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Abstract

Studies are described on the toxicological analysis of the piperazine-derived designer drug 1-(4-methoxyphenyl)piperazine (MeOPP) in rat
urine using gas chromatography—mass spectrometry (GC—-MS). The authors’ systematic toxicological analysis (STA) procedure using full-scan
GC-MS after acid hydrolysis, liquid-liquid extraction and microwave-assisted acetylation allowed the detection of MeOPP and its metabolites
1-(4-hydroxy phenyl)piperazine and 4-hydroxyaniline in rat urine after administration of a single dose corresponding to doses commonly taken
by drug users. Therefore, this procedure should also be suitable for detection of a MeOPP intake in human urine. However, the metabolites
of MeOPP are not unique and can be produced from other drugs. Therefore, differentiation of use of this designer drug from use of the
medicaments dropropizine, oxypertine or others, which are metabolized to the MeOPP isomer 1-(2-methoxyphenyl)piperazine, is discussed.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction ing abuse of BZP and TFMPP in the United States of
America led to the temporary placement of these two com-
The illicit drug market for recreational drugs has changed pounds into Schedule | of the Controlled Substance Act
considerably during the 1990s. Several new types of drugs[16].
have appeared and information about these drugs is readily Introduction of a methoxy moiety is a known structural
available on the interng®]. Piperazine-derived compounds variation of designer drugs of the amphetamine type. The
like N-benzylpiperazine (BZP), 1-(3,4-methylenedioxyben- corresponding 4-methoxy substituted piperazine derivative
zyl)piperazine (MDBP), 1-(4-methoxyphenyl)piperazine is MeOPP. So far, only little information is available about
(MeOPP), 1-(3-trifluoromethylphenyl)piperazine (TFMPP) the pharmacological and toxicological properties of MeOPP.
and 1-(3-chlorophenyl)piperazine (MCPP) are examples of However, as other 1-arylpiperazines are known to show cen-
these newer groups of designer drugs which are mentionedtral serotonergic effectfl7—21} it can be assumed that
as psychoactive chemicals in “scene book¥4] as well MeOPP shows similar effects.
as internet web siteshitp://www.erowid.org http://www. MeOPP has been shown to be mainly metabolized by
lycaeum.ory Seizures have been made throughout the O-demethylation catalyzed by cytochrome P450 2D6 and
world [5-14], and a fatality involving piperazine-derived by metabolic degradation of the piperazine heterocycle
compounds has already been reporfgl]. The increas-  [22]. In a study on the metabolism of the cough suppres-
sant dropropizine (DRO), the major MeOPP metabolite
o 1-(4-hydroxyphenyl)piperazine (4-HO-PP) has been identi-
= I?art of these results was reported at the 39th International TIAFT fiad to be also a common metabolite of this therapeutic drug
Meft(':”(f’r’rezg"ogr:‘;hg%;uig Oﬁ“?:j: 4?%41_16_26050; [23]. Apart from DRO, there are several other 4-substituted
fax: +49-6841-16-26051. arylpiperazine derivatives which are metabolized to the
E-mail address: hans.maurer@uniklinik-saarland.de (H.H. Maurer). corresponding N-arylpiperazines, which might lead to
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misinterpretation of analytical results if metabolites com- icological analysis (STA) procedu{6,30—32]in (rat) urine

mon with MeOPP are forme@4—26] by GC-MS and how an intake can be differentiated from an
Screening for and validated quantification of MeOPP in intake of the substitutetl-phenylpiperazines DRO and/or

human blood plasma has been published using GCE2VIS oxypertine (OX), an antipsychotic drug.

However, in clinical and forensic toxicology as well as in

doping control, screening procedures in urine are necessary,, Experimental

because drugs or toxicants can be detected for several hours

or even days after ingestion, in contrast to blood analysis 2 1. Chemicals and reagents

which covers only a few houlf28,29]. Procedures for uri-

nalysis of MeOPP have not yet been published. MeOPP-2HCI, 4-HO-PP, 1-(2-methoxyphenyl)piperazine—
The aim of the study presented here was to examine theHCI (2-MeOPP), 1-(2-hydroxyphenyl)piperazine (2-HO-PP)

detectability of MeOPP within the authors’ systematic tox- were obtained from Lancaster Synthesis, Muhlheim
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Fig. 1. El mass spectra, the gas chromatographic retention indices (RI), and structures of MeOPP, DRO, OX and/or their metabolites as well aB of 2-MeOP
and 2-HO-PP (after acetylation) needed for differentiation of an intake of MeOPP from an intake of DRO, OX or other substituted phenylpiperazines.
Axes only labeled for spectrum no. 1.
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Fig. 1. (Continued).

