Available online at www.sciencedirect.com

SCIENCE@DIRECT° JOURNALOF
CHROMATOGRAPHY B

Vi

ELSEVI

R Journal of Chromatography B, 824 (2005) 81-91

www.elsevier.com/locate/chromb

Studies on the metabolism and toxicological detection of the new designer
drug 4-methylw-pyrrolidinobutyrophenone (MPBP) in rat urine using
gas chromatography—mass spectrometry

Frank T. Peterd*, Markus R. Meyef, Giselher FritscHi, Hans H. Maure®

a Department of Experimental and Clinical Toxicology, Institute of Experimental and Clinical Pharmacology and Toxicology, University of Saarland,
D-66421 Homburg (Saar), Germany
b Hessisches Landeskriminalamt, D-65187 Wiesbaden, Germany

Received 12 May 2005; accepted 1 July 2005
Available online 19 July 2005

Abstract

The aim of the presented study was to identify the metabolites of the new designef-drathgl-«-pyrrolidinobutyrophenone (MPBP) in
rat urine using GC-MS techniques. After enzymatic hydrolysis, extraction and various derivatizations, seven metabolites of MPBP could be
identified suggesting the following metabolic steps: oxidation of theethyl group to the corresponding alcohol and further oxidation to the
respective carboxy compound, hydroxylation of the pyrrolidine ring followed by dehydrogenation to the corresponding lactam or reduction
of the keto group to the 1-dihydro compound. A previously published GC-MS-based screening procedure for pyrrolidinophenones involving
enzymatic hydrolysis and mixed-mode solid-phase extraction of urine samples allowed detection of MPBP metabolites. Assuming similar
metabolism and dosages in humans, an intake of MPBP should be detectable via its metabolites in urine.
© 2005 Elsevier B.V. All rights reserved.

Keywords: MPBP; 4-Methyl-a-pyrrolidinobutyrophenone; Designer drug; Metabolism; Detection; GC-MS

1. Introduction sules, or powderfl]. Statements on the frequency of their
occurrence cannot be made, because they cannot be detected
1-(4-Methylphenyl)-2-pyrrolidin-1-ylbutan-1-one’¢he- with usual routine analysis procedurgas-6] and might,
thyl-a-pyrrolidinobutyrophenone, MPBP) is a new designer therefore, have been overlooked. Nevertheless, PPP (1998),

drug of the pyrrolidinophenone type. Aftex-pyrrolidin- MPPP (1999), and MDPPP (1997) have been scheduled in
opropiophenone (PPP),2], 4-methyl-w-pyrrolidinopropio- the German Controlled Substances Act and possession is
phenone (MPPP)[1-3], 4-methylw-pyrrolidinohexano- strictly prohibited.

phenone (MPHP) [4], 4'-methoxye-pyrrolidinopro- So far, little information about the dosage as well as
piophenone (MOPPP]5], 3,4-methylenedioxye-pyrro- the pharmacological and toxicological effects of the pyrro-

lidinopropiophenone (MDPPR),6], it was the latest of this  lidinophenones is available. However, they may be expected
new class of designer drugs to enter the illicit drug market to be very similar to those of pyrovalerone -ethyl-«o-
in Germany. Their chemical structures are giverFig. 1 pyrrolidinovalerophenone) due to their close structural rela-
MPBP was seized as powder by the German police. It is tion to this drug as shown ifrig. 1 Pyrovalerone is a
assumed to be taken orally as the other pyrrolidinophenones psychostimulant which acts by releasing dopamine and nore-
which are distributed among drug abusers as tablets, cap-pinephrine from the respective nerve termin@s$]. It was

first pharmacologically characterized in animal experiments

* Corresponding author. Tel.: +49 6841 16 26430; fax: +49 6841 16 26051. DY Stille et al[9] in the early 1960s. These authors reported
E-mail addressfrank.peters@uniklinikum-saarland.de (F.T. Peters). ~ comparable central stimulatory effects but less influence
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Fig. 1. Chemical structures of pyrrolidinophenone-type designer drugs and of the psychostimulant pyrovalerone.

