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Aripiprazole, chemically known as 7-{4-[4-
(2,3-dichlorophenyl)piperazin-1-yl]butoxy}-3,4-
dihydro-1H-quinolin-2-one, belongs to the group of
quinolinone derivatives. It is an atypical antipsy-
chotic drug, recommended for the therapy of schiz-
ophrenia and schizoaffective disorders (1-4).
Aripiprazole (AR) is a partial antagonist of
dopamine D2 receptors in mesolimbic pathways,
partial agonist of these receptors in mesocortical
pathways and acts as a strong antagonist of 5-HT2A

serotonin receptors (5). Although AR belongs to
safe drugs, therapeutic drug monitoring (TDM) of
this medicine can be advisable. It enables to avoid
toxic effects in case of overdosage or interactions
with other medicines and assures compliance (6, 7).
TDM may be particularly helpful for non-hospital-
ized patients treated with aripiprazole, who take this
medicine out of the permanent medical control.
Various analytical procedures have been described
in scientific papers for the quantitative determina-
tion of AR in human serum or plasma. They were
achieved by HPLC methods with UV detection (1,
8, 9), diode array detection (10), LC-ESI-MS
method (11), UHPLC-MS/MS method (12), GC-
MS method (13) and capillary electrophoresis (14).
Methods for the simultaneous determination of
aripiprazole and its active metabolite ñ dehy-
droaripiprazole (DHAR) have also been described
using HPLC with spectrophotometric detection (15-
17), HPLC with diode array detection (18), HPLC-

MS (19) and LC-MS/MS (20-22). Main goal of the
presented study was to develop and validate a rapid
and economical HPLC-UV method for the determi-
nation of AR and its metabolite dehydro-AR
(DHAR) in human serum. 

EXPERIMENTAL

The study was designed and conducted in com-
pliance with the European Guidelines for Good
Clinical Practice and the principles embodied in the
Declaration of Helsinki. Necessary approvals from
the local ethics committees were obtained. All
patients provided informed consent before participa-
tion in the study.

Materials and reagents

Aripiprazole (LGC GmbH, Germany) and
dehydroaripiprazole hydrochloride (TRC, Canada),
were kindly supplied as gift samples by Pharma-
ceutical Institute, Warsaw (Poland). Clotrimazole
(IS) ñ Sigma (C6019-5G), methanol (Merck) of
HPLC grade.

Apparatus

A Shimadzu HPLC apparatus that consisted of
an LC-10AT pump and SPD-10A spectrophotome-
ter was used with Chroma computer recorder (POL-
LAB, Poland) and the Chromax 2001 software
(POL-LAB, Poland).
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EXPERIMENTAL

Patient samples

The single blood samples were collected from
schizophrenic patients who were undergoing thera-
py with AR of daily dose 15 mg or 30 mg. All sam-
ples were centrifugated at 5OC and stored at -20OC
until the analysis.

Drugs were isolated as described in paragraph
ìExtraction preparationî.

Extraction preparation

The liquid-liquid extraction method was used
for isolation of AR and DHAR from blood serum.
The drug-free serum was spiked with known amount
of AR, DHAR and clotrimazole (IS). After alkalin-
ization to pH 8 with NaOH solution, the samples

were extracted twice with diethyl ether. Organic lay-
ers were evaporated to dryness in water bath at
50OC. The residue was dissolved in mobile phase
and then injected onto the column.

Instrumentation and chromatographic conditions

The separation was carried out in the reverse
phase system with a Symmetry C18 column (150 ◊
4.6 mm, particle size 5 µm), and acetonitrile-water-
0.1% phosphoric acid (30 : 70 : 0.1, v/v/v). The flow
rate was maintained at 1.0 mL/min. The concentra-
tion ranged between 50-1000 ng/mL. The wave-
length was 220 nm. Clotrimazole was used as inter-
nal standard. 

Stock solutions of determined compounds were
prepared by dissolving each compound in methanol.
The final working concentration for AR and DHAR

Table 1. Validation - parameters of linearity.

