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Abstract

uniformity testing.

Bilastine (BIL) is a new second-generation antihistaminic drug used for the management of urticaria and rhino-
conjunctivitis symptoms. Herein, a spectrofluorimetric method for determining BIL is described. The method is
very sensitive, simple, quick, and green. The suggested method depended on the measurement of the original
fluorescence of BIL in 1.0 M sulfuric acid at an emission wavelength of 385 nm after an excitation at 272 nm.

The method was evaluated by the International Council on Harmonization (ICH) requirements. The relationship
between BIL concentrations and the fluorescence intensities was linear in a range of 10.0-500.0 ng mL™', and the
correlation coefficient was 0.9999. The detection limit was 2.9 ng mL™' and the quantitation limit was 8.8 ng mL™".
The suitable sensitivity and selectivity of the suggested method enabled its application successfully in analyzing
BIL in pharmaceutical tablets without any interfering effect from their excipients and in spiked human plasma

with appropriate recoveries from 95.72 to 97.24%. Additionally, the suggested method was utilized for content
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Introduction

Bilastine (BIL) is a new second-generation antihista-
minic drug that is taken orally to treat the symptoms of
urticaria and rhino-conjunctivitis, which can be seasonal
or chronic [1]. The European Medicines Agency (EMA)
approved BIL in September 2010 [2]. The recommended
dose of BIL is 20 mg once daily for the management of
urticaria and rhino-conjunctivitis symptoms. BIL has a
high affinity for H, receptors and has slight or no affin-
ity for other receptors, including some histamine recep-
tor subtypes, muscarinic and 5-HT receptors. So, it has
no central nervous system (CNS) effects. BIL has a 6
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and 3 fold higher affinity than fexofenadine and cetiri-
zine, respectively [1, 3]. The chemical structure of BIL
is 2-[4-(2-(4-(1-(2-ethoxyethyl)-1 H-benzimidazol-2-yl)
piperidin-1-yl)ethyl)phenyl]-2-methylpropionic acid
(Fig. 1) [4]. The available literature review revealed a vari-
ety of methods for analyzing BIL in bulk or pharmaceuti-
cal formulations. The methods that have been published
for the analysis of BIL were spectrophotometric [5-7],
fluorometric [8], HPLC [9-12], hydrophilic interaction
liquid chromatographic method [4], HPTLC [13], Near-
infrared spectroscopy [14], and electrochemical methods
[15]. The HPLC technique needs a lot of extremely pure
organic solvents, takes a long time to prepare samples,
uses complicated apparatus, and, in certain situations,
requires very expensive detectors. Moreover, the sensitiv-
ity of spectrophotometric methods is limited [16, 17].
Although direct spectrofluorimetric techniques have a
great sensitivity, selectivity, and inherent simplicity [18],
only one method for assaying BIL has been published
[8]. in this reported method, the excitation and emis-
sion wavelengths were 272 and 298, respectively, which
indicate high inner filter effect (IFE). IFE impedes fluo-
rescence measurements by restricting fluorescence signal
linear dependence to low sample concentrations [19, 20].
It has two types, Primary IFE (absorption of excitation
light by the analyte or co-solutes prior to reaching the
fluorophore), and secondary IFE (reabsorption of emitted
light before detection). Because of the overlap between
the excitation and emission wavelengths, the predomi-
nant IFE encountered in BIL is the secondary IFE. As a
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Fig. 1 The chemical structure of BIL
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result, a straightforward, and easy spectrofluorimetric
method with higher sensitivity for measurement of the
antihistaminic drug BIL is considered essential. An easy,
repeatable, and quick method is required for the analysis
of BIL. The fluorescence characteristics of BIL in sulfuric
acid media was investigated in order to develop the spec-
trofluorimetric method for BIL quantitation. Using sulfu-
ric acid shifted the excitation and emission wavelengths
to 272 and 385. As a result, inner filter effect (IFE) was
diminished, and wide concentration range was deter-
mined. Furthermore, our method was extended to deter-
mine Bilastine in tablet content uniformity. The proposed
method includes the use of water as a solvent which is
the most eco-friendly solvent in analytical chemistry. The
proposed method has the following advantages: a lower
financial expense, low toxicity, simplicity, faster opera-
tion, and green [21, 22].

The suggested method was found to be compliant
with the International Council on Harmonization (ICH)
requirements [23], and it was successful in detecting BIL
in bulk forms, pharmaceutical formulations, tablet con-
tent uniformity and spiked human plasma.

