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Abstract: Antipsychotics are widely used to treat various mental disorders. Combination therapies
were approved by the FDA to treat manic states. Quetiapine fumarate, aripiprazole, asenapine
maleate, and chlorpromazine HCl are frequently used for treatment of these disorders. Green analyti-
cal chemistry is primarily concerned with reducing waste generated during sample preparation or
analysis. Green solvents, such as ethanol, are being used in HPLC as an alternative to acetonitrile.
To this purpose, two new chromatographic methods were developed to determine these four drugs
simultaneously in their bulk and pharmaceutical formulations. The greenness of both methods
was assessed by the green analytical procedure index (GAPI)—one of them was found to be green
ecofriendly, and the other had some environmental hazards (conventional)—and this helps laborato-
ries to choose a method that suits their capabilities. The chromatographic separation for both methods
was carried out on a Thermo® C18 column. The total separation times were about 11 min and 9 min
for the green and the conventional methods, respectively. Using the Student’s t-test and the F-ratio,
there was no significant difference between the results of the two methods. These methods have been
validated and successfully applied to the analysis of commercial pharmaceutical formulations. Our
study could successfully be used in central quality control laboratories, which need a single analytical
method to separate more than one compound with similar pharmacological action.

Keywords: quetiapine; aripiprazole; asenapine maleate; chlorpromazine; GAPI; HPLC

1. Introduction

For different psychiatric illnesses, antipsychotics are commonly used to find a cure. For
schizophrenia, hallucinations, mania, sleep disturbances, dementia, and bipolar disorders,
these medications are most commonly administered. It is difficult to find the appropriate
treatment in such pathologies, and a large percentage of psychiatric patients who are
given antipsychotics require more than one antipsychotic drug at the same time. The Food
and Drug Administration of the United States approved combination therapies to treat
acute manic states, including the use of quetiapine and aripiprazole as second-generation
antipsychotics in combination with lithium to treat acute bipolar depression [1,2]. For
that, it is essential to have fast and ecofriendly assays to determine multiple antipsychotic
drugs and to screen these drugs in laboratories routinely. The drugs chosen are among the
most commonly prescribed antipsychotics for the treatment of schizophrenia and bipolar
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disorders; consequently, they are widely produced by factories [3,4]. Therefore, it is really
meaningful for pharmaceutical factories and central quality control laboratories to have
methods to determine these drugs simultaneously, and these methods could also be used to
detect counterfeiting. Quetiapine fumarate (QU) is an atypical antipsychotic of the second
generation that is used to treat schizophrenia, bipolar disorder, and major depression [5].
During long-term therapy, QU shows a high degree of clinical effectiveness and a low risk
of adverse effects. It is well-tolerated and an effective option for certain patients who have
a high sensitivity to medications such as clozapine and olanzapine [6].

