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Abstract

The photocatalytic transformation of buspirone, an analgesic anxiolytic drug, and the formation of intermediates products
have been evaluated by adopting titanium dioxide as a photocatalyst. Several molecules resulting from buspirone degradation
have been identified and characterized by using HPLC/MS/MS technique. The main intermediates formed in these experimental
conditions agree with the major buspirone metabolites found “in vivo” on rats and horses: hydroxy and dihydroxy-buspirone,
despyrimidinyl buspirone and 1-pyrimidinyl piperazine. This shows that the photocatalytic system could provide in the present
case a useful simulation of the metabolic transformation of dopant substances. Moreover, some more oxidized species have beer
recognized with the photocatalytic process, and this could offer a suggestion for yet to come metabolism studies.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction muscle-relaxant side-effec{§,7]. This substance is
also illegally used as dopant on horses by contribut-
The purpose of this study is to utilize the photocat- ing to calm high-spirited horses, so improving their
alytic process to artificially produce metabolitic prod- performance during the race.
ucts reasonably similar to those really present in the  The identification of possible metabolic structures
metabolic system of living organisms. This method- may be very useful in order to search also these species
ological approach has already been successfully usedin the animal after the race. Several metabolic stud-
in the case of dexamethasofig. ies on buspirone are already availaf8e-12]; in vivo
As a target molecule we have chosen buspirone, metabolic studies have been performed on fafg
an analgesic drug widely used in anxiolytic ther- and horse§l2]. The more suitable technique of anal-
apy [2-5] which is largely lacking in sedative or ysis to identify and characterize the main transforma-
tion products coming from buspirone is represented by
msponding author. Tel#39-011-6707636; the HPLC coupled with a mass spectrom¢i&-16} .
fax: +39-011-6707615. In the present study will be presented a compari-
E-mail address: claudio.medana@unito.it (C. Medana). son between the intermediates found by adopting a

0731-7085/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpba.2004.01.001
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photocatalytic process (using titanium dioxide as a
photocatalyst) and those found into in vivo experi-
ments on rats and horses.

2. Experimental section
2.1. Material and reagents

All experiments were carried out using TiDe-
gussa P25 as the photocatalyst. In order to avoid possi-
ble interference from ions adsorbed on the photocata-
lyst, the TiGQ powder was irradiated and washed with
distilled water until no signal due to chloride, sulfate
or sodium ions could be detected by ion chromatog-
raphy.

Buspirone (Aldrich) was used as received. HPLC
grade water was obtained from MilliQ System Aca-
demic (Waters Millipore). Methanol HPLC grade
(BDH) was filtered through a 0.4bm filter before
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2.3.2. Mass spectrometry

A LCQ MAT ion trap mass spectrometer (Ther-
moFinnigan) equipped with an atmospheric pressure
interface and an ESl ion source was used. The LC col-
umn effluent was delivered into the ion source using
nitrogen as sheath and auxiliary gas (Claind Nitrogen
Generator apparatus). The spray voltage was set at the
4.5kV value. The acquisition method used was previ-
ously optimized in the tuning sections for the parent
compound (capillary, magnetic lenses and collimat-
ing octapoles voltages) in order to achieve the maxi-
mum of sensitivity. The tuning parameters adopted for
ESI source have been the following: capillary voltage
3.00V, heated capillary temperature 221) tube lens
0V; for ions optics, multipole 1 offset—5.00V, electro-
static lens voltage-34.00 V, multipole 2 offset —7.50.

3. Results and discussion

use. Ammonium acetate reagent grade was purchased1- Buspirone

from Fluka Chemie.

2.2. Irradiation procedures

The irradiations have been performed using a
1500 W xenon lamp (Solarbox, CO.FO.MEGRA, Mi-
lan, Italy) simulating AM1 solar light and equipped
with a 340 nm cut-off filter. The total photons flux
(340-400 nm) in the cell and the temperature during
irradiation has been kept constant for all experiments.
They were 135 x 10-°einsteinmin! and 50°C,
respectively. The irradiation was carried out on 5ml
of suspension containing 15 mgH buspirone and
200mg ! TiO,. The entire content of the cells was
filtered through a 0.4pm filter and then analyzed by
an HPLC-MS instrument.

