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flow injection method for the assessment

of brexpiprazole, with application

to pharmaceutical dosage forms and human
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Sayed M. Derayea', Al Amir S. Zaafan?", Dalia M. Nagy' and Mohamed Oraby?

Abstract

A novel antipsychotic medication named brexpiprazole (BRX) is currently employed for the treatment of
schizophrenia and other psychotic disorders. Because BRX's molecular structure includes a benzothiophene ring,
it natively fluoresces. To detect BRX with precision and speed, a flow injection-fluorometric method, which is
both sensitive and selective, is recommended. The fluorescence detection was conducted at 364 nm following
excitation at 326 nm to capture the strong intrinsic fluorescence of BRX. The carrier solution employed was a
mixture of phosphate buffer (pH 4, 10 mM) and acetonitrile (50: 50, v/v), with a flow rate of 0.5 mL min~". The
calibration curve, based on peak areas, exhibited linearity within the concentration range of 20-350 ng mL™',
with a remarkable correlation coefficient (%) of 0.9999. The limit of quantitation was 9.7 ng mL™', and the limit
of detection was found to be 3.2 ng mL™". This method was applied to quantify BRX in Neopression® tablets,
achieving recovery within an acceptable range without interference from the tablet's additives. Additionally,
the proposed approach was successfully utilised to quantify the drug in spiked human plasma. The approach
underwent validation following ICH requirements.
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Introduction

Brexpiprazole (BRX), depicted in Fig. 1, is a 7-4-[4-(1-
benzothiophene-4-yl) piperazin-1-yl] butoxy-1, 2- dihy-
droquinoline-2-one. BRX is categorized as an atypical
antipsychotic medication. It has been granted approval
as a therapeutic agent for schizophrenia and as a com-
plementary therapy for major depressive disorder [1].
The FDA granted its therapeutic use for schizophre-
nia and depressive disorders in July 2015. BRX exhibits
both blocking and activating effects at its target receptor,
offering potential benefits in reducing restlessness and
agitation due to its predominant blocking and dimin-
ished stimulating properties [2]. It also acts by modulat-
ing the activity of serotonin and dopamine. Functionally,
BRX is considered as a new drug that stimulates partially
1 A serotonin and D2 dopamine receptors, it is also a
powerful blocker of serotonin 2 A receptors, and an
antagonist of noradrenergic alpha 1B and 2 C receptors
[3]. BRX’s higher effectiveness allows for the use of lower
doses compared to other antipsychotic drugs. Notably, its
affinity for serotonin 5HT1A receptors is notably higher,
leading to fewer adverse effects, such as akathisia and
extrapyramidal symptoms, when compared to other anti-
psychotic medication classes [4].

Existing analytical methods for BRX, as revealed in the
literature review, encompass spectrophotometric [5-7],
spectrofluorimetric [8], HPLC [2, 3, 7, 9-11], TLC [2,
12], and electrochemical method [13]. These approaches
require thorough sample preparation, substantial quan-
tities of pure organic solvents, and lead to increased
analytical expenses and environmental concerns. Spec-
trophotometric techniques, though less sensitive, are
seldom used in the examination of biological fluids [14].
In contrast, chromatographic methods, while extremely
sensitive and suitable for the study of drug degrada-
tion products and pharmacokinetics, are hindered by
their time-consuming nature, the need for expensive,
advanced equipment, significant quantities of exception-
ally pure organic solvents, and the requirement for well-
trained personnel [15-17].

Consequently, this study aims to introduce a novel
approach by developing a flow injection method for
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BRX quantification, marking the first instance of such
a method for BRX measurement. This approach offers
a time-saving, sensitive, and solvent-efficient alterna-
tive for evaluating BRX in tablet form and spiked human
plasma. The procedure validation adheres to the (ICH)
recommendations [18]. The methods that using spec-
trofluorimetric detectors are highly selective due to the
presence of two spectra, extremely sensitive, and need
very easy sample preparation [19-21]. Flow analysis has
become a crucial field in modern analytical chemistry. Its
current importance is due to the comprehensive develop-
ment of specialized instrumentation, its many advantages
compared to conventional methods, a wealth of scientific
and patent documents, and the abundance of applica-
tions tailored to diverse fields such as chemical analysis,
food and agricultural chemistry, as well as environmental
and clinical chemistry [22].

