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Abstract: Three simple, specific, accurate and precise spectrophotometric methods for the determination of a binary mixture 

of Azelastine hydrochloride (AZH) and Benzalkonium chloride (BAC) in pure and in their Dosage forms. The methods 

namely; (A) zero order (D
0
), (B) ratio difference (RD) and (C)ratio subtraction (RS). In method (A), AZH could be directly 

determined in the zero order at wave length equals to 284 nm in the range (5.0–50 µg/mL) with good correlation coefficient 

(0.9994), where no interference from BAC is reported. While BAC was determined by different methods in the range (2.0–30 

µg/mL). In method (B) BAC determination depends on dividing the spectrum of the binary mixture by the standard spectrum 

of 20µg/mL AZH as a divisor, then BAC is determined using the difference between the two wavelengths 262 & 208 nm, we 

here BAC has absorbances and AZH is constant, the difference = (∆P262.0-208.0) with good correlation coefficient (0.9994). 

Finally, in method (C) BAC can be determined by dividing the spectrum of the binary mixture by the standard spectrum of 10 

µg/mL AZH as a dvisor, then a constant, which is determined as the mean value of the absorbances in the plateau region (230–

300 nm), is subtracted; after multiplication by the divisor we obtain a zero order (D
0
) original spectrum of BAC at 208.0 nm 

with good correlation coefficient (0.9992). Accuracy, recovery and the selectivity of the developed methods are applied on the 

laboratory prepared mixtures, standard addition technique and pharmaceutical dosage form. The obtained results for the 

suggested methods are statistically compared with the reported HPLC one using student’s-t and F-ratio tests, showing that the 

two methods are accurate and precise. 

Keywords: Azelastine Hydrochloride, Benzalkonium Chloride, Ophthalmic Solution, Zero Order (D
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Ratio Subtraction Method (RS), Ratio Difference Method (RD) 

 

1. 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] (Figure1). 

AZH occurs as a white, almost odorless, crystalline powder 

with a bitter taste. It has a molecular weight of 418.37. AZH 

is a potent, second-generation, selective, histamine antagonist 

(histamine-H1-receptor antagonist). It is an intranasal 

antihistamine indicated as an appropriate medical treatment 

for patients suffering from the seasonal allergic rhinitis 

(SAR) and non allergic vasomotor rhinitis(VMR). 

Reportedly, this medicament is also used topically in the 

symptomatic relief of both acute and chronic allergic 

conditions, [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] (Figure 1). This mixture has a 

bactericidal effect against Gram-positive and Gram-negative 
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bacteria, and is widely used as an antimicrobial preservative 

in topical aqueous pharmaceutical preparations, especially in 

ophthalmic solutions [5]. 

 

(a) 

 

(b) 

Figure 1. Chemical structures of (a) Azelastine HCl, (b) Benzalkonium 

Chloride. 

Azelastine hydrochloride is official in British 

Pharmacopeia (BP) [1] and European Pharmacopeia (EP) [6], 

both of them includes potentiometric titration for the 

estimation of AZH. Benzalkonium chloride is official in BP 

[1], EP [6] and United States Pharmacopeia (USP) [7], which 

includes potentiometric titration and HPLC method for the 

estimation of BAC. The combination of these two drugs is 

not official in any pharmacopoeia. It is still a limited number 

of analytical methods that were reported for the 

determination of Azelastine hydrochloride including 

colorimetric and spectrophotometric [8-13], thin layer 

chromatography (TLC) [14-17], capillary electrophoresis 

[18, 19], high performance liquid chromatography (HPLC) 

[20–27], electrochemical methods [28, 29] and thermal 

analysis [30] have been developed for the estimation of AZH 

individually or in dosage forms. 

BAC applications are extremely wide, ranging from being 

disinfectant in formulations to microbial prevention in the oil 

field 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 [31-33], TLC [34] and capillary 

electrophoresis [35-37]. Chromatographic methods have been 

extensively applied, GC [38] and HPLC [39-57]. Recently, a 

spectrophotometric method has been published reporting the 

simultaneous determination of Fluticasone propionate and 

Azelastine hydrochloride in the presence of pharmaceutical 

dosage form additives [13]. 

More recently [58], a stability-indicating RP-HPLC 

method has been developed and validated for the 

simultaneous determination of both azelastine hydrochloride 

(AZH) and benzalkonium chloride (BAC) in laboratory 

authentic mixtures and in eye drops formulations. 

