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Abstract

A precise and feasible high-performance liquid chromatographic (HPLC) method for the analysis of the novel
antipsychotic drug quetiapine in plasma has been developed. The analysis was carried out on a C8 (150 x 4.6 mm i.d., 5
um) reversed-phase column, using a mixture of acetonitrile, methanol and pH 1.9 phosphate buffer as the mobile phase;
triprolidine was used as the internal standard. Careful pretreatment of the biological samples was implemented by
means of solid-phase extraction (SPE). A good linearity was found in the 4-400 ng ml~! quetiapine plasma
concentration range. The application to some plasma samples of patients treated with Seroquel® tablets gave
satisfactory results. The accuracy was good (quetiapine mean recovery = 92%), as well as the precision (mean RSD =
3.3%). The method seems to be suitable for the clinical monitoring of patients treated with quetiapine.

© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The treatment of schizophrenia has made great
strides with the introduction of ‘atypical’ antipsy-
chotic drugs, as opposed to ‘classical’ antipsycho-
tics such as chlorpromazine and haloperidol [1]; in
fact, atypical antipsychotics have higher efficacy
and tolerability, and have notably improved the
quality of life of many patients. One of the most
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recently introduced atypical antipsychotics is que-
tiapine (2-(2-[4-(dibenzo[b ,f]thiazepin-11yl)pipera-
zin-1-ylJethoxy)ethanol, Fig. 1a), a drug belonging
to the group of the dibenzothiazepines and struc-
turally similar to clozapine, the first atypical
antipsychotic (Fig. 1b).

Quetiapine is mainly metabolised in the liver [2],
and hepatic metabolism accounts for the forma-
tion of at least 11 metabolites [3].

Quetiapine has favourable effects on both the
positive (e.g. hallucinations and delusions) and the
negative (e.g. poverty of speech, flat affectivity and
apathy) symptoms of schizophrenia [4] with clin-
ical efficacy comparable to those of chlorproma-
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Fig. 1. Chemical structures of quetiapine (a), clozapine (b) and
the LS. triprolidine (c).

zine, haloperidol [5,6] and risperidone [7]. Quetia-
pine reduces positive symptoms at doses ranging
from 150 to 750 mg per day and negative
symptoms at doses equal to or higher than 300
mg per day [8]. The plasma quetiapine concentra-
tions reported [9]for patients receiving 150 mg per
day of quetiapine are in the 2575 ng ml ! range
(samples taken 12 h after the last administration).
Quetiapine tolerability is higher than that of
classical neuroleptics: it causes an incidence of
extrapyramidal symptoms much lower than that of
haloperidol [10], and it does not induce reproduc-
tive/hormonal side effects [11].

Moreover, quetiapine does not cause significant
changes in hematological parameters [12] such as

agranulocytosis which is the most worrysome side
effect associated with clozapine therapy [13]. All
these advantages can be explained by the peculiar
affinity spectrum of quetiapine for several neuro-
transmitter systems [14]. Recent studies suggest
that quetiapine could be beneficial for the treat-
ment of obsessive-compulsive disorders when
coadministered with SSRI (selective serotonin
reuptake inhibitor) antidepressants [15]. The
main side effects of quetiapine, even with over-
dosing, are hypotension, tachicardia and somno-
lence [16], and this high degree of safety in the
treatment leads to better compliance and higher
efficacy of therapy with quetiapine [17], especially
for adolescents [18,19], the elderly and those
populations particularly susceptible to the adverse
effects of drugs [20].

Up until now, however, the association between
plasma quetiapine concentration and clinical re-
sponse has not been sufficiently studied [3]; thus,
new investigations should be conducted in this
field, and new analytical methods should be
developed to carry out a reliable drug monitoring
of quetiapine [21].

To our knowledge, only three papers regarding
the determination of quetiapine are present in the
literature, and they report the analysis of the drug
in biological fluids.

The first paper [22] describes two analytical
methods for the quantitation of quetiapine and
one metabolite in plasma, one based on HPLC
with UV detection (at 250 nm) and the other on
gas chromatography—mass spectrometry. Sample
pretreatment was carried out by SPE (solid phase
extraction) procedure on phenyl cartridges.

The second paper uses HPLC with UV detection
(at 225 nm) for quetiapine analysis and electro-
chemical detection for the determination of two of
its metabolites [9]. Quetiapine was extracted from
samples by means of liquid—liquid extraction with
ethyl acetate.

Both HPLC methods [9,22] use a mobile phase
at neutral pH, thus an high percentage of organic
modifiers is needed to elute the basic analytes
within reasonable run times.

