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Original Research Article 

Simultaneous estimation of Diphenhydramine 

Hydrochloride and Naproxen Sodium in raw and tablet 

formulation by Reverse Phase - High-performance 

liquid chromatography method 
ABSTRACT  

Aims: A simple, reproducible method was developed for the simultaneous determination of 

Diphenhydramine and Naproxen in tablet formulation using reverse phase HPLC method. 

Methodology: HPLC separation was carried over on Thermo hypersil – keystone C18 (250 x 

4.6mm, 0.5µ) isocratic mode column using a mobile phase comprising a 30:70 (% v/v) of 

methanol and 0.5mM phosphate buffer. The detection was proceeded out by UV detector at 270 

nm. The linearity range taken for Diphenhydramine and Naproxen were 15 – 35 µg/ml and 100 

– 500 µg/ml. Results: The percentage recovery was found to be 99.74 % and 101.11% for 

Diphenhydramine and Naproxen respectively. The amount of Diphenhydramine and Naproxen 

found in tablet was 25.006 mg and 219.07 mg respectively. The proposed RP-HPLC method 

shows a good separation of Diphenhydramine and Naproxen, the retention time was found to be 

3.1 minutes for Diphenhydramine and 4.9 minutes for Naproxen. Conclusion:The proposed 

method shows very less time consuming analysis. No previous method of analysis shows good 

separation at less retention time and less cost. The developed method can be successfully 

applied for the determination of Diphenhydramine and Naproxen in bulk powder and combined 

tablet dosage form. 

Keywords: Diphenhydramine (DPH) and Naproxen (NAP), RP-HPLC, UV and mobile phase.   

 1. INTRODUCTION 

Diphenhydramine hydrochloride, DPH, (2-(diphenylmethoxy)-N,N-dimethylethylamine hydrochloride) 

(Fig.1), belongs to the first generation anti-histamine drug [1]. DPH is the best drug of choice in many 

countries and DPH is very effective than some of current antihistamine drugs [2]. DPH is widely used as 

anti-allergic, antiemetic and has antitussive activity [3-5]. The DPH syrup and tablet formulation is used in 

cough suppression treatment [6,7]. The DPH is prescribed as an antiemetic drug with the combination of 

chemotherapy drug like Cisplatin [6]. The DPH has been used as sedative in dentistry and in local 

anesthesia for childrens [2]. DPH is administered through oral route as tablet or syrup formulations [8,9].  
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Various studies show that DPH is not

Naproxen (NAP) chemically known as (+)

is a (NSAID) non-steroidal anti-inflammatory drug

NAP is widely used for the treatment of reduction in

stones, rheumatoid arthritis, gout, menstrual cramps and tendinitis

by decreasing the levels of prostaglandin 

oxygenase [2,12]. NAP poses a moderate

compare to other NSAID drugs NAP

and suppositories [11].  

Several methods like atomic absorption spectrometry

spectrophotometry [21-23] have been pro

not in combination formulation. Many chromatographic method

performance liquid chromatography (HPLC) have been used for the analysis of DPH 

[25-28]. No much analytical method has been developed or 

in pharmaceutical formulation. The 

simultaneous estimation of DPH and 

method a precise, simple, reproducible and specific method for estimation and determination of tab

form DPH and NAP simultaneously.

 

     Fig.  1. 

                                 

 

is not stable in syrup or elixir form but more stable in solid form

chemically known as (+)-(S)-2-(6-methoxynaphthalen-2-yl) propanoic acid

inflammatory drug which has analgesic and antipyretic properties

treatment of reduction in pain, fever, inflammation osteoarthritis, 

, rheumatoid arthritis, gout, menstrual cramps and tendinitis [12,13]. The Pharmacology of 

the levels of prostaglandin in various fluids and tissues achived by inhibiting the cycl

poses a moderate risk of stomach ulcers compared to ibuprofen

NAP have very fewer adverse effects [3, 13]. NAP is formulated in tablets 

absorption spectrometry [16-19], flow injection analysis

have been proposed for the determination of DPH and NAP

. Many chromatographic methods such as gas chromatography

performance liquid chromatography (HPLC) have been used for the analysis of DPH and 

No much analytical method has been developed or reported for combination of these

. The purpose of this study is to develop a new analytical method

simultaneous estimation of DPH and NAP in raw and tablet formulation by RP-HPLC

method a precise, simple, reproducible and specific method for estimation and determination of tab

. 