Experimental

Instrumentation

The spectrofluorimetric measurements were performed
with JASCO FP-8350 spectrofluorometer (Hachioji,
Tokyo, Japan). The instrument has a 150 W Xe-arc lamp
and a PMT adjusted to a voltage of 400 V. Slits width for
both emission and excitation monochromators were set

OH
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to 5 nm, and the scanning rate was 1000 nm per min.
To ensure the accuracy and reliability of fluorescence
measurements, the spectrofluorometer wavelength was
calibrated regularly using quinine sulfate solution (0.1 pg
mL'in 0.1 M H,SO,), which has a known emission max-
imum at 450 nm upon excitation at 350 nm. To assess
photostability, repeated measurements of standard solu-
tions were conducted over time; fluorescence intensity
deviations of less than +2% confirmed system stability
during the analytical run. Distilled water was obtained
using Aquatron water still a4000d (Cole-Parmer, Staf-
fordshire, UK).

Materials and reagents
BIL and Contrahistadin® tablets containing 20 mg of BIL
(B.N. H01702), were obtained from Global Advanced
Pharmaceuticals (6th of October, Egypt). Spectro-
scopic grade methanol, ethanol, acetonitrile, tween,
B-cyclodextrin (B-CD), sodium carboxymethyl cellu-
lose (CMC Na), polyvinyl alcohol (PVA), citric acid, and
perchloric acid were supplied from Merck (Darmstadt,
Germany). Analytical grade dimethylformamide (DMF),
sodium hydroxide, polyethylene glycol 400 (PEG 400),
PEG 6000 were supplied from Fischer Scientific (Lough-
borough, U.K). Analytical grade acetone, sodium dodecyl
sulfate (SDS), acetic acid, hydrochloric acid, sulfuric acid,
nitric acid, and phosphoric acid were supplied by El Nasr
Pharmaceutical Chemical Co. (Cairo, Egypt). Boric acid,
citric acid, and phosphoric acid and sodium hydroxide
were utilized for the preparation of Teorell - Stenhagen
buffer solution pH (3-10) [24].

Human plasma was generously donated by Sohag Uni-
versity Hospital Blood Bank (Sohag, Egypt). It was kept
frozen at — 20 °C until the analysis was done.

Preparation of standard solution

Ten milligrams of BIL were dissolved in 250 mL distilled
water to make stock standard drug solutions (40 pug mL™).
A portion of standard solution was diluted with distilled
water to get working standard solutions that were used
for calibration curve establishment.

Procedure for general assay

Standard solutions of BIL in concentrations ranging from
0.1 to 5 pg mL™! were transferred into 10 mL volumetric
flasks, then 2 mL of 1 M sulfuric acid was added. After
that, the flasks were filled to the final volume using dis-
tilled water and the contents were mixed thoroughly. The
intensities of the fluorescence of the resulting solutions
were monitored at 385 nm ()., at 272 nm). A blank was
processed using the previous steps except adding the BIL
solution. Plotting the obtained values of the fluorescence
versus the concentrations of BIL was carried out for con-
struction of the calibration plot.
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Procedures for accuracy and precision

The method’s accuracy was evaluated using standard
addition method. 1 mL of three different concentrations
(500, 1500, and 2500 ng mL™) of BIL standard solution
were added to 1 mL previously analyzed BIL samples
(500 ng mL) obtained from Contrahistadin® 20 mg
tablets. The analysis was performed for each concentra-
tion by applying the general analytical procedure in five
replicates.

In order to evaluate the precision for the suggested
approach, three concentrations spanning the BIL linear-
ity range (100, 200, and 400 ng mL™) were applied. A
single day was used to measure intra-day precision, and
three days were used to assess inter-day precision. The
analysis was performed for each concentration by apply-
ing the general analytical procedure in five replicates.

Procedure for selectivity

To evaluate the effects of different tablet additives used
in tablet manufacturing and the selectivity of the exist-
ing method, 1mL of 1000 ng mL™ BIL was mixed with
100,000 ng mL™ of talc, zinc oxide, magnesium stearate,
lactose, glucose, or starch. Then, the analysis was per-
formed for each additive by applying the general analyti-
cal procedure in five replicates.

