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A b s t r a c t  Capillary electrophoresis (CE) and it's applica- 
tions in forensic toxicology are demonstrated by the in- 
vestigation of amphetamine derivatives in "Ecstasy" tablets. 
The method is based on capillary zone electrophoresis 
(CZE) with a phosphate running buffer (pH 2.2). The 
drugs were dissolved in 0.01 N hydrochloric acid, diluted 
with distilled water and phenylephrine was added to the 
samples as an internal standard. A separation of the 
charged substances is obtained by the different velocities 
in the electric field. The qualitative determination can be 
made by the migration times or more accurately by the 
relative migration times. Other possibilities for identifica- 
tion are the UV-spectra using a diode array detector or the 
on-column standard addition procedure. By this procedure 
the sample solution is initially injected followed by the 
standard solution. Both are concentrated in the column 
before separation begins. CE shows clear advantages in 
comparison to high-performance liquid (HPLC) or gas 
chromatography (GC). The quantitative analysis was car- 
ried out using the internal standard phenylephrine. 

The values obtained for 56 "Ecstasy" tablets and pow- 
der containing amphetamine or its derivatives were com- 
pared in this study after analysis with CE and HPLC. The 
results were in very good agreement. Because of it's 
speed, the high resolving power and the possibility of 
identification with the on-column standard addition, CE is 
a powerful alternative to HPLC or GC for the investiga- 
tion of "Ecstasy" tablets. 
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Introduction 

"Ecstasy" is a scene designation for a drug which gener- 
ally includes the amphetamine derivatives 3,4-methylene- 
dioxyamphetamine (MDA), 3,4-methylenedioxymetham- 
phetamine (MDMA) and 3,4-methylenedioxyethylam- 
phetamine (MDE) and some rarer compounds such as N- 
methyl- 1-(1,3-benzodioxol-5-yl)-2-butanamine (MBDB) 
or 2,5~dimethoxy-4-bromamphetamine (DOB). The pre- 
vious use of the term "Ecstasy" as a synonym for MDMA 
cannot be justified today. 

The number of confiscations of "Ecstasy" tablets regis- 
tered by the police increased drastically in recent years. In 
1991 in Germany only 4000 tablets were confiscated but 
this increased to ca. 240000 in 1994 [1]. For 1995 a fur- 
ther increase is to be expected, so that a simple, rapid and 
unequivocal analysis method is necessary. 

In the investigation of "Ecstasy" tablets it is important 
to identify the incorporated drugs. Because of the forensic 
relevance, many methods are available for analysis of am- 
phetamine, methamphetamine, MDA, MDMA und MDE. 
To establish the identity of amphetamines there exist sev- 
eral thin-layer chromatography methods [2-5]. A quan- 
tification of the active substances is usually carried out us- 
ing gas chromatography [5-9] or high-performance liquid 
chromatography methods [5, 10-13]. In recent years cap- 
illary electrophoresis and micellar electrokinetic chro- 
matography (MEKC) have become increasingly more im- 
portant in forensic toxicology [14-21]. This paper de- 
scribes a capillary zone electrophoretic separation which 
permits a rapid qualitative and quantitative determination 
of amphetamine derivatives in tablets and other illicit 
drugs. 

Materials and methods 

Capillary electrophoresis (CE) 

All separations were can-led out on a P/ACE 5510 capillary elec- 
trophoresis system (Beckman, Palo Alto, Calif.). The optical unit 
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and the detector consisted of a deuterium lamp, operating at 
200 nm, and a diode array detector (DAD). The capillary zone 
electrophoresis (CZE) was performed in 40 cm (effective length to 
the detector) untreated Beckman fused-silica tubes (total length 47 
cm, 50 gm I.D. and 375 ~tm O.D.). Capillaries were treated before 
use by rinsing for 20 min with 0.1 M NaOH and before each sam- 
ple for 1 min with running buffer. Further standard operating con- 
ditions, unless stated otherwise were as follows: effective voltage 
500 V/cm (equivalent to 23.5 kV), temperature 20 ° C, sample in- 
troduction, low pressure (0.5 psi) 5 s. 

Running buffer 

Stock solutions of 100 mM KHaPO4 buffer were made in deion- 
ized and distilled water, filtered and degassed in an ultrasonic bath 
before use. The pH was adjusted to pH 2.2 with a stock buffer so- 
lution of 100 mM H3PO 4. 

