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Abstract

One of the most important objectives of forensic toxicological analysis is to assist
in medico-legal death investigations. To determine the suspect’s cause of death, forensic
toxicologists need to quantitate the concentration of substance abuse in blood samples
because the effects of drug abuse depend on the level of drug concentration in blood.
The common technique used to quantitate abused drug and their metabolites in blood is
liquid chromatography/tandem-mass spectrometry (LC/MS/MS) due to the high selectivity
and sensitivity. However, The International Association of Forensic Toxicologists (TIAFT)
has a recommendation on “Laboratory Guidelines” that all methods must be validated
before being employed as a routine method. These articles present the method
development and validation in accordance with international standards for drug and
metabolite quantitation in blood by liquid chromatography - tandem mass spectrometry
(LC-Triple-quadrupole MS) which can quantitate 16 drugs and metabolites in one injection.

Keywords: Method validation, Quantitation, Blood
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Tonauiu Tunsainsinisldemasugnaniu (Synergistic Interaction) $aufu 1w n15ldendigns

NASTUUUTEAMIINTULANDFRE FatUN15NTI9mUSUIenTuldandalianusnduseraunn
AU UNIIAULANYINGT (Drummer, 2010)

AuALLANYINGI5ZAVAINE (The International Association of Forensic Toxicologists;

ya YV o

TIAFT) Tafidouuginlilu Laboratory Guidelines wag The Society of Forensic Toxicologists

Y YV

(SOFT) lafivauuzinlily SOFT/AAFS Forensic Toxicology Laboratory Guidelines ﬁmﬂﬁgmﬁ
nogautuldlureslfufinistunewinunisasiaaeuauldlnvesis (Method Validation)
nouNazdIuldILATIENADE1995 1AL 8N TIVUNANITATIDIATIZHA Lae w15 5ltnesNld

a o w a

f519aauAUlYlAe9Is WL InI1NA89N15M5IIR FATIARUDINITATIVTIUITUI ALY
3o Annududunss Wuduiy ﬁ]%LL(ﬂﬂﬁi’]\‘iﬁ'ulﬂ‘ﬁu@gjﬁU%%ﬁi‘ﬂUﬂﬁaLﬂi’wﬁ (TIAFT, 2014
ag SOFT, 2006)
A1snsavdounuldlanvesds (Method Validation)

n1sn3IaeunIlFliuesds (Method Validation) 1unszuiunsiiiofigatl/maaey
A UNEALR RS sTiane Aeuiluldruiieliiinnusiiladniansdudetels
wazaninsolieuldnuingusyasd HAmsieneiidnuiuisiviianisesds (Reference
Method) #139381105571 (Standard Method) uiduasumsnsraaeunuldliudlaglad
MLUAsuLlas Msvageuaziiesn1snIuaaU (Method Verification) aumisidwmasaininun
LidnIT TR e RAnw LU SN T wn vt e dnudasnannisensdeaz fosinng

(%
tY

ns19aaunUlTlev9935 (Validation) nautluldau ierdun1s8udulinisn1sa msig iy
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Tnan1siesizundanuududtazyensula 38n15iasgvimusuadiulug ndeuldnig
TANIN1UUAD LC-MS/MS Gedpsiinisnsivdeunisifiwesdmsunisanadeuamuldlavesis
98191 AD Selectivity, Linearity, Accuracy, Precision wag Lower Limit of Quantification (LLOQ)

(Peters, 2006)
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UszaA
Wewau3Suaznsiaasumnuldldvesiinisnnamusunaeuasuwnueladluden
16 WA LN 7-Aminoflunitrazepam, 7-Aminonitrazepam, Alprazolam, Amphetamine, Clonazepam,
Diazepam, Flunitrazepam, Ketamine, MDA, MDMA, Methadone, Methamphetamine, Nitrazepam,
Nordiazepam, Oxazepam tag Temazepam A18LnALdA LC-MS/MS (Triple-quadrupole MS)

a

e ldlunsnnamvimaeludenvesiesufian1siaed an1dulfinermans
s 08UIGINY
1. Wu33n15m5293A5199 (Method Development) wiaman1isfiviunzaulunis
ATIAT T U e LAz U lanluldenue e lE@n@n 11 Methamphetamine (8101)
wag Amphetamine (uunualasaosg1un), MDMA (819) wag MDA (luunuolanvesand)
LAZYIUBUNAUNGY Benzodiazepines 191 Diazepam kagiuunualas (Nordiazepam waz
Oxazepam) (Jusu
2. n519a0uAulYlAv9938 (Method Validation) n1sasaaniusutuenluiden

laginatla LC-MS/MS (Triple-Quadrupole MS) M1alkuIn1eu1ASFINAING Lnenadaeudnyue
$149977301LUINIIY8Y The Scientific Working Group for Forensic Toxicology (SWGTOX, 2013)
Usznaueg