Experimental

Instrumentation

The flow injection setup utilized in this study comprised
a Sykam S 1130 HPLC quaternary pump equipped with
an optional built-in vacuum degasser (Sykam GmbH,
Gewerbering, Germany). Samples were introduced into
the system using a Hamilton HPLC syringe (Franklin,
MA, USA). To carry out fluorometric measurements,
a detector RF-20 A (Shimadzu, Kyoto, Japan) was con-
nected to the HPLC system. It’s important to note that, in
this study, the HPLC system’s column was not employed.
Aquatron water still A4000D was used to produce dou-
ble-distilled water (Cole-Parmer, Staffordshire, UK). The
pH was regulated with a Jenway 3510 pH meter (Stafford-
shire, UK). A Mettler Toledo 5-digit balance (Greifensee,
Switzerland) was utilized for weighing.

Materials and chemicals

The BRX pure powder was received as a generous dona-
tion from Marcyrl Pharmaceutical Industries (Obour
City, Cairo, Egypt). We procured acetonitrile and metha-
nol of analytical quality from Sigma Aldrich (Darmstadt,
Germany). The sources for orthophosphoric acid and
dipotassium hydrogen phosphate were El Nasr Chemicals
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Fig. 1 The chemical structure of BRX
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Chemical Co (Cairo, Egypt). Additionally, Neopression®
4 mg tablets (Batch no. 2,134,327) were obtained from
the Egyptian marketplace. Lastly, Whatman grade No.
1 filter papers (Maidstone, Kent, United Kingdom) were
utilized.

Flow injection conditions

The method was carried out with a carrier solution that
was a combination of (50: 50, v/v) acetonitrile and phos-
phate buffer (pH 4, 10 mM). Prior to use, this mixture
was filtered through a 0.22 pm filtration membrane and
degassed. The liquid flowed through the system at a flow
rate of 0.5 mL min~!. The native fluorescence of BRX was
determined at an emission wavelength of 364 nm fol-
lowing excitation at 326 nm. Using an injection volume
of 20 pL, the whole procedure was performed at room
temperature.

Preparation of carrier solution

Approximately, 0.871 g of dipotassium hydrogen phos-
phate was transferred into a 500 mL volumetric flask.
Subsequently, 500 mL of double-distilled water was
added in the flask, and the mixture was thoroughly
shaken. The pH of the resulting solution was modified to
reach a value of 4.0 with orthophosphoric acid. Following
this, the solution underwent filtration through a 0.22 um
filtration membrane, and any remaining air was removed
by subjecting the solution to 5 min of sonication. Finally,
it was blended with acetonitrile (50: 50, v/v).

Preparation of standard stock solution

A 1 mg mL™! stock solution was formed by precisely
measuring 10 mg of pure BRX and dissolving it in 10 mL
of methanol. For the BRX working standard solution,
the carrier solution was used. The stock solutions were
stored in the refrigerator. Subsequently, BRX solutions
with concentrations of 20, 50, 100, 150, 200, 250, 300, and
350 ng mL~! were generated through a series of dilutions
using the carrier solution.

Preparation of pharmaceutical tablets

Ten tablets of Neopression® 4 mg were finely ground. An
accurately measured amount of tablet powder, equiva-
lent to 4 mg of BRX, was employed. The BRX was then
extracted using analytical-grade methanol in a volumet-
ric flask through sonication lasting 30 min. Subsequently,
the volume was adjusted to 50 mL with the same solvent.
Whatman grade No. 1 filter paper was utilized to filter
the resultant solution, with the initial portion of the fil-
trate being discarded. For the preparation of the assessed
concentration, the extract was diluted using the carrier
solution. Five measurements of BRX concentration were
determined following the standard analytical procedure.
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The tablets’ actual content was determined using the cor-
responding regression equation.