 

 Diphenhydramine HCL Chemical structure 

 

Fig. 2. Naproxen Chemical structure 
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form but more stable in solid form [10]. 
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analgesic and antipyretic properties [11,12]. 

pain, fever, inflammation osteoarthritis, kidney 

The Pharmacology of NAP is 

by inhibiting the cyclo-

ibuprofen [14, 15]. When 

is formulated in tablets 

, flow injection analysis [20], and 

NAP in individual drug 

s such as gas chromatography [24], high 

and NAP in samples 

reported for combination of these two drugs 

a new analytical method for the 

HPLC. In this proposed 

method a precise, simple, reproducible and specific method for estimation and determination of tablet 
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2. MATERIALS AND METHODS 

2.1. Reagents 

The 99.77% of DPH working standard and 99.72% NAP were obtained purchased from Sigma, UK.  Combined 

tablet formulation of DPH HCl 5 mg and NAP 220mg brand Aleve PM, Manufactured by Bayer Health Care 

Pharmaceuticals Inc. Methanol and water (HPLC grade) were purchased from Merck, Darmstadt, Germany. 

Analytical grade Phosphoric acid, potassium dihydrogen phosphate and ortho phosphate used were 

purchased from Merck, Darmstadt, Germany. 

  2.2 Preparation of Mobile phase 

The phosphate buffer was prepared using 0.51g of KH2PO4 in 1000 ml of HPLC grade  water,  the pH adjusted 

to a 5.0 (±0.5) by using phosphoric acid. The resulting solution was filtered with 0.45µ membrane filters and 

degassed in an ultrasonic bath for 15 mins. The ratio of Methanol: phosphate buffer was (30:70) v/v. 

2.3 Chromatographic conditions 

A Shimadzu class LC-10A HPLC system equipped with LC – 10ATvp pump, SPD – 10A UV detector, and 

Rheodyne injector was used.  Compounds were separated on a C18 hypersil (250 x 4.5mm, 0.5µ) column. The 

flow rate of 1.1 ml/min was set with Methanol and 0.5mM phosphate buffer 30:70 v/v used as a mobile phase. 

The wavelength of 270 nm was set in detector. The peak responses area integrated using Shimadzu 

chromatographic software. 

2.4 Preparation of stock solution (standard) 

1mg of DPH  RS and 5mg of NAP RS taken separately in volumetric flask 50 ml and with mobile phase diluted 

to the mark. The mixture kept stand for 10 min, for complete solubility by intermittent sonication, and filtered 

through a 0.45 µm membrane filter.   

2.5 Working standard solution  

4ml of each stock solution (standard) from each were taken in 10ml volumetric flask and diluted to 10ml with 

mobile phase to get a concentration of 15 µg / ml of DPH and 100 µg/ml of NAP. 

2.6 Sample solution 

Ten tablets of commercially available brand Aleve PM Tablets were taken and weighed and grinded into fine 

powder. 15mg of powder equivalent was weighed and transferred into 25ml volumetric flask then extracted 

with 25ml of mobile phase. The resulting solution then filtered by membrane filter 0.45 µm and 1ml of the 

aliquot was diluted again with 25ml of mobile phase to achieve a concentration of 25µg/ml DPH and 220 µg/ml 

NAP respectively. 
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2.7 Assay  

20µl of sample and standard solutions were injected individually at different time point, into an HPLC injector; 

from the obtained HPLC peak areas of DPH and NAP amount of drug in sample were computed.  

2.8 Method validation 

The present method was conducted to obtain a new, sensitive and convenient method for simultaneous 

estimation by HPLC. The experimental method was validated according to the ICH guidelines 

recommendations and USP-30 for parameters such as, system suitability, accuracy, precision, repeatability 

and specificity. 

2.9 System suitability  

Suitability parameters like resolution, retention time, column theoretical plates and tailing factor was performed 

by injecting six replicates of standards and two replicates of sample preparation at a 100% level to cross verify 

the accuracy and precision of the chromatographic system.  

