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ABSTRACT 

Two simple titrimetric methods have been developed for the determination of 

hydroxyzine dihydrochloride (HDH) in pure form and in tablets. The principle of the 

methods are simple acid-base reactions in which the hydrochloride content of the drug 

was determined by titrating with an aqueous standardized NaOH solution either visually 

using phenolphthalein as indicator (method A) or potentiometrically (method B) using 

glass-calomel electrode system. The methods were applicable over the range of 2-20 mg 

HDH. The procedures were also applied for the determination of HDH in its dosage 

forms and the results were found in good agreement with those obtained by the reference 

method. The precision, expressed by intra-day and inter-day relative standard deviation 

values, was satisfactory (RSD ≤ 2.76%). The accuracy was satisfactory as well RE ≤ 

2.67%. Excipients used as additives in pharmaceutical formulations did not interfere in 

the proposed procedures as shown by the recovery study via standard addition technique 

with recovery percentage in the range 97.48 – 106.3% with a standard deviation of 1.76 - 

3.42 %. 

 

Key words: Hydroxyzine dihydrochloride; determination; acid-base titrimetry; 

potentiometry; pharmaceuticals. 
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INTRODUCTION 

Hydroxyzine dihydrochloride (HDH), chemically known as (RS)-2-{2-[4-(p-

chlorophenylbenzyl)piperazin-1-yl]ethoxy}ethanol dihydrochloride, is a first-generation 

antihistamine of the piperazine class that is an H1 receptor antagonist. It is widely used in 

the control of anxiety [1], treatment of branchial asthma and in some cases to relax 

patients before surgery [2-4]. 

Various available analytical methods in the literature reported for the 

determination of HDH in pharmaceuticals or biological fluids include high-performance 

liquid chromatography [5-9], gas chromatography [10], thin layer chromatography [11], 

micellar liquid chromatography [12], capillary zone electrophoresis [13, 14], 

voltammetry [15], LC-MS [16], potentiometry [17, 18], gravimetry [19] and visible 

spectrophotometry [20-24]. The official USP method is also available for the assay of the 

drug in tablets employs a chromatographic system equipped with a UV-detection, where 

HDH can be detected at 232 nm [25]. 

Although, chromatographic techniques have been suggested for the determination 

of HDH, it requires high skillful operator and the instrument is expensive and not 

available for most local manufacturers. The other procedures are time-consuming, 

involve multi steps, take long reaction time. In addition, most of the described procedures 

require expensive instrumental setup. 

Some titrimetric procedures were also found in the literature for the assay of 

HDH. The method by Sanrick and Janik [26] involved the precipitation of the drug with 

sodium tetraphenylborate, filtration, dissolution of the precipitate in acetone and 

potentiometric titration with AgNO3. The complexometric determination of HDH [27] 

also involved the precipitation of the drug with cadmium nitrate, filtration of the 

precipitate, and titration of the residual cadmium with EDTA. Basavaiah and Charan 

have reported two titrimetric procedures for the determination of HDH. One approach 

uses mercury(II) as titrant and diphenylcarbazone-bromothymol blue as indicator [21]. 

The other method [22] involved the precipitation of chloride with AgNO3, filtration of the 

precipitate and titration of the excess AgNO3 with thiocyanate using Fe(III) alum as 

indicator. The reported titrimetric procedures except the Hg(II) method, are indirect, 

involve multi steps, laborious and time-consuming. Even the direct titrimetric procedure 
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employing Hg(II) as titrant requires careful control of pH for the titration of chloride 

content of drug. 

 So, there is a need to develop simple, reliable, rapid and economical method for 

the determination of HDH in pharmaceuticals. The titrimetric procedure is very simple 

technique adoptable to determine the drug content in milligram level in the quality 

control laboratories across the developing countries where modern and expensive 

instruments are un available. 

 In this paper, two validated procedures are described for the determination of 

HDH without the need of all experimental operations as done in the reported methods 

[22, 26, 27]. The methods are based on the titration of the drug solution in neutral ethanol 

with aqueous NaOH to a phenolphthalein end point (method A) or potentiometric 

equivalence point (method B). The procedures offer several advantages, such as speed, 

simplicity, accuracy and precision, selectivity and cost-effectiveness, and consequently, it 

can be easily adapted by the quality control laboratories for routine analysis. 

