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Abstract

A simple, specific, precise, accurate, and stability-indicating RP-HPLC method is developed and validated for the determination of azelastine hydrochloride (AZH) and benzalkonium chloride (BAC) in eye drops formulations. RP-HPLC method was performed on the Thermo CPS CN column (150 mm X 4.6 mm, 5 µm particle size, using buffer solution of pH 4.5 containing 50 mM potassium dihydrogen phosphate and 5.7 mM hexane sulfonate:acetonitrile (50:50 v/v) as the mobile phase at a flow rate of 1.5 ml/min, UV detection at 212 nm and run time of 7.5 min . This method is validated according to ICH guidelines and USP requirements for new methods, which include accuracy, precision, selectivity, LOD, LOQ, robustness, ruggedness, linearity and range. Linear relationships were obtained in the ranges of 6.25-50 µg/mL and 5.0-50 µg/mL for AZH and BAC, respectively, with significantly different Rt values of 2.254, 3.432 and 3.946 min for AZH and homologs of BAC (C12, C14) with correlation coefficients of 0.9988 and 0.9983, respectively (Figure 1).
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Figure 1: Azelastine HCl, Benzalkonium chloride, HPLC.
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Introduction

Azelastine hydrochloride (AZH); is chemically known as 4-(4-Chlorobenzyl)-2- [(4RS)-1-methylhexahydro-1H-azepin- 4-yl] phthalazin-1(2H)-one hydrochloride [1,2]. AZH occurs as a white or almost white, crystalline powder. AZH is a potent, second generation, selective, histamine antagonist (histamine- H1-receptor antagonist) used as first line therapy of mild J Forensic Sci & Criminal Inves 1(3): JFSCI.MS.ID.555565 (2017) intermittent, moderate/severe intermittent and mild persistent rhinitis (new classification system for rhinitis). AZH has been formulated both as a nasal spray and as eye drops. Azelastine eye drops are indicated for the local treatment of seasonal and perennial allergic conjunctivitis [3,4]. Benzalkonium chloride (BAC); chemically known as mixture of alkylbenzyldimethyl ammonium chlorides, the alkyl groups mainly having chain lengths of C12, C14 and C16. [1,2]. BAC is a frequently used preservative in eye drops; typical concentrations range from 0.004% to 0.01%. Stronger concentrations can be caustic and cause irreversible damage to the corneal endothelium [5]. Azelastine hydrochloride is official in British Pharmacopeia (BP) [1] and European Pharmacopeia (EP) [6], both of them includes potentiometric titration for estimation of AZH. BAC is official in BP [1], EP [6] and United States Pharmacopeia (USP) [7], which include potentiometric titration and HPLC method for its estimation. The combination of these two drugs is not official in any pharmacopoeia.

It is still a limited number of analytical methods that are reported for the determination of azelastine hydrochloride including colorimetric and spectrophotometric [8-12], thin layer chromatography (TLC) [13-16], capillary electrophoresis [17,18], high performance liquid chromatography (HPLC) [1925], electrochemical methods [26,27] and thermal analysis [28] have been developed for the estimation of AZH individually or in dosage forms. BAC applications are extremely wide, ranging from its use as a disinfectant in formulations to microbial prevention in the oilfield service industry. In preserved drug formulation, BAC is commonly used as a preservative [7], thus a variety of methods have been developed for its determination including spectrophotometric [29-31], TLC [32] and capillary electrophoresis [33-35]. Chromatographic methods have been extensively applied for its determination, GC [36] and HPLC [3753]. According to the best of our knowledge there is no specific analytical method for the simultaneous determination of both drugs in ophthalmic solution. The main aim of this study is to develop a simple, sensitive, short retention times and accurate RP-HPLC method for the simultaneous determination of AZH and BAC in pure, bulk and dosage forms.

Materials and methods 

Chemicals and Reagents

Standards: Standard samples of AZH and BAC (50% solution) were kindly supplied by Egyptian Pharmaceutical and Chemical Industry (EPCI) Company, a part of HIKMA group, Beni-Suef, Egypt with claimed purity of 99.8% and 96.9%, respectively according to manufacturer certificates of analysis.

Pharmaceutical dosage form: Azelast® 0.05% ED (Eye Drops) (Batch No. 1460086) were manufactured by EPCI Company part of HIKMA group, Beni-Suef, Egypt with Mfg. date

Chemicals: Acetonitrile HPLC-grade (ACN), potassium dihydrogen phosphate analytical grade, water HPLC grade and 1-Sodium hexane sulfonate were procured from (scharlau, Spain).

