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ABSTRACT

A new, simple, specific, and rapid ultra high performance liquid chromatography method was developed and validated for the determination of aripiprazole 
and its active metabolite dehydroaripiprazole in rat plasma. The analysis was performed on a Zorbax Eclipse Plus C18 (50 mm × 2.1 mm, 1.8 µm particles) 
column using gradient elution with a mobile phase consisting of acetonitrile and acetate buffer (30 mM, pH 5). Plasma samples were analyzed after a simple, 
one-step protein precipitation with acetonitrile. The method was validated and the specificity, linearity, limit of detection, limit of quantitation, precision, accuracy, 
recoveries, matrix effect, stability and robustness were determined. The analytes and internal standard were separated in 3.5 min and the total analysis time 
including the clean-up step was 8 min. Limit of detection was 0.012 µg mL-1 and 0.009 µg mL-1 for aripiprazole and dehydroaripiprazole, respectively. Limit of 
quantitation was 0.039 µg mL-1 and 0.029 µg mL-1 for aripiprazole and dehydroaripiprazole, respectively.

The intra- and inter-day assay variability was less than 2% for the analytes. The proposed method is rapid, reproducible and accurate to quantify both 
aripiprazole and dehydroaripiprazole. It involves a simple plasma deproteination technique using one step protein precipitation with acetonitrile. This validated 
method was successfully used to quantify plasma concentrations of the analytes in rat plasma.
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INTRODUCTION

The therapeutic agents known as ‘antipsychotics’ are used mainly for the 
treatment of schizophrenia, a severe psychiatric disorder affecting approximately 
1.5% of the world’s population. Clinical symptoms of schizophrenia include 
positive symptoms (auditory hallucinations, disorganized thoughts and 
delusions), negative symptoms (social withdrawal, lack of motivation) and 
cognitive dysfunction (disorganized thinking, memory impairments). Other 
uses include treatment of mania, delusional disorders and mood disorders (e.g. 
bipolar disorder), even when no signs of psychosis are present 1.

Aripiprazole (ARI, Figure 1), 7-[4-4[4-2(2,3-dichlorophenyl)-
1-piperazinyl]butoxy]-3,4-dihydro-2(1H)-quinolinone, is an atypical 
antipsychotic used in the treatment of schizophrenia and other psychotic 
disorders. It has a partial agonist activity at dopamine D2 receptors and 
serotonin 5-HT1A receptors, and antagonist activity at serotonin 5-HT2A 
receptors 2. It has been shown to improve both positive and negative symptoms 
of schizophrenia with a low incidence of side effects including weight gain, 
hyperlipidemia and hyperprolactinemia 2, 3.

ARI is primarily metabolized by CYP3A4 and CYP2D6 isozymes. An 
active metabolite, dehydroaripiprazole (DARI) has a similar pharmacological 
profile as the parent drug. ARI and DARI are extensively bound to serum 
protein (>99%) and the binding site has been determined to be albumin site 
II specific 4, 5.

ARI is rapidly absorbed after oral administration. The mean time required 
to reach peak plasma concentration is 3 h following multiple-dose and 3.5 h 
following single-dose administration of 15 mg ARI. Maximum plasma levels 
of DARI are reached within 60-78 h after administration 4, 6.

The analysis of ARI in biological fluids has been performed by liquid 
chromatography 6-12, liquid chromatography–mass spectrometry 13-23, gas 
chromatography–mass spectrometry 24, capillary electrophoresis 9, 25, 26 and 
electrochemical techniques 27.

Several papers were reported for the determination of both ARI and DARI 
in human plasma 6, 8, 10, 11, 13, 16-18, 24, 25 and a few papers were reported for the 
determination of ARI in rat plasma and brain samples 7, 19. According to our 
knowledge, the analysis of DARI in rat plasma has not been shown before. 

UHPLC systems with their extensive operating power range up to 1200 
bar pressure and sub-two micron (1.8 µm) particle size columns offer the 
opportunity to dramatically reduce analysis time without losing separation 
performance. The analytes were separated in 3.5 min with the total analysis 
time of 8 min including the clean-up using proposed UHPLC method. It 
requires a considerably shorter analysis time compared to some of the existing 
methods 6, 7, 9, 18, 24. For example, Akamine et al. developed a HPLC method for 
the determination of ARI and DARI in human plasma with the total run time of 
20 min 6. Also, the other run times were between 10-15 min.

