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An ionization technique, direct analysis in real time (DART) has recently been developed for the ambient ioniza-
tion of a variety samples. The DART coupled with time-of-flight mass spectrometry (TOFMS) would be useful as a sim-
ple and rapid screening for the targeted compounds in various samples, because it provides the molecular information of
these compounds without time-consuming extraction. In this study, we investigated rapid screening methods of illicit
drugs and their metabolites, such as methamphetamine (MA), 3,4-methylenedioxymethamphetamine (MDMA), am-
phetamine (AP) and 3,4-methylenedioxyamphetamine (MDA) in human urine using DART-TOFMS. As serious
matrix effects caused by urea in urine samples and ionizations of the targeted compounds were greatly suppressed in the
DART-TOFMS analyses, simple pretreatment methods to remove the urea from the samples were investigated. When a
pipette tip-type solid-phase extraction with a dichloromethane and isopropanol mixed solution as an eluent was used for
the pretreatment, the limits of detection (LODs) of 4 compounds added to control urine samples were 0.25 ug/ml. On
the other hand, the LODs of these compounds were 0.5 ug/ml by a liquid-liquid extraction using a dichloromethane and
hexane mixed solution. In both extractions, the recoveries of 4 compounds from urine samples were over 70% and these
extraction methods showed good linearity in the range of 0.5-5 ug/ml by GC-MS analyses. In conclusion, our proposed
method using DART-TOFMS could simultaneously detect MA, MDMA and their metabolites in urine at 0.5 pg/ml
without time-consuming pretreatment steps. Therefore it would be useful for screening drugs in urine with the molecular
information.
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HA LT ISR RER A L/ 20 NI T T
1 —Fy MREEO L IARTEEN TV, 22
T, ABIZETIEI MA XU MDMA, ZNh5E&EHO
{34 amphetamine (AP) & OX 3,4-methylenedioxy-
amphetamine (MDA) 7 [6]&: 125 n]fE/z, DART-
TOFMS Z Wz RPELHEM DA 7 ) —= 2 7k
DREZfTo Tz,
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1. &AE  oIrudgEY &L TAP g, MA
e, MDMA g, MDA M, /= GC-
MS 73 Hr i D NEEHEYE & LT MA B K R ER R
(2-methylamino-1-phenylpropane-2,3,3,3-d4, MA-d4)
DEACEYIKIER ZMHEH U7z, MAREIZKHA
FEARUENSEAL, ZOMDILEWTREITE K
L, WX THELZDOZMAL /. 2022 gl
DIRFE5fREE#E & LT urease Type C3 from Jack
beans, 1490000 U/g (Sigma Aldrich ¥, MO, USA)
Z, XAV OEMHMEAE Xy kF v 7 E Omix
pipette tips C18 & TX C4 (Varian #:, CA, USA) %,
NI RBROERIES BT )y —& LT
UltraFree-MC (§L.£% 0.45 um) (Millipore 1, MA,
USA) Zfff L7z, ZofoREIIHENEHZH
W, RiABHIR T > T Yo/ REEY 7 —
Ot harbhO—)VRELUTHEALZ., b MREE
P O DELO S, EN S s AR SR
7R BRI K 2 MBEEDORKEZRT, M
BEBXDOEDDHEICAD, HF T RE LRI
> THMEL 7z

2. BLEE  RPORFBICKZDFZEZEWL,
DART-TOFMS {7 12 31 % 34 O K R B % (7]
LS E L0 FITR LU S SRl Z e L
7z,

2-1. EMHEE U OoEMEREEXY B
F w7 (Omix pipette tips C18 X1Z C4) ZHWTHK
YRR IR 2 N A IR EE 0.5-5 ug/ml IZFAH L 7= IR
et oleEmE, DUFIORUZBETHIE 2175
7. OEAHDOIEMEAL : A% /7 —)L 100 ul 2 [8], #liK
100 gl 2 [EIE Xy MEIEZTTD. QiEIORE: @ &
EW Rl a2 ho—)LgR 100 ul 12 0.1 M
KL NU D AKIEIK 20wl ZINAZ, WP TENXR
v MEEZ 5 [EHEDRY. QU © HizK 100 ul 2 [4],
5% A% J—)VIKVEH 100 pl 2 [E1E Ry bEEIE 2T