Instrumentation

HPLC system (Shimadzu LC SPD 20A) with a detector (dual wavelength), equipped with a binary pump, Autosampler, oven CT0-20A/20AC with temperature range (10-85°C), LC Solution software. HPLC system (Agilent 1260 Infinity, Germany) instrument was equipped with an Agilent 1260 Infinity preparative pump (G1361A), Agilent 1260 Infinity DAD detector VL (G131SD), Agilent 1260 Infinity Thermostated column compartment (G1316A) and Agilent 1260 Infinity preparative Autosampler (G2260A). UV-1800 double beam UV-Visible spectrophotometer (shimadzu-Japan) with highest resolution. Its spectral bandwidth is (1 nm from 190-1100 nm range) was used for all absorbance measurements. Matched with 1 cm quartz cells. Perform data analysis by software (UV-Probe 2.5.2).

UV absorption spectra of 20 ng/mL of each of AZH and BAC using water as blank have been scanned. Their corresponding maxima are illustrated in (Figure 2).


[image: ]

Figure 2: UV absorption spectra of 20 µg/mL of each of AZH (1) and BAC (2) using water as blank.



Mobile phase preparation: ACN: Buffer (50:50)

i.	Acetonitrile

ii.	Buffer pH 4.5: Accurately weigh 6.8 gm potassium dihydrogen phosphate and 1.167 gm Hexane sulfonate and adjust the pH to 4.5 with orthophosphoric acid solution. Make up to 1000 mL with distilled water. Filter and degas mixtures of (A) acetonitrile and (B) buffer (50:50) through 0.45 n membrane filter under vacuum pump.

HPLC Chromatographic Conditions: Chromatographic separation was performed on column Thermo Scientific CPS HYPERSIL L10 CN (150 X 4.6 mm i.d, 5 µm particle size) (USA). The following conditions have been applied: a mobile phase mixture of phosphate buffer and acetonitrile in the ratio of 50:50% v/v at ambient temperature, flow rate of 1.5 mL/min, UV detection at 212 nm, injection volume of 20 |iL and run time of 7.5 min.

Preparation of Standard Solution

Stock solutions of Azelastine HCl and Benzalkonium chloride: Transfer 100 mg of the standard Azelastine HCl into 100 mL volumetric flask. Add about 70 mL diluent, sonicate for 10 min till complete dissolution then complete to volume with the diluent. Filter through suitable syringe filter. This solution contains AZH = 1000 µig/mL. Similarly, transfer 100 mg of the standard B into 100 mL volumetric flask. Add about 70 mL diluent, sonicate for 10 min till complete dissolution then complete to volume with diluent. Filter through suitable syringe filter. This solution contains BAC = 1000 µig/mL.

Calibration curves Construction: Transfer accurately aliquots of AZH and BAC equivalent to 6.25-50 and 5-50 µig/ mL, respectively from their stock solutions into two 100 mL volumetric flasks, add µ70 mL of water HPLC grade and sonicate to mix. Complete to the mark with HPLC grade water and mix. Triplicate 20 |iL injections were made for each concentration maintaining the flow rate at 1.5 mL/min and the effluents were UV-scanned at 212 nm. The chromatographic separation was performed following the above stated conditions. The chromatograms were recorded, the peak areas of AZH and BAC were determined, the calibration curves relating the obtained integrated peak areas and the corresponding concentrations were constructed and the regression equations were performed.

Authentic Prepared Mixture

N.B.: Due to the low concentration of BAC in dosage form, where the concentration of AZH is five folds greater than BAC, which leads to the disappearance of BAC peak in the chromatogram, so we prepared equal concentrations of each in the mixture to validate their simultaneous determination. Thus, accurately transfer 5.0 mL of AZH and 5.0 mL of BAC from their stock solutions into 100 mL volumetric flask, add 70 mL of water HPLC grade and sonicate to mix. Complete to the mark with water and mix. (Conc. of each of AZH and BAC = 50 µig/mL). The obtained chromatogram is shown in (Figure 3).
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Figure 3: HPLC chromatogram of an authentic mixture of AZH (50 µg/ml) and BAC (50 µg/ml) under the same conditions, (AZH and BAC; C12, C14 Rt are 2.254, 3.432 and 3.946 min, respectively.



Application to pharmaceutical formulation (Azelast 0.05% Eye Drops): Shake and pour the contents of five bottles and their water rinses (each bottle contains 5 ml) of Azelast 0.	05% Eye Drops into 100 mL volumetric flask. Accurately transfer 5.0 mL aliquot into 50 mL volumetric flask. Add about 30 mL of distilled water, sonicate and complete to volume with the water and mix well. Thus, we obtain a conc. of AZH & BAC (50,10 µig/mL) respectively. Filter through 0.45 µim syringe filter and inject into the chromatographic system. The standard addition technique has been carried out to assess the validity of the method by spiking the pharmaceutical formulation with known amount of standard solution of AZH and BAC. The recovery of the added standards was then calculated after applying the proposed methods.

Results

The chromatogram obtained at retention times 2.254, 3.432 and 3.946 min, respectively for AZH and homologs of BAC (C12, C14) shows no peak interferences. 

