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ABSTRACT: A rapid and simple high-performance thin layer chromatography (HPTLC) method with densitometry at 230 nm was developed and
validated for simultaneous determination of diphenhydramine hydrochloride (DPH) and naproxen sodium (NPS) from pharmaceutical preparation. The
separation was carried out on aluminum plates precoated with silica gel 60 F,., using mobile phase toluene:methanol:glacial acetic acid (7.5:1:0.2, v/v/v).
The linearity range lies between 200 and 1200 ng/band for DPH and 1760 and 10,560 ng/band for NPS with correlation coeflicients of 0.994 and 0.995,
respectively. The R, value for DPH is 0.20 % 0.05 and for NPS is 0.61 + 0.06. % Recoveries of DPH and NPS was in the range of 99.70%-99.95% and
99.63%-99.95%, respectively. Limit of detection value for DPH was 13.21 ng/band and for NPS was 8.03 ng/band. Limit of quantitation value for DPH
was 40.06 ng/band and for NPS was 24.34 ng/band. The developed method was validated as per ICH guidelines. In stability testing, DPH was found
unstable to acid and alkaline hydrolysis, and DPH and NPS were found unstable to oxidation, whereas both the drugs were stable to neutral and photodeg-

radation. The proposed method was successfully applied for the routine quantitative analysis of dosage form containing DPH and NPS.
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Introduction

Diphenhydramine hydrochloride (DPH) is chemically
2-benzhydryloxyethyldimethylamine hydrochloride (Fig. 1).!
It is an antihistamine with anticholinergic (drying) and seda-
tive effects. Antihistamines appear to compete with histamine
for cell receptor sites on effector cell. It is very soluble in water
and freely soluble in alcohol.?

Naproxen sodium. Naproxen sodium (NPS) is 2-(6-
methoxynaphthalen-2-yl)propanoate sodium (Fig. 2).

It is a nonsteroidal anti-inflammatory drug commonly
used for fever, inflammation, the reduction of moderate-
to-severe pain, and stiffness. The main mechanism of NPS
action, inhibition of prostaglandin synthesis, makes the drug
effective in combating pain and inflammation. NPS is soluble
in methanol and water (pKa 4.15).3*

A combined dose tablet formulation containing DPH
and NPS is available in the market for the treatment of pain
and insomnia. The combination is not yet official in any of
the pharmacopeia. Hence, there is no official method available
for assay of combined dose formulation containing DPH and
NPS. Literature survey revealed a few spectrophotometric,’
high-performance liquid chromatography (HPLC),*® and
HPTLC?!° methods reported for the determination of DPH

and NPS in combination with other drugs. There is only one
HPLC method reported in literature for simultaneous deter-
mination of DPH and NPS in tablets. However, there is lack
of such equipment in many resource limited countries. In poor
countries, where such equipment is available, the high cost
of HPLC grade solvents and columns and consumption of
solvent significantly affect timely release of laboratory results
for action.''™'® Therefore, alternative methods are needed to
facilitate and increase the speed of analysis, with relatively
few costs. HPTLC has gained importance in pharmaceutical
analysis because of its advantages such as advanced separation
efficiency and detection limits, less cost per analysis and low
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Figure 1. Chemical structure of DPH.
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Figure 2. Chemical structure of NPS.

analysis time, not prior treatment for solvents like filtration
and degassing, low mobile phase consumption per sample, no
interference from previous analysis—fresh stationery phase
and mobile phase for each analysis, and allowing parallel treat-
ment of multiple samples during chromatography. This work
was undertaken with an objective to develop a rapid, sensitive,
economical, and less time-consuming HPTLC method, as an
alternative to the reported methods, for routine quality control
of pharmaceutical formulation containing DPH and NPS.

Materials and Methods

Chemicals and reagents. DPH and NPS in Pure form
was received as a gift sample from Souvin Pharmaceuticals
(I) Pvt. Ltd. and Rubicon Pharmaceuticals, respectively, and
DPH and NPS in combination (claimed labeled amount 25 mg
DPH and 220 mg NPS per tablet) in formulation. The solvents
used in the chromatography such as toluene (IMerck), methanol
(Merck), and glacial acetic acid (Merck) were of AR grade.

