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Cross-reactivity of Amphetamine Analogues in Various Immunoassays

Meejung Park®, Hwakyung Choi, Sangkil Choi, Haengja Son, Miae Lim and Heesun Chung
National Institute of Scientific Investigation, 331-1 Shinwol 7-dong, Yangchon-ku, Seoul 158-070, Korea

Abstract — We evaluated four commercially available methamphetamine immunoassays for their relative cross-reactivities
of amphetamine analogues in human urine : Abbott TDx, Vitalab Selectra and on-site test kits (Accusign MET, SD bioline
MET). High cross-reactivities were shown at designer’s drugs such as methylenedioxyamphetamine (MDA), methyl-
enedioxymethamphetamine (MDMA) and methylenedioxyethylamphetamine (MDEA) in all of the tested immunoassays.
Methoxyphenamine, fenfluramine and phentermine were positive in TDx and Selectra, but were not positive in on-site test
kits. Pseudoephedrine, norpseudoephedrine, ephedrine, norephedrine, MDMA, MDA, fenfluramine and phentermine were
detected by gas chromatography/mass spectrometry(GC/MS) in false positive urines. Since the overall specificity of any of
the devices was not 100%, we found it is important to confirm any positive screening test result, so we developed simul-
taneous determination of amphetamine analogues in urines. After alkalinization of the urine samples with 6-N NaOH, the
analytes were extracted using ethyl acetate, derivatized with pentafluoropropyl anhydride (PFPA) prior at GC/MS analysis.

Keywords (] methamphetamine, immunoassay, cross-reactivity, GC/MS
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Table I - Cut-off levels of various immunoassays

TDx  Selectra Accusign  SD bioline EREs 2l

MET MET T oBAA
301 1000 1000 1000 250 1000
(AM (MA) MA) (MA) (AM) (MA)

(unit : ng/ml), AM; amphetamine, MA; methamphetamine.

phecr ne, phenylpropanolamine 53} BRI A 28 A| A
fenfl'1-amine, amfepramone, phentermine, phendimetrazine,
pherrietrazine 5 2 MDMA, MDA 5-2] designer drug®} 31
ch1CD mepa] B oAtz o] § okEe] uldt WA H o
Aol wat ¥heAE AEStmAL Sk

Al E Y
20l # M=
wEA ] AREE 717] U AleRo 2 gAHNEAMT|7IEA
1= Lelectra(VitalabAPE 0] 83819 o, 31772

A1 TDx(AbbottrhYE o] 8811 Zkzke] A]eke 2+ monoclonal
amp1 *tamine/methamphetamines 7810 ARl oM i)
& o] BMAEZ = Accusign MET(Princeton Biomeditech
Comcration, 1) % SD Bioline MET(Standard Diagnostics
Al 3SR o)kt

AER

w1 9 Frohg HolEHA s mat WS B
Esl7 §lsled 15F9] oFa-& AR3ISIct. =, methamphetamine,
amp13tamine, MDA, MDMA, MDEA, ephedrine, norephe-
drin:(phenylpropanolamine), pseudoephedrine, norpseudoephe-
drin cathine), methoxyphenamine fenfluramine, amfepramone,
phentermine, phendimetrazine 3 methylephedrine® Sigmath
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acetate® 33] FE31%ct. olF FHIEs A 45 F718
S Az, LA oIFS S 9] 8t 1% BAMS
ke 2~3H2-2 H7IsE & 45°Collr AAT]F8hel 5531
t}. F&3 ZAPe] ethyl acetate 30 W} PFPA(pentafluoro-
propionic anhydride) 30 W2 ¥& F 65°ColA 1527 ¥h&-A]
A FEAFAZTE ol F d2ollA Adl ths Aavlistel 5
Zslo] A AlekE AlAGE & ZAtel] ethyl acetate 50 We
Y AEEAA GCMSE EHARE ARG8T

71718 =A

ZtAm g ekE 2 /A B 7 (GCMS)ye HP 5973 MSDE
ARSI T ZH42 HP5 MS(30 mx0.25 mm I D.Y& A8l
on, QF 2%E 100°ClA 183 HF=11 290°C7HA] %
10°C¥ 29 ¥ 1023 FAI8I9T) Injectore] 2%+ 250°C ©]
9o transfer lined %B:_t 270°C, o] 28R+ 70eVE
AREEIGO ™, A5 FYTE 1 el

