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Abstract

Capillary electrophoresis—-mass spectrometry (CE-MS) and liquid chromatography—mass spectrometry (LC-MS)
coupling was used for the investigation of metabolites of the anthelmintic drug praziquantel. Human urine samples and
microsomal incubation mixtures were investigated after preparation by solid-phase extraction. CE—- and LC—MS coupling
was performed using an electrospray ionization interface. An ion trap mass spectrometer equipped with a laboratory-made
nanoel ectrospray ion source was used for the investigation of the glucuronide conjugates by consecutive fragmentations. The
nanoel ectrospray interface offers the opportunity to perform complicated MS" spectrometric investigations. Different phase |
metabolites of praziquantel and their glucuronidated and sulfated conjugates were detected. [0 2000 Elsevier Science BV.

All rights reserved.
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1. Introduction

In the last few years the on-line combination of
liquid chromatography (LC) and mass spectrometry
(MS) has developed rapidly. LC-MS and LC-MS"
has become the method of choice in many stages of
drug development and has attracted more and more
attention in forensic and clinical toxicology, en-
vironmental and biochemical analysis [1-4].

On the other hand, capillary electrophoresis (CE)
has been established as a powerful method for the
analysis of drugs and their metabolites in biological
samples. In particular, charged phase Il metabolites
like glucuronides or sulfates which are difficult to

*Corresponding author. Tel.: +49-251-8333-311; fax: +49-
251-8332-144.
E-mail address: blaschg@uni-muenster.de (G. Blaschke).

determine with other techniques due to their high
polarity can be analyzed in biological samples by CE
[5].

CE-MS coupling is a promising combination of
two analytical techniques even though it is still not
generally considered for routine analysis at present
[6,7]. The usefulness of CE-MS coupling was
demonstrated for the direct investigation of drugs
like paracetamol, acetylsalicylic acid, antipyrine and
other nonopioid analgesics and their metabolites in
urine samples [8,9].

Praziquantel (PZQ) (Fig. 1A) isthe drug of choice
for the treatment of human schistosomiasis. It is
estimated that about 200 million people in the world
are currently affected by this tropical disease. The
drug undergoes extensive metabolism. No un-
metabolized drug was found in serum, urine or feces
of rats after oral administration of praziquantel [10].
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Fig. 1. Structure of praziquantel (PZQ) (A); phase | metabolites
of praziquantel detected in a human urine sample (B), glucuronide
conjugates of praziquantel detected in a human urine sample (C),
sulfate conjugates of praziquantel detected in a human urine
sample (D). The molecular masses represent the deprotonated
species ((M—H] ).

(miz = 423)

The major metabolites in serum and urine are
hydroxylated products [11]. The exact structures of
the metabolites are unknown except for cis- and
trans-4-hydroxypraziquantel. Additionaly, glucuro-
nide and/or sulfate conjugates were identified by
enzymatic hydrolysis of polar fractions after thin-
layer chromatographic separation [10].

In this study we report the investigation of meta-
bolites of the anthelmintic drug praziquantel using
CE— and LC-MS coupling. Additionally, the useful-
ness of a simple laboratory-made nanoelectrospray
device is demonstrated. Different hydroxylated me-
tabolites of PZQ as well as their glucuronidated and
sulfated conjugates were detected in a human urine
sample. The polar glucuronide and sulfate conjugates

of praziquantel were identified directly without en-
zymatic hydrolysis prior to the analysis. A LCQ ion
trap mass spectrometer equipped with an electro-
spray ion source was used for LC— and CE-MS
coupling and nanoelectrospray MS" investigations.

2. Experimental
2.1. Chemicals and reagents

Racemic praziquantel (Cesol) was purchased from
Merck (Darmstadt, Germany). Acetonitrile, ammo-
nium acetate, hydrochloric acid, ammonia, methanol
and trifluoroacetic acid were from different commer-
cial sources and at least of analytical grade. Uridine-
5'-diphosphoglucuronic acid and B-glucuronidase
from Helix pomatia were purchased from Sigma—
Aldrich (Deisenhofen, Germany). Water was deion-
ized and bidistilled. Bakerbond Octadecyl solid-
phase extraction (SPE) columns were purchased
from Mallinckrodt Baker (Griesheim, Germany).

