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: A global issue of drug abuse and having drugs before

driving may lead to the situation as dangerous as drunk
driving does. Although there are some mobile testing Kkits
on the market, collecting urine samples might have the risk
of dishonor. As a result, the advantages of using saliva
opened another window for the development of screening
kits. For the needs of police rummage, there are numbers of
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teams have been developing abused drug saliva-based
screening kits. The purpose of this study is to build up a
platform of collecting drug abuse cases (focusing on
Ketamine) to provide references for evaluating the
specificity and sensitivity of various screening tests.
Cases were collected from the patients admitted to the
hospital and the students attending the drug abuse
lectures. According to the results, i1t is possible to use
saliva samples for drug abuse testing. Simultaneously, we
compared the screening kits developed by National Taiwan
University (NTU) and National Cheng Kung University (NCKU)
and another one on the market, finding out that the
sensitivity of the equipment developed by NCKU could be
95. 4%, which were better than the ones on the market, but
the specificity was 82. 3% which were slightly worsen then
others. On the other hand, commercial testing provided the
specificity and sensitivity to be higher than 90% and 82%,
respectively. However, both the sensitivity and specificity
of testing kits developed by NTU were not higher than 80%.
This may resulted from the limited case number. The NTU
team was suggested to collect more than 300 cases in order
to be comparable.

Together, this platform of collecting cases applied to
ketamine abuse saliva testing evaluation in clinical use
has functioned properly. It is able to gain the results of
clinical trials requested from many manufactures, to
provide proper suggestions and to shorten the processing
time of product registration.

drug abuse, GC-MS, LC-MS-MS, rapid screening
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Abstract

A global issue of drug abuse and having drugs before driving may lead to the situation as
dangerous as drunk driving does. Although there are some mobile testing kits on the market,
collecting urine samples might have the risk of dishonor. As a result, the advantages of using saliva
opened another window for the development of screening kits. For the needs of police rummage,
there are numbers of teams have been developing abused drug saliva-based screening kits. The
purpose of this study is to build up a platform of collecting drug abuse cases (focusing on
Ketamine) to provide references for evaluating the specificity and sensitivity of various screening
tests.

Cases were collected from the patients admitted to the hospital and the students attending the
drug abuse lectures. According to the results, it is possible to use saliva samples for drug abuse
testing. Simultaneously, we compared the screening kits developed by National Taiwan University
(NTU) and National Cheng Kung University (NCKU) and another one on the market, finding out
that the sensitivity of the equipment developed by NCKU could be 95.4%, which were better than
the ones on the market, but the specificity was 82.3%, which were slightly worsen then others. On
the other hand, commercial testing provided the specificity and sensitivity to be higher than 90%
and 82%, respectively. However, both the sensitivity and specificity of testing kits developed by
NTU were not higher than 80%. This may resulted from the limited case number. The NTU team
was suggested to collect more than 300 cases in order to be comparable.

Together, this platform of collecting cases applied to ketamine abuse saliva testing evaluation
in clinical use has functioned properly. It is able to gain the results of clinical trials requested from
many manufactures, to provide proper suggestions and to shorten the processing time of product
registration.

Keywords: drug abuse, GC-MS, LC-MS-MS, rapid screening
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B3 TR 3 RN ;3
R B ES TR 12.5 21.6
B 2L B B (A ~+) (F~')
T 15.4 16.6
BE BT A RS 7.7 30.4
L 23.1 2.9
A 7.7 0.5
F e o 0 1.9
BEAHE 0 0.5
&V 0 1
P 5 0 0.5
BTE S R AER T B kA 7.7 2.2
B #h 0 0
-0t (ke ~ PUB ~ MTV ~ KTV ~ g

‘ ) 15.4 37.8
EXI -~ R k)
H i pomEL 23.1 5.8
B L ES R
WFH s mEra AR (T 64.3 60.9
WA fRGRS 21.4 14.1
EED A FEk 0 43
FRA P 0 0.4
R L 0 1.4
F A 0 2.9
R s @ 0 7.4
B ELT M 0 1.9
PR LIRS 14.3 6.8
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PMA - PMMA
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¥dRAY e Ki ‘fr’(Ketammﬁ?) E B ’ Rl . JEg LS
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% GHB (gammahydroxybutyrate) % > 7% 3

(flunitrazepam)~ % = X % P % 3 zolpidem (Stilnox)~ % 1t 5 &4 F 1 5

R (A 4L 7 X nimetazepam)~PMMA (paramethoxy-methamphet-amine)
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BRI o R Vg 32 R bk o
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2z RAAZEHREES (FL ¥, 2005,2009)
3R 94 & % R 98 &
R ®% L TFALWESE) @#* L&k FALAWESE)
kR 200 1.16 (0.08) 268 1.43 (0.09)
e
g 147 1.66 (0.14) 193 2.04 (0.15)
A 53 0.64 (0.09) 76 0.82 (0.09)
£ ¥
12~14 # 1 0.08 (0.08) 1 0.14 (0.12)
15~17 f 9 0.84 (0.28) 11 1.02 (0.31)
18~24 # 55 2.11 (0.28) 51 2.12 (0.29)
25~34 # 80 2.21 (0.24) 107 2.57 (0.25)
35~44 # 40 1.08 (0.17) 72 1.83 (0.21)
45~54 # 14 0.43 (0.12) 25 0.64 (0.13)
55~64 1 0.06 (0.06) 3 0.11 (0.07)
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AT G R K # & ad B €2001 £ 5125% > B 4e 1 2009 E 68% 5 &% R
K i &5 5 = g 41 # 5 & 10- 12-&&:1’1? CEP O REFNE12%; d ik 0 p 2005
Ao K 6 he A5 21 T R A F & Y nd 50 3 2008 E 0 { § 85%:21 & 14T %R
#ig* K& p(Ngetal, 2010) »