Instrumentation. Microsyringe (Linomat syringe,

Hamilton-Bonaduz Schweiz), precoated silica gel 60 F ., glass
plates (10 x 10 cm with 200 wm thickness HPTLC; Merck),
Camag Linomat V automatic sample applicator (Camag),
Camag 100 pL sample syringe (Hamilton), Camag twin
trough chamber 10 X 10 cm (Camag), UV chamber (Camag),
TLC scanner I1I (Camag), and win CATS version 1.4.0 soft-
ware (Camag) were used in this study.

Chromatographic conditions. Standard and sample
solutions, 5 UL each, were applied on the TLC plate using
Camag Linomat V automatic sample applicator in the form of
band (bandwith: 6 mm, distance between two bands: 14 mm)
using microsyringe. A constant application rate of 150 nL s7
was used. The plates were saturated for 20 minutes in a twin
trough glass chamber (for 10 x 10 cm) with the mobile phase
of toluene:methanol:glacial acetic acid (7.5:1:0.2, v/v/v). The
plates were then placed in the mobile phase, and ascend-
ing development was performed to a distance of 8 cm. Sub-
sequent to the development, the plates were air dried and a
densitometric scanning (slit dimensions: 5 x 0.45) was per-
formed at 230 nm using Camag TLC scanner 111 operated in
reflectance—absorbance mode.

Analysis of formulation.

Preparation of standard solution. Accurately weighed quan-
tity of 10.0 mg of DPH and 88.0 mg of NPS was transferred
to 25.0 mL volumetric flask; 20 mL methanol was added and
ultrasonicated for 15 minutes; and volume was then made up

to the mark with methanol. From the above solution, 3.0 mL
of solution was diluted to 10.0 mL with methanol (concentra-
tion: 120 ug/mL of DPH and 1056 pug/mL of NPS).

Preparation of sample solution. Twenty tablets were weighed
accurately; average weight was calculated, and the tablets were
crushed to obtain fine powder. Accurately weighed quantity
of tablet powder equivalent to about 10.0 mg of DPH and
88.0 mg of NPS was transferred to 25.0 mL volumetric flask;
20 mL methanol was added and ultrasonicated for 15 min-
utes; and volume was then made upto the mark with metha-
nol. The solution was mixed and filtered through Whatman
filter paper No. 42. From the filtrate, 3.0 mL of solution was
diluted to 10.0 mL with methanol to give 120 pg/mL of DPH
and 1056 pg/mL of NPS. A total of 5 uL of this solution is
used for the determination.

Preparation of calibration curve. 'The working standard
stock solution containing DPH and naproxen was prepared in
methanol. A linear relationship between peak area and con-
centration was evaluated by making five measurements at six
concentration levels over a range of 200-1200 ng/band for
DPH and 1760-10,560 ng/band for NPS.

Method validation. The method was validated in com-
pliance with ICH guidelines.

Accuracy. An accurately weighed quantity of a sample
equivalent to ~10 mg DPH and 88 mg NPS was transferred
individually in nine different 25.0 mL volumetric flasks, added
8/70.4 mg, 10/88 mg, and 12/105.6 mg of DPH/NPS to the
sample for 80%, 100%, and 120% level of recovery, respec-
tively. All dilutions were performed with methanol. Solutions
were prepared in triplicate and analyzed. Accuracy was deter-
mined and expressed as % recovery.

Precision. 'To ascertain repeatability and reproducibility
of the method, precision studies were performed. The sample
solution was prepared and analyzed in the similar manner as
described under analysis of formulation. Intraday precision was
determined by analyzing a sample solution at three different
time intervals on the same day, and interday precision was deter-
mined by analyzing a sample solution on three consecutive days.

