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ABSTRACT: The objective of this study was to assess the pharmacokinetics of 6-hydroxybuspirone
(6OHB) when given orally via three forms: racemate (BMS-528215), S-enantiomer (BMS-442606) and
R-enantiomer (BMS-442608), versus following the administration of buspirone. A double-blind,
randomized, four-period, four-treatment, crossover study balanced for residual effects in healthy
subjects was conducted (n ¼ 20). Subjects received single 10 mg doses of each compound in a
randomized fashion with pharmacokinetics determined over a 24 h period. There was a 4-day
washout between each dosing period. All three forms of 6OHB (racemate, S-enantiomer and
R-enantiomer) were well tolerated. There was interconversion between enantiomers. The dominant
enantiomer was the S-enantiomer no matter which form of 6OHB was administered. All three forms
of 6OHB produced approximately 2- to 3-fold greater exposure to total 6OHB than did buspirone.
All three forms produced equal exposure to 1-(2-pyrimidinyl)-piperazine (1-PP) which was
approximately 30% less than the 1-PP exposure derived from buspirone administration. All three
forms of 6OHB produced approximately 3-fold higher 6OHB:1-PP ratios and approximately 2.5-
fold higher total 6OHB exposures than did buspirone administration. All compounds were well
tolerated. There seemed to be no advantage of one of the enantiomers of 6OHB over the racemate.
Therefore, the racemate was chosen for further clinical development. Copyright # 2007 John Wiley
& Sons, Ltd.
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Introduction

Buspirone is a potent partial agonist of 5-HT1A

receptors and is indicated for the treatment of
generalized anxiety disorder (GAD) [1,2]. Bus-
pirone may potentially be beneficial as mono-
therapy in depression [3,4], but its main use has
been as augmentation therapy [5,6] or to decrease
sexual dysfunction symptoms from other anti-

depressants [7,8]. Buspirone has shown positive
results in other indications as well [9–12]. After
administration, buspirone is completely ab-
sorbed [13,14], but undergoes extensive first-pass
metabolism, resulting in many metabolites
[14,15] and has an oral bioavailability of 55%
[13]. One of the major metabolites identified
initially was 1-(2-pyrimidinyl)-piperazine (1-PP)
[16]. More recently, further in vitro human liver
microsomal metabolism studies have identified a
metabolite formed by N-oxidation on the piper-
azine ring and 3-hydroxylated metabolites [17].
One of these hydroxylated metabolites, 6-hydroxy-
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buspirone (6OHB, BMS-528215, 6-hydroxy-8-
[4-[4-(2-pyrimidinyl)-1-piperazinyl]butyl]-8-azas-
piro[4.5]decane-7,9-dione), was found to have
partial agonist activity at the 5-HT1A receptors
[18], and has been identified as a major circulat-
ing metabolite of buspirone in human plasma
[19].

There has always been much controversy
around 1-PP and whether it may diminish the
anxiolytic efficacy of buspirone [20–24], but there
is also evidence that 1-PP may be anxiolytic itself
[25–30]. The goal of the present investigation was
to see if any of these forms of 6OHB following
oral administration would minimize the expo-
sure to 1-PP and maximize the exposure to 6OHB
compared with buspirone administration. Accor-
dingly, the study reported here assessed the
pharmacokinetics of 6OHB and 1-PP from three
forms of 6OHB: the racemate, S-enantiomer and
R-enantiomer, as well as following the adminis-
tration of buspirone (see Figure 1).

Materials and Methods

Study design

This study was a double-blind, randomized,
four-period, four-treatment, crossover study ba-
lanced for residual effects in healthy subjects. The
study was conducted at Bristol-Myers Squibb
Clinical Research Center, Hamilton, NJ, and was
approved by the New England Institutional
Review Board prior to subjects signing informed
consent.

Normal healthy subjects between the ages of
18–45 years with a body mass index of 18–30 kg/
m2, inclusive, were eligible to participate in the
study. The following tests and procedures were
done at baseline and at regular intervals during
the trial: physical examination, vital signs,
clinical laboratory and electrocardiogram (ECG).
Subjects were monitored for adverse events
throughout the study.

