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ABSTRACT

Objective: This study was aimed to develop a novel, selective, and sensitive reverse phase high performance liquid chromatography method for the 
detection and quantification of aripiprazole in pure form as well as in its pharmaceutical formulation.

Methods: The chromatography was carried out on C18 Phenomenex Luna (250 × 4.6  mm × 5  µm) column using a mobile phase of 0.1%  v/v 
orthophosphoric acid (pH 3.0), acetonitrile and methanol in the ratio of 40:50:10 (% v/v). The isocratic elution program was adjusted to 1.0 ml/minutes 
flow rate with 20 µl injection volume. The eluted components were monitored at 254 nm. The ambient column oven temperature was maintained.

Results: The developed method was validated statistically with respect to linearity, range, precision, accuracy, specificity, robustness, ruggedness, 
detection and quantification limits and also subjected to various stress conditions such as acidic and alkaline hydrolysis, oxidation, photolysis, and 
thermal degradation. The method showed linearity across the concentration range of 10.0-60 µg/ml.

Conclusion: The developed method is specific, precise, accurate, robust and stability indicating which can be successfully applied for routine 
analysis, quality control analysis and also suitable for stability analysis of assay of aripiprazole in pure form and its formulation as per the regulatory 
requirements.

Keywords: Aripiprazole, Reverse phase high performance liquid chromatography, Stress condition.

INTRODUCTION

Aripiprazole (APP) is antipsychotic, selective dopamine D2-receptor 
antagonist with dopamine autoreceptor agoinst activity belongs to 
the class benzisoxazole derivatives [1,2]. It is chemically Sec2(IH)-
Quinoline,7-[-4-[4-(2,3-dichloro-phenyl)-1-  piperazinyl]butoxy]-3,4-
dihydro. The chemical structure of APP was shown in Fig. 1. A few method 
have been reported as single analyte or in combination with other drugs 
in spectrophotometric studies [3-7] and biological samples include liquid 
chromatography (LC) [8-12], gas chromatography–mass spectrometry 
(MS) [13], LC-MS/MS [14-18], capillary electrophoresis [19,20], and 
LC–ultraviolet (UV) [16] methods. This study was aimed to develop a 
simple, accurate, precise and robust validated stability indicating cost-
effective method using reverse phase high performance LC (HPLC) and 
was extended for its formulations and bulk samples than existing one.

METHODS

APP working standard was a gift sample from Sun Pharma Laboratories 
(Chennai). HPLC grade acetonitrile, methanol and AR grade of 
hydrochloric acid and hydrogen peroxide were purchased from SD Fine 
Chem. Ltd., Mumbai. HPLC grade water and AR grade orthophosphoric 
acid was purchased from Merck, Mumbai and sodium hydroxide from 
Molychem, Mumbai. The pharmaceutical formulation used for the study 
was ABphyline® 100 mg Capsules (Sun Pharma Laboratories, Chennai).

A Shimadzu (Kyoto, Japan) ultra fast LC (LC-20AD) chromatographic 
system, the output signal was monitored and processed using LC 
solutions as chemstation, an UV–visible PDA detector (SPD-20AT) 
and an LC-20AD solvent delivery module was used during 
the method development and validation. A  Phenomenex Luna 
C18 250 × 4.6 mm, 5 µm, column was used as stationary phase. The 
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mobile phase consisted of 0.1% orthophosphoric acid (pH adjusted 
to 3.0 with 0.1 M HCl), acetonitrile and methanol in a ratio of 
40:50:10%  v/v. Before proceeding for analysis, the mobile phase 
was degassed by use of a Sonicator (Spincotech Pvt. Ltd.) and 
filtered through a 0.45  µm HPLC filtration assembly. Isocratic 
elution was used with a flow rate of 1.0  ml/minutes. An injection 
volume of 20 µl was used for the analysis and validation of APP. The 
detection was carried at 254 nm.

Working standard solution was prepared by weighing 25  mg of drug 
in 25  ml volumetric flask and sufficient amount of methanol was 
added to dissolve it, and final volume was made up to 25 ml (Stock A; 
1000  µg/ml). Various aliquots from stock A were prepared to obtain 
concentrations between 10 and 60 µg/ml, which were further diluted 
using mobile phase.

The sample solution was carried for testing APP, 20 capsules were 
taken and weighed individually. An appropriate portion of this powder, 
equivalent to 25 mg was weighed and transferred in a 25 ml volumetric 
flask, dissolving it in the mobile phase. The solution was sonicated for 

Fig. 1: Molecular structure of aripiprazole
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10  minutes to dissolve and remove the entire active form from the 
capsule. The solution was filtered if necessary.

RESULTS AND DISCUSSION

Method validation
The proposed method was validated as per ICH guidelines [21] which 
include specificity, linearity, precision, accuracy, limit of detection 
(LOD) and limit of quantification (LOQ), robustness and drug was also 
stressed to various degradation studies [22].

Linearity test solutions for the assay method were prepared from 
working APP stock solution at six concentration levels from 50% to 
150% of assay analyte concentration (10, 20, 30, 40, 50 and 60 µg/ml). 
The peak area versus concentration data were treated by least-squares 
linear regression analysis as shown in Table 1.

