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Abstract

The pharmacokinetics and drug disposition of 14C 1-[3-[[4-[2-(1-methylethoxy)phenyl]-1-piperazinyl]methyl]benzoy]piperidine succinate
(RWJ-37796, mazapertine, Mz) have been investigated in male and female Sprague–Dawley rats. Approximately 93% of the orally administered
radioactive dose (30 mg/kg) was recovered after 7 days. Fecal elimination accounted for approximately 63% of the dose while urine accounted
f 14

2
o
w
1
<
o
©

K
M

1

r
h
b
r
i
t
w
A
t
s

D
U

0
d

or 30%. The rate of elimination of C Mz was rapid with 81% of the total fecal and 94% of the total urinary radioactivity being excreted within
4 h. There were no significant gender differences in the overall excretion pattern. The maximal plasma concentration of Mz and total radioactivity
ccurred at 0.5 h after dosing and plasma concentrations were consistently higher in female rats. The Mz concentration declined rapidly in plasma
ith a terminal half-life <2 h. The total radioactive dose in plasma displayed a considerably longer terminal half-life of 9–13 h. Mz and a total of
5 metabolites were isolated and identified in these samples. Unchanged Mz accounted for <5% of the radioactive dose in excreta samples and
8% of the sample in plasma (0–24 h). Metabolites were formed by phenyl hydroxylation, piperidyl oxidation, O-dealkylation, N-dephenylation,
xidative N-debenzylation and glucuronide conjugation.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Mazapertine (1-[3-[[4-[2-(1-methylethoxy)phenyl]-1-pipe-
azinyl]methyl]benzoy]piperidine succinate, RWJ-37796, Mz)
as been shown to be an effective antipsychotic agent which
inds with high affinity to D2, D3, 5-HT1A and �1A-adrenergic
eceptors [1–3]. Preliminary results on the psychopharmacolog-
cal profile and pharmacokinetics of Mz in healthy male volun-
eers have been reported [4,5]. These abstracts indicated that Mz
as well absorbed and extensively metabolized in healthy males.
fter a single oral dose of Mz (40 mg/kg), 10 metabolites were

entatively identified in urine using liquid chromatography mass
pectrometry (LC/MS) methods. The in vitro metabolism of Mz
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has been investigated in rat hepatic 9000 g supernatant (S9) [6].
Mz was metabolized to 12 metabolites in rat hepatic S9 fraction
with the major in vitro biotransformation pathways involving O-
dealkylation and oxidation at the phenyl and piperidyl rings. The
drug disposition of radiolabeled 14C Mz in dogs has been inves-
tigated [7]. Mz was well absorbed and extensively metabolized
in beagle dogs with 14 metabolites being isolated and identified
by LC/MS methods. These metabolites accounted for >60% of
the dose radioactivity in plasma, 17% in urine, and 28% in feces.
The major in vivo biotransformation pathways in beagle dogs
involved oxidation at the phenyl and piperidyl rings, oxidative
N-debenzylation and depiperidylation. Many of the metabolites
that were identified in this in vivo dog study were structurally
identical (i.e. LC/MS/MS data) to those in the in vitro rat and
in vivo human studies [8]. Several of the key metabolites of Mz
have been synthesized [9,10].

Due to the importance of orally active benzamide antipsy-
chotic agents, such as Mz, the present work provides full details
for the excretion and metabolism of 14C Mz in Sprague–Dawley

731-7085/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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rats. We report the isolation and identification of Mz and a total
of 15 metabolites using a variety of chromatographic methods,
nuclear magnetic resonance (NMR), mass spectrometry (MS),
methyl derivatization, and glucuronic hydrolysis techniques.
The excretion of Mz and these metabolites in plasma, urine and
feces are discussed along with the key pharmacokinetic param-
eters.

2. Experimental

2.1. Materials

14C Mz, Mz [1], metabolite M1 (RWJ-50503) [9], metabo-
lite M2 (RWJ-48772) [9], metabolite M4 (RWJ-50292) [9],
metabolite M7 (RWJ-47999) [9], M11 (RWJ-48278) [9] and
metabolite M14 (RWJ-380037) [9] were synthesized at Johnson
& Johnson Pharmaceutical Research and Development L.L.C.
(Spring House, PA, USA). The radiochemical purity of 14C
Mz and unlabeled purity of Mz, M1, M2, M4, M7, M11 and
M14 were shown to be >98% by TLC and HPLC (data not
shown). The position of the 14C labeling in Mz was at the car-
bonyl carbon. Vacutainers® and Venoject® (heparinized tubes)
were purchased from Becton-Dickinson & Co. (Franklin Lakes,
NJ, USA). XAD-2 Amberlite® resin was obtained from Rohm
& Haas (Philadelphia, PA, USA). Glusulase®, a mixture of
arylsulfatase and �-glucuronidase (1:4 v/v) from Helix poma-
t
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Table 1
Percent of total 14C recovered and percent of dose represented by mazapertine
(RWJ-37796, Mz) and its metabolites in plasma, urine fecal samplesa

Sample Plasma Urine Feces

Pooled sample (0.5–24 h) (0–24 h) (0–24 h)
Sex M M M
Dose 30 mg/kg 30 mg/kg 30 mg/kg
%Dose NA 29 57

Mz 8 + +
M1 − + 34
M2 29 5 7
M3 − 5 10
M4 17 + +
M5 − + 10
M6 − 13 11
M7 + 15 +
M8 − + −
M9 − − +
M10 − + −
M11 21 30 −
M12 + 10 −
M13 − + −
M14 − + −
M15 − + −
%Sampleb >80 >87 >85

a See Section 3 for description of table results. Plus sign denotes <5% of
total in sample. Negative sign denoted metabolite not detected. NA denoted not
available. See Fig. 3 for structure of Mz and metabolites.

b Total 14C in sample (Mz plus metabolites) identified.