on locomotor activity and autonomous function compared lute Confirm HCX cartridges (130 mg, 3 ml) were obtained
to amphetamine. The Lig of pyrovalerone in mice was from Separtis (Grenzach-Wyhlen, Germanyy-Methyl-
reported to be 350 mg/kg bodyweight (BW) per os. Compa- N-trimethylsilyl-trifluoroacetamide (MSTFA) was obtained
rable psychostimulatory effec{40,11] and smaller effects = from Fluka (Steinheim, Germany). Diazomethane was syn-
on motor function[11] of pyrovalerone in comparison to thesized inthe authors’ laboratory according to the procedure
amphetamine were also found in controlled studies with of McKay et al.[23]. All other chemicals and biochemicals
humans. Pyrovalerone had been studied as a therapeutic drugsed were obtained from Merck, Darmstadt (Germany) and
[12-14] but was withdrawn from the market and sched- were of analytical grade.
uled as a controlled substance after reports of its intravenous
abuse by polytoxicomaniad45]. Beside this, the chemi- 2.2. Urine samples
cal structure of pyrrolidinophenones is closely related-to
aminopropiophenone anorectics like amfepramone, drugs of ~ The investigations were performed using male rats (Wis-
abuse like cathinone/methcathinone and antidepressants likdar, Ch. River, Sulzfleck, Germany) for toxicological diag-
bupropion and might therefore evoke similar efft&-19] nostic reasons according to the corresponding German law.
Clearly, such pharmacological profiles are in line with the They were administered a single 20 mg/kg body mass dose
abuse of pyrrolidinophenones as stimulant designer drugs. (for metabolism studies) or a 1 mg/kg body mass dose (for
While the metabolism and toxicological detection of PPP, development of the screening procedure) of MPBP-HNO
MPPP, MPHP, MOPPP, MDPPP, and pyrovalerone have beenin an aqueous suspension by gastric intubation. Urine was
described2-6,20—22] MPBP has never been studied in this collected separately from the faeces over a 24 h period. All
respect. However, the knowledge about metabolic steps is asamples were directly analyzed and then storee22°C
prerequisite for toxicological risk assessment and for devel- until further analysis. Blank urine samples were collected
oping screening procedures for toxicological detection, as in before drug administration to check whether the samples
both cases the metabolites may play a major role. Further-were free of interfering compounds.
more, determination or screening procedures for MPBP are
necessary for confirmation of the diagnosis of an intoxication 2-3. Sample preparation for metabolism studies
or drug abuse. ] . ) ]
Therefore, the aim of the presented study was firstly to A 0.5ml portion of urine was adjusted to pH 5.2 with
identify the MPBP metabolites in rat urine using GC-Ms acetic acid (1 M, approximately 10-0) and incubated at
in the electron impact (El) and positive-ion chemical 56°C for 1.5h with 5Qul of a mixture (100,000 Fishman
ionization (PICI) mode and secondly to use this knowledge Units per ml) of glucuronidase (EC No. 3.2.1.31) and aryl-
for incorporation of MPBP into the authors’ EI GC-Ms Sulfatase (EC No. 3.1.6.1) frofrelix pomatial.. (Roman
based toxicological screening procedure for the other Snail). The urine sample was then diluted with 2.5ml of

pyrrolidinophenone-type designer drugs in urifg—6} water and loaded on a Confirm HCX cartridge, previously
conditioned with 1 ml of methanol and 1 ml of water. After

passage of the sample, the cartridge was washed with 1 ml

2. Experimental of water and 1 ml of 0.01 M hydrochloric acid. The retained
non-basic compounds were first eluted into a 1.5 ml reaction
2.1. Chemicals and reagents vial with 1 ml of methanol (fraction 1), whereas the basic

compounds were eluted in a second step into a different vial

MPBP.HNO3 from a drug seizure was provided from with 1 ml of a freshly prepared mixture of methanol/agqueous

