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Analysis of Methamphetamine and Amphetamine in Oral Fluid of Eleven Drug Abusers
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Abstract — A qualitative and quantitative analytical method was developed for detection of methamphetamine (MA) and
its main metabolite amphetamine (AM) in oral fluid. Oral fluids of eleven drug abusers were provided by Police, specimens
were collected by stimulation with a cotton swab treated with 20 mg of citric acid (Salivette®; Sarstedt, USA). As the pre-
liminary test, oral fluid samples were screened for amphetamines by Fluorescence Polarization Immunoassay (TDxFLx,
Abbott Co.). Extraction for MA was performed using solid-phase extraction (SPE) by RapidTrace™ (Zymark, USA) with
mixed mode cation exchange cartridge, CLEAN SCREEN® (130 mg/3 m/, UCT) after dilution with phosphate buffer. Sam-
ples were evaporated and derivatized by pentafluoropropionic acid anhydride (PFPA). Quantitation of MA and AM was per-
formed by gas chromatography-mass spectrometry (GC-MS) using selective ion monitoring (SIM), the quantitation ions
were m/z 204 (MA), 208 (MA-Ds), 190 (AM) and 194 (AM-D;). The selectivity, linearity of calibration, limit of detection
(LOD) and quantification (LOQ) within- and between day precision, accuracy and recoveries were examined as parts of the
method validation. All oral fluid samples gave positive results to immunoassay for MA (cut-off level, 50 ng/m/ as d-amphet-
amine). Concentrations of MA and AM by GC-MS in eleven samples were ranged 104.2~4603.3 ng/m/ and 32.4~268.6 ng/
ml, respectively. Extracted calibration curves of MA and AM were linear over the two concentration range of 1~100 and
50~1000 ng/m/ with correlation coefficient of above 0.999. LOQ of MA and AM was 1 and 3 ng/m/, respectively. The intra-
and inter-day run precisions (CV) for MA and AM were less than 10%, and the accuracies (bias) for MA and AM were also
less than 10% at the two different concentrations 5 and 100 ng/m/ at low calibration range, 50 and 1000 ng/m/ at high cal-
ibration range. The absolute recoveries of MA and AM at low and high calibration ranges were more than 82% and 75%,
respectively. In this study the qualitative and quantitative analytical method of MA in oral fluid was established. Oral fluid
testing may detect drug use in past hours because of its shorter detection window than urine, and be useful in post-accident
situations. So oral fluids will be most useful for testing drug abuse in the driving under the influence of drug (DUID) as the
alternative specimens of urine.
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Fig. 1 — Metabolic pathway of MA.
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4 0.1N NaOH(4.0 g NaOHE - 500 mol] Wof 52l &
THA] SR 1000 miE BEQIThE ZAlsto] ARS-sISiTth.
A A)eFo 2 A}E-3F pentafluoropropionic anhydride(PFPA)=
S5 99%2] 7S AFE-81 3L (Aldrich Chem. Co.), 7]E} A]2ke
I 5 592 AREsIglth

EFEEE MAQOmgm/ in MeOH) % AM(1.0 mg/m/ in
MeOH)- cerilliantAl Al AMESISIT. o) WES AHSE F
vEkE= 3129510 27} 100 pg/ml 52 E=gM (stock solution)
& ZAlBkAL 25°CellA] Basigith U EsE 4 cerilliantAt
AREQ] MAFTT2X| 3| (MA-D;, 100 pg/m/ in MeOH) 2 AM%
22 8k (AM-D;, 100 ng/ml in MeOH)E HIgHE-2 3]s}
Z}z} 5ug/ml @ 1 pg/ml F5E ZAS S ARRsIgic

IMFE g2 v 0.1M JAAEHS AESt] 1:3
volume® 2 3XAFt} &, A& (borosilicate, 16x100 mm)©]]
Efl 250 W/ 2 0.1 M QU 750 wE 9 F ShaE A
TS 3miE W) of7lell UiF-EFEE] MA-D; 3 AM-

Oral Fluid 2508 +

0.1M phosphate
buffer 750 {

Make 3 mL with distilled water
50 ¢ internal standard (MA-Ds & AM-Ds)

30 4 5N HCI
v

SPE
(CLEAN SCREEN®)