Preparation of spiked human plasma

Blood samples were collected from the forearm veins
of healthy volunteers at Misr Hospital in Sohag, Egypt.
These samples were placed in tubes containing heparin.
Prior to experimenting, the purpose of the study was
explained to each volunteer, and they provided their writ-
ten consent. The use of plasma specimens from healthy
individuals was in accordance with the Helsinki Recom-
mendations [23, 24].

To conduct the experiment, 100 pL of drug-free human
plasma was mixed with 100 puL of various concentra-
tions of BRX. This mixture was then treated with 200 pl
of acetonitrile to precipitate proteins. The solution was
centrifuged for 30 min at 4000 rpm following a power-
ful 30-second vortex. Clear supernatant samples were
taken, and a standard analytical procedure was applied.
This methodology was employed to assess the drug under
investigation at four different concentrations, with three
replicates for each concentration.

Result and discussion

Detection wavelength selection

To select an appropriate analytical wavelength, a solution
containing 10 ug mL™! of BRX was prepared by diluting
a standard solution. Specifically, 10 mg of standard BRX
powder was placed in a 10 mL volumetric flask and dis-
solved in a small volume of methanol. The flask was then
filled up to the mark using the same solvent. From this
solution, 0.1 mL was withdrawn and transferred into
a separate 10 mL volumetric flask, again brought up to
the mark with the same solvent, resulting in a concentra-
tion of 10 pug mL™". This solution was analyzed using a
double-beam spectrophotometer in the range of 200 to
400 nm, with methanol as the blank. The resulting spec-
trum revealed that the maximum absorption wavelength
(Apax) of BRX was 326 nm, which was chosen as the exci-
tation wavelength for the subsequent analysis. To prepare
a lower concentration standard solution of 0.5 ug mL™*
of BRX, methanol was also used to make dilution of the
standard solution appropriately. This diluted solution was
then examined for its emission wavelength using a spec-
trofluorometer after excitation at 326 nm. It was deter-
mined that BRX exhibited its maximum fluorescence at
364 nm, and this wavelength was selected for the emis-
sion analysis.

Carrier solution selection

The BRX standard solution was introduced into the
equipment and tested with various solvent systems. To
determine the best solvent system for BRX, we explored
several options, including methanol, acetonitrile, and
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Fig. 2 BRX FIAgram 50, 150, 250, 300, and 350 ng mL!
Table 1 Regression equation and validation parameters for the proposed flow injection method
Parameters BRX
Linear range (ng mL™") 20-350
Slope (b) 141.21
Regression Equation Y=141.21X+2767.73
Standard deviation of slope (S;) 0.66
Intercept (a) 2767.73
Standard deviation of intercept (S,) 137.55
Correlation coefficient (r) 0.9999
Determination coefficient (r) 0.9998
LOD (ngmL™") 321
LOQ (ng mL™") 9.74

water in different combinations and pH conditions. The
most intense fluorescence occurred when we combined
a buffer with acetonitrile. To identify the ideal propor-
tion of these two components for the method, we experi-
mented with various ratios, such as 20:80, 40:60, 50:50,
70:30, 80:20, and 90:10. We discovered that the most
effective carrier solution system is a 10 mM phosphate
buffer and acetonitrile in a 50:50 volume-to-volume ratio.
We also tested different pH levels and found that pH 4
yielded the highest fluorescence (Fig. 2).

Optimization of the flow rate

The FIA system’s flow rate plays a crucial role as it has a
notable impact on the peak area, which reflects the fluo-
rescence intensity response. To optimize the flow rate,
various rates (0.5, 0.8, 1, and 1.2 mL min~!) were tested.
Interestingly, it was noticed that increasing the flow rate
led to a substantial decrease in the peak area. Conse-
quently, 0.5 mL min~! was determined to be the optimal
flow rate, as it yielded the highest peak area with a sharp
peak.

Validation of the suggested method

Based on ICH Q2 (R1) guidelines, the validated analyti-
cal procedure [18] was assessed in terms of parameters
such as linearity, detection limit (LOD), quantitation
limit (LOQ), precision, accuracy, robustness, and similar
attributes.