According to the best of our knowledge, there is no 

spectrophotometric method for the determination of 

azelastine hydrochloride and benzalkonium chloride in 

authentic mixtures and in dosage form. Thus, the present 

study is directed towards the development of such method 

with the aim of reconsideration of spectrophotometry being 

simple, sensitive, accurate and available technique for the 

determination of AZH and BAC in pure and ophthalmic 

dosage forms versus the sophisticated published methods and 

to validate them according to ICH guide lines [59]. 

2. Materials and Methods 

2.1. Apparatus 

UV-1800 double beam UV-Visible spectrophotometer 

(Shimadzu-Japan) with highest resolution which spectral 

band width is 1nm for the spectral range190-1100 nm, was 

used for all absorbance measurements. Matched with1cm 

quartz cells. Data analysis is performed by software (UV-

Probe 2.5.2). 

2.2. Reagents and Materials 

Purified water is used as solvent, pure samples of AZH 

and BAC are kindly supplied by the Egyptian Pharmaceutical 

and Chemical Industry (EPCI) Pharmaceutical Company part 

of HIKMA group, Beni-Suef, Egypt with claimed purity of 

99.8% and 96.9%, respectively, according to manufacturer 

certificates of analysis. Azelast® 0.05% Eye Drops ED 

(Batch No. 1460086) were manufactured by EPCI 

Pharmaceutical Company part of HIKMA group, Beni-Suef, 

Egypt. Each 1mL is claimed to contain 0.5 mg of AZH and 

0.1mg of BAC. 

Preparation of the Standard Solutions. 

2.2.1. Stock Solutions of Azelastine Hydrochloride and 

Benzalkonium Chloride (1000µg/mL) 

100 mg of each of AZH & BAC standards are weighed 

accurately, transferred into100 mL volumetric flask, 70 mL 

of solvent are added and sonicated to dissolve. The flask is 

made up to the mark with the same solvent and mixed well. 

2.2.2. Working Standard Solutions of Azelastine 

Hydrochloride and Benzalkonium Chloride (100 

µg/mL) 

Accurately transfer 10 mL of AZH and BAC from their 

stock solutions in two 100 mL volumetric flasks, add 70 mL 

of the solvent and sonicate to dissolve. Make up to the mark 

with the same solvent and mixed well. 

2.2.3. Laboratory Prepared Mixture 

Prepare mixtures of AZH and BAC containing different 

ratios from their working standard solutions (100 µg/mL) 

into a series of 10 mL volumetric flasks. Make up to the 

mark with the same solvent. 
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The concentration of AZH and BAC are calculated from 

the corresponding regression equations describing the 

linearity for each method. 

2.2.4. Dosage Form Preparations (Azelast 0.05% Eye Drops) 

Shake and empty five eye droppers into 100 mL graduated 

cylinder and mix them together so as to obtain a conc. of 

AZH & BAC (0.5, 0.1 mg/mL), respectively. The 

concentration and recovery of dosage form were calculated 

from the corresponding regression equations relating the 

linearity for each method. Standard addition technique is 

carried out to prove the validity of the method by spiking the 

pharmaceutical dosage form with known amount of the 

standard solution of each drug alternatively. The recovery of 

the added standards was, then, calculated after applying the 

proposed methods. 

2.3. Construction of Calibration Curves 

Different aliquots of AZH and BAC equivalent to 2–30 

and 5-50 µg/mL, respectively, were separately transferred 

from their respective working solutions (100 µg/mL) into 

two separate series of 10 mL volumetric flasks, and the 

volumes were made up to the mark with distilled water. The 

calibration curves relating the obtained absorbances to the 

corresponding concentrations are constructed and the 

regression equations are performed. Zero order absorption 

spectra of AZH and BAC are scanned in the range of 200-

400 nm (Figure 2). 

 

Figure 2. UV absorption spectra of 20µg/mL of each of AZH(ــــــ), BAC(ــــــ-

)and mix of 20µg/mL of AZH & BAC(----)using water as a blank. 

2.4. Direct Spectrophotometric Method (D
0
) 

Azelastine hydrochloride gives maximum absorbance at a 

wavelength equals to 284 nm, the calibration curve relating 

the obtained absorbances and the corresponding 

concentrations in the range 2.0-30 µg/mL is constructed and 

the regression equation is calculated (Figure 3). 

 

Figure 3. Zero order absorption spectra of (2-30) µg/mL of AZH using 

water as a blank. 

