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Pharmacokinetics of Buspirone Extended-
Release Tablets: A Single-Dose Study

Adel Sakr, PhD, and Mahalaxmi Andheria, PhD

The objective of this study is to evaluate the absorption of
buspirone and its biotransformation to 1-(2-pyrimidinyl)
piperazine (1-PP) from two different extended-release (ER)
formulations of buspirone HCI tablets (12-hour and 24-hour
in vitro release) and from a commercially available immedi-
ate- release (IR) tablet. A single dose of the 30 mg ER tablets
was compared with two doses of the 15 mg IR tablet adminis-
tered 12 hours apart. Eighteen healthy male subjects partici-
pated in this randomized, open-label, three-treatment cross-
over study. Blood samples were obtained at 22 time points
from predose (0 hour) until 36 hours postdose, and plasma
concentration of buspirone and 1-PP was determined by
LC/tandem mass spectrometry method. The pharmacokinetic

‘max’ tmax’ Ke’ and tl/Z were
calculated and statistically analyzed. The results indicated
extended release of buspirone from the two test products in
vivo with a 70% to 90% greater bioavailability in comparison
with the IR formulation. The bioavailability of 1-PP from ER
formulations appears to be equal to that from the IR formula-
tion. Both buspirone ER tablets successfully delivered
bioavailable buspirone with a reduction in peak drug and
metabolite plasma levels, prolonged buspirone plasma con-
centrations, and decreased ratio of 1-PP to buspirone concen-
tration with less intersubject variation when evaluated as a
single-dose study in healthy human subjects.
Journal of Clinical Pharmacology, 2001;41:783-789
©2001 the American College of Clinical Pharmacology

parameters AUC,,, AUC,._,, C

Buspirone hydrochloride, an azaspirondeca-
nedione,"? is a pharmaceutically active compound
found to be effective for the treatment of anxiety disor-
ders and depression.

Buspirone was first synthesized in the early 1970s’
and has been extensively studied for its pharmacody-
namics and pharmacokinetics since then. It has be-
come one of the most widely prescribed anxiolytic
drugs, due to its proven safety and efficacy, with less se-
dation and potential for physical dependence as shown
by the benzodiazepines.*

When administered orally, the drug is rapidly and
completely absorbed and undergoes extensive
first-pass metabolism, having a mean bioavailability in
humans of approximately 4%.%° Studies have demon-
strated high interindividual variations in buspirone ab-
sorption, with differences in C_,, up to 10-fold.” Its ma-
jor metabolite,*® 1-(2-pyrimidinyl) piperazine (1-PP), is
pharmacologically active with about 20% to 25% of the
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anxiolytic potency of buspirone. But it also has been
shown that 1-PP antagonizes the anxiolytic and/or anti-
depressant action of buspirone and is associated with
the occurrence of undesired or adverse events.

The biological half-life in humans is very short and
variable, ranging between 2 and 11 hours.'’ The aver-
age daily dose prescribed for adults is 30 mg buspirone
HCI, administered as 10 mg tid or 15 mg bid.""** This
frequent daily dosing regimen has a negative effect on
patient compliance, especially due to its indication in
psychiatric treatment.

The high first-pass metabolism leading to a low
buspirone bioavailability and a high plasma concentra-
tion of 1-PP, associated with its slower elimination, re-
sults in a low buspirone/1-PP ratio in humans. This,
along with the observed high intersubject variability,"
causes undesired or adverse events in the beginning of
treatment and requires individual dose titration.

To improve patient compliance and the pharma-
cokinetic performance, two oral extended-release (ER)
once-a-day formulations of buspirone HCI were devel-
oped. These two 30 mg ER tablets with different in vitro
dissolution profiles (12-hour and 24-hour release) were
evaluated in a single-dose kinetic study for the absorp-
tion of buspirone HCI and its biotransformation to 1-PP
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in comparison with two doses of 15 mg immediate-
release (IR) tablets administered 12 hours apart.