The subjects were administered 10 mg single
oral solution doses of buspirone or 6-hydroxy-
buspirone (6OHB) as either the racemate (BMS-
528215), the S-enantiomer (BMS-442606) or the
R-enantiomer (BMS-442608). Doses between
6OHB and buspirone were not adjusted for
molecular weight differences since there was

only a 4% difference in their molecular weights.
Subjects entered the clinic the day before dosing
and were kept in the clinic until 24 h after dosing
in each dosing period. There was at least a 4-day
washout between dosing periods. Pharmaco-
kinetic sample collection was accomplished by
collecting venous blood at each of the following
time points relative to dosing on day 1 of each
dosing period: 0 (prior to dosing), 0.25, 0.5, 0.75,
1.0, 1.5, 2, 2.5, 3, 4, 6, 7, 8, 10, 12 and 24 h.

Analyte extraction method

After the addition of 100 ml of internal standards
([13C,15N,D4]buspirone and [13C,15N,D4]1–PP:
10 ng/ml in methanol/water (30/70 v/v) for
buspirone and 1-PP analysis, or MJ-013805:
10 ng/ml in methanol/water (30/70 v/v) for
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Figure 1. Structures of (A) S-enantiomer (BMS-442606), and
(B) R-enantiomer (BMS-442608) forms of racemic 6-hydroxy-
buspirone (BMS-528215), (C) buspirone, and (D) 1-(2-
pyrimidinyl)-piperazine (1-PP). The asterisk marks the chiral
carbon
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R- and S-enantiomers of 6OHB analysis) and 1 ml
of phosphate-buffered saline solution to 500 ml of
plasma, the samples were loaded onto a pre-
conditioned C18 (EC) solid phase extraction
column (International Sorbent Technology LTD,
Mid Glamorgan, UK). The loaded samples were
first washed with 2 ml of water and then with
1 ml of methanol/water (50/50 v/v). The com-
pounds were eluted with 2 ml of a 3% ammo-
nium hydroxide in acetonitrile solution, and the
eluate evaporated to dryness. The residue was
reconstituted in 100 ml of 100 mm ammonium
acetate/ethanol solution and 10 ml was injected
into the LC/MS/MS system (mobile phase
delivery pump: Shimadzu, LC-10AD, Shimadzu
Corporation, Columbia, MD; Injector: Perkin-
Elmer Series 200 autosampler, The Perkin-Elmer
Corporation, Norwalk, CT; Mass spectrometer:
Quattro LC, Micromass, Inc., Beverly, MA).

Chromatographic conditions

In the 6OHB R- and S-enantiomer assay, chro-
matographic separation was achieved isocrati-
cally on a Chiral AGP analytical column
(ChromTech, Sweden: 2.0� 100 mm, 5 mm). The
mobile phase contained 50 mm ammonium acet-
ate in water, and isopropanol (98.5/1.5 v/v).
Detection was by positive ion electrospray
tandem mass spectrometry (Quattro LC, Micro-
mass, Inc., Beverly, MA). The electrospray posi-
tive ion Q1 spectrum of S-enantiomer and
R-enantiomer was dominated by the ½MþH�þ

ion: m/z 402 for the S- and R-enantiomers and m/z
360 for MJ-013805. For selected reaction monitor-
ing (SRM), the transitions monitored were m/z
402 to m/z 122 for the S- and R-enantiomers and
m/z 360 to m/z 122 for MJ-013805. The standard
curves, which ranged from 0.0500 to 10.0 ng/ml
for both enantiomers, were fitted to a 1/�
weighted quadratic regression model. The intra-
assay precision was within 7.9% CV and the
inter-assay precision was within 6.5% CV for
both analytes. The assay accuracy was within
� 9.3% of the nominal values.

In the buspirone/1-PP assay, chromatographic
separation was achieved isocratically on a Betasil
C18 analytical column (Keystone Scientific, State
College, PA: 2.0� 100 mm, 5 mm). The mobile
phase contained 5 mm ammonium acetate in

water with 0.1% formic acid, and 5 mm ammo-
nium acetate in methanol/water (90/10 v/v) with
0.1% formic acid (45/55 v/v). Detection was by
positive ion electrospray tandem mass spectro-
metry (Quattro LC, Micromass, Inc., Beverly,
MA). The electrospray positive ion Q1 spectrum
of the analytes was dominated by the ½MþH�þ

ion: m/z 386 for buspirone, m/z 165 for 1-PP, m/z
393 for [13C,15N2,D4]buspirone (IS for buspirone),
and m/z 172 for [13C,15N2,D4]1-PP (IS for 1-PP).
For SRM, the transitions monitored were m/z 386
to m/z 122 for buspirone, m/z 165 to m/z 122 for
1-PP, m/z 393 to m/z 127 for [13C,15N2,D4]bus-
pirone, and m/z 172 to m/z 127 for [13C,15N2,D4]
1-PP. The standard curves, which ranged from
0.0200 to 10.0 ng/ml for buspirone and from 0.100
to 10.0 ng/ml for 1-PP, were fitted to a 1/�
weighted quadratic regression model. The intra-
assay precision was within 6.2% CV and the inter-
assay precision was within 3.1% CV for both
analytes. The assay accuracy was within � 5.7%
of the nominal values.

