrile used as the mobile phase.

Acetonitrile Retention Peak Area Asymmetry Theoretical
(%) Time (min) Factor Plates
10% 29 3098 1.2 28400
20% 2.5 2768 1.04 22005
30% 1.4 2418 1.21 2100
40% 1.0 3361 1.46 3981
50% 0.9 5025 1.07 2180
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7 680918_TIL_solution #13 10 MS Quantitation
counts

8.0e4

Tilmicosin

7.0e4

6.0e4

5.0e4 +

4.0e4

Response [|

3.0e4

2.0e4 +

1.0e4

0.0e0 +

-1.0e4
0.00 0.50 1.00 1.50 2.00 250 3.00 350 4.00 450 5.00
Time []

Fig. 4 Chromatogram of tilmicosin using mobile phase containing 10% acetonitrile

% 680918_TIL_solution #14 20 MS Quantitation
counts

7.0e4 -

6.0e4 Tilmicosin
.0e4 4

5.0e4 |

4.0e4 -

3.0e4 |

Response [|

2.0e4 |

1.0e4 -

0.0e0 |

-1.0e4 J
0.00 0.50 1.00 150 2.00 250 3.00 350 4.00 450 5.00 5.49
Time []

Fig. 5 Chromatogram of tilmicosin using mobile phase containing 20% acetonitrile
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7 680918_TIL_solution #15 30 MS Quantitation
counts

2.2e4 4

2.0e4 +

Tilmicosin

1.8e4 4

1.6e4 -

1.4e4 4

1.2e4 4

1.0e4

Response [|

8.0e3 +

6.0e3 +

4.0e3

2.0e3 4

0.0e0 +

-2.0e3
0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 4.50 5.00 5.49
Time []

Fig. 6 Chromatogram of tilmicosin using mobile phase containing 30% acetonitrile

% 680918_TIL_solution #16 40 MS Quantitation
counts

9.0e4

Tilmicosin
8.0e4 H

7.0e4 |

6.0e4 -|

5.0e4 |

4.0e4

Response [|

3.0e4 |

2.0e4 |

1.0e4 -

0.0e0 |

-1.0e4 J
0.00 0.50 1.00 150 2.00 250 3.00 350 4.00 4.50 4.94
Time []

Fig. 7 Chromatogram of tilmicosin using mobile phase containing 40% acetonitrile
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1.2e5+4
1.1e54

1.0e5+

8.8e4

7.5e4

6.3e4

5.0e4

Response [|

3.8e4 H

2.5e4

1.3e4 4

0.0e0 +

-1.3e4 4

-2.0e4 -

7 680918_TIL_solution #17 50 MS Quantitation

counts

Tilmicosin

0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 4.39

Time []

Fig. 8 Chromatogram of tilmicosin using mobile phase containing 50% acetonitrile

53 wan15@nwianududunsaves homogeneity lLa¢ drug carryover 31AHANS

NAAUAIN Table 5 ag Fig. 9 WuUI1A1 slope U84 standard solution calibration
curve flAwnnnin matrix-fortified calibration curve s1slunsdl homogeneity Uay
drug carryover lngan slope g luaae 9406.92-13096.17 wansliiiudaniy
LLmﬂehwaﬂmsmauaumﬁmmwmﬁaw?wLﬁsmizm'wmiazmEJmmgmﬁ’U
matrix 939 Uauzdien intercept ag/luv39 967.40-2139.98 laawie drug carryover
Tunstl matrix fin intercept gs@anaUsdfamansznuaNaIAUsENoUTaY matrix
fidmanedyyiun1sTned d1m3ua correlation coefficient (r) wua AN
111n71 0.9977 lunnnsdl wanafiendudu lnearity A li719¢14 standard
solution calibration curve #3® matrix-fortified calibration curve Ain1y ae19lsh
AT AIAULANANTZIIN slope thag intercept 5¥1319 calibration curve @xviou
11 w71 matrix 919 8nSwan e matrix effect Aal un1514d matrix-fortified
calibration curve FeiiaumanzauunninlunisusziduniugndouazaIy
wiuswesisnaaeuluanigiilndifesiuiegnsms

Table 5. Linearity of tilmicosin for homogeneity and drug carryover.

Item Slope Intercept r
Std Matrix Std Matrix Std Matrix
solution fortified solution fortified solution fortified
calibration calibration calibration calibration calibration calibratio
curve curve curve curve curve n curve
Homogeneity 13096.17 9406.92 1047.65 1088.40 0.9984 0.9977
Drug carryover 12561.75 9449.73 967.40 2139.98 0.9988 0.9996

v ¢

naunsIvEe AN MENdniuaz IngdunTeunTUadn Wi 12 910 18



Tilmicosin y = 13096.166x+1047.650 R=09984 Timicosin ¥ = 9406.917x+1088.397 R =09977
counts*min counts*min

ppm ppm

0.000 0125 0250 0375 0.500 0625 0700 0.000 0.125 0250 0375 0500 0625 0700

Std solution calibration curve for homogeneity Matrix fortified calibration curve for homogeneity