2.2. Apparatus and methods

2.2.1. CE—electrospray ionization (ES )-MS set-up
Separations in CE were performed using commer-
cialy available CE equipment, HP*® (Hewlett-Pac-
kard, Waldbronn, Germany). The total as well as the
effective length of the separation capillary was 48.5
cm. An LCQ ion trap mass spectrometer (Ther-
moquest, San Jose, CA, USA) equipped with a
sheath flow electrospray interface was used [7]. The
following mass spectrometric conditions were used:
capillary temperature 200°C, source voltage —3.0 kV,
full scan (m/z=150-700), negative ion mode, sheath
gas 20 arbitrary units nitrogen. The sheath liquid
consisting of methanol—water—ammonia (50:49:1)
was delivered at a flow-rate of 6 wl min~* using a
syringe pump. Uncoated fused-silica capillaries of 50
pm 1.D.X375 pm O.D. from Polymicro Tech-
nologies (Phoenix, AZ, USA) were used for the
capillary electrophoresis separations. The volatile
buffer consisted of 25 mM ammonium acetate ad-
justed to pH 8.5 with 0.1 M ammonium hydroxide
containing 10% methanol. A separation voltage of 17
kV was applied. Due to the electrospray voltage of
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—3 kv, the effective separation voltage was 20 kV.
Samples were injected hydrodynamically with a
pressure of 50 mbar for 5 s.

222 LC-ES-MS set-up

The chromatographic separation was performed on
a 250x2.1 mm column packed with Superspher
RP-18 (Merck) using a Waters 2690 separation
module (Waters, Eschborn, Germany). The initial
mixture of the mobile phase consisted of 17%
acetonitrile (A) and 83% 0.01% trifluoroacetic acid
(B) at a flow-rate of 0.18 ml min~*. The gradient
was changed linearly to A—B (19:81) at t=10 min
and this solvent composition was held until t=35
min. Then the gradient was changed to A—B (25:75)
in 10 min. After isocratic elution of the column for
15 min the gradient was changed linearly to A-B
(60:40) until t=75 min. The eluent was introduced
into the LCQ ion trap mass spectrometer without a
split. The following mass spectrometric conditions
were used: capillary temperature 250°C, source
voltage 6.0 kv, full-scan (m/z=290-600), positive
ion mode, sheath gas 45 arbitrary units nitrogen.

2.2.3. Nanoelectrospray-MS set-up

For nanoelectrospray ionization investigations a
laboratory-made nanoelectrospray ion source as de-
scribed by Wilm and Mann [15] was used. Pulled
glass capillaries were positioned 1-2 mm in front of
the orifice of the mass spectrometer. The tip of the
spray capillary and the heated capillary of the mass
spectrometer were viewed by magnifying glasses.
The nanoelectrospray ion source could be manipu-
lated in x, y and z directions via micrometer screws.
After loading the capillary with 5 pl sample solution
athin stainless steel wire was inserted into the tip of
the capillary to provide the contact of the sample
solution with the electrospray voltage. To prepare for
spraying, the capillary was slightly touched against
the heated capillary of the mass spectrometer and
then centered in front of the mass spectrometer’s
orifice. A potential of 800 V was applied to the spray
capillary. If necessary, a static air pressure was
applied to the spray capillary using a syringe to start
the electrospray process. Then the spray voltage was
adjusted to achieve maximum ion intensities.

2.24. Sample preparation for CE— and LC-MS
coupling

Urine samples were collected from a hedthy
human volunteer 2—4 h after oral administration of
600 mg racemic praziquantel (Cesol). Prior to the
analysis SPE was performed using a 100 mg C,q
cartridge to remove matrix components and to
preconcentrate the phase | and phase |l metabolites.
The cartridge was preconditioned with 4 ml metha-
nol and 2 ml distilled water adjusted to pH 3 with
0.5 M hydrochloric acid. A 1-ml volume of urine,
also adjusted to pH 3 with 0.5 M hydrochloric acid
was slowly passed through the cartridge and then
rinsed again with 1 ml water—hydrochloric acid, pH
3. The sorbent was dried for 10 min by applying a
vacuum. In the next step, the analytes were eluted by
200 pl methanol and the extract was evaporated at
ambient temperature under a steady stream of nitro-
gen. The residue was reconstituted in 100 wl of the
separation buffer. For LC-ESI-MS anaysis the
residue was reconstituted in acetonitrile—water
(50:50).