Activating
2 mL of methanol
2 mL of 0.1M phosphate buffer
Loading
Washing
2 mL of 0.1M NaOH
2 mL of distilled water
4 mL of hexane
Eluting
3 mL of 2-propanol:CH,Cl,(75:25)

v

50 y4 of 1% HCl in MeOH
Evaporation
v 45¢C, N, gas

[ Residue J

Derivatization
30 . of EtOAC & 30 ¢ of PFPA
65 ¢, 15 min
Evaporation
457, N2 gas
Reconstitution
in 50, EtOAc

A

{ GC/MS J

Scheme 1 — Extraction procedure for MA & AM in oral fluid.
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Fig. 3 — Extract ion chromatogram of MA and AM spiked oral fluid
(Oral fluid was spiked with AM 100 ng/m/, MA 100 ng/m/,
AM-D; 50 ng/m/ and MA-D; 250 ng/m/. Detection order
was AM-D;, AM, MA-D; and MA with retention time of
5.38, 5.40, 6.56 and 6.60 min, respectively).

Table I - Validation data of MA and AM for the established method in oral fluid

g% %—%‘%‘jj Z3to] Aojzl A|l7E GC-MS -4t
A¥}E Fig. 3o YeRASItE AM 2 MAE 5405 2 6.60%-
¥zt % gﬁ‘c} o, UPREFEZARQ AM-D; 2 MA-DS= 5388 2
6.56%0l 212t EE o] FFakAl wel= At gk s HEA
e 71-ZRE 7115 Y E4e] T3 AEEA ot

aje| fast
S5 gl olate] §askE AAIslel T A3kE Table

I9 1] elaleh. Qleks 0w 3|45t FAIR Bt 1ml
of MA % AM EF89E %Etﬂfﬁ 7Nk & dFENoR
FEste] A ek 743“*—% PsioiE wl MA 9 AME A&
ER91(1~100 ng/m)) %! 31551 9] (50~1000 ng/m)ell A B

AT} 0.999 01 °7 AR ATHFig. 4). FHEH
(LOQ)= MA7} 1ng/m/ AM®] 3 ng/m/©] %3, ng?f}ﬁ](LOD)
= Aol SN H7F 3:1 o]ALo]_L AEA| o] FFEA )
Aoz 419 sEEA AYsels W MA 2 AMO] 7474
0.1 ¥ 0.7 ngmie]13lth, SAIRE Efde] MA 2 AM ASAIE

mzr

77} 5, 100 ng/mi(4
Y= A7t 33k A%

7}

$1) % 50, 1000 ng/mi(
sto] Agdst &

Parameters Methamphetamine

Amphetamine

Linearity
Low calibration range (1~100 ng/ml)
High calibration range (50~1000 ng/m/)
LOD (ng/mi)
LOQ (ng/mi)
Accuracy (%)
Low calibration range
5 ng/ml/
100 ng/ml
High calibration range
50 ng/m/
1000 ng/ml
Precision (%)
Low calibration range 5 ng/m/
Intra-day
Inter-day
Low calibration range 100 ng/m/
Intra-day
Inter-day
High calibration range 50 ng/m/
Intra-day
Inter-day
High calibration range 1000 ng/m/
Intra-day
Inter-day

y=0.0197x+0.0135 (*=0.9999)
y=0.0022x-0.0197 (*=0.9993)

y=0.0183x+0.008 (r*=0.9999)
y=0.0020x-0.0197 (r*=0.9995)

0.1 0.7
1 3
6.01 6.99
-1.56 -148
-2.36 0.90
-0.48 9.80
2.23 5.90
1.09 1.47
2.11 2.16
1.35 1.46
5.64 9.29
417 4.50
8.23 4.71
241 1.93

1. Two kinds of standard curves(low and high calibration range) were analyzed in diluted oral fluids (1 m/) spiked with different

concentrations of analytes (n=4).

2. For estimation of accuracy and precision, 3 diluted oral fluids which were spiked with two different concentrations at low calibration range
(5 and 100 ng/m/), and high calibration range (50 and 1000 ng/m/) of MA and AM were extracted and analyzed by GC-MS. The extraction
procedure was repeated independently on three successive days. The value within +15% (£20% at Low QC) were deemed acceptable.
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Table II — Recoveries of MA and AM for the established method in