(Germany); DRO was obtained from Sigma, Taufkirchen of DRO or OX. Urine was collected separately from the fae-
(Germany); oxypertine—HCI was kindly provided by Prof. ces over a 24 h period. All samples were directly worked
K. Pfleger, Homburg. All other chemicals and biochemicals up, derivatized, and analyzed by GC-MS as described be-
were obtained from E. Merck, Darmstadt (Germany) and low. Blank rat urine samples had been collected before drug

were of analytical grade. administration to check whether the samples were free of
_ interfering compounds. Authentic human urine samples af-
2.2. Urine samples ter intake of DRO had been collected during a study on the

. o _ ) metabolism of DR(23].
The investigations were performed using urine of male

rats (Wistar, Ch. River, Sulzfleck, Germany) which had been 2.3. Samp|e preparation for toxicol og|ca] ana]yg's
administered a single of the following doses in aqueous so-

lution by gastric intubations( = 2 each): 1.0 mg/kg body The urine samples (5ml) were divided into two equal
mass (BM) dose of MeOPP, 1.3 mg/kg BM dose of DRO, aliquots. One aliquot was refluxed with 1 ml of 37% hy-
1.5mg/kg BM dose of OX. These doses correspond to an drochloric acid for 15 min. Following hydrolysis, the sample
estimated abusers’ dose of MeOPP or to a therapeutic dosavas mixed with 2 ml of 2.3 mol/l agueous ammonium sulfate
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and 1.5ml of 10 mol/l aqueous sodium hydroxide to obtain ness; injection port temperature, 280, carrier gas, helium;

a pH value of 8-9. Before extraction, the other aliquot of un- flow-rate, 1 ml/min; column temperature, programmed from
hydrolyzed urine was added and this solution was extracted100-310°C at 30/min, initial time 3 min, final time 8 min.
with 5ml of a dichloromethane—isopropanol-ethyl acetate The MS conditions were as follows: full scan moda/z
mixture (1:1:3, v/v/v). After phase separation by centrifuga- 50-550; electron ionization (EI) mode: ionization energy,
tion, the organic layer was transferred and carefully evap- 70 eV; chemical ionization using methane, positive mode
orated to dryness at 5€. The residue was derivatized by (PICI): ionization energy, 230eV; ion source temperature,
acetylation with 10Qul of an acetic anhydride—pyridine mix-  220°C; capillary direct interface heated at 28D.

ture (3:2, v/v) for 5 min under microwave irradiation at about ~ For toxicological analysis of MeOPP and its metabolites,
440 W [31]. After careful evaporation of the derivatization mass chromatography with the selected iows 109, 148,
mixture, the residue was dissolved in 300of methanol 151, 162, 234, and 262 was used. These ions were selected
and 2ul of this sample were injected into the GC-MS. from the corresponding mass spectifég( 1). The identity

of the peaks in the mass chromatograms was confirmed by
computerized comparison of the mass spectra underlying
the peaks (after background subtraction) with the reference
spectrgd33].

