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Abstract: Sodium tetraphenylborate (TPB) and cetylpyridinium bromide (CPB) were used as titrant for the conductometric
determination of diphenhydramine hydrochloride (DPH) drug through ion association complex formation and then the
conductance of the solution is measured as a function of the volume of titrant. The effect of the solvent, reagent concentration,
temperature and molar combining ratio of the formed ion-associates were studied and evaluated. The suggested method was
applied for the determination of diphenhydramine hydrochloride in pure form and pharmaceutical preparations. The described
procedures allowed the determination of the studied drug in bi-distilled water in the range of 0.75-16 mg. Statistical treatment
of the experimental results indicates that the method is precise and accurate. The accuracy of the method was indicated by
excellent recovery and the precision supported by the low relative standard deviation <1%. The sensitivity of the proposed
method was discussed and the results were compared with the potentiometric pharmacopoeial method. The proposed procedure
was simple, precise and low cost and can be applied for the routine measurements of the cited drug.

Keywords: Diphenhydramine Hydrochloride, Sodium Tetraphenylborate, Cetylpyridinium Bromide, Conductometry,
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potentiometric titration [20], amperometry [21], capillary
electrophoresis [22-26] and conductometric titration using
5_  silver nitrate as a titrant [27]. Chromatographic methods have
been used for the determination of diphenhydramine

1. Introduction

Diphenhydramine hydrochloride (DPH),
(diphenylmethoxy)-N, N—dimethylethylamine hydrochloride,

is a histamine H1-receptor antagonist and is widely used as ~ fydrochloride —with other ingredients in combined
antiallergic, antiemetic and antitussive drug found in many formulations 1ncl}1d1ng high ‘ performance . l1qu1d
chromatography with UV detection [28-36], indirect

pharmaceutical preparations. It is usually given orally in a
preparation of tablet, capsule or syrup. It may be
administered by intramuscular or intravenous injection in
severe allergies and applied topically for local allergic
reactions in preparations of lotion and cream containing 1-
2% [1, 2]. Several methods have been reported for
determination of diphenhydramine hydrochloride in
pharmaceutical formulations including spectrophotometry
[3-10], flow injection spectrophotometry [11, 12], atomic
absorption spectrometry [13-16], potentiometry with
selective membrane electrode [17-19], non-aqueous

conductometric detection [37], gas chromatography [38—42]
and high-performance thin layer chromatography [43, 44].
The drug and its formulations are official in British
Pharmacopoeia [45], which recommended HPLC for its
assay.

The aim of this work was to report new condutometric
methods that are simple, time-saving and accurate for the
determination of diphenhydramine hydrochloride as a raw
material and in some pharmaceutical preparations with no
interference of other constituents in their formulations.
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2. Experimental
2.1. Instrumentation

A conductometer—Crison C525 (Spain) equipped with
conductivity cell (cell constant of 0.95) —Ingold (Swiss) was
used. The measurement ranges were 0—2000 ps/cm and 0—
200 ms/cm with a precision +0.05%. pH meter-Suntex SP—5
(Taiwan) equipped with combined glass pH electrode—
Consort S201 B LL5 (Belgium), analytical balance- Sartorius
2432 with a precision 0.1 mg and circulating water-bath
thermostat-MLW Ul0 (Germany) were used. The
temperature was maintained at 25+5°C with water-bath
thermostat connected to a jacket around the analysis vessel.

2.2. Materials

All chemicals used throughout this work were of
analytical-reagent grade and solutions were made with bi-
distilled water. Diphenhydramine hydrochloride (DPH) was
obtained from Dolder, Swiss; its purity was found to be
99.89% according to BP [41]. Sodium tetraphenylborate
(TPB) was obtained from Aldrich and cetylpyridinium
bromide (CPB) was obtained from BDH. Methanol and
ethanol (Merck) were also used. Kartastamine tablets (Shah
Co., Syria) was purchased from commercial sources in the
local market, labeled to contain 25 mg diphenhydramine
hydrochloride per tablet.

2.3. Solutions

Solutions 1x10? M of TPB and CPB were prepared by
dissolving the appropriate weight in bi-distilled water. The
solution was standardized and kept in light-resistant, well-
closed container. Aqueous solution of 1 mg mL’
diphenhydramine hydrochloride was prepared by dissolving
100 mg of the pure drug in 100 mL bi-distilled water, stored
in dark bottles and kept in the refrigerator for not more than
10 days. Other concentrations of working solutions were then
prepared by suitable dilution of the stock solution with bi-
distilled water.

