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Abstract

Mizolastine is an antihistamine drug that is commonly used for treatment of chronic urticaria and
allergic rhinitis. In this study, a facile, rapid, and sustainable fluorimetric method was established
for the estimation of mizolastine in pharmaceutical and biological matrices for the first time. The
approach methodology relied on the direct assessment of mizolastine's intrinsic fluorescence at
313 nm after excitation at 272 nm. This intrinsic fluorescence, stemming from the benzimidazole
fluorophore moiety in mizolastine structure, serves as a distinctive marker for its precise
quantification in the spiked human plasma and pharmaceutical formulations with high
%recovery. The method exhibits reasonable sensitivity with lower limits of detection and
quantification of 5.4 and 16.6 ng mL"!, respectively, across a concentration range of 25.0-2000.0
and 50-1000 ng mL™! for the standard mizolastine analysis and mizolastine assay in the plasma
sample, respectively. Moreover, the established method was applied to assess tablet content
uniformity and mizolastine assay in plasma samples with high recoveries (98.50-100.20%). Such
applications underscore the method's potential applicability within quality control laboratories,
preventing the need for sample preparation or laborious extraction steps. Finally, the method's
sustainability and practicality were confirmed by applying different greenness and whiteness

metrics, yielding excellent results.
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1. Introduction

Mizolastine (MST) is an antihistamine agent of the second generation (Figure 1), it is an efficient
substitute for other second-class generation antihistamines in the controlling of seasonal rhinitis,
idiopathic urticarial, and allergic conjunctivitis [1-4]. It acts via fast blocking of H; receptors
without prohibiting the production of histamine substance from mast cells but it only prohibits
histamine from binding to its receptors [1-4]. It provides symptomatic relief from allergy-related
symptoms, including itching of the eyes, nose, and throat, as well as watery eyes and nasal
congestion. It helps improve the quality of life for individuals affected by allergic conditions [5,
6]. It has a long period of action, allowing for one-time dosing in most cases. This convenience
enhances treatment adherence and patient compliance [7-9]. Overall, MST is an effective and
well-tolerated medication for the management of allergic rhinitis and chronic idiopathic urticaria,
offering relief from allergy symptoms with minimal sedation and anticholinergic effects.
However, as with any medication, it should be used under the guidance of a healthcare
professional and according to the prescribed dosage regimen [10, 11]. Even then, the literature
survey unveils a few analytical methods that have been designated for the assay of MST
comprising; LC with mass spectrometric detection [12], HPLC [13, 14], spectrophotometric [15]
and electrophoretic method [16]. Also, MST has been detected by a chemiluminescence method
based on using bis(2,4,6-
tricholorophenyl)  oxalate =~ (TCPO)-H>O:  chemiluminescence in  the  presence

of rhodamine 6 G [17].



Fluorescence spectroscopy is recognized as an appropriate and approved sensing technique,
facile, and the usual use of it in most analytical laboratories. It is also a cost-effective technique
with high sensitivity and selectivity, making it a viable option for different target detection [18-
20]. Indeed, the literature survey did not depict any method adopting a fluorescence mode for
detecting MST. From this context, we are dedicated to developing the first spectrofluorimetric
approach for the estimation of MST in spiked human plasma and pharmaceutical dosage forms.
The designed method used herein relies on the assessment of mizolastine's intrinsic fluorescence
in a green solvent (water) at a wavelength of 313 nm. This method has several merits over the
reported methods such as greenness, selectivity, simplicity, rapidity, sensitivity, and less time

consumption compared with other published methods.

2. Experimental

2.1 Reagents and Materials

MST sample was delivered by Medizen Pharmaceutical Industries (4th Industrial Zone,
Alexandria, Egypt) and utilized as received. Lastlerge® tablets (10.0 mg MST/tablet, Batch No.
0240-02) were gotten from local pharmacies. All chemicals were of analytical grade; methanol,
ethanol, acetonitrile, sodium acetate trihydrate, NaOH, HCI, H>SO4, CH;COOH, Sodium lauryl
sulfate, Beta-Cyclodextrin (B-CD), Cetrimonium bromide (CTAB) and Tween-80 were brought
from El-NasrCompany for Chemicals (Cairo, Egypt). Acetate buffer solution (pH 3.6 — 6) was
also used in our experiments. Human plasma samples were obtained from Blood banking (Luxor,

Egypt), and they were kept frozen at -20 °C till they were used.