Pharmacokinetic analysis

In order to determine the pharmacokinetics of
racemic 6OHB, the concentrations of the S-en-
antiomer (BMS-442606) and R-enantiomer (BMS-
442608) at each time point were summed to yield
total 6OHB concentration. Pharmacokinetic para-
meters for 6OHB, 1-PP and the two enantiomers of
6OHB were determined using noncompartmental
methods [31,32] using a validated in-house SAS
program [33]: peak plasma concentration (Cmax),
time to reach Cmax (Tmax), area under the plasma
concentration-time curve from dosing to infinity
(AUC0�INF), half-life (T1/2), mean residence time
(MRT), 6OHB:1-PP AUC ratio, and S:R enantiomer
AUC ratio. Geometric means and coefficients of
variation for Cmax, AUC0�INF, 6OHB:1-PP AUC
ratio, and S:R AUC enantiomer ratio were deter-
mined. Medians and ranges were calculated for
Tmax. Means and standard deviations were deter-
mined for MRT and T1/2.

Results and Discussion

The study enrolled 20 men and all completed
the study. The average age was 32 years (range:
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21–41), with ethnicity being 6 white, 12 black and
2 Hispanic/Latino. The mean weight was 77.6 kg
(range: 59.4–103.8), mean height was 175.9 cm
(range: 164–191 cm) and the mean body mass
index was 25.0 kg/m2 (range 19.8–30.0).

Although not designed robustly to assess
safety, there were no untoward effects seen in
ECG or clinical laboratory monitoring, and each
compound was generally well tolerated with no
compound-related trends in adverse events
noted. There were no adverse events different
from those already known for buspirone [1].

Tables 1–3 provide the pharmacokinetic para-
meters for buspirone and 1-PP, the 6OHB R- and
S-enantiomers, and total 6OHB, respectively,
following administration of the three forms of
6OHB and buspirone. The pharmacokinetic
profiles for each of these analytes following the
dosing of each treatment are shown in Figure 2.
Figure 3 allows one to contrast the concentrations
of the same analyte following the dosing of each
treatment. Since both enantiomers were observed
following the dosing of all forms of 6OHB, inter-
conversion of enantiomers occurred. Because
more S-enantiomer was observed following all
forms of 6OHB administered, there seemed to be

more conversion of R- to S-enantiomer than vice
versa.

Following buspirone administration, the rank
order of mean exposure [both Cmax (either as
mass units as denoted in Figure 2 or as molar
units provided here) and AUC(INF)] of analytes
was as follows: total 6OHB (4 mm)>S-enantiomer
(3 mm)>1-PP (2 mm)>R-enantiomer (1 mm)>buspir-
one (0.5 mm). In contrast, following either
racemate, S-enantiomer or R-enantiomer admin-
istration (see Figure 2), the rank order of analyte
mean exposure was total 6OHB (�11 mm)>
S-enantiomer (�9 mm)>R-enantiomer (�2 mm)>
1-PP (�0.4 mm), with no exposure to buspirone.
Therefore, buspirone administration yielded
more 1-PP and less R-enantiomer than either
form of 6OHB administration. Racemate, S-enan-
tiomer and R-enantiomer each yielded similar
exposure to total 6OHB (see Figure 3 and Table 3)
which was approximately 2.5-fold greater than
that produced by the administration of bus-
pirone. In addition, racemate, S-enantiomer and
R-enantiomer administration each yielded equi-
valent exposure to 1-PP (see Figure 3 and Table 1)
which were approximately 30% lower than the
1-PP exposure yielded by buspirone administration.