Hessisches Landeskriminalamt, Wiesbaden (Germany) forammonia (98:2, v/v; fraction 2). The eluates were gently
research purposes. The purity and identity had been proven byevaporated to dryness under a stream of nitrogen a€%td

mass spectrometry, infrared alid NMR spectroscopy. Iso-  derivatized by methylation, acetylation, combined methyla-
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tion/acetylation or trimethylsilylation according to published sponding pull down menu which executes the user defined
procedureq24]. Briefly, methylation was performed after macrog[25,26] The identity of the peaks in the mass chro-
reconstitution in 5@ of methanol with 5Qul of a solu- matograms was confirmed by computerized compafidoh

tion of diazomethane in diethyl ether. The reaction vials of the mass spectra underlying the peaks (after background
were sealed and left at room temperature for 30 min. There- subtraction) with reference spectra recorded during this study
after, the mixture was once again gently evaporated to dry- (Fig. 2and ref.[27]).

ness under a stream of nitrogen and redissolved inu100

of methanol. Acetylation was conducted with 300of an

acetic anhydride—pyridine mixture (3:2, v/v) for 5min under 3. Results and discussion

microwave irradiation at about 440 W. After evaporation, the

residue was dissolved in 1Q0 of methanol. A 3ul aliquot 3.1. Sample preparation

each was injected into the GC-MS system. In case of com-

bined methylation/acetylation, extracts were first methylated = Cleavage of conjugates was necessary before extraction
and subsequently acetylated. For trimethylsilylation.b6f and GC-MS analysis of the suspected metabolites in order
MSTFA were added to the extract previously reconstituted in not to overlook conjugated metabolites. Gentle enzymatic
50l of ethyl acetate and derivatization was carried out for hydrolysis was used because the analytes were destroyed
5 min under microwave irradiation at 440 W. AuBaliquot during acid hydrolysis. The described cleavage procedure
was injected into the GC-MS with an alcohol- and water-free at elevated temperature (56) for a short period of time
syringe. The same experiments were repeated without the us€1.5 h) had been successfully used in routine screening pro-
of enzymatic hydrolysis to study which metabolites of MPBP cedures for other pyrrolidinophenori@s4—6] In the present

were excreted as glucuronides/sulfates. study, this short procedure was also used for metabolism
studies, since it had proven to yield similar results (i.e.
2.4. Sample preparation for toxicological analysis same compounds detected at similar abundances) as the

authors’ standard conditions for metabolism studies’(37
The extraction procedure was the same as described undefor 12 h).
2.3, but only the second eluate (fraction 2) was used for fur-  The use of common liquid—liquid extraction under alkaline
ther workup. It was gently evaporated to dryness under a or acidic conditions followed by acetylation or methylation
stream of nitrogen at 58C and then reconstituted in p0 [24,26,28-30]respectively, was not appropriate, because the
of ethyl acetate. After addition of 50 of MSTFA the majority of the metabolites showed amphoteric properties.
reconstituted extract was trimethylsilylated for 5 min under In addition, volatility of the free bases and the instability of
microwave irradiation at 440 W. A2l aliquot of this mixture the analytes under alkaline and high temperature conditions
was injected into the GC-MS with an alcohol- and water-free had caused difficulties with structurally related compounds

syringe. [31,32] In contrast, mixed-mode SPE had been successfully
applied for extraction of amphoteric metabolites of other
2.5. Gas chromatography—mass spectrometry pyrrolidinophenone$2—6], and also proved to be applica-

ble for extraction of MPBP and its metabolites.

The MPBP metabolites were separated and identified in  Derivatization was needed to improve the GC properties
derivatized urine extracts using a Hewlett Packard (Agilent, of these relatively polar metabolites thus increasing the
Waldbronn, Germany) 5890 Series Il gas chromatograph sensitivity of their detection. Methylation with diazomethane
combined with an HP 5989B MS Engine mass spectrom- is well known to be versatile for derivatization of metabolites
eter and an HP MS ChemStation (DOS series) with HP with phenolic hydroxy or carboxy groups. In contrast,
G1034C software. The GC conditions were as follows: split- aliphatic hydroxy groups remain unaffected thus allowing
less injection mode; column, HP-1 capillary (1200.2 mm their distinction from phenolic hydroxyl groups. Moreover,
I.D.), cross linked methylsilicone, 330 nm film thickness; the resulting derivatives often show favorable fragmentation
injection port temperature, 28C; carrier gas, helium; flow-  properties in the EI mode. They yield easily interpretable
rate 1 ml/min; column temperature, programmed from 100 fragment ions, which is advantageous for the elucidation of
to 310°C at 30/min, initial time 3 min, final time 8 min. metabolite structures. In the present study, methylation was
The MS conditions were as follows: full scan moawez performed, because MPBP was expected to be metabolized to
50-550u; El ionization mode: ionization energy, 70eV, the respective’dcarboxy compound as it had been described
chemical ionization using methane, positive mode (PICI): for other 4-methyl-pyrrolidinophenones [2—4,22,33]
ionization energy, 230eV; ion source temperature, 220 Acetylation has also proved useful in metabolism studies
capillary direct interface heated at 280. [28—-30,34] It can be employed for derivatization of primary