Robustness. To evaluate the robustness of the pro-
posed method, small but deliberate variations in the opti-
mized method parameters were done. By introducing small
changes in the mobile phase composition, mobile phase
volume, duration of chamber saturation with mobile phase,
time from spotting to development (five minutes, 20 min-
utes, and one hour), and time from development to scanning
(five minutes, 20 minutes, and one hour), the effects on R,
value and peak area of drugs were examined. The composition
of mobile phase was changed slightly (0.1 mL for compo-
nent). TLC plates with standard and sample bands were run
with mobile phases of composition, toluene:methanol:glacial
acetic acid (7.6:1.1:0.3, v/v/v and 7.4:0.9:0.1, v/v/v). Mobile
phase volume and duration of chamber saturation were varied
at 8.7 £ 1.0 mL (7.7, 8.7, and 9.7 mL) and 20 minutes +25%
(15, 20, and 25 minutes), respectively.
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Limit of detection and limit of quantitation. The limit of
detection (LOD) and limit of quantitation (LOQ) of the
developed method were calculated using 34/§ and 104/ phe-
nomena for the limits of detection and quantification, respec-
tively), where @ is the standard deviation of the y-intercepts
and § is the slope of the calibration curve.

Forced degradation studies. In forced degradation studies,
intentional degradation was tried by exposing a sample to the
following stress conditions: acidic (0.1 M HCI), alkaline (0.1 M
NaOH)), and oxidation (3% H,O,). For intentional degradation,
contents of the flasks were refluxed in a water bath at 80°C for
three hours. For heat and photo degradation, a sample was kept
at 60°C and in UV light (254 nm) for 24 hours. After the respec-
tive time intervals, all the flasks were removed and allowed to
cool. The samples were then prepared and analyzed in the simi-
lar manner as described under analysis of formulation.

Results and Discussion

'This study was aimed at the development of sensitive, economi-
cal, and less time-consuming HPTLC technique for the deter-
mination of DPH and NPS in pharmaceutical dosage forms.
Chromatography was performed on silica gel 60 F,, as sta-
tionery phase. The application of sample in the form of band,
instead of spot, has certain advantages such as large quantities
of sample can be handled for application, bands are easier to
scan for, detector response is higher in the case of band, and
maximizing quantitative accuracy. Hence, the samples were
applied in the form of band. Chromatographic chamber satura-
tion time was 20 minutes. Different scan settings are required
to avoid distortion of recorded chromatogram. Hence, the
slit dimension was adjusted to 5 X 0.45 as the size of sample
band was 6 mm. The selection of wavelength was based on
maximum absorbance for optimum sensitivity. Several trials
were made using different solvents with varying polarity and
in different proportions to obtain good resolution and sharp
peaks with acceptable R, values (0.2-0.8). Among the differ-
ent mobile phase combinations tested, mobile phase consisting
toluene:methanol:glacial acetic acid (7.5:1:0.2, v/v/v) gave better
resolution and sharp peaks with R, values of 0.20 + 0.05 and
0.61 + 0.06 for DPH and NPS, respectively. Figure 3 shows
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Figure 3. Typical densitogram of DPH and NPS.

Table 1. Calibration parameters.

PARAMETERS DPH NPS

Linearity range (ng/band) 200-1200 1760-10560
Linearity equation y=1.496x +27.46 y=2.296x+73.56
Correlation coefficient 0.994 0.995

the HPTLC densitogram for mixed standard, containing DPH
and NPS, using the optimum chromatographic conditions.

Validation of the method. The developed method was
validated in accordance with the ICH guidelines.

Linearity and range. Linearity was found in the range of
200-1200 ng/band for DPH and 1760-10,560 ng/band for
NPS as shown in Table 1. The drug peak area was calculated
for each concentration level, and a graph was plotted for drug
concentration against the peak area. The calibration curves for
DPH and NPS are depicted in Figures 4 and 5, respectively.

Accuracy (recovery study). The accuracy of the method
was established using standard addition method. The known
amount of standard was added at three different levels to
preanalyzed tablet powder. Determination was performed
in triplicate at each level. The results of recovery studies are
expressed in terms of % recovery and are shown in Table 2.
"The % recovery for both DPH and NPS was found to be nearly
100% indicating that there is no interference in the analysis by
the excipients present in the tablet formulation.