 

EXPERIMENTAL 

Apparatus 

A Elico 120 digital pH meter provided with a combined glass-SCE electrode 

system was used for potentiometric titration. 

Reagents and Solutions 

All chemicals used were of analytical reagent grade. Boiled-out and cooled 

distilled water was used through out the investigation. 

Sodium hydroxide (~0.01 M): Accurately 0.2 g of the pure NaOH (Merck, India) 

was dissolved in bidistilled water. The solution was made up to 500 ml with bidistilled 

water and standardized [28]. 

Phenolphthalein indicator (0.5%): It prepared by dissolving 500 mg of the pure 

phenolphthalein powder (S.D’s Lab Chem & Industries, Bombay) in 50 ml alcohol and 

diluted to 100 ml with bidistilled water. 

 

Standard drug solution 
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Stock standard solution containing 2 mg ml-1 drug was prepared by dissolving the 

required amount of HDH (UCB Pharma Ltd) in neutralized alcohol. Neutralized alcohol 

was prepared by adding dilute alcoholic KOH to ethanol with constant stirring to a 

phenolphthalein end point. 

 

General Procedures 

Visual Titration (Method A) 

An aliquot of the drug solution containing 2.0-20.0 mg of HDH was measured 

accurately and transferred into a clean 100 ml titration flask and the total volume was 

brought to 10 ml with neutral alcohol. Then, 2 to 4 drops of 0.5 % phenolphthalein 

indicator were added and the solution was titrated with standard (0.01 M) sodium 

hydroxide solution to a pink colour end point.  

A blank titration was performed and necessary volume corrections were made.  

The amount of the drug in the measured aliquot was calculated from  

Amount (mg) = VMwR/n 

where V = volume of NaOH required, ml; Mw = relative molecular mass of the drug; R = 

molarity of NaOH and n = number of moles of NaOH reacting with each mole of HDH. 

 

Potentiometric Titration (Method B) 

An aliquot of the standard drug solution equivalent to 2.0-20.0 mg of HDH was 

measured accurately and transferred into a clean 100 ml beaker and the solution was 

diluted to 25 ml by adding neutral alcohol. The contents were stirred magnetically and 

the titrant (0.01 M NaOH) was added from a microburette. Near the equivalence point, 

titrant was added in 0.05 ml increments. After each addition of titrant, the solution was 

stirred magnetically for 30 s and the steady potential was noted. The addition of titrant 

was continued until no significant change in potential on further addition of titrant. The 

equivalence point was determined by applying the graphical method. The amount of the 

drug in the measured aliquot was calculated as described under visual titration. 

 

Procedure for Formulations 

Atarax 25 and Atarax 10 (UCB Pharma Ltd) tablets, were used in the investigation. 
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Twenty tablets were weighed and ground into a fine powder. An amount of 

powder equivalent to 200 mg of HDH was weighed accurately into 100 ml calibrated 

flask, 70 ml of neutral alcohol was added and shaken for about 20 min. Then the volume 

was made up to the mark with neutral alcohol, mixed well and filtered using Whatmann 

No 42 filter paper. The first 10 ml portion of the filtrate was discarded. A suitable aliquot 

was next subjected to analysis by titrimetry as described earlier. 

 

RESULTS AND DISCUSSIONS 

  

Mineral acid salts of weak nitrogen bases hydrolyze so extensively in aqueous or 

aqueous-alcoholic (water: alcohol) solution, that it is possible to titrate the liberated acid 

with a strong mineral base [29]. The Japanese Pharmacopoeia method [30] is an example 

for the titration of the hydrochloride salt of a water soluble base in aqueous medium with 

sodium hydroxide to the phenolphthalein end point. Titration of the hydrochloride salt of 

the drug in water against sodium hydroxide leads to the formation of water insoluble 

precipitate as the titration proceeds. To prevent precipitation, alcohol has been used in 

some procedures [31, 32]. Since alcohol is a base with respect to water as a solvent, 

dissolved bases react less strongly alkaline, their salts react more strongly acid, and the 

end points of the titrations are greatly sharpened. In our investigation, when aqueous 

solution of HDH was titrated with aqueous NaOH, white precipitate formed hampering 

the accurate location of the end point. However, no such problem was encountered when 

the drug solution in neutralized alcohol was titrated with aqueous NaOH. Alcoholic 

medium also enhanced the slope of inflection in the potentiometric titration curve besides 

improving the sharpness of phenolphthalein end point in visual titration. 

