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Abstract: two-phase titrimetric method for the determination of hydroxyzine dihydrochloride (HDH) in bulk drug and
in tablets has been developed and validated. Sodium lauryl sulphate is used as the titrant and dimethyl yellow as the
indicator in the presence of chloroform and sulphuric acid. The proposed procedure gives sharp end points as the colour
of organic phase changes from yellow to intense pink. The method is applicable over the range of 1-9 mg HDH. The
procedure was also applied for the determination of HDH in its tablets and the results were found to be in a good
agreement with those obtained by the reference method. The precision results, expressed by intra-day and inter-day
relative standard deviation values, were satisfactory (RSD < 2.0 %). The accuracy was satisfactory as well (RE < 3 %).
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 percentage recoveries in the range 99.5-103.8% with a standard
deviation values 0.86-1.6%.
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INTRODUCTION
Hydroxyzine dihydrochloride (HDH),
chemically known as 2-[2-[4-[(4-

chlorophenyl)phenymethyl]-1-
piperazinyl]ethoxy]ethanol, dihydrochloride (Fig 1), is
a first generation antihistamine (H; receptor
antagonist), anxiolytic and sedative. It is used in the
treatment of branchial asthma, anxiety and agitation or
tension'”.

A number of analytical methods for the
quantitative determination of HDH in pharmaceuticals
are known; and include United States Pharmacopoeia
(USP)" describes a HPLC method with uv-detection at
232 nm, high-performance liquid chromatography””,
gas chromatography'®, thin layer chromatography'',
micellar liquid chromatography'?, capillary zone
electrophoresis13 , Voltarnmetryl4, LC-MS",
potentiometry'®'’, gravimetry'® and visible
spectrophotometry'®>*.

A review of literature revealed that four
titrimetric procedures have been reported for the
estimation of HDH in pharmaceuticals. Basavaiah and
Charan proposed two titrimetric procedures for the
determination of HDH. One approach®' involves the
precipitation of chloride with AgNQO;, filtration of the
precipitate and titration of the residual AgNO; with
thiocyanate using Fe(Ill) as indicator. The method™
uses mercury(Il) as titrant and diphenylcarbazone-
bromothymol blue as indicator. The method by
Sanrick and Janik®® also involves the precipitation of
the drug with sodium tetraphenyl borate, filtration,
dissolution of the precipitate in acetone and
potentiometric  titration  with  AgNO;.  The
complexometric determination of HDH?® also involves
the precipitation of the drug with cadmium nitrate,
filtration of the precipitate, and titration of residual
cadmium with EDTA.
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Except the direct titrimetric procedure™, the
remaining involve precipitation, filtration and titration
of the residual precipitant, steps that are complex,
tedious and time-consuming. This lengthens the
analysis times and may cause a decrease in the
accuracy of the method.

This paper proposes a two-phase titration of
HDH in bulk drug and in tablets that allows a quick
determination with high accuracy and precision and
without any interference from tablets. In the method,
an aqueous solution of the drug was titrated with
sodium lauryl sulphate using (di)methyl yellow as
indicator in the presence of chloroform and H,SO.,.
This procedure gives sharp end-points, as the organic
layer changes from yellow to intense pink and there is
less likelihood of error.
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Figure 1. Chemical structure of hydroxyzine
dihydrochloride.

EXPERIMENTAL
Reagents and Solutions

All chemicals used were of analytical reagent
grade. Chloroform used was spectroscopic in grade.
Distilled water was used through out the investigation.

Sodium Lauryl (dodecyl) sulphate (SLS): A 4.2
x 10° M aqueous solution was prepared by dissolving
required amount of the specially pure SLS (Loba
Chemie, Mumbai, India, Purity 99.0%) powder and
standardized®’.

Methyl  yellow (MY) indicator solution
(0.01%): Ten mg of the pure MY (Rolex Laboratory)
was dissolved in 100 mL alcohol.

Sulphuric acid (2 M): Prepared by successive
dilution of appropriate volume of concentrated acid
(S.D. Fine Chem, Mumbai, India, sp. gr. 1.84) with
water.

