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Abstract

To prove the intake of recently controlled designer drigbenzylpiperazine (BZP) and 1-(3-trifluoromethylphenyl)piperazine (TFMPP),
a simple, sensitive and reliable method which allows us to simultaneously detect BZP, TFMPP and their major metabolite in human urine has
been established by coupling gas chromatography—mass spectrometry (GC-MS) and high-performance liquid chromatography—electrospray
ionization mass spectrometry (LC—ESI-MS). GC-MS accompanied by trifluoroacetyl (TFA) derivatization and LC-MS analyses were per-
formed after the enzymatic hydrolysis and the solid phase extraction with OASIS HLB, and BZP, TFMPP and their major metabolites,
4'-hydroxy-BZP -OH-BZP), 3-hydroxy-BZP (m-OH-BZP) and 4hydroxy-TFMPP p-OH-TFMPP), have found to be satisfactorily sep-
arated on a semi-micro SCX column with acetonitrile—40 mM ammonium acetate buffer (pH 4) (75:25, v/v) as the eluent. The detection
limits produced by GC-MS were estimated to be from 50 ng/mljig/ml in the scan mode, and from 200 to 500 ng/ml in the selected ion
monitoring (SIM) mode. Upon applying the LC—ESI-MS technique, the linear calibration curves were obtained by using the SIM mode for
all analytes in the concentration range from 10 ng/ml tp.@nl. The detection limits ranged from 5 to 40 ng/ml in the scan mode, and from
0.2 to 1 ng/mlin the SIM mode. These results indicate the high reliability and sensitivity of the present procedure, and this procedure will be
applicable for proof of intake of BZP and TFMPP in forensic toxicology.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction piperazine. The drugs have been sold in powder, liquid or
tablet forms mainly on the Internet and in nightclubs.
N-Benzylpiperazine (BZP) and 1-(3-trifluoromethyl- BZP and TFMPP were first synthesized as a potential an-

phenyl)piperazine (TFMPP), both of which have a piper- tiparasitic agentand chemical intermediate in pharmaceutical
azine ring moiety in their structures, are classified as products, respectively. However, it has known that the drugs
a new class of designer drug piperazines, that also in- have a central serotoninomimetic action involving serotonin
cludes 1-(3-chlorophenyl)piperazine, 1-(4-methoxyphenyl) (5-HT) uptake inhibition and 5-Hif receptor agonistic ef-
fects[1-5]. Therefore, they have been widely used as phar-
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in humans has never been demonstrated and has no acceptadinistered TFMPP. Based onthese results, ithas been demon-
medical use. strated that the hydroxylated metabolites were the relevant

Recently, BZP and TFMPP have the reputation of pro- target analytes to be detected to prove the intake of BZP and
ducing amphetamine-like stimulant effed®10] and the TFMPP, as well as the position of the hydroxy group on the
psychoactive effects of methylenedioxymethamphetamine main metabolites of both BZP and TFMPP which were at the
(MDMA) [11,12] respectively. In addition, their use was not have proved to bpara-position Fig. 1) [21,22].
controlled at that time. This caused the rapid spread of the  Since BZP and TFMPP have often been encountered and
abuse of these drugs as club-drugs or recreational drugs irtaken in combination with each other, in the present study, we
the youth mainly in the United States in the late 1990s. In established a sensitive and reliable assay for the simultaneous
the last several years, such abuse has been even reported metermination of BZP, TFMPP and their main metabolités, 4
Japan and Europe, and the fatal intoxication by BZP has alsohydroxy-BZP (-OH-BZP) and 4hydroxy-TFMPP p-OH-
been reported13-18] These led to the temporary place- TFMPP)alongwith a minor BZP metaboliteBydroxy-BZP
ment of BZP along with TFMPP into Schedule | of the Con- (m-OH-BZP) in urine.
trolled Substance Act (CSA) in the United States in 2002
[19], followed by the final placement of BZP into Schedule
I in 2004[20]. Japan’s authorities also controlled these sub- 2, Experimental
stances under the Narcotics and Psychotropics Control Law
in 2003, as the encountering of BZP and TFMPP was in- 2.1. Materials
creasingly reported even in Japan. Thus, the establishment of
amethod to prove the intake of these drugs has been strongly N-Benzylpiperazine and 1-(3-trifluoromethylphenyl)
required in forensic toxicology as well as in clinical chem- piperazine were purchased from Aldrich (Milwaukee,
istry. WI, USA). N-(3-Hydroxybenzyl)piperazine and\-(4-