2.2 Instruments



A fluorescence spectrometer with monochromators (10 nm as a slit width) was applied in our
assay. Additionally, a pH meter (METTLER TOLEDO, Switzerland) and a centrifuge operating

at 5000 rpm (HERLME, Germany) were employed.

2.3 MST standard solution

A stock ethanolic MST standard solution of 50.0 ug mL™! was prepared by accurately weighing
and dissolving 5.0 mg of MST in 100 mL of ethanol with sonication for 30 min. This solution
was further diluted with ethanol and the diluted solution was used for preparation of the working

solutions which are directly analysed by spectrofluorimetry.

2.4 Procedures

2.4.1 MST Assay Procedure

Different aliquotes of MST standard solution were inserted into a series of 10-mL measuring
flasks for preparation of MST working solutions within the concentration range (25 — 2000 ng
mL!). After that, the volume in the flasks was accomplished to the mark (10 mL) using dist.
water as the diluting solvent. The flasks were then mixed well, and analysed fluorometrically at
313 nm after excitation at 272 nm.

2.4.2. General procedures for tablets assay

Five Lastlerge® tablets were crushed, and an accurate weight, corresponding to 10.0 mg of MST
was conveyed to a 100-mL volumetric tube. Then, a concentration of 100.0 pug mL™! was
obtained by dissolving a powder of 10.0 mg in 80 mL ethanol, then the solution was
accomplished to the mark with ethanol and finally, the solution was filtered. Later, different

aliquots within the linearity were investigated following the MST assay procedures.



2.2. 3 Spiked plasma samples analysis

Different aliquotes of MST authentic solutions were added to plasma samples (1.0 mL each) to
obtain MST-spiked plasma samples over the measurement range. The mixtures were vortexed
and then diluted with methanol for protein precipitation. After centrifugation and filtration, the
clear supernatants were collected for assay. The fluorescence of the spiked plasma samples was

then monitored at 313 nm after excitation at 272 nm.

3. Results and discussion

3.1 Development of fluorescence

Spectrofluorimetry emerged as a potent analytical implement in chemical as well as
pharmaceutical investigations [21]. Its utility spans various domains, prominently in detecting
and quantifying an array of analytes and medicinal substances [22-33]. A key strength lies in its
innate sensitivity, permitting the detection of small substance amounts in intricate matrices.
Alongside sensitivity, spectrofluorimetry offers high selectivity, ensuring accurate identification
within intricate mixtures [34]. Furthermore, this technique delivers speed and ease, often
demanding minimal sample preparation while delivering prompt outcomes [35]. Its versatility
across diverse compounds and the capacity for precise quantification at low amounts make it
indispensable in pharmaceutical exploration, quality assurance, and clinical diagnostics. The
inherent fluorescence of MST was ascribed to benzimidazole fluorophore moiety which acts as
a fingerprint for MST, enabling its selective determination at A,,, 313 nm after excitation at
Aeyx 272 nm (Figure 2). Figure 2 shows the emission spectra of different concentrations of MST.
Notably, the effect of pH and different surfactans have no effect on the the fluorescence

intensity of MST and we will disscuse these effects and their reasons indeatils later.



3.2. Method optimization

Experimental conditions which affect the fluorescence intensity of MST were checked and
optimized. These factors include the effects of pH, organized media, and diluting solvents.

