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High-Performance Liquid Chromatographic Method with Chemiluminescence
Detection for Methamphetamines in the Human Urine
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High-performance liquid chromatographic method has been developed for the determination
of trace levels of methamphetamine, amphetamine and piperidine in the human urine. Three
compounds extracted into diethyl ether from alkaline urine were derivatized with dansyl chloride,
and separated on a reversed-phase column and detected chemilumigenicaly by using bis(2,4,
‘6-trichlorophenyl) oxalate and hydrogen peroxide as post column reagents.

Methamphetamine as low as 2X107!°M level in the urine was determined by the proposed
method. The sensitivity of the proposed method was higher than that of gas-chromatography with
flame ionization detection (FID-GC). The analytical results of methamphetamine in the urine
samples of human who took methamphetamine by i.v. injection were in good agreement with

those by FID-GC.

Keywords —— HPLC ; dansyl chloride ; chemiluminescence detection ; methamphetamine ;

amphetamine ; piperidine ; human urine
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FRAEEE WHl O E B IS RHERER R (8)
FELEBENO—DOTHY), L2LERBLTETLIE
BTh5.

BAE, PIEEEANEN(Z) THY LN TWBRYP
BEWHOBRMEER, REARBETHB L2200,
VEVRERLZ I LROBTHRATLIEE I 7T
74 (TLC), R 7wt 7574 (GC), TR
vt 77 7EE&5H (GC-MS) D3ETHY), =
o TXRTCOERIEML & T2 DRPITEEWH
PHEETHEMEL T3, ULE3IBELZRAETSE
FTOHEDOBHBBRFIZ—FBRENE - TLC IZHlH
BN, BERAY 727 I E L TENETH 1 ug

il

(FHHRE 100 ml 2 5 ¥ 5X107%m) TH 5B, i
5 3L ) BRE CREEOTSCRPEREWEISGHT
BEEBERTENL, BEICHWL»E ) » i3k
HELLTYH, BITOEBEEWHEROEE L, B
THRESEERERETEL LEZ LS,

ERESBICBIT2ERBEK 7 v 75 74
(HPLC) I £ 28 +4 T, RPOEEHiG
FicBEL T, ZNFE TEHOBRENSH BHICTELR
W I R L 3 BICER 10 ml 2 WK ODS 4 F A
THHLZzDbL, UVRIBHPLC TA% > 7% 3
v EROMT B HEZHEL 248, BB RITIER 2
P 727 I E L TRPDBET L ug/ml(5.4X
10-%M) THo72.9

4E, UVHHicb DRI & 5 &k
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BECEREDE W HPLC T 2% L, B il
EIUHEEEIR 46 BRI OWTIRE L 72 & 2 5, BiAT
D 3IBHFENOTNL ) DERET, L bHEE
G TE DILAMNOTEIH D B SR ML TE
DTHET 5, BT, KGHTS T 2OHITEN
KA R AR, LEFCRI E DB LT - 2,

2 B o B

1. RE @Ay 7% 3> (MA) RUHE
B7r7x8 3y (A) X, 2NN KHARBIERE,
REEMRTESY Fhrysry Pk, 7454
TR 7EERW, FOMORIEIT RO AR
mEFAL 2.

2. BYULHIELERER B3 EE, Al
BT - 2B WHIBIRHEEE IR 9 B 46 BK
Wz, RAOMR D & HEE X L2 EEE, B
HIBEE % Table 1R L 72, A Ak D 3FE
B i, FEERBOETOWHIENO B 68 LRA
REBEEICIRL, RACHKIELETHS, F
72, AAOMR TIRIBRHEX TN THIIRAESR T
?) i) f:,

LB, oric kL 7z 46 BiRiZk o & Ic KB &
5. ThbbLYREEEENEEICE T 3OS
ETTNTHBHETHY, FORFPITEESFIDTE
T5EEEL 28 KA R, GC RV GC-MS #
THMHTH - 7255, TLCH (Y EVRAETRE) T
HRTET, ZORPICHEEWEIDFHFET 5 LEE
TELh -7 28K (BE), 3@HTEWTNTD
BeiE L MM N, ZORFICEEWFIPFEL B
LEFEL RO I b, WRIEERSED S EE WEIE
BOBEWOEL» -2 16 K (C#) TH5., ko
Wik 24 RIDOERICHWIZ,