For unequivocal proof of the intake of BZP and TFMPP, hydroxybenzyl)piperazine were both chemically synthesized
the identification of their principal metabolites in humans in the Forensic Science Laboratory of the Osaka Prefectural
and the establishment of the determination procedures forPolice Headquarters as reported in our previous paper
their metabolites in biological specimens including urine and [21]. 1-(4-Hydroxy-3-trifluoromethylphenyl)piperazine was
blood are indispensable. For the metabolism of BZP and isolated and purified from rat urine in the our laboratory as
TFMPP, Staack et al. reported on the basis of a GC-MS spec-described in our previous papft2]. The standard stock
tral interpretation that hydroxylation of the aromatic rings solutions of BZP,m-OH-BZP, p-OH-BZP, TFMPP and
and degradation of the piperazine moiety were the principal p-OH-TFMPP were prepared in methanol (concentration
metabolic pathways. However, they could not determine the of 1 mg/ml as their free bases), and adjusted to appropriate
exact position of the hydroxyl group on the principal hydrox- concentrations with distilled water or control human urine
ylated metabolitefl5,18] immediately prior to use. The internal standard (I.S.)

More recently, the authors have achieved the synthesis of1-(4-chlorophenyl)piperazine (4CPP) was purchased from
authentic standards of the hydroxylated metabolites of BZP, Aldrich (Tokyo, Japan), and the 1.S. solution (concentration
and isolation of the principal urinary metabolites in rats ad- of 1 ug/ml) was prepared in the mobile phase for LC-MS.
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Fig. 1. Expected main metabolic pathways for BZP and TFMPP in humans.
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Acetonitrile was of HPLC-grade, and all other chemicals 2.4. Trifluoroacetyl (TFA) derivatization
used were of analytical grade.

Sulfatase-glucuronidaset{elix pomatia Type H-1) was TFA derivatization for GC-MS was performed by heating
purchased from the Sigma (St. Louis, MO, USA). The OASIS the dried extract residue with 2Q0 of trifluoroacetyl anhy-
HLB cartridges, hydrophilic polymer solid phase extraction dride and 20Qul of ethylacetate at 60C for 1 h. The reaction
cartridges, and OASIS MCX, mixed-mode cation-exchange mixture was carefully evaporated to dryness under a gentle
reversed-phase extraction cartridges, were purchased fronstream. The residue was reconstituted in LDOf ethylac-
Waters Associates (Milford, MA, USA) and employed inthe etate, and a ikl aliquot was then injected into the GC-MS
investigation of the solid phase extraction. system.

2.2. Enzymatic hydrolysis 2.5. Apparatus

To 1ml of the rat urine sample was added 0.3ml of 2.5.1. GC-MS
100mM acetate buffer (pH 5.0), containing sulfatgse/ GC-MS was carried out using a Shimadzu GCMS QP-
glucuronidase (100 and 2900 Fishman units/ml urine each).2010. A fused-silica capillary column DB-5MS (column
The mixture was then incubated for 12 h at&no hydrolyze ~ dimensions and film thickness: 30x0.25mm I.D. and
the conjugates. After centrifugation, the supernatant solution 0.25um; J&W Scientific, Rancho Cordova, CA, USA) was

was subjected to the solid phase extraction as described beemployed for the separation. Injections were automatically
low. done in the splitless mode at 270. The column oven tem-

perature was maintained at 80 for 1 min and then raised

at 10°C/min to 250°C. The temperature of the transfer line
was set at 250C, and high purity helium, at a flow rate of

1 ml/min, was used asthe carrier gas. The El operating param-

2.3. Sample preparation

Extraction of the analytes was investigated using the oll _ :
following three procedures (procedures (a)—(c)). For the St€rs were as follows: source temperature, ZD0electron

GC-MS analysis, the obtained extract residue was subjecteoenergy' 70eV;ionmultipliergain, 1.2 kV. Data were collected
to TFA derivatization as mentioned below and @l Bliquot ~ 7oM M/240 to 500 at a scan rate of 0.5 s/scan.

was injected into the GC-MS system. For the LC-MS anal-
ysis, the residue was reconstituted in 10@f the I.S. solu-
tion and filtered through a 0.322m membrane filter. A
aliquot was injected into the LC-MS system for quantitative
analysis.