Discussion


Table 1: Comparison between the proposed and Rao‘s methods for the determination of AZH and BAC.
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*Limit of detection (3.3 ˣ SD/Slope) and limit of quantitation (10 ˣ SD/Slope).

A single publication [23] that related the simultaneous determination of both AZH and BAC besides fluticasone propionate and phenyl ethyl alcohol by RP-HPLC method in nasal sprays has been published in 2010; this was performed on a 250 mm x 4.6 mm, 5- |im particle size, Waters Spherisorb CN column using a mobile phase composed of 55:45 (v/v) mixture of buffer and acetonitrile, UV detection at 215 nm and flow rate of 1.0 mL/min. The present method was performed on a much shorter column, the Thermo CPS CN column (150 mm X 4.6 mm, 5 |im particle size, using buffer solution of pH 4.5 containing a completely different mobile phase, its composition is illustrated above at a relatively slower flow rate of 1.5 mL/min, UV detection at 212 nm and run time of 7.5 min. The conditions of the present method succeeded in achieving linear relationships in the ranges of 6.25-50 ng/mL and 5.0-50 ng/mL, respectively, compared with corresponding ranges of 39.2 - 67.2 ng/mL for azelastine hydrochloride and 2.8 - 4.8 ng/mL for benzalkonium chloride [23]. The dynamic range of the latter (BAC) is quite limited. Also, significantly different and short Rt values of 2.254, 3.432 and 3.946 min for AZH and homologs of BAC (C12, C14) were achieved with correlation coefficients of 0.9988 and 0.	9983, respectively compared to corresponding Rt values of 6.647 & 10.175, 12.179 min with correlation coefficients of 0.	997 and 0.9997, respectively [23]. In the present work, heat stress studies and photo degradation have been performed. A comparison between the two methods is recorded in (Table 1).

Methods development and optimization

Many systems of different compositions and ratios were tried including: methanol:water (70:30, v/v), Acetonitrile (ACN): water (70:30, v/v). Buffer phosphate pH (6.3):ACN(30:70, v/v) led to a splitted peak, while the buffer composed of phosphate pH(4.5):ACN (30:70, v/v) gave bad separations. On trying buffer phosphate pH(4.5) + hexane sulfonate:ACN (55:45, v/v) mixture, it was found that the presence of hexane sulfonate in the developing system is essential for the separation and improving tailing of peaks, but still eluted late. Buffer phosphate pH (4.5) + hexane sulfonate:ACN (50:50, v/v) has been tried, (0.8, 1.0,1.2 and 1.5 mL/min) flow rates have been tried, scanning wavelengths (208, 210, 212, 264 and 284 nm) have also, been tried also tried. Preliminary studies involved the trial of C18 reversed-phase columns. The best developing system was buffer phosphate pH (4.5) + hexane sulfonate:ACN (50:50, v/v) applying a flow rate of 1.5 mL/min at a wavelength of 212 nm using column L10 Thermo CN (150 mm X 4.6 mm i.d., 5 |im). This selected developing system allows good separation between the studied components with good Rt values without tailing of the separated bands and good theoretical plates.

Method validation

The method was validated, in accordance with ICH guidelines (ICH Q2R1), for system suitability, precision, accuracy, linearity, specificity, ruggedness, robustness, LOD and LOQ [54].

I.	Linearity and range: The linearity of the proposed methods was obtained in the concentration range (6.25-50.0 Hg/mL) for AZH and (5.0-50.0 ng/mL) for BAC. Calibration curves were constructed by plotting peak areas against the corresponding concentration. The obtained coefficients of regression were 0.9988 and 0.9983, respectively for AZH and BAC, while the obtained slopes were 89358.23 and 5981.41, respectively. Linearity results are shown in (Table 2).

II.	Repeatability: Repeatability is conducted using 6 replicates of the standard solution of the compound under study. The system is precise as the relative standard deviation RSD <2%. The high precision of the method is shown in (Table 2).


Table 2: Regression and validation parameters of the proposed HPLC method for determination of AZH and BAC.
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Limit of detection (3.3 * SD/Slope) and limit of quantitation (10 * SD/ Slope).

III.	Detection and Quantitation limits: These approaches are based on the standard deviation of the blank. Measurement of the magnitude of analytical background response is performed by analyzing an appropriate number of blank samples and calculating the standard deviation of these responses. Where limit of detection (LOD) = 3.3 * SD/slope and limit of quantification (LOQ) =10 * SD/slope, (Table 2). 

IV. Accuracy and recovery: Accuracy of the proposed methods was calculated depending on the percentage recoveries of pure samples of the studied drugs. The accuracy can be assessed by analyzing a sample of known concentration and comparing the measured value to the true one. Accuracy should be assessed using a number of nine determinations over a minimum of three concentrations 103% of spiked analyte amount for AZH and BAC. These results are shown in (Table 3). Accuracy was further assessed by applying the standard addition technique to Azelast 0.05% Eye Drops (ED), where good recoveries were obtained revealing that there were no interference from excipients (Table 4).


