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sensitive method for the estimation of amphetamine 
and methamphetamine 

Amphetamine, a stimulant of the central nervous system, is included in the 
list of drugs of abuse. Medico-legal cases have provided an impetus for the increased 
interest in the examination and determination of this compound in biological speci- 
mens. Paper chromatography (l?C)l, thin-layer chromatography (TLC)21 3, gas chro- 
matography (GC)2* 4-7 and spectropholometry8 have all been used to determine the 
amphetamines. Most of these methods are sensitive only to a microgram scale and 
all are time-consuming. 

Recent advances in mini TLC of a highly fluorescent derivative of r-dimethyl- 
aminonaphthalene-5-sulfonyl chloride (DNS-Cl) on polyamide plates have resulted 
in an increasecl sensitivity and better separation of amino acidso, catecholamines and 
other psychotropic drugs 10. The purpose of this communication is to report a rapid 
and sensitive procedure for the determination of picogram quantities of amphetamine 
and methampl~etamine by dansylation and subsequent chromatography on a mini 
polyamide plate. 

lCZ&rinZs. Mini plates were prepared by cutting a thin-layer polyamide plate 
(15 x 15 cm, Ch eng Chin Trading Co., Ltd.‘) into 3 x 3 cm sections. [%I]Amphet- 
amine sulfate was a product of New England Nuclear (Boston, Mass.). Dansyl chloride 
was obtained from Sigma Chemical Company (St. Louis, MO.). 

Proce&tres. Dansylation was performed in aqueous solutions of the pure sub- 
stances or other biological specimens, For routine’ assay, 20~1 of 0.1 fil NaEICO s 
and 30 141 of clansyl chloride (x mg/ml in acetone) were added to 10-30 ~1 of drug 
solutions or unknown specimens. The mixture was heated at 37 O in the dark* for 2 1~. 
At the end of the incubation two drops of 2 N acetic acid were added, A o.og-,ul 
aliquot of this solution was applied on a mini thin-layer plate (3 x 3 cm) with, a 
fine capillary tube. The plate was developed in a petri dish (diameter 5.5 cm, height 
3.5 cm) or a so-ml beaker containing 1.5-z ml of chromatographic solvent. When 
the solvent reachecl 2 mm from the top, the plate was removed, air-dried and visu- 
alizecl under UV light. For quantitative determination of the amphetamines, the 
corresponding spots of the unknown compound were scannecl for fluorescent intensity 
by a Farrand Vis-UV chromatogram analyzer. 

In some experiments amphetamine and methamphetamine were extracted from 
test urine specimens containing other drugs by chloroform extraction at pH 13, as 
well as by the method of DOLE et nl, which employed an ion-exchange resin papeG. 

In a study to determine the percentage conversion of the drug to its DNS 
derivative, a lcnown amount of [3H]amphetamine was used. The DNS-[%IJamphet- 
amine spot: was identified under UV light after it was separated on a polyamide plate. 

l hdclrcss: No. 75, Sec. I, Hanlcow St,, Taipei, Taiwan. 
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The spots were cut out and radioactivity determined by a Beckman LS-roo scintilla- 
t ion counter. 

Results 
Table I reports the RF values of DNS-amphetamine or DNS-methampl~etamine 

in several different solvent systems after they were developed on a polyamide mini 

(3 x 3 cm) tl &-layer plate. With the solvent systems tested, solvents I and z are 
suitable for the separation of amphetamine and methamphetamine. In a study of 
two-dimensional chromatography, with solvent system No. I in first dimension and 
No, z in second dimension, we have obtained even better separation of the two drugs. 
It should be noted that 0.3-0.5 ng of DNS derivatives could readily be visualized 
under UV light. In order to determine the percentage of amphetamine converted 
to the DNS derivative under our dansylation conditions, we dansylated a series of 
known quantities of [3EIJamphetamine. The resultant DNS-[31-I[Jampl~etamine was 
separated by mini TLC and its radioactivity measured. Table II indicates that there 
is almost complete conversion (92 o/O) of amphetamine to DNS-amphetamine under 