2.5.2. LC-MS
LC-MS was performed on a Shimadzu LCMS 2010A
equipped with an ESI interface (Shimadzu, Kyoto, Japan).
The probe voltage (interface voltage) was 4.5kV and the
curved desolvation line (CDL) voltage was set at 25V. The
(a) Solid phase extraction with OASIS HLB. Q-array voltage was kept at 15V. The other ESI operating
The OASIS HLB cartridge was successively pre- parameters were as follows: CDL temperature, Z00ni-
washed with 1 ml of methanol and 1 ml of distilled water. trogen gas, 1.5 I/min; and multiplier gain, 1.7 V. Under these
The urine sample (1 ml) was loaded on the prewashed conditions, full scan spectra were acquired frowz 80 to
cartridge. Subsequently, the cartridge was rinsed with 300 in the positive mode for identification. The quantitative
0.5ml of 5% methanol in water. The retained analytes measurements were accomplished in the selected ion moni-
were eluted with 1.5 ml of methanol. The eluate was then toring (SIM) mode by monitoring each protonated molecule
evaporated to dryness under a gentle stream of nitrogen.(m/z 177 for BZP,m/z 193 for bothm-OH-BZP andp-OH-

(b) Solid phase extraction with OASIS MCX. BZP,m/z231 for TFMPPmM/z 247 forp-OH-TFMPP, andr/z
The OASIS MCX cartridge was successively pre- 197 for I.S.) using an internal standard method.
washed with 3 ml of methanol and 3 ml of distilled water. The chromatographic separation was carried out on a

The urine sample (1 ml) was loaded on the prewashed semi-micro SCX column (2.0 mm I.Dx 150 mm; Shiseido,
cartridge. Subsequently, the cartridge was rinsed with Tokyo, Japan) with a mobile phase consisting of 40 mM am-
1ml of 0.1% hydrochloric acid, 3 ml of distilled water monium acetate buffer (pH 4)—acetonitrile (25:75, v/v). The
and 3 ml of methanol. The retained analytes were eluted flow rate was set at 0.15 ml/min, and the entire effluent was
with 2 ml of 5% ammonia—methanol. The eluate was then introduced into the ESI source.
evaporated to dryness under a gentle stream of nitrogen.

(c) Liquid—liquid extraction.

A urine sample (1 ml) was adjusted to pH 9 with 28% 3. Results and discussion

aqueous ammonia and saturated with NaCl. The solution
was extracted two times with 1 ml of a chloroform—2- 3.1. Enzyme hydrolysis
propanol mixture (3:1, v/v), and the organic layer was
separated after centrifugation. The extract was dried un-  The hydroxylated metabolites of BZP and TFMPP were
der a gentle stream of nitrogen. expected to be extensively conjugated into their sulfates



318 H. Tsutsumi et al. / J. Chromatogr. B 819 (2005) 315-322
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Fig. 2. Time-changes of the urinary levels of fr@meOH-BZP, p-OH-BZP andp-OH-TFMPP during enzymatic hydrolysis at 32 and pH 5. Each value is
calculated as the ratio of each peak area to that of I.S. SymlgolstOH-BZP; (@) p-OH-BZP; @) p-OH-TFMPP.

