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Mestanolone residues in farmed tilapia Oreochromis niloticus following a short term oral

administration

Abstract

Tilapia (Oreochromis niloticus) is an important freshwater fish in Thailand. Along with
intensive farming, androgenic hormones are applied during the farming process to produce
monosex-male tilapia because of its better yield. A monosex population also allows for more
effective management of a single crop. Mestanolone, a synthetic androgenic steroid, is used
in newly hatched tilapia fry for sex reversal, but its residual level in these fry has not been
examined. This study investigated the androgenic efficacy of mestanolone and mestanolone
residues in tilapia after a course of oral administration of mestanolone to early-stage tilapia fry
at a dose of 80 mg/kg feed for 15 consecutive days. At completion of the hormonal treatment,
histological examination of gonadal tissue was performed for sexing of tilapia fry and residual
mestanolone in fry were investigated. Analysis of residual mestanolone was performed in the
treated fry at 1, 2, 3, 5, 7, 14 and 21 days after the last dose using liquid chromatography
tandem mass spectrometry (LC-MS/MS). The results showed that oral administration of
mestanolone at 80 mg/kg to early-stage tilapia fry for 15 consecutive days induced a 100%
male population. The amounts of mestanolone detected in 15 days hormonal treated fry on
days 1, 2 and 3 after hormone withdrawal ranged from 0.856-3.198ng/g. Mestanolone was
not detectable in fry deprived of the hormonal diet for 5 days (limit of quantitation, LOQ, 0.5
ng/g). This suggests that, after an adequate withdrawal period following treatment of early-
stage fry negligible levels of mestanolone will be present in tilapia during the growth stage of

6-8 months.

Keywords Mestanolone  Nile Tilapia Residues



A19110UL5D9

Funuaasiuunanlulauanaislularianasainnisnuaasiuul uszasiaandu

Abstract....

=i °
TR I 1 ¥ o L O PRSP PP PUPPR PRSPPI

uni 2 mawudgdnwalugniaialaanislizasiuua@n IuTauaENa T

« M7 IER S THUNAN TUTAUUAGNUATIA oo s :

¢ 1199 AU AR A FU IR T TN ANV IR .o,

BN ITANI Y. ettt ettt e,

UNN 3 UsuuaadTuuNaN U IaUANAN L WUR IR oo

I T L B IIBEI NN o+ e,

o

o« PFAIFIN AR ATABNITLNNTATVES oo,

« NM99LATI TN BRI LN AN T A UAN A I AR, e

BN NTANI V.o e,

AAUTVRWRZIRVTOIEBR oooovooeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e

FTUURELEUBUBE ..ot ettt

LFTOTUNTH o

NIARUIN

12

12
12
12
14

26

28

30

33



ANTUYMAITI

Funmmasiuunamlulavanarsluldaiiianasarnnisnuaasiaul ussaziaandy

=i °
UNN 1 UNUI

A =2 2 ¥ a !
A9 1.1 NITANITUIA TN mﬂum'ﬁuumﬂgmmummﬂuﬂmmuﬂmﬂ (1531

FunaumafTuumanAnaluilalan

un? 2 mawdzaduwalugnianialaenisldzasinunaniiulauuanains

A9 2.1 wefidusinAvestanianltesuassiuuuaniiulaulnanisugiasiasasasas

ANMTNANTDF NN AN 11 Ta 1

uni 3 UsunauaasTuunanilulaunnaisludanila

I~ . . acla - Y X A a
A1919N 3.1 system suitability test 2a9383tATANaM lLlaunnAslulaadaniia.............
dl v dl aca 4 v
MIINN 3.2 NITRINABLAIINYNFABILAZAIINLNENATITB9I AT ziman TulaunnAnglu

X d -

LB AL AN, ..ot et e,
A13797 3.3 Aouludunsaiazdaamn Nl nduraanani lulauaniaaias s iT NN aNEnn

ulauluilatialaniia

A13799 3.4 Limit of quantitation 1893 83AszdTuNnumant Tulanluiletialanila

A1TN 3.5 NANIIAIINAALN1INALALIRINTAnAWEN1 Iulananilatietarila (recovery

of extraction)

AN9197 3.6 Nan1IAAsiNant TulaunnAnglutanian esueanuisuanaa Siumani ulan

Wunan 15 54

unl 4 adlsenauaziansal
p9an 4.1 wefiduiinaduaziBunnimaniulavae sluunasmainssilugnlantianliiu

gafluunanannnsluawin 80 Aaaniusianlanfuatugiiuszazioan 15 uay



ANTUYNN

Funuaasiuunanlulaunnaislularianasainnisnuaasiuul uszasiaandu

¥
Wi
q. o
un® 1 uni
i 1.1 TassaFennaeiiaesae Siuwwadminn lunismiaaimad ludanda.. ... 3
un? 2 mawmdzadiwalugnianialaenisldzasinunaniiulauuanains
w21 mamesesae fiuuwan iulaunanemsungnuania. ... 7
NN 2.2 eI T UUAURWEINAEETUUANIA s 10
NN 2.2 e eITUUAURUGINARIUUAIEA o 11
un® 3 USuaaadlaumanmlulaunnaslulaniia
2N 3.1 LC-MS/MS chromatogram mmmﬁLmn:ﬁmm:mﬂmmmmmammgmmm
MNIUTAY WAL THWUAAR IO ... 15
MW 32  LC-MS/MS chromatogram 7848150 a18: A FIMMENT AL oo 18
MW 3.3 Anududunsereainiinmes (method linearity) 2899 83AT N a@nT Tulan
TUGNUATTARIY LOC-MS/MS.....vvioriiceiiesenne e 20
WA 3.4 LC-MS/MS chromatogram 2@dinanilulan nlaisazatenimnsgiunelu
Tuuainalss Avrudindi 50 ng/g ANFIBLINGNUANTER.....oooooooccecn) 21
MANWIN
dl & o/ 1
meANuINR 1 LC-MS chromatogram aadiuaniiulauaziuuaimeslsfainsoatingnilan
Taniaesseaefluumant iulaunana1mnidunan 15 S 34
mMANUINN 2 LC-MS chromatogram aadiuaniiulauuasiuuaimeslsfaindoatingnilan
Tanaesseaefluumant iulaunanarmaiunan 23 du. .o 42

mﬂmwm‘ﬁl 3 Studies to evaluate the metabolism and residue kinetics of veterinary drugs
in food producing animals: Validation of analytical methods used in residue
depletion studies. VICH GL 49 (MRK)-metabolism and residue kinetics.
February 2011 adopted at step 7 of the VICH Process by the VICH Steering

(7010 0] a1 11T=T= T 50



o (> L4

ANDBUNERUANHAILAZANE AN LF LUN15IAEl

o

AR ELNE

N3y (gram)

Laaniu (milligram)

w1 lunsu (nanogram)

Alansu (kilogram)

ang (litre)

Nanans (milliliter)

lulpsams (microliter)

qanwmg (millimeter)

QGERE (microliter)

Taaniu/lanans (milligramper milliliter)
lauTasnsu /Aadans (microgram per milliliter)
U (minute)

T (hour)

A LTALTEIA (degree Celsius)

ANLTIUNgALLIA

z2)

]
wauluile

AutlsvAnsansaanuulariu (Coefficient of variation)
part per million

part per billion

liquid chromatography tandem mass spectrometry
limit of detection

limit of quantitation

maximum residue limit

Funmaasiuunamlulavanarsluldaiiianasarnnisnuaasiaul ussaziaandy

{ryansni/Asa
g

mg

ng

kg

L

ml

pl

pm
mg/mi
pa/ml
min

h

°Cc

pH
Temp
NH

3

cv
ppm
ppb
LC-MS/MS
LOD
LOQ
MRL

Vi



uNnN 1
UNU

ialla Oreochromis  nilotica \fiulaniinan Nilaqiiunnasliumnuiianasinagly

dl o dsj oI/ Z:/ a I a d’l o
patmtaniiiesain a1msnianig mzdesinllislunidiedawazewsng n1adeanisdnnig
amsoinlfdne Hponumunwsieanitzuandensne)  Niddeuulas Hdnsnasiasayiuings

1% o a o o

al dl U a 21 tdl a [~ o o
waziiloymneslantias  Uantamiziassings ldgniunfuingiudmiulsznaueimstinun
vniudngavlugaaunssuutlsgtlenmnaivaiuyaAuanaintiunanineiulaglsine ainmls
Uanila 11 1ATe9mil Wy saswinuaznvln  Ade esuananlaanmanalansaeigui
(BUATINBNNTd9RanLaztd el ssmalng | 2550) manandantaialaniuanidususy 9
PUALARFRTUTIn lanR lau1a NN R waz 1l w.a. 2 553 Huananlaifiaalan
1lsvannd 3.2 AUsU (Fitzsimmons wazAnLy, 2011) IngtlsrinniaadluanaaanananuNannaL

= o o %’ A a a dals Yo a dgj 1 = o
LRl mmuﬂ@:mﬂimmmm@mmeﬁmmumuﬂimmmmuﬂﬂumquzmmmummnu
X ua - . Xz y
Lwa“ﬂzmmmL@ﬂﬂmnﬂmmwhgmmﬂmﬂ westlszind Tnenassivlugtunugnanungsuni s
waTANTRLINaNIsL N AN TuAF Fau Usvmalnagaiusananianiiaizunns 200,000 Fi
AniluyarIngn 7,900 Arutm (anAnatmsudiganudslne, 2551) TaieenasandNEeIng
melulssmAnazansainAnan nlunsuamnadeaan llsanainselssmeia

o a =

andgalidni giju uazniylslisunalnadnad lunguilsemaguanaalug Taalul we. 2552

d9

o

al o o a [ o dl a a a aa &
e dndmisnangaduandun 4 sestanlunisu@ailantia sasannilsvineau deEs uay
aulatlide (FAO, 2011) avaantantanslugiududuaslugiuaitiailszunns 12,956 fiu wazhn
uyarnsdeanngans 689 A1uunm (nsutlsza, 255 3) flaqriunisiassianiia lulszmelne
WenIN9@eadngesuunIaReELULLNLIY InemInsianmzideslanlanuumwaAgneReo
(monosex male tilapia) ImsnasliaesluunALANATIEY dnnananuig ignilannuludgag
dll dl o £% T a & o 'S = aal ¥ aglld
ayuna Wawtanthlignilanldifnaouanysaifugaeanais 35019 1dae Siuunaneus il
Usz@ndnmd i ldnandafugnilantamedsaniaanisnangs uazaunsninunlssene 4