2.2.5. Sample preparation for nanoelectrospray
investigations

Monohydroxypraziquantel  glucuronides  from
urine samples (see Section 2.2.4) were collected in
fractions using LC. SPE was performed as described
in Section 2.2.4 to remove matrix components. The
incubation mixtures were desalted by the same SPE
procedure as described in Section 2.2.4.

2.2.6. In vitro biotransformation with rat liver
microsomes

Livers from male Sprague—Dawley rats pretreated
for six days with 50 mg kg~ ' phenobarbital were
used for the preparation of microsomes. The fresh
livers were homogenized and prepared by a standard
sedimentation procedure according to the method of
Dayer et al. [12]. The protein concentration was
determined as described by Bradford [13]. The
incubation mixture contained each 66 g (0.2 wmol)
cis-4-hydroxypraziquantel ~ or  trans-4-hydroxy-
praziquantel, 200 wl microsomal preparation with a
protein concentration of 14.75 mg ml~* and 650 p.g
(1 pmol) uridine-5'-diphosphoglucuronic acid in 500
wl incubation buffer. This incubation buffer con-
sisted of 50 mM Tris buffer, pH 7.8 and 5 mM
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Fig. 2. CE-ESI-MS analysis of a urine extract after oral administration of 600 mg praziquantel and a blank urine extract, reconstructed ion
electropherograms (A), mass spectrum recorded in the apex of the peak (B); CE and ESI-MS conditions as described in Section 2.2.1.
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Fig. 3. CE-ESI-MS analysis of a urine extract after administration of 600 mg praziquantel and a blank urine extract, reconstructed ion
electropherograms (A), mass spectrum recorded in the apex of the peak (B); CE and ESI-MS conditions as described in Section 2.2.1.
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Fig. 4. CE-ESI-MS analysis of a urine extract after administration of 600 mg praziquantel and a blank urine extract, reconstructed ion
electropherograms (A), mass spectrum recorded in the apex of the peak (B); CE and ESI-MS conditions as described in Section 2.2.1.
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MgCl,. The incubations were carried out with stir-
ring in awater bath at 37°C. After 4 h the incubation
was stopped by adding 500 .l iced acetonitrile. The
samples were centrifuged at 2500 g for 10 min and
the supernatant was used directly for LC-MS in-
vestigations.

3. Results and discussion
3.1. CE-MS coupling

Successful coupling of CE and MS demands the
use of a volatile separation buffer. Therefore 25 mM
ammonium acetate adjusted to pH 8.5 with 0.1 M
ammonium hydroxide was selected as running buf-
fer. Methanol was added to the running buffer to
lower its surface tension and thus improving its
electrospray characteristics [14]. In Fig. 2, the recon-
structed ion  electropherograms of  different
praziquantel metabolites detected in a urine sample
after oral administration of 600 mg praziquantel and
a blank urine sample are presented. The run was
carried out in an akaline separation media in order
to obtain both, a strong electroosmotic flow (EOF)
and the dissociation of any acidic analytes. Under the
CE conditions used in our investigations the un-
charged analytes comigrate with the EOF towards
the cathode. However, because of the selective mass
spectrometric detection we were able to distinguish
three different degrees of hydroxylation products
within this peak (Fig. 1B). The first peak (t=4.5
min) represents the EOF including the uncharged
phase | metabolites mono-OH-PZQ (m/z=327.4),
di-OH-PZQ (m/z=343.4) and tri-OH-PZQ (m/z=
359.4). The corresponding mass spectrum was re-
corded in the apex of the peak. The precise position
of the hydroxyl groups is under investigation. Un-
metabolized PZQ was not detectable. The recon-
structed ion electropherograms of the monohydroxy-
praziquantel glucuronides and dihydroxypraziquantel
glucuronides are presented in Fig. 3. Two different
types of PZQ glucuronides were detected at t=6.1
min (Fig. 1C). Additionally, two different types of
sulfate conjugates were detected. In Fig. 4
the reconstructed ion el ectropherograms of dihydroxy-
praziquantel sulfate and trihydroxypraziquantel sul-
fate are presented (Fig. 1D). Both types of

praziquantel conjugates, praziquantel glucuronides
and praziquantel sulfates, were negatively charged
under CE conditions used, i.e, they reach the
detector after the EOF.