(Table 2) collection groups. At pre-selected times after dosing
(0.5, 1, 2, 4, 6, 8, 12 and 24 h), blood samples (ca. 8 mL) were
collected, from the blood collection group, via cardiac punc-
ture into heparinized tubes after the rats were anesthetized with
carbon dioxide gas. The blood samples were centrifuged for
20 min at 2000 rpm at 10 ◦C to obtain plasma. Plasma samples
were stored in glass screw-cap test tubes at about −20 ◦C until
analysis. Urine and fecal sample extracts were collected at 24 h
intervals for 5 days followed by an additional 48 h collection

Table 2
Summary of excretion and pharmacokinetic parameters of 14C mazapertine
(RWJ-37796, Mz) in males and females rats

Parameter Males Females

%Total dose recovereda 95.0 ± 1.9% 90.1 ± 4.4%
%Dose in urinea 30.1 ± 1.1% 29.8 ± 3.0%
%Dose in fecesa 64.9 ± 2.5% 60.3 ± 7.2%
Cmax (total radioactivity)b 5987 ng equiv./mL 8846 ng equiv./mL
Cmax (mazapertine)b 179 ng equiv./mL 1263 ng equiv./mL
AUC (total radioactivity)c 13929 ng equiv. h/mL 28280 ng equiv. h/mL
AUC (mazapertine)c 264 ng equiv. h/mL 2310 ng equiv. h/mL
t1/2 (total radioactivity)d 13.0 h 8.6 h
t1/2 (mazapertine)d 1.1 h 1.5 h

a Samples collected for 7 days with N = 4 rats/sex.
b Maximum concentration for N = 2 rats/sex.
c AUC denotes area under the plasma curve from 0 to 24 h. The AUC was

c

(

ia, was obtained from Endo Laboratories Inc. (Wilmington,
E, USA). Diazald® (diazomethane reagent) was obtained from
ldrich Chemical Co. (Milwaukee, WI, USA). Biofluor®, used

s a scintillation solution, was purchased from New England
uclear (Boston, MA, USA). HPLC grade solvents were pur-

hased from the Fisher Scientific Co. (Fair Lawn, NJ, USA) and
lass-distilled solvents were from Burdick and Jackson Labora-
ories Inc. (Muskegon, MI, USA). Other reagent chemicals were
rom commercial sources and used without further purification.

.2. Rat study

Twenty-two male and 22 female Sprague–Dawley rats
Charles River Breeding Labs., Kingston, NY, USA) weighing
etween 0.19 and 0.24 kg were used in this study. Rats were
oused one rat per cage in a rodent room where the lighting was
n a 12 h light/12 h dark cycle. The rodent room was maintained
etween 18–26 ◦C and 30–70% humidity. Rats were fed labo-
atory Lab-Blox (Purina Mills, St. Louis, MO, USA). The rats
ere fasted 18 h prior to dosing and their normal feeding (food

nd water ad libitum) schedule was resumed immediately after
osing.

The radiolabeled oral dose was prepared by dissolving
20 mg of 14C Mz in 64 mL of distilled water. The final con-
entration of the solution was 5 mg/mL at 12.93 �Ci/mg. This
oncentration (i.e. the expected therapeutic dose) was selected
o match an earlier 3-month toxicity study. Depending on their
eight, the rats each received between 1.14 and 1.44 mL of 14C
z by an oral gavage needle. Thus, the rats received a single oral

ose of 30 mg/kg of 14C Mz. Rats were randomly assigned to
xcretion (Table 1; 4M/4F) and blood (Table 2, Fig. 1; 16M/16F)
alculated from 2 rats/sex and 8 time points (Fig. 1).
d Half-life calculated from terminal phase of mean plasma concentration data

Fig. 1).
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Fig. 1. Mean plasma concentration of the total radioactivity and mazaper-
tine in male and female rats following oral administration of 14C mazapertine
(30 mg/kg).

interval in cooled plastic bottles following dose administra-
tion. These samples were transferred to polypropylene screw-
cap tubes and stored at about −20 ◦C until purification and
analysis.

2.3. Radioactivity determination

Duplicate aliquots (0.1 mL) of plasma and triplicate aliquots
of urine and fecal extracts (0.1–1.0 mL) were assayed for total
radioactivity in 10 mL of Biofluor® by liquid scintillation spec-
trometry (Tables 1–3 ). Plasma, urine, and fecal extract pools
were prepared for metabolite isolation and identification. The
total radioactivity contained in each sample pool, before and
after purification, was also determined by direct liquid scintilla-
tion counting. Feces residue (300 mg per aliquot) was analyzed
in triplicate by combustion. 14C-labeled carbon dioxide formed
was trapped with a PerafluorV/Carbosorb-CO2 (3:2 v/v) mixture
and analyzed by a Beckman 3801 Liquid Scintillation Counting
System purchased from Beckman Instruments (Fullerton, CA,
USA).

2.4. Chromatography

Selected samples were pooled and analyzed by TLC and
HPLC for biotransformation profiling. Prior to chromato-
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TLC analysis of the samples was performed using the fol-
lowing basic solvent system: methylene chloride/methanol/
ammonium hydroxide (93/3.5/0.5 v/v/v). Each TLC plate was
developed to a height of 14 cm above the spot or band where
the sample was originally applied. Each sample was co-
chromatographed with Mz, M1, M2, M4, M7, M11 and M14 as
reference compounds, which were visualized by UV light after
each plate was air-dried (data not shown). Each plate was also
analyzed utilizing a RTLC scanner radiochromatogram imaging
system (Radiomatic Instrument and Chemical Co., Tampa, FL,
USA).

HPLC analysis of each sample pool (50–100 �L injected) was
performed using the following gradient elution method. Solvent
A was water containing 0.2% ammonium acetate, while solvent
B was methanol containing the same percentage of buffer. The
gradient program was carried out from 0% B to 100% B in 20 min
and a hold time for 10 min at 100% B at a flow rate of 1 mL/min.
All 14C tracings were obtained using an on-line radioactivity
flow detector (data not shown). The limit of detection for Mz in
plasma was approximately 2 ng equiv./mL.