Precision. Repeatability and intermediate precision of the
developed method were expressed in terms of percent relative
standard deviation (RSD) of the peak area. Combined dosage
form was analyzed at three levels of concentration of the assay at
different time intervals on the same day. The interday precision
study was performed by analyzing dosage form on three consec-
utive days. The RSD for repeatability (intraday precision) was
found to be 0.4552% for DPH and 0.2934% for NPS. The RSD
for intermediate (interday) precision was found to be 0.2903%
for DPH and 0.1811% for NPS. The % RSD for intraday and
interday precision is <2, indicating the precision of the method.

Robustness. The effect of change in mobile phase composi-
tion (0.1 mL), in chamber saturation period (£25%), in time

Diphenhydramine hydrochloride
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Figure 4. Standard calibration curve for DPH.
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Naproxen sodium Table 3. Assay result of formulation by HPTLC method.
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Figure 5. Standard calibration curve for NPS.

from application to development (five minutes, 20 minutes,
and one hour), in time from development to scanning (five
minutes, 20 minutes, and one hour), on the peak area, and
in R, value of drugs was studied. The method was found to
be unaffected by small changes in method parameters with %
RSD < 2 for peak area, and there was no significant change
(Iess than +0.05 R, units) in R, values for both the drugs.
Hence, the developed method is considered to be robust.

LOD and LOQ. The LOD was found to be 13.21 ng/band
tor DPH and 8.03 ng/band for NPS. LOQ_was found to be
40.06 ng/band for DPH and 24.34 ng/band for NPS. 'The
LOD and LOQ values are in ng/band indicating the sensitiv-
ity of the method.

Analysis of formulation. Analysis of the formulation con-
taining DPH (25 mg) and NPS (220 mg) was performed, and
the results are expressed as % amount of the label claim. The
content of DPH and NPS was found to be close to 100%,
indicating that there is no interference in the analysis by the
excipients likely to be present in the tablet matrix. The results
are summarized in Table 3.

Forced degradation studies. DPH was found to degrade
in acid, alkaline, and oxidation stress conditions employed.
Maximum degradation was observed under alkaline stress
condition. However, it was found stable in neutral, heat, and
photodegradation stress conditions. NPS was found to degrade
under oxidation stress condition, and it was stable under rest of
the stress conditions employed. The % assay of active substance
and the R, values of degradation products are given in Table 4.
Densitogram of acid, alkaline, and oxide treated samples are
shown in Figures 6, 7, and 8, respectively. Densitogram of tab-
let treated under acidic condition (0.1 M HCI) showing peaks
for unknown degradation product (1), DPH (2), and NPS (3).

Table 2. Accuracy results.

LEVEL OF RECOVERY (%)* S.D. % R.S.D.
RECOVERY ppH NPS DPH NPS DPH NPS
80% 99.95 99.95  +0.3819 +0.1174 0.38 0.1
100% 99.70 99.63  +0.6082 +0.0902 0.610 0.091
120% 99.77 99.90  +0.4119 +0.0360 0.41 0.04

Note: *“Mean of three determinations.

Note: *“Mean of six determinations.

Densitogram of tablet treated under alkali conditions (0.1 M
NaOH) showing peaks for unknown degradation products
(1 and 3), DPH (2), and NPS (4); moreover, densitogram of
tablet treated under oxide condition (3% H,O,) showing peaks
for unknown degradation product (1 and 3), DPH (2), and
NPS (4). The developed method was able to selectively quan-
titate analyte peak in the presence of degradation products,
indicating that the method can be employed as a stability indi-
cating one.

Conclusion

The proposed HPTLC method gives well-resolved peaks for
DPH and NPS. Based on the results obtained, it is concluded
that the method is sensitive, accurate, precise and reproduc-
ible, economical, and less time consuming. The proposed
method was able to selectively quantitate DPH and NPS in
the presence of the degradation products, and hence can be
considered as a stability indicating one. Hence, the proposed
method can be used, as an alternative to the reported meth-
ods, for routine quality control of pharmaceutical formula-
tions containing these drugs, alone or in combination.
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Figure 6. Densitogram of acid (0.1 M HCI) treated tablet sample.
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Figure 7. Densitogram of alkali (0.1 M NaOH) treated tablet sample.
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Figure 8. Densitogram of oxide (3% H,0,) treated tablet sample.
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