3. PWEBRUEHE 31 GC—GC, B
EBWERTEL GC-14 A OKFERA A+ bR (FID)
) AT L, 2%0V-17 a—F 4> 7 7JuEV )V
7 W (AW DMCS, 80—100 # v ¥ =, 2.6
mmi.d. X1.1m) ; & 7 AIRE, 130°C ; EADIERE,
160°C(7272L, P &M Tld 7 7 LIBE 90°C ; A
DR, 120°C) X% VT AR, ~) 72 (30ml/
min) (A>T 4 7v—2, BEMERBECR5A;
&, Range 10 ATTEN 3.

32) TLC—WRB7V—F, A28 Y34y

TasLel. Human Urine Samples Used for Analysis
Sample Time after Dose Pre-analytical Sample  Time after Dose Pre-analytical
No. iv. (h) (g)  result No. iv. (h) (g)  result
1 42 0.04 A 24 C
2 128 0.03 A 25 C
3 53 0.03 A 26 143 0.045 A
4 37 0.07 A 27 84 0.025 A
5 : B 28 18 0.02 A
6 27 A 29 14 0.03 A
7 35 A 30 63 0.03 A
8 C 31 C
9 B 32 C
10 C 33 C
11 C 34 8 0.11 A
12 C 35 17 0.05 A
13 C 36 47 0.05 A
14 C 37 47 0.02 A
15 C 38 C
16 C 39 C
17 42 0.04 A 40 19 0.02 A
18 135 A 41 20 0.06 A
19 144 0.03 A 42 . 15 0.03 A
20 111 A 43 C
21 160 0.04 A 44 4 0.04 A
22 154 A 45 3 0.3 A
23 59 A 46 8 0.03 A

A, MA was detected by all three methods (TLC, FID-GC and GC-MS) ; B, MA was detected by FID-GC and GC-MS but not
detected by TLC; C, MA was not detected by any of three methods ; blank space, unknown.
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W60 Fosy 77 A7V —+ ; BEER], 7vokiLA
—RXF = N— 28T E=THK (90:10:1) ;>
EURE, 20% KBS ) T AW (W) K= b
27Ny FFEMYTA=-50%T 7T F
(1:100) (2#).

3-3) HPLC——##W K> 7, HAL N5 880-
PU RV BEBEFIB LC6A A > P2 78—, L
T TA BT NW—TFE20ul)  T—FH 7
L, A 7 v L8 Spheri-5 RP-18 (4.6 mm i.d. X
30mm) ; G #r # F &, A 7 v T3 8 Inertsil
ODS-2 (4.6 mmid. X250 mm) ; ®Hibge, B
BUEATEL RE-530 ; {36 b2, MBEEH S
3400, A > T 7V —2% 2/, I BEEErs
CR-3 A,

HPLC o#&tHiz, T b=r Y-k (T:3)D
BABRICERBETIXI0*M DA 37V — %
BREL, pH # R T 7.0 ICHBIL 72, KRic A > 7L
74— (BX7 4 v FR-40, Kz 40 um)
THBE L, BEFERANIEL 72, (LEFRCREER
IE5X10*M DE A (2,4,6-FY) 7uwv7 =)L) %
XL —1 (TCPO) & 0.15 M @E{LKEZ T & b
=FYNVICHERL THEL 2, BEHOWREIT 1
ml/min & L, XK B O W E % Ex 470 nm,
Emb530nm & L CardeH L7z, & 52, weki
HoBEHEB LSRR E R % 1 ml/min
Tz TALEFBRIB 2175 72, MoSMiZ, B
ERLTHB.D

4., BERBEOPHE  41) FID-GCoth —
MA 1—50 pg B A 120 ug # KB KERUE Y%
BRAL T WBEAL SRIL ZRE ImlicE
L2 DEBEEE (MAS5.4X1076—2.7X10~*
M, A5.4X10°—1.1X10"*m) & L 72, F72, Pic
DWTF 120 ug 2B K ImlicELrL2b0%