MATERIALS AND METHODS
In Vitro Dissolution Studies

Two tablet formulations were designed and developed
to release the drug over an extended period of time of
12 hours and 24 hours, respectively. Drug release pro-
files were studied by paddle method (Apparatus 2, USP
24, VanKel VK 7000 Dissolution tester with automatic
sampling). The dissolution medium was 1000 mL of
pH 6.8 buffer solution, containing 750 mL 0.1 N HCl
plus 250 mL of 0.20 M tribasic sodium phosphate (USP
24, delayed-release, enteric-coated article). Samples
were automatically assayed using spectrophotometer
(Beckman UV/Vis Spectrophotometer, Model DU 640,
Beckman Instruments, Inc.). The effect of scoring de-
sign on weight, content uniformity, and dissolution of
the ER matrix tablet halves was also studied in detail."*

In Vivo Absorption and
Biotransformation Studies

A single-dose pharmacokinetics study was performed
at PharmaKinetics Laboratories, Inc. (Baltimore, MD).
Study protocol 11448 was approved by the National In-
stitutional Review Board of PharmaKinetics prior to
the beginning of the study.

Products Studied

The following products were studied:

30 mg buspirone ER formulation, 12-hour release in vitro
(American Pharmaceutical International, Inc.);

30 mg buspirone ER formulation, 24-hour release in vitro
(American Pharmaceutical International, Inc.);

15 mg buspirone IR formulation (BuSpar®, Bristol-Myers
Squibb).

Study Design

Eighteen healthy male subjects were enrolled in an
open-label, three-treatment, three-period, parallel
crossover study with a 1-week washout between the
three periods of the study. On two occasions, a single
dose of a 30 mg ER buspirone HCI tablet was adminis-
tered (at 0 hours), and on the third occasion, two doses
(at 0 and 12 hours) of a 15 mg IR buspirone HCI tablet
were administered. The order of treatment administra-
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tion was randomized in three sequences (ABC, BCA,
CAB) in blocks of three.

Subjects

Written informed consent was obtained from each sub-
ject prior to entry into the study. Sixteen subjects com-
pleted the study. The mean age was 43.1 years (range:
20-59), and the mean body weight was 163.2 1b (range:
136.0-218.0). Five subjects had a smoking status of 6 to
30 cigarettes per day. The subjects were approved by
the investigating physicians based on their medical
history, physical examinations (height, weight, vital
signs, blood pressure, and pulse rate), and diagnostic
laboratory results (fasting blood chemistry, hematol-
ogy, urine analysis, HIV antibody, alcohol and drug
abuse). The subjects were housed in a dormitory at the
clinical facility from at least 12 hours prior to drug ad-
ministration until 36 hours after the initial drug admin-
istration of each period. They were instructed to refrain
from prescription drugs, over-the-counter (OTC) medi-
cines, and alcohol throughout the study.

Subject 12 was withdrawn prior to period IIl because
of persistent difficulties to obtain blood samples. Sub-
ject 14 was withdrawn prior to period II due to blood
pressure that exceeded the limit specified in the study
protocol. Subject 12 was dosed only with test product B
(30 mg ER formulation, 24-hour release in vitro) and
the reference product (15 mg IR formulation, BuSpar®);
subject 14 was dosed only with test product B (30 mg
ER formulation, 24-hour release in vitro).

Drug Administration

Drug administration occurred after a fasting period of at
least 12 hours, beginning at 8 a.m. The drug products
were administered with 240 mL of water according to
therandomization schedule at 2-minute intervals. Sub-
jects were not allowed to smoke 1 hour prior and 4
hours after drug administration and were not permitted
to be supine for 4 hours postdose. A standard meal
(xanthine-free, caffeine-free food and beverages) was
given at 4 hours and 7.5 hours after the first dose in
each period.

Blood Sample Collection
and Processing

Ten mL of venous blood samples were obtained at 22
time points from predose (0 hours) until 36 hours
postdose (at 0, 0.33, 0.67, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12,
12.33,12.67, 13, 13.5, 14, 16, 20, 24, 30, and 36 hours)
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by direct venipuncture in a heparinized Vacutainer and
were analyzed for buspirone and 1-PP. The samples
were centrifuged at 10°C and 2500 rpm for approxi-
mately 20 minutes. The plasma was separated and
stored frozen at —20°C to await analysis.