DHAR AR

Conc.
ng/mL

Z RSD CV ng/mL % Z RSD CV ng/mL %

50 0.1004 0.006991 6.97 40.09 80.19 0.0821 0.009439 11.49 44.37 88.74

100 0.2081 0.020253 9.73 83.10 83.10 0.1946 0.031618 16.25 105.17 105.17

200 0.4346 0.060684 13.96 173.55 86.78 0.4087 0.039895 9.76 220.87 110.44

250 0.6285 0.053588 8.53 250.98 100.39 0.4507 0.044720 9.92 243.57 97.43

500 1.2871 0.136059 10.57 513.99 102.80 0.9331 0.088134 9.45 504.27 100.85

1000 2.6000 0.202336 7.78 1038.28 103.83 1.8166 0.109322 6.02 981.74 98.17

linear regression equation r

DHAR y = 0.002655x - 0.05293 0.9997

AR y = 0.001811x + 0.013689 0.9995

Z - ratio of AR or DHAR to internal standard peak areas; mean of six calibration curves.

Figure 1. Typical chromatogram obtained after extraction of a calibration sample (concentration 250 ng/mL). 1 - t = 6.8 min ñ dehy-
droaripiprazole; 2 - t = 9.2 min ñ aripiprazole; 3 - t = 13.3 min ñ IS (clotrimazole)
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Figure 2. Chromatogram of blank sample

Table 2. Accuracy and precision - aripiprazole.

Concentration Determined concentration Mean value Accuracy
SD

CV
ng/mL ng/mL X % %

WITHIN-RUN (intra-day)

55.50
43.54

50 42.92 46.69 93.38 5.09 10.90
45.52
45.99

216.61
244.72

250 208.06 218.35 87.34 17.39 7.96
223.46
198.89

867.67
928.95

1000 1096.36 938.44 93.85 94.51 10.07
863.05
936.16

BETWEEN-RUN  (inter-day)

55.50
41.27

50 45.22 45.29 90.58 5.90 13.03
42.50
41.96

249.72
229.74

250 235.40 236.77 94.71 8.72 3.68
240.62
228.39

995.39
1032.18

1000 963.56 994.03 99.40 29.08 2.93
967.65
1011.36



408 DOROTA MARSZA£EK et al.

were: 50, 100, 200, 250, 500 and 1000 ng/mL and for
clotrimazole (IS) was 1 µg/mL. Working solutions
were stored at 4OC and protected from light.

Validation of the method

Calibration curve, linearity and limit of quantifica-
tion (LLOQ)

The calibration graph was drawn by plotting
the peak area versus concentration. The drug-free
serum (0.5 mL) was spiked with known amount of
AR and DHAR. The concentration obtained were
50, 100, 200, 250, 500 and 1000 ng/mL. To each
sample 20 µL (1 µg/mL) of IS and 0.5 mL of water
and 0.1 mL of 0.1 mol/L NaOH were added. The
samples were extracted twice with 2 mL of diethyl
ether and organic layers were evaporated to dryness
in water bath at 50OC. The residue was dissolved in
0.2 mL of mobile phase and 20 µL was injected onto
the column.

The LLOQ under the optimized conditions was
defined at 50 ng/mL for both AR and DHAR. The
LLOQ was defined as the lowest concentration of
AR and DHAR in a sample determined with accept-
able accuracy (percentage of nominal value within
80ñ120%), CV should not deviate by more than 20%
and signal-to-noise ratio should not be ≥ 10 : 1. The
LLOQ values were calculated using the equation
LOQ = Standard deviation/Slope of the calibration
curve. Requirements of FDA and EMA describe the
LLOQ as the lowest calibration standard.

The results are given in Table 1. Exemplary
chromatograms are shown in Figures 1 and 2.

Accuracy and precision
The accuracy of the assay was determined by

analyzing samples at concentration 50, 250, and
1000 ng/mL for AR and DHAR. Samples were ana-
lyzed as described in previous paragraph.

Table 3. Accuracy and precision - dehydroaripiprazole.