Procedure for the analysis of BIL in tablet formulation

Ten Contrahistadin® 20 mg tablets were precisely
weighed and finely powdered. A portion of the fine pow-
der containing 10.0 mg of BIL was moved to a 100 mL
volumetric flask containing 30 mL of double-distilled
water and the content was sonicated for 30 min. The flask
was completed to the final volume with distilled water to
get a solution of 100 pg mL™ of BIL. After filtration using
Whatman” filter paper with pore size 11 um and remov-
ing the initial part of the filtrate. Then 0.1 mL of the pre-
vious solution was transferred into 10 mL volumetric
flask and completed to the final volume with distilled
water to get a solution of 1000 ng mL™" of BIL. Then 1
mL of the resultant solution was analyzed by applying the
general analytical procedure in five replicates.

Procedure for content uniformity test

The content uniformity (CU) test for BIL in tablet formu-
lation was performed in accordance with USP require-
ments (Chap. 905) [25, 26]. A separate analysis of ten
Contrahistadin® 20 mg tablets was used for testing the
uniformity of their contents. Each tablet was precisely
weighed and finely powdered. A portion of the fine pow-
der containing 10.0 mg of BIL was moved to a 100 mL
volumetric flask containing 30 mL of double-distilled
water and the content was sonicated for 30 min. The flask
was completed to the final volume with distilled water
to get a solution of 100 pug mL™ of BIL. Then, testing
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the uniformity of their contents was completed using
the procedure described under the analysis of phar-
maceutical tablets for each individual tablet. Then, the
acceptance value (AV) was calculated according to the
following equation:

AV=KS+|M - X| [26].

where S represents the standard deviation, K repre-
sents the acceptability constant, M represents the refer-
ence value, and X is the mean of each tablet content. If
the AV was lower than or equivalent to the maximum
permissible acceptance value (L1) 2.4, thus it was con-
cluded that, the active ingredient quantity was uniform.

Procedure for Estimation of BIL in spiked human plasma
To separate plasma proteins, centrifugation of 5 m mL of
the blood sample was performed at 4000 rpm for 30 min.
The obtained plasma was placed in Eppendorf’s tubes
and kept at -20 °C. Into a clean tube, 1.0 mL of the stored
plasma was transferred, 1.0 mL of BIL standard solution
(final concentrations of 0.1-5 pug mL!) was added, then
2.0 mL of acetonitrile was added as proteins precipitating
agent. The tube was mixed by vortex for 60 s before being
centrifuged for 10 min at 4000 rpm. The clear superna-
tant was moved to a clean tube and the general method
procedure was followed. A blank experiment was treated
similarly using distilled water instead of the standard
drug solution.
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Results and discussion

The high fluorescence intensity of BIL is due to the pres-
ence of the benzimidazole ring in its structure. BIL shows
strong native fluorescence at A, =385 nm in the sulfu-
ric acid medium (excitation at 272 nm), Fig. 2 which,
decreased the IFE in the previous research Fig. S1. The
effects of various experimental conditions on the fluores-
cence intensity of BIL were tested, and the best param-
eters for achieving the maximum fluorescence intensity
were determined.

Optimization of the experimental condition

Effect of buffers and pH modifier

To enhance the native fluorescence of BIL, 1.0 mL Teo-
rell-Stenhagen buffer solutions of varying pH (3.0-10.0)
were examined in addition to 1.0 mL of 1 M H,SO, or
NaOH, Fig. 3. The best fluorescence intensity of BIL was
obtained with 1 M H,SO,. Furthermore, it decreased the
IFE. Different types of acids (1.0 M) were also investi-
gated namely, sulfuric acid, perchloric acid, acetic acid,
hydrochloric acid, phosphoric acid, and nitric acid,
Fig. 4. The highest fluorescence intensity was obtained
with 1 M sulfuric acid, so, it was used in the subsequent
work as the pH modifier. As BIL contains basic func-
tional groups (imidazole or piperidine moieties). When
sulfuric acid was added, it protonated BIL, increasing
its solubility in aqueous media and reducing its aggre-
gation, protonation alters the electronic structure of
BIL and reducing its absorbance in the excitation and
emission wavelength ranges [27, 28]. Also, red shift in

e «» o Blank EX

e Blank EM
e a= o BIL 50 ng/mL EX
@ BIL 50 ng/mL EM
e a» @ BIL 100 ng/mL EX
e BIL 100 ng/mL EM
BIL 200 ng/mL EX
BIL 200 ng/mL EM
e = o BIL 300 ng/mL EX
e BIL 300 ng/mL EM
e a» @ BIL 500 ng/mL EX
e BIL 500 ng/mL EM