Chemical Analysis

The plasma samples were analyzed by an in-house de-
veloped and validated liquid chromatography/tandem
mass spectrometry (LC/MS/MS)" method on a C-18
column using a solvent system containing methanol
and ammonium formate buffer at a flow rate of 0.25 mL
per minute. BMY7378 dihydrochloride and
1-phenylpiperazine hydrochloride were used as inter-
nal standards for buspirone and 1-PP, respectively. The
validated concentration ranges were 0.0500 ng/mL to
10.00 ng/mL for buspirone and 0.250 ng/mL to 50.0
ng/mL for 1-PP. The samples obtained for all three peri-
ods from a single subject, a set of eight calibration stan-
dards, and a set of six quality control samples were ana-
lyzed as a single run.

Pharmacokinetic Analysis

The pharmacokinetic parameters for buspirone and
1-PP were calculated from the plasma concentration-
time profiles." The areas under the concentration-time
curves (AUC) were calculated by linear interpolation
between consecutive blood drug levels. AUC,, was cal-
culated from zero time to the last measurable concen-
tration C;, and AUC,_, was calculated by extrapolation
of AUC,, to time infinity by adding C/K_ to AUC,,. The
elimination rate constant K, was estimated by fitting
the logarithm of the concentration versus time to a
straight line over the observed exponential decline. C;
is the estimated concentration at the time of the last
measurable concentration. Half-life (t,,,), the maximum
drug concentration (C,_,,), time to maximum drug con-
centration (t,, ), and C, /AUC,., (Cg,s) were reported.
For the immediate-release treatment, C_, and t . were
also reported for each dosing interval (0-12 hours and
12-24 hours). For each treatment, the cumulative areas
under the concentration-time curve were computed to
each sampling time after dosing.

Statistical Analysis
The arithmetic mean and standard deviation were cal-
culated for each pharmacokinetic metric and for the

buspirone and 1-PP concentration at each time point.
All pharmacokinetic metrics were analyzed by analy-
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sis of variance using SAS® (version 6.12), GLM proce-
dure, and an F-test to determine statistically significant
differences (o0 = 0.05). Pairwise comparisons of the
drug treatments were reported with the ANOVA." To
obtain a Bonferroni multiple-comparison t-test, the at-
tained probability was compared with the test proba-
bility, oo = 0.05/3 = 0.0167, for the set of three possible
drug treatment comparisons. The analysis of variance
included sequence, subject nested within sequence,
period, and drug treatment in the statistical model. The
power of the study to detect a 20% difference in param-
eter means as statistically significant at the 5% level of
the t-distribution (two-tailed)' was calculated for each
pharmacokinetic metric. Bioequivalence was deter-
mined using the two one-tailed tests procedure, and
the products were considered bioequivalent if the con-
fidence interval was contained within the limits, 0.80
to 1.25.

RESULTS
In Vitro Drug Release Profiles

The drug release profiles from the two ER products are
shown in Figure 1. The tablets showed an ER profile
over a period of 12 hours and 24 hours, respectively, as
desired for the study.'*

In Vivo Single-Dose
Study Results

Drug Safety Evaluation

The subjects were monitored for adverse signs and
symptoms. Seven subjects reported a total of 13 ad-
verse events during the study, but none of the events re-
corded were unexpected. All events were mild in se-
verity and were resolved by the conclusion of the study
without medical intervention. Three of the 13 events
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Figure 1. Dissolution profiles of the two test products.
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Table I Pharmacokinetic Parameters for Plasma Buspirone: Arithmetic Means + Standard Deviation

Parameter Number Product A: Mean + SD Number Product B: Mean + SD Number Reference: Mean + SD
AUC,, (ngeh/mL) 16 20.00 +22.58 18 19.14 + 21.28 17 11.97 £ 14.64
AUC,., (ngeh/mL) 16 20.96 + 22.85 15% 22.24 +23.61 16° 12.90 £ 15.05
C, o (ng/mL) 16 2.353 +£2.465 18 1.560 + 1.691 17 1.920 £ 2.110°

17 2.335 + 3.043¢
ta (h) 16 5.438 +1.711 18 7.741£4.077 17 0.85 +0.39°

17 1.50 % 0.80¢
C./AUC, . (1/h) 16 0.1188 £ 0.0613 15% 0.0894 + 0.0411 16° 0.1869 + 0.0393
ty, (h) 16 6.352 + 3.164 15% 6.491 + 3.148 16° 2.958+1.179

Product A = 30 mg buspirone extended-release (ER) formulation, 12-hour release in vitro. Product B = 30 mg buspirone ER formulation, 24-hour release in vitro.
Reference = 15 mg buspirone immediate release (IR) (BuSpar®), administered at 0 and 12 hours.
a. From 3 subjects, insufficient values from terminal decay phase were obtained.

b. From 1 subject, insufficient values from terminal decay phase were obtained.
c. Cpaxand t . were obtained from the first 12-hour dose of the IR reference product.

d. C . and t . were obtained from the second 12-hour dose of the IR reference product.

