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Abstract
A new capillary electrophoresis (CE) method was presented for the determination of asenapine, an atypical antipsychotic 
drug, in pharmaceuticals. Box-Behnken design, an experimental design method, was used to investigate the effects of run 
buffer pH, run buffer concentration and applied potential on the separation of asenapine and granisetron (IS). The optimum 
conditions were phosphate buffer (15 mM, pH: 3.1) with 25.7 kV voltage and 20 ℃ capillary temperature. The method was 
validated according to ICH guideline. A good linearity was obtained in the concentration range of 0.27–6.4 µg/mL with LOD 
and LOQ values of 0.07 and 0.24 μg/mL, respectively. The precision and accuracy of the method were satisfying with intra 
and interday recovery values of 97.8–100.8% and RSD less than 2%. The proposed CE method was applied to asenapine 
tablets successfully, for the first time.
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Introduction

Schizophrenia is a well-known mental disorder which is 
characterized by auditory hallucinations, delusions, disor-
ganized thoughts, lack of motivation, social withdrawal and 
also memory impairments (Volk and Lewis 2015).

Asenapine (ASE) is an antipsychotic drug used in the 
treatment of schizophrenia. It is also effective in treating 
manic and mixed episodes of bipolar disorder. The molecule 
contains two chiral centers as seen in Fig. 1 and can exist as 
four stereoisomers. Two trans isomers have higher binding 
affinity to receptors than the cis isomers, therefore ASE has 
been approved in the form of a racemate of R,R- and S,S-
enantiomers (Protti et al. 2018). It has been commercially 

available in sublingual tablet form since 2009 in the USA 
(Citrome 2014). ASE has affinity on serotonin receptors, 
dopamine receptors, adrenergic receptors, histamine (H1) 
receptors and also moderate affinity on histamine (H2) 
receptors. (Gonzalez et al. 2011).

Several methods were reported for ASE determination in 
biological samples using liquid chromatography (Kovatsi 
et al. 2015; Protti et al. 2018), liquid chromatography-mass 
spectrometry (de Boer et al. 2012a,b ; Ansermot et al. 2013; 
Reddy et al. 2013; Patteet et al. 2014; Sempio et al. 2014; 
Sistik et al. 2016; Patel et al. 2018) and gas chromatography-
mass spectrometry (Miller et al. 2013).

Also, there are several papers including spectrometry 
(Borkar and Gaikwad 2016), HPLC (Chhalotiya et al. 2012; 
Aneesh and Rajasekaran 2012; Govindarajan et al. 2012; 
Managuli et al. 2016; Karaca and Ugur 2017) and HPTLC 
methods (Patel et al. 2015; Ramadan et al. 2017) reported 
for the quantitation of ASE in pharmaceutical preparations 
(Table 1).

CE has become a widely applied separation technique in 
pharmaceutical analyses. It has numerous advantages like 
simplicity, rapid analysis, automation and low cost (Ahuja 
2011). This technique offers better separation, shorter analy-
sis times and lower reagent consumption compared to HPLC. 
Low consumption of reagents in CE is due to the low inter-
nal volume of capillary and the ability to use the same buffer 
vials for electrophoretic runs. In addition, residues produced in 
CE are mainly composed of salts that are naturally disposable Fig. 1  Chemical structure of ASE

Table 1  Comparison of the methods developed for the determination of ASE in bulk drug and pharmaceuticals

Reference Analyte Matrix Retention 
time of ASE 
(min)

Run time (min) Analysis method Linearity for 
ASE

Limit of quan-
tification for 
ASE

Borkar and Gaik-
wad (2016)

ASE Bulk and tablets 4.00 – Spectrophotom-
etry and HPLC

1.0–90 μg/mL
10–50 μg/mL

–

Chhalotiya et al. 
(2012)

ASE Bulk and tablets 5.5 8.0 HPLC 0.1–20 μg/mL 0.1 μg/mL

Aneesh and 
Rajasekaran 
(2012)