TABLE I 

.np VALUES OF’ AMPHETAMINE AND METE~AMPHETAMINE MINI THIN-LAYER PLATES DEVELOPED WITH 

VARIOUS SOLVENT SYSTEMS 

Com#owd No. Sohkwt system RF 
values 

Amphctnminc I 

; 
4 
5 
6 
7 

Formic acid-water (I .5 : 100) 
Water-formic acid-n-butanol-ethanol (150 : 3 : 4 : 93) 
Toluonc-acetic acid-climcthylformarniclc (200 : IO : ‘+) 

n-Ncptanc-n-butanol-acetic acid (30 : 40 : 2.5) 
Tolucnc-acetic acicl (100 : 25) 

Bcnzcnc-formic acid (200 : 3) 
Formic acid-methyl acetate-ethyl acctatc-jt-hcxanc 

(10:40:50:100) 
8 Water-ethyl acetntc-ethanol (50 : 25 : 25) 

0.26 

0.60 

o.go 

0.84 
0.80 
0.70 

0.65 
0.49 

Mcthamphctnrnine I Formic acid-wslcr (I -5 : 100) 0.12 
z Water-formic Benzene-formic acicl-)t-butanol-ctli~!lol acid : (150 :3 :4 :g3) 0.44 

(200 3) 0.50 

TABLE II 

PERCENTAGE CONVERSION OP AMPHETAMINE TO DNS-AMPI-IETAMINE 

Amozcnt of vadioactivc Amount of radioactivity Q/O 
ampl~etaminc added vecoveved as convcwio~z 

BNS-am$lrctaminuIc 

5851 5331 
55I5 5397 

Es) 5202 5119 
5755 5140 

Avcragc: 5745 f 23 1 5236 rt= I23 92 % 
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our experimental conditions. With ~9IJampl~etaminc of high specific activity (I mC 
per 0.054 mg), we can easily detect amounts of less than 0.1 ng of amphetamine. 
Fig. I indicates that there is a linear relationship with the amount of drug added and 
the radioactivity recovered from DNS-amphet&nine spots. 
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EJg amGhetarnine added 
2 3 

Fig. I. Quantitative rclaLionship bclwccn the amount: of [JI-I]nmphctnminc ndclecl ad the amount; 
of DNS-[31-I]amphctczminc rccovcrecl. 

The amount of DNS-amphetamine can also be mea.sured directly on the poly- 
amide thin-layer plate by a fluorescence scanner which measures the fluorescent 
intensity of the spots. Fig. 2 shows a quantitative relationship between the amount 
of DNS-amphetamine and the intensity of the fluorescence. As little as I or 2 ng 
of amphetamine can be determined by this method. 

I Methamphetamlne 

ng w 
Fig. 2. Fluorcsccnco intensity of DNS-amphct;smino and DNS-mef;hnmpheLamino spots as mca- 
surocl by n Fnrrancl clrromn~ogram nnalyzer clircctly on Llie polyamiclo mini thin-layer plate. 
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Disczcssion 
DNS-Cl has been employed successfully in the N-group determination of poly- 

peptide chainsl2 and the method is roe-fo1.d more sensitive than SANGER'S Auoro- 
dinitrobenzene procedure13. 

SEILER AND WIECEIMANN~” have used TLC to separate a large number of amines 
as their DNS-derivatives. These authors used regular size Silica Gel plates and their 
studies concerned only qualitative separation of these amines. Recently several 
mini TLC methods for drug screening have ‘been pul~lishedlO~ lG. The utilization of 
mini thin-layer plates is not only more simple and rapid, but these advantages are 
attcainable without sacrificing sensitivity and accuracy. 

The use of DNS-Cl allows for the detection of picogram quantities of the DNS- 
amphetamine derivatives after separation on a mini polyamide plate. The highly 
fluorescent spots were visualized under UV light. Since d-amphetamine is converted 
quantitatively (92 %) to DNS-amphetamine, measurement of the fluorescent in- 
tensity by thin-layer scanner is a rapid and simple way of quantifying these drugs. 
The sensitivity of the DNS-amphetamine derivative is extended to the spectrofluoro- 
meter where a range of 2 ng may be detected (Fig. 2). By using a radioactive drug 
with high specific activity, less than 0.2 ng can easily be quantified. 