3.2.1. Effect of pH

In this work, diversified acids such as HCI, HC1O4, CH3COOH, H>SO4, H3POs4 (1.0 M) and
acetate buffer (0.1 M, pH 3.6 — 6) were utilized to study their effect on the fluorescence of MST.
By the addition of acids or acetate buffer, a decrease in the intensity of fluorescence (FI) of MST
was observed (Figure. 3). As yet the pH did not affect the fluorescence of MST. Also, we have
checked the effect of different pH values of acetate buffer solution on the fluorescence intensity
of MST and we found that acetate buffer with different pH values does not affect the
fluorescence intensity of MST (Figure S1).

3.2.2. Effect of organized media

Different types of surfactants were added above their critical concentrations such as Tween 80
(0.2 % v/v), SLS (0.2 % w/v), CTAB (0.2 % w/v), and B-CD (0.2 % w/v) to see their effects on
the fluorescence behavior of MST. Notably, there was no effect of these surfactants on the
fluorescence of MST (Figure 4). In some cases, micelles enhance the fluorescence intensity of
certain drugs to a high extent [36, 37]. However, in our case, none of the investigated micelles
improved the fluorescence intensity of the studied analytes and this could be attributed to
photophysical properties of MST, complex dynamics of drug-micelle interaction, incompatibility
of the investigated surfactants with the analyte, or FRET quenching.

3.2.3. Effect of solvent for dilution

To select the best diluting solvent, various types of solvents were tested such as distilled water,
methanol, ethanol, acetone, and acetonitrile. The results indicated that distilled H,O was the best
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diluting solvent, as it achieved the maximum light emission. This adds a valuable advantage to
the developed method in terms of method greenness (Figure 5).
3.3 Method validation

The developed spectrofluorimetric method was validated according to ICH validation for
analytical procedures guidelines [38].

3.3.1 Calibration Curve

Numerous concentrations of MST solutions as well as spiked human plasma samples were
effectively prepared. The relative fluorescence intensity (RFI) was then plotted against the
above-prepared MST solutions to create calibration plots for both MST standards and spiked
human plasma samples. For the standard MST solutions, the concentration range studied was 25-
2000 ng mL!, and the calibration plot was found to be linear over this range (Table 1). In

contrast, the calibration graph for spiked plasma samples was ranging from 50 to 1000 ng mL"'.

3.3.2 Limits of Detection (LOD) and Quantitation (LOQ)

We evaluated the sensitivity of the introduced method by computing the LOD and LOQ.
Following the ICH guidelines [39], we utilized the recommended equations:

LOD=3.36/S & LOQ=100/S

(where “c” refers to the standard deviation of the blank and “S” to the slope of the OLP
calibration graph). As depicted in Table 1, the LOD as well as LOQ values were 5.40 and
16.60 ng mL™1, respectively. Furthermore, a comparison of the developed method with other
reported methods was carried out. Table S1 shows that the low detection limit of the proposed
method indicates the high sensitivity in comparison to the previous reports.

3.3.3 Accuracy and precision

For the accuracy evaluation, a standard addition methodology was utilized. The high recoveries,

(98.70 £ 0.60 to 100.10 £ 0.50 %), which are illustrated in Table 2 affirm the elevated accuracy



of our new fluorimetric method. The reproducibility of the established approach was checked by
calculating the relative standard deviation values at distinct concentrations (50, 500, and 2000 ng
mL™!). The outcomes obtained are presented in Table 3, revealing that the estimated %RSDs
were very small and fewer than 2.0 %, specifying the acceptable precision of our proposed
approach.