ASE Bulk and tablets 1.9 6.0 HPLC 10–100 μg/mL 16.57 μg/mL

Govindarajan 
et al. (2012)

ASE Bulk and tablets 4.2 15.0 HPLC 0–150 µg/mL 2.3 µg/mL

Managuli et al. 
(2016)

ASE Bulk and lipid 
nanoformula-
tion

7.6 15 HPLC 0.1–20 μg/mL 89 ng/mL

Karaca and Ugur 
(2017)

ASE Bulk and tablets 4.71 – HPLC 0.5–100 μg/mL 0.28 μg/mL

Ramadan et al. 
(2017)

ASE, cycloben-
zaprine and 
degradation 
products

Bulk and tablets 2.05 5 HPLC 2.5–25 μg/mL 1.572 μg/mL
0.55 (Rf) – TLC 5–50 μg/band 3.891 μg/band

Patel et al. (2015) ASE Bulk and tablets 0.43 (Rf) – HPTLC 300–1800 ng/
band

118.57 ng/band

Present method ASE Bulk and tablets 4.27 – CE 0.27–6.4 µg/mL 0.24 µg/mL
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after neutralization. As a result, CE is a healthier and more 
environmentally friendly method than HPLC which produces 
larger amounts of residues that require special handling. On 
the other hand, CE has some limitations such as lower sensi-
tivity and reproducibility compared to HPLC (Bizzotto et al. 
2013). Lower sensitivity limitation can be improved by pre-
concentration techniques or alternative detection techniques 
(Hempel 2000). Another disadvantage of CE is its limited use 
for preparative separations due to narrow capillaries and com-
plicated adaptation of analytical CE setups (Kašicka 2020). 
Considering all these advantages and disadvantages, it can be 
concluded that CE is a valuable counterpart and/or comple-
ment of HPLC method.

Although many HPLC methods were developed for ASE 
quantitation in pharmaceuticals (Table 1), no CE method 
was reported for this purpose. Szabó et al. (2016) developed 
the only CE method for chiral separation of ASE enantiom-
ers and they characterized cyclodextrin complexes by mass 
spectrometry, NMR spectroscopy and molecular modeling. 
The developed method was validated, only for the param-
eters of range, linearity, precision and accuracy. Although 
it has the advantage of wide linear range, LOD and LOQ 
values (2 µg/mL and 5 µg/mL, respectively) are higher than 
the proposed method.

Experimental design approach has been replaced tradi-
tional optimization process because of its advantages includ-
ing reliable and valid data and effort, time, resource saving 
with a reduced number of experiments. It uses multivariate 
data and establishes a linear or quadratic empirical func-
tion among the interacting data to have information about a 
system (Hibbert 2012). Application of experimental design 
can be classified as screening designs and response surface 
designs. Screening designs aim to determine which fac-
tors have significant effects on a process. These techniques 
are important especially when the important factors, their 
ranges, and interactions are not yet known (Hanrahan et al. 
2008). Response surface designs are used for discovering 
the best values of factors. The most frequently used designs 
in analytical method development are central composite and 
Box–Behnken designs. (Hanrahan et al. 2008).

The aim of the current work is to propose a novel, fast 
and simple CE method for the determination of ASE in its 
pharmaceuticals using experimental design method, for the 
first time. The optimum method was fully validated accord-
ing to related ICH guideline (2005).

Materials and methods

Materials

ASE (≥ 98%) was purchased from Sigma Aldrich (India) 
and granisetron (GRA) was obtained from LGC Standards 

(Germany).  H3PO4 (85%) was from VWR Chemicals 
(France).  KH2PO4 (99.5–100.5%) and NaOH (≥ 97%) were 
supplied from Merck (Germany). The other chemicals were 
HPLC grade from Sigma Aldrich (Germany).