2.4. General Procedure

Aliquots of standard solution containing 0.75-16 mg of
DPH were transferred into a 25 mL calibrated flasks and
made up to the mark with bi-distilled water. The contents of
the calibrated flask were transferred quantitatively to a
conductometric titration cell, the conductivity cell was
immersed in the sample solution, the solution was then
titrated conductometrically against 1x10*> M TPB or CPB
and the conductance was measured subsequent to each
addition of the reagent solution and after thorough stirring for
three min. The conductance reading was corrected for
dilution [46] by means of the equation (1), assuming that
conductivity is a linear function of dilution.

Q-lcorrect = Q-lobs [V1+V2/V1] (l)

where Q‘lcmect is the corrected electrolytic conductivity, Q-
lobs is the observed electrolytic conductivity, V; is the initial
volume and V, is the volume of reagent added.

A graph of corrected conductivity versus the volume of
added titrant was constructed and the end point was
determined conductometrically.

The amount of drugs under study was calculated according
to the equation (2),

Amount of drug =V. M. R/N 2)

where V is volume (mL) of titrant, M is molecular weight of
drug, R is molar concentration of titrant and N is number of
moles of titrant consumed by one mole of drug.

2.5. Procedure for the Pharmaceutical Dosage Forms

Twenty tablets were weighed and finely powdered. An
accurately weighed quantity of the powder equivalent to 100
mg of drug was dissolved in 50 mL of methanol and
sonicated for 5 minutes and then filtered. The combined
filtrate was evaporated to the dryness. The remaining portion
of the solution was dissolving with bi-distilled water in a 100
mL volumetric flask and diluted to the volume. The resulting
solution was used for analysis by the recommended
procedures in the concentration ranges mentioned above.

3. Results and Discussion

Conductometric measurements can be used in quantitative
titration of ionic solutions in which the conductance of the
solution varies before and after the equivalence point, so that
two intersecting lines can be drawn to indicate the end point.
The shape of the titration curve depends on all the species
present during the titration process and other factors such as
viscosity, dielectric constant of the solvent used, solvation,
ion—pair association and proton transfer. Diphenhydramine
hydrochloride is able to form precipitates with sodium
tetraphenylborate or cetylpyridinium bromide so the
applicability of conductometric titration of this drug with the
mentioned reagents was tested. The different parameters
affecting the end point, such as solvent, temperature and
concentration of both titrant and titrand, were studied.

3.1. Effect of Solvent

Three different titrations were described for the drug: (i)
aqueous solutions of both drug and reagents, (ii) methanolic
solutions of both drug and reagents and (iii) ethanolic
solutions of both drug and reagents at 25°C. It was found that
procedure (i) in aqueous media was the most suitable for
successful results as shown in Figure 1, because in
procedures (ii) and (iii) the end point detection is very
difficult and so the precision is very low, whereas in water
medium sharpest end point was detected. So water was the
best and cheapest choice medium for conductometric
titration.
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Figure 1. The effect of solvent on the shape of end point for the conductometric titration of 8 mg DPH in total volume 25 mL with 1x10° M TPB (1, 3, 5) and

with 1x10° M CPB (2, 4, 6) at 25°C.

3.2. Effect of Temperature

The relation between the conductance values and
temperature of DPH, CPB and TPB solutions was linear
increasing in aqueous media in the range of 20-60°C. The
effect of temperature on the end point of the conductometric
titration was tested by carrying out titrations at 20—-60°C. The
results showed that as the temperature increases, the
conductivity of the whole solution increases, and no effect
was observed on the shape of the titration curve and the
position of the end point up to 40°C, then 25°C was used for
carrying out the other variables.

3.3. Effect of Reagent Concentration

The relationship between the conductance values and the
concentration of DPH, TPB and CPB solutions was linear
increasing in the range of 0.05-10 mM in aqueous medium
as shown in Figure 2. The conductance value of DPH
solution was greater than that for TPB and CPB solution at
the same concentration with about one and two times,
respectively. The effect of electrolyte concentration on the
specific electrical conductivity was studied and indicated that
the values were decreased as follows DPH < TPB < CPB in
aqueous medium.