Many analytical methods have been proposed to analyze QU found in bulk form, as
well as in various pharmaceutical dosage forms and biological fluids, using HPLC [7-9].
QU was separated from its degradation products using acetonitrile and dipotassium
hydrogen phosphate as a mobile phase, which had a long run time of 53.9 min [7]; QU
was eluted in 5 min using an internal standard (lamotrigine) and a mixture of acetonitrile
and 0.1% orthophosphoric acid as a mobile phase [8]; and QU was also analyzed in
plasma using a complicated mobile phase consisting of acetonitrile, methanol, and 0.025 M
phosphate buffer (containing triethylamine)), and the method suffered from a narrow
linearity range [9]. Meanwhile, aripiprazole (AR) is recommended to treat bipolar disorder
associated with manic and mixed episodes, schizophrenia, and as an adjunctive treatment
for major depressive disorder [5]. AR has been analyzed in pure form and different
pharmaceutical formulations by HPLC [10-14]. AR was separated from its impurities
using a methanol-based mobile phase: water:orthophosphoric acid [10]; AR was also
eluted using a mixture of acetonitrile and triethanolamine buffer at 3.8 min but with
poor sensitivity [11]; AR was separated from its impurities at 28.2.min using acetonitrile
and phosphate buffer [12]; AR was separated at 8 min from its degradation products
using a mixture of acetonitrile and 0.2% trifluoroacetic acid [13]; and AR was analyzed
using a complicated mobile phase (acetonitrile-methanol-20 mM sodium sulfate-acetic
acid) [14]. Asenapine maleate (AS) is an atypical antipsychotic used to treat schizophrenia
and acute mania associated with bipolar disorder. It is also used to treat nightmares
caused by severe post-traumatic stress disorder [15]. AS found in various pharmaceutical
formulations has been determined by using HPLC [16-19]. AS was separated from its
degradation products using potassium dihydrogen phosphate and acetonitrile as mobile
phase [16]; AS was also separated with poor sensitivity using acetonitrile and 0.05 M
potassium dihydrogen phosphate [18]; and an ion pair LC method was used to analyze
AS in dosage forms with a mobile phase consisting of acetonitrile and 10 mM 1-heptane
sulfonic acid [19]. Chlorpromazine hydrochloride (CH) is also used to treat schizophrenia.
Moreover, it is used to decrease nausea and vomiting, alleviate preoperative restlessness
and anxiety, treat acute recurrent porphyria, and to control the symptoms of the psychotic
form of manic-depressive disorder [5]. CH found in various pharmaceutical preparations
has been determined and quantified using HPLC [20-23]. A mobile phase composed
of acetonitrile:deionized water was used to separate CH from carvedilol but with poor
sensitivity [20]; CH was separated from trihexyphenidyl hydrochloride using a complicated
mobile phase (methanol:acetonitrile:water:triethylamine) and poor sensitivity [21]; CH
was also analyzed in plasma using sodium acetate buffer and acetonitrile [23]. From those
reported methods, it was clear that all of them have used acetonitrile in the mobile phase
composition, and some of these methods suffered from poor sensitivity or long elution
time. Moreover, by reviewing the literature, the selected antipsychotics were determined
with a combination of other drugs in dosage forms by LC [24-26], but the simultaneous
HPLC determination of these four selected drugs was not reported.

HPLC is considered a traditional analytical separation process used for qualitative and
quantitative purposes, but sadly, most of these conventional methods either ingest or make
hazardous organic solvents. These organic solvents may become health hazards, being
an irritant or toxic and/or environmental hazards resulting in more pollution and more
waste generation [27]. Therefore, by eliminating unwanted hazardous compounds used or
created by a certain method, it becomes safer for nature. The greening of RP-HPLC methods
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has gained the analytical community’s interest, who are looking for novel solutions to
substitute polluted analytical methods. Green analytical chemistry (GAC) evolved from
green chemistry in the 2000s and stimulated the interest of researchers [27-29]. Its theory
can be summarized as removing dangerous chemicals from the methods of analysis to
enhance health and environmental familiarity while maintaining the performance of the
method. Some strategies are widely applied to make greener liquid chromatography
methods, regarding the 12 principles of green chemistry, by decreasing solvent use, reducing
the column’s inner diameter, length, and/or column particle size, and replacing poisonous
solvents, such as acetonitrile and methanol, with more friendly ones [30].

This study aims to develop two LC methods to identify and quantify simultaneously
these antipsychotics in pharmaceutical formulations and compare the two methods with
each other regarding accuracy and precision. Both of these methods were assessed by the
GAPI tool: one was found to be green, and the other had some environmental hazards
(conventional), and that could help pharmaceutical factories save time and effort by choos-
ing a method that suits their capabilities and laboratory reagents. Both HPLC methods
were optimized separately, and they acquired good precision, accuracy, reproducibility, and
low limits of detection and quantification. Both methods could be used in central quality
control laboratories in which a single analytical method analyzes more than one compound
to save time and effort.

2. Experimental
2.1. Instrumentation

An Agilent 1220 Infinity LC system (G4294B configuration; Agilent Technologies,
Santa Clara, CA, USA), which consisted of a dual solvent deliver system, an auto sampler,
and a diode array detector (DAD), was used.