Standard drug solution

A standard solution containing 1 mg mL™' drug
was prepared by dissolving the required amount of
HDH (UCB Pharma Ltd, Mumbai, India) in water.

Procedure for pure drug

An aliquot of the standard drug solution
containing 1.0-9.0 mg of HDH was measured
accurately and transferred into a clean 100 mL beaker
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and the total volume was brought to 20 mL with water.
Five mL of 2 M H,SO4, 10 mL of chloroform and 1
mL of MY (0.01%) solution were added. The content
was stirred magnetically and titrated against standard
(4.2 x 10 M) SLS to the appearance of intense pink
colour in the organic phase.

A blank titration was also performed and the
necessary volume corrections were made. The amount
of the drug in the measured aliquot was calculated
from:

VM R
Amount(mg) = =

n

where V' = volume of SLS, mL; M,, = relative
molecular mass of the drug; and R = molarity of the
SLS and » = number of moles of SLS reacting with
each mole of HDH.
Procedure for tablets
Atarax 25 and Atarax 10 (UCB Pharma Ltd, Mumbai,
India) tablets, were used in the investigation.

Twenty tablets were weighed and ground into
a fine powder. An amount of powder equivalent to 100
mg of HDH was weighed accurately into 100 mL
calibrated flask, 70 mL of water was added and shaken
for about 20. Then the volume was made up to the
mark with water, 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 as described earlier.

RESULTS AND DISCUSSIONS

Various reports™>' have appeared regarding
the two-phase titration of quaternary ammonium salts
with dyes as indicators. End point detection is based
on movement of the dye from one phase to the other,
but accurate detection is difficult.

In the two-phase titration proposed here,
sodium lauryl sulphate is used as titrant with methyl
yellow as indicator in the presence of chloroform.
After treating tertiary amine (HDZH,) with H,SOy,, the
resulting protonated amine (HDZH, ") was titrated
with sodium lauryl sulphate using MY. Methyl yellow
does not possess any hydrophilic group. Therefore,
color change occurs only in the organic phase. The
azoid (I) form of MY is yellow in colour and the acid
form of MY (quinoid (II)) is pink in colour®. The salts
of both the forms of MY with SLS are soluble in
chloroform and the end-point is indicated by a pink
color in the organic phase only. The aqueous phase
remains colorless throughout the titration.

When the aqueous phase is sufficiently acidic,
MY, present in the organic phase, takes on yellow
colour (free form), a pink colour for complexed form
with SLS.
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Scheme 1. Azoid (I) (MY) and quinoid (IT) (HMY") form of methyl yellow.
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The possible reaction pathway at the equivalence point between the protonated drug (HDZH, ") and lauryl sulphate

(LS is believed to be as follows.

HDZH," * (o) + 2LS (g

<HDZH2++. 2LS )

(org)

Beyond the equivalence point, the excess LS™ forms complex with indicator in the following manner.

LS (aq) + HMY " (org)

The above titration reaction produced a
stoichiometry of 1:2 (drug:titrant) which served as the
basis for calculation. Using 4.2 x 10° M SLS, 1.0-9.0
mg of HDH was conveniently determined. The
relationship between the drug amount and the titration
end point was examined. The linearity between two
parameters is apparent from the correlation coefficient
of 0.9986 obtained by the method of least squares.
From this it is implied that the reaction between HDH
and SLS proceeds stoichiometrically in the ratio 1:2 in
the range studied.

Method Optimisation

In order to obtain the optimum conditions
necessary for the quantitative determination of HDH,
stoichometric amount of drug was calculated by
titrating a fixed amount of the drug and varying other
parameters.

After a series of studies, 5 mL of 2 M H,SO,
in a total volume of 25 mL aqueous phase was
sufficient and the same volume of acid was used
throughout the investigation. There was clear
indication of the end-point when the amount of
indicator varied from 0.5 mL to 1.5 mL. There was a
better separation of the organic and aqueous layers and
clear indication of the end point when the volume of

MY.LS (o) + H+(aq)

chloroform was maintained at more than 10 mL in a
total volume of 35 mL. Therefore, 1 mL indicator and
10 mL of chloroform were used in the assay.

