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ABSTRACT 

In the present paper, a simple, direct, accurate and sensitive HPLC method 

applied over combinations of dextromethorphan, diphenhydramine, phenylephrine, 

phenylpropanolamine and pseudoephedrine is presented. The use of alumina particles 

bonded with polybutadiene as stationary phase allows the use of an alkaline mobile phase 

which provides an important improvement of the assay. 

INTRODUCTION 

Cold medications are one of the most extended formulations in the world. Several 

combinations of diphenhydramine, dextromethorphan, pseudoephedrine, phenylephrine 

and phenylpropanolamine are the most employed ones included in OTC cold medications 

in the present pharinaceutical market. The two former are an antitussive agent and an 

antihistaminic drug, respectively. The three later are sympathomimetic agents. 
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HPLC analytical methods applied over the determination of medications 

formulated with several drugs are very useful. They allow the quantification of each drug 

avoiding the interference between them and between their possible decomposition 

products. Nevertheless, according to the bibliographical revision performed, no HPLC 

analytical method applied over those medications containing combinations of these drugs 

has been found. On the other hand, HPLC analytical methods have been described for 

the determination of diphenhydramine [ 11, dextromethorphan [2, 31, pseudoephedrine [4], 

phenylephrine [5] and phenylpropanolamine [6]. 

The purpose of this study is to develop a simple, direct, accurate and sensitive 

HPLC method to be applied over combinations of diphenhydramine, dextromethorphan, 

pseudoephedrine, phenylephrine and phenylpropanolamine. The use of alumina particles 

bonded with polybutadiene as stationary phase allows the use of an alkaline mobile phase 

which provides an important improvement of the analytical method. 

The proposed HPLC method provides an improvement in the analytical techniques 

used for the quantification of most of these kind of medications. 

EXPERIMENTAL 

Materials 

Dexuomethorphan,diphenhydramine,phenylephrine,phenylpropanolamine(Roig- 

Farma, E-Barcelona) and pseudoephedrine (Acofarma, Tarrasa, E-Barcelona). Methanol 

used was HPLC grade (Merck, D-Darmstadt). Di-ammonium hydrogenphosphate from 

Merck @-Darmstadt). All the reagents were of guaranteed grade. 

Methods 

The HPLC system consisted of a constant-flow pump (Kontron Instruments, type 

420), a Rheodyne type 7125 injector equipped with a 20 pL loop, a variable wavelength 

detector (Kontron Instruments, type 432) and an integrator (Konik Instruments, type 

Datdet 4600). The column used was packed with alumina particles bonded with 

polybutadiene (E. Merck, Aluspher RP select By 5 pm particle size, 12.5 cm x 4 mm 
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ID). A flow rate of 1 mL / min for the mobile phase (methanol - water - di-ammonium 

hydrogenphosphate in a ratio of 75 : 25 : 0.1, v/v/w, pH = 8.5) was employed and the 

variable wavelength UV detector was set at 257 nm. Each peak area was automatically 

computed by the integrator. The elution was carried out in isocratic conditions at room 

temperature. The substances were dissolved in the mobile phase. 

Quantitation. Calibration curves were determined for diphenhydramine, 

dextromethorphan, pseudoephedrine, phenylephrine and phenylpropanolamine in standard 

solutions. 

Accuracy and precision. The accuracy and precision of the HPLC determination 

were evaluated from the recovery data for diphenhydramine, dextromethorphan, 

pseudoephedrine, phenylephrine and phenylpropanolarnine from 10 standard solutions. 

The inrruday precision was evaluated from 20 injections of a standard solution with each 

one of the assayed substances. 

RESULTS AND DISCUSSION 

The calibration curves for the assayed substances were linear from 0.1 to 0.001 

% (w/v) for diphenhydramine, from 0.1 to 0.001 % (wh) for dextrome::iorphan, from 

0.1 to 0.003 X (w/v) for pseudoephedrine, from 0.1 to 0.001 % (w/v) for phenylephrine 

and from 0.2 to 0.0125 X (w/v) for phenylpropanolamine. No interference from standard 

solutions was observed. 

The accuracy of this method, as measured from the recovery data, was 97.13 % 

for diphenhydramine, 96.60 % for dextromethorphan, 98.70 % for pseudoephedrine, 

95.47 % for phenylephrine and 96.42 % for phenylpropanolamine. 

The precision, as measured from the standard deviation of the recovery data 

(tables 1 - 5) was rt 0.65 4% for diphenhydramine, rt 1.08 X for dextromethorphan, f 

0.81 % for pseudoephedrine, f 1.32 Z for phenylephrine and f 0.78 % for 

phen ylpropanolamine. 

The inrruday precision, as measured from the standard deviations of the peak 

areas (table 6) was 0.0929 & 0.00190 for diphenhydramine, 0.3071 f 0.00660 for 
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10 

M a  

SD 
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91.8 94.8 96.93 

98.27 

1.08 

TABLE 1 
Recovery data for the detcnnination of diphenhydramine. (Each value represents the 

average of duplicate sample injection). 

TABLE 2 
Recovery data for the determination of dextromcthorphan. (Each value represents the 

avcmge of duplicate aample injection). 