TuynszuuNIaIzIAL

aasluuma lddnundunumlunisdsdanseusansauiaiaqiiu Aaeeunnsdneni
Pngeflnunn Miudanuaanen iuasusnlutl w.A. 2480 nasaniiuaasiuumAanuanasin e
gninn ldneaeslulan 1Hins1e) (Pandian and Sheela, 1995) $1EMUAINANT @ 7IVTY N9 ld

gaflnuenlamalnamalsy (ethylnyltestosterone) LAY 1-alalasmalnamnalsn



(1-dehydrotestosterone) 'l blue tilapia (Guerrero, 1975) N5 aaflnuedingian (estrogen) i
blue tilapia (Jensen, et al., 1979) n13ldaasluuimanilulan (mestanolone) 1 Nile tilapia (Soto,
1992) mﬂ%mﬁmuﬂqmn%mm'aT,m (fluoxymesterone) 114 Nile tilapia (Phelps and Popma,
2000) nnsldwiamalnamalsuludantva eelpout (Korsgaard, 2006) n1sldaesinumiiama
nawalsu (methyltestosterone) 11 medaka (Kang et al., 2008) {udu Inanalnuesaesiuuluy
ma?mﬁmﬁﬂLWﬂﬁuﬁqumﬂuﬁwmmLuﬁmu,m'mnumﬂmiﬁﬂmwudwaﬂﬁuumﬂﬁjﬁﬂLﬂ?ﬁzﬁﬁlﬁ

v
4 o o

Wi azldfinadudinnsuansaanaaseuladndn Aty sunslalnlasui 450

b

=

azl3una (cytochrome P450 aromatase) TNRUNLAINTUANTWRMUILRY S0une (testicular
differentiation) Tulandwugnsssilumweide (Kwon et al.,, 2000; Bhandari et al., 2006) Uazn13

Taefluunadnglszasdunauiiaaiinaliladss@nanmtiuiinonusdusedliaesiuu

1%

TudasszazaaaninfiBendissazdngs (critical period, labial period) \uszeizigniandad
. o o ey o 4. A
WALIN989sLLALRUET Ianysofivarlsrazinanfiunnsineiuli luusazatiauesilan
danfiazednalu nszna Cichlidae Azdiszayingmae Jun 10-30 wdIaINN1sinaanannld

(hatching) (Pandian and Sheela, 1995)

L%

o o a dl v o dg/ ¥ ! a dy
mmuﬂmu@mﬁ%uﬂmum?wwma‘zuuma‘mmLm@iz‘]_m@q FANNTTNULNNITIALN

q

danfiauuuwAgnALRLY (monosex male tilapia) taztantiamaginisiasauauianandnea
= [ 1 o % ' [ K A o
Waaunsaaniloynisuaniuesuaznisunn ladnieluteninWazaansenisdnnig asiniein

seslunagidunldinenantaainmalugniaiasteunsvans Deudasiingnisow] lunis

6

witienti Wldifaaananysniiugreanals anfiu nsAnuanmAseie n1suand g

3

'
asal

(El-Sayed, 2006)uf ki laFuAnRanuan winfiuasnnsae fluwmsaansliae fluuilidlulan

1
yala

Fuyuliigeainmnifeuiiisauazinemanaananand iR ideenelunf - sefluuwadiine
lutanila endidu walnanalsn (testoterone) whawmalnamalsn  (methyltestosterone)
wanilulay (mestanolone) waz Waaandinamalsy  (fluoxymesterone)  Aauanslunin 7
gasluuuaniiulay (mestanolone) e waanwialalalnsmainamalsnw  (170-methylated
dihydrotestosterone; DHT) iuaasluuinaidsinsyi dnuaniimiiluaasiuumeag (androgenic
effect) ‘17%@&LL@%QQﬂdﬂaﬂﬂNum@TVI@LVIﬂIﬁ‘u Iu@ﬁ&lLL?ﬂQﬂﬁ’]ﬁ\l’fﬁLﬁ@'ﬁ/ﬂQﬂ?zmVﬂu‘i/l’]\i

o

nsunme lunisdneduasematnenianuunnsesesssAuaasiuuma  usiiesanananiis
Naunsnaiandnaiieléige asinliluilaqiiumaniiulaugninanldiuiiniin wazdudane
wisnalunisdsnairandnuile uazgninunldlugaanunssunismnziasslanfiaivamilantin i

anilanalifarnanysaiiugaeanadaluilaqiiv Taanislizesiuumaniulauazuas


http://en.wikipedia.org/wiki/Dihydrotestosterone

%

217 1UIWIA 80 Hadaniusienianin aauns Wungniantanuiduszesioan 23 44 (auysuay

ALY, 2554)

(d)

)

i 1.1 Tageadranaetzesae fiuunwadniiun M unawfiaainnaglulanta

(a) testosterone (b) fluoxymesterone (c) mestanolone Wag (d) methyltestosterone

NM9MIAINATITALTHIU gafluuned Hsreanunistianamatiannldlunnsasma
3Lm‘q::ﬁTma’%’%ma‘ﬁﬁﬂﬂuﬂ@qﬁuﬁ@ wATlANT Chromatography TeilAnnausiugin (sensitivity)
WATAUNIZEY (specificity) AdldrunmuTuuasien dedhauninany Seamunisamam
N A LT Ol Ol e Liquid  chromatography-tandem mass  spectrometry
(LC-MS/MS) Mm@ﬁﬂmmaﬂﬂuumnLﬁ@@'@ﬁiﬂu@ﬁumnlumu (Higashi et al., 2005)
u@nmnﬁfuﬁqaﬁm?ﬁﬁmcﬂﬁﬁ Gas chromatography-mass spectrometry (GC-MS) w114 lung
p3aailadnazae 1Al (Bi and Massé, 1992) luilaannzuassinuae (Yamada et al., 2007; Yamada
et al., 2008) lutlagnzaeainsdanaus (Biddie et al., 2009) lugu HseaunisAnenfivanis
pgaantsuEesiny 17 danwiamainamalsy (17alpha-methyltestosterone) kas 17 8an
widawmalnawmalsy (17 alpha-ethynyltestosterone) mnﬁ’msl,wf:@ﬂmmﬁmrﬁhm pananaazllu

dl ) o a s dgll a :’/ =
FANTINN 1 LLM@WM?HHW?W?Q@QLﬂ‘i"}Z‘Vm’}ﬂ?‘m’]mﬂﬂ‘ﬁmumZQV]WIMI@H&LHL‘L&@?J@QTJ@’M@HM WLENEN

m@ﬁﬂwwmmum LAZATLL(2554) L1l


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Biddle%20ST%22%5BAuthor%5D

A5 1.1 2UA sreziean N3 WEe NN ARHaNe1T a1t Hnsine uartFanae fTuunnAnsluiean

Fish

Hormonal dosage

(kg'1feed)

Temperature

Hormonal level

Time of detection

Reference

O. niloticus

O. niloticus x O. aureus

O. aureus

0. mossambicus

Salmo gairdneri

300mg MT/kg
(21 days)

60mg ET/kg (77

days)

60mg MT//kg
(21 days)

40mg MT//kg
(37 days)

30mg MT//kg
(21 days)

26+1°C

26+2°C

10-11°C

Undetectable

Undetectable

Less than 1%

( 5ng/g tissue)

Undetectable

Undetectable

5 day after

withdrawal

2 day after

withdrawal

5 day after

withdrawal

100 hrs after

withdrawal

100 hrs after

withdrawal

Guerrero (2008)

Rothbard et al (1990)

Goudie et al (1986)

Johnstone et al (1983)

Johnstone et al (1983)

MT= 170-methyltestosterone ET = 170l-ethynyltestosterone



nsliaailuman ulaunanatvisluauin 80 Haaniusanianiueniis iuscaziog
23 u %I\‘iLﬂuﬁ'ﬁﬁlﬂﬁﬁ?}@Q‘Luﬁwﬁuﬁu@mwaiﬁmm?mLﬂuqﬂﬂmﬁmwm}’qqﬁq 100% uiiiang
mﬂmﬁﬁmetﬂu@nﬂmﬁ@é’fmm@"Lﬁafaﬁummmini@ummmmmim@“ﬂﬂmﬁaﬁuﬂ Azil
Usz@ninngs widssaslifnsatuiuscazinans 23 u Fousraziaanfiun Aol
pnuiulliTazanszaznanieiuing afluuman ulauiluigndaniaiewmiiaoirls
dutlarwed GadunisaatfunmseTuufignaniialésy LﬂuLmeNﬂﬁu‘”ﬁLﬁ@@mmﬂ%@wmﬁ
lunszuaunaeaaniadmiunsingifae dummedeuite anszeznaazlsinmnsld
aefluumamiulalumewianhmelugniaifia  uaspmatfunaeesTuumaniiulaulu
Uallasaemaiin LC-MS/MS Lﬁ@ﬂﬁ@g@iﬂﬂ?fﬂmﬁﬂuﬁu ﬂizaw%mwm@mﬁmﬁ’]meﬂugﬂ
ﬂmﬁ@LL@:ﬂ?mmmﬁﬁwmaﬂﬂuuluﬂmﬁ@ﬁLf?v'”mﬁqgﬁﬁmﬂﬁmﬁummuﬁﬁmﬂ@ﬁﬁ@fﬂu

laqiiu



UNY 2
msuizadnwAlugniaiialnanisizasiuwnaniiulaunauaims
mslugasinunaniulauungniaiiia

1.1 nsudaaiiuu

gnianfiaszazgeldunsgy (@1gdszunn 7-10 Fundsljaus ) aanlsaizaumnzinanuan
12,000 63 gnidngniameaad uiingunismaaadesnitlu 4 ngulug) A, B, C uaz D uiazngw
Hilananuaunguar 3,000 F i udaefluumaniiulan (Sigma-Aldrich, USA) iilussaziian

