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ABSTRACT

Theidentification and quantitation of MDMA in seized materials by police,
gendarmerie, or customs is necessary for any legal case. Hence the results
given must be rigorous, it is essential to work with validated procedures.
Seeing that there is no reference method to validate the analysis of illicit
substances in seized materials, avery rapid intern protocol was developed
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and validated according to the most recommended guidelinesfor analytical
validation in Europe. This procedure helps verifying the linearity, limit of
detection, limit of quantitationand precision of this method. Thus, twenty-
sixtestedpills presentgood resultsforall of these parameters.
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INTRODUCTION

Although patented in 1914 asan appetite suppres-
santy, 1-(3,4-methylenedioxyphenyl)-2-(N-
methylamino)-propane (Figure 1), more commonly
known as 3,4-methylenedi oxymethylamphetamine
(MDMA) or Ecstasy, isacommonly abused drug. In
the 1980s, however, MDMA entered thelists of inter-
nationdly controlled substances?. Actualy, MDMA is
predominantly a“club drug” and is commonly used at
raveparties whereit wasreferred asthe“love pill”.

Thefirst tablet with MDMA wasfound in 1975,
thesecond in 1976, and the next several years saw a
gradual increase in the number of MDMA tabletg™.
Shulgin and NicholS® were the firstto describe the
psychopharmacology of the MDMA, a compound
with “occasionally incidence in the illicit street mar-

ket”.

MDMA isasynthetic drug with both psychedelic
and stimulant effectsthat may last between4 and 6 h.
MDMA isusually takenin ora tablet form. The psy-
chological effectsof MDMA include confusion, de-
pression, anxiety, deeplessness, drug craving, and para
noia. Adverse physical effectsinclude muscletension,
involuntary teeth denching, nausea, blurred vision, fed-
ing faint, tremors, rapid eye movement, and sweating
or chills. Therisk of dehydration and hyperthermiain-
creased by the excessive physical activity of dancing
makesthiscombination apossiblelethd cocktail?.

Presently, ecstasy isillicitly sold intablet form. This
drugistypically looksvery professional with agreat
vaiability of colorsand symbols. Likedl theabusedrugs
illegally commercidized, thecontentsof thisteblets are
much diversified once they don’t have quality con-
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trol of tablets produced.

Theilliat manufacturingof thisdrugresultsinMDMA
dosesthat may vary from 0 to 200 mg per tabl et(®,

Seeing that the consumption of onetofivepillsina
rave party, thetota variation of MDMA dose could be
sufficiently high to causean overdose.

Alsoto MDMA, other psychoactive compounds
may be present like amphetamine, heroin, cocaine, and
others.

MDMA tablets analysis could be used to deter-
minethepresenceor absenceof MDMA intabletscdled
ecstasy, thevariability of thecontentsand the danger-
ous chemical associations made on tablet’s produc-
tion by drug dedlers on the same tablet. Certainly,
tabletswith similar physical appearances may
have different chemical compositions.

Because of the growing abuse of thissubstance, a
number of analytical methods such asimmunoassays™
1 gas chromatography (GC)!"*4, liquid chromatog-
raphy (LC)*+?3, capillary €l ectrophoresis (CE)[202%24
and morerecently high-performanceliquid chromatog-
raphy (HPL C)?>?1 have been developed for itsdeter-
mination.

The purpose of this study wasto develop and vali-
dateavery rapid, smpleand sensitive method to char-
acterize ecstasy tablets, seized in Morocco, especialy
withregardtoMDMA contentsvariations. Theresults
show that the method isapplicable by the police.

METHODOLOGY

Reagents and samples

Analytical standard MDMA was obtained from
LGC Standards France. Twenty-six samplesof ecstasy
tabletswere provided by Moroccan Civil Police. Dis-
tilled water was used to prepareall solutions.

Physical analysis

Ecstasy tabletswere separated by physical char-
acteristics, color, logo, shapeand massprior to analy-
gs
Samplepreparation

Ecstasy tabletswere crushed to obtain afine pow-
der. 10 mg of each samplewasdissolved in 10 mL of
distilled water. Thetubesconta ning the solutionswere
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Figurel: Chemical structureof MDMA

stayed inultrasoundfor 15min at 40°C. After centrifu-
gation, filtration and dilution aconcentration of 100 ug/
ml wereprepared for each sample. The solutionswere
then read at selected wavelength.