el =Y o 3@
a9 Z2 AFEIF 2] S50 tﬁfﬂ g7dS E3sl7)
213103 methamphetamineS- ]85l 7 1 32288 =3
3} th. &, methamphetamine =8¢ 10 =3
2 3}ed 1000, 100, 10 pg/mi2} —,—%@1% 1+s}o1 250, 500,
1,500, 2,500, 5,000 2 10,000 ngo] A Halo] 0|2 FAB &
Holl A7kgk & YR EFE4Q! methoxyphenamine 500 ngsr
7k F AEe) e W o2 FEslel R RS oJsle] A
FAE et 18 58S 537 Hste] FAE &
o)l methamphetamine 500, 750 1,000, 1,250 % 1,500 ng=
Hrlsle] 9)o} TUS WO T 22 Al FEE S8

g1 % nF

Clerst MMMl e AWEIRIR] M} SN

Methamphetamine, amphetamine, MDA, MDMA, MDEA,
ephedrine, norephedrine(phenylpropanolamine), pseudoephe-
drine, norpseudoephedrine, methoxyphenamine, fenfluramine,
amfepramone, phentermine, phendimetrazine %! methylephe-
drineg o2 dto] AARARAY]7|Q] Selectra, B3HF
HAEA7]7]0 TDx ¥ Fi8 7H}ZER] Accusign MET %
SD Bioline METE o] &3} wal whaAS &7 th(Table
ID. 2 A3} methamphetmiane®] 739 B HOEAHOA cut-

[o)

offx] ¢} B3 AulE Uello] Eo|Ado] 9le-g oF 4= 9t}
Amphetamine®) %3¢ AccusignolA= 80 pg/mi, SDeIAE= 300

pg/mle] FEoME WAt §Ego] 2lofu}x] 9o} amphetamine®}
methamphetamine©] 3] FH P& o 4 Aok 12y
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Table II - Cross-reactivities of 15 drugs screened by various im-

munoassays
Aﬁlllzs,lrgn SDI\/})écgll}ne TDx Selectra
Methamphetamine 1000 1000 1000 1000
Amphetamine 80x10°  300x10° 250 1000
MDA 200x10°  200x10° 200 10x10°
MDMA 1500 2000 600 500
MDEA 3000 20x10° 1000 1000
1-Ephedrine 30x10°  80x10° a a
Norephedrine a a a a
Pseudoephedrine 150x10°  300x10° a a
Norpseudoephedrine a a a a
Methoxyphenamine  400x10° a 6000 a
Fenfluramine 60x10°  60x10° 7000 3000
Amfepramone a a a a
Phentermine a a 4000 6000
Phendimetrazine a a a a
Methylephedrine a a a a

(unit : ng/ml, a; negative up to 1000x 10° ng/mi).

amphetamine, methamphetamine ©12]¢] 2+5<1 MDA, MDMA
2 MDEA 52 ¢kZof o3t wal vke-AS Aw 2 A MDA
79 7PIAEAEQ] Accusign 2 SDoAE= 200 pg/miol A 5
Tl oS JeRIi o™, SelectracllA= 10 pg/micl A 43
S vEbd B TDx9 3¢ dHlw3 W& F%2 200 ng/miellA
okAe Ho] TDxO| 39 £ wal #HgAdo] L & 4+ 3
%Ath MDMAS] 74 Z47ke] HARAZE 4 77
& A 93-S YeEIRE vl Accusign®! ¢ 1,500 ng/
ml, SD2] 7% 2,000 ng/mi, TDx2] -9 600 ng/ml Y Selectra
o] 7L 500 ng/miolA HAL Btk MDEAS 7%= SD7}
W} ¥bgAgol 7hg Yol 20 ugmioll A S 8L wkd
Accusign®] 7% 3,000 ng/m/, TDx®} Selectracir= £ %=
Q1 1,000 ng/miellA A wES-S VERASICE K AEAR AR
8= ephedrine®} B]F-@A|Hko 7 AE-8h= pseudoephedrine
9 7 tAAE9) wal -84 S A3 B ephedrine®] 3%
Accusign @ SDellA] 24z} 30 ug/mi X 80 pg/mioll A 9k Wk
S B9 219, pseudoephedrine®| 7-$+= Accusign % SDel| 4]
Z}z} 150 pg/ml % 300 pg/mieol A 4 HhE-& VERITE. Wt
™ o] 52| thAlHI2! norephedrine® norpseudoephedrine] 7
S5 1pgmZiAS srolrs o 9he-5 VEhyA] ot o oF
Eof wlsle] o] 9l3-g o = Uk MEA717]] TDx
9} Selectra©| 4= ephedrine, norephedrine, pseudoephedrine
9 norpseudoephedrine E5ollX 1 mg/mi7kx1 2] FEeiM oy
ghgo] YRR oot wAQHERR AlofellA] AAEAe] Q1S
< o F U™ methylephedrineT™ IFO]ZE Ul w7
7] B @& ma) 9hgAdS UERAITE 8] AERIAY o
<) methoxyphenamine®) 749 Accusign®l¥ 400 pg/micix
P 9SS UERIAT TDxelME 6,000 ng/miellA] o wh&-