Fw s RAAZESFRYFEFE AT (L F,2009)

2b: B LIE i A Hc A8 IR ol 2B BB A
Z2EW B 112.2 0.6 104,774
K # & 100.7 0.54 94,101
HEE 1 88.9 0.47 83,009
= Ji 67 0.36 62,569
e RE] 29.5 0.16 27,953
5 4 W 20.4 0.11 19,047
%5 15.2 0.08 14,200
FM2 13.6 0.07 12,694
+ Fhk 5.4 0.03 5,036
LSD 4.1 0.02 3,819
GHB 1.1 0.01 1,072
PMMA 1 0.01 972
5-MeO-DIPT 0.9 0.01 795

= ~K # #(ketamine)f§ /i

K # & » &4 & "k (ketamine) » B ¥ *TL e K # hehi & & > LRAME =@ 0 5
Ci3H16CINO-HCI » 51 3% 47 02 phencyclidine (PCP)(B] 1) » ** ¥ 2 ¥ BT X9 ¢ & & 7
1960 & &= # 3 B (s o L_Tf%‘f B BJH sk P E PR AR @R P B P2 SR o K
@ f TR TS norketamine s B 4 ARG E R KB A A2 3 =L RSk fES
hydroxynorketamine » 5 d fjl,f?z 2t 41 (Shahani, 2007) « K @ @ e 3@ v % 3 & 5 234 frps i
* oo G R4 S A o K # &3S P4 5 A 4 G o N-methyl-D-aspartate (NMDA) = §8 ¢
PCP % & i~ N-methyl-D-aspartate (NMDA) < #8:7PCP % & i > [Eé73p+ £ g3+ 1 3 & ~
Gre it e )t K W 4 B NMDA 5 #f cnzb £ fH R bl o & F1 5 0 (5% D K # At 7 gk
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Phencyclidine (PCP) Ketamine
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K ) e S RPEF T B SRS R R 0 R T ORGRH R 8
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v aF- s L3 —'F!f BE A2 2804 AV L2163 24 5 EPR* €
A2 E LRI A RUEERY > BB AL SRR > w7 A T(iﬁf\
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PR ERBIREF L o frd ¥ FlE A 973 F o 1345 # K National Highway Traffic Safety
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718 2 B 5~ i B § 2™ #(over-the- counter)i& B > B % F B o H ¥ X 5 42iF 11%
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Ji(marijuana) - H s # 4 ({2 % R %-% - fix(Benzodiazepines) ~ ¥ + ¥](cocaine) ~ 7§ % (opiates)
2% 2L s (amphetamines) % » & 7 &H ¥ (Soderstrom CA et al., 2001) o 2 § — 57 7 440
E B g”%& BRGRPOERR Y &2 FES DTN o b4 2005 £ 57 Y A
108 &A% 35 2 g~ § 'PE # ¢ & (University of Maryland Medical Center) &7 & #7% 41 ik 5 £
% ¢« (R. Adams Cowley Shock Trauma Center) 118 #5 < i £ —"Ff TEBx o B5FH o A 108
Aﬂ’ﬁGM%ﬁEﬁiﬁﬂﬁimﬁﬁﬁ@yjﬂjﬂ%j%Q%ﬁ%Mﬁ%?%%’ﬁ%
PP e 14.8% ¥4w7%m@%k%é?ﬁ%ﬁ$#@ﬂ)mmmmazmﬂ
FLam o F 4~14%% § &5 3l Loh B B 0 HP) S i it 4 delta-9-tetrahydro
cannabinol (THC) & .15 |+ (Ramaekers JG et al., 2004) - #2003 # > 7 — 38 < A|F7 7 &4 4fa =~
1990 # 3 1999 # > fegkd kp BAJIHZ BH(RIHET > Ars S LV ed B fIH )
£3400 tRAEGTERDBE > LERBEL BT P DR B FR AT 267% ¢
57 4 Br(13.5%) ~ 7B F(4.9%) ~ B R (4.1%) ~ 2 B (41%) 8 B 8 ofA B (2.7%) 0 Fo#AT
10%0 13 % I p¥ & * Py &2 2 4 (Drummer OH et al,, 2003) X & > S 2 P % 5 b & A5 4
T Y AR 2 1]% °

Alcohol Only
Alcohol & 15%

Multiple No
Drugs Drugs/Alcohol
4% 34%

Alcohol & One \
Drug
12% 7
Drug(s) Only -

Multiple
Dr:gs Drug(s) Only -
2% One Drug
26%

Bl = -~ Drug and alcohol use in injured drivers. (Walsh et al., 2005) -
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REBFER §FLLE - BEFTYLET S e K e &) kb £ ¥ pam
FARL AT R R R ERRA R RS L - B2 YRR TS QRPN ER D
RAESEULL R EERG -