2.5. Analytical

Thin-layer radiochemical analyses were performed using
5 cm × 20 cm silica gel GF plates (250 �m gel thickness; Anal-
tech Inc., Newark, DE, USA). TLC plates were analyzed
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raphic analysis, it was necessary to purify most of the sam-
les. The plasma samples were pooled, lyophilized, extracted
ith methanol, evaporated to dryness and reconstituted with
ethanol. The radioactivity profiles of the plasma samples were

omparable before and after purification. The percentage of
adioactivity recovered following purification of plasma samples
as >95%. The urine samples were pooled, stirred with XAD-
Amberlite® resin and filtered. The filtrate was washed with
ater, extracted with methanol, evaporated to dryness and recon-

tituted with methanol. The percentage of radioactivity recov-
red following purification of urine samples using this method
as >95%. The fecal samples were pooled, evaporated to dry-
ess, extracted with 5% acetic acid, evaporated and reconstituted
ith methanol. The percentage of radioactivity recovered fol-

owing purification was 100%.
sing a radiochromatogram imaging system (BID100) (Bioscan
nc., Washington, DC, USA). The HPLC used was a gradient
iquid chromatograph (Beckman Instruments, Fullerton, CA,
SA) connected to a radioactivity flow detector (IN/US Ser-
ice Corp., Fairfield, NJ, USA). LiChrosorb RP-18 MPLC guard
nd analytical columns (10 �m, 10 mm × 4.6 mm i.d.) were used
or sample analysis (Brownlee Labs. Inc., Santa Clara, CA,
SA).
Direct chemical ionization (DCI) and electron ionization (EI)

ass spectra were obtained utilizing a VG7070E (VG Micro-
ass, Manchester, UK) where the operating conditions for the

pectrometer were as follows: source temperature at 200 ◦C;
onization potential at 70 eV; multiplier voltage at 1.8 keV; elec-
rometer setting at 10−7 A/V; reagent gas was methane; mass
ange m/z 100–1000 Da. Fast atom bombardment (FAB) mass
pectra were obtained on a VG7070E. A resolution of 1000 (10%
alley definition) was used to record all spectra over a mass range
f m/z 18–1000 Da. The mass spectrometer was scanned expo-
entially down using a scan rate of 1 s per decade. An Ion Tech
addlefield gun, which generated a primary beam of argon atoms
t 8 keV and 2 mA, was used for the FAB analysis. Thioglycerol
as used as the FAB matrix.
Proton (1H) NMR spectra were obtained on a Bruker AM-

00 Fourier transform spectrometer equipped with an Aspect
000 data system. Typical 1H NMR spectra were obtained using
pulse width of 3 �s (30◦); a 1 s recycling delay; 100 tran-

ients processed with a 0.1 Hz exponential weighting function
nd a spectral width of 8064 Hz over 32,768 complex data
oints, resulting in a digital resolution of 0.5 Hz per point. The
xperimental temperature used for NMR data collection was
4 ± 1 ◦C. The estimated amount of metabolites was between 50
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Table 3
Proton (1H) NMR chemical shifts and MS fragments of mazapertine (Mz) and its metabolites

Speciesa (molecular
weight, amu)

1H NMRb, 400 MHz, chemical shifts (δ) ppm (CH3OH) m/z [cation, % relative intensity]

Mazapertine (421) 7.45 [m, 3H, Ring C], 7.25 [d, 1H, Ring C], 6.90 [m, 4H, Ring
A], 4.60 [m, 1H, OCH(Me)2], 3.75 [br s, 2H, CONCH2, Ring
D], 3.60 [s, 2H, NCH2Ar], 3.45 [br s, 2H, CONCH2, Ring D],
3.10 [br s, 4H, Ring B], 2.65 [br s, 4H, Ring B], 1.75 [br s, 4H,
Ring D], 1.55 [br s, 2H, Ring D], and 1.25 [d, 6H, (Me)2]

DCI (CH4): 422 [MH+, 100%], and 450 [MC2H5
+, 10%]; EI:

421 [M+, 10%], 257 [8%], 230 [45%], 202 [8%], 176 [20%],
164 [40%], 148 [24%], 132 [27%], 119 [100%] and 91 [55%]

M1 (437) 7.45 [m, 3H, Ring C], 7.25 [d, 1H, Ring C], 6.75 [d, 1H, Ring
A], 6.40 [s, 1H, Ring A], 6.30 [d, 1H, Ring A], 4.60 [m, 1H,
OCH(Me)2], 3.75 [br s, 2H, CONCH2, Ring D], 3.60 [s, 2H,
NCH2Ar], 3.45 [br s, 2H, CONCH2, Ring D], 3.10 [br s, 4H,
Ring B], 2.65 [br s, 4H, Ring B], 1.75 [br s, 4H, Ring D], 1.55
[br s, 2H, Ring D], and 1.25 [d, 6H, (Me)2]

DCI (CH4): 438 [MH+, 100%], and 466 [MC2H5
+, 10%]; EI:

437 [M+, 12%], 257 [7%], 230 [23%], 202 [9%], 192 [30%],
180 [43%], 150 [24%], 136 [43%], 119 [100%], and 91 [50%]

M2 (437) 7.45 [m, 3H, Ring C], 7.25 [d, 1H, Ring C], 6.90 [m, 4H, Ring
A], 4.60 [m, 1H, OCH(Me)2], 4.20 [m, 1H, OCH], 3.75 [br s,
2H, CONCH2, Ring D], 3.90 [s, 2H, NCH2Ar], 3.65 [br s, 2H,
CONCH2, Ring D], 3.10 [br s, 4H, Ring B], 2.65 [br s, 4H,
Ring B], 1.95 [br s, 2H, Ring D], 1.60 [br s, 2H, Ring D], and
1.25 [d, 6H, (Me)2]

DCI (CH4): 438 [MH+, 100%], 466 [MC2H5
+, 15%], and 420

[MH+ − H2O 40%]; EI: 437 [M+, 6%], 273 [9%], 246 [35%],
218 [10%], 176 [22%], 164 [37%], 148 [22%], 134 [33%], 119
[100%] and 91 [67%]

M3 (453) 7.45 [m, 3H, Ring C], 7.25 [d, 1H, Ring C], 6.75 [d, 1H, Ring
A], 6.40 [s, 1H, Ring A], 6.30 [d, 1H, Ring A], 4.60 [m, 1H,
OCH(Me)2], 4.20 [br s, 1H, CONCH2, Ring D], 3.85 [br s, 2H,
CONCH2, Ring D], 3.60 [s, 2H, NCH2Ar], 3.10 [br s, 4H, Ring
B], 2.65 [br s, 4H, Ring B], and 1.25 [d, 6H, (Me)2]