2.3. Analytical procedures

2.3.1. Liquid chromatography

The chromatographic separations were run on a
C18 column Merck Lichrospher, 250 mm 4.6 mm
(Merck). Injection volume was 8@l and flow rate
0.8mimin . Gradient mobile phase composition

3.1.1. Photocatalytic transformation

The disappearance of buspirone as a function of
the irradiation time is reported iRkig. 1, showing a
pseudo-first order kinetic and the achievement of the
complete abatment of the primary compound until
30 min. Being the principles and mechanism of pho-
tocatalysis on Ti@ surface well-known and widely
documented[17-20] here it will be only briefly
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was adopted: methanol/aqueous ammonium acetaterig. 1. Disappearance of buspirone (15 mflon TiO, Degussa

20mM, pH 3.3, 10:90 to 100:0 in 45 min.

P25 200mgt?! as a function of irradiation time.
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introduced the main reactions. When irradiating with ous hydroxy radicalj21]. The photogenerated holes
photons of energy equal to or exceeding the band can directly oxidize the adsorbed buspirone or produc-
gap energy of titanium dioxide (anatase, 3.2eV band ing adsorbed OH radica[22,23] through the surface
gap), valence band (VB) electrons are promoted to bound OH or the adsorbed $#0 molecules.

the conduction band (CB). Valence band holEgs The reducing species may be conductive band elec-
+3.1eV versus NHE at pH 0] and reductive conduc- trons or trapped electrons, both less reducing than
tion band electronsHy = —0.1 eV) are generated: aquated electronfl9,24] The photogenerated elec-

1) trons could reduce the buspirone or react with the ad-
sorbed molecular oxygen with superoxide radical an-

The photogenerated electrons and holes can recombingon O,*~ formation.

giving a null process or they can migrate to the sur-

face of the particle before recombination occurs. The 3.1.2. MSMS study

photodecomposition of buspirone could thus be car- Buspirone has been characterized through £ZMS

ried out either by oxidative species or conduction band study. Confirmation of the molecular weight can be ob-

electrons. In particular, the oxidizing species may be tained by the MS spectrum which exhibited - H]*

holes (k\T;B, more oxidizing than the aqueous hydroxy 386 ion as base peak (s&&ble 1), while MS?

radical) or trapped holes (less oxidizing than the aque- could be applied usingvz 386 as precursor ion. The

TiOz + hv — egg + g

Table 1
Main fragments coming from MSof the species represented Stheme 8
[M +H]* Proposed structure No. Retention MS? fragments
time (min)
386 Buspirone | 15.41 122(100), 222(60), 186(40), 150(28),
265(26), 180(8), 291(4)
402 Hydroxy-buspirone o 14.54 384(100), 138(10), 222(9), 166(8), 265(7),
291(4), 402(10)
Hydroxy-buspirone 1/ 10.76 122(70), 150(45), 238(100), 402(15),
178(5), 219(50), 281(15), 307(4)
Hydroxy-buspirone I\ 10.06 122(100), 150(30), 238(45), 195(59),
402(28), 281(25), 307(10), 359(5), 385(10)
Hydroxy-buspirone 4 11.30 122(23), 150(40), 238(100), 178(3), 402(3),
307(4), 281(5), 219(63)
418 Dihydroxy-buspirone \b 11.26 344(100), 138(3), 166(3), 225(6), 281(3),
238(5), 358(15), 373(8), 400(15), 307(2)
Dihydroxy-buspirone il 10.13 138(5), 166(5), 220(4), 238(6), 281(3),
307(3), 400(100)
165 1-Pyrimidinyl piperazine VIA 4.93 122(100), 165(2)
308 Despyrimidinyl buspirone IX 9.45 308(20), 222(10), 180(9), 152(11), 168(12)
350 Despyrimidinyl buspirone-amidine X 8.99 112(2), 222(4), 265(6), 291(100), 308(55),
333(10), 180(2)
366 Despyrimidinyl-hydroxy-buspirone-amidine Xl 4.76
Despyrimidinyl-hydroxy-buspirone-amidine Xl 8.0 308(100), 222(40), 180(9)
400 Oxo-buspirone XMl 10.20 122(100), 150(26), 236(24), 279(28),
305(5), 357(5), 400(8)
Oxo-buspirone XV 11.68 122(100), 150(33), 194(24), 236(40),

279(30), 305(5), 357(7), 400(20)

The relative abundances are reported in parentheses.
@ Metabolites found in rat§l1].
b Metabolites found in horsed2].
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Scheme 1. Fragmentation pathway followed by buspirone.