2.2. Chemicals and Reagents

Utopia Pharmaceuticals, Cairo, Egypt, kindly supplied AR and QU pharmaceutical
grades, which were certified to have 99.9% and 99.8%, respectively. Meanwhile, we brought
CH and AS from Sigma-Aldrich (St. Louis, MO, USA), which were certified to have 98%
and 99.5%, respectively. Ethanol, methanol, and acetonitrile for HPLC were from Sigma-
Aldrich. Sodium dihydrogen orthophosphate dihydrate, phosphoric acid, and sodium
hydroxide used were analytical grade.

2.3. Pharmaceutical Samples

Asenapine® tablets were used (batch no. 042) (Egyptian Group for Pharmaceutical
Industries E.G.P.L, El Obour City, Egypt) and were labeled as having 10 mg of asenap-
ine maleate. Aripiprazole® tablets were used (batch no. 121129) (Multi Apex Pharma-
ceutical Company, Badr City, Egypt) and were labeled as having 10 mg of aripiprazole.
Neurazine® tablets were used (batch no. 147070) (Misr Co. for the Pharmaceutical Industry,
El Obour City, Egypt) and were labeled as having 100 mg of chlorpromazine hydrochloride.
Quitapex® tablets were used (batch no. AT07130820) (Inspire Pharma, Cairo, Egypt) and
were labeled as having 25 mg of quetiapine fumarate.

2.4. Chromatographic Conditions
2.4.1. Ecofriendly Green Method

The HPLC separation was achieved on Thermo C18 column (4.6 mm X 250 mm, 5 pm).
The mobile phase was made through mixing ethanol and 20 mM sodium dihydrogen
phosphate dihydrate (pH was adjusted to 5.0 by NaOH) in ratio of 35:65 v/v. The mobile
phase flow rate was 1 mL min~!. The detector was set at 230 nm, and the injection volume
was 20 uL. All determinations were carried out at 25 °C.
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2.4.2. Conventional Method

The HPLC separation was achieved on Thermo C18 column (4.6 mm x 250 mm,
5 um). The mobile phase was made through mixing acetonitrile (ACN) and 20 mM sodium
dihydrogen phosphate dihydrate, pH was kept at 3.0 using 1 M phosphoric acid, and the
gradient elution program was 0-5 min 40% ACN, 5-10 min 60% ACN. After 10 min, the
gradient was back to the initial condition, and the column was then reconditioned for 5 min.
The mobile phase flow rate was 1 mL min~!. The detector was set at 240 nm, and the
injection volume was 20 pL. All determinations were carried out at 25 °C.

2.5. Standard Solutions

The analytes’ stock solutions were made separately by dissolving QU, AR, and CH in
ethanol and AS in methanol to achieve concentration of 0.2 mg mL~! for each compound,
and they were stored at 4 °C for further preparation of the working solutions. The working
solutions were made by further diluting the standard stock solutions with ethanol for
the green method or acetonitrile for the conventional method to achieve 0.1-20 ug mL~!
concentration range of for each drug separately.

2.6. Sample Preparation

For preparing the samples, 20 tablets of each brand of product were separately weighed
and powdered. A certain amount of the powder, equivalent to 20 mg for each drug, was
accurately weighed and then placed in 100 mL volumetric flask and dissolved in ethanol
for each drug except AS, which was dissolved in methanol. The dissolution was confirmed
using the ultrasonic bath for 20 min and then cooled to room temperature. The solution was
then diluted to volume with the same solvent and then filtered through 0.45 pm membrane
filters. We rejected the first amount of the filtrate, and the remainder was used as a stock
sample solution. Further dilution was made with ethanol for green method or acetonitrile
for conventional method to achieve a 0.1-20 ug mL~! concentration range for each drug.
The techniques of both methods previously defined were made to analyze these samples,
and the concentrations of the drugs found were determined.