I RFE*EFREREZERT

3 T ER R TEER ) F Lo BT R RS A kR A
Nk oA HBRBRREY LEE A2 L TG S ES LR >500ng/mL ~ 5§ 5 R H ok
B >300 ng/mL ~ + F % 34 0k & >50 ng/mL ~ w 7 & 3# 0k & >300 ng/mL ~ K & & Bk
B>100ng/mL 2 X3 it e B B g A A2 TRy L g F 2 REAN

GRS P RE AT LR RAT UL RE o A R L sk A
SR RRZRRKN Lo S FARR R T A R kRS

E:
Bt ﬁ B TR S

BEAR P W ff\,,z LR RS F R ARG L 2T ut-ﬁ 7 Ra “,%
TR R R EARY T o @ DR A2 Y > NRARIMTT F ARG L DGR 7 7 AEL
L] o F|pt o B AR R A E LA B e T o Ae SR RGP TS R

e 2R AT BRIFHAOFE o

A BRET EH STk

L Eh 2 TP Y 5 F 542 > ¢ 35 1 & K 172 (thin-layer chromatography ;
TLC)# % »<i 48 & 47 ;2 (high-performance liquid chromatography ; HPLC)#4r * % #F &0 i jp| ik
(UV detector) ~ ¥ & i ;o] ik (fluorescence detector) ~ 7. i* & i jp| ik (electrochemical detector)# %
B+ & (mass spectrometry ; MS) ; & —‘ﬁ A_* % 40 & 472 (gas chromatography ; GC)&* % 49 & 47
/% (liquid chromatography ; LC)4r + X &5 3# i ;2] & (flame ionization detector ; FID) ~ & + 4 #&_
i iP] ik (electron-capturedetector ; ECD) ~ § & ¥ iP] i% (nitrogen-phosphorus detector ; NPD)4 2
TR - SEEP S 17 HITR L & DA AHILH 5 K 1772 (chromatography) » # & 47 R I 73
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2T~ TEYBLRRGHRTERD ) LA EFRRE ERE (F2 ¥, 2009)
fa & W B TP 2 % =
Y 500 ng/mL
PH AR ZER S22 ER B 100
T A% & 500 ng/mL m TR
ng/mL 2 F o
b b 34T AT T ATAR 500 na/mL F P #  MDMA 2 MDA P& > & #8
ng/m ,
X5 3 #(MDMA) s HE g2 (B ]k B 94 500 ng/mL >
34- 7 Ay e & e %k R & 500 ng/mL 2+ % 72
500 ng/mL
(MDA) %% MDMA [ 1%
34-5 9 AT -N-o A%
L0 & 2 500 ng/mL
L4 4 (MDEA)
ik T 78 R e 300 ng/mL
e K i 300 ng/mL
T i A RRAS-O-7 F
i (Delta-9-tetrahy 15 ng/mL
drocannabinol-9-carboxylicacid)
w1 FUMATF R
il iR 150 ng/mL
P (Benzoylecgonine)
' PRk K hpzd 7L KBsh
o K # ¢ (Ketamine) 100 ng/mL (Norketamine)p% » & 46 % 4 2 1 ] ik
fe
W;' B #5214 100 ng/mL> £ 43k & & 100
ki UF X, g 1o
2OAKE & 100 ng/mL | "¢mL LR s K# et

ll‘io

*+#% % 4p (mobile phase) ¥ 1% = & 5
S IIPAN RN B I LR .
KR FARR Gl A e d A ST 2
tTET(M % R

(reliability) ~ #f #2 & (precision) ~ # #& & (accuracy)fr4T gt & (sensitivity)«i

vy A B2 15 FIT A BRI B E

i F) TAPFF 0 d Y 87 F] 2_4p (stationary phase) 3 4 1F ¥ (v

foyeh= | ~ %332k AR FFHREFI R o 80 LE

BT

£,2009) 0 KA o AFEREY > HEH2 BRI LT KARERECHR

AT 5 AR K A7 T

¥ & (gas chromatograph-mass spectrometer ; GC-MS){ri% 4p & +7 B ## & (liquid chromatograph-

mass spectrometer ;

LC/MS) % £

2t -»-»

At o

REWENE

,2006) 0 T R LA

S Bk TR o

F 40 & 17 T % R(GC-MS) 2 & 47 ide Fl ) & 47 +* (mass-to-charge ratio, m/z) 1000 4 j

EEPARS

TR F > 2 T AL

FAE M R MR T o L L E P
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m;ﬁ%# R T ST et R B AR ¢ 1 ‘._v]:%i‘ﬁl;_]v}i\aﬁ N SN A
ATILEPT IR RS BRI R R LGS B AR R R S 2R > 4 7 ik~ GC-MS
VAT o Td it enT g2 2 355 = i (alkylation) ~ fi 1t (acetylation) ~ fig i (esterification) % & > e
HArs B2 QAP FFAERI M A RF BRI T T R BT
#H23F )]?%(cross contribution)* 4§ % £* 48 (Segura, J et al., 1998 ; ¥4k %<, 2006) -

TE K AP AT T RLC/MS) S B2 Lid » @ EBHEY EY EH 2 ek o AP
F2 GC-MS » LO/MS 7 113 24 718 ~ A 40F B £ TP 6 J24 3 % 2 0 3 it
Ef o AR ERRAE A F AN T RED RILINAE > & LOMS S B ¥
H-r3ggpai > 2 2P RMATAR F2 PS5 RR - CERAPAHITP Fi?%fé%“i
(liquid chromatography-tandem spectrometry, LC-MS/MS) st 3 » i * 5 3 & 4 17 >
MRM (multiple reaction monitoring) =318 | #-5% T - % #EFT 7 * L+ (parent ion)fo+ L+
(daughter ion) R % » k1 N fREARDT A > Np P @5 25T R ST Bk
SRS LR A RS S AT R BRI RAII AR BREE LT F e 0 B
(signal to noise ratio)m 3% & & B> = FAaCR (M2 2,2009 ; P 2, 2011) » ;ﬁ FE b 1 P
F DB N o G LC-MS/MS @ (G5 g SRR PR Ra gt B A

\+:A= oy

R LERBRA o RAX A LA 0 LC-MS-MS R SEEAL Lot f A
@ TR N T E X ERSEHRE FTEL L SBES 2 0 GC-MS 8 LC-MS/MS

KGR .