Table II Pharmacokinetic Parameters for Plasma 1-PP: Arithmetic Means + Standard Deviation

Parameter Number Product A: Mean + SD Number Product B: Mean + SD Number Reference: Mean + SD
AUC,, (ngeh/mL) 16 89.83 £50.44 18 79.25+40.18 17 98.92 + 58.80
AUC,., (ngeh/mL) 16 97.32+£57.20 18 89.65 £ 50.95 17 107.50 £ 67.97
C,x (ng/mL) 16 6.256 + 2.396 18 4.953 £ 2.154 17 6.223 +1.886"

17 6.787 + 2.521"
e () 16 5.346 + 2.597 18 5.185 + 2.675 17 1.67 = 0.69"

17 2.41+0.94"
C,./AUC, . (1/h) 16 0.0741 £ 0.0199 18 0.0594 + 0.0157 17 0.0736 £ 0.0214
ty, (h) 16 7.373+1.712 18 9.665 + 5.487 17 5.729+ 2.235

Product A = 30 mg buspirone extended-release (ER) formulation, 12-hour release in vitro. Product B = 30 mg buspirone ER formulation, 24-hour release in vitro.
Reference = 15 mg buspirone immediate release (IR) (BuSpar®), administered at 0 and 12 hours.
a. C o and t o were obtained from the first 12-hour dose of the IR reference product.

b. Cpax @and t, . were obtained from the second 12-hour dose of the IR reference product.

that were assessed as unrelated to the study drug in-
cluded rhinitis, headache, and lightheadedness. The
remaining 10 events were assessed as having a possible
relationship to the drug, and these included drowsi-
ness, dizziness, depression, tinnitus, and increased
blood pressure.

Pharmacokinetic
Evaluation

The plasma buspirone and 1-PP pharmacokinetic pa-
rameters with arithmetic mean and standard deviation
are summarized in Tables I and II

Immediate-release reference product. Given the
large amount of variability in buspirone and 1-PP
pharmacokinetics, the results observed for buspirone
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and 1-PP after the IR buspirone HCI tablets are consis-
tent with the results reported in the literature. For
buspirone, the AUC of 12.90 + 15.05 (mean £ SD)
ngemLh for the total 30 mg dose; the t, and C___ after
the first 15 mg dose, observed at 0.85 = 0.39 hours with
1.92 £ 2.11 ng/mL; and the average half-life of the im-
mediate-release formulation 0f2.958 +1.179 hours were
comparable to that reported.” For 1-PP, the AUC of
107.5 67.97 ngemL'h for the total 30 mg dose and the
t,...and C_, afterthe first 15 mg dose, observed at 1.67 £
0.69 hours with 6.223 + 1.886 ng/mL, were also compa-
rable to that reported.”**'

Extended-release test products. Both ER products
(12-hour and 24-hour release in vitro) showed evi-
dence of ER in vivo and were absorbed throughout the
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Table III Buspirone Bioavailability and 1-PP AUG,_, Ratio for Extended-Release (ER)
Test Formulations Compared with the Immediate-Release (IR) Reference Product

Buspirone AUC, __,: Buspirone AUC,_: 1-PP AUC,__: 1-PP AUC,_..:
Value Product A/IR Product B/IR Product A/IR Product B/IR
Maximum 4.42 3.22 1.26 1.22
Minimum 0.59 0.84 0.52 0.40
Mean 1.98 1.87 0.89 0.81
Intersubject variation
(maximum/minimum) 7.49 3.83 2.42 3.05

Product A = 30 mg buspirone ER formulation, 12-hour release in vitro. Product B = 30 mg buspirone ER formulation, 24-hour release in vitro. Reference = 15 mg

buspirone IR (BuSpar®), administered at 0 and 12 hours.

