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Abstract

Acetaminophen, phenylephrine and chlorpheniramine are frequently associated in pharmaceutical formulations
against the common cold. Their quantification presents several problems. A HPLC method for the simultaneous
determination of these compounds in pharmaceutical formulations such as capsules and sachets, including the
separation of impurities and excipients has been developed and validated. The selectivity of the method was also
tested to be used if phenylpropanolamine hydrochloride were employed instead of phenylephrine. Final chromato-
graphic conditions were a gradient elution, being solvent A: phosphate buffer 40 mM at pH 6.0 and solvent B:
acetonitrile. At =0, the mobile phase consisted of 92% A and 8% B and it changed with a linear gradient during
8 min to 75% A and 25% B. At min 8§, it changed to 30% A and 70% B for 5 min and at =15 min, it returns to
the initial conditions (92% A and 8% B) during 1 min remaining at this composition until # =20 min. UV detection
was performed at 215 nm for phenylephrine and chlorpheniramine, because at this wavelength sensitivity was higher
than in other more characteristic wavelengths and it was necessary for the detection of minor compounds. For
acetaminophen 280 nm was employed. Validation parameters permit to consider the method adequate. © 2002
Elsevier Science B.V. All rights reserved.
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1. Introduction substances are frequently associated in pharma-
ceutical formulations against the common cold,

Acetaminophen (paracetamol) is analgesic and but with an important imbalance between the
antipiretic. Phenylephrine is sympathomimetic different actives in the dosage forms. Moreover,
(descongestants) and chlorpheniramine maleate is the active compounds have very different polarity
an H,-receptor antagonist (antihistaminic). These and, therefore, chromatographic behavior. In
some formulations phenylpropanolamine hydro-
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presence of impurities such as 4-aminophenol and
4-chloroacetanilide related to acetaminophen. The
dosage forms also contain excipients, some of
which may interfere with the analysis of the active
ingredients, mainly in the case of flavors in the
dispersable sachets and sugar which adsorbs other
compounds. No single method is reported to de-
termine the active ingredients quantitatively in
this combination.

Table 1 shows a review of the analytical meth-
ods published for measuring some of these sub-
stances, alone or in different combinations. It
includes analytical conditions and some validation
parameters when they are described. Phenyl-
propanolamine hydrochloride and acetaminophen
have been determined in pharmaceutical prepara-
tions by Raman spectroscopy [l]; Phenyl-
propanolamine and chlorpheniramine together
with other actives have been measured by GC
[2-4] and by HPLC [5]. Different analgesic in-
cluding acetaminophen and chlorpheniramine
have been analyzed by HPLC with on-line post-
column photochemical derivatization [6] and by
GC [7]. Acetaminophen and chlorpheniramine in
human plasma have been determined by LC-MS-
MS and by HPLC in combination with codeine
[8] and pheudoephedrine [9,10]. Paracetamol,
phenylpropanolamine and chlorpheniramine and
dextromethorphan were separated by MECC
[11,12] in cold medicines. Paracetamol and chlor-
pheniramine has been determined by EKC em-
ploying bile salts in cold medicines[13].

Three methods in literature report the quantita-
tion of acetaminophen, chlorpheniramine and
phenylpropanolamine. The one by Gupta et al.
[14] requires three different analysis with three
different mobile phases. Meanwhile, Indrayanto
et al. [15] and Zhao et al. [16] developed a simul-
taneous assay of the three actives by HPLC.
Krieger et al. developed a method for the separa-
tion of acetaminophen in analgesic preparations
containing chlorpheniramine maleate,
phenylephrine hydrochloride, and other active
components by HPLC [17] but the method did
not permit the separation of the impurities, al-
though many modifications were tested Some ref-
erences of methods developed by column
suppliers for several standards have also been

included [18—22]. Nevertheless none of them sepa-
rates the three actives here proposed, and the
impurities.

The aim of the present work was the develop-
ment and validation, following ICH guidelines
[23] of a HPLC method for the simultaneous
determination of acetaminophen, phenylephrine
and chlorpheniramine in pharmaceutical formula-
tions such as capsules and sachets, including the
separation of impurities and excipients. The selec-
tivity of the method was also tested to be used if
phenylpropanolamine hydrochloride were em-
ployed instead of phenylephrine. The chemical
structures of the assayed compounds and most of
their values for the acid-base constants are shown
in Table 2.

2. Experimental

2.1. Apparatus

A Beckman (Palo Alto, USA) HPLC system
provided with a 116 pump, an automatic injector
(507¢), a 166 UV detector and a Gold System
data processor were used. The chromatographic
analysis were performed on a 5 pm particle Sym-
metryShield RP8 (Waters, Madrid, Spain) column
(250 x 4.6 mm) kept in a Thermoquest (Madrid,
Spain) Gecko 2000 column oven at 35 °C.