4 F7734 NP udiudLd 0, 500, 1,000, 1,800 lulpsniusatin 1 AnT AINANGL

1.2. N3 NI ANED TN

g5 INUNANAI MR NN TDmFaN LA Insn1raransaa s TN an1 Tulanlu 95%
wiaueanagad (ethyl alcohol) azl@iflu stock solution TeaziinukaNiLa1slalany
ax ) ) ) v pRpm
2fN19984 National Freshwater Fisheries Technology Center (2000) TAa s nRYTNN e afluu

wan ulaudnduwyindu 80 mg/kg amnsudatinliivldlunia grungl 4°C sennstin 11

gniafiannngn (A-D) anlssFaumizinazgn é’mmtﬁm&i@ﬁqﬂmgm@ Tnengs
AILAN (NN D) axldiuanmsininaannimaaed (sxaz0ailsziins 80 41) UAZNENNAADY
(ngn A-C) TFFuammananaefinumaniulauluawin 80 Haaniusenlaninewis ynv 59u
AzfNNIdNgNLaNeanNNIANUAATNEN SIUUNGNAT 500 5 Aagw 04 Fufi 0, 5,7 10, 15 uaz
20 gesmslfemsnangesluy wdeeredagenng auladeauneiivansdnuanneld

(32812198 NNTHALNLTENN DL 80 314)
nsasiaunAlatdanliasugasivunanilulay

inlantianlézuaasiuumanulauniiinsmsagiiiaitiossuuduiugion - gonadal

3

squash technique FeldAcanazdinA1N (aceto-carmine stain) (m@m‘i, 2537) WAZATNNINNG

Hey1anen (histology)



2N 2.1 nMsneaes Waeiluwmani lulaunaneuisungnianila



NANISANEN

nstszifunanismfiaaiimag lugnianfadanisugduay anmsuanaesluu wanily
Tau nsAneliaitiossuUAURUEIZAUNMAIA  (gonadal squash technique) Ta31lantiaant

[

sz 80 i Tneinillaitiaan (fresh tissue imprint) 2898381923 UUALNUS H1un3 I datan

9
73 1
o

2@ 1MANNY ( aceto-carmine  stain) AIARNENADIqANIIAY LAY NNIANHILBIIZULALRUS
seAUNTEINeN (histology) Tutlantiaang 100 41 taeREn el manNe Wud’]ﬂﬂﬂﬁjmﬂ’]ﬁ‘ﬂ@@ﬂ\‘]ﬁ
15U msusuae e iulauluaunn 80 faansusenlaniuawnsifhuszeazinan 15 fur
Wutlantawmegnie 100% (mwﬁl 22 uaL AW 2.3) azmsudgefluulutindea sz ziogn
4 daluslfurgnilaniialuszazinnzin granam mﬁmﬁ’]mﬂﬂu@uﬂﬂmﬁ@mmﬁlﬁzﬂmdqmﬂgm

Y ~ I o A
AIEDTUNTINENBEINLALIT AN LL@@QFLUW']?W\‘W] 2

nsudgeshumaniulaufimnadudu 500 lalpsniusievi 1 aasdunan 4 92l ud
L'z%m@ﬂﬂmﬁi@é’qamm@mmmﬂuu wanlulay (80 HaansumAanlaniua1ng) ussazinan
0, 5, 7, 10, 15 uaz 20 Ju AsanUUAHAWALWNAY  53.73%, 93.19%, 95.26%, 99.23%,
100.00% uaz 100.00% AmAnsy dwiunsudgeslun  wanntulay fraudadu
1,000 lnlpsniusiein 1 ans wnan 4 %Imu@*mﬁquﬂﬂm FafeaINNINANFaFINY luani Ty
Tau (80 Hadnfusianlaninenis) luszaziaan 0, 5,7, 10, 15 4ay 20 F1 mevanuLanfiaineeg
WINAL 72.91%, 94.97%, 98.94%, 99.27%, 100.00% Waz 100.00% ANNATAL Lazn1sudaasin
‘171'mmL%u%’uznggmiumimmmﬁﬁ@ 1,800 ilpsninsierin 1 amsiflunan 4 Falusudaiaaase
AREANUNTHANTD TN laNn1Tulaw (80 Haansusanianiu a1ung) wWusseazinan 0, 5, 7, 10, 15
waz 20 Ju mIvanulanflaAgwindy 75.03%, 95.69%, 99.29%, 99.60%, 100.00% UAL
100.00% ANNATGL Iumm:ﬁmj WllFFunsudae fluulifuusanmnanaasiuuiuszazinan

0, 5, 7, 10, 15 uay 20 Fu AvanulalaWALWInaY 47.44%, 91.43%, 97.34%, 98.42%,

100.00% WAZ 100.00% ANNAAY (137199 2.1)



A519N 2.1 1afidusnwAreslanfian lfsuaasiuuman Talan Aoen o0t La AL FAaAq a1 e

nanaeiluumanilulay (80 Haaniusenlaninemng) Tussaziaaisina fiu

Treatment Mestanolone Immersion Mestanolone Sex Percentage

Dose(ug/L)  Duration(hour)  Feeding; day Male Female
A1 0 0 0 47.44% 52.56%
A2 5 91.43% 8.57%
A3 7 97.34% 2.66%
Ad 10 98.42% 1.58%
A5 15 100.00% 0.00%
A6 20 100.00% 0.00%
B1 500 4 0 53.73% 46.27%
B2 5 93.19% 6.81%
B3 7 95.26% 4.74%
B4 10 99.23% 0.77%
B5 15 100.00% 0.00%
B6 20 100.00% 0.00%
C1 1,000 4 0 72.91% 27.09%
Cc2 5 94.97% 5.03%
C3 7 98.94% 1.06%
C4 10 99.27% 0.73%
C5 15 100.00% 0.00%
C6 20 100.00% 0.00%
D1 1,800 4 0 75.03% 24.97%
D2 5 95.69% 4.31%
D3 7 99.29% 0.71%
D4 10 99.60% 0.40%
D5 15 100.00% 0.00%

D6 20 100.00% 0.00%
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dy dl A o a al

\WaltlassuuAuRug utlantameioany

60 414 MFIRAAE gonadal squash technique;
dlf dl o ] '

wanaidaitle Fald (ovary) WA AA L

(oocytes) (x40, aceto-carmine stain)

dil 4ﬂ| A o a =
\Wadlesruuduiug udanfiamAdiaens
60 414 MFIRAAE gonadal squash technique;

WAASLTAR bl (x100, aceto-carmine stain)

a a d” dl A o
sURryTIneuanaileidessuuAUR UG INA
Welulantla  e1g 1005w ; 59ld (ovary)
neluussquas 1 luszezsine veslelaiai

4% (oogenesis) (x100, H&E stain)

a a &9/ dl =) [ '8
JURTINEN WAAHBLEaITUUALNUSINA
Werluilaniia a1g 100 Fu;  waal szeizusn
(early oocyte) DRI (nucleus; N) a11m
lunjatinsanana T (nucleoli; Nu) 098117
Hpasad waridureasadnaadipa (follicle

£ o & .
cell; FC) @aNanetuz il simple squamous

cell RaNFAUTAR 2 (x1000, H&E stain)
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dlf dl A o a v
Lumﬂmzuumuwuﬂuﬂmu@memq

60 91 M3AA9E gonadal squash technique;
ugnailaiEle Stumey (testis) (x40, aceto-

carmine stain)

X A A o a Iy

\alElasruuaLug lulaHamedany

60 91 M3_A9E gonadal squash technique ;
A A o Ly oA N o

ILARSLUBLE B ATWNE (testis) mmm"lumﬂwmz

aceto-carmine

dewdhuilamean  (x100,

stain)

a a dlj’ dl A o '8 %
sUN TN UAAAUUBLERITLLALWNUG WA
lulantia @1 100 94 ; doume  (testis) 1w
o dl [~ 1 v o o o
adearnegidugn1einuuntastiaansia
WU NINANUAINUBIIAN (swim bladder)
% dl al al .
ANEERNITIUINET  (mesenteries)  tagIgaLl

(x100, H&E stain)

a a dli/ dl A [ ¥
sUNyTINeLameLUD IATCUURAUNUG WAL

lulatia 21g 100 9% ;  viewdilweds
(seminiferous tubule) FARTNENILAAILITIIE
paananavieiusse ludsaiefninlos
(spermatocytes; Sp) Avlosunmngd
(spermatids; Spd) UaY FNega

(spermatozoas; Spz) (x100, H&E stain)
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und 3
Sunuaasinuinaniulaunnaielulaniia

nMsIALAIBLNN

nafushetsesgnianiisfiutae uuuasarmsuanaeTuumaniiulay
prauEuMaAUfietn  Ae insduiusetigniamieainuganisifiarmnaiaas
wanlulawuaaidungn 1,2, 3,5, 7, 14, 21, 28 du Ingluusazszazazinnisifiusaesnadan i
friwinaanmaud 20 nfuawldaclugenanainuiauazazens udain v lfgamadl -80 °C

= ° = -

meﬂmiuﬂﬂqmmw
L (o 1 & a o (.24 a 14
N9LATANAIDENNLHDUAIHAFIUTUNITUATISH

a o ' dl VG a o Z’/ a
nawrsesedgnlaive iy placebo Tun1saiasnzyt ludumeuniswses standard
curve WAy Quality control sample (QC sample) Inginiilataniia AnnsneananLasunzing
aanl udaiineuiugudnt antuinaniuiuduiluiazuananfoaiaTasiua g

a

AZIBE AW mm@ﬂmﬂummmmﬂmi gnuni -80 °C aunsevisiaNn g

mmu@ﬂﬂmu@mL@mmﬂmm@ﬂmﬁ“‘ nuraNTasanTNaNI LAl NNt
d” a a g o a 2’ o o < 4 [
Lumﬂﬂmumwmlmw Imﬁmaﬂﬂmu@‘v]L@mmﬂmﬂmmmmiu’tmummmum wiquviarlu
udnifunangaeneiasiiuauldtaaz@aau mm@@ﬂﬂmu@ﬂm zgnifiuinun3nanmni -80 °C

AunsTaiuN Rty

n1saasizvlsuraasinuinan lulauanaelui/aiila

NN19M99aN19ANANTa9L P auaa Sinumant Tulanludandamnziasasaenaia
Liquid Chromatography Tandem Mass Spectrometry (LC-MS/MS) mmfsdﬁma“ﬂmwumj LAY
ALY (2554) annianfiasnasineflesuaesiiulnefan sudlasias it annsnanaa Siulu

