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ABSTRACT

Paracetamol and phenylephrine are frequently associated in pharmaceutical formulations against the common
cold. In this work, the proportion of organic modifier of acetonitrile–water mixtures used as mobile phases were
optimized in order to separate the paracetamol (acetaminophen) and phenylephrine. The separation was
accomplished using a Synergi Polar RP (4 μm, 150 x 4, 6 mm I.D.) column. The best chromatographic separation
was carried out using acetonitrile-water at 5:95, %v/v, containing 65 mM phosphoric acid. The developed method
was proposed for the simultaneous separation of these drug active compounds in liquid dosage form. Intra- and
inter-day repeatabilities evaluated at two different drug concentrations (10-25 μg/mL for phenylephrine
hydrochloride, 150- 500 μg/mL for paracetamol). The drug amounts found in the analysis of commercialised
preparation agreed with those declared by the manufacturer.
Keywords: Optimization, RPLC, Liquid Dosage Form, Paracetamol, Separation.

INTRODUCTION

Paracetamol is also known as acetaminophen (N-acetylpaminophenol, 4-acetamidophenol); it is a major
ingredient in numerous cold and flu medications and
many prescription analgesics. Paracetamol, unlike other
common analgesics such as aspirin and ibuprofen, has no
anti-inflammatory properties, and so it is not a member of
the class of drugs known as non-steroidal antiinflammatory drugs or NSAIDs.1 Phenylephrine
hydrochloride chemically, (1R)-1-(3hydroxy-phenyl)-2(methylamino) ethanol hydrochloride is used as a
sympathomimetic amine with mainly direct effects on
adrenergic receptors antagonist (antihistaminic).2
Recently, there has been a dramatic increase in the
number of improved reversed phase columns available to
the chromatographer, including different functionalities to
solve classical problems in pharmaceutical analysis. One of
these problems is the analysis of pharmaceutical
formulations against the common cold. These
preparations usually contain active compounds which
have very different polarities. Therefore, chromatographic
behaviour of these compounds is different. The key
problem in the separation was phenylephrine
hydrochloride coeluted with saccharine and/or with
paracetamol at acidic pH values. A common combination
contains paracetamol (acetaminophen) as the main
component and small amounts of phenylephrine.
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Therefore, it is very important to strictly control the
amounts of the compounds during preparation of this
medicine and a rapid selective analytical method is
required.3,4
Optimization of the chromatographic resolution of
ionogenic compounds in reversed phase chromatographic
techniques has been actively researched.5-7 Because of the
specific ionization characteristics of these solutes, the two
most useful optimization parameters are the pH and
organic modifier content of the mobile phase. For
ionisable compounds, since changes in solvent content of
mobile phase affect the retention behaviour, optimisation
of the separation of these mixtures is often carried out at
fixed
pH.
Numerous
reversed
phase
liquid
chromatography method is reported for determination of
these drugs alone as well as in combination with other
drugs in pharmaceutical dosage forms.8-15 But, phenyl
column was not used for separation of these compounds.
This study focuses mainly on the organic modifier effect of
the mobile phase on the chromatographic behaviour of
paracetamol and phenylephrine by using phenyl column.
Furthermore, a liquid chromatographic method for the
simultaneous determination of these compounds in
pediatric cough-cold syrup has been developed. Throught
the study the pH of the mobile phase was kept constant at
4.50. The concentration of phosphoric acid was kept
constant at 65 mM. The experimental region was selected
in such a way that the capacity factors of paracetamol and
phenylephrine would stay within the limits 1<k<10. In
addition, selectivity (α) and resolution (Rs) values were
used in order to establish a general model relating elution
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behavior of phenylephrine and paracetamol with the
composition of mobile phase.

MATERIALS AND METHODS

Chemicals and Reagents
All chemicals were used without further purification.
Paracetamol and phenylephrine hydrochloride were
supplied from Sigma-Aldrich (Sigma-Aldrich, St. Louis, MO,
USA). Acetonitrile (HPLC grade) and potassium hydroxide
were obtained from Merck (Merck, Darmstadt, Germany).
Ortho-phosphoric acid (min. 85%) was purchased from
Riedel (Riedel-de Haen Germany).
Apparatus
The HPLC analysis was carried out on a Shimadzu system
controller (SCL 10 A VP), a pump (LC-10 ADVP) and
detector (SPD 10A VP UV Visible). A Synergi Polar RP (4
μm, 150 x 4, 6 mm I.D.) column was used for the analysis
at ambient temperature. pH measurements of the mobile
phase were carried out with a Mettler Toledo using M-T
combination pH electrode. Potassium hydrogenphthalate
(Merck, Darmstadt, Germany; dried at 120oC before use)
was used as referans value standard for the calibration of
the electrode in acetonitrile-water binary mixtures in
accordance with IUPAC rules.16,17
Chromatographic procedure
Throughout this study, the chromatographic behavior of
the compounds was investigated using isocratic system.
The mobile phases assayed were acetonitrile–water
(2.5%, 5%, 10%, 15%, v/v), containing 65 mM phosphoric
acid. The pH of the mobile phase was adjusted to 4.50 with
1 M potassium hydroxide. The mobile phase was prepared
daily, filtered, sonicated before use and delivered at a flow
rate of 1 ml/min and the effluent was monitored at 220
nm. A total of 20 µL of each solution was injected and
chromatograms were recorded.
Preparation of Standard Solutions
Stock solutions of paracetamol (1000 μg/mL) and
phenylephrine hydrochloride (1000 μg/mL) were
prepared in the mobile phase. All solutions were protected
from light and were used within 24 h to avoid
decomposition. The working standard solutions were
prepared by serial dilutions of the stock solutions with the
mobile phase. The concentration of paracetamol and
phenylephrine hydrochloride were varied in the range of
100-600 μg/mL, 5-30 μg/mL, respectively.