FEEERIE (1.2X1075—2.4X10~*m) & L72. 25
DWW T T DRI 21TV, MEBME2IERL 72,

4-2) HPLC G ——MA RN A 2FEARY
BEAND SR 2RICES? L, 1075—10-8m DIE
MW E L2, F/2, PRREEXKZHEDL, 1075
—1073m DIEHEER E L2, ZNSIZDWTTED
HIALEE 24T\, BB Z R L 72,

5. BEVWEIELHREROAAE 5.1
FID-GC % #F —— R 5 ml iz 10% KB bF + Y 7 A
0.5ml &2, PFNZ—FT )N 5ml T2 EHH
L7z, flHz— T VEICHOKERERT L) 7oz iz
TR, BEERE R 2 N2 CTERATW T CRE L 7.
7o NTREYD—E it & B ICEE T F )L 200

gy o

C
R1
D1
o0
J K P2 | E% RC
D2
R2 l

waste

Fig.1. HPLC System

R1, eluent (Imidazole buffer_acetonitrile) ; R2,
chemiluminescence reagent (TCPO-H,O, in acetonitrile) ; P1,
pump for eluent; P2, pump for chemiluminescence reagent; I,
injector ; C, analytical column; D1, fluorescence monitor ; D2,
luminescence monitor ; M, mixing device ; RC, reaction coil.

wul, WKL) 7k v BEER 200 4] 12 T 55°C T
154 MmEL, MY 7t e7xF 0 (TFA) kL%
o7, BEAERAMTCHEL 20L, WNERHE
BELTHOVT7 2=V A8 50 pg/ml % & UEEER
TFOVEETE 100 xl i2EL LT, 0 1 4l % GC Iz ¥
AL 7.

5-2) TLC 4t — Bist FID-GC & #r o #hiH 5
ETHRLONTHEYO—HE2ERE 7L — i BB
1%, BRBHTI0cm BEAL, Bl 206, v %
CREELEBFL .

5-3) HPLC 4 # —— K 2ml Iz 10%7K B2 1k +
FYTLA0Sml ZMZ, P FNLI—FTN2ml T
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2 EHH L7z, kT LE e AL, e — T LV
0. lMEERE AL —T VAR L B2 TERER
BT CHELZ. it —F VD 0.1 ml XidEHE
iz 10 mm RERF M) 7 A —-REBAKES MY T A
R (pH9.0) 1.0ml (EEHHHBAIR 1.1ml),
1.0mm#>uzuY) kF (DNS:C) BT+
0.9ml 2hN2 T 45°C T 1EEmMAL, 7> b
BT 7. KGR THOBITELICKKPICEE,

Z D20 ul % HPLCIZEAL 72,

BRRUEE :
1. #WEEER O HPLC i& (RZERUEAARHE),
FID-GC =R U TLC 0 s

- BEEER (No.40, AR DL¥EFRH R UE
Ykt HPLC @ 7 v b 77 24 (100 AR 72
L?) # Fig.2lemlLiz, a7 74LT
WENTV2 MA, A, P&y itk —7

IZOWTIIESBEAREIC L 2 EEST CREZIT-
2O INbLNY B, Alx MA DR THY, Pix
RERSD—DT, V& IGHEWE & L T
ERPICHRIEINDZ LD H B, TFAFHELE I
L 72FE LA FID-GC » 7 v+ 7' 4 (20 154
WL N) % Fig. 31amL72. MA RU*A o TFA
MR — 7 3 & 7225, P IZHER TE b o 72,
I3, Povr—7 ikl (BB L) oE— 7
B L TWB72HTH L, &7 LIEBE2 130C»

A
|
|
—\ ATT4 | ATTS8
|
i
|
|
|
I |
|
| it}
|
|
|
o,
|
/|
|
L]
| 4 [}
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Time (min)