TTULLINTFIN
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wreNAnsarateredssuns g uldeudnduly acetonitrile iewsiden standard curve
finonuddias 10, 20, 40, 60, 100, 150, WA 200 ng/ml AMNAIAL UATIFTENAITATANENINTTI
Tuuawalsddndu dmiuiduarsazateninsgiunielu (intemal standard) WA ndndy
500 ng/ml  thansazanaunsgwlinumani ulaudaduiieonuddusine Seu
U 50 pl wazansnmsgunialudndu (internal standard) /19w 50 i Fuadlludede
UanfaRuafuinudaus (dried ice) AU 1 NN @nmse tert-butyl methyl ether (TBME)
950 i upzilunansinetng 30 Aund LL@Zﬁ’]ﬁQ@Eﬁxﬂﬂ[ﬁlﬂ[ﬁlZﬂﬂuﬁQﬂLﬁ??l‘ﬂ\‘i‘]juﬂmm%qq\‘i
(centrifuge) HinaaiFa 14,000 savsiew Wlwaan 10 wnil figuuugi 10 °C anntfuhansazans
Fuundeas fwanmiulan gneneliladly microcentrifuge tube  uazinldszmeauurialngld
SpeedVac  concentrator ﬁqmuqﬁ 50 °C sz 1 dal vdsamifuazanendudog
acetronitrile 500 pl 11114l sonicate Thi9an 5 W7 uay tTunauifunan 30 Wit uazthaisazane
lihugaenetestiupnnudage (ultracentrifuge) fipananda 14,000 seusewdl lwaan 10 wil
ansazareazgnonghlluy vial eAAT e mATA Liquid Chromatography Tandem Mass

Spectrometry (LC-MS/MS) faldl

ﬂ’]ﬁ‘Llﬂ?‘?;lNﬁ'J@Ei’]\‘]L‘ﬁlﬂaLm"lzﬁﬂﬂﬂNMMﬂV‘;’T’]ﬂulﬂﬂgﬂﬂﬂ’]ﬁ@ ﬁﬂmmwﬁq@ﬂﬂmﬁ@ﬁqﬂ
upazdaafL Wi U Sinmt niu ldvaeamuifindaune 5 adans udaibinansazans
Tlunamals § 500 ng/ml 91191 50 pl?5'\1Lﬂummmwmmgmmﬂu (internal standard)
ANt LA tert-butyl methyl ether (TBME) 950 ul sinunenldnmudunan 30 w17 way
pnazneudan wisasuanudage  Seasanazneulsiufianiudesen 4000 seuseund
lunan 10 mﬁﬁ'@qmmﬁ 10 °C andurhansazansduuuieay Sanitulau gnanerlildly
waenlules uriiaduaziilissmeauukalanld  Speedvac concentrator Mignuugil 50 °C
Usvanny 1 4alu9 ndsanntiuazatendudag acetronitrile 500 ul 111l sonicate {lwaan 5 WA
waz Tunamdunan 30 il uasthansazanelutugaeiasiunnudageiinanud
14,000 sausewf sl 10 Wi ansazanaazgninglilu vial uardiasiziansazans sos
Liquid Chromatography Tandem Mass Spectrometry (LC-MS/MS) Imelf chromatographic

condition #9%



Column

Mobile phase

Flow rate

Detection

Injection volume

Column temperature

Auto sampler temperature

Mass detection
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: AlltechAlltima C8 (4.6x100 mm, 5 pym)

: 5 mM Ammonium formate pH 3.5: Acetonitrile
0.8 ml/min

: mass spectrometer

210

:30°C

1 4°C

£ 305.3/269.3 AuFLimanlulau

- 373.5/355.4 @u5unuuginalas

1. NMIFATIARDUAIININNISANUBNITSUL (system suitability test)

LC-MS/MS chromatogram ~ 2@4n133iasnzimanilulaunndnslugnilaniia ugln 4

WUI1 ANLRALIURY retention time wadiNan lulaunaslnuuamalss windu 5.67 WAy 5.05 w1

ANNAAUTALNAN % CV  WinfL 0.097 UAY 0.177 ANNAIAULATWUINANAALUIAY  resolution

521979 NA (peak) vaNan1 ian iy uuawmelsdmindy 2.32 IaelA % CV windu 0.472

A115UAN tailing factor 2eeamuaniTulan uay Wuuawmalsfvindy 1.13 way 1.13 MNATAL

TpaNAN CV Winfu 0.739 LAz 0.885 AMNAIGL FIANTI9N 3.1

M1919% 3.1 system suitabilitytest 1a9353LATTTMAN TulaunAnAglugnilaiiia (n=5)

Parameters (%CV)

Retention time (min) Resolution Tailing factor

Mestanolone 5.67 (0.097) 2.32(0.472) 1.132 (0.739)

Finasteride 5.05(0.177) - 1.130 (0.885)
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A ulay Wuudnalsa

AWA 3.1 LC-MS/MS chromatogram UBINNTUATITHATALAENANTBIATHIATF W TN
lulau uaz WMuuawalsdanududu 5 ng/g (A) war 50 ng/g (B) mua s g LC-MS

system 113U 5 ATS (system suitability test)

2. mﬁmm@ﬂ@umwgnm”m (accuracy) Wag ANLNENATI (precision) ABIIBIATIEH

¥ dl aca o dl ¥ v
NM9IA2IRABLAIINYNABY LATAINNINENATIIBITTIATIEVNANT TUTAUN AN
1 o/ o/ o/ 1 a 1 da/ dl a dl o/ v v
AN U 3 svau lu sedw gniantlanudmanilulanluiieiietanila Nezsuanudnduy
szanne 1.0, 5.0 uaz 7.5 ng/g NANLRRYTRY % recovery TaaUAAzANNENdWINTL  103.02,
96.89 waz 101.24 Aua1eU laaiA % CV ufazaudndwyindy 10.63, 3.83 uaz 7.66
49/ 1 a 6 o 1 1 o dw dl a a
wanaNINLI luN199AIEiFa1egendnedu dsunnimanilulauluiabiadantia AN

% recovery 189iNaNT Tulaug lutdae199 82.30-112.44 UATHAN %CV Hagndn 30 (AN979% 3.2)
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A15199 3.2 N19ATINABLAINYNSBILATANINEIATNTRI s van ulaulugnianiia

Amount Amount found  %CV  %Recovery
Compound added (ng/g)
(ng/g)
Repeatability (intra-day) n = 5
1.007 1.04 + 0.11 10.63 103.02
5.035 4.88 +0.19 3.83 96.89
7.522 7.65 + 0.59 7.66 101.24

Intermediate precision (inter-day) (3 days, n = 3)

first day 0.983 1.06 + 0.04 411 107.80
4.915 417 +0.18 4.26 84.75
7.373 7.37 +0.88 11.88 100.03
second day 1.007 0.99+0.13 12.95 98.79
5.035 493 +0.22 4.52 97.96
7.522 7.56 + 0.52 6.85 100.05
third day 1.007 0.95+0.11 11.73 93.92
5.035 4.79+0.10 2.15 95.05
7.552 7.29+0.35 4.84 96.55

= [ . . 1 ¥ v aaa I
NANITATIAADLAIINLL ULAURNTI (linearity) WRASTINAIMNNLUNUY (range) UBNIFILATIET

N13M398aL AN UEUATI89ITAATIZT (method linearity) wazdaaAanuidindun g
AnrzsnFunasnant lulaulwiiaitiaanianmnudnduassasazanemantulaunansa
aniiaieiatantia sine) i 7 szdu ldud 0.5, 1.0, 2.0, 3.0, 5.0, 7.5, uaz 10.0 ng/g tnediAsnzit

o

L7 Z// 14 o [ o ! ' é’ Adl va
ANNLINTUNE 3 mﬂmmﬁmuwuﬁmm Am9d9uUsEnIeNuUn A ATadNani lulau nu

o

Tluugnalss (peak area ratio) AUERINEIULBIANNITNTULIBINANIWTAWAS 7 AdsdNd
(0.5-10.0 ng/g) MuANdiniuzeasazatennsg unely iudunss Tnefiannng linear lu

ax+b WAL r° = 0.9989 FIANT9N 3.3 WATNINN 3.2-3.4
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m1919% 3.3 Ansiudunsauazdnsponududuradiinssianiulauly  fede Uanila
(n=7)
Concentration range (ng/g) Parameters
a b i
0.5-10.0 0.2288 0.1137 0.9989
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AN Tulau Wwusinalsa

Std 0.5 ng - Finasteride 373.5 /355 4(S) (Standard) 373.5/355.4 amu - sample 29 of 57 from 24January201L1wiff
Std 0.5 ng - Mestaline 305.3 / 269.3 (Standard - sample 20 of 57 from Lwitt
| I st her reliuhgimnk oty ity " Area: 11722:542 counts. Height: 9.16e+002 cps. RT: 5,05 min

505
900
850
800
750
700
650
600
550
450
400
350
300
250 449
200
150
100
50

5 5
Time, min Time, min

374

Intensity, cps
Intensity, cps

sample 49 of 57 from 243 L1witf S1d1.ng - Finasteride 3735 355.4(5) (Standard) 373.5355.4 amu - sample 49 of 7 from 24January201L wit
“Area: 11708.110 counts Height: 8.88¢+002 c

504
850
800
750
700
650
600
550
500
450
00
350
300
250
200
150 453
100
50

s B
Time, min Time, min

g oo /
‘Avea: 2422.751 counts. Height: 165¢+002 cps RT: 5.65 min

370

Intensity, cps
Intensity, cps

5192 ng - Mestaline 30531 2693 (Standerc) 305.4268.3 amu - sample 36 o 57 from 24danuayZ01LLwit 5102 ng - Fnasteride 373: 355.405) Standard) ST3SI355.4 amu - sample 36 o S from 24January201Lwif
‘Area: 3877.997 counts Height: 2.79e4002 cps RT: 5.66 m| ‘Area: 10191011 counts Height: 7.96e4002 cps RT: 5.05 mi