High-performance liquid chromatography (HPLC) 

A Hewlett Packard Series II 1090 liquid chromatograph with a 
Hewlett Packard Series II 1050 variable wavelength detector was 
used. Chromatographic separations were performed with a 
LiChrospher 60 RP-select B (5 p.m, 250 × 4 mm) analytical col- 
umn, (Merck, Darmstadt, Germany). The mobile phase was a mix- 
ture of methanol, acetic acid, triethylamine, deionized and distilled 
water (10 : 1.5:0.5 : 88) which was filtered and degassed before 
use. The column temperature was 40 ° C, the flow rate 1.5 ml/min, 
the injection volume 25 gl and detection was at 254 nm. 

Standard and internal standard solutions 

The standard solution used for qualitative and quantitative deter- 
mination contained 50 gg/ml each of amphetamine, methampheta- 
mine, MDA, MDMA and MDE. Quinine, cocaine, lidocaine, 
codeine, diydrocodeine were included at concentrations of 50-100 
gg/ml. The internal standard stock solution contained 500 pog/ml 
phenylephrine. 

Sample preparation 

Tablets were homogenized to a fine powder and an aliquot of 
100 mg was dissolved in 0.01 M HC1 for 10 min in an ultrasonic 
bath. The filtered solution was diluted 1:50 with distilled water 
and the phenylephrine stock solution was added to the sample as 
internal standard at a final concentration of 50 gg/ml. 
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Results and discussion 

Capillary zone electrophoresis (CZE) 

For  the inves t igat ion o f  compounds  of  forensic  interest  by  
capi l la ry  e lect rophores is ,  the mice l la r  e lect rokinet ic  chro-  
ma tog raphy  ( M E K C )  me thod  is c o m m o n l y  used, M E K C  
is a me thod  which can separate  non- ionic  substances by  
using surfactants,  in most  cases  sod ium dodecy l  sulfate 
(SDS),  to p romote  interact ions of  the compounds  with the 
mice l les  of  surfactants  [14]. This  a l lows the separat ion of  
many  different  compounds  in a very  short  t ime. Wein-  
berger  and Lurie  [15] were the first to app ly  M E K C  in a 
forensic  drug screening method  to separate  18 compounds  
in about  40 min. Wernly  and Thormann  [16] separated ex- 
per imenta l  mixtures  of  i l l ici t  drugs using M E K C  in 25 
min. Tagl iaro et al. [17] found s imi lar  results  with a sepa- 
rat ion o f  20 compounds  in ca. 50 rain. These  methods  can 
also be used to separate  many  i l l ici t  drugs in a relat ive 
short  t ime but  the migra t ion  t imes for the de te rmina t ion  of  
amphe tamine  or  me tamphe tamine  are too long. In Wein-  
berger  and Lur ie ' s  [15] inves t igat ion the migra t ion  t ime 
for amphe tamine  was about  12 min and for methamphe ta -  
mine  about  14 rain. With  the method  p roposed  by  Wernly  
and Thormann  [16] the migra t ion  t imes were ca. 23 and 
24 min and the method  o f  Tagl iaro requires about  38 min  
to de te rmine  amphetamine .  These  migra t ion  t imes are 
without  doubt  too long to invest igate  amphe tamines  in 
tablets,  espec ia l ly  as there is no t ime advantage  in com-  
par i son  to H P L C  methods.  Krogh  et al. [18] deve loped  a 
M E K C  separat ion method  and succeeded  in decreas ing  
the migra t ion  t imes to ca. 9 and 10 min respect ively.  
Walker  et al. [19] were  able to invest igate  heroin samples  
in 3 min  with M E K C  by shortening the capi l la ry  to an ef- 
fect ive length o f  20 cm. H o w e v e r  under  these condi t ions  
a separat ion o f  the f ive amphe tamine  der ivat ives  is not  
possible .  Trenerry  et al. [20] separated the amphetamines  
by  using a buffer  conta ining ce ty l t r ime thy lammonium 
bromide  in ca. 10 min. 