and/or glucuronides in vivo and then excreted in the urine. In toxicology was selected, and was applied to the hydroxylated
order to determine the total hydroxylated metabolites as free metabolites of BZP and TFMPP. The TFA derivatization pro-
bases, hydrolysis of the conjugates was required before theduced a significant improvement in the shapes of their peaks
extraction. For a rapid and complete hydrolysis, acid hydrol- in the chromatogram accompanied by an increased sensitiv-
ysis would often be efficient. However, it would also cause ity. Therefore, we further explored the optimization of the
alteration or decomposition of some compounds during hy- TFA derivatization of BZP, TFMPP and their three metabo-
drolysis. Therefore, we chose the enzymatic hydrolysis and lites with trifluoroacetyl anhydride—ethylacetate (1:1, v/v) by
explored the optimization of the hydrolysis conditions for varying reaction temperature and time. Based on the resul-
the conjugates of the hydroxylated metabolites in the presenttant derivatization efficiency, we finally selected the reaction
study. temperature of 60C and reaction time of 1 h, where all the
As the hydrolysis enzyme, aryl sulfata@ejlucuronidase  analytes were almost completely derivatized.
fromH. pomatiawas selected, and theraturine collectedfrom  The extract obtained from the spiked urine sample af-
rats administered a single intraperitoneal dose of 10 mg/kgter the SPE with HLB was subjected to GC-MS after TFA
each BZP or TFMPP was employed as the sample to be hy-derivatization under the optimized condition. The extracted
drolyzed. To the urine sample was added the enzyme (100mass chromatograms and the mass spectra are depicted in
and 2900 Fishman units/ml urine each), the incubation time Figs. 3 and 4respectively. Under the present conditions, the
of the mixture was varied under the condition of°8€7and TFA derivatives of the structurat-OH-BZP andb-OH-BZP
pH 5[23], and then the urinary levels of the frpéDH-BZP, isomers were detected as well-separated peaks, and easy dis-
m-OH-BZP andp-OH-TFMPP were measured. tinction between therxOH-BZP and-OH-BZP was possible
As depicted inFig. 2, the levels of the three metabolites based on their retention times.
were all increased with time up to approximately 6 h, and  Each El mass spectrum of the TFA derivatives of the five
then showed no noticeable change. To confirm the completeanalytes was characterized by each molecular idn(ivz
hydrolysis of the conjugates, the glucuronides and sulfates272 for BZP,m/z 326 for TFMPP,m/z 384 for m-OH-BZP
of the three metabolites were monitored by measuring the and p-OH-BZP, andnvz 438 for p-OH-TFMPP) and some
ions corresponding to each conjugatez 369 and 273 for distinctive fragment ions.
glucuronides and sulfates of OH-BZPs, ani@ 423 and 327 The mass spectra of the two isomers of OH-BZP were very
for glucuronide and sulfate g-OH-TFMPP, respectively)  similar, so the isomers were not distinguishable based only
in the SIM mod€g23-25] Thus, we have found that neither

glucuronide nor sulfate was detected in the urine samples 12
hydrolyzed for 6 h. This suggests that the glucuronides and 4 S
sulfates were completely hydrolyzed within 6 h under these
conditions. Considering the urine sample containing higher
levels of the conjugates, a 12 h incubation time was finally TIC
selected. M
miz 272
3.2. GC-MS following TFA derivatization ﬂ miz 326
‘l j m/z 384
Derivatization is often a successful procedure for the e e 438
sensitive GC-MS analysis of hydroxylated compounds. For " 12 13 14
derivatization of piperazine-derived drugs, heptafluorobuty- Retention time (min)

lation was successfully used by Peters et al. In our prelim- _ _
inarv experiment. the TEA derivatization that allows easier Fig. 3. Total ion chromatogram and extracted mass chromatograms by
y exp ! GC-MS obtained from a spiked urine sample. The concentrations of all

sample prgparation and is more pqpular fOij derivati_za_-tion the analytes added to the urine werediml. Peaks: (1) BZP; (2) TFMPP;
of both amino and hydroxyl groups in forensic and clinical (3) p-OH-BZP; (4)p-OH-TFMPP; (5)m-OH-BZP.
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Fig. 4. El mass spectra produced from peaks of TFA derivatives of BZP (a), TFMP#R-@)-BZP (c),p-OH-BZP (d) and-OH-TFMPP (e).