2.1 A1 1M1 9835 (Selectivity and Specificity) sflennaauiniiiiasiy i
fiannuaiursalunisnsiainaisidesnisnsiaialudiegnaien Tnsusiaaindssuniy
(Interference)

2.2 Iad1Anu09n19952930 (Limit of Detection) Lilen 32980 UUIUIME AR
fARnseviduansansianuld

2.3 Indinvean1snsiadausunas (Lower Limit of Quantitation) iiansaadeu
Uiinashanvessludeniianinsnlinseiiagsssmuiunald

2.4 anududunss (Linearity) Lﬁa@mmé’mﬁuﬁ‘iwdw Corresponding Response
fuSinameasfideansnsiate

2.5 MINARDUAINLWILLAZAILTIBIUBT (Accuracy wag Precision) tiensiadey

A1 Random Error kag Systematic Error 90939M15LATIZ%
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2.6 HANTENUINLUNING (Matrix Effect) 1iion 371980 UNANTENUVBLUNI NG
Awdsnsiasziidl fie 1den) denishaszaiusinae Wy nsanvieufiadyaiaildan
idasilesuiiownaniuneunisinisusemierinueiiegis
NaN15IY

1. NMSNAILIAGNITATIIATIIUTINNELazuunUaladluldan
1NNISHAUIITNITATITLASIERnIUS e wasuunualadiuldon 16 ¥iln
Tnewmada LO/MS/MS fu v¥inldldannedildlunisiasisiusinmeuaziuunveladluden
16 winluaduien Tnedneandonaneildlunsiaseiluginves Liquid Chromatograph
Fam5eil 1 waraneiildlunisiinsieiludiuves Dynamic MRM Parameter §ann5197 2

Bwssumesdenlag Unden 200 lulasdnsi@y 2M Tris buffer (pH 9.0) 200 lulasdnsuan

DD

afineay Butyl chloride 1 f888nS ualaga18NAUNIY 10% acetonitrile 1 Tadans
14 Diazepam-d5, Methamphetamine-d5 Lag MDMA-d5 \¥u Internal Standard

A19199 1 aneildlunisiaseilugiuved Liquid Chromatograph

N15AIAN ERUGHEL
Column Poroshell 120 EC-18 (2.1x150 mm, 2.7 um particle size)
Guard column Poroshell 120 EC-18 (2.1x5 mm, 2.7 pm particle size)
Mobile phase A: 10mM ammonium formate with 0.1% formic acid in water

B: 0.1% formic acid in Acetonitrile

Gradient program

Time (min) B (%)
0 5
1 5
8 95
10 95
10.05 5

Stop time  10.10 min

Post Run 2 min

Flow rate 0.4 mL/min
Injection volume 10 ul
Temperature a5 °c
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A15197 2 annenlglunsitaseilugiuaes Dynamic MRM Parameter

Compound Name Precursor Product Fragment CE (V) RetTime Polarity
lon lon V) (min)

7-Aminoflunitrazepam 284 227 380 25 4.46 Positive
148 380 30
135 380 33

7-Amino-Nitrazepam 252 121 380 25 352 Positive
94 380 50

Alprazolam 309.7 282 380 25 5.7 Positive
275 380 29
206 380 49

Amphetamine 136 119 380 5 3.29 Positive
91 380 17

Clonazepam 316 270 380 25 5.7 Positive
241 380 30
176 380 25

Diazepam 285 223 380 30 6.53 Positive
193 380 30
154 380 25

Diazepam-d3 288 225 380 30 6.53 Positive
157 380 30

Flunitrazepam 314 268 380 29 5.96 Positive
239 380 37
183 380 49

Ketamine 238 207 380 15 3.71 Positive
125 380 25
67 380 25

MDA 180 163 380 9 3.37 Positive
105 380 25

*@%UN AB quantitative ion
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A15197 2 angnldlunsiasigiludiuaes Dynamic MRM Parameter (sg)

