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Abstract: Amphetamine-type drugs are synthetic compounds with an amphetamine parent

structure. These compounds cause addiction, central nervous system excitation, and hallucina-
tions. The number of drug users worldwide has gradually increased because amphetamine-type
drugs can be synthesized in a simple and artificial manner. The current methods for anti-drug
screening and toxicant identification are limited by the large quantity and variety of the drug an-
alytes and long detection times. Thus, the development of broad-spectrum, rapid, and high-
throughput detection methods is an urgent necessity. In addition, conventional amphetamine-
type drug test samples, such as blood and urine, are only suitable for short-term drug identifi-
cation. Hair has the advantages of easy preservation, stability, and a long detection window,
which can compensate for the deficiencies of body-fluid-based test materials. Hair samples can
reflect long-term drug use, which is beneficial for tracing drug sources, and has become an
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important means of providing evidence in court. Because most laboratory instruments are una-
ble to perform the rapid on-site detection of amphetamine-type drugs in hair, establishing a
high-throughput, qualitative and quantitative rapid on-site detection method is necessary. In this
study, pulsed direct current electrospray ionization (Pulsed-DC-ESI) coupled with mass spec-
trometry was used for the rapid detection of four amphetamine-type drugs ( amphetamine,
methamphetamine, 3,4-methylenedioxyamphetamine, and 3,4-methylenedioxymethamphet-
amine) in hair. Methanol was used as the extraction solvent, and the grinding method was used
for extraction. The pretreatment process included cutting, grinding, and centrifugation. The
pretreatment time for each sample was about 10 min. Multiple samples could be processed in
batches, greatly improving the efficiency of analysis. Pulsed-DC-ESI is an ambient ionization
technology that can be conducted via direct injection without chromatographic separation. The
tip of the spray capillary tube was immersed 1 cm below the surface of the sample solution to
allow absorption via the capillary effect. When the spray capillary tube contained 1 pL of the
sample solution, detection was performed. Pulsed-DC-ESI generates an electrospray at the
same frequency as the mass spectrum, thereby avoiding the problem of sample wastage, which
often occurs in traditional ESI. The portable mass spectrometer used for analysis is a linear ion
trap mass spectrometer. The parameters of Pulsed-DC-ESI, such as the inner diameter of spray
capillary tip, spray voltage, and distance between electrode and solution, were optimized
based on the mass spectral responses of the amphetamine-type drugs. The optimized ion source
conditions included a inner diameter of spray capillary tip of 25 pm, spray voltage of 2 kV, and
the distance between electrode and solution of 20 mm. The optimal sample solvent was metha-
nol. The optimized method can achieve simultaneous detection of the four amphetamine-type
drugs within 20 s. The linear ranges of amphetamine, methamphetamine, and the two other
drugs were 1-25, 1-100, and 1-50 ng/mg, respectively. The limits of detection and quantifica-
tion of the four drugs in hair were 0. 1-0. 2 and 1 ng/mg, respectively. All linear correlation co-
efficients were greater than 0. 99, and the average spiked recoveries were 86. 6% —114. 7%. The
intra-day precisions were 4. 14% —-7. 34%, and the inter-day precisions were 3. 71% —8. 43%. The
proposed method was used to screen 2 000 samples provided by various testing institutions. A
total of five samples were positive for methamphetamine, which is consistent with the results of
conventional forensic identification methods. Thus, the developed method can be used for the
rapid detection of amphetamine-type drugs.