peculiar information extractable from the MS/MS The evolution of the different peaks as a function of
spectrum are reported ifable 1 The main fragments  the irradiation time is reported iRigs. 3 and 4where
can be linked through the fragmentation pathway is typical bell shaped profiles of intermediates are shown.
shown inScheme 1 On the basis of their chromatographic behavior and
These fragments will be carefully considered in kinetics of evolution coupled with an accurate analy-
identifying the metabolic structures formed from bus- sis of the MS and M3spectra, the structures reported
pirone degradation. In particular, the product ion at in Table lare suggested. Several of these species have
m/z 122 will be indicative of the unchanged pyrimi- been also discovered into in vivo metabolic studies
dine substructure, while the&/z 222 and 180 ions are  [11,12] These structures are collectedkig. 3 and
diagnostic of the unchanged azaspirone decane dionethey have been marked rable 1with letter a if have

substructure. been found in rat$11] or with letter b if they have
been found in horsefl2]. Some more species have
3.2. Intermediates evolution been identified only by adopting the photocatalytic

process and they are reportedRig. 4. A pattern of
Concomitantly to the disappearance of buspirone, reactions accounting for the observed species is pro-
the formation of several peaks characterized by dif- posed inScheme 8
ferentm/z ratios is realizedFig. 2 shows the obtained
chromatographic profile of the solution at 10 min of 3.2.1. Sructures found both with in vivo study and
degradation as an example. As it can be observed, nu-by a photocatalytic process
merous species have been identified, characterized by3.2.1.1. Hydroxy-buspirone. Several species hold-
different m/z ratios along with several peaks corre- ing [M +H]™ 402 have been detected ($&gs. 2 and
sponding to an equaivz value. 3) and they are attributed to hydroxy-buspirone (see
The kinetics of formation and decomposition fol- structures 11-V inTable ). The peculiar fragments
lowed by the intermediates need also to be determined observed in the MS/MS spectra for these four species
in order to individuate the more stable compounds. could lead to two different fragmentation pathways,
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Fig. 2. Chromatographic profile of the solution at 10 min of degradation showing the species formed from the buspirone degradation; ions

extracted from full scan chromatogram.

as reported irScheme 2a and, s0 bringing to the
identification of structures holding the OH group
attack in different positions.

The major hydroxylated metabolite (labeled Il in
Table 1 and Scheme B follows the fragmentation
pathway shown inScheme 2a Several fragments
indicate that the position of hydroxylation is lo-
cated in the pyrimidine substructure. In particular,
the presence of thevz 222 ion evidences the intact
butyl azaspirone decane dione substructure. The al
sence of them/z 122, together with the appearance

of a fragment withm/z 138 ion, confirms the lo-
calization of the hydroxyl group on the pyrimidine
substructure.

Three species, labeled llI-V ifable ] present frag-
ments linked by the fragmentation pathway reported in
Scheme 2bThe presence of the/z 122 ion indicates
a metabolite structure containing an intact pyrimidine
substructure. Shift of thevz 291 to 307 ion, then/z
265 to 281 and then/z 222 to 238 provides a com-

b-plementary evidence for hydroxyl substitution on the
azaspirone decane dione substructure.
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Scheme 2. (a) Fragmentation followed by hydroxy-buspirone (Il). (b) Fragmentation followed by hydroxy-buspirone (llI-V).
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Fig. 3. Evolution of intermediates formed from the disappearance
of buspirone (15mgi') degradation on Ti@ 200mgl?! as a
function of irradiation time; structures found also into in vivo
experiments.

Two of these structures are formed in appreciable
amount and their kinetic profile are shownFhig. 3,
while the third one (with retention time of 11.30 min)
is present only in traces.

15
100 4 O=m/z 400 (tg 10.2 min.)
90 ] A=m/z 400 (tg 11.7 min.)
*=m/z 350 (tg 8.99 min.)
80 - o=m/z 366 (tg 4.8 min.)
~=m/z 366 (tz 8.0 min.)
% 70 R
— 60 1
x
-~ 50 1
©
2 40 A
" 50 “Tal
~
/’Qf///f#\::\ -
20 //////A/ A\j\\\\\\
104 27 NN
2 ~_>~I~_
e —= ===fQ—-———==S=2=2>
O"-"?——':?:' T T T T |E-'=$_
0 5 10 15 20 25 30

Irradiation time, min.

Fig. 4. Evolution of intermediates formed from the disappearance
of buspirone (15mgi') degradation on Ti@ 200mglt? as a
function of irradiation time; structures found only in the photo-
catalytic process.