Figure 1. Chemical structures of the analytes and IS 

Most of the methods developed for ARI and DARI involve liquid-
liquid 6, 8, 11, 13, 17, 25 or solid phase 10, 16, 24 extraction of the analytes from the 
plasma samples prior to the analysis. These time-consuming and expensive 
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extraction procedures increase the overall analysis time and the cost of the 
analysis. Although Caloro et al. developed the only method including protein 
precipitation, the use of mass spectrometry detection in this method limits its 
simple and inexpensive characteristics 18. In this study, one of the goals was 
to develop a simple and one step protein precipitation procedure to extract 
the analytes from rat plasma. Higher recovery values, which is more than 
85%, compared to other HPLC/MS/MS and HPLC-DAD assays 6, 8, 15, 19-21, 24, 

25 were obtained. Moreover, less sample volume was used compared to other 
techniques 6-9, 13, 16, 17, 20, 21, 24 using samples of 300–1000 µL of plasma against 
100 µL in the present method. 

A new, highly efficient, simple and versatile UHPLC method with a single 
step protein precipitation was developed for the determination of ARI and 
DARI in rat plasma. Pharmacokinetics of ARI and DARI were not investigated 
due to the long time required to reach peak plasma concentration of DARI. 

EXPERIMENTAL

Material and Reagents
ARI and DARI reference standards (>98.0% purity) were obtained from 

Sigma (St Louis, MO, USA). Acetonitrile (ACN), methanol (MeOH) and acetic 
acid were the products of Merck Co (Darmstadt, Germany). Deionized water 
was obtained from a Millipore Ultrapure Water System (Molsheim, France). 
All reagents used were of high purity HPLC grade. An Agilent 1290 Infinity 
Binary LC system (equipped with a binary pump, a degasser, an autosampler 
and a thermostatted column compartment) was used for UHPLC analysis 
(Agilent Technologies, Waldbronn, Germany). 

The separation was obtained on a Zorbax Eclipse Plus C18 (50 mm × 2.1 
mm, 1.8 µm particles) column isocratically using a mobile phase consisting of 
ACN and acetate buffer (30 mM, pH 5). A gradient method was used to clean 
the column after analysis. It consisted of solvent A: sodium acetate buffer (30 
mM, pH 5) and solvent B: ACN. The gradient elution was: 0-3.5 min, 34% B; 
3.5-5.5 min, linear from 34% to 70% B; 5.5–6 min, holding at 70% B; 6-7 min, 
linear reduction from 70% to 34% B; 7-8 min, holding at 34% B and obtaining 
initial conditions for equilibration of the column. Efficient and symmetrical 
peaks were obtained at 45◦C temperature at a flow rate of 1 mL min-1 with a 
sample injection volume of 12 µL.

UV detection of the analytes was performed at 217 nm for the analytes.
Preparation of Stock Solutions, Calibration Standards and Quality Control 

Samples
Standard stock solutions of ARI, DARI and internal standard (IS) were 

prepared in ACN at a concentration of 0.5 mg mL-1. These solutions were kept 
at −20◦C. Working standard solutions were prepared by spiking ARI and DARI 
solutions at a total volume of 200 µL into drug-free rat plasma of 100 µL to 
obtain analyte concentrations in the range of 0.05–50 µg mL-1. The quality 
control (QC) samples, defined as samples used to monitor the performance of 
a bioanalytical method and to assess the integrity and validity of the results of 
the unknown samples analyzed in an individual batch,28 were prepared in an 
analogous manner to the calibration standards to obtain concentrations of 1, 5 
and 50 µg mL-1 for ARI and DARI. All calibration standards and QC samples 
were stored at −20◦C until analysis. Following the analysis of calibration 
standards and QC samples, the evaluation of data was performed according to 
peak area ratio using the GraphPad Prism v6.0 program.