For toxicological detection of MPBP and its trimethylsi- and secondary amino groups as well as alcoholic and/or phe-
lylated metabolites, mass chromatography with the selectednolic hydroxy groups. Generally, the fragmentation patterns
ionsm/z112, 126, 178 and 318 was used. Generation of the of the resulting derivatives in the EI mode are also easy to
mass chromatograms could be started by clicking the corre-interpret. In the present study, acetylation was used to allow
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detection of possible primary or secondary amine metabo- lated extracts were checked for the presence of additional
lites resulting from degradation of the pyrrolidine ring as it metabolites.

has been described for PPR. Finally, trimethylsilylation

was performed in order to record the mass spectra of the3.2. |dentification of metabolites

trimethylsilyl derivatives of the MPBP metabolites needed to

incorporate MPBP into the authors’ screening procedure for ~ The urinary metabolites of MPBP were identified by
pyrrolidinophenonef2,4-6] Trimethylsilylation, whichisa  full-scan El and PICI MS after GC separation. The postu-
common derivatization procedure in many routine methods, lated structures of the metabolites were deduced from the
is safer and easier to handle than methylation with dia- fragments detected in the EI mode which were interpreted
zomethane and the reagent is commercially available. Evenin correlation to those of the parent compound according
though the resulting mass spectra are generally less usefuto the rules described by, e.g. McLafferty and Turef2H

for elucidation of metabolite structures, the trimethylsily- and Smith and Busc[86]. In order to verify the molecular
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mass of the postulated metabolites, PICI mass spectra weraletected in any of the prepared samples, although the limit
recorded, because they contain strong molecular peaksof detection &N 3) was 100 ng/ml. In addition, the extrac-
(M+H"), in contrast to the El spectra. In addition, adduct tion efficiency for MPBP was 7% 12% (h=5) measured at
ions (M+GHs*, M+C3Hs*) are produced which are 1000 ng/ml.
typical for PICI using methane as reagent gas. Concerning the structures of the metabolites, it must be
El and PICI mass spectra, the gas chromatographic reten-mentioned that the exact position of the oxo group in the
tion indices (RI), structures and predominant fragmentation pyrrolidino-oxo metabolites of MPBP could not be deduced
patterns of MPBP (mass spectra no. 1) as well as of its from the fragmentation patterns. However, tHepdsition
methylated and trimethylsilylated metabolites are shown in seems to be the most likely as lactam formation is common
Fig. 2 From these mass spectra, the following metabo- in the metabolism of pyrrolidino compounds such as prolin-
lites (nos. inFig. 2) could be deduced:’sydroxymethyl- tane and nicoting37]. Based on the same assumption, the
PBP (no. 8), 2-oxo-MPBP (no. 3), 4carboxy-PBP (nos.  corresponding lactam metabolites had also been postulated
4 and 9), 4carboxy-2-oxo-PBP (nos. 5 and 10), 2-oxo- for other pyrrolidinophenond2—6,22] Only one peak was
4'-carboxy-BP (no. 2), 1-dihydro~karboxy-PBP (no. 7), detected for the diastereomeric dihydro metabolites. On the
1-dihydro-4-carboxy-2-oxo-PBP (nos. 6 and 11). Acety- one hand, this might be explained by enantioselective for-
lation did not lead to detection of further metabolites, so mation of only one diastereomer. On the other hand, more
degradation of the pyrrolidino-moiety of MPBP to sec- than one diastereomers might have been formed which were,
ondary or primary amine structures obviously did not occur. however, not separated under the applied chromatographic
With an estimated share of 40% of the excreted MPBP conditions.
metabolites, 4carboxy-PBP was the metabolite in greatest Based on the identified metabolites of MPBP, the follow-
abundance. ing partly overlapping metabolic pathways could be postu-
With the exception of 2-oxo-MPBP, which carries no lated Fig. 3): hydroxylation of the 4methyl group to the
derivatizable moiety, one would have expected detection corresponding alcohol (no. 8) followed by oxidation to the
of all metabolites in the methylated(/acetylated) and in the corresponding carboxylic acid (no. 4/9); hydroxylation of
trimethylsilylated extracts. However-Aydroxymethyl-PBP the 2’-position of the pyrrolidine ring followed by dehydro-
and 1-dihydro-4carboxy-PBP were only detected in the genation to the corresponding lactams (nos. 3, 5/10, 6/11);
trimethylsilylated extracts. This was most likely attributable reduction of the keto group of 4arboxy metabolites to the
to insufficient sensitivity after methylation and combined corresponding secondary alcohols (nos. 7, 6/11); and oxida-
methylation/acetylation, because these two were only minor tive deamination of 4carboxy-PBP to the corresponding
metabolites. In contrast,”20x0-4-carboxy-BP was only  2-oxo compound (no. 2). As the peaks of the metabolites
detected in methylated(/acetylated) extracts, which may indi- 2, 8 and 6/11 were more abundant after glucuronidase and
cate degradation of this compound during the trimethylsi- sulfatase hydrolysis, it can be concluded that they are partly
lylation procedure. The parent compound MPBP was not excreted as glucuronides and/or sulfates.