Concentration Determined concentration Mean value Accuracy
SD

CV
ng/mL ng/mL X % %

WITHIN-RUN (intra-day)

51.68
42.47

50 44.47 45.90 91.80 3.45 7.52
45.34
45.56

254.72
267.88

250 319.30 288.79 115.52 26.59 9.21
301.60
300.45

1120.18
1008.05

1000 971.79 1030.77 103.07 54.83 5.32
1025.21
1028.64

BETWEEN-RUN  (inter-day)

41.60
40.36

50 45.00 42.72 85.44 1.79 4.18
43.43
43.20

251.33
260.60

250 278.12 253.98 101.59 16.12 6.35
237.64
242.21

1065.54
1078.90

1000 1014.52 1047.22 104.72 25.55 2.44
1033.43
1043.70
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The results of the within-run and between-run
accuracy and precision for three concentrations are
presented in Tables 2 and 3.

Specificity and matrix effects
Specificity was determined by comparing the

chromatograms of drug free serum (blank) with the
corresponding chromatograms of spiked serum with
AR, DHAR or IS at concentration of 50 ng/mL
(LLOQ). 

Peak area of endogenous interferences in blank
serum detected in the eluting positions of AR,
DHAR or IS were calculated as percent of peak area
of AR, DHAR or IS in spiked serum (%LLOQ).

Results are reported in Table 4. 
We also tested 2 drugs: lamotrigine and risperi-

done, to evaluate potential interferences with the
peaks of AR, DHAR or IS. No interference was
observed in the chromatograms. No peaks of lamot-
rigine and risperidone appeared in developed chro-
matographic conditions in retention time until 15 min.

Extraction recovery

To analyze the recovery efficiency of the
extraction process, three target concentrations: 50,
250, 1000 ng/mL for AR and DHAR were prepared
in the drug-free serum and five replicates for each
concentration were analyzed.

Figure 3. Chromatogram obtained after extraction of serum from patient treated with aripiprazole at a dose of 15 mg/day (measured con-
centrations were 327 and 45 ng/mL for AR and DHAR, respectively). 1 - t = 6.3 min ñ dehydroaripiprazole; 2 - t = 8.7 min ñ aripiprazole;
3 - t = 12.8 min ñ IS (clotrimazole)

Table 4. Specificity of the method.

CURVE SAMPLE
DHAR

%  LLOQ
AR

%LLOQ
IS

% LLOQA A A

I Blank 247 374 12472

LLOQ 26490 0.93 19398 1.93 298786 4.17

II Blank 1184 108 17283

LLOQ 25221 4.69 29097 0.37 298387 5.79

III Blank 1023 3014 14744

LLOQ 39297 2.60 38065 7.92 256702 6.22

IV Blank 451 1054 11910

LLOQ 21804 3.03 35718 2.95 307970 3.86

V Blank 141 179 15791

LLOQ 35286 0.40 15107 1.18 318506 4.95

VI Blank 331 924 13032

LLOQ 23450 1.41 10060 9.18 329079 3.96

A - peak area (a.u.).
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Recovery was calculated by the comparison of the
analytes peak area and the corresponding standard
peaks. 

Extraction recovery obtained for AR was 64 to
78% and for DHAR was 76 to 82%.

Solution stability

Stability of standard working solutions after 14
days of storage at temp. ≤ 6OC was determined.
Stability was evaluated in two concentrations (50,
1000 ng/mL).

The results of 14 days storage indicate that
samples were stable when stored at ≤ 6OC.

Determination of aripiprazole and dehydroaripi-

razole in patient serum

The usability of the developed method was
checked by the determination of AR and DHAR in
patientís serum.

Aliquots of 20 µL of clotrimazole (IS) were
added to 0.5 mL of each serum sample. Then, 0.5 mL
of water and 0.1 mL of NaOH solution (0.1 mol/L)
were added to each sample. The samples were
extracted twice with 2 mL of diethyl ether and organ-
ic layers were evaporated to dryness in water bath at
50OC. The residue was dissolved in 0.2 mL of mobile
phase and 20 µL was injected onto the column.

Results are presented in Table 5. Exemplary
chromatogram is shown in Figure 3.

RESULTS AND DISCUSSION

In this paper, we developed and validated
HPLC method with UV detection for the determina-
tion of AR and its active metabolite DHAR. 