Linearity

Several typical solutions of the studied medication were
analyzed at different concentrations using the standard
analytical procedure. By plotting the peak area against
the eventual drug concentration, the calibration curve
was established for the drug. The linearity plot for the
proposed assay of BRX covered a concentration range
of 20-350 ng mL™", displaying an impressive correlation
coefficient (r%) of 0.9999. The regression data, calibra-
tion data, and correlation coefficients are summarized in
Table 1.
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Table 2 Precision for proposed flow injection method for the determination of BRX
Precision level Added concentration (ng mL") Measured concentration (ng mL") Recovery*  Standard deviation RSD (%)
(%)

Intra-day 100 100.69 100.69 1.06 1.05
(Day1,n=3) 200 196.70 98.35 0.14 0.14

300 297.27 99.09 048 049
Inter-day 100 100.02 100.02 133 133
(three days,n=9) 200 199.26 99.63 126 126

300 300.60 100.20 093 093
*Mean of three determinations
RSD Relative standard deviation
Table 3 Evaluation of the accuracy of the analytical procedure by standard addition method (n=3)
Amount taken (ng mL™") Amount added (ng mL™") Amount found (ng mL™") Recovery* (%) Standard deviation RSD (%)
100 0.00 99.80 99.80 092 092
100 50 15147 100.98 .11 1.10
100 100 198.40 99.20 1.08 1.09
100 150 25260 101.04 067 0.66
100 200 301.02 100.34 0.32 0.32

*Mean of three determinations
RSD Relative standard deviation

Limit of detection and limit of quantitation

The LOD represents the minimum detectable amount
within a sample under the specified experimental condi-
tions, although it is not measurable with precision. On
the other hand, the LOQ signifies the smallest amount of
BRX in a sample which can be measured with a satisfac-
tory level of precision and accuracy. To determine these
values, the following formulas were employed: LOD=3.3
times the standard deviation of the intercept (SD) divided
by the slope of the calibration curve (S). LOQ=10 (SD)/
S. The values for LOD and LOQ can be found in Table 1.

Precision

The study examined the precision of BRX, both within
the same day (intra-day) and across different days (inter-
day), using three concentrations: 100, 200, and 300 ng
mL~!. To assess intra-day precision, three consecutive
analyses were performed on the same day, whereas inter-
day precision was evaluated by performing the analytical
procedure over three successive days. This experiment
was conducted three times. The recovery values obtained
ranged from 98 to 102%, and (% RSD) values were
observed to be well within acceptable limits, not exceed-
ing 2.0%. A summary of the results for both intra- and
inter-day precisions can be found in Table 2.

Accuracy

The BRX recovery was determined by employing the
standard addition technique to evaluate the method’s
precision. Various quantities of the standard solu-
tion were introduced into tablet solutions previously
analyzed. This recovery assessment encompassed five
distinct concentration levels and was conducted in

triplicate. The results, including the calculated per-
centage recoveries and associated SD, are presented in
Table 3. The average BRX recoveries ranged from 98 to
102%, and the standard deviations remained below 2.0%.
These findings demonstrate that the proposed methodol-
ogy is sufficiently accurate.

Robustness

The method’s robustness was evaluated by examining its
performance when subjected to minor adjustments in the
experimental parameters. These included slight varia-
tions in the carrier solution composition (2%), minor
fluctuations in flow rate (0.1 mL min~'), changes in pH
(0.1), and shifts in the detection wavelength (2 nm). The
findings are summarized in Table 4. Since the obtained
RSD remained below 2%, it is evident that the method
remained largely unaffected by these minor variations in
the tested variables. This confirms the robustness of the
proposed technique.