The use of polyamide thin-layer plates offers several advantages: (I) The 
diminutive pieces (3 x 3 cm) used require less than 5 min and 1.5 ml of solvent for 
chromatogram to develop; (2) both sides of the polyamicle thin-layer plate may be 

utilized for spotting; (3) a good separation with discrete spots is achieved; and (4) 
the plate can be re-used after washing. 

The qualitative analysis of the amphetamines as performed in our procedure 
enables one to detect picogram quantities of these clrugs in biological fluids. Since 
DNS-Cl reacts with primary and secondary amines, phenolic hydroxyl groups, thiols, 
and imidazoles, it is essential to partially purify the amphetamine either by solvent 
extraction (at pH 13) or by ion-eschange resin paper, in orcler to reduce the back- 
ground fluorescent spots. Studies relating to the application of this procedure for 
the determination of other drugs are being continuecl in our laboratories, 

We thank Mrs. KAY WELCI-I for her help in editing and typing the manuscript 
and Miss JEAN CARR for making the graph. The financial support of USPHS Grant 
MH-19768 ancl Project 7-T, Bureau of Research, California Department of Mental 
Hygiene, is also gratefully acknowledged. 

Drag D@cndcnce Resenrclt Center, 
iVendo&to State Hos~5itn2, Talmage, Calif. (U.S.A.) 

1-I. 13. LOH 

I. I<. Ho 
W. R. LIPSCOMB 

College of Pharmacy, Wayne State University, T. M. CFIO 
Dctvoit, Miclt. (U.S.A .) c. SELEWSKI 

I h. WICKSTROM AND B. SAL~ESEN, J. Phayrn. Pltarmncol., 4 (1952) 631. 
2 A. H. BECICETT, G. T. TUCKER AND A. C. MOPPAT. J. Plrn~rn. Plrnyrnacol., 19 (1967) 273, 
3 I. SUNSHIRE, W. W. I?IKE AND I-I. HANDICSLIAN, J. Fove~sic Sci,, IY (1@5) 428. 
4 h. 1-1. BECKETT AND M. ROWLAND, J. Pkavm, Phaymacol., 17 (1905) 59, 
5 G. RROCEIMANN-HANSSEN AND A. B. SVBNDSEN, J. Pha~nt. Sci,, 51 (1962) 393. 

J. Clwomalogv., 48 (1972) z8g-zg3 



NOTES 293 

G 

z 
9 

IO 
IL 
I2 

=3 
14 

15 

L. GOL~EAUM, Pv0.p. Chena. Xoxicol., 2 (1#5) 221. 
I<. D. PARKER, C. It. FONTAN AND I?. L. KIRK, Anal. CJmn., 34 (1962) 134.5. 
J, 12. WALLACE, J, D. J~IGGS AND S. L. LADD, Anal. CJtmn., 40 (1948) 2207. 
V. NEUIIOPF, I?. VON DER I-Innn, I%. SCHLIMME AND M. WEISE, Ho#wScylcr’s Z. PJiysioZ. Chtevn., 
350 (1969) 131. 
I. I<. Ho, I-I. I-I. LOH AND E. L. WAY, Pvoc. West. PJtannacoZ. Sot., 1.4 (1970) 183. 
V. I?. Dor.rz, W. I<. KIM AND 1. ENGLITIS, J. Amer. Med. Ass., 198 (IgGG) x1.5. 
G. WEBER, BiocAcvn. J., 51 (1952) 155. 
F. SANGER, BiocJwn. J., 4g (xg5r) 4G3. 
N, SRILEIZ AND $1. WIECHMANN, in A. NIIZDERWIESER and. G. PATAIC~ (Editors), P~~ogvess *in 
Thin-J_.a.yer CJcvomalogra+J~y and Rclalcd MelJ~ods, Vol. I, I-Iumphrcy Scioncc l?ublis@rs, hnn- 
Arbor, 1971, p. 95. 
I. IC. Ho, 1-l. I-I. LOH AND B. L. WAY, J. Clcrovnalop., ‘65 (1972) 577. 

First received. December qth, 1971; revisecl manuscript-redeived February 7th, 1972 

J. Chvovnalop., 68 (x972) zag-zg3 