gastrointestinal tract, which is evident from the statisti-
cally significantly later observed t,,,, from the test prod-
ucts (5.438 £ 1.711 hours and 7.741 = 4.077 hours)
compared with that of the first 15 mg IR tablet (0.85 +
0.39 hours). In addition, the apparent half-life from
both ER products was found to be longer (6.352 + 3.164
and 6.491 + 3.148) than the half-life measured after the
IR reference tablet (2.958 = 1.179). Similar observa-
tions were obtained from the 1-PP metabolite data. The
1-PP t,,. of the test products was significantly later
(5.346 + 2.597 and 5.185 + 2.675) than that of the IR tab-
let (1.67 + 0.69 hours), and the apparent half-life was
found to be longer (7.373 £1.712 and 9.665 + 5.487) in
comparison to that measured after the IR tablet (5.729 £
2.235). The difference in metabolite levels and half-life
indicates that there may be a change in clearance be-
tween the ER formulations and the IR tablets.

The mean plasma concentration-time profiles for
buspirone and 1-PP are illustrated in Figures 2 and 3,
respectively. According to literature reports, mean
peak plasma concentration of buspirone on oral admin-
istration ranges from 1 to 6 ng/mL, exhibiting therapeu-
tic efficacy.”® The drug level obtained from the 12-hour
ER formulation of 2.353 £ 2.465 ng/mL is higher, and
that obtained from the 24-hour ER formulation of 1.560 £
1.691 ng/mL is lower that that obtained from the refer-
ence IR product, which is 1.920 = 2.110 ng/mL. This
correlates to the in vitro release of the drug from the
two test products that were designed to release the
same amount of drug continuously over a period of
12 hours in product A and over a period of 24 hours
in product B. The buspirone bioavailability from the
extended-release formulations is indicated in Table III,
and the AUC ratios for 1-PP and buspirone are listed in
Table IV. A possible explanation for the unexpectedly
higher bioavailability values for buspirone HCIl ob-
tained from the extended-release products has been
discussed further.

PHARMACOKINETICS AND PHARMACODYNAMICS
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Figure 2. Mean buspirone plasma-level profiles for test and refer-
ence products.
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Figure 3. Mean 1-PP plasma-level profiles for test and reference
products.
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DISCUSSION

The measured concentration of buspirone and 1-PP at
each time point after each product indicates a statisti-
cally significant difference at most of the 36-hour sam-
pling periods among the three drug treatments. Based
on pairwise comparisons, most of the significant differ-
ence resulted from differences between the ER formu-
lations compared with the IR formulations.

Evidence of In Vivo Extended Release

The extended release of buspirone HCl from the
12-hour and 24-hour formulations is most evident from
the cumulative AUC versus time data. It is also evident
from the time of the observed maximum concentra-
tions, which are statistically significantly later for the
two ER products compared with that of the IR tablet.
The actual values for the products are mentioned in the
Results section and in Tables I and II

The extent of absorption of buspirone from the ER
formulations is not less than from the IR formulation,
indicated by the mean C_,, values, and this similarity
of C,,,. is an evidence of ER in vivo for the two test prod-
ucts. A fourth observation that provides evidence of ex-
tended release is the statistically significant longer “ap-
parent” half-life observed after the test formulations in
comparison with the IR tablets. This indicates that
buspirone was still being absorbed even as the concen-
trations were decreasing at the end of the sampling
period.

Similar observations were also possible from the
metabolite data, as indicated by the values listed in the
Results section and Tables I and II.

The use of ER dosage forms in drug therapy has been
increasing in recent years with a concomitant tendency
toward once-a-day dosing formulation. This evidence
of in vivo ER of drug from the two products being tested
would allow at least a twofold reduction in dosage fre-
quency as compared with the IR dosage form, thus im-
proving patient compliance, especially due to its indi-
cation in psychiatric treatment.