505
750

700

650

600
550
500
450
400

350

300
250
200
150 450
100

50

3 G

3 5
Time, min Time, min

367

115,

Intensity, cps

160

Intensity, cps

140

120

I 52 et s 2003 ) 50532009 ar T SR p—"

5o -
-
D
a0
. 500
§ w § o
T T
E e
200 300
150
200
00
0o
5
5
Tt i T, min

NIN# 3.2 LC-MSIMS chromatogram 1a3asavataamsgIuldemaniiulay pnadudy
0.5 ng/g (A), 1 ng/g (B), 2 ng/g (C), 3 ng/g (D), 5 ng/g (E), 7.5 ng/g (F), waz 10 ng/g (G) (fne1)

Auansnnsgrunie luluwamelsd Asnudndu 50 ng/g (191)



AN Tulau

[ 519 59 - Mestaline 3053 /2603 (Standar) 305.31269.3 amu - sample 51 o 57 from 243anuary201.wift
‘Area: 11504.980 counts Height: 7.78¢+002 cps RT: 5.65 min

19

Wwusinalsa

Std 5 ng - Finasteride 3735/ 355.4(5) (Standard) 373.5/355.4 amu - sample 51 of 57 from 24January201Lwiff
Area: 11085639 counts Height: 8.76e+002 cps RT: 5.03 min

sgs sos
a0
a00
a0
70
750
00
0
650
a0
a0
a0
550
" L, s
& so g
i S o
5 o £ w0
- 350 - 350.
300 300
250 250
0 oo s
150 150
100 100
s o
7 P 3 7 3 3 7 ) T P 3 T : T 7 7 7 )
Time, min Time, min

[ 51975 ng - Mestaline 305.3  269.3 (Standard) 305.3/269.3 amu - sample 57 of 57 rom 24January 201 wiff
‘Area: 20063424 counts Height: 139e+003 cps RT: 5,67 min

Std 75 ng - Finasteride 373.5 / 355.4(1S) (Standard) 373.5/355.4 amu - sample 57 of 57 from 24January2011.wiff
‘Area: 12765.621 counts Height: 9.63e+002 cps RT: 5.04 min

567 504
950
1400
00
1300 850
1200 800
750
1100
700
1000 650
2 s00 o 600
R S s
S 2 500
g 70 s a0
I = i
00 350
300
400 250
300 200
50 449
200
100
100 5
5 To 7 E] 3 3 5 5 7 5 3 To
Time, min Time, min
Std 10ng - Mestaline 305.3 / 260.3 (Standard) 305.3/269.3 amu - sample 9 of 57 from 24January2011.wiff Std 10 ng - Finasteride 3735 / 355.4() (Standard) 373.5/355.4 amu - sample 9 of 57 from 24January2011.wiff
568
1800 505
1700 00
1600 850
1500 800
1400 750
1300 700
1200 650
2 1100 o 00
s S ss0
5 1000 =
z Z sw
£ o0 ]
] 5 as0
£ a0 :
< aw
700
350
600 300
500 250
400 200 51
300 150
200 100
100 50
5 7o T 2 3 ¥ 5 3 7 ] 3 To
Time, min Time, min
'
] !

NNAN 3.2 (FAa) LC-MS/MS chromatogram

1898138 A8NATT U T umEaN ulaw A

Wnd 0.5 ng/g(A), 1 ng/g (B), 2 ng/g (C), 3 ng/g (D), 5 ng/g (E), 7.5 ng/g (F), waz 10 ng/g (G)

(Fe) fuansnmsguneluliuuanelss panndndu 50 ng/g (197)



3.00 -

2.00 A

PAR

1.50 A

1.00 -

0.50 -

0.00 .

2.50 - y = 0.2288x + 0.1137
R? = 0.9989

0.00 2.00

4.00

6.00
Conc (ng/g)

8.00

10.00

12.00

20

2N 3.3 Anaiiluidumnsaredisimezd  (method linearity) 2e9RadwAsnzfinaniiulanlu

Aaaeinsgnianiianas LC-MS/MS
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AN Tulau Wwusinalsa

QL - Mestaline 305.3 / 269.3 (QC) 305.3/269.3 amu - sample 42 of 57 from 24January 2011wt QL - Finasteride 57551 555.4(4S) (QC) 373 5/355.4
- Finasteride amu - sample 42 of 57 from 24January2011 witf
372 504
400 800
380 750
360
700
340
20 650
300 600
280 a0
260
o s 50
S a0 2
Y 5 40
g 20 2 a0
T = w0
160
300
140
120 250
100 200
80 150
60
100 ass
W
2 50
To 7 E] 3 ) 5 3 7 5 3 To
Time, min
QCM - Mestaline 305.3 / 269.3 (QC) 305.3/269.3 amu - sample 50 of 57 from 24January201Lwiff Finaster s a 5/355.4 amu - sample 50 of 7 from 243an wit
I e e St [ OC, Finasterde S735 355 4019) (Q0) 37350355, annu - sample 50 of 7 from 243anuary201 1w
566
504
800
950
750 900-
700 850
650 800
w0 750
700
550
650
2 50 2 o0
S a0 S s
g a0 2 500
B 2 w0
£ a0 H
400
300 350
250 300
200 250
450
150 200
150
100
100
50 50
5 To T H 3 3 5 5 7 g ) T
Time, min Time, min
I ‘QCH - Mestaline 305.3 / 269.3 (QC) 305.3/269.3 amu - sample 24 of 57 from 24January2011.wiff I QCH - Finasteride 373.5 / 355.4(1S) (QC) 373.5/355.4 amu - sample 24 of 57 from 24January2011.wiff
‘Area: 22405154 counts Height: 1.516+003 cps. RT: 5,68 min Aroa: 13140.594 counts Holght. 11004003 cps RT. 504 min
568
1100 504
1500
1400 1000
1300 C 900
1200
800
1100
L 1000 , 70
© 00 &
E )
Z w0 5
- 2 o
600
400
500
o0 200
300 200 a9
200
100
100
5 7o 7 E] E) T 5 s 7 T 3 To
Time, min Time, min

AT 3.4 LC-MS/MS chromatogram aadiuaniTulaw anududis 1 ng/g (A), 5 ng/g (B) uay

=

7.5 nglg (C) Ndasazarsmmesgunelulnuuamalsd anudindu 50 ngig ansiveenegn

anila
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al o e 6

doudnspnudnduresnan ulaulugnianfianianuduiusifudunsanas inanns

a ¥ ¥ 1 o dll a 1 Y v A |
fJLﬂﬁ"]?Jﬂﬂlﬁgﬂﬁlﬂ\iLL@tLLﬁ\luﬁl’] WaNAIUNTNANNENTUN LT TN 9Rsaae LA KL WA UR S

WUINHAINTL 0.5-10.0 ng/g

NANTISATIAFDY limit of quantitation (LOQ) UBIIBILATIEY

INNMTATIAAaL limit of quantitation (LOQ) 2edRniAsnz ndsunausaniiuiaun

anAsliladiatanianudnNA1wingu 0.5 ng/g Fam31eR 3.4

AN97199 3.4 Limit of quantitation 1843834As e asman ulaulwiletiedanila

Concentration Parameters
(ng/g) %Recovery SD %CV
0.5 92.81 10.48 11.29

KANITATIAABUNITNALUAY Tadn1sanmuanlulavainilaigat/aiia  (recovery of

extraction)

AMNNNIMIIREBLNTTNALALIBIN3ARA  wanlulananniletiadaniia  (recovery of
extraction) NANNENdY 3 s2ALAR 1, 2 WAZ 5 ng/g WLYN %recovery 1a9N1TANANANITLTAY
79 3 ANNTuannilafiedaniatAwindy  56.02-71.31, 60.16-70.04 WAy 56.56-71.55 %

ANNATIAL LAZH %CV WiNAL 12.88, 8.42 UAY 11.68 % ANNATALAIANTINN 3.5
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M990 3.5 HANTIRIIAdaUNNINAUANTIaINIsanAmanI lulauangniantia  (recovery of

extraction)
Concentration  Extracted Unextracted Average +
%Recovery %CV

(ng/g) area area SD

0.984 2571.529 4324.856 59.46
62.26

0.984 3083.867 4324.856 71.31 12.880
+8.02

0.984 2422.751 4324.856 56.02

1.968 4980.608 8108.678 61.42
63.87

1.968 5679.428 8108.678 70.04 8.420
+5.38

1.968 4877.997 8108.678 60.16

4915 10034.627 17741.545 56.56
64.32

4915 12694.484 17741.545 71.55 11.676
+7.51

4.915 11504.980 17741.545 64.85
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A15199 3.6 uanTFAATIziansanAedmani lulawlulanfiangniaassasenvnsnanaesiuu

wan1iulandluman 15 94

Lqmﬁaju FNN0ua19mNAY (ppb) ALaae (ppb) %CV
pnating (1) A%a 1 A¥ed 2 AT 3

1 3.231 3.139 3.224 3.198 1.601
2 2.104 2.016 2.074 2.065 2.167
3 0.827 0.857 0.885 0.856 3.387
5 . . « . i
2 . . « . i
14 . . « . i
01 . . « . i

* The value was under limit of quantitation (LOQ was 0.5 ng/g).

anuan1IneaasLandliviudlangaliamsuanaasuwilunan 5 9 ldwuiunn
safluumani lulaulusetng videtiunufindnsedumgaans - nszi annsonsaaaayld

287199 NF03 (0.5 ppb)
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Uafauanlad s
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WARWINAL 100.00% Tuynngunimaaesiudsosse fuumant ulaunauwapoududun
| o %’/ 1 dl M ¥ o 1 v o ZJ/ = v |
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duszazioan 15 Ju ansnwlisainaglugnianiialdedwanysal tneluidndusealsd
sasludunan 23 Ju dandfimegluilaqiii uananifunnaefliuuanlulaun andnelu
fatlan <0.5 ppb aunsndusanainduniastanysaineulivawnlEing  (szanns 8 ihew

. 4 -
nasanlanue aiuaasiuu)

As1an 4.1 ulafifusinaguaviBuininani lulauaesiuunamadnizilugnianfian sy

S INUNANDINNT UM 80 NAANTUFAAN IANTNAIMNTITIUTIZEIZIIAT 15 LAY 23 T

Duration of % Male Mestanolone (ng/g) Day after the last dose

treatment 1 2 3 5 7 14 21
15 100 3.1980 2.065 0.856 ND ND ND ND
23 100 3.224 2.029 1.046 ND ND ND ND

ND: Not Detected
Limit of quantitation (LOQ): 0.5 ng/g
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mﬂwmnﬁ 3 Studies to evaluate the metabolism and residue kinetics of veterinary drugs in
food producing animals: Validation of analytical methods used in residue depletion studies.
VICH GL 49 (MRK) - metabolism and residue kinetics. February 2011 adopted at step 7 of the

VICH Process by the VICH Steering Committee.
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VICH GL 49 (MRK) — METABOLISM AND RESIDUE KINETCIS
February 2011

For Implementation at Step 7 - Final

STUDIES TO EVALUATE THE METABOLISM AND
RESIDUE KINETICS OF VETERINARY DRUGS IN FOOD
PRODUCING ANIMALS: VALIDATION OF ANALYTICAL

METHODS USED IN RESIDUE DEPLETION STUDIES

Adopted at Step 7 of the VICH Process
by the VICH Steering Committee
in February 2011
for implementation in February 2012
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1. INTRODUCTION

1.1. Objective of the guidance

This guidance document is intended to provide a general description of the criteria that have
been found by the European Union (EU), Japan, United States of America (USA), Australia,
New Zealand and Canada to be suitable for the validation of analytical methods used in

veterinary drug residue depletion studies.