Table 1. Pharmacokinetic parameters of buspirone and 1-PP following 6OHB and buspirone administration

Pharmacokinetic parameter Administration of:

Racemate 10 mg S-Enantiomer 10 mg R-Enantiomer 10 mg Buspirone 10 mg

Buspirone Cmax (ng/ml) ND ND ND 1.39 (39)
Geometric mean (CV%)
Buspirone Tmax (h) ND ND ND 0.75 (0.5, 1.5)
Median (Min, Max)
Buspirone AUC0�INF (ng h/ml) ND ND ND 3.93 (27)
Geometric mean (CV%)
Buspirone MRT (h) ND ND ND 3.31 (0.78)
Mean (SD)
Buspirone T1/2 (h) ND ND ND 3.17 (1.70)
Mean (SD)

1-PP Cmax (ng/ml) 2.19 (26) 2.22 (26) 2.18 (30) 4.05 (29)
Geometric mean (CV%)
1-PP Tmax (h) 2.25 (0.5, 3.0) 2.00 (0.5, 7.0) 2.00 (0.5, 3.0) 1.50 (0.5, 3.0)
Median (Min, Max)
1-PP AUC0�INF (ng h/ml) 20.86 (44) 22.01 (41) 21.77 (34) 29.9 (46)
Geometric mean (CV%)
1-PP MRT (h) 9.28 (2.40) 9.74 (2.42) 9.56 (2.25) 7.56 (2.50)
Mean (SD)
1-PP T1/2 (h) 5.98 (1.63) 6.42 (1.61) 6.07 (1.45) 4.86 (1.74)
Mean (SD)

ND, None detectable or not possible to calculate.
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The mean half-life for 1-PP following buspirone
administration was 4.9 h, whereas it was approxi-
mately 6 h following either form of 6OHB
administered. Therefore, these half-life values
of 1-PP following 6OHB administration are
reflective of the half-life of the parent drug

administration. This fact, and that the Tmax for
1-PP occurred later following 6OHB administra-
tion than following buspirone administration
(2.25 h vs 1.50 h) suggest that 1-PP is formed
more slowly from 6OHB than from buspirone.
The MRT values also support this finding.

Table 2. Pharmacokinetic parameters of S- and R-enantiomers of 6OHB following 6OHB and buspirone administration

Pharmacokinetic parameter Administration of:

Racemate 10 mg S-Enantiomer 10 mg R-Enantiomer 10 mg Buspirone 10 mg

S-Enantiomer Cmax (ng/ml) 18.68 (32) 23.18 (30) 14.88 (44) 6.53 (27)
Geometric mean (CV%)
S-Enantiomer Tmax (h) 1.0 (0.5, 2.0) 0.75 (0.5, 2.0) 0.88 (0.5, 2.0) 0.88 (0.5, 2.0)
Median (Min, Max)
S-Enantiomer AUC0�INF (ng h/ml) 98.60 (30) 111.53 (29) 87.13 (31) 39.71 (27)
Geometric mean (CV%)
S-Enantiomer MRT (h) 7.12 (1.53) 6.58 (1.40) 7.60 (1.58) 7.63 (1.49)
Mean (SD)
S-Enantiomer T1/2 (h) 6.25 (1.21) 5.80 (0.90) 6.20 (1.14) 6.14 (1.39)
Mean (SD)

R-Enantiomer Cmax (ng/ml) 7.00 (32) 5.23 (25) 8.32 (32) 2.60 (31)
Geometric mean (CV%)
R-Enantiomer Tmax (h) 0.75 (0.5, 1.5) 0.75 (0.5, 2.0) 0.75 (0.5, 2.0) 0.75 (0.5, 1.5)
Median (Min, Max)
R-Enantiomer AUC0�INF (ng h/ml) 32.88 (27) 26.85 (25) 37.03 (31) 13.28 (31)
Geometric mean (CV%)
R-Enantiomer MRT (h) 7.12 (2.17) 7.19 (1.78) 6.87 (1.98) 7.19 (1.89)
Mean (SD)
R-Enantiomer T1/2 (h) 6.74 (2.20) 6.31 (1.42) 6.66 (2.25) 6.08 (2.21)
Mean (SD)

S:R AUC Ratio 3.00 (10) 4.15 (11) 2.35 (10) 2.99 (12)
Geometric mean (CV%)

Table 3. Pharmacokinetic parameters of 6OHB following 6OHB and buspirone administration

Pharmacokinetic parameter Administration of:

Racemate 10 mg S-Enantiomer 10 mg R-Enantiomer 10 mg Buspirone 10 mg

Total 6OHB Cmax (ng/ml) 25.63 (31) 28.48 (28) 22.98 (40) 9.12 (27)
Geometric mean (CV%)
Total 6OHB Tmax (h) 0.88 (0.5, 1.5) 0.75 (0.5, 2.0) 0.88 (0.5, 2.0) 0.75 (0.5, 2.0)
Median (Min, Max)
Total 6OHB AUC0�INF (ng h/ml) 131.52 (29) 138.47 (28) 124.27 (30) 52.93 (28)
Geometric mean (CV%)
Total 6OHB MRT (h) 7.09 (1.64) 6.68 (1.46) 7.36 (1.62) 7.45 (1.60)
Mean (SD)
Total 6OHB T1/2 (h) 6.33 (1.39) 5.88 (0.97) 6.32 (1.35) 6.05 (1.59)
Mean (SD)

6OHB:1-PP Ratio 6.30 (39) 6.29 (40) 5.71 (34) 1.77 (45)
Geometric mean (CV%)
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However, it is recognized that the variability
around these parameters would not make this
difference clinically meaningful.