l

HO N
(_\f/ 3 5110 6/11

(o}

l

C

Fig. 3. Proposed scheme for the metabolism of MPBP in rats. The numbering of the compounds corresponds to that of the mass spectra of the correspondi
derivative inFig. 2
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3.3. Toxicological detection by GC-MS

MPBP metabolites were separated by GC and identified

89

that seized tablets of the related designer drug PPP contained

approximately 40 mg.

The identity of the peak in the mass chromatograms was

by full-scan EI MS after fast enzymatic hydrolysis, SPE and confirmed by computerized comparison of the underlying
trimethylsilylation. Only fraction 2, where —among others — mass spectrum with reference spectra recorded during this

the MPBP main metabolite €arboxy-PBP was eluted, was

study[27]. Fig. Sillustrates the mass spectrum underlying the

needed for the toxicological detection. Mass chromatography marked peak irfig. 4, reference spectrum (no. 9 ig. 2),
with the following ions was used to detect the presence of structure, and the hit list found by computer library search.

MPBP and/or its metaboliteswz 112, 126, 178, 318. The

nos. 7-9 inFig. 2), m/z 126 for compounds with oxidized
pyrrolidine ring (mass spectrum nos. 3, 10, and 1Eim 2)

(mass spectra nos. 7, 9-11HRiy. 2).

mass of MPBRHNOs. For MPBP’s structural homologue
pyrovalerone, single doses of 20-75mg of pyrovalerone Kovats.

were used in studies on pharmacological and therapeutic

effects in humand10,12,13,38] while intravenous drug

The gas chromatographic RIs provide preliminary indica-
selected iom/z 112 was used for monitoring the presence of tions, allow distinguishing between positional isomers and/or
compounds with unchanged pyrrolidine ring (mass spectra diastereomers and may be useful to gas chromatographers
without an MS facility. Therefore, Rls are also provided in
Fig. 2 They were recorded during the GC-MS procedure
andm/z 178, 318 for trimethylsilylated carboxy-metabolites (Section2.5) and calculated in correlation with the Kovats’
indices[39] of the components of a standard solution of typ-
Fig. 4 shows reconstructed mass chromatograms indicat-ical drugs which is measured daily for testing the GC-MS
ing the presence of MPBP metabolites in a trimethylsilylated performancg40,41] The reproducibility of RIs measured
extract of rat urine after administration of 1 mg/kg body on capillary columns was better using a mixture of drugs
than that of the homologous hydrocarbons recommended by