Tilmicosin y = 12561.752x+967.395 R =0.9988 Tilmicosin y = 9449.734x+2139.977 R = 0.9996

30000 4 25000

counts™min
22500
25000 -
20000
17500 4
20000 -

15000

15000 - 12500

10000 4
10000 -
7500 4
5000 4
5000 -

2500 4

ppm ppm
oJ 0J

0.50 o050 1.00 1.50 2.00 2 0.00 0.50 1.00 1.50 2.00 21

Std solution calibration curve for drug carryover Matrix fortified calibration curve for drug

carryover

Fig. 9 Linearity of tilmicosin for homogeneity and drug carryover

5.4 wan3Anuild methanol wag acetonitrile lun1saga1sasaInsg U titmicosin 7
AMULINTY 40%, 60%, 80% war 100% A1y Table 6 way Table 7 IngWansanann
A1 peak area, asymmetry factor Wa¥31UIU theoretical plates NaN1SNAFDU
WUI1 40% methanol 1WA peak area @eiinfiu 7464 uagAn asymmetry factor
Winu 1.02 wag theoretical plates Windu 17043 wansdsanulilayUss@nsnin
N1TKENETST 6 luvaiz? 40% waz 60% acetonitrile 1%A1 theoretical plates
TndLAsatuyindu 16887 way 16946 aua1dU w1 peak area s Ingianizd
60% acetonitrile Faflenifles 4228 agUléin 40% methanol Winzauiian 1osan
IaunaseninUss@ninmmsienuazaulivesn1snagey

Table 6. Chromatographic parameters at different methanol concentrations

Methanol (%) Peak Area Asymmetry Theoretical Plates
Factor
40 7464 1.02 17043
60 5946 1.06 16420
80 7027 1.02 15976
100 6839 1.05 16072

v ¢

naunsIvEe AN MENdniuaz IngdunTeunTUadn W9 13 910 18



Table 7. Chromatographic parameters at different acetonitrile concentrations

Acetonitrile (%) Peak Area Asymmetry Theoretical Plates
Factor
a0 6496 1.07 16887
60 4228 0.91 16946
80 6256 1.01 15904
100 6615 1.04 15961

5.5 wafnwn1siuieuiisuysyans nmuesiavhazansaesedaildlunisadn laun
90% methanol Wag 90% acetonitrile ®13 Table 8 WU N1TAN AR 90%
methanol 1%A1 average AU 2643.00 lagda1 SD WAy 182.02 wazA1 %RSD
Wi 6.89 Tuvausfinisadage 90% acetonitrile Tien average winu 2720.83
Teilen SD WU 168.64 way %RSD Wity 6.20 Fsaviiouliifiuiieaesisnis
afpdanuaiiauevesdeyalndiAssiu ileUssduiaildanisaninguiaaiu
unnaeiuegsldedrayniolil lavinnismegeun1sadfnay independent t-test
WU two-tailed KANINARBUNUTIAT t AU -0.77 wazAn p Wiy 0.46 Jafian
unninsedueddynieadandmualy (@ = 0.05) uansinldfinuunnenediil
foddnyseninanguiiatndae methanol uag acetonitrile fuiuannsaasyléi
nsldiiavhazans 90% methanol waz 90% acetonitrile linadnsidesusunaiil
uRnANAUeE LT AYn19ana Folstiansiinvesiivharaneaunsaldun
fullunsatnansnelditeulnisaaesd sdrslsfinu nsdenldmrhazaei
wangano1afinnsandadedusandng wu ruazaanlunisldu dunu men wae
AMuUaDnfuYDIaNILAll

Table 8. Comparison of peak areas extracted using 90% methanol and 90%

acetonitrile

No Peak Area
extracted using 90% extracted using 90%
methanol acetonitrile
1 2381 2838
2 2633 2507
3 2647 2815
4 2541 2504
5 2733 2868
6 2923 2793
Average 2643.00 2720.83
SD 182.02 168.64
%RSD 6.89 6.20
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5.6 Wan1sAnwINaNIsIUTYUTIBUTENINeNTlY standard solution calibration curve
Wag matrix matching calibration curve 913 Table 9 Wwu 71 ﬁﬂumajsu N
homogeneity Wag drug carryover #14liAT r BE‘J:Iu%ﬁU‘ﬁiﬂﬂﬂ’i’] 0.995 Wanana
aududaduiinveniaesds ogalsfiniu A1 slope vos standard solution
calibration curve fiA11INNT1UOS matrix matching calibration curve agerailos
g 9UsT famaves matrix 7y l#An sienal suppression lagilA1 matrix effect 8¢
¥WI19 76.02-77.25% T1aiiAn intercept Y89 matrix matching calibration curve
flanuuananaunsaau Taeaniz drug carryover #iliian intercept qm’i%ﬁmﬁau
U standard solution calibration curve nMsVadaUS a1 IiuIw standard
solution calibration curve 21¥iAn slope g3 win15L4 matrix matching calibration
curve anvagvieuan nasasiiegalduiugunnnii esandidedemanseny
284 matrix iAnTussslusTUUNMIMadey