Final chromatographic conditions were a gradi-
ent elution, being solvent A: phosphate buffer 40
mM at pH 6.0 and solvent B: acetonitrile. The
phosphate buffer was prepared from KH,PO, by
adding KOH to reach the pH 6.0. At =0 the
mobile phase consisted of 92% A and 8% B and it
changed with a linear gradient during 8 min to
75% A and 25% B. At min 8 it changed to 30% A
and 70% B for 5 min and at ¢ = 15 min it returns
to the initial conditions (92% A and 8% B) during
1 min remaining at this composition until =20
min. The flow rate was 1 ml/min and the injection
volume was 20 pl. UV detection was performed at
215 nm for phenylephrine and chlorpheniramine,
because at this wavelength sensitivity was higher
than in other more characteristic wavelengths and
it was necessary for the detection of minor com-
pounds. For acetaminophen 280 nm was
employed.
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2.2. Chemicals

Standards of actives and impurities as well as
capsules, sachets and excipients of the specialties
were kindly provided by CINFA, S.A. (Pamplona,
Spain). KH,PO, was from Sigma (Madrid, Spain),
KOH from Panreac (Barcelona, Spain), and aceto-
nitrile and methanol from Merck (Darmstadt,
Germany).

2.3. Standard solutions and sample preparation
for quantitation

A stock solution of phenylephrine was prepared
with 96.1 mg of phenylephrine hydrochloride ex-
actly weighed and dissolved with methanol in a 50
ml volumetric flask. For chlorpheniramine maleate
76.9 mg were made up 100 ml with methanol. For
the reference stock standard, 96 mg of acetamino-

phen for capsules or 122 mg for sachets were
weighed in a 50 ml volumetric flask and 1 ml of
phenylephrine and chlorpheniramine solutions
were added. The mixture was made up the corre-
sponding volume with methanol and treated with
magnetic stirring for 10 min. 3, 4 and 5 ml of this
solution were diluted in a 25 ml volumetric flask
with methanol. It corresponded to 75, 100 and
125% of the nominal content in samples. They were
injected three times and the peak area of each was
plotted versus concentration and calibration curves
were constructed using a least-square regression
equation to interpolate the area of samples.

For capsules, 93.8 mg of sample coming from 20
capsules homogenate were dissolved in a 250 ml
volumetric flask with methanol. After 10 min of
magnetic stirring an aliquot was filtered with a 0.45
um syringe filtration disk to the vials for injection
in the HPLC system.

Table 2
Chemical structures of the assayed compounds
MOLECULAR | ESTRUCTURAL | MOLECULAR Ka REF
FORM FORM WEIGHT p :
Ho o
Acetaminophen C:H,NO, \@NJ\CH 151.17 9.5 [31]
H
oy
Phenylephrine CoH5NO, HO\(D/Y\/N\CH3 167.21 8.9 and 10.1 [32]
oH
Phenylpropanolamine | CoH;3sNO ©)\(““2 151.21 9.44 +0.04 [33,34]
CH,
cl
o
N
Chlorpheniramine Ci6H9CIN, H,C 274.80 9.1 [33,34]
N
L
o
4-Aminophenol CeH;NO 109.13 10.46 [35]
NH
H
. N__CH,
Chloracetanilide CHCINO /©/ g 169.61
o)
ol
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For sachets, 3.330 g of homogenate coming
from ten sachets was suspended in a 250 ml
volumetric flask with methanol/water 75:25 (v/v).
The mixture was sonicated for 10 min. Ten
milliliters of the suspension were diluted in a 25
ml flask with methanol and after shaken the sam-
ple was filtered with a 0.45 um syringe filtration
disk to the vials for injection in the HPLC system.

In all cases three replicates were processed.

2.4. Validation

The selectivity refers to the extent to which a
method can determine particular analytes in mix-
tures or matrices without interferences from other
components. In this assay, it was tested by run-
ning solutions containing the placebo of the spe-
cialties in the same quantities and conditions that
in samples to show that there is no peak in the
retention times corresponding to the analytes.
Moreover, solutions of the standards with the
identified impurities added were also run to show
both the resolution and selectivity of the method.

The linearity study verifies that the sample solu-
tions are in a concentration range where analyte
response is linearly proportional to concentration.
For main component assay methods, this study is
generally performed by preparing standard solu-
tions at five concentration levels, from 50 to 150%
of the target analyte concentration. In this case,
for capsules, acetaminophen concentrations were
from 0.154 to 0.461 mg/ml, phenylephrine hydro-
chloride from 3.04 to 9.13 pg/ml and chlorpheni-
ramine maleate from 1.30 to 3.89 pg/ml. For
sachets the range for acetaminophen was from
0.195 to 0.583 mg/ml, because there is a slight
difference in the sample content. The other two
actives were in the same range. They were pre-
pared in 25 ml volumetric flasks with 2, 3, 4, 5
and 6 ml of the stock reference solution plus
methanol to complete the volume. Each point was
analyzed three times. For sample linearity five
solutions were identically prepared, but with the
proportion of the excipients of the specialty added
to each flask. For capsules it was 18 mg. For
sachets, 1539.6 mg of excipients were weighed in a
25 ml flask and diluted with methanol and 2 ml of
this suspension, after shaken, were added to the
25 ml volumetric flask containing the standards.