HPLC lon Source Collision Cell

Tt 1 o
o C " ) L L U

Precursor Ion Collision-induced Product Ion

Tonization . . . .
Selection Dissociation Selection

= “LC-MS/MS % 45 & 52 i @] -
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SN BN R B
RS R MR o RS © B S T RS E R
Syt s T A LR & KB #2251 (MDMA). 2852 7R o fppot By /

_Q
AP AT R BRI AR R o R G B S o R & R

s

A AA A A AR E o RIER RSP E B A SR R
Edu St B o RBHIRES  RE RS BB DA § BT
awﬁaaauﬁ%ﬁ%%§é?4bWF@’ﬂ¢f$é%nﬁyaﬁéﬁﬁﬁ&ﬂg
FARPES G g SR AR R R b TR SR U S g

TERERSY 3 SRR SH e 2 d F A FEI AN FRMERST RE BEFRERAET - T

_g_.

EREF(BRHE) & 540 Fl- R E T E R F ARRER Y EEL F0 TEE8F R

Flt iz A2

i d o JFS RS R RT A RAGHERCH) §

Vo wenflR/FAE o A2 CH e F F MBS LT G ROESF > CARRF IR

Fot Ao R A A R gk (TR G k(W) -

M)
Rapid
Test —=
maEhEa c
specific drug |
Ly
Control Zone[ C __| ,anti-mouse T Isﬁ‘[i
Immunoglobulin
Sample Zone[ T —t— Specmc drug o
EHEMAE (/=)
C | e
A
*ﬁ‘ﬁgq:zig T I%[i
Sample Zone S — 1 Ab-AgiSEtE specific drug
\_/ ()

Ble ~ 50 B2 HRET LR -

2011 & p& iwma*W5%%%ﬁ&ﬁﬁ%ﬁ%ﬂﬂ?ﬁ%ﬁﬂ%%ﬁiwi—’@
ANELFREEDE LN o FRF L EERT S5 LB B APME R R iR
AN N A 2015 ERBSE RS G T E N N0% e LT RS E e RE
e AE o E AR FL e o - Ak @Mﬁlnaﬂf%#@wﬁWJ&#@
®ohd Fe Rl 0 4 R L RBRIARE 2 o T E ko d TR R B AP BT
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FEEAET A FRERE TR BEEAT ARFEL R BB B e
o LA EFS N AT U ek ¢ RT3 K 24236 /) FEeRIREE 0 FIR 0 RO R
woengR oo ol LA YR ATk 0 A BB AR Y —‘5 1122 4% (Christine Moore et al.,

2013) o iz B & > A% A B35 GC-MS & LC-MS/MS 5 > 2 cnB 3 > st SP-ad d & &

Vit SR r B OB g L o Lt BB R R G G OF F LE A T EAR -

Ra o REETUORUEEATA IR L2 B IR R R AFS > I L2 H
HL T o B B HER W E T A 5 0 b4 | iScreen™ OFD (Oral Fluid

Device) Oral Saliva Drug Test Kit ~ Pathtech 2 # # DrugWipe® II-Twin ~ % % ¢ 2] 246 2%
Hois 7mg Bk & F PR iEA VAL A4 2] 0 e Driger 2 @ ¢ DrugTest® 5000 ~ Alere™
DDS®2 % 10k & 23h > Bm /AR BIE S NRE - Ra o B S 5 g BES Hn
2012 & o i o A BYRA RERIF B Tedip 37 L& 2L 0 SR RIER] 0 2R A K B S
BIREBR S AR BFFE  KF TS RMERE ARG BT ER 22 - BESE
FRE T (R LR KB f) Kk L H PP A SRS RETR DR 0 3k SR RIAR

BBl - (AR > DERPF e QMR FRL > ¥ G FL00
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-~ AHRRRR

AETRTRABRICELT A MRER v FF SR FRE S RARF
PeA Mm% A R ¢ Y 32 3Pl 254 9 5 CMUHI02-REC2-091 ~ CMUH104-REC1-132
£ 2014-05-006AC -
S RRBEARGE

# 3 gz 5 % # (Inclusion Criteria) 3 Flp 1+ it 3 Hl‘m XA Tﬁ}‘mr’/‘ IR o
FEFEYFR(RARAESF LN FL A EML TE AT HA ) P RENTE
BRI g D (DEB I8 AN QBT F R - m S LS T ER QR
ER SRR S A S ¥ A A R CO) kS e SER A A SO E SR &
(FHELFFFAZPFEFPEF NP LI DHLEITERIRRESRE - F 2 0 F
FRFMUTHRE RIS '1#%“;‘ (DA I8 s (TR Bk 7 B ™ By 7 F ko
C)A A FH(FRELFTFAZPFEFP)IREFFLDL > P RERLBAERER L (W
)o