The precision of the related substances method verified by repeatability 
and by intermediate precision. Repeatability was checked by injecting 
six individual preparations of APP sample and % relative standard 
deviation (RSD) of area for each concentration was calculated. The 
intermediate precision of the method was also evaluated using different 
analyst and performing the analysis on different days. Precision of assay 
method was evaluated by carrying out six independent assays of real 
sample of APP at µg/ml level against qualified reference standard and 
% RSD was found not more than 2.0% and were therefore deemed 
as sufficient proof of the precision of this method. The % RSD for 
repeatability and intermediate precision was shown in Table 1.

LOD and LOQ for sample were determined at a signal-to-noise ratio of 
3:1 and 10:1, respectively, by injecting a series of dilute solutions with 
known concentrations. Precision study was also carried out at LOQ 
level by injecting six individual preparations of APP, and the % RSD of 
the area was calculated. The values of LOD and LOQ were reported in 
Table 1.

The accuracy of the assay method was evaluated in triplicate using 
three concentration levels 50, 100 and 150  µg/ml on real sample 
(100 mg capsules). Standard addition and recovery experiments were 
conducted on real sample to determine the accuracy of the related 

substance method. The study was carried out in triplicate using 
three concentration levels. The percentage of recoveries for APP was 
calculated and from the result obtained it can be concluded that the 
method delivers accurate results. The results of recovery studies were 
depicted in Table 1.

Robustness was determined for the developed method; experimental 
conditions were deliberately altered. The flow rate of the mobile phase 
was 1.0  ml/minutes, to study the effect of flow rate was changed by 
0.1 units. The effect of the column temperature was studied at 30°C and 
40°C instead of 35°C. Slight change in these parameters is not much 
effected and which shows the method is robust.

Solution stability of APP in the assay method was carried out by 
leaving both the test solutions of sample and reference standard in 
tightly capped volumetric flasks at room temperature for 48 hrs. The 
same sample solutions were assayed for 12 hrs interval up to the study 
period.

Specificity is the ability of the method to measure the analyte 
response. It was tested by analyzing the prepared sample solutions 

Table 1: Validation parameters determined during method 
validation for the detection and quantification of APP

Validation parameter APP
Linearity range 10‑60 µg/ml
Regression equation Y=38093X−8150
Correlation coefficient (r2) 0.999
LOD (µg/ml) 1.45
LOQ (µg/ml) 4.40
Precision (% RSD) 1.08
Intermediate precision (% RSD) 1.46
Assay (%) (±% RSD) 100.06±1.42
Recovery (%) (±% RSD) 99.95±1.40
*The validation parameters were determined from the analysis of six 
standard solutions (n=6) over a concentration range of 10.0‑60.0 µg/ml. 
% RSD: Percentage relative standard deviation, LOD: Limit of detection, 
LOQ: Limit of quantification, APP: Aripiprazole

Fig. 2: Chromatograms obtained for aripiprazole (APP) during specificity testing with chromatogram (a) showing the peak obtained for 
APP from a standard solution and (b) showing the peak obtained for APP detected from a formulation

b
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which contained typical formulation with excipients. Chromatograms 
obtained for APP standard and sample solutions were shown in 
Fig.  2. Stress studies were performed for APP Capsules to provide 
an indication of the stability-indicating property and specificity of 
the proposed method. Intentional degradation was attempted with a 
stress condition of UV light (254 nm), heat (70°C), acid (0.1 M HCl), 
base (0.1 M NaOH), and oxidation (3.0% H2O2) to evaluate the 
ability of the proposed method to separate APP from its degradation 
product. For heat and light studies, the study period was 10  days. 
Whereas for hydrolytic, acid, base and oxidation, it was 24 hrs. Peak 
purity test was carried out for the APP peak by using PDA detector in 
stress samples.

APP was found to degrade significantly in oxidation (3.0% v/v H2O2), 
and mild degradation was observed in thermal stress conditions shown 
in Fig. 3. APP was found to be stable under acid and base degradation, 
hydrolytic and photolytic conditions shown in Fig. 4. Photodiode array 
detector was employed to check and ensure the homogeneity and 
purity of APP peak in all the stressed sample solutions. Assay studies 
were carried out for stress samples against APP qualified working 
standard. The mass balance (% assay+% degradants) results are 
presented in Table 2. The purity and assay of APP was unaffected by 

degradation products and thus confirms the stability-indicating power 
of the developed method.

CONCLUSION

The simple isocratic reverse phase LC method developed for 
quantitative analysis of APP in bulk samples and pharmaceutical dosage 
forms is precise, accurate, linear, robust, and specific. Satisfactory 
results were obtained from validation of the method. The method is 

Table 2: Summary of forced degradation studies

Stress condition APP

% Purity % Degradation Mass 
balance

Acid degradation 98.6 1.4 99.2
Base degradation 97.4 2.6 98.9
Peroxide degradation 88.2 11.8 99.1
Thermal degradation 89.7 10.3 98.7
Photolytic degradation 98.1 1.9 99.3
APP: Aripiprazole

Fig. 3: Typical chromatograms of aripiprazole forced degradation samples (oxidative [3.0% H2O2] and thermal studies)

Fig. 4: Typical chromatograms of aripiprazole forced degradation samples (acid, base and photolytic studies)
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stability-indicating and can be used for routine analysis of production 
samples and to check the stability of samples of APP in bulk drugs and 
in pharmaceutical dosage forms.
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