32 LC-MS coupling and nanoelectrospray
investigations

For further investigations of the praziquantel
glucuronides the LC—MS method described in Sec-
tion 2.2.2 was used, which allowed the separation of
different monohydroxypraziquantel glucuronides.
The liquid chromatograph was linked with the ion
trap mass spectrometer by an atmospheric pressure
ionization interface. The ionization of the sample
was done by electrospray in the positive ion mode.
The corresponding glucuronides of cis- and trans-4-
hydroxypraziquantel were obtained after microsomal
incubation of cis- and trans-4-hydroxypraziquantel
with rat liver microsomes (Fig. 5). The glucuronides
of cis- and trans-4-hydroxypraziquantel were col-
lected in fractions and spiked to a human urine
sample. After confirmation of the structures of the
conjugates by cleaving experiments with B-
glucuronidase and their migration behavior we were
able to identify two monohydroxypraziquantel gluc-
uronides in a human urine sample as trans-4-hy-
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Fig. 5. Conjugation of trans- and cis-4-hydroxypraziquantel with

uridine-5'-diphosphoglucuronic acid (UDPGA) and microsomes
containing glucuronyl transferase.



228

H. Meier, G. Blaschke / J. Chromatogr. B 748 (2000) 221-231

100 - =0 1.98 E+05
i ‘\ m/z= 505
N.__O
o
§ j/ H OH
T N
K] OH
= COOH
& H
O
o
R | R CU R
30 40 Time (min) 5 60 70
40.8
100 1
] B  7.65E+05
] m/z= 505
g
5
§ N.__O HO
;i) 4 j/ OH
=3 (o] OH
g 1 N © COOH
o
7 0”7 \K;
i H
0 e . T ' T .k Lo ' \
20 30 40 Tive (min) % 60 70
1007 C
i 231
T 1.63 E+06
g m/z= 505
é ]
e ] M4
5 40.8
['4
0 Y \\. 1 T T T M \T Loy \
20 30 40 Time (min) 60 70

Fig. 6. LC-ESI-MS analysis of glucuronide conjugates after incubations of trans-4-hydroxypraziquantel (A) and cis-4-hydroxypraziquantel
(B) (see Section 2.2.6) and a urine sample extract (C) (see Section 2.2.4). Injection volume: 5 pl; LC and ESI-MS conditions as described in

Section 2.2.2.
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Fig. 7. Mass spectra of trans-4-hydroxypraziquantel glucuronide after consecutive fragmentations. MS" conditions: m/z=505: isolation
width 3 u, collision energy 12% of maximum; m/z=329: isolation width 3 u, collision energy 11% of maximum; m/z=2311: isolation width
3 u, collision energy 11% of maximum; m/z=203: isolation width 3 u, collision energy 12% of maximum.
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Fig. 8. Mass spectra of M4 after consecutive fragmentations. MS" conditions: m/z=505: isolation width 3 u, collision energy 11% of
maximum; m/z=329: isolation width 3 u, collision energy 10% of maximum; m/z=311: isolation width 3 u, collision energy 12% of
maximum.

droxypraziquantel glucuronide and cis-4-hydroxy- nides of unknown structure are present in human
praziquantel glucuronide (Fig. 6). As demonstrated urine samples resulting of the conjugation of differ-
in Fig. 6, other monohydroxypraziquantel glucuro- ent monohydroxypraziquantel metabolites with