X}

[ REREMERZEE ]

}

[ S N N
No] g Exclusion
| sEmey

Yes l

| }

[ Bk ] [ o i ]
(25 20ml) (2 »2m))
I | v
l [ o S A }
[ GC/MS % LC/MS/MS ] A 2 2k

1% A B o 47 7K 3R # By XA B 547 XA

BT ~dekxivA2 R -
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B ER RS

PR ek 2o B SRR AT 0 2mblo AU D S 20 mL o % kA A
2P PN PR A AT TR S c HAKRWMA S KX EF 200k 0 - B2
PEEDLSAMES FEFRBTRTEFT GC-MS & LC-MS-MS 2 & 5%~ +7(FI)  +*
PR EER Y KW AR AP | AR B Rl A 1) o
= ~ GC-MS 4 #7 ik k1t

(= )i 5 &2 @

All solvents and chemicals were analytical grade. Potassium dihydrogen phosphate,
dipotassium hydrogen phosphate and sodium acetate were purchased from MERCK KGaA
(Darmstadt, Germany). Methyl Alcohol and ethyl acetate were purchased from Mallinckrodt
Baker, Inc. (Phillipsburg, NJ, USA). Ammonium hydroxide and acetic acid were purchased from
J.T. Baker, Inc. (Phillipsburg, NJ, USA). Drug standards of ketamine, norkeamine, and internal
standards of ketamine-d4 and norketamine-d4, were purchased from Cerilliant (Austin, TX,
USA). N-methylbis(trifluoroacetamide) (CF3CONCH3COCF3, MBTFA) was purchased from
Sigma (St. Louis, MO, USA). The UCT Clean Screen® extraction column was purchased from

UCT, Inc. (Bristol, PA).
(= )RR R i e dZ

Urine (1 mL) was fortified with 2 mL of 0.1 M phosphate buffer at pH 6.0 and 50 pL of
internal standard working solution (2 ug/mL). The urine extract was then added to a solid phase
extraction cartridge, which was conditioned with 2 mL of methanol, 2 mL of deionized water,
and 2 mL of a 0.1 M phosphate buffer at pH 6.0. The urine extract was passed very slowly
through the cartridges. Then 2 mL of deionized water, 1 mL of 0.1 M acetic acid, and 1 mL of
methanol were added in sequence. The Cartridges were vacuum-dried for 1 min and eluted with a
4 mL mixture of ethyl acetate containing 2% (v/v) concentrated ammonium hydroxide. The

eluates were collected in glass tubes and evaporated to dryness at 55°C under a stream of
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nitrogen. Derivatization was performed with 50 pL. of MBTFA at 120°C for 20 min. The vial was
then cooled to room temperature. An aliquot of 1 pL of the derivatized extract was then directly

injected into the GC/EI-MS.

(=) GC-MS analysis

Instrumentation

GC/EI-MS analyses were carried out with an Agilent 7890A gas chromatograph interfaced
to an Agilent 5975C mass spectrometer, and an Agilent 7693 series automatic injector (GenTech,
Arcade, NY, USA). Data handling and system operations were controlled by the Chemstation

software (Rev. E.02.02.1431) for GC/EI-MS.

Chromatographic conditions

Separation was achieved with a capillary column (DB-5MS, 5% phenyl methylpolysiloxane,
30mx0.25mm i.d., 0.25um film thickness; J&W Scientific, Folsom, CA, USA). A deactivated
glass inlet liner (#5181-3316) was used (Agilent, Palo Alto, CA, USA). The GC injection port

temperature was set at 260°C in splitless mode and helium (99.999%) was used as the carrier gas
at a flow rate of 1 mL/min. The oven temperature was programmed from 90 to 280°C at 15°

C/min, with the initial temperature held for 1 min and the final temperature for 3 min, total run

time was 16.67 min. The transfer line temperature was 230°C.

MS detection

The mass detector was operated at 70 eV in EI mode. The quadrupole and ion source

temperature were 150°C and 230°C in EI mode, respectively. All quantitative analyses were
performed in the selected ion monitoring (SIM) mode, with a dwell time of 25 ms for the analyte.
The SIM ions collected were m/z 270, 298, 236 for ketamine; m/z 284, 275, 256 for norketamine;
m/z 274, 240 for ketamine-d4 and m/z 288, 260 for norketamine-d4; the quantitative ions are

underlined.
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Bl ~ Fik Ok R ARME & 51 o (A) Ketamine (K)& 0k & R 0 50 8k & A 5] 5 40, 60,
80, 100, 250, 500, 750 ng/mL > LOD % 10 ng/mL ~ LOQ % 40 ng/mL - (B) Ketamine * #4~
Norketamine (NK)#R {4k B &84 & » 54k & 4 8] 5 40, 60, 80, 100, 250, 500, 1000 ng/mL >

LOD % 10 ng/mL ~ LOQ % 40 ng/mL -

- [2] TIC: 5100K00.D\DATA.MS

150000
100000
50000
i\
n L
Time-> 950 10,00 1050 1100 1150 1200 1250 1300 1350 14.00 14550 1500 1550 16.00

25 [2] TIC: 012K1000.D\DATAMS

150000
100000
50000
A A J L A It
T T T T T T T T T T T T T
Time-> 9.%0 10.00 1050 11.00 11.50 12.00 1250 13.00 1350 14.00 1450 15.00 1550 16.00

Bl - ~ GC/EI-MS SIM chromatograms ° (A) Blank urine spiked with 100 ng/mL of NK and K.