Compound Name Precursor lon  Product Fragment CE Ret Time  Polarity
lon V) V) (min)
MDMA 194.2 163 380 9 3.48 Positive
133 380 20
105 380 25
MDMA-d5 199 165 380 10 3.48 Positive
107 380 30
Methadone 310 265 380 13 5.48 Positive
105 380 29
57 380 20
Methamphetamine 150 119 380 9 3.44 Positive
91 380 17
Methamphetamine-d5 155 121 380 17 3.44 Positive
91 380 9
Nitrazepam 282 236 380 30 558 Positive
207 380 30
180 380 30
Nordiazepam 271 208 380 30 598 Positive
165 380 32
140 380 30
Oxazepam 287 269 380 18 5.56 Positive
241 380 35
127.9 380 20
Temazepam 301 283 380 10 6.05 Positive
255 380 17

*@%UN AB quantitative ion
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2. asvdaunuldlauasis (Method Validation)
mMinTaeuAlElAveis Az svageuA1Ree) laun Selectivity and Specificity,
Linearity, LOD, LLOQ, Accuracy, Precision wag Matrix Effect lnglddiag1aidanidu Blank
Matrix Samples fiseaziBeananisnaaausiil
2.1 Selectivity and Specificity
Specificity shl#lasnnsvaaeuidon (Blank Blood) Miiusegendiegusnyeusine
nsnaaauinnu e luneliifieingn (Mixed Drugs) imnududu 10 pe/mL $1uau 32 wile
L% Y Acetaminophen, Amitriptyline, Cathine, Codeine, Fentanyl, Lorazepam, JWH-1503-1 Wudy
daun1smagoy Selectivity 91na1siinuldlusnenie (Endogenous Compounds) 1 vildTne
NMINAAEUATIEREEAIN 10 WiAEY nan1sNAdaUNYdn ldnuasisunIun1sIaAsIEie
(Interference Peaks) lufa981997190U
2.2 Linearity
129989 d L8 calibration curves u gnAtnuAIInAIATNTY
7ldlun155nen (Therapeutic Level) wazpisesuideliinfiy (Toxic Level) votenuiazyin
Tngldutasvis 16 wlinoondu 3 ndu Tdunnau A, B uag Clagld Calibration Curves 1 7

[
g

ANMUIUTUY WALV INIALR 8 ASINenaaau Calibration Model 518a2L8nR M99 3

#1319% 3 5187981 Therapeutic Concentration Range WagAIAAINLINT UV Calibration Curves

kay QC WRarsYAU

Group Reference standard Therapeutic Cal.l Cal.2 Cal.3 Cal.da Cal.5 Cal.6 Cal.7 QC-L QC-M QC-H
Conc. range pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml
(ug/ml)
A Methamphetamine 0.01-0.05 0.005 0.01 0.05 0.09 0.12 0.16 0.2 0.015 0.1 0.18
MDMA 0.1-0.35
Nitrazepam 0.03-0.07
7-Aminoflunitrazepam 0.005-0.015
Alprazolam 0.005-0.05
Flunitrazepam 0.005-0.015
B Amphetamine 0.02-0.15 0.01 0.1 0.25 0.5 0.6 0.8 1 0.065 0.5 0.9
MDA 0-0.4
7-Aminonitrazepam 0.03-0.07
Methadone 0.07-0.1
Clonazepam 0.02-0.07
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M157199 3 $18%981 Therapeutic Concentration Range kagA1AMUILT WYY Calibration Curves

way QC wpagseau (99)

Group | Reference standard Therapeutic Call Cal.2 Cal.3 Cal.g Cal.5 Cal.6 Cal.7 QC-L QC-M QCH
Conc. range pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml
(pg/mL)
C Nordiazepam 0.2-1.8 0.025 0.25 0.5 1 2 3 4 0.2 2 4

Diazepam 0.125-1.5

Oxazepam 0.15-2

Temazepam 0.3-0.9

Ketamine 0.5-6.5

1/x wag 1/x2 Calibration Model gnldlunisgaiadruduius 31nn1s@nwinyin
A1 Correlation Coefficient (R?) %adaﬂwﬂ%ﬁmiu 8 911U UAIN1ANIT 0.990 8nLIU Ketamine

Tl 7 NflA1 RZ windu 0.989 wdegnslsiniu Awnarsegtutefieensuls

7-aminoflunitrazepam - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs

oY= 0.967470 * x - 0.012056
R"2 = 0.99833624
1.8 Type:Linear, Origin:lgnore, Weight:1/x