on their spectra. However, as described above, the retentiorsuch as opiatef26] and amphetaming®7-29] Therefore,
times of the isomers will allow to readily discriminateOH an SCX-type column was employed in combination with
andp-OH metabolites by GC-MS. the acetonitrile—ammonium acetate buffer (40 mM) mobile
For the scan mode, the detection limits were estimated to phase.
be 50 ng/ml for BZP, 200 ng/ml for TFMPP, 750 ng/ml for In order to simultaneously determine the five analytes,
m-OH-BZP andp-OH-BZP, and jug/ml for p-OH-TFMPP, we explored the optimization of the eluent. The acetoni-
at which the three most intense ions in each mass spectruntrile concentration was varied between 60 and 75% with
could be observed and the intensity of noises from back- the ammonium acetate buffer concentration in the fixed mo-
grounds were about the same as that of the least intense iomile phase, and their retention behavior was investigated.
of the three target ions in each background-subtracted massThe five analytes eluted with a relatively good separa-
spectrum. When the selected ion monitoring technique, in tion in the order of TFMPPp-OH-TFMPP, BZP and OH-
which each molecular ion was selected, was applied, the lim- BZPs at all acetonitrile concentrations. At the acetonitrile
its were 20 ng/ml for BZP, 100 ng/ml for TFMPP, 500 ng/ml concentration of 75%, all the analytes were eluted within
for mOH-BZP andp-OH-BZP andp-OH-TFMPP based on 20 min. With this composition (40 mM ammonium acetate
a S/N ratio of ca. 3:1. buffer—acetonitrile (25:75, v/v), referred to mobile phase B),
With further exploration, the GC—MS analysis after the the separation between TFMRPOH-TFMPP and BZP was
TFA derivatization was found to show a relatively low re- sufficient, but the twan-OH andp-OH-BZP isomers almost
producibility for the hydroxylated metabolites. This suggests co-eluted.
that the GC-MS technique accompanied by TFA derivatiza-  In order to further improve the separation betwee®H-
tion would not be preferable for the quantitative analysis of BZP andp-OH-BZP, the pH of ammonium acetate buffer
BZP, TFMPP and their metabolites. was lowered by adding acetic acid to the mobile phase B.
The satisfactory separations of all analytes and a relatively
fast elution were achieved when the pH was approximately 4
(Fig. 5): the final composition was 40 mM ammonium acetate
The mobile phase with a higher organic solvent concen- buffer (pH 4)—acetonitrile (25:75, v/v) (referred to as mobile
tration, which is also advantageous in achieving a higher sen-phase A). When limited only to the analysis of TFMPP and
sitivity in ESI-MS, works more effectively on a SCX column OH-TFMPP, mobile phase B would be preferable for a better
than on an ODS column, especially when analyzing amines separation and a faster elution.

3.3. Chromatographic condition for LC-MS
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for TFMPP,m/z 193 form-OH-BZP andb-OH-BZP, andn/z

247 for p-OH-TFMPP. Less intense ions corresponding to
[M+CH3CN+H]* (m/z 272 for TFMPP andwz 288 for
p-OH-TFMPP) also appeared in the mass spectra of TFMPP
andp-OH-TFMPP. However, the mass spectras©H-BZP
andp-OH-BZP were very similar, and the retention charac-
teristics will, therefore, be helpful in discrimination of the
isomers.

3.5. Extraction recoveries

The simultaneous extraction of BZP, TFMPP and their hy-

Fig. 5. Total ion chromatogram and extracted mass chromatograms by droxylated metabolitesn-OH-BZP, p-OH-BZP andp-OH-

LC—ESI-MS obtained from a spiked urine sample. The concentrations of

all analytes added to the urine werg.d/ml. Peaks: (1) TFMPP; (2)-OH-
TFMP; (3) BZP; (4)p-OH-BZP; (5)m-OH-BZP. The internal standard (1.S.)
was 1-(4-chlorophenyl)-piperazine (4CPP).

3.4. Condition for ESI-MS

TFMPP, was explored by solid phase extraction (SPE). In
the present study, SPE with a hydrophilic polymer OASIS
HLB cartridge[30,31] and a mixed-mode cation-exchange
reversed-phase extraction OASIS MCX cartridg2], and
liquid—liquid extraction with chloroform—2-propanol mix-
ture (3:1, v/v) were tested, and the resultant recoveries were

In order to optimize the operating parameters of ESI-MS compared. As urine samples, drug-free urine samples from
forthe five analytes, the probe, curved desolvation line (CDL) a healthy volunteer in which the concentrations of the artifi-
and Q-array voltages were varied, and the abundance of eacltially added analytes were 1 and 1§/ml were employed.