Sample Collection
Adult male Sprague–Dawley rats weighing about 250–350 g were obtained 

from the Laboratory Animal Center at Anadolu University. Rats were housed 
in a temperature-controlled laboratory and maintained under a 12 h light–dark 
cycle with free access to food and water at the beginning of the experiments. 
All animal experiments were performed in accordance with the principles of 
animal use and care approved by the ethical committee of Anadolu University 
(Approval File No. 22/2012). The rats were anesthetized with urethane (1.5 g 
kg-1) by intra-peritoneal (i.p.) injection and remained anesthetized throughout 
the experimental period 29. Tail vein was used for blood collection. 8 rats were 
used in the experiment and 100 mg kg-1 ARI was given by oral gavage. For 
this purpose, ARI was suspended in saline containing 0.5% methylcellulose. 
Following the dose, 0.2 mL blood was collected at 3 h following the 
administration of ARI. After the sampling, 0.2 mL SP was administered to 
sustain isotonic fluid balance.

Sample Preparation
For preparing plasma samples, collected rat blood was centrifuged at 3460 

RCF for 15 min. 100 µL clear supernatant was mixed with 200 µL ACN to 
precipitate plasma proteins and the mixture was vortexed for 30 s. The vortexed 
solution was centrifuged at 3460 RCF for 15 min and 10 µL clear supernatant 
and 2 µL IS solution at a final concentration of 41.7 µg mL-1 were mixed by the 

autosampler, and then injected directly into the UHPLC system. 

RESULTS AND DISCUSSION

Several papers were reported for the determination of both ARI and DARI 
in human plasma 6, 8, 10, 11 by HPLC and a few papers were reported for the 
determination of only ARI in human and rat biological samples by UHPLC-
DAD and UHPLC-MS systems 12, 19, 22. 

Akamine et al. used C18 STR ODS-II analytical column (5 µm) and a 
mobile phase of phosphate buffer (pH 4.5, 0.02 M), ACN and perchloric acid 
(60%) (57.25:42.5:0.25, v/v/v). Total time for chromatographic separation (20 
min) was too long for rutin analysis 6. In another method, the analysis was 
carried out on a C18 Bridge® (3.5 µm) column, using an ammonium buffer (pH 
8.35, 10 mM)–ACN mobile phase (40:60, v/v) and the retention time of 7 min 
was obtained for ARI (it was 2.88 min in the proposed method) 8. In both of 
these methods, the recoveries were lower than current method. Waldschmitt et 
al. analysed multiple antidepressant and antipsychotic drugs including active 
metabolites in serum of psychiatric patients using LiChrospher 60 RPSelect 
column (5 µm) and a mobile phase of phosphate buffer (pH 3.4, 0.04 M) and 
ACN (67:33, v/v/v) 10. Unlike these methods, 1.8 µm particle size Zorbax 
Eclipse Plus C18 column was used in the proposed method and good separation 
of ARI and DARI with high recoveries and short analysis time was obtained.

ARI has a pKa of 7.6 which was established in 20% aqueous ethanol 5.The 
choice of mobile phase was extensively studied by varying organic modifier, 
buffer, concentration and pH of the buffer considering the basic characteristics 
of ARI. The effect of these parameters was evaluated and optimized based on 
the peak areas, retention times, resolution of the analytes, theoretical plates and 
symmetry of ARI and DARI peaks. Peak symmetries were better when ACN 
was used as the organic modifier. Moreover, its UV signal decreasing effect 
under 256 nm was low. 

Sodium acetate and sodium phosphate buffer were investigated as mobile 
phase additives in the pH range of 3.0-6.2 because low pH mobile phase is 
suggested for basic samples to counteract poor peak shape and reduced column 
efficiency originating from silanol interactions. Sodium acetate buffer was 
tested at pH 4.0 and 5.0; sodium phosphate buffer at pH 3.0 and pH 6.2. The 
retention times of ARI and DARI were increased rapidly at pH 6.2. The best 
peak shapes and highest resolution between ARI and DARI were obtained 
when using sodium acetate buffer at pH 5.0, thus it was selected as the optimum 
separation buffer. Different column temperatures between T=30oC and 45oC 
were also tested and it was demonstrated that the resolution between ARI and 
DARI increased with increasing temperature. Therefore, 45oC was applied as 
the optimum column temperature.