1.6
1.4
1.2

1,
0.8
0.6
0.4
0.2

04

Relative Responses

01 0 01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 17 18 19 2 21
Relative Concentration

A 1 fee Calibration curves group A firandudi 0.005-0.20 pg/mL 183158533

AATIERUTUIU 7-Aminoflunitrazepam faewnaila LC/MS/MS

| 9



NsETIvINTEwY e Laziiivemans lsussuuneiosssa

- Journal of Criminology and Forensic Science

ms’mﬁ 4 Regression Models, Correlation Coefficients (R?) and LLOQs YDINTISATINATIEN

Usinauenludendnowaia LC/MS/MS (Fudi 2)

Analytes Model R? LLOQ*(ng/ml)
7-Aminoflunitrazepam Linear 0.998 5
Alprazolam Linear 0.996 5
Flunitrazepam Linear 0.997 5
Methamphetamine Linear 0.998 5
MDMA Linear 0.997 5
Nitrazepam Linear 0.996 5
7-Aminonitrazepam Linear 0.998 10
Amphetamine Quadratic 0.996 10
Clonazepam Linear 0.997 10
MDA Quadratic 0.995 10
Methadone Linear 0.997 10
Diazepam Quadratic 0.999 25
Ketamine Linear 0.992 25
Nordiazepam Linear 0.997 25
Oxazepam Quadratic 0.999 25
Temazepam Quadratic 0.998 25

2.3 Limit of Detection (LOD)
A1INAABUNIA1 LOD i1lasld blank blood LEILANFIBA1TUINTFIULNT
ANLTNTUA A 7i 1,2 wag 5 ne/mlL WENTIATIEREn 10 Adalnemailn LC-MS/MS
(dMRM) Tnefi LOD éieaiidn Signal-to-Noise Ratio (S/N) agnstiesvindunioninnin 3 (S/N =3)

1neiNaNISNAADUAINITIN 5
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M13199 5 aguen LOD vean1sasidiinseidSinaeludenmemaila LC/MS/MS

Group Compound Name Calibration Range LOD
A T-aminoflunitrazepam 5-200 ng/mL 1 ng/mL
A Alprazolam 1 ng/mL
A Flunitrazepam 1 ng/mL
A Methamphetamine 1 ng/mL
A MDMA 1 ng/mL
A Nitrazepam 1 ng/mL
B T-Aminonitrazepam 10 - 1,000 ng/mL 1 ng/mL
B Amphetamine 5 ng/mL
B Clonazepam 2 ng/mL
B MDA 1 ng/mL
B Methadone 1 ng/mL
@ Diazepam 25 ng/mL - 4 ug/mL 5 ng/mL
C Ketamine 1 ng/mL
C Nordiazepam 1 ng/mL
C Oxazepam 5 ng/mL
C Temazepam 2 ng/mL

2.4 Lower Limit of Quantitation (LLOQ)

Lower Limit of Quantitation (LLOQ) AeAmandudusigaussenluidendiaiunsa
mUsalalaefasiian Accuracy hag Precision agﬂmhdﬁsam%’ulﬁﬁa +20% Fslunsnadeui
8l daraduduiigaues Calibration Curves Lilugn LLOQ sArdanaailifisanediniu
n13n5r9mIUsunaenludenlussauiildlunisine A1 Accuracy was Precision 983 LLOQ
uansluidessly

2.5 Accuracy L@ Precision

INAINAFBUAT Accuracy way Precision 1898194 16 Bia 3 AN3LTNTU WUT)

!
o

Aflaegluglanveuiulanetesnit 20 % lawilA1 %Bias 8g5¥1ing -13.75 fia 9.12 Uay

A1 9%RSD Bg5¥1I19 1.98 fie 7.54
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d1m3UAT Accuracy wag Precision 1 LLOQ Hunuin efilaegludisniseusulade
Wosnin +20% lneilA1 %bias 858131 -5.53 4 5.81 UagA1 %RSD agsening 0.19 s 7.27

UALLDYARINNT N 6

A19199 6 W@ Inter-day assay precision and accuracy 91 LLOQ 989401305993t 189UTLUY7

Tudeamewmada LC/MS/MS (n = 8)

Analyte Expected Observed Accuracy Precision
Concentration, Concentration, (%Bias) (%RSD)
ng/ml ng/ml