Table 3: Data of Accuracy for Azelastine HCl and Benzalkonium chloride.
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Table 4: Determination of AZH and BAC in their pharmaceutical formulation by the proposed HPLC method and application of standard addition technique.
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V.	Formulation assay: This study is performed by assaying five samples from the finished product with the same concentration prepared from a homogenous sample starting from the first step of analysis procedure to the final one. The result of the assay undertaken yielded 92.4% of the label claim for Azelast ED. The results of the assay indicate that the method is selective for the analysis of Azelast ®ED without interference from excipients used to formulate and produce this ED. The results are displayed in (Table 5). 


Table 5: Assay results for the determination of AZH and BAC in their pharmaceutical formulation by the proposed HPLC method.
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VI.	Intermediate precision (ruggedness): Intermediate precision expresses the within-laboratories variations: different days, different analysts, different equipments, etc. Satisfactory results were obtained and are presented in (Table 6).


Table 6: Ruggedness of the method.
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VII.	Robustness: Robustness of an analytical method is a measure of its capacity to remain unaffected by small variations in method parameters. The variables taken into account were the percentage of organic modifier as acetonitrile composition (±5%), pH of the mobile phase (± 0.2), flow rate (±0.1 mL/min) and column temperature change (40°C & 20°C). The low values of the % RSD, as given in (Table 7), indicate the robustness of the proposed methods.


Table 7: Robustness of the method.
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VIII.	System suitability: System suitability testing is an integral part of many analytical procedures. The tests are based on the concept that the equipment, electronics, analytical operations and samples to be analyzed constitute an integral system that can be evaluated as such. System suitability was checked by calculating tailing factor (T), column efficiency (N) and resolution (Rs) factors. All calculated parameters were within the acceptable limits indicating good selectivity of the methods and assuring the system performance, (Table 8).


Table 8: System suitability testing parameters of the developed method.
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Stability of the analytical solution

After preparing the standard solution, part of it was stored in fridge and another part was stored at room temperature. After about 24 hours, these solutions were tested against freshly prepared standard; relative standard deviation should be less than 2%.These results are displayed in (Table 9).


Table 9: Result of stability of analytical solution.
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Specificity

I.	Placebo interference: Method specificity was determined for samples of studied compounds and placebo matrix containing all excipients present in the finished product. No interferences were detected at the retention times of AZH and BAC (C12, C14).

Forced degradation

Forced degradation of the active pharmaceutical ingredient (API) was carried out according to ICH guidelines (ICH, Q2B) in acid, base, oxidation, photo and heat.

I.	Photo degradation: The powder of standard AZH was kept under sunlight for 48 hours. From this powder, accurately weigh 25.0 mg and transfer to 100-mL volumetric flask. Add 60-70 mL of distilled water and sonicate to dissolve. Make up to the mark with water and mix well. Dilute 10 mL aliquot from this solution with water to 100 mL. Filter through 0.45 |im membrane filter, reject the first portion then analyze by HPLC. No interference was found at the retention time of AZH and no degradation products appeared after light degradation.

II.	Heat degradation: Keep the powder sample of the standard AZH in dry oven at 80°C for 6 hours. Similarly, weigh 25.0 mg; dissolve in 100-mL volumetric flask. Dilute,filter then analyze by HPLC. No interference was found at the retention time of AZH and no degradation products appeared after heat degradation.

III.	Acid degradation: Accurately weigh 25.0 mg of the standard AZH powder and transfer into 100-ml conical flask. Add 60-70 mL of distilled water and sonicate to dissolve, add 10 mL of 0.1 N HCl then keep the acidified solutions in boiling water bath for one hour. Then keep at room temperature till cooling and complete to the mark with water and mix well. Dilute 10 ml aliquot from this solution to 100 ml volumetric flask with water. Filter and analyze by HPLC. No interference was found at the retention time of AZH and no degradation products appeared after acid degradation.

IV.	Base degradation: Similarly, weigh 25.0 mg of AZH standard powder and transfer to 100-mL conical flask. Add 60-70 mL of distilled water and sonicate to dissolve, add 10 ml of 0.1 N NaOH then keep the alkaline solution in boiling water bath for one hour, keep at room temperature till cooling. Complete to 100 mL with water and mix well. Dilute 10 mL aliquot from this solution to 100 mL with water. Filter and analyze by HPLC as usual. No interference was found at the retention time of AZH, but its peak area was affected after base degradation. The degradation percent was calculated and displayed in (Table 10).