400 450 500

Fig. 2 Excitation and emission spectra of sulfuric acid blank and 50, 100, 200, 300 and 500 ng mL™" BIL in sulfuric acid medium
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Fig. 3 Effect of Teorell and Stenhagen pH, 1 M sulfuric acid and 1 M NaOH on relative fluorescence intensity of 100 ng mL™" BIL
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Fig. 4 Effect of different acids on relative fluorescence intensity of 100 ng mL™" BIL

emission upon protonation as in neutral form, BIL has
lone pairs on nitrogen that can conjugate with aromatic
systems, leading to specific n—»n* or n—»n* transitions,
and upon protonation, these lone pairs are no longer
available, reducing electron density in the conjugated
system. This stabilizes the lowest unoccupied molecular
orbital (LUMO) more than the highest occupied molecu-
lar orbital (HOMO), resulting in smaller HOMO-LUMO
gap, a lower energy required for excitation, and emission
at longer wavelengths [27-29]. As a result, sulfuric acid
minimizes the overlap between the absorption and emis-
sion spectra, thereby reducing the secondary IFE.

Finally, the effect of 1 M sulfuric acid volume was
examined in the range from 0.5 to 5 mL, Fig. 5. The high-
est fluorescence intensity was obtained with the use of 2
mL of 1 M sulfuric acid.

Effect of different organized medium

Various organized media were utilized in the study to
enhance the fluorescence of the aqueous BIL solution.
Anionic surfactant (SDS, 0.288% w/v), nonionic surfac-
tant (PEG 6000, 1% w/v, PEG 400, 1% v/v and tween 80,
1% v/v, PVA, 1% w/v), anionic polysaccharide (CMCNa,
1% w/v) and macromolecules (B-CD, 1% w/v) were stud-
ied (Fig. 6). It was observed that; the studied substances
did not enhance the fluorescence intensity of BIL; indeed,
tween 80 significantly reduced the drug’s native fluores-
cence intensity. This may be attributed to fluorescence
quenching via collisional interactions as the polyoxyeth-
ylene chains in tween can act as quenchers by forming
transient complexes with the excited state of BIL, pro-
moting nonradiative decay. Also, tween microenviron-
ment alters the excited state of BIL, possibly facilitating
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Fig. 5 Effect of 1 M sulfuric acid volume on relative fluorescence intensity of 100 ng mL™" BIL
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Fig. 6 Effect of different surfactants on relative fluorescence intensity of 100 ng mL~" BIL

dynamic quenching or internal conversion [27, 28]. As a
result, no organized medium was used.

Effect of diluting solvent

Water, acetone, ethanol, methanol, dimethylformamide,
and acetonitrile were studied to dilute BIL, Fig. 7. The
greatest fluorescence intensity was obtained when
water was the diluting solvent. The use of water is of a
great advantage for the present work since water is eco-
friendly, inexpensive, and readily available.

Methods validation
ICH guidelines [23] were applied to evaluate and validate
the proposed native fluorescence method.

Linearity and range

The calibration curve was constructed by plotting vari-
ous standard solution concentrations of BIL versus the
fluorescence intensity. Linearity was achieved for the cur-
rent method in concentrations ranging from 10 to 500
ng mL in five replicates for each concentration and the
correlation coefficient was 0.9999, indicating that; the
suggested method has excellent linearity. The various
analytical parameters were summarized in Table 1.

Limits of detection and quantification

The method’s sensitivity was tested using the limits of
detection (LOD) and limits of quantification (LOQ) cal-
culations. The LOD and LOQ were estimated by apply-
ing the ICH guidelines equations LOD=3.3 SD/b and
LOQ=10 SD/b (b is the slope and SD is the standard
deviation of intercept). The found LOD was 2.9 ng mL™,
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Fig. 7 Effect of diluting solvent on relative fluorescence intensity of 100 ng mL™' BIL

Table 1 The regression and validation parameters for the
proposed method

Table 3 Evaluation of the intra-day and inter-day precision for
the proposed method

Parameter Proposed Method
Linear range (ng mL ~") 10-500

Slope 13.7764

SD of slope (Sp) 0.0526

Intercept -43.3058

SD of intercept (S,) 12.1247
Correlation Coefficient 0.9999

SD of residuals (Sy, D) 273334

LOD (ngmL ") 2904

LOQ (ng mL™") 8.801

Table 2 Accuracy of the proposed method using standard
addition method

Amount taken from Amount Amount % Recov-
Contrahistadin® (ng added found ery+SD?
mL™") (ngmL™")  (ngmL™")

50 0 50.084 100.17£0.59
50 50 100.121 100.12+£0.74
50 150 197.897 98.95+0.64
50 250 300.125 100.04+£042

@ Mean of five determinations

while the calculated LOQ was 8.8 ng mL™, proving the
current method is highly sensitive in the assay of BIL.

