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ABSTRACT

A sensitive and fast HPLC/MS/MS method for measemeraf cocaine in seized powders and of cocaine and
benzoylecgonine in human urine was developed ahdated. Good selectivity, linearity, accuracy aprecision
were obtained for the developed method. The vadiatethod is very simple and more rapid than otfieilar
methods.
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INTRODUCTION

Cocaine (Figure 1) was first isolated, in 1861 Blgekt Niemann, from the leaves of Eritroxylum cata extraction
with organic solvents followed by purification. 3@ars later, Karl Koller discovered the anesthptimperties. Its
writings and other papers promoted the use of ¢fiead cocaine for a variety of ailments includidgpression,
gastric disorders, asthma, and morphine or alcatidiction. Its use as local anesthetic or as anodjgiac was also
suggested [1].

In 1914, cocaine entered the list of U.S. conttbabstances [2]. Cocaine increases alertnessfullaées, elevates
the mood, induces a high degree of euphoria, deesefatigue, improves thinking, and increases auraton and
energy. In large doses, users often display symptompsychosis with confused and disorganized hiehav
irritability, fear and paranoia [3]. Cocaine is &ly addictive substance developing a strong &olee and
psychological dependence and moderate physicalndepee. lllicit cocaine is usually distributed aswhite
crystalline powder in hydrochloride salt form or @s off white chunky material which is cocaine fie®se and
commonly named as crack. Cocaine powder is oftiertedi with sugars and local anesthetics like lidloed2,4-7].
The hydrochloride salt form of cocaine can be sbir dissolved and injected. Crack cocaine comess iock
crystal that can be heated and its vapors smokedterm “crack” refers to the crackling sound heatten it is
heated [8,9].

Due to the clandestine development of new drugsthadever increasing number of samples to be aedlywy
forensic science laboratories, the scientist iuired to employ powerful hyphenated and fast tegies like
capillary electrophoresis, liquid chromatographythmnass spectrometry (HPLC-MS), gas chromatograpitly
Fourier transform infrared spectroscopy (GC-FTIRY d&ourier transform infrared spectroscopy-attesaabtal
reflectancgFTIR/ATR), ... [6].

Also, numerous analytical methods for cocaine hasen reported in plasma [10,11], whole blood [1R,b8in

[14], nails [15,16], saliva [17,18], urine [19], ih§20-23]. They include gas chromatography—masscspmetry
(GC/MS), gas chromatography nitrogen phosphorowesctien (GC/NPD) and HPLC/MS/MS techniques.
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An isolation step of analytes often required priorinstrument analysis, performed generally by iieliquid
extraction (LLE) [24] or solid phase extraction §H25,26], but it is a time consuming step thabahcreases the
cost of the assay and can affect the recovery.

In this study, the advances of a high performangeid chromatography—tandem mass spectrometry (HPLC
MS/MS) technique with particular emphasis on the ofselectrospray ionization sourbave been exploited for the
quantization of cocaine and its main metabolitev@doglecgonine) in seized materials and human urine.
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Figure 1: Structure of Cocaine

EXPERIMENTAL SECTION
Reagents and samples
Simples of cocaine white powder were seized byptbleee in Morocco and were received by the foremssience
laboratory for analysis and human urine was pratd@irem Department of Forensic Medicine and wasestaat -
20°C.

Cocaine standard was purchase from LGC StandafdR &. France.

Ammonium formate, formic acid (98%), methanol (98)%and HPLC grade acetonitrile, were obtained figma
Aldrich (Germany).

Ultrapure Water of HPLC was prepared using dispasiabconco (Seriel N°:130982243F)

Standard solutions
Cocaine solution was prepared by dissolving theicecstandard (1 mg/mL) with methanol.

Two working solutions 1Qug/mL of cocaine and 10 ng/mL of benzoylecgonine evprepared by appropriate
dilutions in methanol. These solutions were useg@rapare calibration standards with the conceotnatiof high
range assay (0.1, 1, 10, 100, and 500 ng/mL), madiage assay (0.1, 1, 10, 100, and 250 ng/mL)l@amdange
assay (1, 10, 50, 80, and 100 ng/mL) for cocairtk(&n10, 50, 75, and 100 ng/ml) cocaine and bdezgpnine in
free human urine.

Simple preparation

1 mg of each cocaine white powder samples was ldessan 1 mL of methanol. After centrifugation afiltration,
the obtained solutions were diluted to 100 ng/mthwnethanol and transferred in the auto samplds.v20 uL
were injected into the HPLC system.