(B) A real saliva sample. K:11.658 min, NK: 10.486 min.
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I ~ LC-MS-MS A& 7% 15 1

(=) F w8 @A

All solvents and chemicals were of HPLC grade. Acetonitrile and ammonium acetate were
purchased from Merck (Darmstadt, Germany). Formic acid was purchased from Sigma—Aldrich
(St. Louis, MO, USA). Methanol and ethyl Acetate were purchased from Mallinckrodt Baker, Inc.
(Phillipsburg, NJ, USA). Ammonium carbonate was purchased from J.T. Baker, Inc.
(Phillipsburg, NJ, USA). Drug standards of ketamine, norkeamine, and internal standards of

ketamine-d4 and norketamine-d4, were purchased from Cerilliant (Austin, TX, USA).
(= )R R S edT

1 mL of saliva alkalinized with 100 pL of saturated ammonium carbonate solution (pH 9.3)
and extracted by 2 mL ethyl acetate in presence of 100 pL of internal standard working solution
(100 ng/mL). The mixtures were shaken for 10 sec (three times) and centrifuged at 2000 rpm for
5 min. Finally, the upper layers of the mixtures were transferred to clean test tubes. The
extraction solvent was evaporated to dryness under a gentle stream of nitrogen at room
temperature. The residue was reconstituted by adding 50 pL of acetonitrile/water (1/9, v/v). 20

uL of analyte was transferred to a vial for LC-MS/MS.

(=) LC-MS/MS analysis

Instrumentation

LC-MS-MS analyses were carried out with an Agilent 1200 series vacuum degasser, binary
pump, well plate autosampler, thermostatted column compartment, paired with an Agilent 6430
Triple Quad LC-MS, operated in electrospray ionization (ESI) mode (Agilent Technologies, Inc.
Folsom, CA, USA). All data were acquired and analyzed using Mass Hunter software, version

B01.03.

Chromatographic conditions
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Chromatographic separation was performed on a Agilent Poroshell 120,SB-Aq column (150

mm %3 mm [.D., 2.7 um). Gradient elution with (A) 10 mM ammonium acetate and 0.1 % formic

acid in deionized water (B) acetonitrile and at a flow rate of 0.3 mL/min was applied. The

following gradient program was used: 0 min: 95% A, 5% B; 0—5 min: 95-80% A, 5-20% B; 5-10

min: 80-70% A, 20-30% B. The HPLC column was re-equilibrated for 3 min, giving a total run

of 18 min. The column temperature was maintained at 50 °C, and the autosampler was at room

temperature.

MS detection

The Agilent 6430 Triple Quad LC-MS was used in the positive ESI multiple reaction

monitoring (MRM) mode. The nitrogen drying gas temperature was 350 C, and the flow was 10

L/min, nebulizer gas (nitrogen) 40 psi, and the capillary voltage was 4500 V. Dwell times were 15

ms. The mass transition of K was mass/charge ratio (m/z) 238.7-125 and 238.7-180, respectively.

The mass transition of NK was mass/charge ratio (m/z) 224.6—125 and 224.6-90.1, respectively.

The mass transition of K-d4 was mass/charge ratio (m/z) 242.7-129.1 and 242.7-184.1, respectively.

The mass transition of NK-d4 was mass/charge ratio (m/z) 228.6—129 and 228.6-93.1, respectively.

A

Calibration Curve

@ =

Type: Linear

~  Origin: Ignore

v Weight: 1/x

~| IS0 Qe

CCl: n| &

B

X Calibation Curve

: @) (%] Type: Linear

Origin: Ignore  ~

weight: | 1/x

~| 1510 |QC

%

cc 2 e 2
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B~ e Ok BRI & SUR] o (A) Ketamine (K)#UEJR A R0 > SRR 2 %] 5 25,5, 10,

25,50, 100 ng/mL>LOD % 1 ng/mL~LOQ % 2.5 ng/mL-(B) Ketamine 4= Norketamine (NK)

MEEREEY A MPER LSS 25,5,10,25,50, 100 ng/mL > LOD % 1ng/mL ~ LOQ %

2.5 ng/mL -
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A %105 |+ESI TIC MRM CID@™ (™ > ™) cal 50.d
164

154
1.44
1.34
1.2
114

0.3
0.84
07
0.6
054
0.44
034
0.2
0.1

05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 6 @5 9 95 10 105 11 1156 12 125 13 135 14 145
Counts vs. Acquisition Time (min)
105 |+ESI TICMAM CID@™ (* > ) 6.d
28 !

26
24
22

18
16
14
12

0.8

0.6
04

0.2.

05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135 14 145
Counts vs. Acquisition Time (min)

Bl 4 ~LC-MS-MS MRM chromatograms-(A) Blank urine spiked with 100 ng/mL of NK and K. (B)

A real saliva sample. K:10.23 min, NK: 9.88 min.