Different drugs including atomoxetine, bupropion, zonisamide, 
carbamazepine, chlorpromazine and fluvastatine were tested as IS. Fluvastatine 
was selected because of its retention time which is close enough to the analytes 
with no peak overlap. 

The effect of the buffer concentration was tested in the range of 10-30 mM. 
The use of excessive buffer concentrations was avoided to assure the stability 
of the column, and to minimize the cost of analysis. The resolution of the 
analytes, theoretical plates and symmetry of ARI and DARI peaks increased 
with the increase of buffer concentration. Thus, 30 mM was chosen as an 
optimum buffer concentration. Various ACN ratios were tested and complete 
separation of ARI, DARI and IS could be achieved within a reasonable analysis 
time (t= 3.5 min) under isocratic conditions using 34% ACN. 

Using these optimized conditions, the system-suitability data for ARI (1 
µg mL-1) and DARY (1 mg mL-1) are presented in Table 1. Good agreement 
was found when the results were compared with the recomended values 30, 31.

Table 1. System suitability data for ARI and DARI. 

Parameters ARI DARI Recommended 
values

Retention time 2.88 2.07

Capacity factor (k’) 14.60 10.43 >2

Asymmetry factor (As) 1.18 0.86 ≤2

Resolution (Rs) 2.88 1.55 >1.5

Theoretical plates (N) 7933 7243 >2000

% RSD of retention time (n=6) 0.08 0.11 ≤1
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In this study, a simple and one step protein precipitation procedure 
to extract the analytes from rat plasma was developed. Different protein 
precipitating agents, 10% (w/v) trichloroacetic acid (TCA), MeOH and ACN, 
were tested and finally the best results with high recovery values (more than 
85%) were obtained with ACN. 

Validation of the proposed method was performed with respect to stability, 
specificity, linearity, robustness, matrix effect, limit of detection (LOD), limit 
of quantification (LOQ), accuracy and precision in accordance with ICH and 
bioanalytical validation guidelines 30, 31-33.

Plasma calibration curves were constructed using the peak area ratios of 
the analytes to that of the IS, and applying a linear regression analysis. Good 
linear response was obtained over the range of 0.05–50 µg mL-1 for ARI and 
DARI in rat plasma as seen in Table 2. GraphPad Prism v6.0 program was 
used to generate linear regression equations for the calibration curves. LOD 
and LOQ values were calculated from the signal-to-noise ratio (LOD and LOQ 
correspond to 3 and 10 times the noise level, respectively). LOD, defined as 
the lowest concentration of an analyte in a sample that can be detected, but 
not necessarily quantified, was 0.012 µg mL-1 and 0.009 µg mL-1 for ARI and 
DARI, respectively. LOQ, defined as the lowest concentration of an analyte in 
a sample that can be determined with acceptable precision and accuracy (RSD 
and bias % less than 20%), 31 was 0.039 µg mL-1 and 0.029 µg mL-1 for ARI 
and DARI, respectively.

Table 2. Statistical data for linearity of ARI and DARI in rat plasma.

Parameters (Units)

(3 days, n=8)
ARI DARI

Linear Range (µg mL-1) 0.05-50 0.05-50

Slope±SD 0.0703±0.0005 0.0542±0.0002

Intercept±SD -0.0200±0.0102 -0.0104±0.0033

Determination Coefficient (r2) 0.9988 0.9998

95% Confidence Limits (CL) 0.0692-0.0714 0.0539-0.0546

Intra- and inter-day precision and accuracy were evaluated by assaying 
QC samples with 3 different concentrations (1, 5 and 50 µg mL-1) of ARI 
and DARI. Intra- and inter-day precision were assessed by analyzing seven 
QC samples at each concentration on the same day and mean values of a QC 
sample over 3 days, respectively. Accuracy (%) was determined according to 
the equation: (measured concentration/theoretical concentration)x100, whereas 
precisions were quantified by calculating intra- and inter-days coefficient of 
variation (CV). The accuracy and precision data are reported in Table 3. As 
a result, lower values than the accepted criteria of ±15% were obtained 31, for 
accuracy and precision of the analytes in rat plasma.