5. O A SOul FTE Xy MMEIEZE S
F#:0IRY. fHFoN/iEtiiZ DART-TOFMS 7;
Pricfim U7z,

22, H-mMHE bt hIChO—JLR1ml
IR Y EEAE Y R 2 0.5-5 ug/ml 12752 % & D RN
L, DED25% T >EZTKEMA. 51T 500
Ul DFEEEZMATIRED U, HEBH RIS
J& ZBIEITHEAL 7.

2-3. BRWEZE  RIEBREOLDITNHPIC
e, FEYEHFRMUZE SO > bO—)VR 100 ul
IZ urease (1000 U/ml V) >R IRHR) 10 ul Z fn
A, 37°CTI10pfllR & D LRSS ZTTO 72

3. DART-TOFMS 5347  DART-TOFMS |5
EE U T, 17 Direct Analysis in Real Time
(DART) ZE &5 #7EF AccuTOF JMS-T100 (&%
WCHABT#HE) ZEiELcb0eMA LA HE
WA EHRIR 2T 7 ABOEmI A S8, F—il
Btz 1 (8] 1-2 53 O 5r M i THE %R DART 1 F >
ZINEL, ARY MVOWERZT> 2. 8B, BE
RIEIZIE PEG600 Z il L, #HIE O NEREYE
& U T caffeine (CsH(N,O,) EiZM Nz, €D
L DBPERMHFIILLFOED TH 5.

DART 444 : Positive mode; gas flow: He, 2.01/
min; gas temp.: 200°C; needle: 3200 kV; electrode 1:
100 V; electrode 2: 250 V

TOFMS 454 : Postive mode; orifice 1: 15V, 80°C;
orifice 2: 5 V; ringlens: 5 V; ion guide: 500 V; reflec-
tron: 950 V; mass range: 100-500 (Da)

4. GC-MS 37 ZRiLEEICH T D RPH
5® MA, AP, MDMA, MDA D [E[[{R KT, &1
HFOBEMRMEZERT 272012, FUBEZIT- 2%
GC-MS Z W TCTERTZ1ro /. ¥4 7 OEH
A E Xy hF v 7HE L <RI K 2 H
HIRIZ, WEEHEYE MA-d4 KIZIR (BRRIRE 2 ug
/ml) KOFgMEASY ) —)L % MA, AP jiEREES S O
FERFIE DIz DI EIRIN L 7218, ZEFEUR T THRIE
¥ [& X /=, Trifluoroacetic anhydride (TFAA, Sig-
ma Aldrich #1:) 100 ul & OVEEEE T 5 )L 100 ul Z N
Z, 60°C T20 RIS E, BEOREEERR
MECTHEL, MBIV 100l ICHEMRL T, %
L&D TFAKE LT GC-MS HIEZ2fTo /2. %
7z, BERNHEERICOWTIE, ISR NEAEY S
MA-d4 KGR (RFEEE 2ug/m) RUPLY /) —
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NV 09ml ZMATE NI RSBk, WK
74 —AL, BRI FTARLZES Y,
TFAA Z H W TRBRIZHEEMAL L T GC-MS HI5E i
& Uz

GC-MS 13 Selected ion monitoring (SIM) & —
RTHIEZITY, HMLEMENEEYEEOLE -2
HAEZFEH L, 0.5-5.0 ug/ml O HIPHIZ BT
LR EMOEMRIEEZRE L, BIGRIE, #RE
2BV 2 MR & ATLEVATIR O Y — 7 RS (%
L&W/ NEEYE) 2T 22 EICKDERL
z.