Table 10: Results of analysis of forced degradation study samples using proposed method, indicating percentage degradation of AZH and BAC.
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V.	H2O2 degradation: Accurately weigh 25.0 mg of the standard AZH powder and transfer to 100-mL volumetric flask. Add 60-70 mL of distilled water and sonicate to dissolve, add 15 mL of 3.0% H2O2 then keep at room temperature for half an hour, complete to the mark with water and mix well. Dilute 10 mL aliquot of this solution to 100 mL with water. Filter and analyze by HPLC. No interference was found, although there was some degradation products appeared after the H2O2 treatment due to the peak of hydrogen peroxide. The degradation percent was calculated and depicted in (Table 10). Thus, forced degradation can be summarized: AZH was found to be stable under heat, light, acidic conditions and is labile under alkaline and oxidation. While, BAC is found to be stable under heat, light conditions and is labile under alkaline, acidic and oxidation. The conditions of degradation are shown in (Table 10). The corresponding chromatogram obtained was shown in (Figure 4), also, peak purity was applied for AZH in (Figure 5). 
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Figure 4: HPLC chromatograms of 25 µg/mL solution of AZH after exposure to (A) acid degradation, (B) heat degradation, (C) base degradation, (D) oxidative degradation and (E) photo degradation.
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Figure 5: Peak purity of Azelastine HCl.



Conclusion

The proposed RP-HPLC method for the simultaneous estimation of azelastine hydrochloride and benzalkonium chloride in combined ophthalmic solution is simple, precise, specific, highly accurate, less time consuming for analysis, low cost and rapid. The results of stress testing have been undertaken according to the International Conference on Harmonization (ICH) guidelines and revealed that AZH was found to be stable under heat, light, acidic conditions and labile under alkaline ,oxidation. BAC was found to be stable under heat, light conditions and labile under alkaline, acidic and oxidation. Based on the above results, the analytical method is valid, fit for use and can be applied for regular routine analysis and stability study.

Acknowledgement

The authors are thankful to the Publishers of the Journal of Forensic Sciences & Criminal Investigation for providing the Christmas publication gift.

Conflict of Interest

Compliance with Ethical Standards: The authors declare that they have no conflict of interest.

Research involving human participants and/or animals

This article does not contain any studies with human participants or animals performed by any of the authors.

References

1.  	British Pharmacopoeia Commission (2012) Stationary Office Medicines and Healthcare Products Regulatory Agency London, TSO (The Stationery Office), Vol. II, UK.

2.  	The Merck Index (2006) An Encyclopedia of Chemicals Drugs and Biological S Budavari (15th edn) Merck & Co. Inc, USA.

3.  	Sweetman SC (2007) Martindale: The Complete Drug Reference (35th edn) the Pharmaceutical Press London, UK.

4.  	Horbal J M, Bernstein J A (2010) Azelastine HCl: A Review of the Old and New Formulations. Journal of Clinical Medicine Insights: Therapeutics 2: 427-437.

5.  	Gomez-Gomar A, Gonzalez-Aubert MM, Garces-Torrents J, Costa-Segar- ra J (1990) Determination of benzalkonium chloride in aqueous oph-thalmic preparations by high-performance liquid chromatography. J Pharm Biomed Anal 8(8-12): 871-876.

6.  	European Union (2014) European Pharmacopeia (8th edn).

7.  	The United States Pharmacopoeia (2015) Supplement to USP 38-NF 33 the United States Pharmacopoeia Convention Inc.

8.  	Gouda A A, El Sheikh R, El Saied H (2015) Extractive Spectrophoto- metric Determination of Azelastine Hydrochloride in Pure Form and Pharmaceutical Formulations. Canadian Chemical Transactions 3(1): 29-41.

9.  	Haraguchi T, Nothenberg M S (1999) Volumetric and spectrophoto- metric assays of azelastine hydrochloride. Rev Bras Cienc Farm 35: 127-131.

10.  	Salama N N, Abdel-razeq S A, Abdel-Atty S, El-Kosy N (2011) Spectro- photometric determination and thermodynamic studies of the charge transfer complexes of azelastine-HCl. Bulletin of Faculty of Pharmacy, Cairo University 49(1): 13-18.

11.  	Sane, R T, Joshi, S G, Francis, M, Khatri, A R, Hijli, P S (1999) Extractive colorimetric determination of azelastine hydrochloride from its phar-maceutical preparations. Indian Drugs 36(5): 317-320.

12.  	Elghobashy M R, Badran O M, Salem M Y, Kelani K M (2014) Stability indicating spectrophotometric and chromatographic methods for the determination of azelastine hydrochloride in presence of its alkaline degradant. Analytical Chemistry: An Indian Journal 14(4): 135-142.

13.  	Sane RT, Joshi SG, Francis M, Khatri AR, Hijli PS (1999) High-performance thin layer chromatographic determination of azelastine hydrochloride. J Planar Chromatogr modern TLC 12: 158-160.

14.  	Salama N N, Abdel-Razeq S A, Abdel-Atty S, El-Kosy (2014) Development and validation of densitometry TLC stability indicating method for quantitative determination of azelastine hydrochloride and eme- dastine difumarate in their drug products. British Journal of Pharmaceutical Research 4(1): 79-92.