1mL urine sample was added to 1mL of acetonitifter centrifugation and filtration, the obtainedldion was
diluted (1:100) with acetonitrile and transferradhie autosampler vials. 2@ were injected into the HPLC system.

Apparatus

An HPLC-MS/MS QTRAP 3200 system equipped with akibeElmer Series 200 chromatographic pump and a
Perkin Elmer Series 200 auto sampler (PE Sciexc@ul Canada) was used for direct ESI-MS/MS deteations,
operating in positive ion and multiple reactionsnitaring (MRM) acquisition mode.

The chromatograms were acquired using the analftstare (version 1.4.1).

Procedure

A liquid chromatographic system consisted of a eotvdelivery system (pumps identified as A and Bl an
autosampler was used. Chromatographic separatitire @nalytes was achieved on PHENOMENEX columnxZ50
2mm; 4um) equipped with a pre-column filter.

For preparation of mobile phase, 63g of ammoniumrméi was dissolved in 1L water HPLC grade.

Mobile phase A: 2 mL of 1M ammonium format solutimd 2 mL formic acid in 996 mL of water HPLC grade
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Mobile phase B: 2 mL of 1M ammonium format solutiand 2 mL formic acid in 996 mL of acetonitrile HEL
grade.

Eluents were sonicated before use. The flow raesgaat 0.5 mL/mn.

The used gradient program time was presented iteTlablhe total run time was 8 mn and the colunmpterature
was maintained at 40°C.

The autosampler injection needle was washed witthamel/water (1:1, v/v) after each injection.

The mass spectrometer was run in positive ion E&lemusing multiple-reaction monitoring (MRM) to niimn the
mass transitions. The ion spray voltage and thecsotemperature were set at 5500 V and 600°C, ctsphy.
Nitrogen gas was used as the curtain gas and &6t athe ion source gas 1 and 2 were set at 50mxrgry of the
ion transitions, declustering potentials, collisemergies, and collision cell exit potentials frrange assays were
presented in Table 2.

The concentration of cocaine and benzoylecgonine wletermined automatically by the instrument datstem
using peak areas and external standard method.

Table1: Gradient program time

. Mobile Mobile
Total time | Flow rate

(mn) (mL/mn) phase A | phase B

(%) (%)

0 0.5 80 20

3 0.5 10 90

5 0.5 10 90

55 0.5 80 20

8 0.5 80 20

Table 2: Optimal positiveion ESI mass spectrometric conditions for multiple-reaction monitoring (MRM)

. - Collision
. Declustering Collision .
Drugs lon transitions o i cell exit
potentials | energies .
potentials
Cocaine 304.4-182 40 35 3
Benzoylecgoninef 290-%168.2 40 25 5.74

M ethod validation

The method was validated to comply with specifiequirements using the most recommended guidelioes f
analytical validation in Europe [27,28], includitige most widely applied analytical-performance ekteristics
such as linearity, limit of detection (LOD) and qtitation (LOQ), precision and accuracy.

The linearity of analytical method was determined by studyiremaard calibration curves. The range of analytical
method was decided from the interval between upgd lower level of calibration curves. Thus, three
concentrations of reference material were anal@gohes. The results of linearity study are showiTables 3 and

4,

LOD is the lowest amount of analyte in a sample witciah be detected but not necessarily quantitateoh a&xact
value. It corresponds to 3 times the standard tiewiaf five replicates of samples.

LOQ s the lowest amount of analyte in a simple whiah be quantitatively determined with suitable jsiea and
accuracy (less than 20% [29]). It corresponds ttirhBs the standard deviation of five replicatesarhples.
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Table 3: Linear regression analysis of standard solutionsfor cocaine and benzoylecgoninein urine

Analyte Rangla Equation Range (ng/nLL) r
1lY=5.43.10 X- 1.05.16 |0,1-500 0.983
: 2|y=7.82.1G X +7.27.1¢]0,1-250 0.9905
Cocaine Only
3lvy=2.71.14 X +4.59.14|1-100 0.9966
Cocaine in urine Y=4.94.10 X -7.78.16 |1-100 0.9989
Benzoylecgonine
yieed Y=1.39.1¢ X +2.34.1G|1-100 0.9915
in urine

Table4: Linear regression analysis of standard solutionsfor a 1-100 ng/mL concentration range, performed in 3 different daysfor

cocaine
Analyte day | Equation Range (ng/my) r
1|y=1.54.1¢ X+ 6.5510 |1-100 0.9919
Cocaine 2ly=1.53.14 x 1-100 0.9921
3ly=2.71.14 x+ 4.591¢ [1-100 0.9966