1.2. Background

During the veterinary drug development process, residue depletion studies are conducted to
determine the concentration of the residue or residues present in the edible products (tissues,
milk, eggs or honey) of animals treated with veterinary drugs. This information is used in
regulatory submissions around the world. Submission of regulatory methods (i.e., post
approval control methods) and the validation requirements of the regulatory methods are
usually well defined by various regulatory agencies worldwide and might even be defined by
national or regional law. However, the residue depletion studies are generally conducted
before the regulatory methods have been completed. Often times the in-house validated
residue methods provide the framework for the methods submitted for regulatory monitoring.
Harmonization of the validation requirements for methodology used during residue depletion
studies and submitted to the regulatory agencies in support of the maximum residue limits
(MRLs) and withdrawal periods should be achievable. It is the intent of this document to
describe a validation procedure that is acceptable to the regulatory bodies of the EU, Japan,
USA, Australia, New Zealand and Canada for use in the residue depletion studies. This
validated method could continue on to become the “regulatory method” but that phase of the
process will not be addressed in any detail in these guidelines.

A variety of validation guidelines exist for analytical methodology and many of the aspects of
those validation procedures are incorporated in this document (VICH GL1 (Validation
Definition), October 1998 and VICH GL2 (Validation Methodology), October 1998). However,
there are aspects of residue validation procedures that are addressed in this guidance
document that are not addressed in previous documents. The guidance provided here is

intended to specifically address the validation of veterinary drug residue methods.
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2. GUIDANCE

2.1 Purpose

The purpose of this document is to provide a general description of procedures that can be
used for the validation of the analytical methods developed for the analysis of tissue samples

obtained in residue depletion studies.

For purposes of this guidance, “acceptable” refers to the scientific evaluation of the analytical

method in terms of the described validation criteria.

2.2. Scope

This guidance is only intended to apply to analytical procedures that have been developed for
the evaluation of veterinary drug residue methods (assays developed to determine residues in
marker residue depletion studies). It is not intended to define the criteria needed for validation
of regulatory monitoring assay procedures.

This document provides performance characteristics of the residue assays that if followed
would generally be considered acceptable by the regulatory agencies of the EU, Japan, USA,
Australia, New Zealand and Canada. The intent is that methods validated according to this
guidance will provide residue data that would generally be considered acceptable by the

regulatory agencies in determining appropriate withdrawal periods.

3. PERFORMANCE CHARACTERISTICS

In general, there are specific performance characteristics of a method validation. Those
performance characteristics are defined as follows:

Linearity

Accuracy

Precision

Limit of Detection

Limit of Quantitation

Selectivity

Stability in Matrix

Process Sample Stability

Robustness
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Each of the characteristics will be described below as they apply to the validation of methods

intended for use in veterinary drug residue depletion studies.

3.1. Linearity

A calibration curve should be generated in which the linear relationship is evaluated across
the range of the expected matrix (tissue, milk, egg or honey) concentrations. Calibration
standard curves can be generated in three formats depending upon the methodology:
standards in solvent/buffer, standards fortified into control matrix extract and standards
fortified into control matrix and processed through the extraction procedure. Linearity should
be described by a linear, polynomial or other (as appropriate) regression plot of known
concentration vs. response using a minimum of 5 different concentrations. Acceptability of
weighting factors should be determined by evaluation of the residuals across three runs to
determine if the residuals are randomly distributed. Evaluation of the residuals should be
carried out across at least three separate runs.

The recommended acceptance criterion for a standard curve is dependent upon the
format of the standard curve. Calibration standard curves generated by fortification of control
matrix and processed through the procedure are subject to the same acceptance criteria as
the samples (see Section

3.3. Precision). Calibration standard curves generated by standards in solvent/buffer or by
fortification of control matrix extract would require more stringent acceptance criteria
(Repeatability < 15% at all concentrations except at or below LOQ where it can be < 20%).

Some assays (e.g. microbiological assays) could require log transformations to achieve
linearity where other assays (e.g., ELISA, RIA) could require a more complicated
mathematical function to establish the relationship between concentration and response.
Again, acceptability of the function selected should be verified by evaluation of the residuals

generated when that function is used.

3.2. Accuracy

Accuracy refers to the closeness of agreement between the true value of the analyte
concentration and the mean result that is obtained by applying the experimental procedure.
Accuracy is closely related to systematic error (analytical method bias) and analyte recovery

(measured as percent recovery). Recommended accuracy for residue methods will vary
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depending upon the concentration of the analyte. The accuracy should meet the range listed

below:

Analyte Concentration* Acceptable Range for Accuracy

<1 pglkg -50 % to +20 %

21 pg/kg < 10 ug/kg | 40 % to +20 %

2 10 pg/kg < 100 ug/kg | -30 % to +10 %

2 100 pg/kg 20 % to +10 %

* ug/kg =ng/g = ppb

3.3. Precision

Precision of a method is the closeness of agreement between independent test results
obtained from homogenous test material under stipulated conditions of use. Analytical
variability between different laboratories is defined as reproducibility, and variability from
repeated analyses within a laboratory is repeatability. Single-laboratory validation precision
should include a within-run (repeatability) and between-run component.

The within- and between-run precision of the analytical method can be determined as part of
the validation procedure. There is generally not a need to determine reproducibility (between-
laboratory precision) in order to conduct a residue depletion study, because the laboratory
that is developing the method is often the same laboratory assaying the samples from the
residue study. Instead of establishing reproducibility of the assay, a within-run precision, can
be determined. Within- and between-run precision should be determined by the evaluation of
a minimum of three replicates at three different concentrations representative of the intended
validation range (which should include the LOQ) across three days of analysis.

For the purposes of the residue method validation, acceptable variability is dependent upon

the concentration of the analyte. The precision should meet the range listed below.:
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Acceptable within-run | Acceptable between-run
Analyte Concentration precision (Repeatability), | precision %CV*
%CV
<1 pg/kg 30 % 45%
2 1 ug/kg < 10 ug/kg 25 % 32%
2 10 pg/kg < 100 ug/kg 15% 23%
2 100 ug/kg 10 % 16%

(1-0.5log C

* as determined by the Horwitz equation CV = 2 " where C = concentration expressed

as a decimal fraction (e.g. 1 pg/kg is entered as 107).

3.4. Limit of Detection

The limit of detection (LOD) is the smallest measured concentration of an analyte from which it
is possible to deduce the presence of the analyte in the test sample with acceptable certainty.
There are several scientifically valid ways to determine LOD and any of these could be used
as long as a scientific justification is provided for their use. See Annex 1 and Annex 2 for
examples of acceptable methods for determining LOD and Annex 3 for a suggested protocol

for determining accuracy, precision, LOD, LOQ and selectivity in a single study.

3.5. Limit of Quantitation

The LOQ is the smallest measured content of an analyte above which the determination can
be made with the specified degree of accuracy and precision. As with the LOD, there are
several scientifically valid ways to determine LOQ and any of these could be used as long as
scientific justification is provided. See Annex 1 and Annex 2 for examples of acceptable
methods for determining LOQ and Annex 3 for a suggested protocol for determining

accuracy, precision, LOD, LOQ and selectivity in a single study.

3.6. Selectivity

Selectivity is the ability of a method to distinguish between the analyte being measured and
other substances which might be present in the sample being analyzed. For the methods
used in residue depletion studies, selectivity is primarily defined relative to endogenous

substances in the samples being measured. Because the residue depletion studies are well
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controlled, exogenously administered components (i.e., other veterinary drugs or vaccines)
could either be known or not be allowed during the study. If it is the intent to submit the
validated method as a regulatory method, it might be prudent for the investigator to test
known products used in the animals being tested for possible interference.

A good measure of the selectivity of an assay is the determination of the response of
control samples (see section 3.5 above). That response should be no more than 20% of the
response at the LOQ. See Annex 3 for a suggested protocol for determining accuracy,

precision, LOD, LOQ and selectivity in a single study.

3.7. Stability in Matrix

Samples (tissue, milk, eggs or honey) collected from residue depletion studies are generally
frozen and stored until assayed. It is important to determine how long these samples can be
stored under the proposed storage conditions without excessive degradation prior to analysis.

As part of the validation procedure or as a separate study, a stability study needs to be

conducted to determine the appropriate storage conditions (e.g., 4OC, —20°C, or —7OOC) and
length of time the samples can be stored prior to analysis.