590°CICIET &% 5 & P OAFERMA 2.1 min &
D, BEle—7 oSz, MA RO A DR
BB BRD CTEL o, Lo TN—F 5
WTRTAVIIT4 v 7%&BTIns 3166W%
T 2 Z I ATREEEZ bz, ThbD
TR LTy R RIEIZ, THRT I VICBERNT
»H0, REBICHWZ TLC Tid MA X Rf E#
0.5 ICHFERNAKRy F P HET 2%, ADBRHIIZ
TEHRETH B, Pl3 RFEHN 0.1 IcB I N7z D5,
F—Y 7R TMAICHE L TREBEEIZS > T
Wiz,

2. 1EEEFAIRH & EARE O

513, BEIC MA DIZBLEMN T > v VR
K% Bz HPLC O T, KEOHRE TIR
(S/N=2) »¥E ek Tl 50 fmol, {LFIem il
T34 4 fmol TH Y, LERIBIBNIT - 2% 12
BREFRBWZ L 2HEL TWw5B,7Fig.2icB W
T, A—a2BK2EAL THILESERKRE (A) DFH
WeEE (B) &0 S/N I AREVERIE, 2o
FEELNML T3,

F72, 7-7and4-= X2 XH TV —)L
(NBD-Cl) ¥ MA, A BU' P o#FHEA&{bH & L CfF
HTx 55, MA D4, DNS &N H 5 NBD &K &
N Bk H TR 600 45, (LSRR TH 5000 R5 R
ARV, D
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 Fig. 2. Typical Chromatograms of Suspected Human Urine (No. 40)
by HPLC with Chemiluminescence (A) and Fluorescence (B)

Detections

Peak No.; I, DNS-A; II, DNS-P; III, DNS-MA.
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Fig.3. Typical Chromatogram of Suspected
Human Urine (No.40) by Gas
Chromatography (FID-GC).

Peak No.: I, TFA-A; 11, TFA-MA ; 1S, Diphenylmethane.

B, BAWHIGHT TR b ERESTIEREI N
T ETHEDNREE (ECD) &A1 F bRkt
2 (FTD) 25 GC, "R 777X 7574
(MF) 2 v 5 GC-MS, — B B wHIateE T
% 5 FID-GC K U* TLC Htriz A8 (HPLC) » MA
DHEITRHBE RO % Table IL ISR L 72, MEED
BCRLBENBRN~TZ 7 L4 vkl (HFB) 5
ERIL GC-MS (MF) o HBERIZ, 5pg (HFB1L
f & LT 14 fmol, ¥&ERIE & L T 27 fmol) TH %.1?
TS HE L T AREIBERE»GRP 572, £72,
REGERF IR BEREHANER (B) T HAVWLR
Tv 5 TFA BEEKALDBEIL, ROLBEOR W
GC-MS (MF) T#% 20 pg (& ¢ L T 108 fmol)
TH N, W EREDFHIH 2T EREI R - 72,

4., FELPEEEIC L DHRERIPTOBRIEE

B BEE IR 46 MAKIC D\ CARE LR FW 72
MA, A BRU P DaiikER % Table I ic/RL 72, 8
FTOIEOWTRTH MA 2R T 72 28 KK
(AE) 13, WTFRLARETMA PREBTEZ (FE
No. 713, REREMN 2% HPLC Iz & 2 EE20dHT
TELP-728D). ELHIT, BATO 3BENAL L &
L 1HBEUETMA PR TE L7288 18 K
(BEEUVCE) DWTNIARETMA PRIETE,
AED MABRBORBRENBITHOIEOWTRLD
LB EHEBRBOSTTHRE N,

FID-GC #i2 & 5 MA OB HBERIZ, HMHRES
ml T10"M VN TH 5B, GCMSHENH H, FE
BRI (B) CEBEEEICHW W 3 UERE
GCMS hwzx7u=bt 7774 (MC) ODBRHIER
i, FID-GC E L IZIZRFEEZ b b, ZHuaxL
T, BETIE, S/NIE 3 & L7z 2HbIRE 2ml
T8X10~°m ¥ T MA RIHPWEETH 5. E 5iC,
W = — T VG % BHERE L 2358 DRG0 HR
Fi3 2X10 oM I2E L, ¥ AR TDH 6.3X107°m O