Key words: pulsed direct current electrospray ionization (Pulsed-DC-ESI) ; amphetamine-type
drugs; hair; rapid detection
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T 2 MRE Sh AT AR BT R ST A AR e 4
AR AL F5 i AT HL 5% 25 H, 25 ( desorption electrospray
ionization, DESI) " Sz 427347 ( direct analy-
sis in real time, DART)''"" 4% %5 1 2 ( paper
spray ionization, PSI) "4 W X RigHEARE )
TR T AR &M i 4G, Teun-
issen 21 FF & T AL T ARME 55 L S 14 4 ot v R TN i
PO A 7, KBRS 15 ~ 50 ng/mL, A& 40
UV PR i B ST T IR P S R EE Y
PRHAS I | e B SR e i A FR 0. 5 ng/mL,
A PRI 1 2 R KRR VEER (1 ng/mL) MY
fik h 37 H % 55 B3 5 ( pulsed direct current elec-
trospray ionization, Pulsed-DC-ESI)!'"! { J — b
B O B R B ORI 55 R i AR I
T 0 R (LA 5 7 O 5 AR o ey v Rt o s s L
TR SESERTEAR L, Pulsed-DC-ESI Biii

T S22 R S AT AL IR R THFE D, O B B

B A B AT, R R TR

A GRS Ik i I R IS 25 5 e 48 =B o UK
FH, 3 3 4 ik Pulsed-DC-ESI 2 %k, A i 1 5% iy
Pulsed-DC-ESI F2 & 1 #1185 T bR 1 S s R &R
HENL T — AR LA T 4 BRI RS 25 i TR
BRI T R T T ORI IE B R Al ER )
I DA AR TR e 25 W R B R 4%

1 SEIGERS

1.1 SR F S e

CRAIV-110 i 4% =X i % % . PDESI- 100 Jik i 1.
TS B R (TR T R e R RCA IR A
F]) ; B100-70-10 ff FE A% 3% 55 B 4045 ( 52 [E Sutter
75wl 3 PC-100 4% 3 B #I{ ( H 4 Narishige 7
A]) ; Vortes-5 i HEAX (1T HAR DURA s il 1 A
FRA ) ; Hico U m MR SE.OML (A TAY T
FE( B B A BR A F]) 5 JXESTPRP-CLN 54X
( b5 Sk & SR A FR/A F] ) 5 SECURAL25-1CN
HLF R (TEEEZ AT AR .

il . LR L BE (HPLC 2%, 528 TEDIA
NHE]) s AM MA 3, 4-3 1 3 — S 3L K P e (MDA)
H1 3, 4-37 HOBUE H A e (MDMA) bR i (_E 168
TR AR RSB, B W 1 mg/mL) , L5
fiias A K &40t Agilent 1260 Infinity 1T & #H
o ii%-Agilent 64708 — 8 DU AT T 335 156 A AR 50 )
THNZM ZANERIBEHA, TS (T
B A PR AR
1.2 fREB BRI H

Sy ARSI EL 125 wL 19 4 FARiE S 2 1 mL Ff
dnJ H, DARE s Oy i ) C R B A MR R R 125
pg/mL BIRG R ERE &, BGE 1R A bR a5
W, R A R R A B R R (0.5.1,2.5.5.25,
50.100 wg/mL) FITRAbRIER IR,

1.3 HABatiE

FREC 25 mg B &AM (FRERGEE 0. 1 mg) , 87 &
KEE/NF 1 em R B, AW H (5 RS AR E
FEER) , A 300 wL H B, 7€ 65 Hz 4514 F Wf &
6 min, #& J5 K & BOE 7E 13000 r/min T & 0> 3
min; Z S5 TS R EERBOGREE AT 1 em,
FIFH B AU R U (29 1 L) | 3 B
1.4 HnEREE BV HI &

FE IR 1.3 PO A X B AR S AT T AL B,
A B TR A A T W, A O TR e (0.1,
0.2.1.5.10,25.50.100.200 ng/mg) W M bREE 5,
.