Table III - Immunoassay results by TDx in oral fluids of eleven

oral fluid drug abusers
Recoveries Methamphetamine ~ Amphetamine NO Sample ID TDx (ng/ml) Result
Absolute recovery (%) 1 14641 202.19 +)
Low calibration range 2 11466 2296.31 (+)
5 ng/m/ 91.9 80.8 3 19969 1799.53 (+)
100 ng/m/ 91.6 83.4 4 21654-1 534.37 (+)
High calibration range 5 21654-2 1964.68 +)
50 ng/m/ 93.1 90.3 6 22816 284.93 (+)
1000 ng/m/ 82.1 75.1 7 23280 718.69 (+)
Relative recovery (%) 8 25956-1 2722.27 (+)
Low calibration range 9 25956-2 2542.29 +)
5 ng/m/ 95.9 98.9 10 25956-3 2961.71 (+)
100 ng/ml 102.6 101.3 11 28324 4475.68 (+)
High ca]lbratlosrz) iﬁ;ﬁ; 100.0 101.0 (+) means positive to amphetamines (MA & AM)
1000 ng/m/ 103.5 100.5

For recovery, diluted oral fluids, which were spiked two different
concentrations at low calibration range (5 and 100 ng/ml/) and
high calibration range (50 and 1000 ng/ml/), were extracted by
SPE and calculated as concentration corresponding to aliquot of
QC solutions in methanol (n=5). Internal standard was added in
the last step of extraction procedure and injected to GC-MS.

® Calibration curve (Low range)
2.50
2.00 -
>
o y =0.0197x + 0.0135
= 1.50 R®=0.9999 (MA)
3
£ 1.00
y =0.0183x +0.008
0.50 R®=0.9999 (AM)
0.00
0 20 40 60 80 100
ng
(B) Calibration curve (High range)
2.50
.m
2.00 | (
o y =0.0022x - 0.0197
= 1.50 | R®=10.9993 (MA)
3
5 1.00
050 | y =20.002x -0.0197
R?=0.9995 (AM)
0.00
0 200 400 600 800 1000
ng

Fig. 4 — Calibration curves of MA and AM (A: Low concentration
range, B: High concentration range, -- MA, — AM).
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Table IV - Concentrations of MA & AM in drug abuser's oral fluids

0 Sample ~ Concentration (ng/m))  AM/MA Total
N D MA AM ratio Vol (m))
1 14641 104.2 32.4 0.31 0.6
2 11466 2067.0 156.7 0.08 0.4
3 19969 1846.9 84.6 0.05 14
4 21654-1 496.9 49.3 0.10 1.0
5  21654-2 1738.7 157.5 0.09 0.8
6 22816 186.6 47.7 0.26 0.8
7 23280 660.9 57.8 0.09 0.4
8  25956-1 2542.5 204.1 0.08 0.6
9  25956-2 2088.4 207.3 0.10 0.8
10 25956-3 2411.8 75.8 0.03 1.0
11 28324 4603.3 268.6 0.06 0.4

75% oPgolR o, AEl-&-GEEE ) MA7| 95.9~103.5%,
AM©] 98.9~101.3% *H$1tH(Table II).
HolEAM M| o|5t Etod T ATEIIF(MA X AM)2| Z44
nferdgzte] Elhs TDxE ARSSt] WEA o= walsh
A= Table Mo YERASITE 1175 9] EfdolA] 2% MA 4l
AMO] cut-off k(50 ng/mi) o AZEE o] WFJo= HRS-EIc),

GC-MSoi| 2[gt El & MA % AMe| FzhE4]
mleht@x} 11789] efols GC-MS-E— ARgate] A8 A=
Table IVS} 2t} BlN9] F S 04~14 mE 25 2 mim)
REIaL, Ay} BE AlEel MA 3L AMP] A& o] W
Ao Aol AAsIIL B 5 MA Bl AMO] e 7
7} 104.2~4603.3 ng/m/ %! 32.4~268.6 ng/ml ] 2 AM/

MA H]£-2 0.03~0.31C87" 0.11)°]{tH(Table IV).

HAEMHD GC-MSQ| AHENIF s= H|n
TDx 3! GC-MSeiM 243t oiepls =8 1]is}o] Table
Vell vehigitt. GC-MSe] 73 slehl o] s 7 Al
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Table V — Comparison of amphetamines (MA & AM) concentrations
between immunoassay and GC-MS analysis

Concentration of amphetamines

NO  Sample (ng/ml) TDx/GC-MS

ID ratio
TDx GC-MS”

1 14641 202.19 136.60 1.48
2 11466 2296.31 2223.71 1.03
3 19969 1799.53 1931.48 0.93
4 21654-1 534.37 546.30 0.98
5 21654-2 1964.68 1896.26 1.04
6 22816 284.93 234.27 1.22
7 23280 718.69 718.70 1.00
8  25956-1 2722.27 2746.58 0.99
9  25956-2 2542.29 2295.66 111
10 25956-3 2961.71 2487.59 1.19
11 28324 4475.68 4871.97 0.92

9 order to compare the results between TDx and GC-MS, MA
and AM concentrations in GC-MS of each sample were added
together.