Preparation of standard solutions and quality 
control (QC) samples

The stock solutions of ASE and GRA were dissolved in 
methanol and distilled water, respectively, at a concentration 
of 1 mg/mL. The last dilutions to prepare working solutions 
were conducted with 1/10 diluted background electrolyte 
(BGE). BGE was 15 mM phosphate buffer (pH: 3.1). The 
calibration solutions and QC samples were prepared by add-
ing diluted GRA solution to serially diluted ASE solutions. 
Concentrations of the calibration solutions were in the range 
of 0.27–6.4 μg/mL ASE with 5 μg/mL GRA. Also, QC solu-
tions including 0.42, 1.68 and 5.6 μg/mL ASE with 5 μg/mL 
GRA were analyzed.

Instrumentation and electrophoretic conditions

Electrophoretic experiments were conducted by an Agilent 
7100 CE system (Agilent Technologies, USA) with a pho-
todiode array detector. The compounds were monitored at 
220 nm. Separations were achieved in a 75 µm i.d. capillary 
of 40 cm effective and 48 cm total length. The analytical bal-
ance and pH-meter were from Mettler-Toledo (Switzerland). 
The solutions were sonicated in an ultrasonic bath (Bande-
lin Electronic RK510H, Germany). Velp Scientifica ZX3 
model vortex (Italy) and Eppendorf 5810R model centrifuge 
(Germany) were also used. All solutions were filtered by a 
Macherey–Nagel Chromafil PET-45/25 polyester 0.45 µm 
filter (Germany) before injection.

New fused-silica capillary was activated by flushing with 
1.0 M NaOH for 30 min. Each day, consecutive 10 min con-
ditioning steps with 0.1 M NaOH, water and BGE were 
applied. The samples were then injected by vacuum injection 
for 1 s. Between runs, the capillary was flushed with 0.1 M 
NaOH and water for 2 min, respectively, and then 2 min with 
BGE. At the end of each day, the capillary was rinsed with 
0.1 M NaOH and water for 10 min and left with aspirated air. 
The voltage was set at 25.7 kV during the analysis.

Sample preparation

A  Sycrest® tablet (10 mg ASE) was weighed as 30.71 mg. It 
was powdered and the amount of 3.1 mg was weighed, dis-
solved in methanol and sonicated for 10 min. The solution 
was centrifuged at 4000 rpm for 10 min and the supernatant 
was separated as tablet stock solution including 1.0 mg/mL 
ASE. It was daily diluted by methanol and 1/10 diluted BGE, 
respectively.
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Method validation

The validation of the presented method was performed 
according to ICH guideline (2005). Accuracy, LOD, LOQ, 
linearity, precision, specificity, robustness and stability of 
ASE solutions were investigated.

The precision and accuracy were investigated by six 
replicated analyzes of QC solutions (0.42, 1.68 and 5.6 μg/
mL ASE) on three consecutive days. Also, accuracy in 
drug product was determined by the analysis of tablet 
extracts spiked with standard ASE solutions at the same 
concentrations.

The specificity was evaluated by the analysis of ASE 
solutions after treatments of 0.1 M HCl, 0.1 M NaOH or 3% 
 H2O2 at room temperature for 30 min.

The stability was tested using ASE solutions after 
storage under three conditions. One of them is keeping 
ASE solutions at room temperature for 24 h to investigate 
short term stability, another is keeping at − 20 ℃ for two 
weeks to investigate long term stability. And as the last 
one, three freeze–thaw cycles were applied to the ASE 
solution for testing freeze–thaw stability. After analyzing 
the solutions in three replicates, RSD and recovery were 
evaluated.

The linearity was investigated with six concentrations in 
the range of 0.27–6.4 μg/mL. Calibration sets were injected 
for three consecutive days.

The robustness was evaluated by inspecting the counter 
plots. The flat area around the optimal conditions means the 
values of the responses near this point are stable (Jancic-
Stojanovic et al. 2009). In addition, analyzes using 1.68 μg/
mL ASE were carried out by conducting deliberate changes 
in run buffer pH (3.0, 3.2), run buffer concentration (13, 
17  mM), voltage (25.2, 26.2  kV) or wavelength (218, 
222 nm). Recovery values under these altered conditions 
were compared with those in optimum conditions.