DCI (CH4): 454 [MH+, 100%], 482 [MC2H5
+, 10%], and 438

[MH+ − H2O, 10%]; EI: 453 [M+, 12%], 246 [15%], 218 [5%],
192 [30%], 180 [43%], 150 [50%], 134 [44%], 119 [100%] and
91 [56%]

M4 (379) 7.55 [m, 3H, Ring C], 7.45 [d, 1H, Ring C], 7.10 [m, 1H, Ring
A], 6.90 [m, 1H, Ring A], 6.80 [m, 1H, Ring A], 3.70 [br s, 2H,
CONCH2, Ring D], 3.65 [s, 2H, NCH2Ar], 3.40 [br s, 2H,
CONCH2, Ring D], 3.05 [br s, 4H, Ring B], 2.65 [br s, 4H,
Ring B], 1.75 [br s, 4H, Ring D], and 1.55 [br s, 2H, Ring D]

DCI (CH4): 380 [MH+, 20%], and 119 [100%]; EI: 379 [M+,
3%], 257 [5%], 245 [25%], 230 [18%], 202 [20%], 134 [94%],
122 [27%], 119 [100%] and 91 [85%]

M5 (555) = (379 + Glu) 7.60 [d, 1H, Ring A], 7.45 [m, 3H, Ring C], 7.30 [d, 1H, Ring
C], 7.10 [m, 1H, Ring A], 6.90 [m, 1H, Ring A], 3.70 [br s, 2H,
CONCH2, Ring D], 3.65 [s, 2H, NCH2Ar], 3.40 [br s, 2H,
CONCH2, Ring D], 3.15 [br s, 4H, Ring B], 2.70 [br s, 4H,
Ring B], 1.65 [br s, 4H, Ring D], and 1.55 [br s, 2H, Ring D]

DCI (CH4): 380 [MH+, 100%], and 408 [MC2H5
+, 10%]; EI:

379 [M+, 8%], 257 [5%], 245 [20%], 230 [20%], 202 [23%],
134 [70%], 122 [27%], 119 [100%] and 91 [80%] (sample
decomposed in MS to M4)

M6 (571) = (395 + Glu) 7.60 [d, 1H, Ring A], 7.45 [m, 3H, Ring C], 7.30 [d, 1H, Ring
C], 7.10 [m, 1H, Ring A], 6.90 [m, 1H, Ring A], 3.80 [br s, 1H,
CONCHO, Ring D], 3.65 [s, 2H, NCH2Ar], 3.65 [br s, 2H,
CONCH2, Ring D], 3.15 [br s, 4H, Ring B], 2.65 [br s, 4H,
Ring B], 1.80 [br s, 2H, Ring D], 1.60 [br s, 2H, Ring D], and
1.50 [br s, 2H, Ring D]

DCI (CH4): 396 [MH+, 100%], 424 [MC2H5
+, 20%], and 378

[MH+ − H2O 18%]; EI: 395 [M+, 9%], 273 [5%], 261 [12%],
246 [10%], 218 [11%], 134 [80%], 122 [20%], 119 [100%] and
91 [80%] (sample decomposed in MS)

M7 (287) 7.55 [m, 3H, Ring C], 7.45 [d, 1H, Ring C], 3.90 [br s, 2H,
CONCH2, Ring D], 3.75 [s, 2H, NCH2Ar], 3.60 [br s, 2H,
CONCH2, Ring D], 3.05 [br s, 4H, Ring B], 2.65 [br s, 4H,
Ring B], 1.85 [br s, 4H, Ring D], and 1.70 [br s, 2H, Ring D]

DCI (CH4): 288 [MH+, 100%], and 316 [MC2H5
+, 20%]; EI:

287 [M+, 5%], 245 [24%], 231 [4%], 203 [17%], 202 [15%],
and, 119 [100%]

M8 (303) 7.45 [m, 3H, Ring C], 7.30 [d, 1H, Ring C], 3.85 [br s, 1H,
CONCH2, Ring D], 3.60 [br s, 2H, CONCH2, Ring D], 3.55 [s,
2H, NCH2Ar], 2.80 [br s, 4H, Ring B], 2.45 [br s, 4H, Ring B],
1.80 [br s, 2H, Ring D], 1.60 [br s, 2H, Ring D], and 1.50 [br s,
2H, Ring D]

DCI (CH4): 304 [MH+, 100%], 332 [MC2H5
+, 18%] and 286

[MH+ − H2O 25%]; EI: 303 [M+, 6%], 261 [25%], 218 [10%],
148 [10%], and 119 [100%]

M9 (303) 7.45 [d, 1H, Ring C], 7.35 [s, 1H, Ring C], 7.30 [d, 1H, Ring
C], 3.65 [br s, 2H, CONCH2, Ring D], 3.50 [s, 2H, NCH2Ar],
3.45 [br s, 2H, CONCH2, Ring D], 2.80 [br s, 4H, Ring B], 2.40
[br s, 4H, Ring B], 1.60 [br s, 4H, Ring D], and 1.50 [br s, 2H,
Ring D]

DCI (CH4): 304 [MH+, 100%], 332 [MC2H5
+, 18%] and 286

[MH+ − H2O 25%]; EI: 303 [M+, 10%], 261 [33%], 218 [8%],
148 [10%], and 119 [100%]

M10 (285) DCI (CH4): 286 [MH+, 100%], and 314 [MC2H5
+, 20%]; EI:

285 [M+, 9%], 243 [12%] 202 [15%], 174 [20%], and 119
[100%]

M11 (233) 8.15 [d, 1H, Ring C], 8.05 [d, 1H, Ring C], 7.60 [d, 1H, Ring
C], 3.90 [s, 3H, OCH3], 3.75 [br s, 2H, CONCH2, Ring D],
3.40 [br s, 2H, CONCH2, Ring D], 1.75 [br s, 4H, Ring D], and
1.60 [br s, 2H, Ring D] (methyl ester)

DCI (CH4): (methyl ester) 248 [MH+, 100%], and 276
[MC2H5

+, 8%]; EI: 247 [M+, 25%], 246 [74%], 216 [4%], and,
163 [100%]; FAB (thioglycerol): 234 [MH+, 100%]

M12 409 (233 + Glu) 7.95 [d, 1H, Ring C], 7.85 [s, 1H, Ring C], 7.45 [d, 1H, Ring C],
3.65 [br s, 2H, CONCH2, Ring D], 3.30 [br s, 2H, CONCH2,
Ring D], 1.75 [br s, 4H, Ring D], and 1.60 [br s, 2H, Ring D]