The third paper [23] regards the analysis of
quetiapine alone in postmortem specimens by gas
chromatography with a nitrogen—phosphorus de-
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tector, after a complicated three-step liquid—liquid
extraction with n-butylchloride, hydrochloric acid
and 2-methylbutane.

Of course, both gaschromatographic methods
[22,23] have the drawback of needing quetiapine
derivatisation before analysis.

No analytical paper is available for the quality
control of pharmaceutical formulations containing
quetiapine; our research team has recently devel-
oped two fast and feasible analytical methods
based on spectrophotometry and capillary electro-
phoresis for the analysis of quetiapine in commer-
cial tablets [24].

Within the field of the research on the ther-
apeutic monitoring of atypical antipsychotics, we
have developed some original methods for the
determination of clozapine [25-27] and olanzapine
[28—30] in human plasma. In this paper a reliable
analytical method for the analysis of the novel
antipsychotic quetiapine in the plasma of patients
is described; it uses HPLC with UV detection at
254 nm and is more precise and feasible than the
other HPLC methods available [9], mostly due to
an original SPE procedure of quetiapine extraction
from plasma, which grants very good extraction
yields. Preliminary results of this investigation
were presented at the 2nd International Sympo-
sium on Separations in the Biosciences [31].

2. Experimental
2.1. Chemicals

Quetiapine was kindly provided by AstraZeneca
(Macclesfield, UK). Triprolidine (Fig. 1¢) used as
the internal standard (I.S.) was purchased from
Sigma Chemicals Ltd. (St. Louis, USA).

Potassium dihydrogen phosphate, sodium car-
bonate, 80% (m/m) phosphoric acid and triethyla-
mine, all pure for analysis, methanol and
acetonitrile for HPLC were from Carlo Erba
(Milan, Italy).

Ultrapure water (18.2 MQ cm) was obtained by
means of a Millipore (Bedford, MA, USA) MilliQ
apparatus.

2.2. Apparatus and chromatographic conditions

A JASCO (Tokyo, Japan) Uvidec-610 double-
beam spectrophotometer was used for preliminary
assays.

A JASCO PU-980 chromatographic pump con-
nected to a JASCO UV-975 spectrophotometric
detector was used for the chromatographic assays.

The analyses were carried out on a Varian
(Harbor City, CA, USA) ResElut C18 reversed
phase column (150 x 4.6 mm i.d., 5 pm) using a
mobile phase composed of pH 1.9, 154 mM
phosphate buffer containing 11.5 mM triethyla-
mine, acetonitrile and methanol (72/12/16, v/vlv,
pH* =2.5) and flowing at a 1 ml min ' rate. The
assays were carried out at room temperature (25 +
3 °C).

Samples were injected by means of a 20 pl loop
and the detector was set at 4 =254 nm.

Data were collected and analysed by means of
Star Chromatography software running on an
IBM computer equipped with a 40486 processor.

2.3. Solutions

Stock solutions of quetiapine fumarate and
triprolidine (1 mg ml~ ') were prepared in metha-
nol. All standard solutions were prepared by
diluting the stock solutions with the mobile phase.

The pH 10.3, 100 mM carbonate buffer solution
was obtained by dissolving a suitable amount of
sodium carbonate in water.

2.4. Human plasma sampling

The assays were carried out on plasma samples
from schizophrenic patients of the Psychiatric
Clinic of the University of Bologna drawn 12 h
after the last administration.

The samples were drawn into test tubes contain-
ing EDTA as an anticoagulant and centrifuged at
1400 x g for 15 min. The supernatant plasma was
transferred into test tubes and frozen at —20 °C
until analysis, usually within 2 weeks. This proce-
dure was also used to separate plasma from the
blood of healthy volunteers (‘blank’ plasma).
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2.5. Stability of plasma samples

From preliminary assays, quetiapine resulted to
be stable in plasma. In fact, the same biological
samples containing quetiapine were analysed by
HPLC several times at different time intervals,
even up to 2 months apart and after freezing and
thawing, and no substantial difference in the
analytical results was found.

2.6. Sample pretreatment: SPE procedure

For the SPE procedure Oasis HLB (Hydro-
philic—Lipophilic Balance) cartridges (30 mg, 1 ml)
from Waters (Milford, MA, USA) were used. The
sorbent of these cartridges is a macroporous
polymer made from two monomers, the lipophilic
divinylbenzene and the hydrophilic N-vinylpyrro-
lidone.

The cartridges were activated with 1 ml of
methanol and conditioned with 1 ml of water,
then loaded with 500 pl of plasma diluted with 500
ul of water and spiked with 20 pl of triprolidine
(I.S.) solution at the concentration of 100 ng ml~".