RESULTS AND DISCUSSION

The goal of this work, the retention behavior of
paracetamol and phenylephrine hydrochloride (Table 1)
was investigated using different elution conditions on a
phenyl column, in order to determine separation
conditions. In this study, Synergi Polar -RP was selected as
a phenyl column. This column is an ether-linked phenyl
phase with proprietary hydrophilic endcapping designed
speciﬁcally to enhance retention and orthogonal
selectivity for polar and aromatic analytes. The π-π
interactions between the aromatic rings of the analyte and
the phenyl functional group of Synergi Polar-RP improve
polar retention than the more conventional C18 columns,
as well as provide improved peak shape and orthogonal
selectivity compared to other polar phases. The etherlinkage on the Synergi Polar-RP phase also ensures
stability under highly aqueous mobile phase conditions.
When the acetonitrile percentage lower than 20%, π-π
interactions between the compounds and the stationary
phase become relatively stronger.18
Table 1. Chemical structures of the assayed
compounds
Compounds

Structural form

Paracetamol

Phenylephrine

The organic modifier concentration of the mobile phase is
one of the most important factors in RPLC when the pH
and chatropic agent concentration were kept constant. It
has not only a large impact on both the retention and
selectivity, but is also a very convenient property, owing to
the flexibility and accuracy in the implementation of
changes. Retention factor values for phenylephrine and
paracetamol were calculated in acetonitrile-water binary
mixtures with 2.5, 5, 10 and 15% (v/v). As known,
achieving a good resolution between the working
compounds is the main goal of chromatographic
separation. In terms of fundamental chromatographic
parameters the resolution, Rs, is affected by three
independent variables:
………………….. (1)
Efficiency

Selectivity

Retention

Pharmaceutical Preparation Procedure
After performing the experiments, Rs values were
A 5 mL volume of syrup was directly diluted to 100 mL
calculated for all peak pairs according to eq. (1). The
with mobile phase. The solution was filtered through a
chromatographic data obtained is illustrated in Table 2.
0.45 μm membrane before use.
Table 2. The capacity factors, selectivity and separation factor values for the studied compounds
Compounds
Paracetamol/Phenylephrine
Paracetamol/Phenylephrine
Paracetamol/Phenylephrine
Paracetamol/Phenylephrine

ACN%
2.5
5.0
10.0
15.0

k1
1.758
1.270
0.703
0.363

k2
6.613
4.650
2.126
1.069

The experimental region was selected in a such way that
the capacity factors of phenylephrine and paracetamol
would stay within the limits 1< k < 10. These limits have
been provided in 5:95 and 2.5:97.5 acetonitrile- water
binary mixtures. But, chromatographic retention times in
2.5:97.5 acetonitrile- water binary mixture are very long.
According to the experimental results, it was obvious that
relavitely small changes of organic modifier content have
great influence on the separation. The best result, which
corresponds to high values of the Rs was obtained using a

2

k2/k2+1
0.869
0.823
0.680
0.517


3.762
3.661
3.024
2.945

-1/
0.734
0.727
0.669
0.660

1/4√N
20.156
19.860
19.538
19.259

Rs
12.854
11.881
8.894
6.572

mobile phase composition of acetonitrile-water (5:95, v/v)
at a pH of 4.50. This high proportion of water was
considered necessary in preliminary runs to provide
enough retention of paracetamol. At acidic pH,
phenylephrine becomes protanated and its retention
decreases to very short times. A representive
chromatogram of phenylephrine hydrochloride and
paracetamol are presented in Figure 1. These compounds
were clearly separated and their corresponding peaks
were sharply developed. This phenyl column permitted us
Pharmacie Globale© (IJCP), Vol. 02, Issue 06

Demiralay E Ç et al. / Pharmacie Globale (IJCP) 2011, 6 (09)

to work with isocratic conditions to separate these
compounds in less than 10 min.
Figure 1. Chromatogram of a standard mixture of
phenylephrine hydrochloride (400 μg/mL) (1) and
paracetamol (700 μg/mL) (2)