Spectrophotometricanalysis

Instrument used, for spectrum and absorbance
measurements, was an UV-3100PC spectrophotom-
eter withapair of 1 cmmmatched quartz cells.
Validation of spectrophotometric method

Themethod was validated to comply with speci-
fied requirements using themost recommended guide-
linesfor anaytical validationin Europe?#, including
themost widely applied andytical -performance char-
acteristics such as linearity, limit of detection (LOD)
and quantitation (LOQ) and precision.

Calibration curves

The calibration curve of MDMA (reference
curve) was madeusing appropriate amounts of the
MDMA standard diluted with distilled water toreach
10, 20, 50, 80 and 100 ug/mL MDMA concentra-
tions
Limit of detection and of quantification

Thelimit of detection (LOD) was set asthemini-
mum compound concentration that could be detected
with an acceptablelevel of precision. LOD samples
wereanayzed asunknown samplesintenreplicates.

The limit of quantification (LOQ) was set as
the last point of calibration curve (1.35 pug/mL) that
presented an acceptableleve of precision.
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Figure3: Linear regresson analysisof thecalibration curve
of MDM Ain UV-Visspectrophotometer. Each point isthemean
+ SD of three experiments

TABLE1:ANOVAtable

SS df  Variance F Faitca p-value a
8963818 1 8963818  F=92410494.85 4.96 1.000 0.05
40310° 3 1.3433310° F,=1.24633 371 3.000 0.5

97107 10 9710°®
8.963823 14

TABLE 2: Limit of detection and limit of quantification data

Number (n) 10
Mean (d) 2.54293
Standard Deviation (Sd) 0.1352983
CV % 5.32
Precision 82.02
LDM 0.406
LQM 1.35

R (Ratio of Conformity) 6.26

Precision

The precision of the method wastested in terms of
replicability and repestability.

Replicahility result indicatesthe precision under the
same operating conditions (same anayst, same appa-
ratusand sameday) over ashort interva of time.

Toevauate replicability, concentrations used
in thecalibration curve were anayzed inten repli-

TABLE 3: Resultsof precison study

Repeatabilit
i Y Replicability
1% day 2" day

Number (n) 10 10 10
Mean (d) 48.2531 49.05252 50
(S;’)‘dar d Devigtion 0.0264673 0.056026 0.0168736
CV % 0.054851 0.11421617 0.03356
Precision 96.38% 98.068% 99.45%
teit (95;9) 2.262 2.262
Error 3.62 1.931562

. 48.253 + 49.288 +
Confidence Interval 0019 0.196
Mean of means 48.65281
Mean of Standard 0.04124665
deviation
CVr % 847775 10*

cates. Precision was determined asthe %CV (coeffi-
cient of variation) of theMDMA concentration calcu-
lated for each of thetenreplicates.

Repestability result indicatesthe precisonunder the
following operating conditions. sameanayst, sameap-
paratus and different days.

Toevauate repeatability, concentrations used
in thecdibration curvewereanalyzedinten replicates
ontwodifferent days. Precisonwasdetermined asthe
%CV of theMDMA concentration ca culated for each
of thetenreplicates.

RESULTS

I dentification of physical characteristicsof illicit
ecstasy tablets

Figure 2 showssomeexamples of tabletsanalyzed
inthisstudy. The ecstasy tabletshad alarge variety of
physica characteridtics. Thetabletswereembossed with
logos (eg. Mitsubischi, Cherry, Star, Nike, Chandl,
Crocodile, Champignon, Crushed, Heart) and dyed
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TABLE 4: Characteristicsand quantitativeresultsof seized
ecstasy tablets

Ne° Logo Color Mass(mg) MDMA content per tablet (mg)
1 yellow  206.1 40.29
2 Y blue 253.8 101.14
3 Mitsubischi  yellow 298 161.34
4 blue 230 69.67
5 green 300 30.75
6 white 290 42.45
7 white 10 33
8 Cherry  white 220 82.21
9 Star Orange 350 158.39
10 Y blue 320 180.40
11 Nike yellow 330 140.46
12 - white 230 112.5
13 Chanel pink 200 76.78
14 R blue 240 106.86
15 Crocodile blue 320 47.93
16 Crocodile white 240 73.08
17 Nike blue 180 76.32
18 R blue 340 145.14

288
210
780
288
290
290
136
261

19 Champignon yellow
20 B
21 Crushed

116.84
96.49
165.9

128.25

11211

133.31
15.40

186.19

yellow
yellow
22 Champignon yellow
23 Champignon yellow
24 Champignon yellow
25 Heart blue

26 - Orange

withvariouscolors.

Consequently, generd physicd characteristicshave
shown no reationship with their inherent chemical con-
tents. Thisisimportantinformation for policeasitisnot
possibleto associatealot of tabletswith alocal drug
dealer only by the physical appearanceaone.