Accuracy and precision

The accuracy of the provided fluorometric procedure
has been examined using five replicates measurements
of various BIL concentrations and using a standard addi-
tion method for each concentration. The obtained results
demonstrated that the calculated values were highly
agree with the actual values, indicating good precision
of the suggested method, Table 2. Using the previously

BIL Conc. Intra-day precision Inter-day precision

ngmL™’ Amount % Recov- Amount % Recov-
found ery+RSD?  found ery+RSD?
(ngmL™") (ng mL™")

100 99.976 99.98+0.38 99.940 99.94+1.14

200 199.930 99.96+0.61 200.387 100.19+£0.94

400 401.652 100.414+041  402.051 100.51+0.96

@ Mean of five determinations

analyzed concentrations, the proposed fluorometric
method has been tested for inter-and intra-day assay pre-
cision. To confirm intra-day precision, the experiment
was repeated three times in one day (repeatability). To
evaluate inter-day (intermediate) precision, the exam-
ined concentrations were measured across three days. As
shown in Table 3, all the relative standard deviation val-
ues were below 2%, proving the excellent precision of the
method.

Robustness

Upon introducing small variations in the parameters of
the method, no effect was observed in the performance of
the developed method. Fortunately, the method included
only one parameter that could be examined, sulfuric
acid volume. Minor variations in sulfuric acid volume
had no apparent effect on the efficiency of the method.
When 1.5 mL sulfuric acid was added, the recovery + SD
(mean of five determination) was found 98.23 + 0.44 and
When 2.5 mL sulfuric acid was added, the recovery + SD
were found 98.02 £ 0.51. Thus, the proposed fluorometric
method was found to be robust.
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Selectivity

The influence of tablet excipients included in tablet man-
ufacturing was explored, and the extent of their inter-
ference with the suggested approach was evaluated, to
check the selectivity of the current method. Talc, zinc
oxide, magnesium stearate, lactose, glucose and starch
were tested. The results demonstrated the absence of any
interfering effect from the examined excipients on the
suggested method, as evidenced by the good recovery
shown in Table 4.

Pharmaceutical application

The suggested method was suitable for analyzing BIL in
pharmaceutical dosage forms (Contrahistadin® tablets).
Table 5, shows that the percentage recoveries obtained
were satisfactory, indicating that there is no matrix
effect. For comparing the obtained results of the current
method with the reported method results [5], the F-and
student’s t-tests were used. Because the estimated values
of both parameters were smaller than the tabulated val-
ues at the 95% confidence level, it was established that
the accuracy and precision of the suggested method were
not significantly differ from the reported method.

Application to content uniformity (CU) test

If the proportion of active elements in the tablet formula-
tion units does not go beyond 25% of the entire weight of
the tablet or if the content of the active constituent is less
than 25 mg, it is advised that the CU of the tablet units
should be investigated [25, 30]. For the first time, the
spectrofluorometric method was utilized to track the CU
of BIL in commercial tablets. Furthermore, the developed
method had a very simple analytical process. As a result,
the presented spectrofluorimetric method is ideal for this
purpose. As presented in Table S1, the AV was lower than
or equivalent to L1, thus it was concluded that, the active
ingredient quantity was uniform in the studied pharma-
ceutical tablets.

The results obtained using the current spectrofluori-
metric method for the analysis of Contrahistadin® tab-
lets (20 mg/tablet of BIL) were lesser than the L1 value.
The spectrofluorimetric method has advantages of lower
cost of chemicals and instrument, shorter analysis time
and more eco-friendly than HPLC methods in measuring
content uniformity of BIL tablets.

