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Equine metabolism of buspirone studied by
high-performance liquid chromatography/mass
spectrometry

S. M. R. Stanley*
Australian Racing Forensic Laboratory, Royal Randwick Racecourse, P.O. Box 528, Kensington, Sydney, 2033, New South
Wales, Australia

The metabolism and urinary excretion of a 100 mg dose of the non-sedating anxiolytic drug buspirone was
examined using high-performance liquid chromatography/electrospray ionization mass spectrometry in the
positive ion mode. In addition to a significant proportion of unchanged buspirone we were able to detect three
major metabolite classes. These were identified as monohydroxy, dihydroxy and dihydroxymethoxy products.
Detection of the metabolites and the parent drug was possible in all the urine samples collected (1–12 h)
post-administration. Copyright  2000 John Wiley & Sons, Ltd.
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INTRODUCTION

Buspirone is an analgesic anxiolytic drug1,2 which is
largely lacking in sedative or muscle-relaxant side-
effects.3,4 This makes it a promising candidate to
calm fractious horses and improve their performance
by conserving energy for the race and not wasting
it on unnecessary activity. Hence it is important to
screen for this drug by analysing equine post-race
samples for evidence of its use. Several methods for
the qualitative and/or quantitative analysis of buspirone
based on either high-performance liquid chromatographic
(HPLC) or gas chromatographic separations with various
detection mechanisms have been published.5–12 However,
before these could be evaluated to find a suitable
post-race equine urine screen, the extent and nature
of metabolism of this drug in the equine had to
be investigated. This would allow a suitable target
to be selected for screening and/or confirming abuse
of buspirone in the equine. A previous metabolic
study in the rat, which included analysis of bile,
urine and liver S9 post-administration samples,13 used
an HPLC/electrospray ionization mass spectrometric
(ESIMS) technique, which we have modified to suit our
purpose. The dose given in our study was sufficient
for the parent drug and metabolites to be detectable by
HPLC/ESIMS in all the post-administration urine samples
collected (1–12 h).
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EXPERIMENTAL

All solvents were of HPLC grade. Buspirone, 8-[4-(4-
pyrimidin-2-ylpiperazin-1-yl)-butyl]-8-azaspiro[4,5]de-
cane-7,9-dione hydrochloride, was obtained as 10 mg
tablets (Buspar) from Bristol-Myers Squibb (Johannes-
burg, South Africa). Ten tablets were given to a 500 kg
mare via a nasogastric tube and urine samples were col-
lected at 0, 1, 2, 4, 6, 8 and 12 h and stored at�40°C
until required for analysis. Prior to extraction, an enzyme
hydrolysis of a 7 ml thawed sample aliquot (pH 4.8) was
carried out at 37°C overnight using 5000 Fishman units of
Helix pomatiaˇ-glucuronidase/arylsulphatase. The urine
was then adjusted to pH 6 before centrifugation (3000g
for 15 min). Bond Elut (Varian, Harbor City, CA, USA)
Certify solid-phase extraction cartridges were conditioned
with 4 ml each of methanol and pH 6 phosphate buffer.
A 5 ml volume of sample supernatant plus 1 ml of pH 6
phosphate buffer were then applied to the cartridge. A
wash with 2 ml of 1M acetic acid in water and then
3 ml of methanol was applied before drying for 5 min
at full vacuum. The extracts were eluted with 3 ml of 2%
ammonia solution in ethyl acetate. This was dried using
oxygen-free nitrogen before each sample was reconsti-
tuted in 50µl of acetonitrile.

Injections of 1µl of the extracts were separated on a
Phenomenex Luna (Torrance, CA, USA) 150ð 2 mm i.d.
column (5µm packing) using a Hewlett-Packard (Palo
Alto, CA, USA) 1090L HPLC system which was coupled
to a Finnigan Mat (San Jose, CA, USA) LCQ quadrupole
ion trap mass spectrometer equipped with an electrospray
interface. The starting mobile phase consisted of 90%
10 mM ammonium acetate in water and 10% acetonitrile.
This was modified on a linear gradient to 10 : 90 at 15 min.
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Several different MS and MSn experiments were run on
the calibrated mass spectrometer after it had been tuned
for buspirone.