Validation of analyticmethod

Thelinearity of thecdibration curvewas confirmed
over theMDMA concentration range (10-100 ugD mL)
asshowninFigure 3. Typical regression equation for
re£erence calibration curve wasy = 0.022x - 0.214
(r==0.997).

To comparetheresults of threerepetitions, Fischer
test wasused to validatethelinearity range (TABLE
1). F ratio islessthan the critica value of F corre-

sponding to Fisher variable (0.05,3,10). Then, there-
sultsshow that thelinear rangeisvalidated. F ratiois
greater than the critical value of F corresponding to
Fisher variable (0.05,1,10). So, theregression model
isacceptable.

TheLOD (TABLE 2), defined asthe lowest de-
tectabl e concentration on the calibration curvewhere
both accuracy and precision should bewithinthe maxi-
mum tolerable CV of 5.32%, was deemed to be 0.406
?gD mL. The LOD concentration was assayed inten
replicates. ThisLOD isadequate for the analysis of
forensic samples, asthisvaluefalswithin the concen-
tration rangeof MDMA in many ecstasy tablets ana-
lyzed. Furthermore, Ratio of Conformity (6.26) isbe-
tween 4 and 10?7, so LOD isvalidated.

Theresultsof precision evaluation werefoundto
be satisfactory and arereportedin TABLE 3. Thestan-
dard deviationsand the percentage recoveries(not more
than 2%) indicate good precision of the method.

Quantitative analysis of MDMA in ecstasy tab-
lets

Twenty-six red forensic samplesof ecstasy tablets
from different batchescontainingMDMA wereusedin
thequantificationanaysis.

Theresultshad shown great variationin MDMA
contentsamong thesamples, from 3.3-186.19 mg/tab-
let. TABLE 4 showsthe quantitativeresultsof ecstasy
tablets.

DISCUSSION

The proposed method for the quantitativeanaysis
of MDMA in ecstasy tabletsissufficiently precise.

Chemicd anaysesof thesetabletsproved that some
with smilar physi ca gppearancehad different chemical
compositions. They providethevariationsin MDMA
concentrations used in ecstasy tablets. But, that does
not prevent different logos and colors may havethe
samecomposition.

In 1998, Handy declared: “It seems that the prob-
ability on an ecstasy tablet present only MDMA inits
composition decreases asthe popularity of thedrug
raisesup”®,

Although tablets with an association between
MDM A and others psychoactive compounds may be
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correspond to only aminority of thetabl ets, these as-
sociations could be dangerous.

An additiona toxicological relevant feature of our
study wasthelargevariation of MDMA contentsin
different ecstasy tablets seized in Morocco. Thetablets
had MDMA concentrationsvarying from 3.3-186.19
mg/tablet.

Considering the great variation found in this
study, we could suppose that theamount of tablets
ingested during arave party hasa soan enormousvaria
tion. Thisismost dangerous situation for the ecstasy
abuser. Theuseof 10tabletsof sample 7, for example,
during along rave party correspondsonly to 17.72%
of MDMA dose presentsin asingletabl et of ecstasy
sample 26.

Thisisparticularly dangerous, because drug deal -
ersoften claim ecstasy tablets havethe same composi-
tion. To theabuser, the control of ecstasy dosesoccurs
intermsof number of tablets. Intheprevioudy example,
the consumption of 10 tablets of ecstasy sample 7 of
our study could givethefa seimpression to theabuser
of asecure dosewith theingestion of thisnumber of
ecstasy tablets. However, in other occasion, if theec-
stasy supplier changesand sdll satabl et with the chemi-
ca composition of ecstasy sample 26 inour study, the
consumption of the same 10 tablets could give an
MDMA blood level intherange of serioustoxicity or
fatality (from 0.5mg/L to10mg/L).

CONCLUSION

A smpleandrapid spectrophotometric method
for determination of MDMA was developed and vali-
dated.

Wehaveshown grest variabilityinMDMA amounts
in ecstasy tablets sei zed in Morocco, and the potential
toxicity associated to the sum of thisvariation and the
pattern of ecstasy abuse. Dueto the usually unknown
composition of thetabl ets, consumersarenot aware of
thequality and quantity of MDMA in ecstasy tablets,
and due to their unpredictable effects, consumption
of these drugs provides a considerable risk of
severeintoxication.

Finally, themethod isapplicable by the policefor
quantitation of MDMA intabletsand powders.