GC-MS #Hl & % & & L T, 6890N GC-5975MSD
(Agilent 18 Z W /=,

GC-MS 444 : Column: HP-IMS (30 mXx0.25
mm i.d., 0.25 um, Agilent) ; Gas: He; Flow: 1.0 ml/
min; injection volume: 1 ul; splitless mode; Injection
temp.: 200°C; Column temp.: 60°C (1 min hold) —20
°C/min—-280°C (5 min hold) ; ionization: EI; transfer
temp.: 280°C; monitoring ions: m/z 140 (TFA-AP),
154 (TFA-MA, TFA-MDMA), 135 (TFA-MDA),
158 (TFA-MA-d4)

BRRUER

1. BEFRRCRTFEDOERDH  WMHE
Y DREUERIEIRIC, 25% 7 > B2 7 KEMEMN A i

3). /2P, HHEWME & PEMOEEAED 10 mmu DAN
DAE L THLRRHEE FTRE/R B EIZ LB 1 ug/ml LA
ETH o7z, Table 1 ICHIEE YRR FE dimer
DR (0 kAR ROE T AV RE Y
VEEEERLU.

RITREEHZ MA /KSR Z LU CTHRIE 217 -
&2 A, RE (CHN,0) @ dimer ([2M+H]+:
121.0725) 12X 21 F M8 50, MA O
70O b FA 4> IM+H] PR TE 28
& (S/N>3) IFKIRIETL, 20ug/mlf2ETH
> 7= (Fig. 1). % Z T, DART-TOFMS IZ &k %R
SR S HTIC BN T, JRFDFE & (K U HURE
Z] EXHE 572005 aLEEE M L.

2. YA/ O0EMBBHEAERY FFy TERAWE
A A VOBEMEMMAE Xy b Fy T, F
v T EICEEMERELTHBD, v 70EXy
MZEEL THEDOE Ry MAMETHERE K], I
9232 & T EHOREMMEEREZITS 2 EAVARE
THO, RPFEYSHFORMEICS AN S5H7 TN
2. 24

Table 1. Elemental Compositions of Targeted Compounds,
Caffeine and Urea (Dimer) and Their Exact Mass (Calculat-
ed)

Compound Elemental compositions Exact mass
eI E U CHIEZ2T>72. DART 1 F > EIZ[H (protonated) (calculated)
R ERDELY 5 AROERICHES e ThE ar ot 611202

- % PN o - MA CioHeN 150.12827
L, TOFMS IZX D EEIEDIL G A XD B IVHEGE MDA CuH,NO, 180, 10245
217 FOEE MA, AP, MDMA, MDA /K& MDMA C,;H;sNO, 194.11810
o7 Ok fHnsgrA 4> IM+H] OB, Caﬁ‘eine. CgH 1N4O, 195.08820
A 0.5 ug/ml £ CTHEZEWEETH > 7= (S/N> urea (dimer) C,HyN,0, 121.07255
urea [2M+H]*
~121.0715
MA
150.1299
210.1612
1311289 L
! _154.1205 "
T r v v . v v v T v T v v T T LN U RN S B RN S N U SR BN R SN RN
100 150 250 300

T UUI T
BBE W/

Fig. 1. DART-TOFMS Mass Spectrum of the Urine Sample Spiked with MA (20 ug/ml) without Any Pretreatments
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DART-TOFMS TIIEHKREZ T DX £ 7 A8
ISR THIEZITD 20, EHIVER Z RO
FRETDHILET, BEMEN2MHBITRETHI L
MAJEETCTH oz, WA ELTAY J—)LDH,
AL —=)V/7E R NUIVREIK, 70O ixsy >/
A4V 7a)N ) —)ViR# % T, DART-TOFMS
HEZEITo/2ETSH, WTNORHAERIZBN TS,
4feemo7o b A1 4> E—2 IM+H] T
DR TE ., RODBENREFTH-ZY 700 R
/47N —)ViRlR 3 1) CEMEFY T

T4{tEYO [M+H])iEZER
>3) [Fig. 2(A)].