1.5 {UEEH

J R 45 4 IR B 200 T B Tl I N AR
0. 37 mm , REEHEFLEBE 100 mm, BE55 52 KV, 1E
B L5 A 2 N Wi (MRM ) 455 3R SE Bl 4 Fib
RN E Y S RESTOLZE 1,



- 1144 - @

i Fa41E

R 1 AMERBREUEVHRESH

Table 1 MS parameters of the four amphetamine-type compounds

Compound

Parent ion (m/z)

Product ions (m/z) Fragmentation voltage/V

Amphetamine (AM)

Methamphetamine ( MA)

3,4-Methylene dioxy amphetamine (MDA)
3,4-Methylene dioxy methamphetamine (MDMA )

119", 91 2.0
119, 91° 1.5
1637, 135 2.0
163", 105 2.0

#* Quantitative ion.
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Fig. 1 Device diagram of pulsed direct current
electrospray ion source
DC. direct current.
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Fig. 2 Effect of inner diameter of spray capillary
tip on MS responses of the four ampheta-
mine-type compounds (n=6)
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Fig. 3 Effect of the distance between electrode and the
solution to be measured (d) on the MS responses
of the four amphetamine-type compounds (n=6)
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Fig. 4 Effect of spray voltage on the MS responses of
the four amphetamine-type compounds (n=6)

2.2 HFmiEFMmL

AN BAT AN [ B BRAR MR BT, Unb A 3 v gk
T8 IX S [ 2 XA i B A AR R R, AR AT
FEorHILL 3 ARG (B IS M R O 1R )
fift 4 PRI Y, LA T A [RI 5 700 00 5 P g
IR N AR, FEWZS LR 2 KV 25
B IRNAE Y 25 | FELAR S 1 00 R ) ey
20 mm RZE0E R REATINE, A5 RANIEL 5 B, 4 Fil
AN RS YA T i b B HA B R B (R 5
RGO IR LR 4 BN ERAL & PRy
JoHE W 17T e,k T BE SR DY Sy £ B BT A5 e RE )
FE R A, S EOR N AR A D ) i i B 5 A1 5 25
LR LT D0 Ik 277 A o it e 7 55 S 38 M R
W% AT E IBLGE , 1X AT REJE N O SR 2 R A1
gt R B Y B 3515 5 A R Ak, AR
THBIZ A=A, NI, A SC 50 fie 28 06 5% T s A
A TR ARV R . TEIRAE R 2 PE TR, 4 BlOR Y 2R 4L
BN BIERESTHILE 1|, b ILE 6,

120
] — AM
10l T r T 21 MA
1 [LT7% l ﬂ_%f I MDA
X ] ZZ1 MDMA
z %7 Ea
£ 1
g ]
£ 60
w i
2 ]
2 404
(2]
~ i
20
0]
Methanol Acetonitrile Ethyl acetate

5 AERBRBEFIR 4 MEREEL SWRIGIA RN (n=6)
Fig. 5 Effect of different dissolving solvents on the
MS responses of the four amphetamine-type
compounds (n=6)
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Fig. 6 MS? spectra of the four amphetamine-type compounds (0.1 pg/mL)
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TEPLA B 254, X il 28 89 A #E & (0.1,
0.2.1.5.10,25.,50,100.200 ng/mg) FEHEMIR, LA
4 PR AL G R & BB AR (x) JE R BT
B 55 om BE A IARAR () | 2 il b o i 2 3155
LAEEETRE, 4 FORNIZEE Y RISk B E T
PRI R B (R) S8R L3k 2, RN 4

FIoA 1~25 ng/mg, H RN i e EE [l R 1 ~
100 ng/mg, H AP R 25 B L BB A 1~ 50
ng/mg, &MHCREIIRT 0.99, LU 3 5EM L
HE K HBR (LOD) | 10 1515 Wt b i & & & R
(LOQ) . 4 PRI RRAL G WITE T K SE T K
FRA0.1~0.2 ng/mg, Em R A 1 ng/mg, Y3 /2 7]
R ARG R B {E 225K (0. 2 ng/mg)

FR2 AMERREUSYNEERIITHE HXRE LHRNESR
Table 2 Linear regression equations, correlation coefficients (R), limits of detection (LODs) and limits of
quantification (LOQs) of the four amphetamine-type compounds