7 & R RER B Tk sk

AT A2 Kk &3 -l kiplE# e 7 - 47 & Driager Drug Test 5000 (cut-off & 5
300ng/mL)> 11 2 S p FFAF2rER K Gl GER =A@ L) 279 ¢ 7~ B
&~ fé(cut-off & 5 25 ng/mL)& & ~ Byt &= f(A & Bocut-off i& 4 % 5 100 £2 50 ng/mL) »
SR LR R A AT o 5 T fRERE K B AR RIRIK & L ATRE R (sensitivity)
% % - d(specificity) » #7F Fi 2 R iRl > TR FE SH XARFRPEIIPIHRE
11 LC-MS-MS fr GC-MS % Bit (7 K # & 2 %3 cht B resate s A 47 5“7 Bcdhnl 4 d &
FFBRFATRRBFAHAL P SR F R A7 4195 B 7 AR A (sensitivity) = True positive /
(True positive + false negative) x 100% > = Fé—“z o RISk D AN s P ORE N T S
2% 5 & — 4 (specificity) = True negative / (True negative + false positive) x 100% » T % &
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J‘FZ o R xR VI > P EE ) H Y A A% % Positive predictive value = True

positive / (True positive + false positive) x 100% > 2 & L3 5 LG S P> F B g 5% 7~

v

"=

i

2_t ] 5 Negative predictive value = True negative / (True negative + false negative) x 100% >

R S AL R B ERE SR b

Drager % #7 &

Lov 1eostSE EARTENS o =

(-
Result 031

Tl oz Cocaine-Demo Negative
}IJ EE %‘- @ Opiates Negative
—— Benzodiazepines Negative
- Cannabis-25 Negative
:\“E 7]': Amphetamine Positive
Methamphetamine Negative
Methadone Negative
Kat amiing Positive

BB AN 25%15%23 cm?

14*18*14 cm? 20*9*6 cm’

A 78] B Fu 12548

Sh4E 10548

Bl o~ r A7 23 SR iR PER o
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- BB KRER LS TR
%éb*%ﬁfvﬁﬁmf& BHRFRAEL T AP e L9 Fd b B 4
AT EE AT SARBRRERR - GEAIERR S ERNAEZ = v kE BE

TR RN AR 2 A RO E ) TR YR 1A B E B A T 9 50 4 R B o
%%%;ﬁg*@ﬁéﬁﬁiﬁﬂiﬁiuiﬁﬁﬁ%ﬂ°ﬁ@ﬂ’ﬁﬁg%%ﬁﬁﬁéﬁ
o BEREFEEAF LEFRE-ARFR FERRUBE(E - ) ks FTog5 14
Blck#i 3024 BE Y I BEABISK SBEIAELTERILE P 12 24 BRKH
B RS g 30T 54 B AH294 o PR IRB Y PR 24 dEA 4~ P Driger
Drug Test 5000 £ A 45 270 B % ~ & X WM £ 447294 B% ~ 245 BIf A® B A 2R

/

> B4 56 82 50 B & o

it 1

BL- T3 Rpddy E3 R -AF VR BRIZiL2Fz 0P B) T4 5
FETAY JEFEFROFR BP0 o > BRFRZR N LR B -ANER S

9T R A
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S ERARRBE GkR A MARR

SR R E L RAPRESFEY RBI I EF R DA SR L FREE R
AR E o T E R o WeER R APPSR R 2GR ERN T
T FHEEST ARSI R RHEAARE e b s LA B ES N AT Y
BrER Y 3 24-36 ) PEAOIREE S F o ARRCT R B S R B B o R LY TR D
ZReRA o EREFI LG UhR A M AP EiE D GC-MS & LC-MS/MS 5% > i %
R SRR 2R SR RAPR I o o e RIBEIE R LB X A MR R B HERE
FI* AP HAPM GRS ARG FAPMI c SR FRM K B AR kR SRRk
B RA AL ADM (1= 089, p<0.0001)(H -+ =) > + G Lin o & ™ wkik il BT eIk H

AP ehe BT k0 A PE - B A ER K A S @R AR R S b -

6.00

«n
=)
o
(
O

=
=)
S
O
O
O

R*=0.7836

log (saliva concentration)
N w
o (=]
o o

=
o
=]

0.00 1.00 2.00 3.00 4.00 5.00 6.00
log (urine concentration)

Bt = e 2 KW ok R Ap M AR R -

= ~ Driiger Drug Test 5000 $+** K # &Rt By & - 44

Dréger Drug Test 5000 £ ¢ A Bffre o A FE RS TFHFRY "Iz RhENE- K
* FEhEA o 2 ¢ K &R cut-off &5 300 ng/mL > 3 AFTT P R A7 270 Bk oo H PR
2] F % 2 LO/MS & 475 % — enip & 4 6] F 41 6)(F 12) 22 208 b (Fa 1) i@ 2@ 1 1+

LO/MS A 453 5 12 Bt 12 6 @M LA LOMS A58 % B2 B2 9 6l(%
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2 ) 38 %% ¥ &> Driger Drug Test 5000 57 & 5 82.0% (68.56-91.42%) ~ & — 1+ 5 94.5%
(90.67-97.15%) ~ Positive predictive value % 77.4% (63.79-87.22%) ~ Negative predictive value =
95.9% (92.27-98.09%) -