2.10 Linearity 

The linearity of chromatographic method was determined by plotting a graph to concentration vs peak area of 

DPH and NAP standard and determining the correlation coefficients (R2) of the two compounds. For the 

linearity studies of DPH and NAP the specific range was determined at 15 – 35 µg/ml and 100 – 500 µg/ml for 

DPH and NAP respectively were injected into the HPLC system.  The column was equilibrated with the mobile 

phase for 45 minutes before injection of the solutions. 

2.11 Accuracy 

The method accuracy was determined by recovery experiments. The experiment was performed by adding 

DPH and NAP working standards to placebo (excipients mixture) in the range of test concentration (60%, 80% 

and 100 %,) and expressed as percent (%) recovered. Three sets were prepared for each level recovery. The 

recovery statistical results are under the acceptance range (S.D. < 2.0) value for DPH and NAP   

2.12 Precision  

The precision of intraday and interday of the analyzed method was determined by 4 repeats of the sample 

responses on the same day and 4 different days of a week for 4 different concentrations of standard solutions 

of DPH and NAP. 15 – 35 µg/ml and 100 – 500 µg/ml for DPH and NAP respectively, and results are 

represented in terms of % RSD. 

2.13 Specificity 

The analytical method specificity is to measure the compound accurately in presence of interferences like 
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excipients, degradants and matrix components. The RP-HPLC of standard mixture and formulation shows 

specificity of method. The RP-HPLC method is able to access the analyte in presence of excipients. 

2.14 Statistical Parameters  

The results of assay obtained are subjected to the following statistical analysis, standard deviation, relative 

standard deviation, coefficient of variation and standard error. 

3. RESULTS AND DISCUSSION 

According to USP-30 the system suitability test were tested on freshly prepared standard stock solution of 

DPH and NAP. The gradient elution with mobile phase A (Methanol and 0.5 mM phosphate buffer 30:70 v/v) 

and mobile phase B (Methanol and 0.5 mM phosphate buffer 40:60 v/v) gave the required separation of DPH 

and NAP. The gradient elution with combination of mobile phase A analysis revealed the HPLC method did not 

suffer from interference by the formulation excipients, there was no another peaks on the retention time of the 

drug. However, in the mobile phase B  (Methanol and 0.5 mM phosphate buffer 40:60 v/v) the separation 

amongst peaks of the excipients from the formulation matrix could not be achieved. Therefore the composition 

of mobile phase A is fixed, as the high level of precision for the proposed method has been evidenced by the 

low values of standard deviation and standard error. Therefore, the optimum mobile phase of Methanol and 

0.5 mM phosphate buffer 30:70 v/v ratios was selected. The ratios were found to resolve peaks ideally of DPH  

(3.1) and NAP (4.9) as the retention (chromatograph of test sample).   

By scanning wide range of wavelength 200-400 nm wavelengths, the 270 nm was selected, DPH and NAP 

showed a good response at 270 nm. The Linearity was evaluated by plotting peak area as a functional of 

analyte concentration for both DPH and NAP. The graphical representation was given in (Figure 3, 4).  

 The specific range was determined from linearity studies, for both drugs, which is 15-35 µg/ml for DPH and 

100-500 µg/ml for NAP. The data was analyzed by linear regression least square fit method. The slop, 

intercept, correlation coefficient and regression equation were also determined and the data are presented in 

(Table 1). 

The suitability parameters of the system like resolution, tailing factor, retention time and theoretical plates for 

the developed RP-HPLC method data are presented in (Table 2). The chromatographic retention time of DPH 

and NAP was found to be 3.1 and 4.9 minutes respectively. The chromatogram of the drug products was 

compared with the formulation and standard chromatogram presented in (Figure 5). This is well within the 

specific limits of 10 minutes. 

The tailing factor was found to be 1.27 and 1.16 for DPH and NAP respectively. The peaks are symmetrical 

and theoretical plates for DPH and NAP were 7216 and 9976 respectively, which shows the column efficient 

performance. The LOD and LOQ for DPH and NAP are presented in (Table 3). The quantitative estimation of 

the tablet formulation is presented in (Table 4). The recovery study for spiked concentration of drugs to the pre 

analyzes form is represented in (Table 5).      
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The tablet formulation assay shows percentage purity ranging from 99.19 to 100.92% for DPH and 99.51% to 

100.21 for NAP. The percentage deviation was found to be -0.81 to +0.18% and – 0.49 to +0.21 for DPH and 

NAP respectively. The RSD values are below 2% indicating the method precision and the accuracy of the 

method shown by the low standard error values. This shows a good index of accuracy and reproducibility of 

the developed method. All the parameters including flow rate, detection wavelength sensitivity was maintained 

constant. 