Fig. 1 Electropherogram of a 
standard mixture of ampheta- 
mine derivatives and other ba- 
sic drugs (concentration range: 
50-100 gg/ml for each com- 
pound). Conditions: fused sil- 
ica capillary (47 cm total 
length, 40 cm to the detector, 
50 gm I.D.); injection, 0.5 psi, 
5 s; voltage, 23.5 kV; tempera- 
ture, 20°C; buffer, 100 mM 
phosphate, pH 2.2; detector 
wavelength, 200 nm Key; (1) 
quinine, (2) amphetamine, (3) 
methamphetamine, (4) MDA, 
(5) MDMA, (6) phenylephrine 
(ISTD), (7) MDE, (8) cocaine, 
(9) lidocaine, (10) codeine, 
(1]) dihydrocodeine, (12) 
methadone 
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Table 1 Within-day and day-to-day reproducibilities of migration time, relative migration time, corrected peak area and corrected peak 
area ratio as relative standard deviations (RSD) 

Within-day reproducibility (n = 6) Day-to-day reproducibility (n = 6) 

RSD [%] RSD [%] RSD [%] RSD [%] RSD [%] RSD [%] RSD [%] RSD [%] 
migration relative corr. peak corr. peak migration migration corr, peak corr, peak 
time migration area area ratio time relative area area ratio 

time (ISTD/drug) time (ISTD/drug) 

Amphetamine 1.36 0.08 0.89 1.30 1.41 0.17 4.81 1.23 
Methamphetamine 1.37 0.07 1.26 1.04 1.44 0.15 4.60 1.39 
MDA 1.23 0.22 1.07 0.94 1.51 0.09 4.67 1.57 
MDMA 1.41 0.03 1.37 0.72 1.53 0.05 4.67 3.27 
MDE 1.46 0.03 2.15 0.87 1.62 0.05 3.60 0.59 
Phenylephrine (ISTD) 1.44 1.70 1.58 3.81 

By using CZE, the simplest form of CE because the 
capillary is filled only with buffer, it is possible to sepa- 
rate amphetamine derivatives found in "Ecstasy" tablets 
in less than 6 min. Figure 1 shows a standard electro- 
pherogram of a mixture of  the amphetamines usually ex- 
pected. Furthermore, basic illicit drugs such as cocaine, li- 
docaine, codeine, dihydrocodeine and methadone can be 
clearly identified in less than 8 min. 

Qualitative analysis of "Ecstasy" 

For the qualitative determination of amphetamine deriva- 
tives there are three possibilities: 

1) Identification by migration time 

Generally an identification is possible by migration time, 
but the within-day relative standard deviation (RSD) 
ranges from 1-2% (Table 1) which was at times unsatis- 
factory, because the difference between two compounds is 
about 0.1 min corresponding to ca. 2%. The day-to-day 
RSDs are even higher, as expected. The reproducibility of 
migration times depends on several operational factors 
such as pH, ionic strength, previous capillary treatment, 
applied voltage and age of the capillary tube [22]. The 
RSDs obtained by migration times can be reduced by us- 
ing the relative migration times with reference to the in- 
ternal standard. By using this method the within-day and 
the day-to-day RSDs could be reduced to less than 0.3% 
(Table 1). 

2) UV-spectrum 

A further method for substance identification is using the 
UV-spectrum. The Beckman P/ACE 5510 is equipped 
with a diode array detector which allows a spectrum in the 
desired wave length range to be made. Unfortunately the 
spectra of the amphetamine derivatives are very similar, 
so that a reliable identification is difficult. However  a fur- 
ther safeguard could be attained with the qualitative deter- 

mination with UV-spectrum of quinine in one sample. 
This sample was sold as "Ecstasy" on the drug market. 

3) On-column standard addition method 

The third and most convincing possibility for substance 
identification is offered by the on-column standard addi- 
tion technique. In this method the sample is initially in- 
jected followed by injection of the standard solution and 
separation occurs after connecting the voltage. If  the sam- 
ple and standard are identical a zone is formed which 
moves with the same velocity in the direction of the de- 
tector and gives a single signal. Therefore the addition of 
the standard does not occur in the sample vessel as in 
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Fig.2 Electropherograms of a) the standard mixture and b) a sam- 
ple solution containing MDE and ISTD with standard addition. 
Conditions see Fig. 1 
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Fig.3 Typical electrophero- 
gram of an "Ecstasy" tablet 
containing MDE with ISTD 
addition. Conditions see Fig. 1 

Fig.4 Representative standard 
curves for amphetamine and 
MDE 
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chromatography methods (except thin-layer chromatogra- 
phy) but directly in the capillary so that a mixture of the 
sample with a standard is not necessary. Figure 2 shows a 
electropherogram of a sample containing MDE and an 
electropherogram of a standard mixture. A clear increase in 
peak size can be recognised in comparison to the standard. 