protonated molecule [M + H]was measured. At the probe,

Extraction was conducted according to the method described

CDL and Q-array voltages of 4.5kV, 25V and 15V, respec- in Section2, and each extract was subjected to LC-MS in
tively, the highest abundance was achieved. Thus, we finallythe SIM mode by monitoring each [M + Hjon. Extraction

selected these parameters for the ESI-MS.

recoveries were estimated by comparing the peak area ra-

The mass spectra obtained under the optimized conditionstios (analyte versus I.S.) from the spiked urine samples and

are presented iRig. 6. All of their mass spectra were char-

acterized by each [M + HJion atmvyz 177 for BZP,mvz 231

., BzZP

100] (@) 177 [M+H]*

191 158 218

standard aqueous solution for each analyte at each concen-
tration.

, TFMPP
(o) 231 [M+H]*

[M+CH,CN+H]*
282 2(2

ol95 188

77100 200 300 m/z
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Fig. 6. ESI mass spectra produced from peaks of BZP (a), TFMPR{OX-BZP (c),p-OH-BZP (d) anch-OH-TFMPP (e).
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Table 1
Extraction recoverieq(=5)
Compound Recoveries (%)
OASIS HLB OASIS MCX Liquid—liquid extraction
10pg/mi 1pg/ml 10pg/ml 1pg/ml 10pg/ml 1pg/ml
BzP 92 95 100 81 35 38
m-OH-BZP 83 87 102 85 6 6
p-OH-BZP 81 82 102 98 9 8
TEMPP 100 103 113 62 77 36
OH-TFMPP 109 83 103 20 20 7

As summarized inTable 1 the resultant recoveries by m/z247 forp-OH-TFMPP, anad/z197 for 4CPP) were moni-
liquid—liquid extraction were considerably low for allthe ana- tored, and the linearity and reproducibility were evaluated for
lytes. Especially, all three hydroxylated metabolites gave very drug-free urine samples spiked with known concentrations of
low recoveries of less than 10%. This would be caused by theanalytes i =5).
high hydrophilicity of the phenol moiety leading to their low The LC-ESI-MS showed a good linearity through-
distribution into the organic phase. Thus, the liquid—liquid out the concentration range from 10ng/ml to
extraction was ruled out. 10pg/ml  for all analytes (BZP: y=0.57%+0.137,

On the other hand, the recoveries by SPE were relatively r2=0.999; TFMPP: y=0.29%+0.00570, r2=0.999;
high: the recoveries for all the analytes using OASIS HLB m-OH-BZP: y=0.196¢+0.0840, r2=0.998; p-OH-
and OASIS MCX cartridges ranged from 81 to 109% and BZP: y=0.12+0.0833, r2=0.994; p-OH-TFMPP:
from 20 to 113%, respectively. The recoveries of the hydrox- y=0.059%+0.0221r2=0.997). As summarized ifable 2

ylated metabolites at the concentration ofpd@ml, in par- the within-day relative standard deviations (RSDs) and the
ticular, reached approximately 80% or more. The recoveries accuracy for all analytes ranged from 3.1 to 9.2% and from
with MCX at the concentration of Lg/ml for TFMPP ang- 89 to 108% at the concentration ofufy/ml, and from 3.2 to

OH-TFMPP were, however, significantly lower, though BZP 8.0% and from 94 to 112% at 200 ng/ml, respectively. The
and its hydroxylated metabolites had high recoveries at ei- between-day RSDs were calculated to be 1.2-11.1% at the
ther concentration with MCX. The lower recoveries at the concentration of Lg/ml.