Solution Recovery 
(mg/100 mL) (rng1100 mL) 

111.6 98.03 

96.60 

104.1 103.3 99.23 

%.3 95.8 99.48 1) II I 1 

I 
99.25 

5 1W.4 103.0 

1 6  101 .o 100.2 

91.42 

7 90.9 90.3 

1 8  106.5 103.8 
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TABLE 3 
Recovery data for the determination of pseudoephedrine. (Each value represents the 

average of duplicate sample injection). 

TABLE 4 
Recovery data for the determination of phenylephrine. (Each value represents the average 

of duplicate sample injection). 
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7 

8 

9 

to 

MelUl 

SD 
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212.5 2 10.4 99.01 

174.8 170.7 97.65 

240.8 237.3 98.55 

215.9 212.0 98.19 

98.07 

0.78 

dextromethorphan, 0.2024 f 0.00614 for pseudoephedrine, 0.4521 f 0.00837 for 

phenylephrine and 0.2060 f 0.009 17 for phenylpropanolamine. 

By using a neutral pH value of the mobile phase, the separation of the five used 

drugs was not adequate. Because of this, it is usual to utilize extreme pH values (7.0 - 
7.5 and 2.0 - 2.5). These experimental pH conditions imply an important diminution in 

the average life of silica based columns. In this investigation, an alkaline mobile phase 

was used employing alumina particles bonded with polybutadiene as stationary phase. 

This new column allows the use of an alkaline mobile phase having a pH value of 12 

units. The pH value used in this work was 8.5. Greater pH values were not employed in 

order to avoid the degradation of these drugs (phenylephrine is easily degradated by a 

oxidation process). 

As it can be seen in table 6, none of the assayed standard solutions undergoes any 

degradation process in our experimental conditions. 
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0.0931 

0.0928 

0.0915 

0.0923 

0.0915 

0.0929 

0.0944 

0.0934 

TABLE 6 
The intraday precision (peak m) for the dctcnnination of the indicated substances: diphenhydramine (D), 

dextroinethorphan (Dex), pseudoephedrine (P), phenylephrine (Phe) and phenylpropanolarnine (Php). 

0.2992 0.2079 0.4443 

0.3120 0.2092 0.4568 

0.3058 0.2047 0.4536 

0.3054 0.2004 0.4574 

0.3043 0.1938 0.4555 

0.3020 0.1994 0.4564 

0.3142 0.208 1 0.4690 

0.301 1 0.2023 0.4629 

l r l l -  0.0939 I 0.3158 I 0.2016 I 0.4544 I 0.2039 
II I 

11 8 1 0.0923 I 0.3023 I 0.2076 I 0.4544 I 0.2105 

14 

0.1866 

0.2078 

0.2075 

0.2063 

0.1863 

0.2083 

0.2144 

0.2040 

0.0918 I 0.3189 I 0.2004 I 0.4534 I 0.2119 
II I I 

ir- 18 I 0.0982 I 0.2979 I 0.2054 I 0.4346 I 0.2138 
II 

11 19 I 0.0924 I 0.3150 I 0.2046 I 0.4565 I 0.1912 
II 

11 20 I 0.0877 I 0.3105 I 0.1846 I 0.4426 I 0.2210 

11 Mean I 0.0929 I 0.3071 I 0.2024 I 0.4521 I 0.2060 

11 SD I 0.0019 I 0.0066 I 0.0061 I 0.0084 I 0.0092 

The selectivity of the method can be appreciated in figure 1 .  As it can be seen, 

the peaks corresponding to phenylephrine @) and phenylpropanolamine (E) are relatively 

close. This circumstance is due to the used mobile phase composition, having a 25 %J of 

water. By increasing the proportion of water from 25 % to 30 %, a separation between 

these peaks is obtained, but a more important diminution in the capacity factors of 
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Abs. 

A 

D 

I I I I I I I I  

2 4 6 8 10 12 14 

Timc (min.) 

FIGURE 1 

HPLC separation of diphenhydramine (A), dextromethorphan (B), pseudoephedrine (C), 
phenylephrine @) and phenylpropanolamine (E) 

phenylephrine (D), pseudoephedrine (C) and dextromethorphan (B) is produced. The 

result is a poor resolution for pseudoephedrine and dextromethorphan. So, the mobile 
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Substance 

D i o h e n h v d k e  

613 

k' 

1.722 

TABLE I 
Capacity factors for the assayed substnnces. 

Dextmrretholphan 

Pseudoeahedrinc 

4.278 

6.185 

Pheny lpmpanolamine 

II Phenylephrine I 1 1.218 -11 
12.289 

phase methanol - water - di-ammonium hydrogenphosphate in a ratio of 75 : 25 : 0.1, 

v/v/w was selected. The obtained capacity factors are showed in table 7. 

REFERENCES 

1. 

2. 

3. 

4. 

5.  

H.P. Yuan, D.C. Locke, DrugDev. Ind.  Pharm., 17, 2319 (1991). 

P.S. Marshall, R.J. Straka, K. Johnson, Iher. Drug Monit., 14, 402 (1992). 

Z.R. Chen, A.A. Somogyi, F.  Bochner, Zher. Drug Monit., 12, 97 (1990). 

2. Wu, D.M. Goodall, D.K. Lloyd, J .  Phann. Biomd. Anal., 8, 357 (1990). 

V.D. Gupta, I. Parasrampuria, Drug Dev. I&. Pharm., 13, 473 (1987). 

6. K. Yamashita, M. Motohashi, T. Yashiki, J .  Chromatogr. Biomed. Appl., 527, 
103 (1990). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