It should be stressed that a second independent analysis 
procedure (eg GC/MS) is necessary for a clear qualitative 
determination of tablets and powder under investigation. 

Quantitative analysis 

Quantification of amphetamine derivatives in "Ecstasy" 
tablets was calculated using phenylephrine as internal 
standard (ISTD). The addition of an internal standard in 
capillary electrophoresis is necessary because variations 
can occur due to the very small injection volume (only a 
few nanoliters). As shown in Table 1 the within-day RSD 
could be reduced from 0.8-2.2% to 0 .7- l .3% and the day- 
to-day RSD from 3.6--4.8% to 0.6-3.2% if the calcula- 
tions were made using the internal standard. In capillary 
electrophoresis the calculation of the concentration of the 

active substances is commonly made by reference to the 
peak area corrected to migration time, simply by dividing 
the integrated peak area by migration time. This must be 
taken into consideration because the different dwell times, 
resulting from different migration velocities of the 
solutes, affect the peak area in the detection region. This 
is in contrast to chromatography techniques in which all 
solutes travel at the same rate when in the mobile phase 
[23]. Figure 3 shows a typical electropherogram of a sam- 
ple containing MDE. As an example the standard curves 
for amphetamine and MDE (n = 6) based on corrected 
peak area ratios are shown in Fig. 4. Both curves were lin- 
ear in a concentration range of 1-200 gg/ml with correla- 
tion coefficients of 0.9995 and 0.9992. 

Comparison of HPLC and CE 

To compare the CE method with the HPLC method a total 
of 56 "Ecstasy" tablets and powder containing ampheta- 
mine, MDMA and/or MDE were analysed with both tech- 
niques to control the accuracy of the results obtained by 
capillary electrophoresis. The comparison of the values 
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Fig. 5 Comparison of CE and HPLC; 56 tablets and powder were 
analysed with the previously mentioned CE and HPLC methods. 
See text for further discussion 

obtained for active substances in the material of investiga- 
tion is shown in Fig. 5. A very good agreement can be 
seen for both analysis methods so that capillary elec- 
trophoresis is a powerful alternative to HPLC for the 
analysis of "Ecstasy" tablets. Furthermore capillary elec- 
trophoresis has essential advantages because it is a very 
rapid method. Each run including rinsing of the capillary 
lasts a maximum of 7 min and can be interrupted at any 
stage. By the HPLC method the elution time of ampheta- 
mines is similar (MDE is eluted after ca. 11 min) but there 
is a waiting time of at least 17 rain because caffeine is 
eluted after this time and is often found in tablets. A fur- 
ther post-run time of ca. 3 min. must also be included. 
Further advantages are the substance identification possi- 
ble by the standard addition procedure and a very impor- 
tant fact is that the consumption of organic solvents is re- 
strained. 

References 

1.BKA-Bundeskriminalblatt (1995) Sonderausgabe "Ecstasy/ 
XTC" Jahrgang 45, Nr. 17 895 

2. United Nations (1987) Recommended methods for testing il- 
licit ringsubstituted amphetamine derivatives: manual for use 
by national narcotic laboratories, ST/NAR/12 

3. Lillsunde P, Korte T (1991) Comprehensive drug screening in 
urine using solid-phase extraction and combined TLC and 
GC/MS identification. J Anal Toxicol 15:71-81 

4. Auterhoff H, Kovar KA (1981) Identifizierung yon Arzneistof- 
fen. Wissenschaftliche Verlagsgesellschaft mbH, Stuttgart 

5. United Nations (1993) Recommended methods for the detection 
and assay of cocaine, amphetamine, methamphetamine and ring- 
substituted amphetamine derivatives in biological specimens: 
manual for use by national laboratories, ST/NAR/24 