2.5. Ratio Difference Method 

The scanned spectra of different laboratory authentic 

mixtures AZH and BAC are divided by the spectrum of 20 

µg/mL AZH as a divisor. The ratio spectra are recorded. 

Calibration curves are constructed by plotting the difference 

between the amplitude of the ratio difference at 262 nm & 

208 nm for BAC, versus the corresponding concentrations 

and the regression equations are computed. 

2.6. Ratio Subtracting Method 

The stored spectra of the mixture of the two drugs AZH 

and BAC were divided by the spectrum of the concentration 

10 µg/mL AZH as a divisor then a constant value, which is 

determined in the plateau region from 230–300 nm is 

subtracted, a new spectrum will be obtained. If we multiply 

the new spectrum by the spectrum of 10 µg/mL AZH as 

original divisor, we can obtain the zero order (D
0
) spectrum 

of BAC. The calibration curve relating the absorbances of the 

zero order absorption spectra at 208.0 nm versus the 

corresponding concentrations of BAC is drawn and the 

regression equations are computed. 

2.7. Application to Pharmaceutical Formulation 

Different concentrations of AZH and BAC in their 

ophthalmic solution are determined by spiking each of them 

by known concentration of pure standard drug then, 

subtracting the spiked amount. The procedure of each 

method mentioned above was then followed. The validity of 

the method was further confirmed by applying the standard 

addition technique. 

3. Results and Discussion 

The purpose of this work is to reconsider the ability of 

spectrophotometry as a simple, facile, sensitive, accurate, 

precise and available technique for the determination of 

binary mixture of two important drugs, viz., AZH and BAC 
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in their pure form and ophthalmic solution. Also, achieves 

the accuracy and recovery for laboratory prepared mixture. 

The standard addition technique is applied for each method. 

Overlapping was occurred in the zero order in the case of the 

mixture AZH and BAC and couldn’t be resolved neither by 

first nor the second derivative techniques, especially in the 

determination of BAC. Hence, the search for other methods 

that can be applied in such cases. (Figure2). For convenience, 

each method will be discussed separately. 

3.1. Ratio Difference Method 

The important role of the ratio difference 

spectrophotometric method (RD) is measuring the values of 

ratio difference at two wavelengths and also, alternates the 

derivative steps besides the improvement of the signal to 

noise ratio. Ratio difference spectrophotometric method(RD) 

is applied to solve the overlapped spectra of BAC at two 

wavelengths 262 & 208 nm, the difference = (∆P262.0-

208.0) which give absorbances while the ratio difference of 

AZH is constant (Figure 4). All concentrations of BAC (5-50 

µg/mL) are divided by the spectrum of AZH (20 µg/mL) 

(Figure 4). 

Calibration curves were constructed by plotting the 

difference between the amplitude ratio difference at ∆P262 

nm & 208 nm for BAC, versus the corresponding 

concentrations and the regression equations are computed. 

 

Figure 4. Ratio spectra of (5-50 µg/mL) of BAC using spectrum of 20 µg/mL 

of AZH as a divisor. 

3.2. Ratio Subtraction Method 

The principle of this method is that the prepared mixture is 

divided by suitable concentration of the two drugs as a 

divisor (the spectrum of 10 µg/mL AZH). The obtained 

results from the division will give a new spectrum. A 

constant value which is determined as the mean value of the 

absorbances in the plateau region (230–300 nm) is subtracted 

from the ratio spectra, after that the obtained spectrum is 

multiplied by the divisor. Finally, we can obtain a new zero 

order spectrum of BAC (Figure 5). The calibration curve is 

constructed by plotting the absorbance values of BAC at 208 

nm of the latter obtained zero order spectrum, versus the 

corresponding concentrations and the regression equation is 

computed. 

 

 

 

Figure 5. (a)Ratio spectra of mixtures of AZH and BAC using 10 µg/mL of 

AZH as a divisor, (b)Ratio spectra after subtraction of constant, (c)New 

spectrum of BAC in zero order. 
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3.3. Methods Development and Optimization 