3. Results and Discussion
3.1. Method Optimization

This study intended to establish precise, sensitive, and time-saving LC methods for the
simultaneous quantification of antipsychotic drugs in their bulk form and pharmaceutical
formulations. The parameters of the methods that affect the peak areas and the separation
of the four drugs were examined. For wavelength selection, the DAD response was studied
in the range of 210 nm to 250 nm based on the compounds’ UV spectra. The wavelengths
230 nm and 240 nm were chosen for the green method and the conventional method,
respectively, as they permit good detection with reasonable sensitivity for the studied
drugs. To improve the chromatographic methods’ performance, many alterations in the
mobile phase composition were studied. Different concentrations of the buffer (10 mM,
20 mM, and 50 mM) were tested for both methods. It was observed that upon increasing the
concentration of the buffer, the elution time extends, and AR and CH peak areas decrease.
In addition, using a high buffer concentration of the solution may lead to serious damage to
the column. On the other hand, using a buffer in a concentration below 20 mM resulted in a
serious decrease in AS peak area. A 20 mM buffer was the most appropriate concentration.
The pH values of the buffer used have a critical role in separating the studied drugs, so the
pH value must be optimized to reach to peak sharpness and efficient separation. For that,
in order to optimize the pH of the buffer solution used, the 20 mM phosphate buffer was
examined with altered pH values. For the green method and the conventional method, pH
5.0 and pH 3.0, respectively, were found to be the most suitable pH values leading to well-
resolved peaks and the highest plate count. For the green method, a different percentage of
the mobile phase composition was studied. Increasing ethanol percentage to greater than
35% resulted in broad peaks of AS and AR at 45-55% ethanol and co-elution of the selected
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drugs at 65% ethanol. Therefore, satisfactory separation of the four compounds within
11 min was obtained by simply mixing ethanol —20 mM sodium dihydrogen phosphate
dihydrate in a ratio of 35:65, v/v, the pH adjusted to 5.0 and the flow rate being 1 mL min~?.
For the conventional method, gradient elution is recommended where the analysis time
decreased, and the quality of the separation is improved. An acetonitrile concentration
increase greater than 40% after the first 5 min led to inadequate separation of QU and AS
peaks, while an acetonitrile concentration decrease (<40%) after the first 5 min resulted in
separation, but extreme tailing for AR and CH was observed. Satisfactory separation of the
four compounds within 9 min was obtained using acetonitrile (can) and 20 mM sodium
dihydrogen phosphate dihydrate, pH was adjusted to 3.0, and a gradient elution program
was followed: 0-5 min 40% ACN, 5-10 min 60% ACN. After 10 min, the gradient was
back to the first condition, and after that, the column was reconditioned for 5 min, and the
mobile phase flow rate was 1 mL min~ 1.

The chromatograms of both methods are demonstrated in Figure 1. In this figure,
the complete separation of the studied drugs was remarked with sharp peaks and clear
baseline separation. Table 1 mentions the system suitability results.
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Figure 1. (a) HPLC chromatogram of 20 uL injection of synthetic mixture having 10.0 ug mL~!
of QU, 7.0 ug mL~! of AR, 10.0 ug mL~! of AS, and 10.0 pg mL~! of CH using the green HPLC
method and (b) HPLC chromatogram of 20 uL injection of synthetic mixture having 5.0 ug mL~!
of QU, 10.0 ug mL~! of AS, 5.0 ug mL~! of AR, and 10.0 pg mL~! of CH using the conventional
HPLC method.

Table 1. The system suitability test results of the developed green and conventional HPLC methods
for determination of QU, AS, AR, and CH.

Retention %RSD P of Capacity .. . o
Method Compound Time Retention Factor Selectlcv ity Resolutclon Tailing Plate Count
.\ a . (x) (Ry) Factor
(min) Time (K)
QU 421 1.24 3.63 2.36 (al) 10.59 (b1) 1.24 3799.56
AR 8.71 1.11 8.57 1.11 (a2) 1.69 (b2) 1.11 6111.079
Green
AS 9.57 1.29 9.52 1.10 (a3) 3.41 (b3) 1.24 5976.887
CH 10.44 1.37 10.47 1.37 4273.030
QU 3.70 1.44 3.35 1.36 (a4) 4.54 (b4) 1.44 5925.405
AS 5.05 1.29 4.55 1.21 (a5) 1.75 (b5) 1.29 5477.001
Conventional
AR 5.94 1.18 5.53 1.55 (ab) 8.21 (b6) 1.18 4868.921
CH 8.78 1.37 8.59 1.37 10,244.90