The cartridge was then washed twice with 1 ml
of pH 10.3, 100 mM carbonate buffer/methanol
(80/20, v/v) mixture and once with 1 ml of water,
and the analyte was eluted with 1.5 ml of
methanol. The eluate was then brought to dryness
in a rotary evaporator and redissolved with 100 pl
of mobile phase. The resulting solution was
injected into the HPLC.

2.7. Method validation

The method validation assays were carried out
according to the ‘Crystal City’ [32] guidelines.
Calibration curves were set up on blank plasma,
by adding known amounts of quetiapine standard
solution to known volumes of blank plasma and
subjecting the resulting mixture to the SPE proce-
dure described above and to HPLC analysis. The
calibration curve was constructed plotting the
quetiapine/I.S. peak area ratio against the concen-
tration of quetiapine added and applying the least-
square method. The detection limit (LOD) and
quantitation limit (LOQ) were determined as three
and 10 times the baseline noise, respectively,

following the United States Pharmacopeia [33]
and ‘Crystal City’ [32] guidelines.

2.7.1. Absolute recovery

Known amounts of quetiapine standard solu-
tion and of I.S. were added to known amounts of
blank plasma samples. The extraction yield (or
absolute recovery) was determined by comparing
the quetiapine/I.S. peak area ratios obtained
following the outlined extraction procedure with
those obtained by injecting standard solutions
having the same theoretical concentration. This
procedure was repeated for the three different
concentrations of quetiapine added, namely 4, 100
and 400 ng ml~ ' and 40 ng ml~"' of LS.

2.7.2. Precision assays

Precision was judged by subjecting six separate
blank plasma samples spiked with the same
analyte concentrations as per ‘Absolute Recovery’
to the extraction procedure. The resulting solu-
tions were then injected into the HPLC. A relative
standard deviation (RSD) value was obtained
repeating the assays six times in the same day for
intraday precision (repeatability) and on 6 differ-
ent days for interday precision (intermediate pre-
cision).

2.7.3. Accuracy

Known amounts of quetiapine and I.S. standard
solutions were added to known amounts of plasma
samples taken from patients. The method accuracy
was evaluated by calculating the difference be-
tween the spiked sample peak area ratios and the
original sample peak area ratios, then comparing
these differences with the peak areas obtained by
injecting standard solutions having the same con-
centration as the sample spiking. The concentra-
tions added were 10 and 100 ng ml~ ' of quetiapine
and 40 ng ml~' of I.S. The procedure was
repeated three times to obtain SD values.
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3. Results and discussion
3.1. HPLC conditions

The last paper on clozapine determination in
human plasma [27] was the starting point for the
development of this HPLC method for the deter-
mination of quetiapine. The method [27] used a
Varian Microsorb MV C18 reversed phase column
(150 x 4.6 mm i.d., 5 pm) and a mobile phase
composed of acetonitrile—methanol—10.4 mM,
pH 1.9 phosphate buffer (17.5:20:62.5, v/v/v),
containing 0.25% (v/v) triethylamine. The cloza-
pine analysis was carried out by means of HPLC
with amperometric detection (oxidation potential:
4800 mV), however this was not possible for
quetiapine which is not electroactive, hence spec-
trophotometric detection was used.

In order to choose the detection wavelength of
the HPLC-UYV method, preliminary spectropho-
tometric studies were carried out on standard
quetiapine solutions in acidic medium (phosphate
buffer/methanol/acetonitrile mixture, pH* =2.5).
The spectrum of quetiapine (Fig. 2a) showed one
absorbance peak with a maximum at 210 nm and
two shoulders at 4 =254 and 290 nm. Since the
detection at 210 nm would have been difficult
because of the many potentially interfering com-
pounds, we chose to carry out the analyses at 1 =
254 nm (this wavelength grants higher sensitivity
than detection at 290 nm).

To optimize the chromatographic conditions,
several assays were carried out by adding increas-
ing percentages of water to the initial mobile
phase: best results were found with a water
percentage of 72%. Furthermore, the peak sym-
metry was enhanced by increasing the phosphate
buffer concentration. Thus, the final composition
of the mobile phase was: pH 1.9, 154 mM
phosphate buffer (containing 11.5 mM triethyla-
mine), methanol and acetonitrile in a 72:16:12 (v/v/
v) ratio, flowing at 1 ml min ~!. Triprolidine (Fig.
1c) was chosen as the 1.S.; as can be seen from its
spectrum (Fig. 2b), this compound has good
absorptivity at 254 nm.