15.  	Dubey R, Das S, Roychowdhury S, Pradhan K K, Ghosh M (2013) Validated HPTLC Method for the Determination of Azelastine hydrochloride in Bulk Drug and Dosage Form. PHARMBIT 27(1): 9-11.

16.  	Wyszomirska E, Czerwinska K, Kublin E, Mazurek AP (2013) Identification and determination of Ketotifen hydrogen fumarate, Azelastine hydrochloride, Dimetindene maleate and Promethazine hydrochloride by densitometric method. Acta Pol Pharm 70(6): 951-959.

17.  	Koppenhoefer B, Jakob A, Zhu X F, Lin B C (2000) Separation of enan- tiomers of drugs by capillary electrophoresis with permethyl-gama-cy- clodextrin as chiral solvating agent. Journal of Separation Science 23(6): 413-429.

18.  	Suzuki N, Ishihama Y, Kajima T, Asakawa N (1998) Quantitation of counter ion of a water-insoluble drug by nonaqueous capillary electrophoresis with indirect UV detection. Journal of Chromatography A 829(1-2): 411-415.

19.  	Park YS, Kim SH, Kim YJ, Yang SC, Lee MH, et al. (2010) Determination of Azelastine in Human Plasma by Validated Liquid Chromatography Coupled to Tandom Mass Spectrometry (LCESI/MS/MS) for the Clinical Studies. Int J Biomed Sci 6(2): 120-127.

20.  	Heinemann U, Blaschke G, Knebel N (2003) Simultaneous enanti- oselective separation of azelastine and three of its metabolites for the investigation of the enantiomericmetabolism in rats. Liquid Chromatography ionspray tandem mass spectrometry and electrokinetic capillary chromatography. Journal of Chromatography B 793(2): 389-404.

21.  	Kajima T, Asakawa N, Hattori T, Sato T, Miyake Y (1989) Optical resolution by high performance liquid chromatography, separation of enantiomeric azelastine hydrochloride by ion pair chromatography. Yakugaku Zasshi 109: 570-573.

22.  	Boovizhikannan T, Palanirajan V K (2012) RP-HPLC determination of azelastine in pure and in ophthalmic formulation. Int J Pharm Sci Rev Res 17(2): 62-64.

23.  	Rao K L N, Reddy K P, Babu K S, Raju K S, Rao K V, Shaik J V (2010) Simultaneous Estimation of Fluticasone propionate, Azelastine Hydro-chloride, Phenylethyl alcohol and Benzalkonium chloride by RP-HPLC Method in Nasal spray preparations. Int J of Res in Pharm Sci 1(4): 473480.

24.  	Langevin CN, Pivonka J, Wichmann JK, Kucharczyk N, Sofia RD (1993) High performance liquid chromatographic determination of azelastine and desmethylazelastine in guinea pig plasma and lung tissue. Biomed Chromatogr 7(1): 7-11.

25.  	Rahul K K, Baviskar S R, Mahajan S K (2014) Assay Method Development and Validation for Simultaneous Estimation of Mometasone Furoate and Azelastine Hydrochloride by RP-HPLC. Asian Journal of Biochemical and Pharmaceutical Research 4(4).

26.  	Abdel-razeq S A, Foaud M M, Salama N N, Abdel-Atty S, El-Kosy N (2011) Voltammetric determination of azelastine-HCl and emedastine difumarate in micellar solution at glassy carbon and carbon paste electrodes. Sensing in Electroanalysis 6: 289-30S.

27.  	Elghobashy M R, Badran O M, Salem M Y, Kelani K M (2013) Application of Membrane Selective Electrodes for the Determination of Azelastine Hydrochloride in the Presence of its Alkaline Degradant in Eye Drops and Plasma. Analytical & Bioanalytical Electrochemistry S(3): 32S-340.

28.  	Sawsan A Abdel-Razeq, Nahla N Salama, Shimaa Abdel-Atty, Naglaa El-Kosy (2012) Thermoanalytical study and purity determination of azelastine hydrochloride and emedastine difumarate. Pharmaceutica Analytica Acta 3: 176.

29.  	Halvax JJ, Wiese G, Arp JA, Vermeer JM, van Bennekom WP (1990) Rapid determination of benzalkonium chloride in pharmaceutical preparations with flow injection liquid-liquid extraction. J Pharm Biomed Anal 8(3): 243-2S2.

30.  	Kovács-Hadady K, Fábián I (1998) The determination of benzalkoni- um chloride in eye-drops by difference spectrophotometry. J Pharm Biomed Anal 16(S): 733-740.

31.  	JE Parkin (1993) The assay of benzalkonium chloride in pilocarpine, hypromellose and polyvinyl alcohol ophthalmic drops by second-order derivative ultraviolet spectrophotometry. Journal of Pharmaceutical and Biomedical Analysis 11(7): 609-611.