2: The unretained peak retention times are 0.91 min and 0.86 min. b. Relative standard deviation. <: al and b1 are
« and R calculated for AR-QU. a2 and b2 are « and Rq calculated for AS-AR. a3 and b3 are « and Rg calculated
for CH-AS. a4 and b4 are « and Ry calculated for AS-QU. a5 and b5 are o and Ry calculated for AR-AS. a6 and b6
are o and Rg calculated for CH-AR.
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3.2. The Validation of the Methods

International Conference on Harmonisation (ICH) Q2R1 Guidelines [31] were followed
for validation of the proposed methods with regard to linearity, selectivity, the limit of
detection (LOD), limit of quantification (LOQ), and precision and accuracy.

3.2.1. Linearity

The linearities of both methods for the determination of QU, AS, AR, and CH were
assessed through analyzing a series of different concentrations of each drug. Seven con-
centrations were selected for both methods, ranging from 0.1-20 pg mL~! for the studied
drugs, and each concentration was repeated three times in order to know the variation
in peak area values between samples of the same concentration. Calibration graphs’ lin-
earity were confirmed by the correlation coefficient high values (0.9999 or 0.9998 for all
compounds), and the standard calibration curves are shown in Figures S1 and S2. The
regression equations’ parameters of both methods were obtained by least-squares treatment
of the results and are presented in Table 2.

Table 2. Characteristic parameters of the calibration equations for the developed green and conven-
tional HPLC methods for analysis of QU, AS, AR, and CH.

Method Green
Parameters QU AR AS CH
Calibration range (ug mL~1) 0.1-20 0.1-20 0.1-20 0.1-20
Detection limit (ug mL~1) 0.03 0.02 0.03 0.02
Quantitation limit (ug mL~1) 0.10 0.07 0.09 0.07

: : -
Regression equation (Y) *: 4396173  43,627.12 896881  7272.07

Slope (b)
Standard deviation of the slope (Sp) 802.48 387.87 99.49 62.08
Relative standard deviation of slope (%) 1.8 0.89 1.1 0.85
Intercept (a) 2161.03 116.73 60.17 61.59
Correlation coefficient (r) 0.9998 0.9999 0.9999 0.9999
Method Conventional
Parameters QuU AS AR CH
Calibration range (ug mL~1) 0.1-20 0.1-20 0.1-20 0.1-20
Detection limit (ug mL ') 0.03 0.03 0.04 0.03
Quantitation limit (ug mL~1) 0.11 0.11 0.12 0.11

: : -
Regression equation (Y) *: 2654381 40025  25633.3  13,004.44

Slope (b)
Standard deviation of the slope (S) 380.95 57.96 418.84 190.77
Relative standard deviation slope (%) 1.44 1.45 1.63 1.46
Intercept (a) 1745.39 189.48 2234.69 1104.77
Correlation coefficient (r) 0.9999 0.9999 0.9998 0.9998

2Y =a + bC, where C is the concentration in ug mL~!, and Y is the peak area.

Upon AMC (analytical methods committee), the lack of fit test has to be checked [32]
(Table S1). It assesses the variance of the residual values [33]. It was found that the F-ratio
calculated ranged from 1.35 to 2.99, which was lower than the tabulated one (3.57) at
o = 0.05, and that confirmed linearity.
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3.2.2. Precision

To evaluate the precision assessments, repeatability and intermediate precision were
checked by using three concentration levels of each drug. One-way ANOVA evaluated
the data for each concentration level. A design of 8 days x 2 replicates was constructed
(Table S2). The p-value of the F-test was used to compare the results statistically. Three
univariate analyses of variance for each concentration level were constructed. The p-values
of the F-test ranged from 0.14 to 0.99 for the two proposed HPLC methods, and they were
all greater than 0.05. Moreover, no significant difference between the mean results obtained
from one level of day to another at the 95% confidence level was found.

3.2.3. Range

By considering the practical range necessary for each compound concentration present
in the pharmaceutical product, the calibration ranges were constructed to achieve linear
and accurate results. The linearity range for all of the selected drugs was 0.1-20 pg mL~!
for the two proposed HPLC methods.