Table 1. Results of statistical parameters 

SNo Parameters 
 

Diphenhydramine 
 

Naproxen 

1 Standard deviation  (SD) 
 

4.749 5.773 

2 Relative standard deviation  
(RSD) 

0.01432 0.01259 

3 % RSD 
 

1.223 1.045 

4 Standard error (SE) 
 

0.0175 0.0195 

5 Correlation Coefficient (r) 
 

0.9739 0.9997 

6 Slope (a) 
 

2040.7 2449.7 

7 Intercept (b) 
 

20465 32732 
 

8 Regression equation Y = (a X + 
b) 
 

Y = 2040.7X - 20465 Y = 2449.7X - 
32732 

 

 

Table 2.  System suitability parameters 

Parameter Diphenhydramine Naproxen 

R T 3.1 4.9 

Theoretical plates 7216  9976   

Tailing factor 1.27 1.16 

Resolution factor 3.7 5.2 

Calibration range (or) 

Linear dynamic range 

(LDR) 

5 – 25 

 

100 - 500 
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Table 3. Results of Limit of detection (LOD) & limit of quantification LOQ 

Parameters 
 

Diphenhydramine Naproxe
n 

LOD  (µg/ml) 
 

2.21×10-4 2.73×10-4 

LOQ  (µg/ml) 
 

7.2×10-4  8.2×10-4  

 

Table 4. Quantitative estimation (Assay) of data of Diphenhydramine and Naproxen 

Diphenhydramine Naproxen 

Amount claimed 

mg/tablet 

Amount found 

mg/tablet 

Amount claimed 

mg/tablet 

Amount found 

mg/tablet 

 

 

25 

24.98  

 

220 

218.96 

25.01 219.68 

25.04 219.67 

24.92 220.52 

25.08 221.40 

Mean 25.006 Mean 219.046 

 

Table 5. Recovery study for spiked concentration of drugs to the pre analyzes form.      

Diphenhydramine Naproxen 

Amount 

added 

(mg) 

Amount 

found 

(mg) 

Amount 

Recovered 

(% mg) 

Amount 

added 

(mg) 

Amount 

found 

(mg) 

Amount 

Recovered 

(% mg) 

25 24.98 99.74 220 121.42 101.11 

35 35.07 100.72 240 239.52 99.41 
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Fig. 3. Calibration curve of Diphenhydramine 

 

Fig. 4. Calibration curve of Naproxen 

15 20 25 30 35 40

Concentration  (µg/ml)

200 300 400 500 600

Concentration  (µg/ml)

8 

 

UNDER PEER REVIEW



 

Fig.  5. The typical Chromatogram of 

in (B), Chromatogram of Diphenhydramine

Diphenhydramine and Naproxen in tablet formulation in (D).

 

4. CONCLUSION 

The proposed and developed RP-HPLC method is precise, accurate, and sensitive. The method is rapid, 

reproducible, and economical and does not have any inte

preparations. The method shows good resolution time between 

proposed method is repeatable, very simple, and rapid

percentage of recovery result shows the method is free from interference of excipients in the formulations.

Chromatogram of Diphenhydramine shown in (A), Chromatogram of 

Diphenhydramine and Naproxen in (C), Quantitative estimation of 

in tablet formulation in (D). 

HPLC method is precise, accurate, and sensitive. The method is rapid, 

reproducible, and economical and does not have any interference due to the excipients in the pharmaceutical 

method shows good resolution time between DPH and NAP with short time (< 10

hod is repeatable, very simple, and rapid involves no complicated sample preparation. High 

percentage of recovery result shows the method is free from interference of excipients in the formulations.

9 

 

 

 

Chromatogram of Naproxen 

Quantitative estimation of 

HPLC method is precise, accurate, and sensitive. The method is rapid, 

rference due to the excipients in the pharmaceutical 

short time (< 10 min). The 

involves no complicated sample preparation. High 

percentage of recovery result shows the method is free from interference of excipients in the formulations. 
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