Table5: Resultsof Intra-day and Inter-day precision assay for cocaine, cocaine and benzoylecgoninein human urine

Analyte Concentration Intrajd_ay Interjd_ay
(ng/mL) precision (%) |precision (%)
1 12.3 2.24
10 4.7 1.23
Cocaine 50 2.7 1.6
80 5.1 0.8
100 4 1.12
1 10.76 2.86
10 0.88 2.52
Cocaine in urine|50 2.03 3.45
75 0.46 2.30
100 0.64 0.62
Benzoylecgoning 1 25 6.56
in urine 10 241 1.39
50 2.60 1.32
75 1.44 1.24
100 0.64 0.90

The intra-day precision (expressed as coefficighwvariation) and accuracy (expressed as relatifeerénce
between obtained and theoretical concentration$ {##)e determined by analyzing, on the same dayeglicates
of three different samples from each standards 4R20and 80 ng/mL) for cocaine and (20, 40 and 7@nhy for
cocaine and benzoylecgonine.
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The inter-day precision was evaluated by repeativgg intra-day precision study in 3 different dajgata of
precision and accuracy was presented in TableslBan

Table6: Intra-day and Inter-day Accuracy data for cocaine, cocaine and benzoylecgoninein human urine

Analyte Concentrationf Intra-day Inter-day
(ng/mL) Accuracy (%) Accuracy (%)
10 84.7 95
Cocaine 50 101.9 103
80 85.8 101.5
20 111 106
Cocaine in urine 40 98.4 102
70 99.8 93.5
Benzoylecgoning 20 107.7 119
in urine 40 90.35 93.5
70 79 77

RESULTSAND DISCUSSION

Selectivity

To verify the selectivity of the method are madéhwimjections of low concentration standard solutimtil a well-
resolved peak (Figures 2,3). No interfering peaksewobserved at the retention times of both amglyenfirming
the good selectivity of the method.

Linearity

The calibration curves (Tables 3,4) were linearroakk the studied concentration ranges with cogffits of
determination (r) greater than 0.99 for the catibracurves of cocaine only and cocaine and bemrmgyinine in
urine.

LOD and LOQ
The LOQ and LOD of cocaine were estimated followirMEA criteria [20].

LOD defined as the signal-to-noisstio (% 3) is equal to 4.5 ng/ml for cocaine and 3.6 ng/mitfenzoylecgonine.

LOQ defined as the signal-to-noisaio (% 10) is equal to 15 ng/ml for cocaine and 12 ng/mLidenzoylecgonine.

Precision and accuracy
The CV (%) values calculated for intra- and intagsgrecision studies of cocaine and benzoylecgofiiale 5)
did not exceed 15%. Thus, the developed methodrisidered precise for these analytes [30].

The % recovery varies from 77% to 119%, which ssléhan 120% (Table 6). The calculated accuraoy eiess
than 5. So, it is considered insignificant [31]heEe results show the high quality of quantitatesults achievable
with this method.

Analytical application
Following the previously described general procedtiie method was successfully applied to the oétation of
cocaine in seized powder samples and in human withebenzoylecgonine.

Table 7 shows contents of cocaine in 8 seizuresFégute 4 presents a chromatograms of an extraaireda from
urine sampled by Forensic Medicine.

The % RDS, less than 5 [31], indicates that thehoektwas accurate, precise and selective. Thenptbthod is
suitable and can be successfully applied by thiegol
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Figure 2: Representative chromatographl c of cocaine
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Figure 3: Representative chromatographic of an urine sample spiked with cocaine and benzoylecgonine

Table7: Assay of cocainein presence of adulterants

Seizures | Cocaine (%) Adulterapts

1 84 -

2 93 -

3 70 tetramisole
4 75 phenacetif
5 87 -

6 47 phenacetif
7 73 levamisole
8 50 phenacetif
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Figure 4: Representative chromatographic of an extract obtained from urine sampled by Forensic Medicinein order to further
investigate the cause of death
Concentration of cocaine is 84 ng/ml and conceidrabf benzoylecgonine is 38ng/ml

CONCLUSION

The experimental results demonstrate that the mep&PLC-MS/MS method is simple and less time caoirsg,
accurate, precise and selective. It offers prefakmadvantages over most of the established proesd The
adulterants usually present with cocaine in druigsnit interfere with determination of cocaine wizzres and
cocaine and benzoylecgonine in urine. Therefore,inkroduced method can be recommended for roufiradity
control of seized cocaine and cocaine with benzmygaine in human urine in order to further investiggthe cause
of death and in monitoring program of cocaine abuse
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