Different trials have been spent for the sake of optimizing 

the different parameters that affecting the accuracy and 

recovery of the developed methods such as: solvent, 

wavelengths and divisors…etc. On performing the first 

derivative for the analysis of the studied mixture, it gave 

good results for AZH, but overlapping occurred with BAC, 

so, we tried the use of second derivative and first derivative 

ratio, but, unfortunately, no satisfactory results ha                         

ve been obtained. In the ratio subtraction and ratio difference, 

many solvents have been tried such as methanol, 0.1N HCl, 

0.1N NaOH and water; experimentally, water behaved as the 

best solvent. Also, regarding the wavelengths, different 

wavelengths have been tested to achieve good accuracy and 

recovery for dosage form, standard addition and laboratory 

prepared mixtures, so we select 284 nm for AZH in the zero 

order, 208 nm for BAC in the ratio subtraction method and 

262 nm for BAC in the ratio difference method. On the other 

hand, selection of the divisor’s concentration is very critical 

in order to get the best result, thus, we chose the 

concentration 20 µg/mL AZH as a divisor in the ratio 

difference and 10 µg/mL AZH in the ratio subtraction 

methods. 

3.4. Validation of the Analytical Method 

The method was validated, in accordance with ICH guide 

lines [59]. 

3.4.1. Linearity and Range 

The linearity of the proposed methods is obtained in the 

concentration range (2.0-30.0 µg/mL) for azelastine 

hydrochloride and (5.0-50.0 µg/mL) for benzalkonium 

chloride. The obtained results of correlation coefficients, 

slope and intercept indicate the good linearity. Linearity 

results are shown in Table 1. 

3.4.2. Repeatability 

Expresses within-laboratories variations: The intraday 

RSD % (n=3), average of three concentrations (10,20 and 30 

µg/mL) for each of AZH and BAC respectively, are repeated 

three times within the day. Good results are obtained as 

shown in Table 1. 

Table 1. Regression and validation parameters of the proposed method for 

determination of AZH and BAC. 

ParameterMethods AZH D0 
BAC 

RD RS 

Wavelengths 284 nm (262–208) nm 208 nm 

Range (µg/mL) 2-30 5-50 5-50 

Slope 0.0164 0.0075 0.0114 

Intercept -0.0006 0.0024 -0.0131 

Correlation coefficient 0.9994 0.9994 0.9992 

Repeatability 0.10 0.92 0.78 

LODa (µg/mL) 0.64 1.16 1.32 

LOQa (µg/mL) 1.86 3.53 4.02 
*RSD %b 0.139 0.215 0.175 
*RSD %c 0.145 0.445 0.280 

aLimit of detection (3.3 × σ/Slope) and limit of quantitation(10 × σ/Slope). 
*RSD %b & *RSD % c: the intra-day and inter-day respectively(n=3) relative 

standard deviation of concentrations (10, 20,30 µg/mL). 

3.4.3. Intermediate Precision (Ruggedness) 

The inter day  RSD % (n=3), average of three 

concentrations (10,20 and 30 µg/mL) for AZH and BAC 

respectively, are repeated three times in three successive 

days. Good results were obtained and presented in Table1. 

3.4.4. Detection and Quantitation Limits 

These approaches are based on the Standard Deviation of 

the Response and the Slope. A specific calibration curve 

should be studied using samples, containing an analyte in the 

range of LOD and LOQ. The residual standard deviation of a 

regression line or the standard deviation of y-intercepts of 

regression lines may be used as the standard deviation. 

LOD=3.3 × σ/slope and LOQ =10 × σ/slope, where σ=the 

standard deviation of the response as shown in Table1. 

3.4.5. Accuracy and Recovery 

Accuracy of the proposed methods is calculated as the 

percentage recoveries of pure samples of the studied drugs. 

Accuracy is assessed using three different concentrations 

covering the specified range (i.e., three concentrations and 

three replicates). Concentrations are calculated from the 

corresponding regression equations. The mean % recoveries 

for AZH and BAC are between 98.0% to 102.0% and are 

shown inTable 2. 

Table 2. Data of Accuracy for Azelastine HCl and Benzalkonium chloride. 

Benzalkonium 

chloride 

Standard 

Solution(µg/mL) 

BAC AzelastineHCl 

Standard 

Solution 

(µg/mL) 

AZH D0 
RD RS 

 µg/mL(taken) µg/mL(found) Recovery% µg/mL(found) Recovery%  µg/mL(taken) µg/mL(found) Recovery% 

12 

12 11.91 99.28% 12.16 101.37% 

5.0 

5.0 5.09 101.82% 

12 12.18 101.49% 11.99 99.90% 5.0 5.04 100.84% 

12 11.78 98.17% 12.12 101.00% 5.0 5.06 101.21% 

20 
20 20.16 100.80% 19.83 99.13% 

15 
15 14.83 98.91% 

20 20.03 100.13% 20.00 100.01% 15 14.95 99.72% 

 20 20.20 100.99% 20.09 100.46%  15 15.08 100.53% 

30 

30 30.27 100.89% 29.43 98.09% 

30 

30 29.57 98.59% 

30 30.40 101.33% 29.69 98.97% 30 29.45 98.18% 

30 30.13 100.45% 29.87 99.56% 30 29.69 98.99% 

Accuracy(Mean)  100.39%  99.83% Accuracy(Mean)  99.87% 
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Accuracy is further assessed by applying the standard addition technique to Azelast 0.05%® Eye Drops, where good 

recoveries are obtained revealing that there was no interference from excipients, Table 3. 