Spiked human plasma application

It was reported that, BIL achieved its maximum plasma
concentration (C,,, = 220+62 ng mL") 1.3-1.5 h after
oral administration [1, 3]. BIL has a higher plasma pro-
tein binding ratio (84-90%) and approximately 95%
of BIL was detected unchanged in plasma. BIL is not
metabolized to significant extent in humans and is nearly
removed from the body unchanged through both urine

Page 8 of 10

Table 4 Evaluation of the selectivity for the proposed method

Substance added Excipient BlLadded % Recov-
added ery+SD?
ngmL™' ngmL™'

Talk 10,000 100 99.03+0.36

Zinc oxide 10,000 100 100.60+0.55

Magnesium stearate 10,000 100 100.70+0.66

Starch 10,000 100 99.95+0.44

glucose 10,000 100 10041+0.48

Lactose 10,000 100 100.12+0.98

@ Mean of five determination

Table 5 Application of the proposedmethods for
thedetermination of BIL inContrahistadin® tablets (n=5)

Parameters Reported method proposed method
9% Recovery ® 99.40 99.16

Standard deviation, SD 1.20 0.86
Number of determinations 5 5

t-value ® 0.366

F-value @ 1.957

@ Tabulated value at 95% confidence limit; t=2.306 and F=6.338

(33%) and feces (67%). Because the current method is
highly sensitive, it was feasible to estimate BIL in bio-
logical fluids. In the analysis of spiked human plasma,
the percentage recoveries were in the range of 95.72—
97.24%. The results in Table S2, assured that; the sug-
gested method was suitable for the precise assay of BIL in
human plasma with no significant interference related to
the matrix.

Evaluation of method of greenness

Analysts wield considerable authority in safeguarding
both individuals and the environment against the adverse
effects of hazardous chemicals and the resultant waste
generated within sectors such as chemicals and pharma-
ceuticals [31, 32]. It is imperative to regularly undertake
the advancement and enhancement of green chemistry
practices. Recent parameters like eco-scale scores and
the Environmental Quality Methods Index have been
employed to assess the environmental soundness of the
analytical approach [33]. Our assessment of the method’s
eco-friendliness was based on the eco-scale, which pro-
duces a numerical representation reflecting the penalties
incurred during the research process. This quantifies the
level of risk encountered, with higher scores indicating
a more environmentally benign procedure. Notably, the
developed method necessitated less than 0.1 kW/h of
energy for a single sample’s processing, eliminating the
need for heating or an extraction phase. Consequently,
the proposed method received a commendable score of
95 on the eco-scale (see Table 6), unequivocally affirming
its environmentally conscious nature.
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Table 6 Evaluation of the greenness of the proposed
spectrofluorometric method using the eco-scale score approach

Item Parameter Word sign PP sign
Technique Spectrofluorimetry  LSH 1
Reagent(s) Non 0
Solvent Water LSH 1
Heating No heating 0
Temperature Room tempreture 0
Cooling No cooling 0
Energy (kW h per sample) <0.1 KWh/sample 0
Waste 1-10 mL 3
Occupational hazards 0
(TPPs) 5
Eco-scale total score =100-TPP 95

MSH is an abbreviation for the More severe hazard, LSH for the Less severe
hazard, and TPPs for the Total penalty points

Conclusion

The proposed spectrofluorometric method is very selec-
tive to determine BIL tablets’ formulations with no inter-
ference from their excipients. The presented work has the
following advantages: it is sensitive, accurate, and precise
when it comes to the analysis of the aforementioned anti-
histaminic drug in bulk, commercial tablet formulation.
The simple procedure of the method enabled its applica-
tion in tablet content uniformity. It was also able to ana-
lyze BIL in spiked human plasma due to the method’s
good sensitivity (LOD =2.9 ng mL™?). Furthermore, it is a
time-saving method that eliminates the tedious steps for
sample preparation or extraction. Due to its simplicity
and sensitivity, this method is an excellent candidate for
BIL quality control. The use of distilled water as a green
solvent makes the proposed procedure a good alterna-
tive for conventional methods that use harmful organic
solvents.

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/513065-025-01622-y.

[ Supplementary Material 1 ]

Acknowledgements
Not applicable.

Author contributions

A.S.A.: Conceptualization, methodology, data curation, software, and
preparation of original draft writing. KM. B.: Conceptualization and data
curation. AK.: investigation, Visualization, and supervision. M.O.: Methodology,
validation, reviewing, and writing. S.M. D.: Methodology, validation, reviewing,
writing, and editing.

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge
Bank (EKB). Open access funding is provided by The Science, Technology
& Innovation Funding Authority (STDF) in cooperation with The Egyptian
Knowledge Bank (EKB). There is no funding to declare.