3.2.4. Detection and Quantitation Limits

Detection and quantitation limits were calculated based on standard deviation of the
response and the slope of the calibration curve. According to the formulas, LOD equals
3.3 X 0/S, where S is the slope of the calibration curve, o is the standard deviation of the
response, and LOQ equals 10 x ¢/S. The detection limits ranged from 0.02 to 0.03 pug mL~!
and 0.03 to 0.04 ug mL~! for the green and conventional methods, respectively. The values
are shown in Table 2.

3.2.5. Selectivity

Through making eight mixtures of the studied drugs at different concentrations within
the linearity range (0.1-20 pg mL 1), the selectivity of both methods was carried out. These
mixtures were analyzed by following the previous procedures represented under the pro-
posed methods. The recoveries were acceptable, ranging from 99.03% to 100.29% (Table S3)
and declaring the high selectivity of both methods to determine the studied analytes.

3.2.6. Accuracy

Commercial pharmaceutical formulations containing these antipsychotics were ex-
posed to the standard addition method. Each compound, mean percentage recovery, and
its standard deviations was determined for six replicates using the two proposed methods
(Table S4). The mean percentage recoveries ranged from 98.90% to 101.00%. From the
results calculated, good accuracy was achieved.

3.2.7. Stability

The stabilities of QU, AS, AR, and CH were tested in pure solutions by only leaving
their standard solutions in volumetric flasks, which are tightly capped, on both a laboratory
bench at room temperature at 25 °C and in the refrigerator at 4 °C. The stock solutions
of QU, AS, AR, and CH showed no changes in the peak area values when kept at room
temperature for 18 h and for 7 days in the refrigerator at 4 °C.

3.2.8. Analysis of Pharmaceutical Formulations

QU, AS, AR, and CH were analyzed using the proposed methods in Quitapex®,
Asenapine®, Aripiprazole®, and Neurazine® tablets, respectively. The determinations were
prepared for seven replicates. For each compound, acceptable results were achieved in
good agreement with label statements (Table 3). The typical chromatograms for the studied
compounds in tablets using the two methods are shown in Figures S3 and 54. No methods
were reported previously for the simultaneous determination of the studied compounds
using HPLC. For that, the proposed green HPLC method results were compared with those
of the conventional proposed method. Comparison between the results was performed
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statistically regarding accuracy and precision using Student’s t-test and F-ratio at a 95%
confidence level (Table 3), and no significant difference was observed. Additionally, a
figures of merit comparison between the green HPLC method and the previously reported
HPLC methods for the single estimation of the studied compounds was prepared for Table
S5, in which our method achieved acceptable limits of detection, wide linearity range, and
it was the first to determine these drugs simultaneously.

Table 3. Determination of QU, AR, AS, and CH in tablet dosage forms by the proposed green HPLC
method in comparison with the conventional method.