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 were analyzed in seven replicates,
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 percentage relative standard deviation
(%RSD) values were < 2 % (intra-day) and < 2.19 %
(inter-day) indicating high precision of the method.
The accuracy of the method was determined by the
percent mean deviation from known concentration,
bias % = [(Concentration found - known
concentration) x 100 / known concentration]. Bias was
calculated at each concentration. Percent relative error
(%RE) values of < 3 % demonstrate the high accuracy
of the method. Results of this study were presented in
table I.
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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
HDH HDH
HDH taken, mg ] RE, % | RSD, % ] RE, % | RSD, %
found , mg found , mg
3.0 3.02 0.67 1.85 3.05 1.67 2.19
6.0 5.86 233 1.35 6.10 1.67 1.89
9.0 8.74 2.90 0.52 9.08 0.89 0.65

*Mean value of seven determinations. RE.relative error, RSD. relative standard deviation.

Selectivity

A systematic study was performed to
determine the effect of matrix by analyzing the
synthetic mixture containing HDH. A placebo blank of
the composition: starch (20 mg), acacia (30 mg),
hydroxyl cellulose (20 mg), sodium citrate (20 mg),
talc (40 mg), magnesium stearate (30 mg) and sodium
alginate (20 mg) was made. To assess the role of the
inactive ingredients on the assay of HDH, a synthetic
mixture was separately prepared by adding 50 mg of
HDH to the placebo mentioned above. The drug was
extracted and solution prepared as described under the
general procedure for tablets. The solution was
analyzed following the recommended procedure. The
amount of HDH found was stoichiometric and same as
those obtained for pure HDH solutions of identical
concentrations. This unequivocally demonstrated the
non-interference of the inactive ingredients in the
assay of HDH.

Robustness and ruggedness of the methods

The robustness of the methods was evaluated
by making small incremental changes in volumes of
H,SO,4 (51 mL) and CHCI; (10£1 mL) and the effect
of the changes was studied by calculating the RSD
values. The changes had negligible influence on the

results as revealed by small intermediate precision
values expressed as % RSD. The values were lying in
the range 1.85-3.0 %.

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 2.5 % whereas the
inter-burettes RSD for the same HDH amount were
ranged from1.6 to 3.3 % suggesting that the developed
method was rugged.

Application

The described titrimetric procedure was
successfully applied for the determination of HDH in
its pharmaceutical formulations (Atarax tablets of 10
and 25 mg HDH/tablet). The obtained results (table II)
were statistically compared with those obtained by the
official chromatographic method*. The reference
method was consisted that chromatographic detection
of HDH using UV-detector at 232 nm. Statistical
analysis of the results did not detect any significant
difference between the performance of the proposed
methods and reference method with respect to
accuracy and precision as revealed by the Student’s t-
value and variance ratio F-value®®. The results of assay
are given in table IL.

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

Nominal Found® (Percent of label claim + SD)
amount,
Brand name mg/tablet Official method Proposed method
101.2+1.85
Atarax 25 25 99.1+1.39 t=2.05
F=1.77
100.5+1.36
Atarax 10 10 98.7+1.55 t=1.95
F=1.30

"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 II1. Results of recovery study via standard addition method.

HDH in Pure Total
Tablet | tablet | HDH | HDH refouvreer;TS{D*
studied | extract, added, found, o
mg mg mg ’
At 2.0 2.0 3.99 99.5+1.08
;ax 2.0 4.0 6.05 100.5+0.86
2.0 6.0 7.97 102.6+1.6
Atarax 2.0 2.0 4.07 103.6+1.79
10 2.0 4.0 6.01 100.2£1.92
2.0 6.0 7.99 99.86+1.02

*Mean value of three determination.

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-analyzed): 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 99.5 to 103.6 % with
standard deviation in the range 0.86-1.9 % indicating
that commonly added excipients to tablets did not
interfere in the determination and closeness of the
results to 100 % showed the fairly good accuracy of
the methods. These results are shown in table III.

CONCLUSIONS

A two-phase titrimetric procedure for the
determination  of  hydroxyzine  hydrochloride
employing sodium lauryl sulphate as titrant and methyl
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