2.4. Gas chromatography—mass spectrometry

The drugs and their metabolites were separated and iden
tified in derivatized urine extracts using a Hewlett-Packard
(Agilent, Waldbronn, Germany) 5890 series Il gas chro- 3. Results and discussion
matograph combined with an HP 5989B MS engine mass
spectrometer and an HP MS ChemStation (DOS series) With3 1. sample preparation
HP G1034C software. The GC conditions were as follows:
splitless injection mode; column, HP-1 capillary (12m Cleavage of glucuronide and/or sulfate conjugates was
0.2mmi.d.), cross linked methyl silicone, 330 nm film thick- necessary before extraction because those would not be
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Fig. 2. Typical reconstructed mass chromatograms with the given ions of an acetylated extract of a rat urine sample collected over 24 h after applicati
of a common abuser’s dose of 1.0 mg/kg BM of MeOPP indicating the presence of MeOPP (peak no. 1) and its metabolites 4-hydroxyaniline (peak no.
3) and 4-HO-PP (peak no. 5). The peak numbers correspond to those usSied in
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extracted by the applied procedure. Acid hydrolysis has after STA working-up was 8& 15% @ = 5) at 1000 ng/ml,
proven to be very efficient and fast for cleavage of conju- and forpara-hydroxyN-phenylpiperazine 4211% @ = 5)
gates[28]. However, some compounds were found to be at 1000 ng/ml.
altered or destroyed during hydrolyqi31,32] Therefore,
one of the two equal urine aliquots was left unhydrolyzed 3.2. Detection of MeOPP and its metabolites by
and added to the hydrolyzed one before extraction. This GC-MS
modified sample preparation was a compromise between
the necessity of a quick cleavage of conjugates and the MeOPP and its metabolites were separated by GC and
detectability of compounds destroyed during acid hydrol- identified by EI MS after acid hydrolysis, extraction and ace-
ysis. Although the modification of the STA procedure led tylation. Fig. 1 shows the EIl spectra, the structures and
to lower extract concentrations of compounds excreted in the retention indices (RIs) of the acetylated compounds and
conjugated form, this modified procedure was sufficient, their unique metabolites (for comparison: the RIs of acety-
because of the high sensitivity of modern GC-MS apparatuslated amphetamine and methylenedioxymethamphetamine
[31,32] were 1505 and 2140, respectively). The Rls provide pre-
The samples were extracted at pH 8-9, because metabolidiminary indications and may be useful to gas chromatog-
formation of aromatic hydroxy groups may lead to phenol raphers without a GC-MS facility. The RIs were recorded
bases which are best extracted at this pH. Using a moreduring the GC-MS procedure and calculated in correlation
alkaline pH for extraction leads to decreased extraction with the Kovats’ indiceg40] of the components of a stan-
efficacies of such compounds. Further, these metabolitesdard solution of typical drugs which is measured daily for
may be excreted for a longer period of time than the parent testing the GC-MS performan¢41,42] The reproducibil-
compoundg23,34-39] Derivatization of the extracts was ity of RIs measured on capillary columns was better using a
indispensable for sensitive detection due to improved GC mixture of drugs than that of the homologous hydrocarbons
properties. The extraction efficacy determined for MeOPP recommended by Kovats.
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Fig. 3. Mass spectrum underlying the indicated peakim 2, the reference spectrum, the structure, and the hit list found by computer library search.
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Mass chromatography with the selected io"s109, 148, mass spectral analysis, proper use of the Pfleger/Maurer/
151, 162, 234, and 262 was used to indicate the presence ofMeber library[33] is indispensable. The “@"sign indicates
MeOPP and/or its metaboliteBig. 2 shows typical recon-  that the compound can also be found after intake of other
structed mass chromatograms of the above mentioned ioncompounds given in the corresponding handbddis44]
of an acetylated extract of a rat urine sample taken after ad- Interferences by biomolecules or further drugs indi-
ministration of 1.0 mg/kg BM of MeOPP. The peak numbers cated in the reconstructed mass chromatograms could be
correspond to the numberingig. 1 The identity of peaks  excluded, because these compounds have different gas
in the mass chromatograms was confirmed by computerizedchromatographic and/or mass spectral properties. The cor-
comparison of the underlying mass spectrum with referenceresponding RlIs and reference mass spectra are included in
spectrg33]. The ionsm/z 162 and 234 were used for indi- the used reference library.
cation of the presence of the parent compound MeOPP, the The authors’ STA procedure allowed unambiguous iden-
ions m/z 148 and 262 for the major metabolite 4-HO-PP, tification of MeOPP and its metabolites in rat urine after
and the ionsnv/z 109 and 151 for the further metabolite administration of a dose corresponding to a common drug
4-hydroxyaniline. Screening for the other metabolites was users’ dose to rats. Previous studies on the metabolism of
not useful, since they were only excreted in minor amounts MeOPP showed that MeOPP is extensively metabolized and
and could only be detected after application of higher dosestherefore, a urine screening should also be focussed on the
of MeOPP[22]. metabolites with 4-HO-PP as target analyte. The limit of de-

As illustrated inFig. 3, the identity of the marked peak in  tection was measured under routine GC-MS conditions for
the mass chromatograms was confirmed by computerizedMeOPP to be 50ng/ml of urine (signal-to-noiS&V > 3)
comparison of the underlying mass spectrum with referenceand for 4-HO-PP 100 ng/ml of urin&§(v > 3). Finally, it
spectra recorded during this study. As 4-HO-PP is also acould be shown that an intake of a dose of MeOPP that cor-
metabolite of DRO, the library labeled this spectrum as a responds to a common drug users’ dose could be detected
DRO metabolite. In order to avoid misinterpretation of the in rat urine.