57 

6.Hornbeck CL, Czarny RJ (1989) Quantitation of methamphet- 
amine and amphetamine in urine by capillary GC/MS. Part I. 
Advantages of trichloroacetyl derivatization. J Anal Toxicol 13 : 
144-149 

7. Czamy RJ, Hornbeck CL (1989) Quantitation of methamphet- 
amine and amphetamine in urine by capillary GC/MS. Part II. 
Derivatization with 4-carbethoxyhexafluorbutyryl chloride. 
J Anal Toxicol 13:257-262 

8.Taylor RW, Le SD, Philip S, Jain NC (1989) Simultaneous 
identification of amphetamine and methamphetamine using 
solidphase extraction and gas chromatography/nitrogen phos- 
phorus detection or gas chromatography/mass spectrometry. 
J Anal Toxicol 13:289-295 

9. Thurmann EM, Pedersen MJ, Stout RL, Martin T (1992) Dis- 
tinguishing sympathomimetic amines from amphetamine and 
methamphetamine in urine by gas chromatography/mass spec- 
trometry. J Anal Toxicol 16:19-27 

10.Farrell BM, Jefferies TM (1983) An investigation of HPLC 
methods for the analysis of amphetamines. J Chromatogr 272 : 
111-128 

11. Noggle Jr FT, Clark CR (1984) Liquid chromatographic deter- 
mination of primary and secondary amines as 8-quinolinesul- 
fonyl chloride derivatives. J Assoc Off Anal Chem 67:678- 
691 

12. Bowyer JF, Clausing P, Newport GD (1995) Determination of 
d-amphetamine in biological samples using high-performance 
liquid chromatography after precolumn derivatization with o- 
phtaldialdehyde and 3-mercaptopropionic acid. J Chromatogr 
666 : 241-250 

13. Tedeschi L, Frison G, Castagna F, Gioretti R, Ferrara SD 
(1993) Simultaneous identification of amphetamine and its de- 
rivatives in urine using HPLC-UV. Int J Legal Med 106:265- 
269 

14. Terabe S, Otsuka K, Ichikawa K, Tsuchiya A, Ando T (1984) 
electrokinetic separations with micellar solutions and open- 
tubular capillaries. Anal Chem 56 : 111-113 

15. Weinberger R, Lurie IS (1991) Micellar electrokinetic capillary 
chromatography of illicit drug substances. Anal Chem 63: 
823-827 

16. Wernly P, Thormann W (1991) Analysis of illicit drugs in hu- 
man urine by micellar electrokinetic capillary chromatography 
with oncolumn fast scanning polychrome absorption detection. 
Anal Chem 63 : 2878-2882 

17.Tagliaro F, Smyth WF, Turrina S, Deyi Z, Marigo M (1995) 
Capillary electrophoresis: a new tool in forensic toxicology. 
Applications and prospects in hair analysis for illicit drugs. 
Forensic Sci Int 70 : 93--104 

18. Krogh M, Brekke S, Tcmnesen F, Rasmussen KE (1994) 
Analysis of drug seizures of heroin and amphetamine by capil- 
lary clectrophoresis. J Chromatogr 674:235-240 

19.Walker JA, Krueger ST, Lurie IS, March6 HL, Newby N 
(1995) Analysis of heroin drug seizure by micellar electroki- 
netic capillary chromatography (MECC). J Forensic Sci 40: 
6-9 

20. Trenerry VC, Robertson J, Wells RJ (1995) Analysis of illicit 
amphetamines seizures by capillary electrophoresis. J Chro- 
matogr 708 : 169-176 

21. Lurie IS, Klein RFX, Dal Cason TA, LeBelle MJ, Brenneisen 
R, Weinberger RE (1994) Chiral resolution of cationic drugs of 
forensic interest by capillary electrophoresis with mixture of 
neutral and anionic cyclodextrins. Anal Chem 66:4019~4026 

22. Smith SC, Strasters JK, Khaledi MG (1991) Influence of oper- 
ating parameters on reproducibility in capillary electrophoresis. 
J Chromatogr 559 : 57-68 

23. Huang X, Coleman WF, Zare RN (1989) Analysis of factors 
causing peak broadening in capillary zone electrophoresis. 
J Chromatogr 480 : 95-110 