A weight of the investigated drug 7.30 mg of DPH was
dissolved in 25 mL bi-distilled water was titrated against
1x107, 5x10” and 1x10” M TPB or CPB solutions. The
results indicated that, titrant solutions lower than 1x10% M
are not suitable for conductometric titrations as the
conductance readings were unstable and the inflection at the
end point was very poor. So, the reagent concentration in
each titration must be not less than ten times that of the drug

solution in order to minimize the dilution effect on the
conductivity throughout the titration. The optimum
concentration of TPB and CPB was 1x102 M to achieve a
constant and highly stable conductance reading after 1
minute mixing. On the other hand, when the same above
mentioned amounts of the investigated drug were dissolved
and diluted up to 25, 50 and 75 mL with bi-distilled water
and titrated against 1x10* M TPB or CPB solution (optimum
titrant concentration). The results showed that, dilution of the
titrand up to 75 mL has no effect on the position of the end
point and the shape of the titration curve.

300 -
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Figure 2. The effect of electrolyte concentration on the conductivity in
double distilled water.
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3.4. Determination of the Drug—Titrant Ratio

The conductometric technique was used for the
determination of DPH using TPB and CPB as titrants; the ion

CH,

N
g

. HC + Na[B(CgHs)g) —>

associates are formed between the studied drug and titrant as
shown in Figure 3.

CH,
N
07" cH,

. H[B(CgH5)4] + NaCl

Diphenhydramine.HCI TPB Diphenhydramine.H[B(CgH5)4]
CHy + - + CHy HC! _
2 : . HCI+ [C5H4N"(CH2)15CH3]Br ~ —> [C5H4N "(CH2)15CH3) 1) . Br
O/\O/\/ “CH, 07 " "CH,
2
Diphenhydramine.HCI CPB [Diphenhydramine.HCI]5Co1H3gBrN

Figure 3. The probable reaction of formation of the ion association complexes.

The investigated systems showed two straight lines are
obtained, intersecting at the end-point. In the case of CPB,
the titration curve showed a steady increase in conductance
values up to the equivalence point where a sudden change in
the slope occurs. In the case of TPB, the first branch
gradually increases and the second sharply ascending. This
divergence from linearity can be attributed to the formation
of an ion-associate, presumably, by replacing the drug cation
(DPH. H") with the highly mobile Na" ions and formation of
alkali halide in the solution as a result of the reaction, so the
conductivity increases. After the end point, more Na' reagent
is added and the conductivity changes more rapidly as shown
in Figure 4.

The increase of conductance may be attributed to the
formation of more stable DPH. H [B (C¢Hs)4] complex in the
solution as a result of the reaction. After the end-point, more
Na' reagent is added, the titration curve indicate a sharply
increase of conductance. The results show an obvious
inflection point in the conductance titration curve at drug-
reagent molar ratio of 1:1and 2:1 (DPH: TPB and DPH:
CPB) as shown in Figure 4. Figure 5 summarizes the change

Conductivity

DPH.H*1

of each species during the conductometric titration of DPH
versus TPB or CPB at 25°C and the sum titration curve.
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Figure 4. Conductometric titration curves of 7.30 mg DPH versus 1 <107 M
TPB or CPB at 25°C.
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Figure 5. Species change during the conductometric titration of DPH versus TPB or CPB at 25°C.
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3.5. Linearity

The optimum concentration range for determining DPH
using TPB and CPB was 0.03—0.64 mg mL"', at which well-
definite inflections and stable conductance values were
obtained. In order to establish whether the proposed method
exhibits any fixed or proportional bias, a simple linear
regression [47] of observed drug concentration against the
theoretical values (5 points) was calculated. Student's t-test
(at 95% confidence level) was applied to the slope of the
regression line (Table 1) and showed that it did not differ
significantly from the ideal value of unity. Hence, it can be
concluded that there are no systematic differences between
the determined and true concentrations over the cited range.
The standard deviation (SD) can be considered satisfactory,
at least for the level of concentrations examined.

Table 1. Linear regression analysis for DPH using TPB and CPB.

Parameters CPB TPB
Optimum concentration range (mg mL™") 0.03-0.64

Intercept of the regression line® 1.202 1.106
Slope of regression line 1.007 0.996
Student's t*(2.310)° 1.723 1.548
Range of error (%) +0.69 +0.52

* Observed versus theoretical. ® Comparison with pharmacopoeial method
[41]. © Value in parenthesis is the theoretical t-value for five degrees of
freedom.