DCI (CH4): 248 [MH+, 100%], and 276 [MC2H5
+, 8%]; EI:

247 [M+, 25%], 246 [74%], 216 [4%], and, 163 [100%] (sample
converted to methyl ester)
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Table 3 (Continued )

Speciesa (molecular
weight, amu)

1H NMRb, 400 MHz, chemical shifts (δ) ppm (CH3OH) m/z [cation, % relative intensity]

M13 (235) DCI (CH4): 236 [MH+, 100%], 264 [MC2H5
+, 18%] and 218

[MH+ − H2O 80%]; EI: 235 [M+, 10%], 234 [35%], and 135
[100%]

M14 (353) 7.40 [m, 3H, Ring C], 7.35 [d, 1H, Ring C], 6.95 [m, 4H, Ring
A], 4.55 [m, 1H, OCH(Me)2], 3.60 [s, 2H, NCH2Ar], 3.15 [br s,
4H, Ring B], 2.60 [br s, 4H, Ring B], and 1.25 [d, 6H, (Me)2]

DCI (CH4): 354 [MH+, 70%], and 382 [MC2H5
+, 5%]; EI: 353

[M+, 9%], 189 [12%], 176 [15%], 164 [54%] and 134 [100%]

M15 (311) 7.45 [m, 3H, Ring C], 7.35 [d, 1H, Ring C], 7.05 [m, 4H, Ring
A], 3.70 [s, 2H, NCH2Ar], 3.15 [br s, 4H, Ring B], and 2.60 [br
s, 4H, Ring B]

DCI (CH4): 312 [MH+, 70%], and 340 [MC2H5
+, 5%]; EI: 311

[M+, 9%], 147 [18%], and 134 [100%]

a See Fig. 1 for Mz numbering scheme.
b s = singlet, d = doublet, dd = doublet of doublets, br = broad, and m = multiplet.

and 100 �g with purity between 70 and 90% as determined by
NMR. The compounds were dissolved in deuterated methanol-
d4 (CD3OD) in 5 mm tubes. The chemical shifts (δ) measured
in parts-per-million (ppm) were referenced internally to tetram-
ethylsilane.

2.6. Metabolite isolation and identification

Following sample purification, individual metabolites were
isolated using column chromatography and HPLC peak col-
lection methods. Unresolved column fractionation residues or
HPLC metabolite peaks were further separated using TLC zone
scraping methods. The TLC and HPLC procedures were identi-
cal to those outlined above. All metabolites were characterized
by DCI, and EI MS (Table 3). FAB MS data was obtained only
for M11. Proton (1H) NMR data was collected for Mz and for
all metabolites except M10, M13 and M5.

2.7. Enzymatic digestion of conjugates and diazomethane
derivatization

Conjugates were isolated and purified by HPLC methods
described above. Aliquots of dissolved fractions were evapo-
rated to dryness under N2 gas and adjusted to pH 5.1 with glacial
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2.8. Pharmacokinetic and statistical analysis

The plasma concentration versus time data of the total
radioactivity for Mz was analyzed by a noncompartmental
method [12]. The highest observed plasma concentration and its
corresponding sampling time were defined as Cmax and Tmax,
respectively. The area under the curve (AUC) from time zero to
the last sampling time point was calculated by the trapezoidal
method. The terminal half-life (t1/2) was estimated by a linear
regression analysis of the final five data points of the termi-
nal linear segment of the log plasma concentration versus time
curve. The Student’s t-test was used to determine a significant
difference between male and female groups with P = 0.05 as the
minimal level of significance [13].

3. Results and discussion

The total radioactivity, unchanged 14C Mz, and its metabo-
lites (M1–M15) were measured in pooled samples of plasma,
urine, and feces for rats (Table 1). For plasma sample pools, the
numbers are expressed as the percent of total radioactivity in
the sample, since the percent of dose values could not be cal-
culated. The total percent of radioactivity in each sample pool
represented by identified metabolites are also listed Table 1.
The percent values were obtained by peak area integration of
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cetic acid and buffered with 1 M sodium acetate. After addition
f 100 �L Glusulase®, the mixtures were incubated overnight at
7 ◦C. The Glusulase® hydrolysis of the glucuronides was inhib-
ted by addition of saccharo-1, 4-lactone. The sulfatase activities
ere selectively inhibited by incubation in 0.2 M sodium phos-
hate buffer, pH 6.6. The de-conjugation products were isolated
nd purified by reversed phase HPLC analysis. Metabolites M5
nd M12 were glucuronide conjugates of M4 and M11, respec-
ively (Table 3).

Methyl derivatization of metabolites was performed in the
ollowing manner [11]. Metabolites were dissolved in methanol
nd added to ethereal diazomethane, which was generated from
iazald® with 1N methanolic KOH solution. This mixture
as allowed to react overnight at room temperature, evapo-

ated to dryness and analyzed. Phenolic and carboxylic metabo-
ites are readily converted to methyl ethers and methyl ester,
espectively.
adiochromatograms (data not shown). In general, these peak
reas had a coefficient of variation and accuracy within 15% if
he areas were >5% of the dosed sample. Peak areas accounting
or <5% of the radioactivity in a sample are represented by a plus
ign. The negative sign in Table 1 indicated that the metabolite
as not detected above approximately 2 ng equiv./mL. The per-

ent of administered dose excreted in urine and fecal extract and
he percent of sample represented by each metabolite in plasma,
rine and fecal extract pools are summarized at the bottom of
able 1. In general, >80% of the radioactivity in plasma, urine
nd fecal extracts has been accounted for by identified metabo-
ites. Mz accounted for approximately 8% of the radioactivity
n plasma and <5% in the other excreta samples. These data
ndicated that Mz was extensively metabolized after oral admin-
stration to rats.