% = ~ Driger Drug Test 5000 &3] 213§ 57 & &2 & — 14
LC/MS v K & &k R

> 300 ng/mL <300 ng/mL total

Dréger Drug Test 5000 X e 41 12 53
EEIRE R £Yea 9 208 217
total 50 220 270

A BMEERKE GAFRAREREE - 04

F ok BT EEA L KB B T B A H Y K &4&0R cut-off 5 25 ng/mL -
PR SR R F R T RIE G /S & RRIE R 43 25-75 ng/mL
ZREOTIRETITRAFF (R R HF AT Aa AR ERBIS R PH L
FAEFAEATLTPFY A A R ALY 0 A BrER KB GEAE A7 294
BRol P BFHIF L2 LCMS 24758 % - RenB x4 %5 103 6 (FF)& 153 5J(Fa 1) 5
PRI LC/MS A8 % a2 Bk 33 6] @R XGE KM > LCMS ~ 475 % B L
2 BEF SH(F-) FERET A XX BEER K b GREBAE RS 954% & - 125
82.3% ~ Positive predictive value % 75.7% ~ Negative predictive value = 96.8% -

F= A A EFERKE FATTERNFRERE S -
LC/MS &% LD 91

> 25 ng/mL <25 ng/mL total

&k KB A E e 103 33 136
S £ 5 153 158
total 108 186 294

A ERERKE AT ERNEREE - A

Ry
4
T

P B TR EEA L A A0 395 KB @ %% I E5 A v b K & 1eiRl cut-off
73 F o A% 5 100 ng/mL (A )22 50 ng/mL (B #¢) © 3% B Ff #73% 023 3% 4 "‘,$ LRSS S
TR Er st KPRt mV R AL S GRS 0 ARG EA TR B2 - ET Fir R
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BIF G o HRBIF/IEMERE BB 2R BTN RAFED -
dN A BBERARIRER KT AL PERASA T S A BB AZERK S
EEBEAT 56 BE - B9 EHHFREE LOMS M85 - RenB R AT 7 6l(B 1)
BA3 Bt s BEHZIFE B LOMS A58 %182 B3 46 EH2H LM LOMS
APEEBEZBEG 20(E N FEEET I OB A SRR KB GRASER G
77.8% (39.99-97.19%) ~ & - % 91.5% (79.62-97.63%) ~ Positive predictive value % 63.6%
(30.79-89.07%) ~ Negative predictive value % 95.6% (84.85-99.46%) - ~ ~ B[} B #trei K &
B At S0BE e 3 6 BBEET Z NA(RfpRZHD) FERHIH S &
LC/MS A 475 % - Rehf &4 w3 11 6J(F45)8 30 GI(4 1) © #4235 H 12 > LOMS A 47
BREBZ BETF 66 EALF AN LOMS AT SR B BRF 301(R1) B
varo SA B B Hrkip K # AEMARE R L 78.6% (49.2-9534%) ~ & - |5 83.3%
(67.19-93.63%) ~ Positive predictive value % 64.7% (38.33-85.79%) ~ Negative predictive value =
90.9% (75.67-98.08%) -

A SR BREAGERKS GRAIFREREE -
LC/MS rdite K 8 &0k &

total
> 100 ng/mL <100 ng/mL
o AZrER KB & R 7 4 11
R A % % 2R 2 43 45
total 9 47 56
24 ~ o BEFEBEERKE GEHIFRRLRESL - (4
LC/MS v&% K ©# ¢k B
total
> 50 ng/mL <50 ng/mL
o Bz K & F XS 11 6 17
EUEE R S Y el 3 30 33
total 14 36 50
AR K A FRARE RS R - R

APRE RTINS A EIABBETRFAK S R EREN BRI R T
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B Bt B 1A (R L) B R F IS X B2 AR R i 954% 0 Bt |
Ao B R 5 823%RI A0 LA K KFR FHEHMWALERHE LER TR
F¥E - B IEB D T PR TR # R o Drager Drug Test 5000 & Bl £ t % —
1 T AT 90% 0 ACR B 82%:4 w4 A S E RS PR ERA P ok 0 Ao MG
PR ek T L BRI L F VR RS RA o oA BFATEE G K B kiR il iR
Bl B A FE S LB A AU R AVAE 80% A 0 AR kTG Lk Bl 5
TEFEROTEFRRERREREEFERFL > SR FFIE I 300 5] 0 2 TR
2 AER K RAERRE RS L - o T4

WABZB/IEE X14|#  Sensitivity Specificity

AR5 AR
(cut-off: 25 ng/ml) 294 95.4% 82.3%
& RuHik
D*i /& ]EJ '}/r_ (cut-off: mng/ml) 56 77.8% 91.5%
Mol A -
AR & R # ik 50 73.6% £33

(cut-off: 50 ng/ml)

Drager - #7 1& , )
(cut-off: 300 ng/ml) 270 82.0% 94.5%

Bhed
NPT SRR o ERRAG FPET RRRMEAT e ¥ L ERET LR T 2
Bo# 3t K # bkt Boik G R BITRA 726 0 LR i o T R e L B E E
BEERFFREE > DERF QURORFBDL > R A RFFEF DT > RA RS
TGS EERG o ch B BELFRDETL o L DK AET E8K
AR AT 2030 AFFEERE  EHAE RHI LA I o AR ek pE s AP

EUrHANSTR BRI SKE FEFRZF DR KA > APFE R SORFEHTR

GKE GHdRs T KA § R T LT R 2K KR R B
SH R d BT FEREETK S A4 Siai § B Lie- Aoz o Bk
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2 : kg R EA KW b d 5T i
KB @R FEEEFPESST R BN A AR KB 6303 58 T E

2 A1 S kg il )’ 2 ] T o
bl % o Frd F e B o3RG M P R AR AT SR AL
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