Table 3. Determination of AZH and BAC in their pharmaceutical formulation by the proposed methods and application of standard addition technique. 

Pharmaceutical formulation Drug Method Found%aMean±RSD Standard addition 

Azelast 0.05% Eye Drops 

AZH, 0.5 mg (claimed) 

BAC, 0.1mg (claimed) 

AZH 

[D0]λ=284 nm 100.70±0.80 Added µg/mL Found µg/mL Recovery %b 

  10 9.96 99.64 

  15 15.22 101.48 

  20 19.99 99.97 

  Mean±RSD 100.36±0.97 

[RD](262–208 nm) 100.42±0.30 10 9.95 99.50 

BAC 

  15 15.19 101.30 

  20 20.19 100.96 

  Mean±RSD  100.59±0.95 

[RS]λ=208 nm 99.73±0.63 10 9.93 99.37 

  15 15.10 100.69 

  20 20.21 101.06 

  Mean±RSD 100.37±0.88 

aAverage of 6 determinations. 
bAverage of 3 determinations 

3.4.6. Selectivity 

The selectivity of the laboratory prepared mixtures containing both drugs in different ratios within the linearity range led to 

the gain of satisfactory results as shown in Table 4. 

Table 4. Determination of AZH and BAC in laboratory prepared mixture by applying the proposed methods. 

Ratio of AZH:BAC Added (µg/mL) AZH Added (µg/mL) BAC 

AZH  BAC 

*Recovery % 

[D0]λ=284 nm [RD](262–208 nm) [RS]λ=208 nm 

5:1 25.00 5.00 100.04 99.22 99.73 

4:2 20.00 10.00 101.09 100.51 99.04 

3:2 15.00 10.00 99.86 100.51 100.50 

5:3 25.00 15.00 99.71 99.81 98.90 

2:1 10.00 5.00 100.45 100.02 99.20 

1:1 5.00 5.00 99.87 100.64 100.84 

3:4 15.00 20.00 100.13 100.35 100.16 

Mean±RSD 100.16±0.47 100.15±0.50 99.77±0.76 

*Average of three determinations 

The obtained results for the analysis of AZH and BAC by the suggested methods are statistically compared with the reported 

HPLC method using student’s-t and F-ratio tests, showing that both methods are accurate and precise as presented in Table 5. 

Table 5. Statistical comparison between the results obtained by applying the proposed methods and the reported method for analysis of Azelastine 

hydrochloride and Benzalkonium chloride in their pharmaceutical formulation. 

Method 
Reported Methoda [25] [D0]λ=284 nm [RD](262–208 nm) [RS]λ=208 nm 

AZH BAC AZH BAC BAC 

Mean 101.35 101.56 100.70 101.42 100.84 

SD 1.49 1.39 0.80 1.10 1.46 

Variance 2.22 1.95 0.65 1.21 2.14 

N 6 6 6 6 6 

t‐testb - - 0.930 0.193 0.930 

F‐valueb - - 1.49` 1.61 1.09 

aRP-HPLC Method for Simultaneous Estimation of Fluticasone propionate, Azelastine Hydrochloride, Phenylethyl alcohol and Benzalkonium chloride using 

CN column (5µm, 25cm x 4.6 mm I.D.),50 mM of potassium dihydrogenorthophosphate: acetonitrile(55:45,v/v) as the mobile phase at a flow rate of 1.0 

mL/min and UV detection at 215 nm. 
bthe values in parenthesis are corresponding to the theoretical values of t and F (p=0.05). 

4. Conclusion 

The proposed spectrophotometric methods for the 

determination of azelastine hydrochloride and benzalkonium 

chloride in combined ophthalmic solution is simple, precise, 

specific, accurate,  less time consuming, low cost and rapid. 

Hence, this method is recommended for routine quality 

control analysis. 
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