Green HPLC Method Conventional HPLC Method

Comp. % Recovery Comp. % Recovery

Mean @ 100.39 Mean ? 99.03

+SD.?2 1.89 +SD.2 1.86
QU t(2.18) P 0.17 QU

F (4.28)® 1.00

Mean @ 99.59 Mean @ 98.93

+SD.?2 1.40 +S.D.?2 1.39
AR t(2.18) b 1.74 AR

F(4.28)® 0.98

Mean? 98.16 Mean 2 98.14

+sSDa 2.00 +SD.2 2.09
AS t(2.18) b 1.74 AS

F (4.28) P 0.97

Mean? 99.57 Mean 2 99.56

+sSDha 2.23 +S.D.2 2.19
i t(18)° 0.09 cH

F(4.28)° 1.00

2 Mean percentage found = S.D. for seven determinations. ® Theoretical values for t and F at p = 0.05.

3.3. Evaluation of the Greenness of the Proposed Analytical Methods

For greenness, several tools are now available to evaluate different analytical methods.
The new GAPI index [34] has the advantage of covering the whole analytical procedure
when compared to the analytical eco-scale [29]. Five pentagrams are present; each one
represents a step of the analytical methodology including sample collection, sample prepa-
ration, reagents and solvents used in instrumentation, and the purpose of the analytical
method. GAPI has three color codes, where red color represents a high danger to the
environment, while yellow and green symbolize represent lower danger and better green-
ness. The HPLC methods proposed were compared to four other previously reported
analytical methods [9,14,17,23]. Figure 2 shows the GAPI index evaluating the proposed
methods and four reported analytical methods for the analysis of the four studied drugs.
the four previously published methods used acetonitrile as an organic solvent. In addition
to that, each of these methods can determine only one drug of the studied drugs, while
our two methods can determine the four studied drugs simultaneously. As shown from
(Figure 2a), the proposed green HPLC method has nine green and six yellow pentagrams,
and no red-colored pentagrams appear in its GAPI index. Meanwhile, the conventional
HPLC proposed method (Figure 2b) has six green and six yellow pentagrams and three
red pentagrams. Meanwhile, the reported methods (Figure 2c—f) have eight, five, four, and
five red-colored pentagrams, respectively. From the GAPI pentagrams, the proposed green
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3
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method is a green, eco-friendly method since it depended on a greener solvent that resulted

in diminished waste production.
y -

b
L7

Figure 2. The GAPI pictograms for (a) the proposed green HPLC method, (b) the conventional HPLC
proposed method and previously reported methods, (c) for method [9], (d) for method [14], (e) for

A

method [17], and (f) for method [23]. The red zones reveal high ecological impact, yellow zones
reveal lower impact, and green zones reveal safe effect to environment.

4. Conclusions

Our present study actually represents the first comparative study between two newly
developed HPLC methods for the separation and determination of the four antipsychotic
drugs (quetiapine fumarate, aripiprazole, asenapine maleate, and chlorpromazine HCI)
in their bulk and pharmaceutical formulations. One method is green ecofriendly, and the
other is conventional, which aids pharmaceutical laboratories to save time and effort by
allowing them to choose either of these methods that suits their capabilities and laboratory
reagents. It was observed that there was no significant difference between the results
of the two proposed methods using Student’s t-test and F-ratio. Analytical methods’
conditions and the mobile phase solvents provided good resolution for the antipsychotic
drugs. The developed methods could simultaneously determine them with a wide range
of linearity, accuracy, and reasonable retention time, while the green method is more
preferable because it is less harmful to the environment. The methods were validated under
the ICH guidelines. Moreover, they can be easily applied for routine analysis in central
quality control laboratories.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/separations9080220/s1, Figure S1: The standard calibration
curves for the selected antipsychotics using the green proposed method; Figure S2: The standard
calibration curves for the selected antipsychotics using the conventional proposed method; Figure S3:
Typical HPLC chromatogram of 20 pL injection of (a) quitapex® tablets sample containing 1 g mL ™!
of QU, (b) aripiprazole® tablets sample containing 5 ug mL~1 of AR, (c) Asenapine® tablets sample
containing 5 ug mL~! of AS, and (d) Neurazine® tablets sample containing 5 pg mL~! of CH using
the green HPLC method; Figure S4: Typical HPLC chromatogram of 20 uL injection of (a) quitapex®
tablets sample containing 1 ug mL~! of QU, (b) Asenapine® tablets sample containing 1 ytg mL~! of
AS, (c) aripiprazole® tablets sample containing 5 jtg mL ™! of AR, and (d) Neurazine® tablets sample
containing 10 pug mL~! of CH using the conventional HPLC method; Table S1: ANOVA (showing
lack of fit calculation) for mixture using the proposed conventional and green HPLC methods; Table
52: Analysis of variance for repeatability and intermediate precision of the studied drugs by the
proposed green and conventional HPLC methods; Table S3: The mean percentage recoveries and
standard deviation for determination of QU, AR, AS, and CH in laboratory-prepared mixtures
using the proposed green and conventional HPLC methods; Table S4: Application of standard
addition technique to the analysis of QU, AR, AS, and CH using the proposed green and conventional
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HPLC methods; Table S5: A comparison of figures of merit between proposed green HPLC and the
previously reported HPLC methods for the single determination of the selected drugs.
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