RESULTS AND DISCUSSION

The extracts were separated by HPLC with the effluent
fed through the ESI interface to the mass spectrometer
set to scan for positive ions in the rangem/z
300–600. The reconstructed ion trace atm/z 386 shows

(Fig. 1) the presence of a compound (I ) at 10.56 min
which has very similar spectral and retention time
characteristics to an authentic buspirone standard. The
major hydroxylated [8.71 min (II )] and dihydroxylated
[7.46 min (III )] metabolites were evident in the extracted
ion chromatograms atm/z 402 and 418, respectively.
Two dihydroxymethoxy products were also evident at
6.52 and 6.96 min (IV ). These chromatograms have peaks
with shorter retention times that suggest that structural
analogues of metabolitesII and III are also present. All
the observed metabolites had abundant [MC H]C ions
with little fragmentation; therefore, although the spectra

Figure 1. Reconstructed ion chromatograms (a) and spectra of I (b), II (c), III (d) and IV (e) from the positive ion mode ESIMS analysis
of the 4 h sample extract.
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provide reliableMr data, elucidation of the structure of
the major metabolites had to be done in the MSn mode.

Extracts were run in the MS/MS mode with the parent
ion of m/z 386 chosen (buspirone pseudomolecular ion)
and product ions were isolated in the range 90–400 u. The
fragmentation pattern of the authentic standard [Fig. 2(b)]
at a collision energy (CE) of 18% is the same as that from
the extracts and the peakI at 10.56 min can therefore be
identified as the parent drug.

The major hydroxylated metaboliteII was examined by
MS/MS of them/z 402 parent ion and showed [Fig. 3(a)]

several fragments that indicated the position of hydrox-
ylation of this compound is the pyrimidine substructure.
In particular, the presence of them/z 138 produced by
hydroxylation of the pyrimidine group coupled withm/z
222 (neutral loss of 164) andm/z 180, which can only
come from an unsubstituted azaspirone decanedione sub-
structure, provide evidence of this. The MS3 experiments
[Fig. 3(b) and (c)] confirm this assignment.

The MS/MS of the parent ion ofm/z 418 fromIII shows
[Fig. 4(a)] the presence of the OH-substituted pyrimidine
ring (m/z 138) seen inII plus product ions atm/z 238 and

Figure 2. Authentic buspirone standard analysed in the positive-ion ESIMS/MS mode: (a) total ion chromatogram and (b) products
from m/z 386 .CE D 18%/.
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Figure 3. Hydroxy metabolite II analysed using positive-ion ESI: (a) MS/MS mode .CE D 18%/ with the TIC and products of m/z 402
shown; (b) MS3 mode, m/z 402 265; (c) MS3 mode, m/z 402 222.

281,which is consistentwith the introductionof a second
hydroxyl at the butylazaspironedecanedionesubstructure.
This assignmentis reinforcedby them/z 139 production
obtainedin MS3 andMS4 experiments.In additionto this
metabolitetherewere threeother significantbiotransfor-
mation productsthat had an Mr of 417. Thesespectra
areshownin Fig. 4. It wasinterestingthat one(retention
time 5.71min) had a MS/MS trace [Fig. 4(b)] identical
with that of III but the differing HPLC retention time

indicatesthatit is mostlikely anisomer.Whetherthis rep-
resentsa stereoor positionalisomercannotbeascertained
from these data. The other spectra[Fig. 4(b) and(c)]
canbe identifiedasmetaboliteswherehydroxylationhas
occurredat a substructureother than the pyrimidine ring
on the basisof the presenceof an m/z 122 product ion
from this (unsubstituted)substructure.

The major dihydroxymethoxy metabolite (IV ) gave
a product ion spectrum[Fig. 5(b)] from the parent at
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Figure 4. Product ion spectra .CE D 18%/ of III (a) and three other dihydroxy metabolites (b d) produced from the parent of m/z 418
(positive-ion ESI mode).

m/z 448 that appearsto be producedby introduction
of the methoxy group into one of the minor dihydroxy
metabolites(labelled (c) in Fig. 4) as the m/z 254 and
297 product ions are shifted by 30 u (COCH3) to m/z
284 and327, respectively.

Thesepreliminary resultsshow that the screeningand
confirmationof buspironeabusecanbe targetedtowards
thedetectionof theparentcompoundin equineurine.The
advantagethat this referencematerialis readilyavailable.
If anyof thehydroxylatedmetabolitesareto beselectedas
the target, thenfurther work will be requiredto establish

thefinal structureandstereochemistryof thesecompounds
sothatauthenticmetabolitestandardscanbeacquired.The
resultsobtainedindicatethat HPLC/ESIMSwould be the
methodof choice for screeningfor the chosentarget in
equineurine sampleextracts.
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Figure 5. Dihydroxymethoxy metabolite IV MS/MS: (a) TIC and (b) product ion spectrum .CE D 17%/ produced from the parent of m/z
448 (positive-ion ESI mode).
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