Table 9. Calibration curve parameters and matrix effect for homogeneity and drug

carryover
Item Slope Intercept r Matrix

Std Matrix Std Matrix Std Matrix effect

solution matching solution matching solution matching
calibration calibration calibration calibration calibration calibration
curve curve curve curve curve curve

Homogeneity 13014.3 9633.186 1139.582 915.4661 0.9974 0.9962 74.02
Drug carryover 12367.55 9554.533 1007.345 2402.146 0.9983 0.9990 77.25

5.7 WANISANWISEELLIAINNSANA nsuUsTeAuUsTarIaIn1sanadu 15, 30 wag 60
w7 n3UsZAN homogeneity Ana Table 10 wu31d708 137 Hun1snaaauly
9291981 15, 30 way 60 u1f deadsaeudien I@Uﬁﬂﬁlﬁa@uﬁaﬂ 23,710.67-
22.444.33 faiiusinaziinmaUasunlandniesnuinan uiwuilduvesen SD way
9%RSD nduanasag1enaiiios Tnum1 %RSD 910 7.12% 7 15 wiil anaundeomies
4.49% 7 60 w1t Tumanduiu n15Uszidiu drug carryover A Table 11 Wu3n
AaagaLT LT U et Taed 15 unfidanadedfios 10,227.50 iy
uAe 20,921.00 7 60 Wit NsiTuTEsPUEITUS INa A TouR I saTaLYe
AIENIUBIENSTIANTUSEWI I IMnEeU gnslsiny nansnaeudLandliudn
ArusUTuTesiayaifindununaduiy Tnee %RSD 7 15 uay 30 w17l fin
9.58% Waw 6.48% wifl 60 WiTiiugedy 32.22% Saduszduiigedl nadenaniued
3an5NAEeU drug carryover fimudndedetesadlusseznafiviuivly was
aslieuddfunsussdiunalussesinanduiisuunans v ondnid senanuy
ﬂa’mLﬂ?iauLLaz%’ﬂMWﬂ’J']mgné’awaqmimaau
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Table 10. Comparison homogeneity of peak areas at different extraction times (15, 30,
and 60 min)

No. Peak Area
Extraction Time Extraction Time Extraction Time

15 min 30 min 60 min

1 25355 20508 22743

2 24193 19453 23356

3 25768 21493 23497

4 21456 20071 20746

5 23007 20563 22112

6 22485 19834 22212
Average 23710.67 20320.33 22444.33
SD 1688.20 709.96 1007.69

%RSD 7.12 3.49 4.49

Table 11. Comparison drug carryover of peak areas at different extraction times (15,
30, and 60 min)

No. Peak Area
Extraction Time Extraction Time Extraction Time

15 min 30 min 60 min

1 8661 12017 12738

2 9912 12102 11895

3 10124 12046 23665

4 11495 12928 25989

5 11018 13363 24774

6 10155 13993 26465
Average 10227.50 12741.50 20921.00
SD 979.89 825.21 6741.30

%RSD 9.58 6.48 32.22
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6. @3UNANIINAADY
msnasouiiingUszasdifionaninaaoy titmicosin luonsdeifnauen ngld
vnAW A liquid chromatography-tandem mass spectrometry (LC-MS/MS) L aNAAe Y
homogeneity Wag drug carryover Nan15@N®INUIN mobile phase ﬁLﬁﬁmwauﬁ?jﬂﬁa 20%
acetonitrile #3131 retention time wag theoretical plates ﬁamqa Yueinsazalans
WNIFIUAIE 40% methanol Tianuliuavsedninmasan n1saianie 90% methanol
uaz 90% acetonitrile lanuauLANANBENHTYAAYNEDRA (p > 0.05) Jsamnsaltunu
fuld wenanil 1514 matrix-fortified calibration curve l¥m1uus ugrunnIansld
standard solution calibration curve 1f8931nanANaY8Y matrix effect N15ANYITLELLIAN
msafananaliiuggag 30 wii anzaniige WesananAiauuUsUTl Tnoasy
33157 Waund uanunsaldnaaeu homogeneity Wag drug carryover 494 tilmicosin Tu
g nsdn inauele
7. UaiEuDLUY
7.1 A5ld 20% acetonitrile Tu mobile phase wag 40% methanol Ju solvent
arananTnsgIu el peak AdALauuaziados
7.2 msatasegteaunsaidenldita 90% methanol we 90% acetonitrile ¢ Tne
TTUINAUYU ANNAZAIN wazAUUaALY
7.3 witemuuaiugn asld matrix-fortified calibration curve Wi standard solution
calibration curve Hioannaves matrix effect
7.4 szeznamsatansidenturag 30 wift elildnadnsiadesuwazanay
wUsUsIUY
8. NaRnIINUIENA
YovounuiseNMIdtinaTaseunuAMALAUAdR i sulddunisly
Yeuvszana 2568 Wmhilviesu foRnnsngunsaaaeuannmendn i« ivemaeluns
UfURMulidSagaeluiies
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