Software

Experimental design studies and validation calculations 
were conducted using the programs of Minitab 19 and 
GraphPad Prism 6, respectively. In addition to these pro-
grams, Microsoft Excel was used.

Results and discussion

Optimization of the method

In this study, choosing factors with a preliminary study 
was preferred instead of a screening study because CE 
parameters influencing the analysis were predictable 
according to our previous experiences in this area. The 

Box-Behnken design was used as a response surface 
design because of its advantages like avoiding the extreme 
levels of factors and requiring less analysis compared to 
central composite designs (Hibbert 2012). Applied poten-
tial, concentration and pH of run buffer were selected as 
factors for this study because of their high influences on 
electrophoretic separation. (Table S1). Other parameters 
such as capillary, capillary temperature, internal stand-
ard and type of run buffer were optimized in a prelimi-
nary research. A capillary of 75 µm i.d and 40 cm effec-
tive length (48 cm total) was used at 20 ℃. Phosphate 
buffer was used as a run buffer and GRA was chosen as 
the internal standard because it has a detector response 
similar to that of ASE. Determination wavelength was 
220 nm. The expectations from the planned analysis and 
restrictive factors of CE were taken into consideration 
during the selection of responses. Migration time of ASE 
and resolution between ASE and GRA were selected to 
ensure the effective separation of analyte and internal 
standard in a short time. Peak area of ASE was selected 
to see the highest signal, therefore to develop a suitable 
method for the analysis at low concentrations. And finally 
generated current was selected because all factors were 
effective on the current and the increasing current value 
was restrictive due to the joule heating. Briefly, migra-
tion time of ASE, peak area of ASE, generated current 
and resolution between ASE and GRA were selected as 
responses.

A solution including ASE and GRA (both are 10 μg/mL) 
was analyzed for three times in random order according to 
the experimental plan using Box-Behnken design (Table S2). 
Minitab 19 was used for data analysis and quadratic response 
models as shown in Eq. 1 were found for each response.

Y is the response; b values are the coefficients and x1, x2, x3 
are the factors. If the coefficients differ significantly from 
zero and the p value is lower than 0.050, it is considered 
as a factor affecting the response (Jancic-Stojanovic et al. 
2009). The significant responses are marked with * as seen 
in Table 2.

By the Derringer`s desirability function, the challenge of 
optimizing all answers at the same time has been overcome. 
Using Eqs. 2–4, each response was transformed to a desirabil-
ity function (between 0 and 1). 1 means a completely desired 
response and 0 means an undesirable response. If the value of 
response is to be maximum, Eq. 2 is applied, if the value of 
response is to be minimum Eq. 3 is applied and if a response 
target is a good type, Eq. 4 is preferred (Jancic-Stojanovic et al. 
2009).
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0
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Li exhibits the lower value of the response, Ui shows the 
upper value of the response and Ti is the target value of the 
response Yi (Table S3). The weight factors (s and t) can be 
chosen according to attribute importance level to the target 
value. When the weight factors are equal to 1, the desirabil-
ity function is linear (Jancic-Stojanovic et al. 2009). The 
overall desirability (D) value is obtained from the geometric 
average of the desirability values found for each variable 
(Table S4). Another quadratic response model was prepared 
using D as only response (Table 2).

R2 and R2

a
 values are the determination coefficient and 

adjusted determination coefficient, respectively. They 
show the suitability of the system. R2 value which is 
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approximately 1 indicates the closeness of measured and 
predicted values (Mason et al. 2003). The desirability 
function shows the goodness of the model as the values 
of R2 and R2

a
 , that were 0.8937 and 0.7023, respectively.