*Mobile phase of Acetonitrile:water (5:95 v/v) containing 65mM
phosphoric acid, pH adjusted to 4.50 with KOH.

studied compounds. The results are shown in Table 3.
Table 3. System suitability data
Parameters

Phenylephrine

Paracetamol

Capacity factor
Resolution
Asymmetry factor
Theoretical plates
RSD%
(retention time)

1.270
1.11
5992
0.62

4.650
11.881
1.18
6310
0.88

Recommended
value
>1
>2
0.95- 1.20
>2000
≤1

RSD%
(peak area)

0.48

0.57

≤1

The calibration curves and equations for phenylephrine
and paracetamol was calculated by plotting the peak area
ratios versus concentration of the compounds in the range
of 5–30 μg/ mL for phenylephrine and 100-600 μg/mL for
paracetamol (Table 4). These results showed highly
reproducible calibration curves with correlation
coefficients of >0.999. The LOD and LOQ were calculated
from the following equations and using the standard
deviation (s) of response and the slope (m) of the
corresponding calibration curve.
………………….. (2)

System suitability tests are an integral part of HPLC
method development. The USP Pharmacopoeia (24th)
suggests that system suitability tests be performed prior
to analysis.19,20 The parameters include capacity factor,
theoretical plate number, retention time, asymmetry
factor, selectivity and RSD% of peak height or area for
repetitive injections. System suitability tests were carried
………………….. (3)
out on freshly prepared standard stock solutions of
Table 4. Statistical Evalution of the Calibration Data of phenylephrine hydrochloride and paracetamol by RPLC
Sample

Linearity Range
(μg/mL)

Slope

Intercept

S.E.
Slope

Phenylephrine
Paracetamol

5-30
100-600

12808
21447

-2978
-188971

161
529

of S.E. of Intercept

Accuracy, precision and reproducibility of the proposed
method were assessed by performing replicate analysis of
the standard solutions in mobile phase. Within calibration
curves, two different concentrations were prepared in
both media and assayed with related calibration curves to
determine within-day and between-day variability. The
within-day and between-day precision, accuracy and
reproducibility were determined as the RSD % and mean
value. The intra-day variation was found between 0.97 and
1.28, RSD% values for phenylephrine and paracetamol.
Intermediate precision was determined by replicate
analysis over 3 day period and RSD % values were found
between 1.19 and 1.80 for phenylephrine and
paracetamol. Precision, accuracy and reproducibility
results demonstrate good precision, accuracy and
reproducibility.
Analysis of Commercial Samples
The proposed HPLC method was applied to the analysis of
pediatric cough-cold syrup and the results obtained are
summarized in Table 5. The quantities found were in
conformity with the values claimed by the manufacturer.
Table 5. Results of the assay and the recovery analysis
of phenylephrine hydrochloride and paracetamol in
pediatric syrup
Parameter
Phenylephrine
Labeled claim (mg/5 mL)
5
Amount found (mg/5 mL)a
5.09
RSD %
1.661
Bias %
-1.703
Added (mg)
5
Found (mg)a
5.03
Recovery %
100.56
RSD % of recovery
1.428
Bias %
-0.559
a Each value is the mean of 5 experiments

Paracetamol
120
120.29
0.999
-0.240
120
120.37
100.31
1.058
-0.310

Percentage recovery of the two active ingredents using
this method was determined using the syrup sample

3

3067
217215

Correl
Coefficient

Detection Limit
(μg/mL)

Quantitation Limit
(μg/mL)

0.999
0.999

0.877
27.75

2.658
84.09

which prepared in experimental part. The results (Table
5) indicate the absence of interferences from the common
pharmaceutical excipients used in the selected
formulation. It is concluded that the method is sufficiently
accurate and precise in order to be applied to pediatric
syrup. A chromatogram obtained from a drug sample was
shown in Figure 2.
Figure
2.
Chromatogram
of
phenylephrine
hydrochloride (10 μg/mL) (1) and paracetamol (250
μg/mL) (2) in pediatric cough-cold syrup.

CONCLUSION

Optimizing separation is an important part of the method
development for ionizable compounds. In this study, the
impact of different organic modifier concentration of the
mobile phase on the RP-LC separation of phenylephrine
and paracetamol with a phenyl column was investigated.
5: 95 (% v/v) acetonitrile-water binary mixture was found
suitable for separation of paracetamol from phenylephrine
due to the appropriate selectivity, resolution and retention
time. The sample preparation is simple and the elution is
isocratic. The method was found to be linear (r >0.999),
accurate (mean percentage recovery yields: 100.31
percent for paracetamol and 100.56% for phenylephrine
hydrochloride) and selective. Due to these attributes, the
proposed method could be used for routine quality control
analysis of these drugs in combined dosage forms.
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