32.  	Chyta A, Zelazowska E (1999) Using of thin-layer chromatography for identification and quantitative determination of benzalkonium chloride in eye drops. Acta Pol Pharm S6(6): 419-423.

33.  	Taylor RB, Toasaksiri S, Reid RG (1998) Capillary electrophoresis and liquid chromatography in the analysis of some quaternary ammonium salts used in lozenges as antibacterial agents. J Capillary Electrophor S(1-2): 4S-S0.

34.  	Hou YH, Wu CY, Ding WH (2002) Development and validation of a capillary zone electrophoresis method for the determination of benzal- konium chlorides in ophthalmic solutions. J Chromatogr A 976(1-2): 207-213.

35.  	Jimidar M, Beyns I, Rome R, Peeters R, Musch G (1998) Determination of benzalkonium chloride in drug formulations by capillary electrophoresis (CE). Biomed Chromatogr 12(3): 128-130.

36.  	Cybulski ZR (1984) Determination of benzalkonium chloride by gas chromatography. J Pharm Sci 73(12): 1700-1702.

37.  	Dudkiewicz-Wilczynska J, Tautt J, Roman I (2004) Application of the HPLC method for benzalkonium chloride determination in aerosol preparations. J Pharm Biomed Anal 34(S): 909-920. 

38.  	Al-Fakhory AA, Al-Kalak I, Al-khatib MJ (2014) Chromatographic De-termination of Total Benzalkonium Chloride [BAC] in Some of Ophthalmic Preparations by HPLC. Bull Damascus Univ for Basic Sciences 30(2): 155-171.

39.  	Liu F, Xiao KP, Rustum AM (2009) Determination of individual homologues and total content of benzalkonium chloride by reversed-phase high-performance liquid chromatography using a short butyl column. J AOAC Int 92(6): 1644-1651.

40.  	Prince SJ, McLaury HJ, Allen LV, McLaury P (1999) Analysis of ben- zalkonium chloride and its homologs: HPLC versus HPCE. J Pharm Biomed Anal 19(6): 877-882.

41.  	Takeoka GR, Dao LT, Wong RY, Harden LA (2005) Identification of ben-zalkonium chloride in commercial grapefruit seed extracts. J Agric Food Chem 53(19): 7630-7636.

42.  	Santoni G, Medica A, Gratteri P, Furlanetto S, Pinzauti S (1994) High-performance liquid chromatographic determination of benzal- konium and naphazoline or tetrahydrozoline in nasal and ophthalmic solutions. Farmaco 40(11): 751-754.

43.  	Kümmerer K, Eitel A, Braun U, Hubner P, Daschner F, Mascart G, et al. (1997) Analysis of benzalkonium chloride in the effluent from European hospitals by solid-phase extraction and high-performance liquid chromatography with post-column ion-pairing and fluorescence detection. J Chromatogr A 774(1-2): 281-286.

44.  	Ambrus G, Takahashi LT, Marty PA (1987) Direct determination of benzalkonium chloride in ophthalmic systems by reversed-phase high-performance liquid chromatography. J Pharm Sci 76(2): 174-176.

45.  	Elrod L, Golich TG, Morley JA (1992) Determination of benzalkonium chloride in eye care products by high-performance liquid chromatography and solid-phase extraction or on-line column switching. J Chro- matogr 625(2): 362-367.

46.  	Fan TY, Wall GM (1993) Determination of benzalkonium chloride in ophthalmic solutions containing tyloxapol by solid-phase extraction and reversed-phase high-performance liquid chromatography. J Pharm Sci 82(11): 1172-1174.

47.  	Mallik R, Raman S, Liang X, Grobin AW, Choudhury D (2015) Development and validation of a rapid ultra-high performance liquid chromatography method for the assay of benzalkonium chloride using a quality-by-design approach. J Chromatogr A 1413: 22-32.

48.  	Marsh DF, Takahashi LT (1983) Determination of benzalkonium chloride in the presence of interfering alkaloids and polymeric substrates by reverse-phase high-performance liquid chromatography. J Pharm Sci 72 (5): 521-525.

49.  	Labranche LP, Dumont SN, Levesque S, Carrier A (2006) Rapid determination of total benzalkonium chloride content in ophthalmic formulation. J Pharm Biomed Anal 43(3): 989-993.

50.  	Meyer RC (1980) Determination of benzalkonium chloride by re- versed-phase high-pressure liquid chromatography. J Pharm Sci 69(10): 1148-1150.

51.  	Rojsitthisak P, Wichitnithad W, Pipitharome O, Sanphanya K, Thanawat- tanawanich P (2005) Simple HPLC determination of benzalkonium chloride in ophthalmic formulations containing antazoline and tetra- hydrozoline. PDA J Pharm Sci Technol 59(5): 332-337.