H. Meier, G. Blaschke / J. Chromatogr. B 748 (2000) 221-231 231

glucuronic acid. We collected the peaks by LC in
separate fractions and investigated their fragmenta-
tion pattern using the laboratory-made nanoel ectros-
pray interface. The nanoelectrospray device employs
pulled capillaries with a very small spraying orifice
at a very small flow-rate. It operates at the flow-rate
generated by the electrospray process itself. In
contrast to online coupled systems there is amost
unlimited time for MS and MS" spectrometric
investigations due to the very low flow-rates [15,16].
Two different fragmentation patterns were obtained
after fragmentation of the monohydroxypraziquantel
glucuronides collected in separate fractions. In Fig. 7
the full-scan spectrum of trans-4-hydroxy-
praziquantel glucuronide obtained by microsomal
incubation of trans-4-hydroxypraziquantel after con-
secutive fragmentation is presented. The nanoelec-
trospray device was used as ion source. The signal
m/z=329 results of the deconjugated product and the
fragment m/z=311 can be explained by the loss of
water. The signa m/z=203 representing the
pyrazinoisoquinoline-4-one moiety demonstrates that
hydroxylation and following glucuronidation
occurred in the cyclohexyl part of the molecule. The
same fragmentation pattern was obtained after con-
secutive fragmentation of cis-4-hydroxypraziquantel
glucuronide (data not shown). In contrast to the
trans-4-hydroxypraziquantel glucuronide, a different
fragmentation pattern was obtained by consecutive
fragmentation of M4 (Fig. 8). M4 was chosen as an
example to demonstrate a different fragmentation
pattern in contrast to trans-4-hydroxypraziquantel
glucuronide. Especially the fragments m/z=219,
m/z=201 and m/z=130 indicate that hydroxylation
and following glucuronidation occurred in position 6
or 7 of PZQ. These results are in agreement with
those obtained by Lerch and Blaschke who investi-
gated phase | metabolites of praziquantel after
incubation with rat liver microsomes [17].

4. Conclusions

The usefulness of LC-MS and CE-MS coupling
as complementary techniques in the investigation of
drug metabolism was demonstrated. With CE-MS
coupling we were able to detect different hydroxy-
lated praziquantel metabolites as well as their gluc-

uronide and sulfate conjugates within a single run,
whereas sulfate conjugates could not be detected
with the developed LC—-MS method. The polar
glucuronide and sulfate conjugates of praziquantel
were identified directly without enzymatic hydrolysis
prior to the analysis for the first time. Due to the
formation of different positional isomers the de-
termination of the exact structure of the hydroxylated
praziquantel metabolites and their conjugates only by
their molecular mass is not possible. Therefore the
nanoelectrospray ion source was proved to be very
useful. Because of its low flow-rates and sample
consumption it offers the opportunity to perform
even time consuming MS" spectrometric investiga-
tions.

Acknowledgements

The authors wish to thank the Deutsche For-
schungsgemeinschaft and the Fonds der Chemischen
Industrie for financial support.

References

[1] W.M.A. Niesssen, A.P. Tinke, J. Chromatogr. A 703 (1995)
37.
[2] J. Ermer, J. Pharm. Biomed. Anal. 18 (1998) 707.
[3] H.H. Maurer, J. Chromatogr. B 713 (1998) 3.
[4] W.M.A. Niessen, J. Chromatogr. A 856 (1999) 179.
[5] J. Nayler, L.M. Benson, A.J. Tomlinson, J. Chromatogr. A
735 (1996) 415.
[6] J. Cai, J. Henion, J. Chromatogr. A 703 (1995) 667.
[7] JF. Banks, Electrophoresis 18 (1997) 2255.
[8] S. Heitmeier, G. Blaschke, J. Chromatogr. B 721 (1999) 93.
[9] S. Heitmeier, G. Blaschke, J. Chromatogr. B 721 (1999) 109.
[10] HW. Diekmann, K.U. Buhring, Eur. J. Drug Metab. Phar-
macokinet. 2 (1976) 107.
[11] K.U. Buhring, HW. Diekmann, H. Miller, A. Garbe, H.
Nowak, Eur. J. Drug Metab. Pharmacokinet. 3 (1978) 179.
[12] P. Dayer, R. Gasser, J. Gut, T. Krombach, G.-M. Robertz, M.
Eichelbaum, V.A. Meyer, Biochem. Biophys. Res. Commun.
125 (1984) 374.
[13] M. Bradford, Anal. Biochem. 72 (1976) 248.
[14] P Kebarle, L. Tang, Anal. Chem. 65 (1993) 972A.
[15] M. Wilm, M. Mann, Anal. Chem. 68 (1996) 1.
[16] M.R. Emmet, R.M. Caprioli, J. Am. Soc. Mass Spectrom. 5
(1994) 605.
[17] C. Lerch, G. Blaschke, J. Chromatogr. B 708 (1998) 267.