The recoveries of the analytes from rat plasma at 3 concentrations (1, 5 and 50 µg mL-1) were estimated by comparing the peak area ratio obtained from the 
injections of the standards with those obtained from plasma samples spiked with the analytes at the same concentration levels. The recovery values (± SE) were 
between 85.95-92.60% for ARI and 87.69-93.21% for DARI (n = 7). 

Table 3. Precision and accuracy of ARI and DARI in rat plasma. 

Added Concentration
(µg mL-1)

Intra day (n=7) Inter day (n=21)

Measured 
Concentration

(mean±SD)

Accuracy
(%)

RSD
(%)

Measured 
Concentration

(mean±SD)

Accuracy
(%)

RSD
(%)

ARI

1 0.93±0.02 92.98±1.53 1.64 0.87±0.01 87.07±1.17 1.34

5 4.55±0.04 91.09±0.90 0.98 4.36±0.07 87.13±1.46 1.67

50 50.02±0.40 100.03±0.80 0.80 52.25±0.41 104.51±0.82 0.79

DARI

1 0.97±0.01 97.40±1.10 1.13 0.87±0.01 87.42±1.10 1.26

5 4.64±0.01 92.72±0.15 0.16 4.61±0.01 92.22±0.15 0.16

50 50.67±0.22 101.34±0.44 0.43 50.62±0.72 101.25±1.45 1.43

The stability of ARI and DARI in rat plasma was evaluated under different storage conditions by spiking standard solutions into blank plasma at 2 concentrations 
(5 and 25 µg mL-1 for the analytes). For short-term stability, spiked samples were kept at room temperature for 24 h. The long-term stability was assessed after 
storage of spiked samples in a freezer at −20oC for 2 weeks. To test for freeze and thaw stability, the spiked samples were stored at −20oC for 24 h and thawed 
to room temperature 3 times and then analyzed. The stability results were evaluated by comparing peak area ratios of the analytes with those of freshly prepared 
samples. The results presented in Table 4 indicate that ARI and DARI can be considered stable in rat plasma under the aforementioned conditions.

Table 4. Stability of the analytes under different storage conditions. 

Theoretical
Concentration
(µg mL-1, n=3)

Short-term stability
(24 h, room temperature)

Long-term stability
(2 weeks, -20ºC)

Freeze-thaw stability
(3 cycles)

Recovery (%)
(mean±SD)

RSD
(%)

Recovery (%)
(mean±SD)

RSD
(%)

Recovery (%)
(mean±SD)

RSD
(%)

ARI
5 97.80±1.84 1.88 107.61±0.23 0.21 108.94±1.00 0.92

25 89.21±0.19 0.22 90.19±1.08 1.20 100.63±0.64 0.63

DARI
5 98.52±1.47 1.49 107.01±0.57 0.53 107.18±0.75 0.70

25 99.82±0.27 0.27 99.03±0.90 0.91 112.21±0.34 0.30

The robustness of the proposed method was studied by making deliberate modifications in column temperature, mobile phase flow-rate, and mobile phase 
composition. It was carried out by means of one variable at a time (OVAT) procedures 33. A change of ± 0.1 units around 1.0 mL min-1 mobile phase flow-rate, ± 
5 units on the operating temperature of 45ºC, and 2% on the mobile phase composition had no impact on chromatographic performance. The percent recoveries 
of ARI and DARI were good under all conditions and did not show a significant change when the critical parameters were modified. These results (Table 5) 
demonstrated that the method conditions were robust 29-33.



J. Chil. Chem. Soc., 60, Nº 3 (2015)

3052

Table 5. Robustness results for ARI and DARI (n=3). 