52.  	Zakrajsek J, Stojic V, Bohanec S, Urleb U (2015) Quality by design based optimization of a high performance liquid chromatography method for assay determination of low concentration preservatives in complex nasal formulations. Acta Chim Slov 62(1): 72-82.

53.  	Martínez-Carballo E, González-Barreiro C, Sitka A, Kreuzinger N, ScharfS,	et al. (2007) Determination of selected quaternary ammonium compounds by liquid chromatography with mass spectrometry. Part II. Application to sediment and sludge samples in Austria. Environ Pollut 146(2): 543-547.

54.  	ICH Q2(R1) (2005) Validation of Analytical Procedures: Text and Meth-odology. ICH Harmonized Tripartite Guideline. 


Your next submission with JuniperPublishers
 will reach you the below assets


• Quality Editorial service

• Swift Peer Review

• Reprints availability

• E-prints Service

• Manuscript Podcast for convenient understanding

• Global attainment for your research

• Manuscript accessibility in different formats

(Pdf, E-pub, Full Text, audio)

• Unceasing customer service




Track the below URL for one-step submission


http://juniperpublishers.com/online-submission.ph<



OEBPS/Images/tab8.jpg
Taiing faccor T2

Resolution (%) [

Tnjection
precision

RS s1%

Numberof
se26635 N>2000

sheoretical
“plates(N)





OEBPS/Images/tab9.jpg
Condition.

Fridge

Foom temperacure
(22°0)





OEBPS/Images/tab10.jpg
Benzalkonivm chloride

Observeds,

Peakres

Peskres

Degradation

Without
Effect{contrl)

2518

2196175

wssis

Oxidation Efect

253

2080094

107630

Allal Efece

2657

1365682

101725

AcdEffect

2457

2276288

114459

Lighe Efect

2534

2188403

 Effect

253

2171684

Flacsbo

Nopeak
observed

Noares
cbserved






OEBPS/Images/fig1.jpg
Benzalkonium chloride

cHy
LS






OEBPS/Images/tab4.jpg
Found %6

Pharmacetical
Formulation

‘Added(ug/mL)

1019720182

Azelast 00555
Drops

Azn05
me(clsimed)

me(clsmmed)

Meant RSD

1004521588

1007622592






OEBPS/Images/fig2.jpg





OEBPS/Images/tab5.jpg
az

(s0-110) (s0-120)

Azelast 0050 e
Drops

me(claimed)

BAC,01
mg(claimed)

Mean £ 8D,






OEBPS/Images/logo.jpg





OEBPS/Images/tab6.jpg
Parameter{3RSD)

Intradsy

Interday

o Anslyst
ansystoo an

Apparas
Apparatus






OEBPS/Images/logo-1.jpg
=

N

N

SN
)

Journal of Forensic Sciences

Criminal Investigation
4





OEBPS/Images/tab7.jpg
Parameter (385D)

Flow race change
(20 fmin)

pH change of mobile
phase (0.2)

Organic (AcN)
compositon change
o5

Colamnmpaare
gel40,

20C)






OEBPS/Images/fig5.jpg





OEBPS/Images/tab1.jpg
Parsmeter

Az BaC

Mobile phase

55145 (50 m bufer phosphate:ACN)

Column used

Sum)

Flowsate

L5 ml/min

1.0 ml/min

Wave length.

2120m

2150m

Retention ime

2254 min

Cy Cu
[Toarsmn | zaromm

Run time

20 min.

Ranges (yg/mL)

392672





OEBPS/Images/tab1a.jpg
Corseltion coafficent

09994

03952

03957

Accuracy ( MeanzRSD)

Lovssz101

00722100

015617

Intermediste Precision

0850

LoD (g/m)

052

L0Q: (ne/mL)

379






OEBPS/Images/fig3.jpg





OEBPS/Images/tab2.jpg
Parameter

AzH

550

Linearrange (vg/
)

62550

SoaLa1

Siope

935823

7634819

intercept

Surazan

03952

09994

08%

052

241






OEBPS/Images/fig4.jpg
B
2.8 % 8 ¥ SO 0. .






OEBPS/Images/tab3.jpg
Aselsstine Bl

‘Benzalkonivm chloride

g/ (found)

Recoveryth

g/ (found)

Recoveryth

1256

10048%

1022

10228%

1257

10082%

1019

101529

1250

10005%

950

99.08%

102.58%

100513

10285%

101419

10277%

10065%

10143%

10034%

101.69%

10083%

101.48%

9979%

Accurscy
(Mean)






OEBPS/Misc/page-template.xpgt
 

   
    
		 
    
  
     
		 
		 
    

     
		 
    

     
		 
		 
    

     
		 
    

     
		 
		 
    

     
         
             
             
             
             
             
             
        
    

  

   
     
  





OEBPS/Images/cover.jpg