Several HPLC methods for assay of AR con-
centration have been described but not many report-
ed of the simultaneous determination of AR and
DHAR (active metabolite) (15-22). We present new,
simple method for simultaneous determination of
both substances in which we used one column,
whereas numerous papers described AR determina-
tion using column-switching HPLC, which needs
two columns (1, 16). 

The retention times of DHAR, AR and IS
(clotrimazole) were 6.8, 9.2 and 13.3 min, respec-
tively. 

The calibration curves were linear over the
concentration ranges of 50 to 1000 ng/mL for AR
and DHAR. Good linearity with a coefficient of
regression r over 0.9995 was observed for AR and
DHAR. All data are presented in Table 1. 

Results presented in Tables 2 and 3 showed
that developed method is accurate and precise for

determining AR and DHAR over the tested concen-
tration range. For each concentration the accuracy
was within the acceptance criteria range (85-115%).
The mean value of accuracy for LLOQ for AR was
93.38% (intra-day) and 90.58% (inter-day), and for
DHAR was 91.80% (intra-day) and 85.44% (inter-
day). For the other concentrations the mean value of
accuracy ranged from 87.34 to 93.85% (intra-day)
and 94.71 to 99.40% (inter-day) for AR, and from
103.07 to 115.52% (intra-day) and 101.59 to
104.72% (inter-day) for DHAR. The precision of
each concentration was determined as the coeffi-
cient of variation (%CV) and was below the accept-
ance limit of 15%. The mean value of CV for LLOQ
was 10.90% (intra-day) and 13.03% (inter-day) for
AR and 7.52% (intra-day) and 4.19% (inter-day) for
DHAR. For the other concentrations mean value of
CV ranged from 7.96 to 10.07% (intra-day) and 2.93
to 3.68% (inter-day) for AR, and from 5.32 to 9.21%
(intra-day) and 2.44 to 5.43% (inter-day) for DHAR. 

The method of analytes isolation described in
this paper was simple and not expensive. AR and
DHAR were isolated from serum with good extrac-
tion yield. Extraction recovery for AR ranged from
64 to 78% and for DHAR from 76 to 82%.

Specificity of developed method was deter-
mined (results showed in Table 4). No significant
matrix interferences caused by serum endogenous
materials were observed at the expected retention
times of the analytes. All detectable interferences
were within the acceptable limits. 

The results showed that AR and DHAR solu-
tions were stable for at least two weeks after storage
at ≤ 6OC. We didnít observed significant decompo-
sition (deviation in concentration was within ± 5%
of the nominal values).

The developed method was successfully used
for AR and DHAR determination in patientís serum.
Both analytes can be determined in serum over a
range of concentrations from 50 to 1000 ng/mL with
high precision. It was found that the concentration of
AR in patient serum was about 4-fold (AR/DHAR
2.2 to 5.5) greater than DHAR in 15 mg and 30 mg
doses used by patients. Our results are similar to the
data presented in previous study (16).

In the samples from patients treated with lam-
otrigine, olanzapine, amizepin, levomepromazine,
promethazine, lithium carbonate, risperidone) we
didnít observed any interfering peaks with the peaks
of AR and DHAR.

Undoubtedly, the novelty element of the
described method is application of generally acces-
sible clotrimazole used as an internal standard, in
contrast to other compounds, more difficult to
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obtain, which were used in earlier published meth-
ods (8, 9, 16, 17). Application of simple mobile
phase consisted from acetonitrile ñ water without a
phosphate and triethylammonium buffer, which
were applied in other methods (1, 9, 16) generally in
use, is worth noticing. Both, AR and its metabolite
isolation condition from plasma and chromato-
graphic conditions were adjusted to apparatus possi-
bilities of the mental illness clinical laboratory of
Medical University of Warsaw.

It can be concluded that developed method is a
specific, sensitive, reproducible and precise method
for analyzing both AR and DHAR. It is simple and
more economical method than those based on mass
spectrometry or diode array detection. Such detec-
tors are not available in many laboratories for the
routine analysis in hospitals. Our method can be
directly adapted in hospital laboratories for thera-
peutic drug monitoring of patients treated with AR.
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