Under these leading conditions, quetiapine is
eluted as a neat peak at g = 9.9 min (Fig. 3), while
the peak at tg = 5.8 min corresponds to the I.S.
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Fig. 2. Ultraviolet absorbance spectra of quetiapine (a) and
triprolidine (b), each at a concentration of 20 ug ml~ !, Spectra
recorded in acidic medium: phosphate buffer/methanol/aceto-
nitrile mixture, pH* = 2.5.
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Fig. 3. Chromatogram of a standard solution containing 500
ng ml~" of quetiapine and 200 ng ml~ "' of LS.

It can be noted that this choice of I.S. has the
advantage of allowing rather short chromato-
graphic times, shorter than those reported in
earlier HPLC papers [9,22].
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A calibration curve was set up in the 20—-2000 ng
ml ' range, reporting quetiapine/I.S. peak area
ratios versus analyte concentrations; good linear-
ity was found (y = 0.01102x—0.0996; > = 0.9996).

Repeatability assays were carried out on que-
tiapine standard solutions, at concentrations cor-
responding to the lower and upper limit and the
middle point of the calibration curve. Method
precision was satisfactory: RSD% values of 3.4,
3.0 and 1.1 were obtained for quetiapine concen-
trations of 20, 500 and 2000 ng ml !, respectively.

3.2. Implementation of a new SPE procedure

In order to apply this method to the analysis of
human plasma, a careful pretreatment of the
biological sample has to be implemented. After
several preliminary assays a simple and fast SPE
method was developed. Oasis® HLB cartridges
were used, loading 500 pl of plasma, washing with
water and eluting with methanol. This procedure
was sufficient to purify the sample from plasma
interference and to extract the analyte (and the
I.S.) almost completely. The eluate was then dried
in a rotary evaporator and redissolved in a lower
volume of mobile phase (100 pl): in this way, the
concentration of quetiapine in the solution injected
into the HPLC is five times that present in the
original plasma sample, and this allows to reach
the sensitivity needed for this assay, even using UV
detection. However, with this SPE procedure the
injection peak was broadened and the peaks of the
analyte and the 1.S. occured in a zone of marked
baseline drift. For this reason, a new washing step
was introduced into the initial SPE procedure:
after loading the plasma sample, the cartridge was
washed with a mixture of carbonate buffer and
methanol. Preliminary assays showed that the
highest percentage of methanol in the mixture
which allowed to maintain a good extraction yield
was 20%; thus, the washings were carried out by
means of a pH 10.3, 100 mM carbonate buffer/
methanol (80/20) mixture. The chromatogram of a
blank plasma sample subjected to the modified
SPE procedure is reported in Fig. 4a: as can be
seen, no interfering peak is present.

The chromatogram of a blank plasma sample
spiked with 100 ng ml~' of quetiapine and 40 ng

mV a
10+
o_
T T T T
0 5 10
Time (min)
] e
£ b
_W
20+ %
=
(<}

L

10
Time (min)

T — T
5

Fig. 4. Chromatogram of a blank plasma sample after the SPE
procedure (a) and the same plasma sample spiked with 100 ng
ml~! of quetiapine and 40 ng ml~! of LS. (b).

ml ! of the LS. is shown in Fig. 4b; the peaks are
still neat and well separated, and have the same
retention times as the peaks of standard solutions.
Although some peaks from endogenous plasma
components are present in the chromatogram,
they do not interfere with the peaks of interest.
A calibration curve was set up in the 4—400 ng
ml ' concentration range, and good linearity was
obtained (y = 0.01068x—0.0750; r* = 0.9991). The
LOQ and LOD values of quetiapine in plasma
were 4 and 1.5 ng ml~', respectively; both
parameters were calculated according to United
States Pharmacopeia XXV guidelines [33], that is,
the analyte concentrations which give rise to
signals ten and three times the baseline noise,
respectively.

This SPE procedure gave high extraction yields:
Table 1 summarises the values of extraction yield
obtained for quetiapine which are between 87.7
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Table 1
Validation parameters

Quetiapine plasma concentration (ng ml~ ")

Repeatability®

Intermediate precision®

Extraction yield (%) RSD%  Extraction yield (%) RSD%
10 87.7 3.9 88.5 4.4
100 89.6 3.1 90.2 4.0
400 91.6 1.9 93.0 2.5

d n=6.

and 93.0%; the mean value of extraction yield for
the L1.S. is 88.3%.

Precision assays were carried out on blank
plasma spiked with the analyte at concentrations
corresponding to the lower limit, middle point and
upper limit of the calibration curve; the respective
data are reported in Table 1. The RSD% values are
highly satisfactory: repeatability varied between
1.9 and 3.9%, while intermediate precision varied
between 2.5 and 4.4%.