7-amino-flunitrazepam 5 5.24 a4.71 294
Alprazolam 5 5.10 1.91 272
Flunitrazepam 5 5.29 5.81 5.03
MDMA 5 5.17 3.37 222
Methamphetamine 5 5.25 4.99 5.11
Nitrazepam 5 5.26 5.26 4.73
T7-amino-nitrazepam 10 9.96 -0.38 0.48
Amphetamine 10 9.96 -0.45 0.28
Clonazepam 10 9.47 -5.35 6.35
MDA 10 9.96 -0.45 0.19
Methadone 10 10.34 3.41 7.27
Diazepam 25 25.00 -0.01 0.23
Ketamine 25 24.85 -0.62 0.20
Nordiazepam 25 25.56 2.26 577
Oxazepam 25 24.99 -0.05 0.22
Temazepam 25 25.08 0.31 0.20
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2.6 Matrix Effect

1 {

Matrix effect fil#iAnTiasn3n 100% azuanidanisiia lon Suppression Tuvaed
A1U1N171 100% 22Us%Fan1917A lon Enhancement na21nN1SNAAOUNUTY Matrix
denaldntossenisiiinuszy (Onization) Ingile1sening 98.70% - 105.08% AAandudusi
(50 ng/mL) uazdlAnszwing 97.55% — 105.53% finnuidudugs (500 ng/ml) Gsagluinauei

N5URUSU AB %lonization Suppression/Enhancement ABsiATDYNIN +25%

dsduazaiusnena

'
=

n31TediTagusrasdifieiimunisnisnsaafigauagasvasuainulilivesisnig
nsramUsnnuekaziuuualadlulden 16 gla tawn 7-Aminoflunitrazepam, 7-Amino-
Nitrazepam, Alprazolam, Amphetamine, Clonazepam, Diazepam, Flunitrazepam, Ketamine,
DA, MDMA, Methadone, Methamphetamine, Nitrazepam, Nordiazepam, Oxazepam L& ¢

Temazepam Inginafia LC/MS/MS (Triple-Quadrupole MS) iiialiauisansianiuiuiaen

YY)

waziuwnualadludennszaunldlunissnwle lavaunsaagunInsuuemanisidenall

1%

1. e sgninauunl a1u1sadiunliuselesulunisnsianianvnuednis
a4 Aa A a 1% a = Y A - v & o
HeFIniinannisidennuauiansenisideiaussian ineldidunangudsznaulunis
a a oA a ¢ a = - Y o ¢ o A
#13001AF LHBI91NNIIATIATIENIzA N TavenUSU e nuludenlanifeseaud
Tdlunsinw il sassyladndsinaenasanuludeniueglusyiunldlunisshvvie

i o A Ya a 1 3 a Ao F '
agluszAunneliiniwwniine wasluanmnvesnisidedinlaviels

£ (%
Ly

2. A5N15ATIEINNAUITULN LA U Ta UL g LN US I waTLLLNUB Las

'
aa o 1

Tudeald Ineddnsraniauduuitaunsoundalunstindegdusnnudndalaiesainisi

a & al

Td@eaiiias 200 lulasans Feagrrsundguinsaiaiegrandinsiaigauivsuiuding

Y

a 1

wannidagiurieslfuiinismetinyinerdilngludssmalnedildanunsonsramusunm

grnazansivluidenls wulndiissiosufuinisluiwiend anuaiuisalunisnsadaiuim

Yo

W99 InTadinAuLATeele A1511NTFIU HaEBIARINITRIYAaINT NTIFeLTATunTLY
YaAUA1UI50IUNIIATIVNATIENN e TRTBINe1vesaa I TudAIne1aans IRl sgIu

Weuwinluszeuana
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3. 91NHaN159533a0UANITLAY84I5 (Method Validation) Wunuinisnsnaaeuil
fanugndediaziaiudnlunisnsialiamenusinaeludens 16 ¥ila lngiensANauTuIN

o v

AAu9 1N (Selectivity) Tun15RSI3UENE1SNABINITILATIEI HAT Linearity, Accuracy,

Y a1

Precision wag Matrix Effect aefluziaioeniuls a1 LOD aglutas 1-5 ng/mL uazdld1 LLOQ

[ (%
9

agludae 5-25 ng/mL Feasounguizauldlunisinul fatdu Fensneaeulilindumuigay

Pz lulglun15n15992973 A5 US UNNe LA D ALALS I8 IUNANISTATIZITES

LONEI3DNNB
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