The S-enantiomer exposure following its oral
administration was approximately 4-fold greater
than the R-enantiomer exposure following
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Figure 2. Mean plasma concentration vs time profiles categorized by compound administered
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R-enantiomer administration (see Table 2 and
Figure 2). This, and the fact that the S-enantiomer
is the dominant of the two after the administra-
tion of either enantiomer, suggest that intercon-

version is more rapid for the R-enantiomer than
for the S-enantiomer. Following racemate dosing,
the S-enantiomer exposure (i.e. AUC) is approxi-
mately 3-fold that of the R-enantiomer exposure
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implying that the clearance of the R-enantiomer
is greater than that of the S-enantiomer. Because
these compounds were orally administered,
differences in bioavailability could also play a
part in these observed differences. Enantiomer
interconversion could occur presystemically
(which would influence enantiomer bioavailabil-
ity), systemically, or both. There was no major
difference in the observed mean half-lives for
these two 6OHB enantiomers following their
own oral administration (5.8 h for the S-enantio-
mer and 6.7 h for the R-enantiomer) or following
racemate administration (6.3 for the S-enantio-
mer and 6.7 for the R-enantiomer). It would
seem, therefore, that interconversion is achieved
rapidly and is not the rate limiting factor in the
disposition of these compounds. In vivo enantio-
meric conversion has been noted for several
types of compounds [34–39] and can impact their
dispositional pharmacokinetic characteristics
[40]. Therefore, the clearance and interconversion
of these enantiomers of 6OHB is an area that
would warrant further investigation.

The geometric mean S:R enantiomer ratio was
similar following racemate administration and
buspirone administration (i.e. 3.00 and 2.99,
respectively). This geometric mean ratio was
38% higher (4.15) following S-enantiomer admin-
istration, and 22% lower (2.35) following
R-enantiomer administration (see Table 2 and
Figure 2). The mean S:R enantiomer concentra-
tion ratio over time is depicted in Figure 4, and
shows that the mean ratio was not different
between buspirone and racemate administration
after about 0.5 h, indicating rapid buspirone
conversion to these enantiomers. The mean ratio
following R-enantiomer administration followed
the same course as that following racemate and
buspirone, but more slowly. The ratio following
all three of these administrations began to
plateau around 5 h, was similar in value, and
was fairly constant from 5 h to 24 h. Following
S-enantiomer administration, the ratio rapidly
declined over the first few time points and then
began to plateau. At 8 h after dosing, the ratio
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began again to decline slowly until 24 h after
dosing when the ratio was similar in value to that
following S-enantiomer, racemate and buspirone
dosing. Therefore, the S-enantiomer is the domi-
nant enantiomer in plasma following all forms of
6OHB administration and equilibration occurs
within a short period of time after dosing.

The geometric mean ratio of total 6OHB AUC
to 1-PP AUC was 3–3.5-fold greater following
6OHB administration compared with buspirone
administration (buspirone, 1.77; racemate, 6.30;
S-enantiomer, 6.29; R-enantiomer, 5.71). Since one
of the objectives of this clinical study was to find
which form of 6OHB would maximize total
6OHB exposure (AUC) and at the same time
maximize the 6OHB:1-PP AUC ratio, these two
parameters were plotted to visualize which
6OHB form would separate the farthest from
buspirone (Figure 5). These values following
buspirone administration were plotted and used
as the reference point, and parallel lines to the
axes were drawn through this point. A com-
pound falling into the upper-right quadrant
would meet the criteria for maximizing 6OHB
exposure and at the same time limiting the 1-PP
exposure. The farther up in this right-hand
quadrant, the more ideal the candidate would
be for further development. All three forms of
6OHB were found to be in this upper-right
quadrant with no clear distinction between
racemic 6OHB and either enantiomeric form.

Neither the pharmacokinetics of the three
forms of 6OHB nor the safety/tolerability infor-
mation obtained from this study gave a clear
basis for selecting one form over the other.
Therefore, for ease of synthesis and development,
the racemate was chosen for future clinical trials.
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