6000

5000 y = 1.0278x - 89.486 "
R? = 0.9767

4000

3000

2000

1000

Amphetamines conc by GC-MS (ng/mL)

o

0 1000 2000 3000 4000 5000
Amphetamines conc by TDx (ng/mL)

Fig. 5 — Correlation of amphetamines (MA & AM) concentration
between immunoassay and GC-MS analysis.

T Table IVS] MA % AM?] 555 Fal=d], ojw TDx/
GC-MS 55HIE= 0.92~148C3¢ 1.08)02A F71+] F-A 4
ofgt eI F=rF Al ARIghe & 5 ATt T3 3]
ARAE SIS W ARASREE7 097 oPFOE = AR
< H3Ick(Fig. 5).

Sy} wleke] 8- HAk Skl FAlel o] 2007d%
AR T A vRFAT O AL B ARAIR S
34847107 20061 2734710l nIste] 27.5% /¥l & A
o] o]FE vleRdga) F 348472] AW F43k A3 1514
Ao miekR 9 vlaiA]l ggokEe] AEH, o] 7kt 7}
% Wo| A& kS MATE 813719] AwlolA] A& o] A
g Ao 53.7%% AABIAL, T o ® tiw) 3964 HE
¥lo] 262%% A

T 1037 vleliAlE 13k w3 glola) 18 tiAA R
o] 7k HEAE Holol] Q3 WEHS 7Tt 53) €
N AAE T4 ol ANF TFssEE At ohuje} s]Ao]

U e4do] s 2] AN B 2A ARgE ol git). o] §t
AgAF Q) 7BEA wol Bl £d71e] mlekALE 915 A
2824 F2 ge¥3 9o et ekdalas} Bdsle] 2
A Z2AR) vl E o] g5 QITh® < okEga)
S (DUD)E Fao] 55 4R} v A7k ARB)EAR <)
Ao} AAAoR gilo] ZrlskaL glom, o|g} wste] A%}
S0 Saue} S5 ) 275 9] Holox] nlekRE HA)et
A3} iz oATR, dAERHESY 5 950 oFEo] HET
o FA| AR F 545%2] oFEo] AEHUSS Harst vl glrk.

Eflofl A o] MAS] cut-off a2} Hlste] vehulct M= th=
Al ARskL =t 5, v 50 ng/ml, FHATHEUYS 70~90
ng/ml, 5 25 ng/miz AT oo & Uk cut-
off 7] BYo] Aesirha AZsA| N, 30do] A A F7HA]
2RoIM 9] cut-off % ©1338] Ygtritt thE 48kE a3t
A 78] 418 DAL ofd Zlolu), & Al v cut-off

S A4t 50 ng/miE sl A e Aol
w2} cut-off go] Bk 4 QlomE oo thalel= v AT
7} Qg BRo 7 AY7E Q).

3 Bl F MAS) wide 2|84, w2 gAst So) @
of me} 2150, Aesigiso] Aol Jgke wol MAS)
& Q71 oFE2 AMAelA wldo) ZSTIsR=t| UukH o R Bl
Hanrt APJo|EE MAS] w5 AR EldoM o =
51t} Schepers 519 Bl & MA9] H57} oo 1]
3lo] ot 20 =9kar, drAIRl AM] ke MAQ] 1/10 71
otk B st 2 el dae HFH A Falsle
o2 gy} gloizke] wlw s 41 F3ioditl olell tisieds &
T AEE FHs O Ao & FoE AlEHI

Bl Z mlekR ZAR: o] feuelell s AlmE vl §lo.
o B Ay wdFEY 2 GC-MSE o]g3lo] el F
MA®] ¥498 shdstaal siglom, fast A% A3 MA 9
AMo| B 2 RelEa dig 2o wEsilo e B Rahy
o] EAo] Hgers SRISIITE w3t WA} Bl WSS
w $-3 20438 Yehlo] Auprl AR ARSI eH, AA|
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