3.4. Estimation of MST in Commercial Dosage Form

To evaluate the real implementation of our new approach in real sample analysis, a comparison
was made between the results obtained from our newly introduced strategy and those derived
from a formerly reported spectrophotometric procedure [15]. The results acquired from both
strategies for the detection of MST in the dosage form were subjected to statistical analysis,
employing t- and F-tests (95% confidence level). Inspection of the outcomes, as presented in
Table 4, indicated no significant alterations between the outcomes of the two methods. This
statistical analysis affirms the method's accuracy and precision, highlighting its reliability and
suitability for pharmaceutical quality control purposes. Furthermore, the selectivity of the
developed method was evaluated by investigating the interference probability from the
excipients that might be added during pharmaceutical formulation. Hence, samples were
prepared by mixing a known amount of (10 mg MST) with different quantities of the common
excipients, for example, mannitol (5 mg), microcrystalline cellulose (10 mg) and magnesium
stearate (10 mg). Then the suggested method is applied for the analysis of laboratory-prepared
samples using the general described procedure. The recovery values were found to be in the
range of 100.00 £1.50 to 101.30 + 0.20 % (Table S2). The attained results confirmed the high
selectivity of the developed method for the detection of MST in commercial dosage forms in the
presence of common excipients.

3.5. Content uniformity



The analytical protocol introduced in this study not only demonstrates remarkable sensitivity but
also exhibits consistent repeatability, enabling the precise determination of MST content in
individual tablets. By analyzing a sample size of ten tablets, the results reveal that the acceptance
record (AV) consistently falls below the highest allowed acceptance record (L1) when adhering
to the content uniformity procedure as outlined in the United States Pharmacopeia (USP)
guidelines [40] (Table 5). This underscores the method's effectiveness in ensuring the uniform
distribution of MST content among multiple tablets, thereby meeting stringent pharmaceutical
quality standards.

3.6. Application to spiked human plasma

Table 6 spectacles high extraction recovery rates (98.50 £ 1.30 to 100.20 + 0.50%) for MST
analysis in spiked plasma samples, signifying the proposed method's high accuracy. The developed
fluorimetric strategy effectively detects MST in spiked plasma samples. Our work found that the
concentration of MST in plasma samples may be determined by a linear regression equation (RFI
=0.318 x Concmgmr) - 0.83) relying on the obtained spiking calibration plot.

3.7. Greenness and whiteness assessment of the developed method

Greenness and whiteness evaluation of the developed approach were accomplished to check the
eco-friendliness, analytical performance, and practical effectiveness of the proposed
spectrofluorimetric method. For the greenness evaluation, two metric systems, named Analytical
Eco-Scale [41, 42] and Analytical GREEnness (AGREE) were employed to estimate the
greenness step of our established fluorimetric strategy. Analytical Eco-Scale involved the
assessment of the twelve principles of green analytical chemistry and the assignment of penalty
points to each aspect. Toxic reagent points, waste generation, or high energetic demand were

subtracted from base 100 and the number of remaining points; the analyst could decide whether
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the procedure is ideally green, acceptable, or not. AGREE [42] is a comprehensive, adaptable, and
facile evaluation approach that yields easily interpretable and meaningful outcomes. It has been
widely employed to inspect the greenness of numerous analytical techniques with high efficiency
[43-48]. In brief, the AGREE software can determine the color and a scale in 0—1 range for each
principle of the twelve principles, which depicts its degree of greenness. The AGREE pictogram
shows the output as a clock-like graph, with the total score and color representation in the middle.
Table 7 and Figure 6 reveal that the established fluorimetric strategy has an Eco-scale adjacent to
100, with an overall AGREE score of 0.86 and a core green color, indicating its greenness.

For the whiteness evaluation, the RGB-12 model was used to demonstrate how the analytical
performance (represented in red color), safety and eco-friendliness (represented in green color),
and practicality (represented in blue color) of the developed method were covered [49-51]. This
model was designed to be a comparative tool for evaluation of up to 10 methods and comparison
between them regarding the Green Analytical Chemistry (GAC) and White Analytical Chemistry
(WAC) merits [49, 50]. Therefore, we employed this model to compare the whiteness of the
developed method with five reported methods [12, 13, 15-17] employed for the assay of MST in
various matrices. The results illustrated in Figures 7 and S2 indicate the whiteness of the
developed method since it produced a 97.5% score for the methods’s analytical performance,
95.8% score for the method’s eco-friendliness (green), 92.3% score for the method’s practicality
(blue), and an overall score of 95.2% (white). Although the liquid chromatography-electrospray
ionization-mass spectrometric (LC-ESI-MS) method produced higher sensitivity, the
instrumentation cost and the high volume of hazardous organic solvent in the mobile phase
resulted in low scores of greenness and practicality.