—— Fyll Peper
REFERENCES

[1] E.Merck; VerfahrenzurDarstellung von Alkylox-
yaryl, Dialyloxaryl- und Alkylenedioxy-arylamin-
opropanenbzw, derenAmstickstoffMonoal-
kyliertenDerivaten. German Patent, 274-350
(1914).

[2] Officeof National Drug Policy; MDMA (ecstasy),
Microgram, 139(6), 149-56 (2002).

[3] B.Jackson, A.Jr.Reed; JAMA, 211, 830 (1970).

[4] C.L.Renfroe; J.Psychoactive Drugs, 18, 363
(1986).

[5] A.T.Shulgin, D.E.Nichals; The pharmacology of hal-
lucinogens. Characteristics of thress new psychoto-
mimetics, (1stedn), Pergamon Press; New York,
USA, (1978).

[6] A.C.Parrott; Psychopharmacology (Berl), 173,234
(2004).

[7] A.Dasgupta, S.Saldana, GKinnaman, M.Smith,
K.Johansen; Clin. Chem., 39, 104(1993).

[8] A.Poklis, K.V.Hal, R.A.Eddleton, R.L.Fitzgerald,
J.J.Saady, S.C.Bogema; ForensicSci.lnt., 59, 63
(1993).

[9] PKintz, V.Cirimele, A. Tracqui, PMangin; J.Chro-
matogr.B, 670, 162 (1995).

[10] H.K.Ensdlin, K.A.Kovar, H.H.Maurer; J.Chro-
matogr.B, 683, 189 (1996).

[11] GW.Kunsman, B.Levine, J.J.Kulman, R.L.Jones,
R.O.Hughes, C.l.Fujiyama, M.L.Smith;
J.Anal.Toxicol., 20, 517 (1996).

[12] B.K.Gan, D.Baugh, R.H.Liu, A.S.Walia;
J.ForensicSci., 36, 1331 (1991).

[13] PLillsunde, T.Korte; J.Anal . Toxicol., 15, 71 (1991).

[14] H.JHelmin, K.Bracher, D.Bourquin, D.Voalanthen,
R.Brenneisen, J.Styk; J.Anal.Toxicol., 20, 432
(1996).

[15] ET.Jr.Noggle, C.R.Clark, A.K.Valaer, J.DeRuiter;
J.Chromatogr.Sci., 26, 410 (1988).

[16] FT.Jr.Noggle, C.R.Clark, J.DeRuiter; J.Chroma-
togr.Sci., 27, 240 (1989).

[17] E.R.Garett, K.Seyda,
Pharm.Nord., 3, 9 (1991).

[18] FT.Jr.Noggle, C.R.Clark, S.Andurkar, J.DeRuiter;
J.Chromatogr.Sci., 29, 103 (1991).

[19] H.J.Helmin, R.Brenneisen; J.Chromatogr., 593, 87
(1992).

[20] R.E.Michel, A.B.Rege, W.J.George; J.Neurosci.,
50, 61(1993).

[21] L.Tedeschi, G.Frison, R.Giorgetti, S.D.Ferrara;
Int.J.Leg. Med., 105, 265 (1993).

PMarroum; Acta

—— a%a['yttaa[’ CHEMISTRY
A ndian W



224 Validation of a method for the quantitation of MDMA in seized materials ACAIJ, 15(6) 2015

Full Peper ——
[22] M.Longo, C.Martines, L.Rolandi, A.Cavallaro; [27] TheCommission of the European communities. Co-

J.Liqg.Chromatogr., 17, 649 (1994). mmission decision of 12 August 2002 implementing
[23] M.Krogh, S.Brekke, F.Tonnesen, K .E. Rasmussen; Council Directive 96/23/EC concerning the perfor-
J.Chromatogr. A, 674, 235 (1994). mance of analytical methods and the interpr-
[24] L.S.Lurig; inJ.A.Adamovics (Editor), Analysis of etation,Off .J.Eur.Comm., L 221, 8-36 (2002).
Addictiveand Misused Drugs, Marcel Dekker; New  [28] Eurachem; CITAC: Quantifying Uncertainty in
York, Basel, (1995). Analytical Measurement, 2nd ed., http://
[25] F.Sadeghipour, J.L.Veuthey; J.Chromatogr.A, 787, www.eurachem.ul.pt/guides/ QUAM 2000-1.pdf
137 (1997). (2000).
[26] 1.B.Miiller, C.N.Windberg; J.Chromatogr. Sci., 43, [29] C.Handy, R.Pates, A.Barroweliff; J.Subst Use, 3,
434 (2005). 82 (1998).

Hnalytical CHEMISTRY o
A Tndéan ﬂoawﬂ/


http://
http://www.eurachem.ul.pt/guides/