Page 9 of 10

Data availability
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

There are no human subjects in this research and informed consent is not
applicable. The used plasma is pooled plasma from the blood bank of Sohag
university hospital. All experimental protocols in the current study were
approved by the Committee of Research Ethics in the Faculty of Pharmacy,
Sohag University, Sohag, Egypt. All described procedures were carried out in
accordance with relevant regulations and guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 11 July 2025 / Accepted: 21 August 2025
Published online: 31 August 2025

References

1. Carter NJ. Bilastine Drugs. 2012,72(9):1257-69.

2. Togawa M, Yamaya H, Rodriguez M, Nagashima H. Pharmacokinetics, phar-
macodynamics and population pharmacokinetic/pharmacodynamic model-
ling of bilastine, a second-generation antihistamine, in healthy Japanese
subjects. Clin Drug Investig. 2016;36(12):1011-21.

3. Sadaba B, Gdmez-Guiu A, Azanza JR, Ortega |, Valiente R. Oral availability of
Bilastine. Clin Drug Investig. 2013;33(5):375-81.

4. Terzi¢ J, Popovic |, Staji¢ A, Tumpa A, Janci¢-Stojanovi¢ B. Application of ana-
lytical quality by design concept for Bilastine and its degradation impurities
determination by hydrophilic interaction liquid chromatographic method. J
Pharm Biomed Anal. 2016;125:385-93.

5. Da Silva AT, Brabo GR, Marques ID, Bajerski L, Malesuik MD, Paim CS. UV
spectrophotometric method for quantitative determination of Bilastine using
experimental design for robustness. Drug Anal Res. 2017;1(2):38-43.

6. RajRM, Sankar ASK. Analytical method development and validation for simul-
taneous Estimation of Bilastine and Montelukast sodium by Uv spectropho-
tometry. World J Pharm Pharm Sci. 2021;10(1).

7. Prathyusha P, Sundararajan R. UV spectrophotometric method for determina-
tion of Bilastine in bulk and pharmaceutical formulation. Res J Pharm Technol.
2020;13(2):933-8.

8. Radwan AS, Elkhoudary MM, Hadad GM, Belal F, Salim MM. A highly sensitive
spectrofluorimetric method for the determination of Bilastine in its phar-
maceutical preparations and biological fluids. Spectrochim Acta Part A Mol
Biomol Spectrosc. 2022;276:121246.

9. OQuarezki R, Guermouche S, Guermouche M-H. Degradation kinetics of Bilas-
tine determined by RP-HPLC method and identification of its degradation
product in oxidative condition. Chem Pap. 2020;74(4):1133-42.

10.  Gupta KR, Tembhare EP, Ganorkar AV, Karemore H, Umekar MJ. Stability and
degradation kinetic study of Bilastine in solution state by RP-HPLC method. J
Drug Deliv Ther. 2021;11(5-5):48-56.

11. Motta PR, dos Santos Porto D, Martini PRR, Bajerski L, Azeredo JB, Paula FR, et
al. Bilastine: quantitative determination by LC with fluorescence detection
and structural Elucidation of the degradation products using HRMS. J AOAC
Int. 2020;103(6):1451-60. https://doi.org/10.1093/jacacint/qsaa059.

12. Berrueta LA, Fernandez-Armentia M, Bakkali A, Gonzalo A, Lucero ML, Orjales
A. Matrix solid-phase dispersion technique for the determination of a new
antiallergic drug, bilastine, in rat faeces. J Chromatogr B Biomed Appl.
2001;760(1):185-90.

13. Shah DA, Patel PA, Chhalotiya U. Thin-layer chromatographic—densitometric
method of analysis for the Estimation of Montelukast and Bilastine in combi-
nation. JPC-J PLANAR CHROMAT. 2021;34(4):289-95. https://doi.org/10.1007/
500764-021-00120-w.

14.  Biagi D, Nencioni P, Valleri M, Calamassi N, Mura P. Development of a near
infrared spectroscopy method for the in-line quantitative Bilastine drug

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Ahmed et al. BMC Chemistry

20.

21,

22.

23.

24.

(2025) 19:258

determination during pharmaceutical powders blending. J Pharm Biomed
Anal. 2021;204:114277. https://doi.org/10.1016/jjpba.2021.114277.

Teixeira JG, Oliveira J. Voltammetric study of the antihistamine drug bilastine:
anodic characterization and quantification using a reusable MWCNTs modi-
fied screen printed carbon electrode. Electroanalysis. 2021;33(4):891-9.