Samples should be fortified with known quantities of analyte and stored under the appropriate
conditions. Samples should be periodically assayed at specified intervals (e.g. initially, 1
week, 1 month, 3 months). If the samples are frozen, freeze/thaw studies should be
conducted (3 freeze/thaw cycles — one cycle per day at a minimum). Alternatively, incurred
samples can be used with initial assays conducted to determine the starting concentrations.
The recommended protocol for assessing stability in matrix is the analysis of two different
concentrations in triplicate near the high and low end of the validation range. Stability in
matrix is considered acceptable if the mean concentration obtained at the specified stability
time point agrees with the initial assay results or freshly fortified control sample assay results

within the accuracy acceptance criteria established in Section 3.2,

3.8. Processed Sample Stability

Often, the samples are processed one day and assayed on a second day or because of an
instrument failure are stored additional days, e.g. over a weekend. The stability of the analyte

in the process sample extract might be examined as necessary to determine stability under
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processed sample storage conditions. Examples of storage conditions would be 4 to 24

hours at room temperature and 48 hours at 4°C.  Other storage conditions might be
investigated consistent with the method requirements. The recommended protocol for
assessing processed sample stability is the analysis of two different concentrations in
triplicate near the high and low end of the validation range. Processed sample stability is
considered adequate if the mean concentration obtained at the specified stability time point
agrees with the initial assay results or with freshly fortified and processed control sample

assay results within the accuracy acceptance criteria established in Section 3.2.

3.9. Robustness

Evaluation of the robustness of regulatory methods is of major importance. Evaluation of
robustness for residue methodology is less of a concern for residue methods as these are
usually conducted within a single laboratory using the same instrument. However, robustness
should still be evaluated particularly for areas of the method that could undergo changes or
modifications over time. These might include reagent lots, incubation temperatures,
extraction solvent composition and volume, extraction time and number of extractions, solid
phase extraction (SPE) cartridge brand and lots, analytical column brand and lots and HPLC
elution solvent composition. During the development, validation or use of the assay, method
sensitivity to any or all of these conditions can become apparent and variations in the ones

most likely to affect the method performance should be evaluated.
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3. GLOSSARY

Accuracy — The accuracy of an analytical procedure expresses the closeness of agreement
between the true value of the analyte concentration and the mean result that is obtained by
applying the analytical procedure. This is generally expressed as % recovery or % bias.
Control sample — Tissue, milk, egg or honey from an animal that has not been treated with
the veterinary drug under investigation.

Between-run Precision — Between-run precision expresses within-laboratory between-run
variations.

Incurred sample — Tissue, milk, egg or honey from an animal treated with the veterinary drug
under investigation that has a residue concentration of the analyte of interest.

Limit of Detection — The limit of detection of an individual analytical procedure is the lowest
amount of analyte in a sample that can be detected with acceptable certainty but not
quantitated as an exact value.

Limit of Quantitation — The limit of quantitation of an individual analytical procedure is the
lowest amount of analyte in a sample that can be quantitatively determined with acceptable
precision and accuracy.

Linearity — The linearity of an analytical procedure is its ability (within a given range) to
obtain test results that are directly proportional to the concentration (amount) of analyte in
the sample.

Marker residue — The residue whose concentration is in a known relationship to the
concentration of total residue in an edible tissue.

Matrix — The matrix is basic edible animal products (tissue, egg, milk or honey) that contains
or could contain the residue of interest.

Precision — The precision of an analytical procedure expresses the closeness of agreement
between a series of measurements obtained from multiple sampling of the same
homogenous sample under prescribed conditions. The precision of an analytical procedure
is usually expressed as the variance, standard deviation or coefficient of variation of a series
of measurements.

Processed Sample — A processed sample is a sample that has been extracted or otherwise

processed to remove the analyte from much of the original sample matrix.
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Repeatability — Repeatability expresses the precision under the same operating conditions
over a short interval of time.

Reproducibility — Reproducibility expresses the precision between laboratories.

Residue - Veterinary drug (parent) and/or its metabolite.

Robustness-The robustness of an analytical procedure is a measure of its capacity to
remain unaffected by small variations in method parameters and provides an indication of its
reliability during normal usage.

Selectivity — Selectivity is the ability to assess the analyte in the presence of components
(endogenous materials, degradation products, other veterinary drugs) that might be
expected to be present.

Within-run Precision — Within-run precision expresses within-laboratory within-run variations.
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Annex 1

Examples of Methods for Determining LOD and LOQ

One commonly used approach is referred to as the IUPAC definition.”  In that procedure the
LOD is estimated as mean of 20 control sample (from at least 6 separate sources) assay
results plus 3 times the standard deviation of the mean. The LOQ then becomes the mean of
the same results plus 6 or 10 times the standard deviation of the mean. Testing of the
accuracy and precision at the estimated LOQ will provide the final evidence for determination
of the LOQ. If the %CV for the repeatability measurement at that concentration is less than or
equal to the accuracy and precision acceptance criteria (Section 3.2 and 3.3), then the

estimated LOQ is acceptable.
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Annex 2

U.S. Environmental Protection Agency Method for Determining LOD and LOQ

The procedure described below is a slight modification of a procedure used by USDA’s
Interregional Project No. 4 program which is published, in 40 CFR Part 136, Appendix B).ii
This modified procedure can be found in Appendix 1 of the U.S. Environmental Protection
Agencies document entitled “Assigning Values to Non-detected/Non-quantified Pesticide
Residues in Human Health Food Exposure Assessments". The procedure is provided below
with minor modifications making it more representative of a tissue marker residue assay
procedure example.
In this procedure, the estimation of the LOD and LOQ of a specific method for a specific
analyte in a specific matrix can be done in the following two steps.
® The first step is to produce a preliminary estimate of the LOD and LOQ and to verify
that a linear relationship between concentration and instrument response exists.
These preliminary estimates correspond to what some term the IDL (Instrument
Detection Limit) and IQL (Instrument Quantitation Limit), respectively. The matrix of
interest will be fortified (spiked) at the estimate LOQ in the next step for the actual

estimation of LOD and LOQ of the method.

® The second step is to use the initial estimate of the LOD and LOQ determined in Step
1 to estimate the method detection limit and the method quantitation limit in the matrix

of interest.
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An illustrative example follows:

Step 1. The analyst derives a standard curve for the method of interest. In this particular
instance, the analyst prepares the standard solution in buffer or water with the following
concentrations of the analyte of interest: 0.005, 0.010, 0.020, 0.050 and 0.100 pg/mL. For
each concentration in the sample solution, the following instrument responses (measure peak

height) are recorded:

Instrument Response (peak
Concentration (ug/mL)
height)
0.100 206,493
0.050 125,162
0.020 58,748
0.010 32,668
0.005 17,552

In order to verify that a linear response is seen throughout the tested range, the instrument
response is plotted as a function of injected concentration. The results (and associated
statistics) are shown in Figure 1. Note from these results that the instrument response
appears to be adequately linear throughout the range of tested concentrations (0.005 to 0.100
pug/mL), and that the R’ value from the “Summary of Fit” box in Figure 1 as the Root Mean
Square Error) is 8986.8. The equation which describes this relationship (provided in the
“Parameter Estimates” box of Figure 1) is as follows:
Y =15,120 + 1,973,098 * (Concentration)

Where Y is the instrument response (peak height)
The estimated LOD and LOQ are calculated as follows (assuming these values are set to 3
and 10 standard deviations above the blank response, respectively):

1. The Peak Height at the LOD (Y|, is calculated at 3 times the standard deviation while

the Peak Height at the LOQ (Y ) is calculated at 10 times the standard deviation

Y,op = 15120 + 3 * (8987) = 42,081
Y,oo = 15120 + 10 * (8987) = 104,990
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2. These values (peak height at LOD and peak height and LOQ) are then used to

calculate the concentrations associated with these peak heights as follows:

Y =15,120 + 1,973,098 * (Concentration)
Rearranging,
Concentration = (Y — 15,120) / 1,973,098
Therefore,
LOD =Y o, - 15,120/ 1,973,098 = (42,081 - 15,120) / 1,973,098 = 0.014 pg/mL
LOQ =Y oo - 15,120/ 1,973,098 = (104,990 - 15,120) / 1,973,098 = 0.046 pg/mL
Thus, the initial estimated LOD and LOQ are 0.014 and 0.046 pg/mL, respectively which
correspond to the IDL and IQL.
These estimated LODs (or IDLs) and LOQs (or IQLs) are expressed in terms of the
solution concentration and not in terms of the matrix concentration. At this stage, the
solution concentration (ug/mL solution) should be converted to the effective concentration

in the matrix (e.g., ug/g of matrix).
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Step 2. With the initial estimate of LOD (or IDL) and LOQ (or IQL) obtained and linearity
verified, Step 2 involves estimating the LOQ and LOD in spiked matrix samples. This
procedure uses the estimated instrumental LOQ and the procedure detailed in 40 CFR Part
136, Appendix B* to provide a better estimate of LOQ and verifies that method recoveries are
acceptable.
The method calls for the analysis of 7 or more untreated control samples spiked at the
estimated LOQ. The standard deviation of these samples is measured and the LOD and LOQ
are determined as follows:

LOD =t * S
LOQ=3*LOD

where t = one-tailed t-statistic at the 99% confidence level for n-1 replicates

S = Standard Deviation of n sample spikes at the estimated LOQ

The following is a set of t-values for use in the above equation:

# of Degrees of # of Degrees of

Replicates (n) | Freedom (n-1) foss Replicates (n) | Freedom (n-1) foss

3 2 6.965 13 12 2.681
4 3 4.541 14 13 2.650
5 4 3.747 15 14 2.624
6 5 3.365 16 15 2.602
7 6 3.143 17 16 2.583
8 7 2.998 18 17 2.567
9 8 2.896 19 18 2.552
10 9 2.821 20 19 2.539
11 10 2.764 21 20 2.528
12 11 2.718 22 21 2.518
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In this example, the analyst prepated 7 untreated control samples spiked at the above

estimated LOQ of 0.05 pg/g. The following results were obtained:

Concentration detected
% Recovery

(g/g)

0.0397 79.4

0.0403 80.6

0.0400 80.0

0.0360 72.0

0.0498 99.6

0.0379 75.8

0.0388 77.6

Average Concentration: 0.0404 ug/g
Standard Deviation: 0.0044 pg/g

Average Recovery: 80.7%

Given that recoveries are adequate at the LOQ (average = 80.7%, range = 72.0% to 99.6%),

the LOD and LOQ for the method are estimated as follows:

LOD =t,4,* S (for 7-1 = 6 degrees of freedom)
=3.143 * 0.0044 ug/g
=0.0138 pg/g

LOQ=3*LOD
=3*0.0138 pg/g
=0.0414 pg/g
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Annex 3

Protocol for Residue Method Validation

Selectivity, LOD and LOQ are all interrelated and are affected by endogenous interferences
that might be present in the matrix being assayed. LOD is often time difficult to determine
particularly in LC/MS assays where control samples actually provide zero response at the
retention time of the analyte. Without a response, it is impossible to calculate a standard
deviation and therefore impossible to determine the LOD based on the mean plus 3 times the
SD of the mean. Even if a mean plus 3 times the SD of the mean can be determined, it is
often related to the instrument limit of detection rather than the method limit of detection. The
following protocol is designed to determine specificity, LOD, LOQ, precision and accuracy in
one study.