4. Conclusion
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In this work, a green and facile fluorescence strategy for the assay of MST was conducted for the
first attempt. The designed method presented numerous valuable merits, for instance, greenness,
accuracy, simplicity, selectivity, and convenience. The LOD and LOQ were estimated to be 5.4
and 16.60 ng mL™1, respectively, with a linearity of 25-2000 ng mL™~1. Our results showed that
the linearity range of MST in human plasma was 50 — 1000 ng mL™! | with percentage recovery
ranging from 98.50 + 1.30 to 100.20 + 0.50 % for the MST analysis in plasma samples. The
greenness, as well as whiteness of the described strategy, were efficiently evaluated using
diverse metrics, indicating its excellent greenness and whiteness. The greenness, selectivity,
sensitivity, and accuracy of the introduced fluorimetric strategy tolerate its implementation in
quality control laboratories replacing more complicated and time-consuming chromatographic

methods for MST quantification.

Conflict of Interest
The authors declare no conflicts of interest.

References

[1] G.A. El-Emam, G.N. Girgis, M.F. Hamed, O.A. El-Azeem Soliman, A.E.G.H. Abd El Gawad,
Formulation and pathohistological study of mizolastine—solid lipid nanoparticles—loaded ocular
hydrogels, International Journal of Nanomedicine, (2021) 7775-7799.

[2] D. Wang, Q. Guo, Z. Wu, M. Li, B. He, Y. Du, K. Zhang, Y. Tao, Molecular mechanism of
antihistamines recognition and regulation of the histamine H1 receptor, Nature Communications, 15
(2024) 84.

[3] Y.-K. Xiang, J.S. Fok, 1. Podder, M.B. Yiicel, D. Ozkoca, S.F. Thomsen, E. Kocatiirk, An update on

the use of antihistamines in managing chronic urticaria, Expert Opinion on Pharmacotherapy, (2024).

12



[4] H. Depoortere, M. Decobert, P. Granger, D. Frangon, Mizolastine, a novel selective histamine H1
receptor antagonist: lack of sedative potential on the EEG in the rodent, Neuropsychobiology, 32 (1995)
214-221.

[5] B. Lebrun-Vignes, B. Diquet, O. Chosidow, Clinical pharmacokinetics of mizolastine, Clinical
pharmacokinetics, 40 (2001) 501-507.

[6] A. Prakash, H.M. Lamb, Mizolastine: a review of its use in allergic rhinitis and chronic idiopathic
urticaria, BioDrugs, 10 (1998) 41-63.

[7] F. Simons, Mizolastine: antihistaminic activity from preclinical data to clinical evaluation, Clinical &
Experimental Allergy, 29 (1999) 3-8.

[8] G. Scadding, A. Tasman, M. Murricta-Aguttes, C. Bachert, R.S. Group, Mizolastine is effective and
well tolerated in long-term treatment of perennial allergic rhinoconjunctivitis, Journal of international
medical research, 27 (1999) 273-285.

[9] L. Dubertret, C. Pecquet, M. Murrieta-Aguttes, F. Leynadier, Mizolastine in primary acquired cold
urticaria, Journal of the American Academy of Dermatology, 48 (2003) 578-583.

[10] S. Weidinger, M. Mempel, M. Ollert, I. Elser, J. Rakoski, F.-M. Kohn, J. Ring, Anaphylaxis to
mizolastine, Journal of allergy and clinical immunology, 114 (2004) 979-981.

[11] J. Brostoff, P. Fitzharris, C. Dunmore, M. Theron, P. Blondin, Efficacy of mizolastine, a new
antihistamine, compared with placebo in the treatment of chronic idiopathic urticaria, Allergy, 51 (1996)
320-325.

[12] L. Ding, Y. Zhong, Q. Song, L. Li, L. Yang, A. Wen, LC-ESI-MS method for the determination of
mizolastine in human plasma, Chromatographia, 66 (2007) 179-184.