Badr EI-Din K, Ahmed A, Khorshed A, Derayea S, Oraby M. Smart spectro-
photometric methods based on feasible mathematical processing and
classical chemometry for the simultaneous assay of alcaftadine and ketorolac
in their recently approved pharmaceutical formulation. Egypt J Chem.
2022;65(2):167-74.

Derayea SM, Badr EI-Din KM, Ahmed AS, Oraby M, Abdelshakour MA. Green
HPLC-Fluorescence detection method for concurrent analysis of Tamsulosin
hydrochloride and Tolterodine tartrate in dosage forms and biological fluids.
Sci Rep. 2025;15(1):10615.

Derayea SM, Badr EI-Din KM, Ahmed AS, Khorshed AA, Oraby M. Develop-
ment of a green synchronous spectrofluorimetric technique for simultane-
ous determination of Montelukast sodium and Bilastine in pharmaceutical
formulations. BMC Chem. 2024;18(1):18.

Weitner T, Friganovic¢ T, Saki¢ D. Inner Filter Effect Correction for Fluorescence
Measurements in Microplates Using Variable Vertical Axis Focus. Analytical
Chemistry. 2022.

Fonin AV, Sulatskaya Al, Kuznetsova IM, Turoverov KK. Fluorescence of dyes
in solutions with high absorbance. Inner filter effect correction. PLoS ONE.
2014;9(7).103878.

Oraby M, Ahmed AS, Abdel-Lateef MA, Mostafa MAH, Hassan Al. Employ
FTIR spectroscopic method for determination of certain multiple sclerosis
medications in plasma and pharmaceutical formulations. Microchem J.
2021;167:106329-35. https://doi.org/10.1016/j.microc.2021.106329.

Derayea SM, Badr El-din KM, Ahmed AS, Khorshed AA, Oraby M. Determina-
tion of antihistaminic drugs alcaftadine and Olopatadine hydrochloride via
jon-pairing with Eosin Y as a spectrofluorimetric and spectrophotometric
probe: application to dosage forms. BMC Chem. 2024;18(1):40.

ICH: Q2 (R1.): Validation of analytical procedures: text and methodology. In:
International Conference on Harmonization, Geneva. 2005.

Pesez MB, Pesez. J Bartos Clin Biochem Anal. 1974.

25.

26.

28.

29.

30.

31

32,

33.

Page 10 of 10

Rockville M. The united States pharmacopoeia 30, the National formulary 25
US pharmacopeial convention. Electron Version. 2007:2287-8.

Derayea SM, EI-Din KMB, Ahmed AS, Abdelshakour MA, Oraby M. An
eco-friendly one-pot spectrofluorimetric approach for the facile determina-
tion of overactive bladder drug, tolterodine: application to dosage forms
and biological fluids. Spectrochimica Acta Part A: Mol Biomol Spectrosc.
2024;311:123986.

Valeur B, Berberan-Santos MN. Molecular fluorescence: principles and appli-
cations. Wiley; 2013.

Lakowicz JR. Principles of fluorescence spectroscopy. Springer; 2006.
El-Kommos ME, El-Gizawy SM, Atia NN, Hosny NM. Determination of some
non-sedating antihistamines via their native fluorescence and derivation of
some quantitative fluorescence intensity-structure relationships. J Fluoresc.
2015;25(6):1695-709.

Derayea SM, Ahmed AS, Abdelshakour MA, Oraby M, EI-Din KMB. Diaryl pyr-
rolone fluorescent probing strategy for mirabegron determination through
condensation with ninhydrin and phenylacetaldehyde: application to dosage
forms, human urine and plasma. Spectrochimica Acta Part A: Mol Biomol
Spectrosc. 2024;318:124515.

Tobiszewski M, Mechliriska A, Namie$nik J. Green analytical chemistry—the-
ory and practice. Chem Soc Rev. 2010;39(8):2869-78.

Badr EI-Din KM, Derayea SM, Ahmed AS, Oraby M, Abdelshakour MA. Two
birds with one stone: sustainable smart spectrophotometric methods for
concurrent determination of silodosin and mirabegron: application to dos-
age forms and greenness assessment. BMC Chem. 2025;19(1):56.

Gatuszka A, Migaszewski ZM, Konieczka P, Namiesnik J. Analytical Eco-Scale
for assessing the greenness of analytical procedures. TRAC Trends Anal Chem.
2012;37:61-72.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).

Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access
control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is
otherwise unlawful;

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in
writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal
content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at

onlineservice(@springernature.com



mailto:onlineservice@springernature.com