Absorption of Buspirone

The ratio of buspirone AUC,_, after the 12-hour ER for-
mulation to buspirone AUGC,_ after the IR formulation
ranged from 0.59 to 4.42, and that after the 24-hour ER
formulation ranged from 0.84 to 3.22, as shown in Ta-
ble III. The ratio of 1-PP AUG,_, after the 12-hour ER for-
mulation to 1-PP AUC,_ after the IR formulation
ranged from 0.52 to 1.26, and that after the 24-hour ER
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formulation ranged from 0.40 to 1.22, as also shown in
Table III. Based on the least squares means of the
logarithmically transformed parameters, the AUC,,
and AUC,.. for the 12-hour ER formulation for
buspirone were 74% and 77% higher than the respec-
tive estimates for the IR formulation and were 91% and
72% higher for the 24-hour ER formulation. These dif-
ferences were statistically significant (< = 0.05). Based
on the same, the AUC,, and AUC,_, for the 12-hour ER
formulation for 1-PP were both 11% lower than the re-
spective estimates for the IR formulation and were 15%
and 11% lower for the 24-hour ER formulation. These
differences were also statistically significant (e< = 0.05).
The bioavailability of ER formulations thus unexpect-
edly exceeded that of the IR formulation. For most
drugs, as usually observed, ER formulations have lesser
bioavailability than the IR formulations. Buspirone is
reported to be rapidly absorbed and extensively metab-
olized on oral administration, and thus it was expected
that the bioavailability of the two ER formulations
tested would be lower than that of the IR product. One
possible reason for this could be that by delaying the re-
lease of drug from the dosage form, the first-pass en-
zymes for buspirone, which may be located at the prox-
imal small intestine, are avoided. Thus, metabolism is
reduced, and more unchanged drug is available for
absorption.

Biotransformation to
1-(2-pyrimidinyl)piperazine

That increased bioavailability of buspirone from the ER
formulations may be due to inhibition of its clearance
is also evident from the ratio of 1-PP to buspirone AUC
values obtained. The average ratios of AUC,_, of 1-PP to
buspirone were 9.8061 £ 10.95 and 8.6319 + 9.13 after
the 12-hour and 24-hour ER formulations, respectively,
and 19.1621 £ 20.15 for the IR formulation, as shown in
Table IV.

Comparison of the
Two ER Formulations

The AUC,_, values for both formulations are shown in
Tables I and II, and no significant difference in the
AUC,_, values indicates that buspirone and 1-PP are
equally available from the two ER formulations.
Thus, both ER formulations successfully delivered
bioavailable buspirone. Based on the mean C _,, values,
it can be said that the concentrations were more consis-
tent over a longer interval after administration of the
24-hour formulation.
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Table IV AUC,_, (1-PP)/AUC,_. (buspirone) Ratio
for Extended-Release (ER) Test Formulations
and Immediate-Release (IR) Reference Product

Product A ProductB  Reference
Value (n=16) (n=15) (n=16)
Maximum 40.0213 29.6913 70.1808
Minimum 0.5072 0.5358 1.0163
Mean 9.8061 8.6319 19.1621
Intersubject variation
(maximum/minimum) 78.9 55.4 69.1

Product A = 30 mg buspirone ER formulation, 12-hour release in vitro.
Product B = 30 mg buspirone ER formulation, 24-hour release in vitro. Ref-
erence = 15 mg buspirone IR (BuSpar®), administered at 0 and 12 hours.

CONCLUSION

The results of this study indicate that the two test prod-
ucts exhibited ER in vivo, with buspirone being well
absorbed from the 12-hour and 24-hour ER formula-
tions as compared with the IR formulations. A slower
in vivo absorption of buspirone over an extended pe-
riod of time—and hence lower plasma peak values—
would reduce the occurrence of undesired side effects,
avoid underdosing between dosage intervals, and lead
to the possibility of once-daily dosing. The unexpected
result obtained was that the bioavailability of
buspirone (with low intersubject variation) from ER
formulations was 70% to 90% greater than that from
the IR formulation. Thus, the initial objectives for these
buspirone ER formulations to have an improved
pharmacokinetic profile for buspirone blood levels and
reduction of 1-PP peak blood levels were achieved.
The study thus provides an improved method for
administration of the useful drug buspirone. The dos-
ing interval is lengthened, drug tolerability is im-
proved, and these effects promote patient compliance.

The authors appreciate the financial support of American Phar-
maceutical International, Inc. (Cincinnati, OH) and the University of
Cincinnati Medical Center (Cincinnati, OH).
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