Applications of the method

Application to pharmaceutical dosage forms

An analysis of the drug content in a commercially avail-
able dosage form, Neopression® 4 mg tablets, was con-
ducted using a general analytical method, illustrated
in Fig. 3. The proposed approach yielded a satisfactory
percentage recovery of 98.73+1.42. This notably high
percentage recovery also indicated that the tablet’s non-
active ingredients did not have a discernible impact. Fur-
thermore, the results obtained through the suggested
approach were compared to those from a previously
published method [7] in terms of precision and accuracy.
The calculated ¢- and F- tests values, at a 95% confidence
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Table 4 Robustness for 200 ng mL" of BRX (n=3)
Parameter Recovery* (%) Standard deviation RSD (%)
Flow rate 04 101.51 1.67 1.65
0.6 98.79 062 063
Percentage of acetonitrile (%) 48 99.89 0.40 0.40
52 100.24 1.11 1.1
pH 39 101.29 0.80 0.79
4.1 100.27 0.87 0.87
A excitation (nm) 324 9852 0.16 017
328 99.11 0.79 0.80
A\ emission (nm) 362 98.66 030 031
366 100.22 0.52 0.52
*Mean of three determinations
RSDRelative standard deviation
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Fig. 3 BRX (150 ng mL") FIAgram in dosage form
Table 5 Analysis of BRX in dosage form (Neopression 4 mg/ tablet) and pure form by reported and proposed methods [7]
Parameters Dosage form Pure form
Proposed method Reported method Proposed method Reported method
% Recovery @ 98.73 100.01 99.46 98.84
Standard deviation 1419 1.624 1.23 1.38
Variance 2014 2.637 1.51 1.90
Number of measurements 5 5 5 5
t-test T - 075 -
F-test ° 132 - 126 -
#Mean of five determinations

PTabulated value at 95% confidence limit, F=6.388 and t=2.306

level, did not exceed the corresponding tabulated values,
as demonstrated in Table 5. Hence, no significant dis-

parity was observed between the outcomes of the two
methods.

Application to spiked human plasma

The highly sensitive FIA method effectively detected
BRX in human plasma samples spiked with varying
medication concentrations. To achieve this, different
drug concentrations were mixed with human plasma,
and acetonitrile was introduced to precipitate proteins.
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Table 6 The application of the developed method to measure the drug in spiked human plasma
Drug conc. (ng mL™") % Recovery* SD %RSD
50 102.53 2.26 2.20
100 100.33 1.11 111
200 99.17 1.28 1.29
300 100.98 048 047

*Mean of three determinations, SD standard deviation, RSD Relative standard deviation

Following centrifugation, the recommended analytical
protocol was applied. BRX exhibited excellent recov-
ery rates (Fig. 4), and the impact of interfering plasma
components was notably reduced, as illustrated in
Table 6. The respective drug concentrations were deter-
mined by utilizing the resulting regression equation
(Y=141.21X+2767.73).

Comparison with the reported methods

A comparison of the analytical performance of the sug-
gested FIA method with other reported methods,
including chromatography and spectrometry (Table S1),
demonstrates that, the current method has a very low
limit of detection (3.21 ng mL™?!). Although a few of the
previously reported methods had higher sensitivity, the
sensitivity obtained from the current work is satisfactory
for the quantification of BRX in biological samples and
investigating the pharmacokinetic behavior of BRX. The
greenness of the proposed method is not very high due
to usage of acetonitrile solvent, however, it has higher
greenness than reported chromatographic methods that
have higher sensitivity [7, 9]. Meanwhile, the current
method is characterized by ease of analysis, highly sim-
ple and selective procedure. Furthermore, no extensive

sample treatment is needed and is cost-effective. All
these merits make the present method highly convenient
for routine analysis in quality control laboratories.

Conclusion

This study introduced a new flow injection-fluorometric
technique which was utilized to measure BRX in bulk
materials, pharmaceutical dosage forms, and human
plasma samples that were intentionally spiked with the
compound. The suggested approach has been highlighted
by its ease of use, sensitivity, precision, and accuracy. It
demonstrated selectivity and reproducibility in the anal-
ysis of BRX, showing no interference from additives as
confirmed through statistical analysis. The procedure
effectively quantified BRX in pharmaceutical dosage
forms, producing results closely matching the labeled
values of commercially available tablets. Moreover, its
high sensitivity makes it suitable for analyzing biological
samples and quantifying BRX in spiked human plasma.
The method’s validity was confirmed by ICH guidelines.
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