=
5
i3

o)

(o4

< yehligleon SD ¥ SelectraolAE 1 mg/mi7hA] Q) 550
Al 1zt R3S VERAA] e8itt, ol9]o T nivEX|EAIEA 2]
2olAlg ZA o7 A= fenfluramine, amfepramone, phen-
termine, phendimetrazine Fofl Wi$t wA} ¥H3/A4S A% 2 Z
I} A4k BB EAIQ] FEEEHe] 9% fenfluramine©]
Accusign @ SD7} 242} 30 pg/mi2] s5ollA oFd vES-S e}
jglen TDx 2 Selectraol A= 2H2} 7,000 2 3,000 ng/miof
A B WS YERASITE Phentermine®] 7Z-$-& 7Ho]ZlEq])
A= 9Re-g VeRhR] k2 vk doiEA717]9) TDx Y Selectra
oA Z}z} 4,000 2 6,000 ng/mi] oA P WS vER
et 71 219] A2A#|Q) amfepramone™} phendimetrazine®]
L= BE Add] AMge B deliAHolX 1 mg/mil

FEs B B89 Uehid 22e ¢ 4 9ot

HIALLHARMT|7|(TDx)0IMS| MR} ¥k Al

20024 1998 697K 7 Ad7ae] FEHAY o= F8At
o] AW F FFEFEGEAEA TDxeNA 250 ng/ml 0732
FA7 vet oz ARSIl ot GOMS &s Y A¥
A} wiAduErulo] AEHA] 1 thE oHEol AEE Alle
23} #Zok(Table 1), &, 1659 A& o) pseudoephedrine
4l norpseudoephedrine®} AEH A& 2503 2= 860.79
ng/ml U 640.09 ng/mi°|%1 3. ephedrine®} norephedrine®| &
A AEE 1E0F X 290.28 ng/mio] 2 © ™, pseudoephe-
drine, norpseudoephedrine, ephedrine & norephedrine®] F-A|
o HEY ANBL 4202 36821~1221.99 ngmi®) FxE 1}
ERZTH MDMA % MDAZ} HZEE A2e 4501000 $%

Table IIH - Detectability of amphetamine analogues with TDx and

GC/MS

No. TDx result (ng/mi) GC/MS confirmation result
1 860.79 PEE, Norpep
2 640.09 PEER, Norpep

3 290.28 EPE, Norep
4 368.21 EP, Norep, PEE Norpep
5 487.40 EP, Norep, PEP, Norpep
6 1221.99 EP, Norep, PEP, Norpep
7 541.20 EP, Norep, PEP, Norpep
8 1456.75 MDMA, MDA
9 Hi MDMA, MDA

10 943.32 MDMA, MDA

11 1356.56 MDMA, MDA

12 Hi Fenfluramine, PEP
13 2569.82 Phentermine

14 385.07 Phentermine

15 518.40 Phentermine

16 1111.30 Phentermine

EP; ephedrine, Norep; Norephedrine, PEP; Pseudoephderine,
Norpep; norpseudoephderine, Hi; > 8,000 ng/m/.
Methamphetamine cut off in TDx : 250 ng/m/.
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= 94332~Hi2l X7} Ut b o] o Higr methamphe-
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Table IV - Retention times and ions monitored for all drugs tested

by GC/MS
R T Fragment

Drug (time) iongénm/z) M. W

Amphetamine 513 91, 118, 190 281

Phentermine 5.33 132, 164, 204 295

Norephedrine 5.79 190, 280 443

{-Ephedrine 6.89 160, 204, 294 457
Methamphetamine 6.93 118, 160, 204 295

PFP-derivatives Pseudoephedrine 7.38 160, 204, 294 457
Fenfluramine 7.94 160, 190, 218 377
Methoxyphenamine  9.92 148, 160, 204 325

MDA 11.10 135, 162, 190 325

MDMA 13.39 135, 162, 204 339

MDEA 14.13 162, 190, 218 353
Methylephedrine 7.56 56, 72, 77 179

Non-derivatives Phendimetrazine 812 57, 85, 105 191
Amfepramone 8.76 72, 77, 100 205

30 -

20

Area ratio

10

[ J S

y =0.0028x - 0.411
R2 = 0.9996

2500 5000

7500

Fig. 2 — Calibration curve of methamphetamine-PFE.
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Fig. 1 -Total ion chromatogram of amphetamine analogues spiked in blank urine.
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Table V - Recoveries of methamphetamine from the spiked urines
(a=5)

Amount added (ng/mi)

Recovery (%) (mean+S.D.) RSD (%)

500 91.5+3.5 3.82
750 93.3+2.6 2.79
1000 98.4+5.7 5.79
1250 100.1+9.5 9.50
1500 94.3%6.9 731
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