TapieIl. Detection Limits of Methamphetamine by the Present (HPLC with Chemiluminescence

Detection) and Other Methods

Method Derivative Detection Limit (fmol) Reference
HPLC chemiluminescence DNS 4 7
fluorescence DNS 50 7
GC FID TFA 1.3X105 9.
FTD HFB 670 10
ECD ) PFB 67 11
GCMS MF HFB 27 12
MF TFA 108 . 13
TLC 5.4%10°

DNS, dansyl; TFA, trifluoroacetyl ; HFB, heptafluorobutyryl ; PFB, pentafluorobenzyl.
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Taste IIl. The Analytical Results of Methamphetamime (MA), Amphetamine (A) and Piperidine
(P) in Suspected Human Urine Samples by the Present (HPLC) and FID-GC Methods

Urine MA A p
No. GC HPLC GC HPLC GC HPLC

1 4.2%X10* 3.5X104 D D ND D
2 6.9X10-° 1.7X10-5 D D ND D
3 7.7X10-° 6.2X10-° D D ND ND
4 1.1X10* 1.8%10~* D D D D
5 1.5X10°7 8.9X10-* D D ND D
6 3.9X10-5 8.0X10-% D D ND D
7 1.5%X10-5 D D D D D
8 ND 6.3X10° ND ND D D
9 1.2X10-7 1.3%x10°® ND D ND D
10 ND 9.1x10-® ND D D D
11 ND 2.1x10-7 ND D D D
12 ND 1.8X10-7 ND D D D
13 ND 6.7X10-7 ND D D D
14 ND 1.4X10°7 ND D ND D
15 ND 1.7X10-7 ND D D D
16 ND 3.8X10~7 ND D D D
17 4.8X10* 6.1X10* D D ND D
18 2.4X10* 3.1x10-* D D ND D
19 2.4X10-* 3.2X10™* D D ND D
20 4.3X10* 3.7X10* D D D D
21 8.6X10* 4.8%10"* D D ND D
22 5.7Xx10~7 4.2%10-7 D D ND D
23 1.7X10-% 4.1X10-5 D D D D
24 ND 7.5X10-® ND D D D
25 - ND 2.4X10-8 ND D D D
26 6.3%x10-° 8.1X10-¢ D D D D
27 9.3X10¢ 8.4X10-¢ D D D D
28 2.0X10~4 2.3X10~* D D ND D
29 3.9x10* 4.7%10" D D ND D
30 7.9%10-¢ 7.4X10-¢ D D D D
31 ND 8.2x10-8 ND D D D
32 ND 2.0X10-® ND D D D
33 ND 5.3%10-® ND D D D
34 4.7x10-° 2.3X%10-8 D D D D
.35 7.2X10-8 2.3X10-° D D ND D
36 2.0X10°¢ 8.1x10-¢ D D ND D
37 3.3X10-5 2.5%10-° D D D D
38 ND 1.6X10-® ND D ND D
39 ND 3.6x10"8 ND ND D D
40 1.2Xx10-3 1.3%x10-2 D D ND D
41 1.0X10~ 9.9Xx10-5 D D D D
42 6.7X10-5 8.3%10-° D D D D
43 ND 4.2X10-® ND ND ND D
44 1.9%10-* 1.7X10-* D D ND D
45 2.3X10"* 2.1X10* D D D D
46 1.1x10* 1.3X10* D D ND D

Units of analytical results, mol/1; D, detected ; ND, not detected.
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mol/1 1072

1078

107

GC 107°

10°°

1077

10—é i 1 i 1 1
107 1077 1076 1070 107* 10=® 1072

mol/1

HPLC

Fig. 4. Correlation of the Present Method

(HPLC) with Gas Chromatography
(FID-GC) for Methamphetamime (MA)
Concentrations in Suspected Human
Urine Samples (2=29)