Unfortunately, no authentic human urine samples after

intake of MPBP were available. However, based on the
abusers reportedly injected single doses of 60—-140 mg offindings of Michaelis et al[33], that the corresponding
pyrovalerond15]. Assuming a similar dosage for MPBP the metabolite of pyrovalerone was the main metabolite of
above-mentioned 1 mg/kg body mass dose of MPBP should,this drug in humans, one would expectcarboxy-PBP
therefore, approximately correspond to a dose ingested byto be an important metabolite of MPBP also in humans.
abusers. This assumption is further supported by the factThus, the previously published screening procedure for
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Fig. 5. Mass spectrum underlying the marked pedkign 4the reference spectrum, the structure, and the hit list found by computer library search.

pyrrolidinophenone$2,4—6] should also be applicable for
detecting an ingestion of MPBP.

4. Conclusions

The presented studies revealed that the new designer drug

[6] D. Springer, G. Fritschi, H.H. Maurer, J. Chromatogr. B Analyt.
Technol. Biomed. Life Sci. 793 (2003) 377.

[7] J.P. Fauquet, E. Morel, C. Demarty, J.R. Rapin, Arch. Int. Pharma-
codyn. Ther. 224 (1976) 325.

[8] A. Servin, J.P. Fauquet, C. Jacquot, J.R. Rapin, Biochem. Pharmacol.
27 (1978) 1693.

[9] G. Stille, H. Ackermann, E. Eichenberger, H. Lauener, Arzneimit-
telforschung 13 (1963) 871.

MPBP was extensive'y metabolized via four pathways by [10] A.R. Holliday, R.B. Morris, R.P. Sharpley, Psychopharmacologia 6

the rat. Screening must, therefore, be focused on metabo-
lites. The described screening procedure should be suitabl

(1964) 192.
11] H. Heimann, G. Lukacs, Psychopharmacologia 8 (1965) 79.
12] S. Soderholm, N.M. Viukari, R. Rimon, Nervenarzt 47 (1976) 88.

for detection of MPBP and/or its metabolites in human urine [13] J. Goldberg, G. Gardos, J.0. Cole, Int. Pharmacopsychiatr. 8 (1973)

in clinical or forensic cases.

Acknowledgements

The authors thank Denis S. Theobald, Armin A. Weber,
and Gabi Ulrich for their support.

References

[1] P. Roesner, T. Junge, G. Fritschi, B. Klein, K. Thielert, M.
Kozlowski, Toxichem. Krimtech. 66 (1999) 81.

[2] D. Springer, G. Fritschi, H.H. Maurer, J. Chromatogr. B Analyt.
Technol. Biomed. Life Sci. 796 (2003) 253.

[3] D. Springer, F.T. Peters, G. Fritschi, H.H. Maurer, J. Chromatogr. B
Analyt. Technol. Biomed. Life Sci. 773 (2002) 25.

[4] D. Springer, F.T. Peters, G. Fritschi, H.H. Maurer, J. Chromatogr. B
Analyt. Technol. Biomed. Life Sci. 789 (2003) 79.

[5] D. Springer, G. Fritschi, H.H. Maurer, J. Chromatogr. B Analyt.
Technol. Biomed. Life Sci. 793 (2003) 331.

60.

[14] H. Heinmann, K. Vetter, Schweiz. Med. Wochenschr. 95 (1965) 306.

[15] P. Deniker, H. Loo, H. Cuche, J.M. Roux, Ann. Med. Psychol. (Paris)
2 (1975) 745.

[16] M. Martinez, O. Mercado, A. Santamaria, S. Galvan, M. Vazquez,
V. Bucio, C. Hall, R. Hernandez, A. Hurtazo, E. Pego, F. Rodriguez,
R. Salvatierra, A. Sosa, C. Rios, Proc. Western Pharmacol. Soc. 41
(1998) 125.

[17] R.A. Glennon, M. Yousif, N. Naiman, P. Kalix, Pharmacol. Biochem.
Behav. 26 (1987) 547.

[18] P. Kalix, R.A. Glennon, Biochem. Pharmacol. 35 (1986) 3015.