3.3. Selectivity studies

Several CNS drugs belonging to different ther-
apeutic classes were tested for possible interfer-
ence: antidepressants (amoxapine, dibenzepine,
protriptiline, amitriptiline, maprotiline, imipra-
mine, sertraline, fluoxetine, paroxetine), antipsy-
chotics (clozapine, olanzapine, fluphenazine,
clotiapine, risperidone), antiepileptics (phenobar-
bital, lamotrigine, oxcarbazepine, carbamazepine)
and others. The results of these assays are reported
in Table 2; as can be seen, none of the tested
substances interfered with the analytical determi-
nation of quetiapine.

3.4. Application to patient plasma

The method was then applied to the analysis of
some plasma samples from patients of the Psy-
chiatric Clinic of the University of Bologna. The
chromatogram of a plasma sample from a patient
who took 300 mg per day of quetiapine is shown in
Fig. 5; it is neat, the peaks of quetiapine and the
I.S. are separated and well-defined, and no inter-
fering peak is present. At least one other signifi-
cant peak is present, at tg =7.9; this peak is

Table 2

Drugs tested for interference and their retention times
Compound Therapeutic class k’
Amitriptiline Antidepressant >11
Amoxapine Antidepressant 8.45
Benserazide DOPA decarboxilation inhibitor n.d.
Carbamazepine  Antiepileptic >11
Clotiapine Antipsychotic >11
Clozapine Antipsychotic 2.90
Dibenzepine Antidepressant 9.67
Fluoxetine Antidepressant >11
Fluphenazine Antipsychotic >11
Imipramine Antidepressant >11
Lamotrigine Antiepileptic 1.99
Levodopa Antiparkinson 1.62
Maprotiline Antidepressant >11
Melatonin Hormone 6.32
Olanzapine Antipsychotic 0.34
Oxcarbazepine  Antiepileptic 10.89
Paroxetine Antidepressant >11
Phenobarbital Antiepileptic 4.49
Protriptiline Antidepressant > 11
Quetiapine Antipsychotic 5.04
Risperidone Antipsychotic 7.60
Sertraline Antidepressant >11
Triprolidine Antihistaminic 2.54

n.d. = not detected.

observed in all analysed patient samples, and is
presumably due to a quetiapine metabolite. This
hypothesis could not be verified due to the lack of
pure metabolites which could be used for the
confirmation of identity. From the analysis of
this sample, a quetiapine plasma concentration
corresponding to 63 ng ml ~! was found. It should
be noted that the sample was drawn from the
patient 12 h after the last administration and
immediately before the next administration, thus
quetiapine was practically at its daily lowest
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Fig. 5. Chromatogram of a plasma sample from a patient

treated with 300 mg per day of quetiapine, after the SPE
procedure.

concentration; nonetheless, the drug is still accu-
rately quantifiable.

The accuracy of the method was estimated by
means of recovery assays. Pre-analysed plasma
samples of patients treated with quetiapine were
spiked with quetiapine standard solutions at
known concentrations, subjected to the SPE
procedure, then analysed in HPLC. The percen-
tage recovery values obtained are between 90.8%
(SD+6.4) for an added concentration of 10 ng
ml~! and 95.2% (SD +5.1) for an added concen-
tration of 100 ng ml~', hence the accuracy of the
method is good.

4. Conclusion

The proposed method for the determination of
quetiapine in human plasma based on the use of
liquid chromatography with spectrophotometric
detection resulted to be simple, accurate and
precise. Moreover, the method is fast and feasible.
In fact, the original SPE procedure developed for
the pretreatment of plasma samples is less pollut-
ing and time-consuming than the liquid—liquid
extraction procedures used by other authors [9,23].
The only other method which uses SPE is time-
consuming and requires higher volumes of sample
[22]. The extraction yield values of quetiapine from
plasma samples are much higher than those

previously reported by other authors [9] (88—93
vs. 39-47%), and precision was also better (mean
RSD% = 3.3 vs. 11.9%). Our method shows satis-
factory sensitivity having LOQ =4 ng ml ~ ', which
is much better than the LOQ of 100 ng ml '
reported for the GC method [23], better than the
LOQ of 15 ng ml~" of the first published HPLC
method [22] and comparable to the LOQ of 2.5 ng
ml ! of the second HPLC method [9].

Furthermore, it has good selectivity; in fact, no
interference was found upon examining 21 differ-
ent CNS drugs.

In conclusion, the method is suitable for the
analysis of quetiapine in human plasma, and it
seems to be very promising for the TDM of
patients undergoing chronic treatment with que-
tiapine.
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