[13] S. Birendra, T.P. Kumar, A.M. Kumar, RP-HPLC Method Development And Validation For The
Determination Of Inherent Impurities In Mizolastine Bulk And Dosage Forms, Journal of Pharmaceutical
Negative Results, (2022) 1046-1058.

[14] V. Ascalone, P. Guinebault, A. Rouchouse, Determination of mizolastine, a new antihistaminic drug,
in human plasma by liquid—Iliquid extraction, solid-phase extraction and column-switching techniques in

13



combination with high-performance liquid chromatography, Journal of Chromatography B: Biomedical
Sciences and Applications, 619 (1993) 275-284.

[15] A. Sreelakshmi, G.D. Rao, G.S.S. Babu, Determination of Mizolastine in pharmaceutical
formulations, Oriental Journal of Chemistry, 26 (2010) 239.

[16] S. Orlandini, I. Giannini, R. Gotti, S. Pinzauti, E. La Porta, S. Furlanetto, Development of a CZE
method for the determination of mizolastine and its impurities in pharmaceutical preparations using
response surface methodology, Electrophoresis, 28 (2007) 395-405.

[17] S. Sun, Y. Tang*, Q. Fu, J. Chen, G. Zhang, Determination of three imidazole derivatives by flow-
injection chemiluminescence, Analytical letters, 42 (2009) 1868-1881.

[18] F. Ibrahim, N. El-Enany, R. El-Shaheny, I. Mikhail, Study of micelle and metal complexation-
mediated fluorescence enhancements of raloxifene hydrochloride. Application to pharmaceutical analysis,
Journal of Molecular Liquids, 252 (2018) 408-415.

[19] R.N. El-Shaheny, Validated stability-indicating spectrofluorimetric method with enhanced sensitivity
for determination of repaglinide in tablets, Journal of fluorescence, 22 (2012) 1587-1594.

[20] M.I. Walash, F. Belal, N. El-Enany, M. Eid, R.N. El-Shaheny, Stability-indicating
spectrofluorimetric method for the assay of ziprasidone in capsules, Journal of fluorescence, 21 (2011)
1659-1667.

[21] J.A.A. Pascua, A.J.A. Prado, B.R.B. Solis, A.P. Cid-Andres, C.J.B. Cambiador, Trends in
fabrication, data gathering, validation, and application of molecular fluorometer and spectrofluorometer,
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 220 (2019) 116837.

[22] M.A. Omar, A.A. Mohamed, Y. Alahmadi, A.M. Shehata, H.M. Elbadawy, .M. Mostafa, Improving
fluorescence emission of cyproheptadine by hindering its intramolecular photoinduced electron transfer
(PET): Application to content uniformity testing and human plasma, Spectrochimica Acta Part A:

Molecular and Biomolecular Spectroscopy, (2023) 123725.

14



[23] A.A. Mohamed, M.A. Omar, S.M. Derayea, M.A. Elsayed, .M. Mostafa, Photoluminescence
detection of nadifloxacin: Adopts switching off photoinduced electron transfer (PET), Spectrochimica
Acta Part A: Molecular and Biomolecular Spectroscopy, 305 (2024) 123451.

[24] M.I. Halawa, W. Gao, M. Saqib, S.A. Kitte, F. Wu, G. Xu, Sensitive detection of alkaline
phosphatase by switching on gold nanoclusters fluorescence quenched by pyridoxal phosphate,
Biosensors and Bioelectronics, 95 (2017) 8-14.

[25] M. Walash, F. Belal, M. Tolba, M. Halawa, Micelle-enhanced spectrofluorimetric determination of
amlexanox in bioadhesive buccal tablets: application to content uniformity testing, Luminescence, 30
(2015) 823-829.

[26] LM. Mostafa, S.M. Derayea, D.M. Nagy, M.A. Omar, An experimental ninhydrin design approach
for the sensitive spectrofluorimetric assay of milnacipran in human urine and plasma, Spectrochimica
Acta Part A: Molecular and Biomolecular Spectroscopy, 205 (2018) 292-297.