The recovery of total radioactivity in urine and feces was
etermined for mass balance considerations and to examine gen-
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der differences. The cumulative radioactivity in urine (0–168 h)
and feces (0–168 h) was not significantly different (P > 0.05)
between male and female rats. In the 7 days following the oral
administration of 14C Mz, the mean recovery of total radioac-
tivity was 92.5 ± 4.1% of the dose, 30.0 ± 2.1% of the dose was
excreted in urine and 62.6 ± 5.6% in the feces. In addition, the
rate of disposition of Mz and its metabolites was rapid. Approxi-
mately 94% of the total urinary radioactivity and approximately
81% of the total fecal radioactivity was excreted within 24 h
after oral dosing.

The maximal plasma concentration (Cmax) of total radioac-
tivity and unchanged Mz in male and female rats were measured
and both occurred at approximately 0.5 h (Tmax) after oral admin-
istration of 14C Mz (Table 2 and Fig. 1). The Cmax, and the AUC
(0–24 h) values were consistently higher in the female rats. In
both male and female rats the percentage of Mz in the AUC rep-
resented only a small portion of the total AUC. From Table 2, it
was estimated that approximately 2% of the total radioactivity
in male rats was attributed to unchanged Mz while 8% was esti-
mated for female rats. The total radioactivity in male and female
rats displayed a considerably long terminal half-life (9–13 h)
when compared to unchanged Mz (1–2 h). These results indi-
cate that Mz is rapidly eliminated following oral administration
to rats.

Unchanged Mz and a total of 15 metabolites (M1–M15) were
isolated from plasma, urine and feces samples. The structure of
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for one proton, was assigned to the OCH proton on the iso-
propyl group. The methyl protons of the isopropyl group were
assigned to a single resonance centered at δ 1.25 ppm, which
integrated for six protons. The multiplet resonances centered
at δ 3.75 and 3.45 ppm, each integrating for two protons, were
assigned to the N-methylene protons on the piperidine ring (Ring
D). The multiplet resonances centered at δ 1.75 and 1.55 ppm,
both integrating for a total of six protons, were assigned to the
aliphatic protons on the piperidine ring (Ring D). The multiplet
resonances centered at δ 3.10 and 2.65 ppm, each integrating
for four protons, were assigned to the N-methylene protons on
the piperazine ring (Ring B). The singlet resonance centered
at δ 3.6 ppm, which integrated for two protons, was assigned
to the N-methylene protons between Rings A and B. The chro-
matographic and spectroscopic data for this isolated sample was
identical to those of the synthetic sample RWJ-37796 [9].

Metabolite M1 was isolated from feces by TLC and HPLC
methods. The identification of M1 was performed on the basis
of the MS, NMR and comparison with an authentic sample of
M1 (RWJ-50503) [9]. The DCI spectrum of M1 revealed a pro-
tonated molecular cation [MH+] at m/z 438, which was 16 Da
higher than the MH+ of Mz. This MS data suggested a molecular
weight of 437 Da for M1. Comparison of the EI data from Mz
and M1 revealed prominent cations at m/z 192 (176 + 16) and at
m/z 180 (164 + 16). Using the fragmentation scheme in Fig. 3,
these shifts in m/z when comparing Mz to M1 suggested that
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z and these 15 metabolites were tentatively identified based
n a variety of chromatographic and spectroscopic techniques
Fig. 2). The proton (1H) NMR chemical shifts (ppm) and the MS
ragments (m/z) for Mz and the isolated metabolites (M1–M15)
re presented in Table 3.

Unchanged Mz was isolated from plasma by TLC and HPLC
ethods. It was identified on the basis of HPLC, MS and NMR

ata (Table 3) in comparison with those data obtained from an
uthentic Mz sample [9]. The DCI analysis of this isolated mate-
ial revealed a significant protonated molecular cation [MH+] at
/z 422. This MS data verified the molecular weight of 421 Da

or Mz. The EI spectra contained many characteristic fragment
ations with the majority of these cations occurring from frag-
entation around the piperazine ring. An EI MS fragmentation

cheme is shown in Fig. 3 to facilitate the interpretation of the EI
ata. This fragmentation scheme can be used to approximately
ocate oxidation sites on the four ring systems (A–D) of Mz. For
xample, m/z 176 and 164 cations contains information about
he A aromatic ring system (i.e. Ring A) while m/z 257 and
30 cations contain information about Rings B–D. The m/z 202
ation contains information about Rings C and D and m/z 119
ation contains information about Ring C. The 1H NMR spec-
rum of isolated Mz and the reference compound were compared
data not shown). Based on coupling constants and chemical
hift arguments the spectrum was assigned as follows. The aro-
atic protons (Rings A and C) were located between δ 8 and
ppm (Table 3). The four protons on Ring A were centered at δ

.9 ppm. Ring C protons were centered at δ 7.45 (three protons)
nd 7.25 ppm (one proton). These protons can be used readily to
lucidate the substitution pattern on these aromatic ring systems.
he multiplet resonance centered at δ 4.6 ppm, which integrated
he oxidation in M1 had occurred on the Ring A. 1H NMR data
evealed that M1 contained one less aromatic proton on Ring A
onsistent with the MS data. The aromatic proton pattern (i.e.
hemical shifts and coupling constants) of the three remaining
rotons on Ring A suggested that the para-position relative to the
iperazine ring had been hydroxylated (Fig. 2). M1 was further
erivatized to a methyl ether analog by ethereal diazomethane.
S and NMR data of this derivative were consistent with this

ara assignment.
Metabolite M2 was isolated from plasma and identified using

S, NMR and comparison with an authentic sample of M2
RWJ-48772) [9]. The DCI spectrum of M2 revealed a pro-
onated molecular cation [MH+] at m/z 438, which was 16 Da
igher than the MH+ of Mz. This MS data suggested a molecular
eight of 437 Da for M2. Comparison of the EI data from Mz

nd M1 revealed prominent cations at m/z 273 (257 + 16), m/z
46 (230 + 16) and at m/z 218 (202 + 16). Using the fragmenta-
ion scheme in Fig. 3, these shifts in m/z when comparing Mz
o M2 suggested that the oxidation in M2 had occurred on the
ing D. 1H NMR data revealed that M2 contained one less pro-

on on Ring D consistent with the MS data. The aliphatic proton
MR shift pattern on Ring D suggested that the four position of
iperidine ring system had been hydroxylated (Fig. 2). M2 could
ot be further derivatized to a methyl ether analog by ethereal
iazomethane. The chromatographic and spectroscopic data for
2 were identical to those of synthetic sample RWJ-48772 [9].
Metabolite M3 was isolated from feces and identified using