/@’ N&NN\OH N&NH
8 OH 5

HO HO

O”%N%\(\OH @/“%N )

OH
6 DRO oX o

Fig. 4. Part of the metabolic pathways of MeOPP, DRO and OX relevant for detection and differentiation of these drugs in urine within the STA. The
numbers correspond to those usedrig. 1
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3.3. Differentiation of an MeOPP intake from an a minor extent to 4-hydroxyaniline, which may lead to
intake of structurally related compounds misinterpretation of the analytical resyR3]. Therefore,
it is crucial to develop procedures which allow to differ-
There are several 4-substituted arylpiperazines which entiate an intake of the designer drug MeOPP from an
have been reported to be metabolized to the correspondingntake of these therapeutic drugsg. 4 shows the part of
1-arylpiperazineqg24,26] This kind of metabolic libera- the metabolic pathways of MeOPP, DRO and OX which
tion of phenylpiperazine has already been described forwere found to be relevant for detection and differentia-
OX and for DRO[23,24] Possible difficulties might occur  tion of these drugs in urine within the STA. As controlled
if these compounds are formed as metabolites commonhuman studies on the designer drug MeOPP were not pos-
with MeOPP. DRO has been shown to be metabolized in sible, a rat model was used for the differentiation studies.
man to 4-HO-PP, the major metabolite of MeOPP, and to Comparison of DRO metabolites found in human and rat
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Fig. 5. Typical reconstructed mass chromatograms with the given ions of an acetylated extract of a rat urine sample collected over 24 h after applicati
of a common therapeutic dose of 1.3 mg/kg BM of DRO (a) and of a human urine sample take 7.5h after intake of the same dose of 1.3 mg/kg BM of
DRO (b). They indicate the presence of DRO (peak no. 6) and its metabolites 4-HO-PP (peakNaph8&hylpiperazine (peak no. 7), and hydroxy-DRO

(peak no. 8).
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Fig. 6. Typical mass chromatograms with the given ions of acetylated extracts of rat urine collected over 24 h after administration of a commin therape
dose of 1.0mg/kg BM of MeOPP (a), 1.3mg/kg BM of DRO (b) and of an urine after administration of a common therapeutic dose of 1.5mg/kg BM
of OX (c).

urine, proved that this model was suitable for such studies MeOPP,m/z 175 for DRO and 233 for HO—-DRO. The peak
(Fig. 5. numbers correspond to those used-ig. 1L Using the de-
Fig. 6 shows typical mass chromatograms with the given scribed STA, an intake of MeOPP could be differentiated
ions of acetylated extracts of rat urine samples collected from an intake of DRO via the parent compounds MeOPP
over 24 h after administration of a dose of 1.0 mg/kg BM of (peak no. 1) or DRO (peak no. 6) or via hydroxy-DRO (peak
MeOPP (a), of a common therapeutic dose of 1.3 mg/kg BM no. 8). 4-HO-PP (peak no. 5) is only a minor metabolite of
of DRO (b) and of a common therapeutic dose of 1.5 mg/kg DRO. After application of a common therapeutic dose of
BM of OX (c). The ionm/z 132 was used for indication  OX, the major metabolite detectable in urine was 4-HO-PP
of N-phenylpiperazinem/z 148 for 4-HO-PPmz 162 for (peak no. 5) and to a minor exteXtphenylpiperazine (peak
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Fig. 7. Typical mass chromatograms with the given ions of a blank urine extract spiked with a mixture of MeOPP, 4-HO-PP and its isomers 2-MeOPP
and 2-HO-PP (final concentration 100 ng/ml each) and acetylated.
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no. 7). The parent compound OX could not be detected. In
order to differentiate an intake of MeOPP from an intake of
OX, the toxicologist should screen for the parent compound
MeOPP (peak no. 1) as this compound is not formed from
OX and for N-phenylpiperazine (peak no. 8), as this com-
pound is not a metabolite of MeOPP.

There are also a wide variety of substituted 2-methoxy-

phenylpiperazines, such as the antihypertensive drug ura-

pidil or the antipsychotic drug fluanisorj24,26], some of
which are also reported to be metabolized to the corre-
sponding methoxy or hydroxy substituted phenylpiperazine
isomers[24,43] Just recently, this 2-methoxy substituted
phenylpiperazine derivative has also been found on the illicit
drug of abuse marké45-48] As shown inFigs. 1 and 7the
corresponding isomers of the methoxy-phenylpiperazines
and theirO-demethylated metabolites could preferably be
differentiated by their retention time, because their mass
spectra are rather similar. Finally, it should be mentioned
that the acetylated MeOPP metabolite 4-hydroxyaniline is
identical with acetylated paracetamol, which may lead to
misinterpretation.

4, Conclusions
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the metabolites are not unique metabolites of MeOPP but[24] S. Caccia, Boll. Chim. Farm. 129 (1990) 183.

also of the therapeutic drugs DRO and OX. A differenti-
ation from an intake of DRO was also possible via DRO
and its metabolite hydroxy-DRO. An intake of OX could be
differentiated viaN-phenylpiperazine, as this compound is
not a metabolite of MeOPP. The corresponding isomers of
MeOPP and its major metabolite 4-HO-PP, 2-MeOPP and
2-HO-PP which are metabolically formed from some thera-
peutic drugs such as urapidil or fluanisone, can be differen-
tiated via their different gas chromatographic properties.
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