3. R-BRMHZEZAWION  E-wHE R
EYOFEERMAIETH 0, kEx RHAER AW
5N T3S, A#FFETIE, DART-TOFMS 4 #7112
BWTALEYOMEPEEN L <, ML) ICX 50
VAN ity ATy v O A 1 [antol L Sl OFS
FH T A3 S ¥ DART-TOFMS THllE L 7=
WE OB IFINEZHWSESEE, dimer THD
[2M+H]* 177 g < I, 4 (LGP O HEE

fEThH-o7- (S/N

CI8 DHlABLETIE, KRAPEWEEE 0.25 ug/ml ERETLE, PIFILI—FIE2HWDS L,
(A) 2852891~
1 1021143 '
MDMA .
MA caffeine 275.2671
150.1354 / Hapa60d
AP
136.1089 MDA b i 200
: 180 10851941138 2411112
.m...L_L....LM ....nJ..Jﬂu LJ m |l|]||.m
100 150 200 250 300
BEBEEEn)
(B) AP ”!}Jﬂéa ~279.1656
1361116 ‘ MDMA
MDA
180.1116
9.2311
g1 0gen  |\9A230 R2L1R77
169.1922 | 2307061 56 2664
102.4892 l " L
MMLMLM .ﬂium. ‘..n..Jl.ulJ.. h.lhu.-
100 150 200 250 300
BREALL (/)
(C)
] 140619 AP
136.1006
MA
150.1335 MDA
180091 MIDMA 226.1402
1521348 | 1941284 l
1
166.1186 197.1055
i 2251523 | 2271523 2541796
] 1
100 150 s 300

200
BEEwLLm/2

Fig. 2. DART-TOFMS Mass Spectra of the Extracts from the Urine
(A) at 0.25 ug/ml by C18 pipette tip-type solid-phase extraction (B) at 0.5 ug/ml by liquid-liquid extraction with a mixed solution of dichloromethane and
hexane and (C) at 5 ug/ml treated with urease.
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DART HIEHICHFEL TLES 20D, RELZH
ENRHETHo7=. NFH o 2HNWEE, JRPEE
5> DRI A RE T & /278, AP & UF MDA O i
R 2L EMICHE R L2, £/, Yoo
ALY ERBRALZGER, AEIBENTERZD,
DART HIERFIZ BN TH T ABICHEIREE O H
ENEBEIRLIENR#ETH>. £ T, NFY
Ay ranN =), ¥ =), 7th2, ¥
JOOAY > aMAREGRIZDOW TR 217> 72
R AFH/or7OonAy w21 TRET?
L, BN EE SR LB OB HIRE N SE
I N7z, Figure 2(B)IZ/RL 72L& DI, 0.5ug/ml D
JRAPFESRE T 4GOI+ > E—2 [M+H]*
DHERAHETH D (S/N>3), OFREHhHE & b
L Tl ® K WIERNE S N7z

4. BRUBICLDDN HERHERZENT S
AR A S8 T, DART-TOFMS 12 & D HllE &
To72& 25, RFEDHRIIMER TS =M Mtpk s D
HEIZXD, 4eEMED Lug/ml LA FOEETA
FoE—27 [M+H]I"OBRHENKRETH > /-,
Figure 2(C) I 4t &% 5Sug/ml RN L, urease
W Z{To7/7-b ha> bo—) VR R O DART-
TOFMS AR MV &ERLUTzZ.

5. GCMS AIC L 2B/ EBEROEERK R

(A)

9
100 .

LA I @ DART-TOFMS 12 & % HIE S RiCHD
&, SFATLEEOMM MR 2R T 50 GC-MS
EZHOWTUHKRICDOWTERSTETT- 7.

BEAEMHE T, EHEESL T 7oy >
/AT —)ViRKR (3: 1), EMIC Cl8 #H
WEBIRIET, BEEW DR S O EIED,
0.25 ug/ml (HRALIEFE 0.5 ug/ml) Tid AP, MDA
ICBWTTO%B LA FTH o2, 0.5-5ug/ml (B
IR 1.0-10 ug/ml) OREHPFETIZ4LEMED
I270% LA Lo #EZ ;R L [Fig. 3(A)], E/#E
% R2>0.990 TH > /=

WA E I B W TR, MHRICAFT > 0 H
ZMEAL 56, AP U MDA O [EI{E A 40-50
% EMRWNEEZRLZ. —H, Pr7O0XxY > zfFEH
L7ZSGEE, BINENIOBLL ETHo7=. 2
T, NFH/ ooy a2 1 TRAELEE
25, 4EEMT R TORIPCRNFIEE T 70% LI E
I kU [Fig. 3(B)], E#H#MHE® R2>0.990 TH >
7z,