1. Collect drug free matrix from 6 separate sources (animals) and screen for any
possible analyte contamination.

2. Fortify (spike) 1 each of a minimum of 3 samples (each source randomly selected
such that each source is represented at least once at each concentration) of the 6
control samples at 0, at the estimated LOD (determined during assay development),
at 3 times the estimated LOD (estimated LOQ), and 3 other concentrations that will
encompass the expected concentration range (Table 1). Repeat the fortification
process for Day 2 and Day 3 using a second and third set of 3 each (each source
randomly selected such that each is represented at least once at each concentration)

of the 6 control samples.
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Table 1. Example of Minimum Study Design to Allow Determination of LOD, LOQ, Accuracy
and Precision (Six Sources/Animals: A, B, C, D, E, and F) Within One Study

Animal/Source IDt
Fortification Concentration

Day/Run 1 Day/Run 2 Day/Run 3
0 (Control) B,F,D AC,C B,E F
eLOD* B,CE D,F,F A B, E
eLOQ (3 X eLOD)* C,CE A B E D,F,D
Lower part of Validation Range A B, E A C,D B,E F
Middle of Validation Range B,C E C EF A D, F
Upper Part of Validation Range A B,B D,F,F A C E

* eLOD (estimated LOD) is generally determined from preliminary studies conducted during
method development. eLOQ (estimated LOQ) is determined as 3 times eLOD.
T each source randomly selected such that each source is represented at least once at each

concentration across the 3 validation runs.

3. Assay the 18 samples each day and evaluate the results against a calibration
standard curve.

4. Plot the results of concentration found against concentration added across all three
days of assays. This will normalize the data results across days and allow all the data
from the 3 runs to be used in the determination of the LOD and LOQ.

5. Establish a decision limit by calculating prediction intervals around the weighted
regression line with the upper confidence interval line based upon the probability a
(false positive) and the lower confidence interval line based upon the probability B
(false negative)w. The decision limit (Y,) then becomes the point at which the upper
confidence limit crosses the Y-axis and can be converted to concentration by
estimating from the regression line to the x-axis (L.). This is the critical point where
50% of the responses are real. The L, or LOD can be determined by estimating
concentration from the lower confidence limit B that reduces the false negative rate to
what level is assigned to . Typically, both . and B are set equal to 5%.

6. Establish a determination limit (Y,) by multiplying the detection limit (Y.) by 3

(commonly accepted ratio between LOD and LOQ is 3). The LOQ (L) can then be
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determined by estimating where the line Y, crosses the lower confidence limit B that
reduces the false negative rate for the determination of LOQ to what level is assigned
to B (typically 5%).

7. Inter-day precision can be determined by calculating the %CV at each concentration
evaluated. Accuracy can be determined by comparison of the results obtained to the

fortification levels. Acceptance criteria for accuracy and precision are provided in

Sections 3.2 and 3.3, respectively.

Concentration Found

0 Lc Lp Laq 1
Concentration Added

This approach takes into consideration the interrelationship between specificity, LOD and LOQ.
By determining LOD and LOQ using 6 different sources of matrix, the variability due to the
matrix as well as the variability of the assay is taken into account. Since specificity for residue
methods is dependent upon the possible interference of matrix components this approach also
addresses specificity and insures that specificity is acceptable at the LOD and LOQ
determined. This approach is consistent with the determination of the detection limit and

quantitation limit specified in VICH GL2 (Validation Methodology) Guideline.

Data Set Example:

A validation procedure based on the above methodology was conducted on an LC-MS/MS milk

assay procedure.
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Control bovine milk obtained from six different animals were each fortified with the analyte at 0,
4.2, 14.0, 35, 140 and 400 ng/mL giving a total of 36 samples. Milk samples from 3 of the 6
animals (insuring that each of the 6 animals were run at least once) were randomly chosen at
each of the fortification levels to be run on each of the 3 days of assay for a total of 18 samples
per day.

Based on these three days of analyses which consisted of 54 assays total the following
determinations were done: repeatability (within-day precision), between-day precision, LOD

and LOQ. The raw data and the results of the statistical analyses are listed below:

Concentration of Analyte in Control Milk Fortified at 0, 4.2, 14.0, 35.0, 140 and
400 ng/mL Across Three Days of Analysis
Run 1 Run 2 Run 3
Conc. Conc. Conc. Conc.
Added, Found, Found, Found,
ng/mL Animal ID | ng/mL Animal ID | ng/mL Animal ID | ng/mL
B 0.494 A 0.233 B 0.154
0 F 0.654 C 0.0.012 E 0.120
D 0.588 C 0.117 F 0.313
B 4.38 D 4.97 A 3.80
4.2 C 4.13 F 3.85 B 4.12
E 4.33 F 4.41 E 3.67
C 13.2 A 1.1 D 1.8
14.0 C 13.5 B 12.0 F 10.5
E 1.9 E 12.8 D 1.7
A 31.5 A 51.0 B 27.3
35.0 B 32.7 C 33.2 E 29.4
E 34.4 D 32.9 F 25.5
B 131 C 137 A 118
140 C 147 E 124 D 106
E 127 F 131 F 118
A 396 D 396 A 335
400 B 394 F 390 C 316
B 384 F 373 E 344
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The statistical evaluation of the above data was conducted as follows: The percentage
recovery was calculated for each sample using the concentration obtained and the
fortification concentrations prior to analysis. A model which included the fixed effect of
treatment (fortification level) and the random effects of run (day), sample preparation within
the run, run by treatment interaction and residual was used to obtain the least squares means
and estimates of variation.

In order to assess within-day variability, the residual variance was used in calculating the CV
for each treatment and across treatments. The CVs were calculated by dividing the square
root of the residual variance by the mean and multiplying by 100.

In order to assess across-day variability, the sum of the residual variance, the variance due to
run, sample within run and run by treatment was used as the estimate of variance when
calculating CVs for each treatment and overall treatments.

The results of the analysis were as follows:

Within- and Between-Run Assay Precision and Accuracy Determination

Theoretical 95% Precision, %CV
Concentration, Mean* Confidence Within- Between-
ng/mL n Recovery, % | Interval Run Run

4.2 9 99.6 879-1114 |78 10.2

14.0 9 86.1 75.0-97.2 7.1 7.5

35.0 9 94.6 77.3-111.9 |[19.3 22.6

140 9 90.4 795-101.3 |58 9.2

400 9 92.4 82.1-102.8 |3.0 8.2
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A graphical representation of the determination of LOD and LOQ is provided below:
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LOD = 1.6 ng/mL
LOQ = 3.7 ng/mL

This is a straightforward way to accurately determine precision, accuracy, LOD and LOQ

within one study across three days of validation.

'Codex Alimentarius Procedural Manual, 15" Ed., Twenty-eight Session of the Codex Alimentarius
Commission, Rome, 2005, p 81.

°U.S. Code of Federal Regulations, Title 40: Protection of Environment , Part 136 — Guidelines Establishing
Test Procedures for the Analysis of Pollutants, Appendix B to Part 136 — Definition and Procedure for the
Determination of the Method Detection Limit — Revision 1.11.

*U.S. Environmental Protection Agency, Office of Pesticide Programs, March 23, 2000, “Assigning Values to
Non-detected/Non-quantified Pesticide Residue in Human Health Food Exposure Assessments” Appendix
1, A-1 through A-8.

‘Zorn ME, Gibbons RD, Sonzogni  WC. Weighted Least-Squares Approach to Calculating Limits of

Detection and Quantification by Modeling Variability as a Function of Concentration, Anal Chem1997, 69,

3069-3075.

-1

Concentration Found



	ปกภาษาไทย
	กิตติกรรมประกาศ
	กิตติกรรมประกาศ
	กิตติกรรมประกาศ
	สารบัญ
	สารบัญตาราง
	สารบัญภาพ
	คำอธิบายสัญลักษณ์

	บทที่ 1 บทนำ
	บทที่ 2 การเหนี่ยวนำเพศในลูกปลานิลโดยการให้ฮอร์โมนเมสทาโนโลนผสมอาหาร
	การให้ฮอร์โมนเมสทาโนโลนแก่ลูกปลานิล
	การตรวจเพศปลานิลที่ได้รับฮอร์โมนเมสทาโนโลน
	ผลการศึกษา

	บทที่ 3 ปริมาณฮอร์โมนเมสทาโนโลนตกค้างในปลานิล
	การเก็บตัวอย่าง
	การเตรียมตัวอย่างเนื้อปลานิลสาหรับการวิเคราะห์
	การวิเคราะห์ปริมาณฮอร์โมนเมสทาโนโลนตกค้างในปลานิล
	ผลการศึกษา

	อภิปรายและวิจารณ์ผล
	สรุปและเสนอแนะ
	บรรณานุกรม
	ภาคผนวก
	ภาคผนวกที่ 1 LC-MS chromatogram ของเมสทาโนโลนและไฟแนสเตอไรด์จากตัวอย่างลูกปลานิลที่เลี้ยงด้วยฮอร์โมนเมสทาโนโลนผสมอาหารเป็นเวลา 15 วัน
	ภาคผนวกที่ 2 LC-MS chromatogram ของเมสทาโนโลนและไฟแนสเตอไรด์จากตัวอย่างลูกปลานิลที่เลี้ยงด้วยฮอร์โมนเมสทาโนโลนผสมอาหารเป็นเวลา 23 วัน
	ภาคผนวกที่ 3 Studies to evaluate the metabolism and residue kinetics of veterinary drugs in food producing animals: validation of analytical methods used in residue depletion studies. VICH GL 49 (MRK) - metabolism and residue kinetics. february 2011 adopted at step 7 of the VICH process by the VICH steering committee.