Compound Linear range/ (ng/mg) Linear regression equation R LOD/(ng/mg) LOQ/(ng/mg)
AM 1-25 y=11.7702+0.7589 0.9973 0.1 1
MA 1-100 y=19.082x-1.8028 0.9952 0.1 1
MDA 1-50 y=36.823x-3.0460 0.9985 0.2 1
MDMA 1-50 Yy =38.443x+6.8327 0.9987 0.2 1

y: MS signal intensity; x: content, ng/mg.
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LA 4 B2 TN W A0 45 0 1) 25 1 38 O AR 9 9
(50 ng/mg) A HE ity S {55 500 L AR AH X o i 22
(RSD) A6 b5, B4 5 i 00 H N FIH DR 25 RE . it
PR IR TRAE— H N IESLE B R 6 W, AR H Y
KR s 12 3 K, B R H AR 6 U, INAT H [E)HS
R ALK 3, WK 3 PR, 4 BRI 25
() H PORE BN 4. 14% ~7.34% (n=6) , H K%
R 3.71% ~8.43% (n=6) . 4 FRFBEEMLAY
(19 I PRAS 8 20 RIS 3% 2 24978 10% DAY, R
Ik BAT AR e,

F3 4WMEREREXUESYHBENFIBEAEEE (n=6)
Table 3 Intra-day and inter-day precisions of the four
amphetamine-type compounds (n=6)

Compound Intra-day RSD/% Inter-day RSD/%
AM 4.14 8.34
MA 5.96 3.71
MDA 7.34 8.43
MDMA 6.25 7.61
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(0 2, TR I [l i3 B AR Ao g 2, 445 51 L
T4, KA PR, 4 FRNEBCEYEERL T
TFR IR 2K 86. 6% ~ 114. 7% , FH X5F % U I 22 Ky
1. 4% ~ 10. 8% , Ui B 1% J7 1 110 1 1 J3E BB 405 1l A2 R T
Feds ik & W ks I 2ok, 25 (BB &R AR (10
ng/mg ) B 5l B TR FE LI 7
R4 AHMERRRALEYEZTAELZERPHOMIREREREFIRERE (n=6)

Table 4 Spiked recoveries and RSDs of the four amphetamine-type compounds in the blank hair matrix (n=6)
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Compound Spiked level/ Found/ Recovery/  RSD/ Compound Spiked level/ Found/ Recovery/  RSD/
P (ng/mg) (ng/mg) % % P (ng/mg) (ng/mg) % %
AM 1 1.0 96.0 10.8 MDA 1 0.9 86.6 9.8
10 9.8 97.9 9.6 25 21.8 87.1 1.4
25 25.9 103.4 5.1 50 56.1 112.1 7.5
MA 1 1.2 114.7 4.0 MDMA 1 0.9 87.1 8.9
50 46.6 93.3 7.3 25 23.0 92.0 4.8
100 103.6 103.6 6.3 50 52.0 103.9 6.8
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Fig. 7 MS! and MS? spectra of the hair samples spiked with the four amphetamine-type compounds (10 ng/mg)
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SR A= P A S B , 3 AT e Y LR T
R K EE RS A %, RN AT
K S D AT R BH R A v D
SRR =R R 0. 015~0. 384,

3 #ig

ABFSEH T Pulsed-DC-ESI-F 4 2 5 i X 16
-6, 44k T Pulsed-DC-ESI 2 75 v Ao i 5 1%
DNV W A TR BE 8555 L . RE I 70 DA B 25 B 40 4
RS R T AR Lo 4 R 2
YDA I . A A R B
R BRI B AN DRGH SRR A AR S BRAE S A I v
AR5 B0 B AR AT AL B AN (A% o B B E A T
ER T 4 PR RGP PO A I AT, BT R
R AOICE AR 3l R S AT AL BB K (&SRR
Ky 8 S RE JIAS A5 [, AR D7 iR 8 T S0
BT, RS [R) At i PR RS e M e B T
SR B T4 R — A B X E A R S
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