3.6. Validation of the Methods

The validity of the method for the analysis of DPH in pure

state and formulations was examined by analyzing the
samples using the proposed procedures. The results obtained
for the pure drug are given in Table 2 and show that good
recovery and standard deviation were obtained. The precision
and accuracy of the methods were tested by analyzing six
replicates of the drug. The low values of the relative standard
deviation (RSD%) indicate good precision and
reproducibility of the methods and the average percent
recoveries obtained were quantitative, indicating good
accuracy of the methods.

3.7. Application to the Pharmaceutical Dosage Forms

The proposed technique was applied to the tablets. The
ingredients in the tablets did not interfere in the
experiments. The applicability of the proposed methods for
the assay of DPH in formulations was examined by
analyzing formulation and the results are tabulated in Table
3 were compared to the official non-aqueous titration
method [45] by means of #- and F-values at 95% confidence
level. In all cases, the average results obtained by proposed
and official methods were statistically identical, as the
difference between the average values had no significance
at 95% confidence level. The low values of RSD% show
the results are reproducible. The proposed methods are
simple, sensitive and reproducible and can be used for
routine analysis of DPH in pure form and in formulations.
The commonly used additives such as starch, lactose,
glucose and titanium dioxide do not interfere.

Table 2. Conductometric titration of DPH using TPB and CPB.

CPB TPB
Method Taken Found Recovery Taken Found Recovery
(mg) (mg) (%) (mg) (mg) %)
0.750 0.746 99.48 0.750 0.748 99.83
3.000 3.012 100.39 3.000 3.031 101.03
Parameters 6.000 5.980 99.67 6.000 6.010 100.17
9.000 9.041 100.46 9.000 9.036 100.40
12.000 12.015 100.13 12.000 12.079 100.66
16.000 16.064 100.40 16.000 16.075 100.47
Mean+SD 100.18+0.954 100.50£0.931
N 6 6
\% 0.910 0.867
RSD% 0.952 0.926
SE 0.086 0.409
* SD: Standard deviation; N: number of experiments; V: Variance; RSD: Relative standard deviation; SE: Standard error.
Table 3. Conductometric determination of DPH in tablet dosage form using TPB and CPB.
Diphenhydramine hydrochloride (Kartastamine tablets)
ey TPB method CPB method Official method
Taken Added  Found Recovery Taken Added Found  Recovery Taken Added Found Recovery
(mg) (%) (mg) (%) (mg) (&)
5.00 1.00 6.01 101.00 5.00 1.00 6.03 100.50 5.00 1.00 5.99 99.83
5.00 3.00 7.97 99.00 5.00 3.00 8.02 100.25 5.00 3.00 7.98 99.75
5.00 5.00 10.09 101.80 5.00 5.00 10.10 101.00 5.00 5.00 10.14 101.48
5.00 7.00 11.99 99.86 5.00 7.00 12.02 100.16 5.00 7.00 12.16 101.35
5.00 9.00 14.09 101.00 5.00 9.00 14.10 100.71 5.00 9.00 14.05 100.36
Mean+SD 100.18+0.85 100.50+0.77 100.43+0.93
N 5 5 5
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Diphenhydramine hydrochloride (Kartastamine tablets)

D TPB method CPB method Official method

Tug Taken Added  Found Recovery Taken Added Found  Recovery Taken Added Found Recovery
(mg) (%) (mg) (%) (mg) (%)

RSD% 0.85 0.76 0.92

t-test 1.75 2.09 1.90

F-test 1.20 1.46 -

Mean and SD of five determinations.
F-tabulated is 6.26 at 95% confidence limit and t-tabulated is 2.776 at 95 confidence limit.

4. Conclusion

The simple, rapid and accurate conductometric method

described in this paper can be an alternative to the more

complex and

expensive methods for the assay of

diphenhydramine hydrochloride without interference from
common excipients. The proposed method is easy, cheap,
accurate and very useful for the determination of the studied
drug in its pharmaceutical formulation and can be applied in
laboratories for routine analysis. The developed method for
diphenhydramine hydrochloride is higher sensitivity as
compared to similar reported method.
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