Parameter ARI Retention Time 
(mean±SD) % Change % ARI Recovery

(mean±SD) % Change

MP flow rate

0.9 3.376±0.005 17.02 98.77±0.27 -1.23

1.1 2.558±0.003 -11.35 100.51±0.31 0.51

Column temperature (°C)

40 2.810±0.006 -2.59 97.54±0.11 -2.46

50 3.068±0.007 6.33 99.67±0.12 -0.33

MP composition
(ACN-30 mM acetate buffer 

pH=5)

32%-68% 4.005±0.001 38.83 97.61±0.16 -2.39

36%-64% 2.249±0.004 -22.06 98.62±0.19 -1.38

Parameter DARI Retention Time 
(mean±SD)

% 
Change

% DARI Recovery
(mean±SD) % Change

MP flow rate

0.9 2.416±0.004 16.77 98.95±0.10 -1.05

1.1 1.836±0.003 -11.25 100.55±0.00 0.55

Column temperature (°C)

40 1.994±0.006 -3.61 97.76±0.09 -2.24

50 2.217±0.006 7.19 99.97±0.00 -0.03

MP composition
(ACN-30 mM acetate buffer 

pH=5)

32%-68% 2.849±0.001 37.72 97.44±0.05 -2.56

36%-64% 1.626±0.004 -21.40 98.46±0.00 -1.54

Specificity, described as the ability of a method to discriminate the analyte 
from all potential interfering substances, was confirmed by comparing the 
chromatograms of a blank rat plasma (Figure 2a), rat plasma spiked with the 
standard of analytes at the same concentration (20.8 µg mL-1) (Figure 2b) and 
plasma sample obtained from a rat that received 100 mg kg-1 ARI (Figure 2c). 
The peaks of the analytes were well separated with no interfering peaks and no 
significant peaks at the retention times of the analytes in rat plasma. Specificity 
was sufficient for accurately characterizing the determination of the analytes.

Figure 2. Typical chromatograms of blank plasma sample (a); plasma 
sample spiked with ARI and DARI (20.8 µg mL-1) (b); plasma sample obtained 
from rat 6 receiving 100 mg kg-1 ARI (c).

The matrix effect is described as the direct or indirect alteration or 
interference in response due to the presence of unintended analytes (for 
analysis) or other interfering substances in the sample 31-33. The matrix effect 
was evaluated by comparing the peak responses of analytes dissolved in blank 
sample extracts (the final solution obtained from blank rat plasma after protein 

precipitation) with those of standard analyte solutions as references 17. As seen 
in Table 6, the peak area ratios for the post-spiked standards versus references 
at the QC concentrations (1, 5 and 50 µg mL-1) were within the acceptable 
limits (85–115%).

Table 6. The matrix effect of the analytes. 

Theoretical 
Concentration 

(µg mL-1)

The matrix effect (%) 
(mean±SD, n=3)

RSD
(%)

ARI

1 106.26±0.40 0.38

5 110.73±0.63 0.57

50 100.56±0.19 0.19

DARI

1 97.98±0.82 0.83

5 98.16±0.12 0.12

50 100.98±0.22 0.22

The concentration data for unbound ARI and DARI in rat plasma obtained 
3 h after administration of 100 mg kg-1 ARI to individual rats (n = 8) are 
presented in Table 7. The plasma levels of DARI for 3 rats (rat 3, rat 5 and rat 
8) were lower than the LOQ value of the method. For the other rats, the plasma 
levels of ARI and DARI were found in the range of 78-773 and 191-350 ng 
mL-1, respectively.
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Table 7. Concentration data for ARI and DARI in rat plasma.

Rat 1 Rat 2 Rat 3 Rat 4 Rat 5 Rat 6 Rat 7 Rat 8

ARI (ng mL-1) 371.68 152.21 77.88 773.45 292.04 189.38 607.08 100.88

DARI (ng mL-1) 350.00 209.38 ND 190.62 ND 275.00 334.38 ND

CONCLUSION

LC is a common and powerful analytical technique for the determination 
of drugs in biological fluids. New UHPLC systems dramatically reduce 
analysis time without losing separation performance. This UHPLC method is 
rapid, reproducible and accurate to quantify both ARI and DARI. It is the first 
study which includes the analysis of DARI in rat plasma. It involves a simple 
plasma deproteination technique using one step protein precipitation with 
ACN. The procedure has minimal sample transfer steps and it does not harm 
the analyte. Thus, it represents an alternative procedure for routine therapeutic 
drug monitoring of patients treated with ARI. This assay was successfully 
applied for the analysis of ARI and DARI in rat plasma samples.
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