The optimal conditions were obtained using the last quad-
ratic response model which is found with D value. In Fig. 2, 
surface and counterplots are presented. Optimum conditions 
were found as phosphate run buffer (15 mM, pH: 3.1) and 
25.7 V applied voltage. An analysis was made in these opti-
mum conditions and appropriate migration time, peak area, 
resolution and current were obtained (Table S5). An elec-
tropherogram of ASE and GRA in tablet extract solution is 
shown in Fig. 3.

Method validation

The accuracy and precision of the method were investigated 
as described in the experimental section and intra- and inter-
day RSD and recovery values were given in Table 3. Method 
was found accurate and precise due to recovery values in 
the range of 97.8–100.8% and RSD values which are less 
than 2%.

The specificity was investigated by the analysis of 
1.68 μg/mL ASE after three stress treatments of base hydrol-
ysis (0.1 M NaOH), acid hydrolysis (0.1 M HCl) and oxida-
tion (3%  H2O2) for 30 min. Following base hydrolysis, low 
recovery was obtained with no interference peak. Recovery 
values were given in Table 4.

The stability of ASE solutions was investigated by analy-
sis of 0.42, 1.68 and 5.6 μg/mL ASE after storage under 
three different conditions as described in the experimental 
section. High recoveries as seen in Table 4, demonstrate 
that ASE is stable under all working and storage conditions.

The results of linear regression analysis were given in 
Table 5. The y-intercepts of the linear equations were found 

Table 2  Calculated coefficients 
of response models

tASE migration time of ASE, R resolution, D the overall desirability
* Significant model terms at 95% confidence level

Coefficients tASE AreaASE R Current D

b0 4.4711* 2.5042* 6.9967* 79.80* 0.6671*
b1 0.1570* 0.1769* − 0.0448 − 43.96* 0.1432*
b2 − 0.0685 0.1351 0.0173 22.50* − 0.0191
b3 − 1.5653* − 0.7930* − 2.2271* 29.79* 0.0207
b11 − 0.3460* − 0.4491* − 0.5456* 25.26* − 0.0641
b22 − 0.0043 − 0.2945* − 0.0931 0.90 − 0.0675
b33 0.3286* 0.0220 0.2031 6.06* − 0.3154*
b12 − 0.0115 0.0171 0.0379 − 3.03 0.0134
b13 0.1500* 0.0713 0.4258* − 14.03* 0.0664
b23 − 0.0386 − 0.1486 − 0.1083 8.24* 0.0004
R2 0.9983 0.9813 0.9968 0.9970 0.8937
R
2

a
0.9953 0.9477 0.9911 0.9916 0.7023
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statistically insignificant (p > 0.05). Also, calculated p-val-
ues which are higher than 0.05 show that the residuals have a 
normal distribution (Table 5). LOD and LOQ were obtained 
based on signal-to-noise approach. LOD, the concentration 
corresponding to a signal-to-noise of 3:1, was determined as 
0.07 μg/mL. LOQ, the concentration corresponding to a sig-
nal to noise ratio of 10:1, was found as 0.24 μg/mL. Accord-
ing to these results, the present method is more sensitive 
(Aneesh and Rajasekaran 2012; Govindarajan et al. 2012; 
Ramadan et al. 2017; Karaca and Ugur 2017) and also, more 

rapid (Chhalotiya et al. 2012; Managuli et al. 2016; Karaca 
and Ugur 2017) than many other reported methods (Table 1).