3.2.1.2. Dihydroxy-buspirone. Similarly to what

observed with the hydroxy-buspirone, two peaks
holding the samen/z ratio (418) have been detected
(seeFig. 2). The difference of 32amu with respect

o)
m/z 418 o\ ) [ LNHfN } m/z 166
N /—\ OH N
N ® 252 /
</ D i : . > </ -ne
HO =N __/ O/ OH HO —N A\
N
R [ </: \>7NH2} l - CaM l
HO =N 28
111 Q \
= é/ N\
NH/\/\/N m/z 307 B }N(D
® OH HO =N
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- CoH, l
26 0
N
NHy > m/z 281
—/ @ OH
-C2H3NH2l
o)
43 \
®
~_~N m/z 238
/ OH
o)

Scheme 3. Fragmentation followed by dihydroxy-buspirone.
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Scheme 4. Fragmentation followed by 1-pyrimidinyl piperazine. - [HN NH} i
/

86
e} (0]
to the parent molecule numerically corresponds to a \ 3
double OH substitution and they are assigned to the \/\2N o AN
dihydroxy-buspirone (see structures VI and VII in ) Y Y,
le) (e}

Table 1.

These molecules follow the fragmentation pathway
reported inScheme 3 The absence of thevz 122 Scheme 5. Fragmentation followed by despyrimidinyl buspirone.
and 222 indicates that both the pyrimidine and butyl
azaspirone decane dione substructures present a sub- .
stitution. The M2 of the parent ion of f7 + H] + 418 struc.ture and the occurrence of the fragmentation path-
shows the presence of the OH-substituted pyrimidine way is shown inScheme 5
substructureryz 138 and 166) and the product ions
atm/z 238 and 281, which is consistent with the intro- 3.2.2. Structures only found by adopting the
duction of a second hydroxy! at the butyl azaspirone Photocatalytic process

decane dione substructure. Both species are formed in  In addition to the species presented above, which
appreciable amount (ségg. 3). have been found with in vivo metabolic experiments,

few more species have been only identified (Siee 2)
by adopting a photocatalytic process and their kinetical
profiles are represented ig. 4.

m/z 222 m/z 180

3.2.1.3. Despyrimidinyl buspirone and 1-pyrimidinyl
piperazine. Inaddition to the hydroxy and dihydroxy
derivatives, two other metabolites have been identified,
in which a portion of the buspirone is cleaved off to 3-2.2.1. Structure with [M + H]*™ 350. In corre-

form 1-pyrimidinyl piperazine (see structure VIl in  spondence to theM + H]* 350, only one peak is
Table 3 and despyrimidinyl buspirone (see structure Observed (see structure X wable 1. This structure

IX in Table 9. In both cases, the hypothized structures fepresents an intermediate step between the buspirone
are supported by the MS/MS spectra. The structure and the despyrimidinyl buspirone. The fragments ob-
[M + H]* 165 shows a 221 amu difference compared served are linked through the fragmentation pathway

to the buspirone structure, so in agreement with a loss indicated inScheme 6Analogously to what observed
of the butyl azaspirone decane dione. in the case of despyrimidinyl buspirone, the absence

tion comes from the absence of all the significative Of the pyrimidine substructure, while the presence of
fragments observed for azaspirone decane dione subthe fragments holdingvz 222 and 181 gives an ev-
structure. The Oniy Significant fragment haﬁ 122 idence about the persistence of the unmodified butyl
and comes from the fragmentation of piperazine sub- @zaspirone decane dione substructure.

structure (se&cheme %

For the structure holding)f +H]™ 308, the 78amu  3.2.2.2. Sructurewith [M + H]* 366. Similarly to
difference from buspirone indicates the loss of pyrim- what observed forff + H]™ 350 ion, also this struc-
idine. Moreover, in the case of despyrimidinyl bus- ture has lost the pyrimidine substructure. The 16 amu
pirone evidence for the absence of the pyrimidine sub- difference in respect to 350 indicates the presence of
structure comes from the absence of thie 122 ion, an OH group in the butyl azaspirone decane dione sub-
while the presence of thevz 222 and 180 ions in-  structure. Two peaks have been observed at the same
dicates the intact butyl azaspirone decane dione sub-m/z (seeFig. 2). These structures probably come from
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the structure at¥/ + H]*™ 418 and they are attributed References

to the structures Xl and XllI iTable 1

3.2.2.3. Sructurewith [M + H]™ 400. The species
holding [M + H]* 400 derives from the oxidation of
the hydroxy-group present in the hydroxy-buspirone
(Scheme Y.
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confirm the presence of unsubstituted pyrimidine sub-
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