lower concentration for TFMPP ar@OH-TFMPP may be Also, for LC-ESI-MS in the full scan mode, the detection
caused by adsorption on the sorbent. Based on these comlimits were estimated to be 5ng/ml for BZP, 10 ng/ml for
parisons, the SPE procedure with OASIS HLB was finally TFMPP,m-OH-BZP andx-OH-BZP, and 40 ng/ml fop-OH-
chosen for the simultaneous extraction of BZP, TFMPP and TFMPP, at which each [M + H]ion could be observed and

their hydroxylated metabolites in the present study. the intensity were about the same as those of noises from
backgrounds in each background-subtracted mass spectrum.
3.6. Quantitative analysis The SIM technigue by monitoring each [M +Hipn further

reduced the detection limits to 0.2 ng/mlfor BZP and TFMPP,
Quantitative measurements were carried out in the pres-0-4 ng/ml form-OH-BZP andp-OH-BZP, and 1 ng/ml fop-

ence of the internal standard, 4CPP using LC-MS in the SIM OH-TFMPP based on a S/N ratio of ca. 3:1. These results
mode: The [M +H[ ions of each analytenfz 177 for BZP, indicate that the present technique gave a satisfactorily high

m/z231 for TFMPP/z 193 form-OH-BZP ancp-OH-Bzp,  reliability and sensitivity.

Table 2

Precision and accuracn € 5) 4. Conclusion

Compound Mean SD RSD (%) Accuracy (%)

Within-day 1pg/ml A sensitive and reliable analytical procedure for the si-
BZP 094 0045 4.8 94 multaneous determination of BZP, TFMPP and their main
m-OH-BZP a89 0028 3.1 89 metabolitesm-OH-BZP, p-OH-BZP andp-OH-TFMPP, in
gf,\;;ﬁzp ggg gggi 2'2 gg urine was established by GC-MS and LC—ESI-MS analyses.
OH-TEMPP 108 0099 92 108 Acombination of the enzymatic hydrolysis, SPE with OASIS

HLB, TFA derivatization for GC-MS, and LC separationon a

Within-day 200 ng/ml Lo . .
Y 9 semi-micro SCX column provided convenient pretreatment,

BZP 211 69 3.2 106 ) i e

mOH-BZP 194 118 6.1 97 good recoveries and high sensitivity.

p-OH-BZP 224 1M 8.0 112 GC-MS after TFA derivatization gave much more struc-
TFMPP 216 18 6.9 108 tural fragment ions that are favorable for the identification,
OH-TFMPP 187 1 6.0 94

but have found to show relatively low reproducibility. On the
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other hand, LC-ESI-MS allowed accurate quantitation. In [12] M.D. Schechter, Pharmacol. Biochem. Behav. 31 (1988) 817.
addition, identification of analyte for proof of the use of con- [13] M. Katagi, H. Tsutsumi, A. Miki, K. Nakajima, H. Tsuchihashi, Jpn.
trolled drugs in forensic toxicology should be done by more _ _J- Forensic Toxicol. 20 (2003) 303. . .
th techni if ible. Th t | d[14] D. de Boer, 1.J. Bosman, E. Hiégi, C. Manzoni, A.A. Beng,

an atechnique, Ir possioble. 1hus, we strongly recommen LJAL. dos Reys, R.AA. Maes, Forensic Sci. Int. 121 (2001) 47.
the combination of GC-MS and LC-MS techniques for more (15 R F. Staack, G. Fritschi, H.H. Maurer, J. Chromatogr. B 773 (2002)
reliable determination. The developed methods in the present  35.
study would serve as useful tools in drug enforcement that [16] Drug Enforcement Administration—Office of Forensic Science, Mi-
requires reliable proof of the intake of BZP and TFMP. crogram Bull. 35 (2002) 123. .

. . Lo . [17] M. Wikstrom, P. Holmgren, J. Ahlner, J. Anal. Toxicol. 28 (2004)

The abuse of new piperazine derivatives as recreational
drugs will be e_ncountered, and future studies on th_e develop-[1g] R.F. Staack, G. Fritschi, H.H. Maurer, J. Mass Spectrom. 38 (2003)
ment of analytical methods for these drugs and their metabo- 971,
lites will be required. However, the present procedure will be [19] Drug Enforcement Administration-Department of Justice, Fed. Reg-

helpful for this requirement. Ist. 67 (2002) 59161. .
[20] Drug Enforcement Administration—Department of Justice, Fed. Reg-

ist. 69 (2004) 12794.

[21] H. Tsutsumi, M. Katagi, A. Miki, N. Shima, T. Kamata, K. Naka-
jima, H. Inoue, T. Kishi, H. Tsuchihashi, J. Anal. Toxicol., submitted
for publication.
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