The counterplots of desirability given in Fig. 2 were dem-
onstrated the robustness of the developed method. The flat 
area around the optimal conditions means that the values of 
responses (migration time of ASE, the peak area of ASE, 
generated current and resolution between ASE and GRA) 
are stable near this point. This represents the robustness of 
the optimal conditions. The robustness of the method was 
confirmed with the analyzes carried out in slightly changed 

Fig. 2  Counter and surface plots: (a, d) D = f(x2, x1); (b, e) D = f(x3, x1); (c, f) D = f(x3, x2). D overall desirability, x1 run buffer pH, x2 run buffer 
concentration, x3 voltage

Fig. 3  An electropherogram of ASE in tablet extract solution (spiked 
with 1.68  μg/mL ASE and 5  μg/mL GRA). Conditions: Capillary 
of 75 µm i.d and 40 cm effective length (48 cm total); run buffer of 

phosphate buffer (15  mM, pH: 3.1). The voltage was 25.7  kV with 
detection wavelength of 220 nm and capillary temperature of 20 ℃
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experimental conditions (run buffer pH, run buffer concen-
tration, voltage or wavelength). No significant changes in 
recovery values were observed in changed conditions as seen 
in Table 6.

Tablet analysis

The proposed method was used for the determination of ASE 
in  Sycrest® tablets (10 mg ASE). Tablet solutions (0.42, 1.68 
and 5.6 μg/mL ASE) were analyzed in six replicates. ASE 
content was obtained as 10.10 ± 0.16 mg with the recovery 
of 100.9% and RSD of 1.54%. Also, the electropherograms 
with no interference support that the presented method can 
be successfully used for the determination of ASE in tablets.

Conclusion

CE has many advantages over other methods including rapid 
analysis time, low solvent consumption, high efficiency and 
selectivity especially for pharmaceutical analysis. A fast and 
simple CE method was presented for the determination of 
ASE in pharmaceuticals. Experimental design approach was 
employed to obtain a faster, easier and more reliable optimi-
zation process with less number of experiments. The method 
was fully validated according to precision, linearity, accu-
racy, robustness, LOD, LOQ and specificity parameters and 
all parameters were found appropriate. The present method 
was successfully used for the determination of ASE in phar-
maceuticals, confirming its applicability in routine analysis.

Table 3  Precision and accuracy 
data

Added concentration 
(μg/mL)

Accuracy Precision

Measured concentra-
tion (μg/mL)

Recovery (%) RSD (%)

Intraday
(Day I, n = 6)

0.42 0.41 98.7 1.9
1.68 1.69 100.8 0.3
5.6 5.54 98.9 0.7

Interday
(Whole days, n = 18)

0.42 0.41 97.8 1.4
1.68 1.68 99.9 1.0
5.6 5.51 98.4 0.9

In tablet extracts
(n = 6)

0.42 0.44 104.9 3.2
1.68 1.68 100.1 1.2
5.6 5.57 99.5 0.7

Table 4  Specificity and stability data (n = 3)

Added Concen-
tration (μg/mL)

Recovery (%) RSD (%)

Stress conditions for specificity study
 Base hydrolysis
0.1 M NaOH, 30 min

1.68 77.8 5.97

 Acid hydrolysis
0. 1 M HCl, 30 min

1.68 99.0 1.86

 Oxidation
3%  H2O2, 30 min

1.68 100.2 1.54

Storage conditions for stability study
 Short-term stability
24 h, room tempera-

ture

0.42 98.3 0.85
1.68 100.3 2.02
5.6 99.0 0.66

 Long-term stability
2 weeks, − 20 ℃

0.42 98.8 0.09
1.68 98.0 5.11
5.6 99.75 1.93

 Freeze–thaw stability
3 cycles

0.42 99.1 0.64
1.68 97.9 2.16
5.6 99.1 2.55

Table 5  Linearity data (0.27–
6.4 µg/mL)

Intraday (Day I, n = 6) Interday (Whole 
days, n = 18)

Slope (mean ± standard deviation) 0.6028 ± 0.0121 0.5988 ± 0.0101
Intercept (mean ± standard deviation) 0.0045 ± 0.0443 0.0020 ± 0.0369
Coefficient of determination (R2) 0.9984 0.9989
95% confidence limits of slope 0.5693 to 0.6363 0.5709 to 0.6267
The standard deviation of the residuals (Sy.x) 0.0643 0.0536
Normality of residuals (p value) 0.1749 0.2000
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