[27] M.A. Omar, S.M. Derayea, .M. Mostafa, Selectivity improvement for spectrofluorimetric
determination of oseltamivir phosphate in human plasma and in the presence of its degradation product,
Journal of Fluorescence, 27 (2017) 1323-1330.

[28] M.A. Omar, A.-M.l. Mohamed, S.M. Derayea, M.A. Hammad, A.A. Mohamed, Specific and highly
sensitive spectrofluorimetric method for determination of febuxostat in its tablets and real human plasma.
Application to stability studies, RSC advances, 6 (2016) 73432-73439.

[29] A.-M.I. Mohamed, M.A. Omar, M.A. Hammad, A.A. Mohamed, Spectrofluorimetric and micelle-
enhanced spectrofluorimetric methods for determination of Felodipine and Nimodipine in pharmaceutical
preparations and human plasma, Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy,
149 (2015) 934-940.

[30] A.A. Mohamed, M.A. Omar, M.A. Elsayed, .M. Mostafa, Suppression of photo-induced electron
transfer of alcaftadine for its photoluminescence detection in aqueous humor, Microchem. J., 199 (2024)

110056.

15



[31] LM. Mostafa, M.A. Omar, M.A. Elsayed, M. Almaghrabi, A.A. Mohamed, Green and inventive
fluorescence approach for levodropropizine determination in human plasma, Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, (2024) 124060.

[32] .M. Mostafa, M.A. Omar, D.A. Noureldeen, A.M. Zeid, M.1. Halawa, A.A. Mohamed, Green and
sensitive detection of olopatadine in aqueous humor using a signal-on fluorimetric approach: GREEnness
assessment, Luminescence, 39 (2024) e4814.

[33] A.M. Shehata, M.A. Omar, .M. Mostafa, H.M. Elbadawy, M. Almaghrabi, A.A. Mohamed, Fine-
tuning Fluorescence of Amlodipine Adopting on Blocking of Photoinduced Electron Transfer (PET):
Application in Human Plasma, Journal of Fluorescence, (2024) 1-8.

[34] J.V. Edwards, N. Prevost, A. French, M. Concha, A. DeLucca, Q. Wu, Nanocellulose-based
biosensors: Design, preparation, and activity of peptide-linked cotton cellulose nanocrystals having
fluorimetric and colorimetric elastase detection sensitivity, (2013).

[35] F. Belal, A. El-Brashy, N. El-Enany, M. Tolba, Conventional and first derivative synchronous
fluorometric determination of ethamsylate in pharmaceutical preparations and biological fluids.
Application to stability studies, Journal of fluorescence, 21 (2011) 1371-1384.

[36] A. Abdel-Hakim, F. Belal, M.A. Hammad, M.A. Nader, M. El-Maghrabey, Derivatization-free
CTAB-induced fluorescence sensing strategy for determination of daptomycin in environmental,
pharmaceutical, and biological samples, Sustainable Chemistry and Pharmacy, 38 (2024) 101500.

[37] A.S. Radwan, M.A. El Hamd, M. El-Maghrabey, F.R. Mansour, L.A. Al-Khateeb, F.M.A. Zainy,
W.A. Mahdi, S. Alshehri, W.T. Alsaggaf, G. Magdy, A highly sensitive micelle-sensitized
spectrofluorimetric approach for analysis of montelukast in dosage forms and human plasma: Greenness
assessment and application to content uniformity testing, Sustainable Chemistry and Pharmacy, 39 (2024)
101525.

[38] ICH Harmonized tripartite Guideline Q2 (R1), validation of analytical procedures. Text and
methodology, current step 4 versions, parent Guideline on methodology dated November 1996,

Incorporated in November 2005..

16



[39] C. Shen, K. Zeng, J. Luo, X. Li, M. Yang, A. Rasooly, Self-assembled DNA generated electric
current biosensor for HER2 analysis, Analytical chemistry, 89 (2017) 10264-10269.