[19] S.G. Bryant, B.G. Guernsey, N.B. Ingrim, Clin. Pharm. 2 (1983)
525.

[20] D.S. Lho, J. Lee, S. Kim, J. Park, H.S. Shin, J. Chromatogr. B
Biomed. Appl. 687 (1996) 253.

[21] H.S. Shin, Y.S. Shin, S. Lee, B.B. Park, J. Anal. Toxicol. 20 (1996)
568.

[22] H. Shin, J. Park, Korean Biochem. J. 27 (1994) 357.

[23] A.F. McKay, W.L. Ott, G.W. Taylor, M.N. Buchanan, J.F. Crooker,
Can. J. Res. 28 (1950) 683.

[24] H.H. Maurer, in: K. Pfleger, H.H. Maurer, A. Weber (Eds.), Mass
spectral and GC data of drugs, poisons, pesticides, pollutants and
their metabolites, part 4, Wiley-VCH, Weinheim, 2000, p. 3.



F.T. Peters et al. / J. Chromatogr. B 824 (2005) 81-91 91

[25] H.H. Maurer, Spectrosc. Europe 6 (1994) 21. [34] K. Pfleger, H.H. Maurer, A. Weber, Mass Spectral and GC Data of
[26] H.H. Maurer, Clin. Chem. Lab. Med. 42 (2004) 1310. Drugs, Poisons, Pesticides, Pollutants and their Metabolites, Part 4,
[27] K. Pfleger, H.H. Maurer, A. Weber, Mass Spectral Library of Drugs, Wiley-VCH, Weinheim, 2000.
Poisons, Pesticides, Pollutants and their Metabolites, Agilent Tech- [35] F.W. McLafferty, F. Turecek, Interpretation of Mass Spectra, Uni-
nologies, Palo Alto, CA, 2005. versity Science Books, Mill Valley, CA, 1993.
[28] R.F. Staack, G. Fritschi, H.H. Maurer, J. Chromatogr. B Analyt. [36] R.M. Smith, K.L. Busch, Understanding Mass Spectra — A Basic
Technol. Biomed. Life Sci. 773 (2002) 35. Approach, Wiley, New York (NY), 1999.
[29] R.F. Staack, D.S. Theobald, L.D. Paul, D. Springer, T. Kraemer, [37] S. Vickers, S.L. Polsky, Curr. Drug Metab. 1 (2000) 357.
H.H. Maurer, Xenobiotica 34 (2004) 179. [38] H. Heinmann, K. Vetter, Schweiz. Med. Wochenschr. 95 (1965) 306.
[30] D.S. Theobald, S. Fehn, H.H. Maurer, J. Mass Spectrom. 40 (2005) [39] E. Kovats, Helv. Chim. Acta 41 (1958) 1915.
105. [40] R.A. de-Zeeuw, J.P. Franke, H.H. Maurer, K. Pfleger, Gas Chromato-
[31] M. Pokrajac, B. Miljkovic, B. Misailovic, Rapid. Commun. Mass. graphic Retention Indices of Toxicologically Relevant Substances
Spectrom. 5 (1991) 59. and their Metabolites (Report of the DFG commission for clinical
[32] R. Brenneisen, S. Geisshusler, Pharm. Acta Helv. 60 (1985) toxicological analysis, special issue of the TIAFT bulletin), VCH
290. publishers, Weinheim, New York, Basle, 1992.

[33] W. Michaelis, J.H. Russel, O. Schindler, J. Med. Chem. 13 (1970) [41] DFG Senatskommissioniuif Klinisch-toxikologische Analytik, J.
497. Clin. Chem. Clin. Biochem. 20 (1982) 699.



	Studies on the metabolism and toxicological detection of the new designer drug 4´-methyl-alpha-pyrrolidinobutyrophenone (MPBP) in rat urine using gas chromatography-mass spectrometry
	Introduction
	Experimental
	Chemicals and reagents
	Urine samples
	Sample preparation for metabolism studies
	Sample preparation for toxicological analysis
	Gas chromatography-mass spectrometry

	Results and discussion
	Sample preparation
	Identification of metabolites
	Toxicological detection by GC-MS

	Conclusions
	Acknowledgements
	References