S, and NMR techniques. The MS DCI spectrum of M3
evealed a protonated molecular cation [MH+] at m/z 454, which
as 32 Da higher than the MH+ of Mz. This MS data suggested
molecular weight of 453 Da for M2. Comparison of the EI data
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Fig. 2. Structures of mazapertine (Mz) and its metabolites in rats. The asterisk for Mz indicates the position of the 14C label. The abbreviation Glu denotes �-d-
glucuronic acid. Metabolites M1 (RWJ-50503), M2 (RWJ-48772), M4 (RWJ-50292), M7 (RWJ-47999), M11 (RWJ-48278) and M14 (RWJ-38037) were prepared
synthetically to validate structural assignments (Ref. [9]).

from Mz, M1 and M2 with M3 revealed prominent cations at m/z
246 (230 + 16), m/z 218 (202 + 16), m/z 192 (176 + 16), and m/z
180 (176 + 16). Using the fragmentation scheme in Fig. 3, these
shifts in m/z suggested that the oxidation in M3 had occurred on
both Rings A and D. 1H NMR data revealed that M3 contained
one less aromatic proton on Ring A consistent with the MS data.
The aromatic proton pattern of the three remaining protons on
Ring A suggested that the para-position relative to the piper-
azine ring had been hydroxylated. 1H NMR data revealed that
M3 contained one less proton on Ring D consistent with the MS
data. The proton resonance at δ 4.2 ppm, which integrated for

one proton, suggested that the N-methylene position on Ring D
had been hydroxylated (Fig. 2).

Metabolite M4 was isolated from plasma and identified using
MS, NMR and comparison with an authentic sample of M4
(RWJ-50292) [9]. The MS DCI spectrum of M4 revealed a pro-
tonated molecular cation [MH+] at m/z 380, which was 42 Da
lower than the MH+ of Mz. This MS data suggested a molecu-
lar weight of 379 Da for M4. Comparison of the EI data from
Mz and M1 revealed prominent cations at m/z 257, and m/z
134 (176 − 42). Using the fragmentation scheme in Fig. 3, these
shifts in m/z suggested that M4 was the desisopropyl analog of
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Fig. 3. Structure of mazapertine (1-[3-[[4-[2-(1-methylethoxy)phenyl]-1-
piperazinyl]methyl]benzoy]piperidine succinate (RWJ-37796, Mz)). The most
prominent EI MS cations are generated from fragmentation of the piperazine
ring.

Mz. 1H NMR data revealed the absence of the isopropyl group
consistent with the MS data. M4 was further derivatized to a
methyl ether analog by ethereal diazomethane. The chromato-
graphic and spectroscopic data (Fig. 4) for M4 were identical to
those of synthetic sample RWJ-50292 [9].

Metabolite M5 was isolated from feces and identified as the
glucuronic conjugate of M4. The EI and the DCI mass spectrum
of M5 were identical to M4 suggesting that the M5 conjugate
had decomposed in the mass spectrometer back to M4. 1H NMR
data revealed that M5 was very similar to M4; however, the NMR
spectrum of M5 contained proton sugar resonances suggesting

F
p
s
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the presence of a �-d-glucuronic conjugate [14]. Glusulase®

hydrolysis experiments were consistent with this assignment.
Metabolite M6 was isolated from feces and identified using

MS, NMR, and Glusulase® hydrolysis techniques as a glu-
curonic conjugate. The MS DCI spectrum of M6 revealed a
protonated molecular cation [MH+] at m/z 396. This MS data
suggested a molecular weight of 395 Da for M6. Comparison
of the EI data from Mz, and M1–M4 suggested that oxidation
in M6 had occurred on Ring D and the isopropyl group was no
longer present. 1H NMR data revealed that the isopropyl group
in Ring A was absent and that Ring D had been hydroxylated;
however, the exact position of hydroxylation on the piperidine
ring could not be determined. The aromatic chemical shifts in
Ring A of M5 and M6 were identical. The NMR spectrum of M6
also contained proton sugar resonances suggesting the presence
of a �-d-glucuronic conjugate [14]. Based on the NMR results,
it was concluded that M6 was probably a glucuronic conjugate
and had decomposed in the mass spectrometer losing its sugar
moiety in a similar fashion to M5. Glusulase® hydrolysis exper-
iments were consistent with this argument and the assignment
of M6.

The identification of M7 was performed on the basis of the
MS, NMR and comparison with an authentic sample of M7
(RWJ-47999) [9]. M7 was isolated from urine. The MS DCI
spectrum of M7 revealed a protonated molecular cation [MH+]
at m/z 288. This MS data suggested a molecular weight of 287 Da
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ig. 4. Structures of metabolite M4 (1-[3-[[4-[2-(hydroxy)phenyl]-1-
iperazinyl]-methyl]benzoy]piperidine succinate (RWJ-50292)) and numbering
cheme. 1H NMR spectra of M4 isolated from rat feces and synthetic sample
f M4 (Ref. [9]).
or M7. Comparison of the EI data from Mz and M7 and using
he fragmentation scheme in Fig. 3, suggested that M7 was the
-debenzylation analog of Mz (Fig. 2). 1H NMR data confirmed

hat Ring A was absent which was consistent with the MS data
Table 3). The chromatographic and spectroscopic data for M7
ere identical to those of the synthetic sample RWJ-477999 [9].
Metabolite M8 was identified using MS and NMR tech-

iques. The MS DCI spectrum of M8 revealed a protonated
olecular cation [MH+] at m/z 304, which was 16 Da higher than

he MH+ of M7. This MS data suggested a molecular weight of
03 Da for M8. Comparison of the EI data from M7 with M8
evealed a prominent cation at m/z 245 and m/z 261, respec-
ively. Based on these data, it was speculated that the loss of
he fragment NCH2CH2 group (42 Da) from the piperazine ring
Ring B) could account for both cations. For example, the m/z
45 cation in the EI spectrum of M7 could arise from the loss of
2 Da from 287. Using the same argument, the m/z 261 cation
n the EI spectra of M8 could arise from the loss of 42 Da from
03. These shifts in m/z suggested that the oxidation in M8 had
ccurred on either Rings C or D. 1H NMR data revealed that
ing A was absent in M8. In addition, the NMR data contained
ne less proton on Ring D consistent with the MS data. The pro-
on resonance centered at δ 4.2 ppm, which integrated for one
roton, suggested that the N-methylene position on Ring D had
een hydroxylated (Fig. 2).