[40] E.B. Sheinin, Pharmacopeial methods and tests, in: Specification of Drug Substances and Products,
Elsevier, 2020, pp. 607-637.

[41] J. Plotka-Wasylka, W. Wojnowski, Complementary green analytical procedure index
(ComplexGAPI) and software, Green Chemistry, 23 (2021) 8657-8665.

[42] F. Pena-Pereira, W. Wojnowski, M. Tobiszewski, AGREE—Analytical GREEnness metric approach
and software, Analytical chemistry, 92 (2020) 10076-10082.

[43] A.A. El-Masry, A.M. Zeid, Acriflavine: an efficient green fluorescent probe for sensitive analysis of
aceclofenac in pharmaceutical formulations, BMC Chemistry, 17 (2023) 93.

[44] A.A. El-Masry, A.M. Zeid, Nano-scale analytical insights for determination of vonoprazan and
aspirin in a recently approved combined preparation utilizing nucleophilic substitution reaction, along
with evaluation approaches for both greenness and whiteness, Microchem. J., 197 (2024) 109788.

[45] S.M. Abo Elkheir, J.J.M. Nasr, M.I. Walash, A.M. Zeid, Green spectrophotometric and
spectrofluorimetric determination of biperiden hydrochloride using erythrosine B sensing probe,
Luminescence, 39 (2024) e4725.

[46] R. Aboshabana, A.M. Zeid, F.A. Ibrahim, Label-free green estimation of atenolol and ivabradine
hydrochloride in pharmaceutical and biological matrices by synchronous spectrofluorimetry,
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 295 (2023) 122626.

[47] AM. Zeid, A.A. El-Masry, D.R. El-Wasseef, M. Eid, LLA. Shehata, Green microemulsion
electrokinetic chromatographic method for simultaneous determination of azelastine and budesonide,
Sustainable Chemistry and Pharmacy, 29 (2022) 100795.

[48] M.K. Halim, O.M. Badran, A.E.F. Abbas, Greenness, blueness and whiteness evaluated-
chemometric approach enhanced by Latin hypercube technique for the analysis of lidocaine, diclofenac

and carcinogenic impurity 2, 6-dimethylaniline, Sustainable Chemistry and Pharmacy, 38 (2024) 101463.

17



[49] P.M. Nowak, R. Wietecha-Postuszny, J. Pawliszyn, White Analytical Chemistry: An approach to
reconcile the principles of Green Analytical Chemistry and functionality, TrAC, Trends Anal. Chem., 138
(2021) 116223.

[50] P.M. Nowak, P. Koscielniak, What Color Is Your Method? Adaptation of the RGB Additive Color
Model to Analytical Method Evaluation, Anal. Chem., 91 (2019) 10343-10352.

[51] H.R.A. El-Hadi, M.S. Eissa, B.M. Eltanany, H.E. Zaazaa, R.M. Arafa, Greenness and whiteness
assessment of a sustainable voltammetric method for difluprednate estimation in the presence of its

alkaline degradation product, Scientific Reports, 14 (2024) 12088.

18



Figure Legends:
Figure 1. Chemical structure of mizolastine (MST).

Figure 2. Emission spectra of MST at A,,,= 313 nm and A,,= 272 nm.
Figure 3. Effect of different types of acids on RFI of MST (200.0 ng mL™1).

Figure 4. Effect of different organized media; $-CD (0.2 % w/v), SDS (0.2 % w/v), CTAB (0.2
% w/v) and Tween-80 (0.2 % v/v) on RFI of MST (200.0 ng mL™1).
Figure 5. Effect of diluting solvents on RFI of MST (200.0 ng mL™1).

Figure 6. Greenness evaluation of the developed method using Analytical GREEnness
(AGREE) metric approach.

Figure 7. Comparison of five reported methods for determination of mizolastine in different
matrices with our method (spectrofluorimetry) using the RGB-12 model.
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