"MA S (#i5EER No. 8, CH#) »HEETH - 72,
FID-GCHE AR FED T 5 H MA KR E &
iz 29 koW E BAER OB % Fig. 4 1R L
7. B/ BRI £ 2 WEOBIRRIE, vy=0.886 x+
0.420 (FHBELRES, »=0.967) TH - 72, (KB EH (101
MUT) TREF STV IR L0, FOEA &

L C FID-GC DR p D B K BAECHE L 72

SEKTREL S + V) 77 5D MA DWRSE, A0 NEEE
# 2 AW Wi R EREIC L 2 EEFICEE?H
53ynEEZLNS,

%8B, Tablelllic AR P DEWET—F 2R1L
7z, RBEDSHGEME T, Fig.2licRL7zk i A
EPOYE— 75BN UT LT Throloiesd,
FIZADP 10 MU TORBENEAICPOE—7
PEM - EBRPET LI EHIBEINS. CEFD
3K (No.8, 39, 43) » 53 AR TELd»
72, ZHUIEBIC ADVEEL L VWTTREREL H B
B, BEEIBED /2O P O — 7 d B 727
BEHELEZ b7z, A DEW - BRI, MA KD
R TITE 2 L ORI ), RIPEEy
RO TCIIBEETH 50T, MofsEy & 44,
B8t 2 B30 TH 5.

AEZe PRPOERS TH 5P L REBRET
XBZED5, iHEENIIBD TENEEZ LS.
FEELI, N TRPBEENEISTORNIC T -2
AFNT I FATATE FRETEE KRB
L CRDFEHZ4T-> T 305, RETP 2BRHET 3

ZEid, ROGEHDHHEIZL ), SHLICINRER
L, & MR P OFHRGEE L L T, 5
BIRE K & CED R EOFERICIRD &
ZZ2 bbb, FID-GCHETH &ML —HEE UL
Bk L7z & 91 POBERRIZTRETH - 72, Lo L,
MA & A DGHEERPEL & 27200 T4, 468K
P2V TP ARIBTCE L P72 852 E 2 5
&, PO TRIKD R THh 558 % FID-GC T
o2 ki3, EREIrZLWEEbLNS,

- b, XEOHFRME

FID-GC & K. 1 GC-MS & T W ¥ T & - 72 2%,
TLC B THRTET, ZDRBIZES FIDHEET
LEEBETELDP LD 2MIK (BE) » 545k
TMA, ADHERRTER, 512 3EHITED AT
NTHEMEHE SN, ZORPICESHIPELE
LW EEBELZRABD ) b, RILFERSED & E
WEIEH DB DB - 2 16 iR (C#E) DT
BHLARETMA & PHERTE, D)) b 13#
b A LHERTE 72,

b ULRIC AN A TEELZIT) % 513, HHRE
100 ml T10-%—10"2m L )L F TMA 2 R T
EHTREED DY, (KBEICE 513 & 72 DFERAED
& G B WEISA B E O L Wb T\ B L,
BEL EDGH~DIGHAL R EE L L5,

e 3

LSt HPLC 12 & 2 RbhEE WHI oo
HEEBRFEL, €k il 72,

TLC (¥ ¥ RIFiz & 2 BB THR) 85, FID-GC
B, GC-MS B 3HEDHHrEIc & ) BB & Bk L
72 28 BARD TN Tz DT, ¥R HPLC
BETMA & ADHEVHRTEZ, TLCHETIE
MA 2R TELd > 720D 2 = CRIBTE 722
BRICOW T O RETHMEDTEIFERTE, £
72, 3EHWMBEND TN TH MA DHFERHR TS
Lol 16 KICDWT L, RETIRTNTMA
DHELERTE, TOWIIHIEKD 513 A b FER
TE, REOKRHBEIR, B, BEEREmenr

- (B) TWESR T35 TLC &, FID-GC ¥, GC-MS

B SEORBESWHISHEN A% 5, BUE,
5O EEE S W 54 & LT\ 3 ECD-GC, FTD-
GC R GC-MS (MF) WFn k9 L EBAT VI,
F 72, BECIERERS TH 2P L REBEST TR
7z.
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