Phenolphthalein gave satisfactory end point for the concentrations of analyte and 

titrant employed. The decrease in the values of potential was observed at the equivalence 

point with potentiometric end point detection (Fig. 1). With the two methods of 

equivalence point detection, a reaction stoichiometry of 1:2 (HDH : NaOH) was obtained 

which served as the basis for calculation. Using 0.01 M NaOH, 2.0-20.0 mg of HDH was 

conveniently determined. The relationship between the drug amount and the titration end 

point was examined. The linearity between the two parameters is apparent from the 
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correlation coefficients of 0.9985 and 0.9966 obtained by the method of least square for 

visual and potentiometric methods, respectively. From this, it is implied that the reaction 

between HDH and NaOH proceeds stoichiometrically in the ratio 1:2 in the range 

studied. The possible stoichiometric way of the neutralization between HDH and NaOH 

is depicted as follows: 

 

N
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Cl O
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H Cl

H Cl

N

N
Cl O

OH

  Hydroxyzine 
dihydrochloride

+ 2NaOH 2NaCl + 2H2O +

Hydroxyzine 

 

 

Method Validation 

Intra-day and inter-day accuracy and precision 

The precision of the methods was evaluated in terms of intermediate precision 

(intra-day and inter-day). Three different amounts of HDH within the range of study in 

each method were analyzed in seven and five replicates in method A and method B, 

respectively, during the same day (intra-day precision) and five consecutive days (inter-

day precision). For inter-day precision, each day analysis was performed in triplicate and 

pooled-standard deviation was calculated. The RSD values of intra-day and inter-day 

studies for HDH showed that the precision of the methods was good (Table 1). The 

accuracy of the methods was determined by the percent mean deviation from known 

concentration, and results are presented in Table 1. 

 

Ruggedness of the methods 

Method ruggedness was expressed as the RSD of the same procedure applied by 

four different analysts as well as using four different burettes. The inter-analysts RSD 

were within 2% whereas the inter-burettes RSD for the same HDH amounts was less than 
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about 2.2% suggesting that the developed methods were rugged. The results are presented 

in Table 2. 

 

Application 

The described titrimetric procedures were successfully applied for the 

determination of HDH in its pharmaceutical formulations (Atarax tablets of 10 and 25 mg 

HDH/tablet). The obtained results (Table 3) were statistically compared with those 

obtained by the official chromatographic method [25]. The reference method consists of 

chromatographic detection of HDH using UV-detector at 232 nm. The results obtained by 

the proposed methods agree well with those of reference method and with the label claim. 

The results were also compared statistically by a Student’s t-test for accuracy and by a 

variance F-test for precision [33] with those of the reference method at 95 % confidence 

level as summarized in Table 3. The results showed that the calculated t-and F-values did 

not exceed the tabulated values inferring that proposed methods are as accurate and 

precise as the reference method. 

 

Recovery Study 

Accuracy and the reliability of the methods were further ascertained by 

performing recovery experiments. To a fixed amount of drug in formulation (pre-

analysed): pure drug at three different levels was added, and the total was found by the 

proposed methods. Each test was repeated three times. The recoveries were in the range 

from 97.48 to 106.3% with the relative standard deviations of 1.76 to 3.42% indicating 

that commonly added excipients to tablets did not interfere in the determination. These 

results are compiled in Table 4. 