F/r, BEAHEICBWTIE, 72 N7 WEEN
A8, FHBARLZEIT > ikl 2 GC-MS Tor#r
U 7=fE 5, 1.0-5.0 ug/ml D FE & Tl R R A3
60-80% TH-> /=7, GC-MS 7O 75 ALLET
FRAVEAERR IR D IENRKEL, 0.5ug/ml Tl

80 |
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Fig. 3. Recoveries of Targeted Compounds

0.5 1 2 5 pg/mL

0.5 1 2 5

ug/mL

AP (O], MA &, MDA () and MDMA (@) . (A) from urine samples extracted by C18 pipette tip-type solid-phase extraction, (B) a liquid-liquid extrac-
tion with a mixed solution of dichloromethane and hexane and (C) treated with urease.
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FZALEY O EINRA K E IE B DWWz [Fig. 3(C)].
] B

MA, AP, MDMA, MDA Z#EimL7zt ka2 k
O — )V R i{ kBl 2 DART-TOFMS iZ X D HIE L /= &
A, REZDHIERDMICLDBEEHDA A >
LD 5N, BMPEENKIBITET Lz, £
ZT, fESMEEmE UmR, WHEgcY y
OORAY /A4 70)N ) —=)VigkzERWEZ< A7
OEMMHAE Xy hF v 7ickD, &Y 0.25
ug/ml DIEEFT, JO b fMaTFAAE—2
IM+H] 2Bl TH > = (S/N>3), Fiz,
ANFY /P00 XY R E W2 - T
1, 0.5ug/ml £ THIEMNAIRETH > 7z (S/N>3).
—F, urease ZFHWTRHYIRFZ DRI HFET
1, RARPCEDENKEL, 1ug/ml L FD
BETIRENPHRETH > 7. AWTTICHW{S
RTALIRVE DI RN R 2 58T 5 7212, Rat DRil
MR h 3 Y 2 GC-MS IC X DHIE L=/ 5%, E
FE A HE A B O A T 4 (LB O EIERL 70
%BLAEETRD, 0.5-5 ug/ml O R S B i B T
RIF7sEEZER L.

AWFFRICBNT, BHEARLEZTY Z&ICX
0, HERMTE DA F ACHHISEIE L, RalE
H DY) 5y T 4 > B — 2 5 DART-TOFMS 12 &
DRHBIEETH > /2. I HITRRARYT NVRE
NESND@mEERBICBWTIE, BEEEMN
5, MRHEE 21O 2 EMMEETH > 7=, ARiEL,
KEFLHEY - BHfEEY —EXEME (SAMH-
SA) HOHERET STy b 7 EEE 0.5 ug/ml LA
FORF MA KO MDMA I2DWT, EMHH X
R - I KX S ETLENIC 1 5 #2 %, DART-
TOFMS IZ X2 HIET 12457 &, AFF3 5 UNDS
MR CRIMFICHMHT 2 2 ENRIEETH D, £z
EEE QS EVIHARHEEIC K D B AHET H 5.
E5iz, K@ zFEREHT 2 2 &Ik D, RAD
MA, MDMA OEAZEETE, A7 U—Z227
DEEENEES. BEFEORREMSF v T
MA & MDMA J UM O [R] Rk YR 8 C b %
ZL%EEZETDHE, DART-TOFMS IR B D Z 1
S5EMOD I RAT ) -2 TiEELTHERATHD &
Zzoniz. Lnl, MR —EEmizon
Ti¥, DART-TOFMS O A THFTEianZ &1

MEITDBEND D, XLAWETIE, RPITHE
T RAREMED D DM DB CEYISIR MY 25 D)
DRETHEIMFAL THET, 58, EEROEY
¥ %8 Ok 2 SRR EHT D W TRET 2 A 2 44
b D,

HEE AWML, BT ERE B ST
fToN/lzbDTHY, BRSIICEH N ZL KT,
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