Metabolite M9 was identified using MS, and NMR tech-
iques. The DCI spectrum of M9 revealed a protonated molec-
lar cation [MH+] at m/z 304, which was 16 Da higher than the
H+ of M7 and the same as M8. This MS data suggested a
olecular weight of 303 Da for M9. Comparison of the EI data

rom M8 with M9 revealed no prominent differences to suggest
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the location of the hydroxylation. 1H NMR data revealed that
M9 contained one less aromatic proton on Ring C. However,
the exact position of the hydroxylation on Ring C could not be
determined (Fig. 2).

The structure of metabolite M10 was tentatively proposed
on the basis of only MS data. Due to chromatographic and EI
fragmentation similarities between M7 and M10, the structure
was suggested as the dehydrated product of M9. Further struc-
tural confirmation of this metabolite was terminated because of
insufficient material for NMR analysis.

The identification of M11 was performed on the basis of the
MS, NMR, derivatization techniques and comparison with an
authentic sample of M11 (RWJ-48278) [9]. A significant amount
of M11 was found in plasma and urine. The isolated material did
not exhibit any DCI adduct cations or any significant EI frag-
ments; however, the FAB spectrum showed a molecular sodium
molecular adduct cation at m/z 256 (MNa+) and its correspond-
ing protonated molecular cation at m/z 234 (MH+). This MS data
suggested that the molecular weight of M11 was 233 Da. Since
the isolated material was too unstable to obtain spectroscopic
data, it was derivatized using an excess of ethereal diazomethane.
The derivatized product showed an intense protonated molecu-
lar cation at m/z 248. Comparison of the original FAB data of
the isolated material and the DCI data of the derivatized material
suggested a single methyl group had been added to the isolated
material. 1H NMR data confirmed that the methyl ester of M11
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of the EI data from Mz and M14 revealed prominent cations at
m/z 164 and 176 suggesting that Ring A was present; however,
the m/z 134 cation suggested that Ring D was absent. 1H NMR
data confirmed that Ring D was absent which was consistent with
the MS data (Table 3). The chromatographic and spectroscopic
data for M14 were identical to those of the synthetic sample
RWJ-38037 [9].

Metabolite M15 was isolated from urine and identified using
MS, NMR and derivatization techniques. The DCI spectrum of
M15 revealed a protonated molecular cation [MH+] at m/z 312,
which was 42 Da lower than the MH+ of M14. This MS data
suggested a molecular weight of 311 Da for M15. Comparison
of the EI data from M14 and M15 revealed prominent cations at
m/z 134 and m/z 147 (189 − 42). These shifts in m/z suggested
that M15 was the desisopropyl analog of M14. 1H NMR data
revealed the absence of the isopropyl group consistent with the
MS data. M15 was further derivatized to a methyl ether analog
by ethereal diazomethane.

4. Conclusion

The drug disposition of mazapertine has been investigated in
male and female Sprague–Dawley rats. Rats received an orally
administered radioactive dose (30 mg/kg) of Mz. The absorp-
tion of Mz was rapid since the maximal plasma concentration
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as produced during the derivatization procedure. The chro-
atographic and spectroscopic data for the methyl ester of M11
ere identical to those of the synthetic sample RWJ-477999 [9].
Metabolite M12 was isolated from urine and identified as the

lucuronic conjugate of M11. The EI and the DCI mass spectrum
f M12 were identical to M11; however, the chromatographic
esults showed that M12 was more polar when compared to M11.
hese data suggested that the M12 conjugate had decomposed

n the mass spectrometer back to M11. 1H NMR data revealed
hat M12 was very similar to M11. The NMR spectrum of M12
lso contained proton sugar resonances suggesting the presence
f a �-d-glucuronic conjugate [14]. After Glusulase® hydrolysis
ollowed by Diazald® treatment, the MS and NMR of M12 were
dentical to M11.

Metabolite M13 was isolated in a very minor amount from
rine and its exact structure could not be determined. The DCI
pectrum of M13 revealed a protonated molecular cation [MH+]
t m/z 236. This MS data suggested a molecular weight of 235 Da
or M13. The EI spectrum showed few prominent cations for
tructural elucidation. The chromatographic results showed that

13 was much less polar than M11. In addition, M13 could not
e further derivatized to a methyl derivative using ethereal dia-
omethane. These data suggested that M13 was not a carboxylic
cid. Further structural confirmation of this metabolite was ter-
inated because of insufficient material for NMR analysis.
Metabolite M14 was isolated from urine by TLC and HPLC

ethods. The identification of M14 was performed on the basis
f the MS, NMR and comparison with an authentic sample of
14 (RWJ-38037) [9]. The DCI spectrum of M14 revealed a

rotonated molecular cation [MH+] at m/z 354. This MS data
uggested a molecular weight of 353 Da for M14. Comparison
f Mz and total radioactivity occurred at 0.5 h after dosing.
he Mz concentration declined rapidly in plasma with a ter-
inal half-life <2 h whereas the total radioactivity displayed a

onsiderably longer terminal half-life of 9–13 h. The cumula-
ive (7 days) radioactivity recovery of Mz was 93% with fecal
limination accounting for approximately 63% of the dose and
rine accounting for 30%. There were no significant gender
ifferences in the overall excretion pattern. Mz and a total of
5 metabolites were isolated and identified in these samples.
ix proposed pathways were used to describe the formation of

he metabolites of Mz (Fig. 2): (1) phenyl hydroxylation, (2)
iperidyl oxidation, (3) O-dealkylation, (4) N-dephenylation,
5) oxidative N-debenzylation and (6) glucuronide conjugation.
nchanged Mz accounted for <5% of the radioactive dose in

xcreta samples and <8% of the sample in plasma (0–24 h).
he most dominant metabolism pathway of Mz appeared to be
henyl hydroxylation to form metabolite M1 (Fig. 2), piperi-
ine hydroxylation to form M2, O-dealkylation to form M4,
nd oxidative N-debenzylation to form M11. It appeared that
ats metabolized Mz more extensively than humans [4].
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