 

CONCLUSIONS 

 

Two simple, rapid, accurate and precise economical analytical methods were 

developed and validated. These two methods are more advantageous when compared to 

other published methods [5-16, 20-22]. The reported methods suffer from such draw 

backs as high cost, multiple steps and also several clean-up steps (HPLC). They are time 
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consuming and often poorly reproducible, some requires organic toxic solvents. Any 

method chosen for routine analysis should be reasonably simple, used materials should 

readily available in the laboratory or readily obtainable, and require a minimum amount 

of equipment. These objectives have been fulfilled by the two titrimetric procedures 

developed. The accuracy, reproducibility, simplicity and cost-effectiveness of the 

methods suggest their application in the quality control laboratories where the modern 

and expensive instruments are not available. 
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Fig.1. Potentiometric titration curves for 10 mg HDH Vs 0.01 M NaOH. 
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Table 1. Intra-day and inter-day accuracy and precision data. 

 
Intra-day accuracy and 

precision 

 
Inter-day accuracy and 

precision  

Method 

 
HDH 

taken, mg HDH 

found, mg

RE, 

% 

RSD, 

% 

HDH 

found, 

mg 

RE, 

% 

RSD, 

% 

Visual titrimetry, 

(n=7) 

4.0 

12.0 

20.0 

3.95 

11.68 

19.66 

1.25 

2.67 

1.70 

1.96 

1.22 

0.86 

4.06 

12.21 

20.43 

1.52 

1.78 

2.14 

2.56 

1.98 

1.15 

Potentiometric 

titrimetry 

(n=5) 

4.0 

12.0 

20.0 

3.97 

11.86 

19.83 

0.75 

1.17 

0.85 

1.86 

1.35 

1.00 

4.05 

12.17 

20.20 

1.26 

1.38 

0.99 

2.76 

0.99 

0.75 

RE.relative error, RSD. relative standard deviation. 
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Table 2. Method ruggedness expressed as intermediate precision (% RSD) 

Method 

LMT 

taken, 

mg 

Inter-analysts (%RSD), 

(n=4) 

Inter-instruments 

(%RSD), 

(n=4) 

Visual titrimetry 

6.0 

12.0 

18.0 

1.20 

1.56 

1.36 

1.60 

2.20 

1.63 

Potentiometric 

titrimetry 

6.0 

12.0 

18.0 

1.15 

1.05 

0.98 

1.40 

1.10 

1.05 
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Table 3. Results of assay in tablets and comparison with official method. 
 

Found* (Percent of label claim ± SD) 

Proposed methods  

Brand 
name 

 
Label 
claim, 

mg/tablet  

Official 

method 
Visual 

titrimetry 

Potentiometric 

titrimetry 

Atarax 

25 
25 99.12±1.06

98.64±1.46 

t=0.60 

F=1.89 

100.1±1.12 

t=1.42 

F=1.12 

Atarax 

10 
10 101.8±0.95

102.6±1.75 

t=0.94 

F=3.39 

100.7±0.72 

t=2.08 

F=1.74 

 

 

 

 

 

 

 

 

 

 

      *Average of five determinations. 

       Tabulated t value at the 95% confidence level is 2.77. 

       Tabulated F value at the 95% confidence level is 6.39. 
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Table 4. Results of recovery study using standard addition method. 

Visual titrimetry Potentiometric titrimetry 

Tablet 

studied 

HDH in 

tablet 

extract, 

mg 

Pure 

HDH 

added, 

mg 

Total 

HDH 

found, 

mg 

Pure HDH 

recovered 

(Percent±SD*) 

HDH in 

tablet 

extract, 

mg 

Pure 

HDH 

added, 

mg 

Total 

HDH 

found, 

mg 

Pure HDH 

recovered 

(Percent±SD*) 

Atarax 

25 

7.89 

7.89 

7.89 

4.0 

8.0 

12.0 

11.79 

15.82 

20.10 

97.48±1.76 

99.15±2.66 

101.7±2.54 

8.01 

8.01 

8.01 

4.0 

8.0 

12.0 

12.15 

16.13 

20.05 

103.6±2.46 

101.5±3.02 

100.3±1.98 

Atarax 

10 

8.21 

8.21 

8.21 

4.0 

8.0 

12.0 

12.29 

16.55 

20.95 

102.2±1.89 

104.3±2.68 

106.2±2.65 

8.06 

8.06 

8.06 

4.0 

8.0 

12.0 

12.26 

16.56 

20.64 

105.1±2.75 

106.3±3.42 

104.8±2.36 

*Mean value of three determinations. 

 