The accuracy of a method is the closeness of
the measured value to the true value for the
sample. For pharmaceutical studies, the most
widely used approach is the recovery study, which
is performed by spiking analyte in blank matrices.
It was tested in the same linearity assay for the
three main components. The percent recovery and
R.S.D.’s were then calculated.

The precision of an analytical method is the
amount of scatter in the results obtained from
multiple analyses of an homogeneous sample. The
first type is repeatability or intra-assay precision.
Intra-assay precision data were obtained by re-
peatedly analyzing, in one laboratory on 1 day,
six aliquots of a homogeneous sample, each of
which was independently prepared according to
the method procedure. The second type is inter-
mediate precision. These data were obtained by
repeating the intra-assay experiment on a different
day with newly prepared mobile phase and
samples.

The detection limit of a method is the lowest
analyte concentration that produces a response
detectable above the noise level of the system,
typically, three times the noise level. The detection
limit needs to be determined only for impurity
methods in which chromatographic peaks near
the detection limit will be observed.

The quantitation limit is the lowest level of
analyte that can be accurately and precisely mea-
sured. Limits of detection were calculated follow-
ing TUPAC recommendations [(a + 3Sg)/b] for
chromatographic methods 24 by extrapolating to
zero concentration the standards deviation of the
last three points of linearity and interpolating this
value in the corresponding equation.

3. Results and discussion

During the optimization of the method two
columns (X-Terra RP18 3.5 um 100 x 4.6 mm and
Symmetry RP8 5 um 250 x 4.6 mm), three pH
values (3.0, 6.0 and 7.0) with and without hep-
tanesulphonate as ion pairing, and two organic
solvents (methanol and acetonitrile) were tested.
Acetaminophen was separated of the others when
the mobile phase contained over 95% of aqueous
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Fig. 1. Chromatogram of a mixture of phenylephrine, 4-aminophenol, acetaminophen, chlorpheniramine, chloracetanilide, and
placebo. Below, phenylpropanolamine. Chromatographic conditions: Column: Symmetry RP8 5 um (250 x 4.6 mm), 7%: 35 °C, /:
215 nm, Mobile phase: Gradient elution with phosphate buffer 40 mM at pH 6.0 and acetonitrile, Flow-rate: 1 ml/min.

phase, but the critical point was phenylephrine
and 4-aminophenol separation. It was only
reached when the buffer concentration was in-
creased from 10 to 40 mM. For ionizable com-
pounds, an increase in ionic strength can suppress
solute and silica ionization, as well as secondary
interactions between them.

We could also observe that at pH 3.0 hep-
tanosulphonate was needed as ion pairing and in
such conditions all the compounds could be sepa-
rated but phenylephrine and paracetamol. For
phenylephrine pH 6.0 was a compromise with the
lower ionization degree for both the phenol and
the amino groups and in general terms it is peak
shapes were better at this pH than at pH 3.0. In
relation with the organic solvent, acetonitrile pro-
vided better baseline at 210 nm. This low wave-
length was necessary to get enough sensitivity for
the two compounds in smaller proportion
(phenylephrine and chlorpheniramine). Therefore,
the final chromatographic conditions were those
quoted above in the previous section.

As it could be observed in Fig. 1, there is no
peak in the placebos of both specialties corre-
sponding with the migration times of the analytes.
On the other hand, the known impurities of acet-
aminophen, 4-aminophenol and 4-chloroac-

etanilide, which were run together with the
standards, showed both the resolution and selec-
tivity of the method. Moreover, other actives
sometimes included in this type of preparations,
such as phenylpropanolamine, were also run. The
selectivity of the method to these compounds
could permit to have only one method for differ-
ent formulations.

Main validation parameters are shown in Ta-
bles 3 and 4. Both standards and samples showed
a good linearity for the three analytes in the two
formulations with correlation coefficients over
0.999 except for chlorpheniramine in capsules
which were over 0.99. A small bias was found in
some of the regression lines, because the inter-
cepts with their limits of confidence did not in-
clude the zero value. It could be mostly justified
by the good fit of the points to the regression
lines, which makes the limits of confidence for the
intercept very narrow. Anyway, a calibration with
three points was established in the method to
avoid errors. R.S.D. values in the intra-assay
instrumental precision ranged from 0.10 to 1.60%
in capsules for the three actives and from 0.09 to
2.13% in sachets. For intermediate instrumental
precision R.S.D.s ranged from 0.31 to 3.98% in
capsules and from 0.19 to 1.78% in sachets, corre-
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sponding again the lower value to acetaminophen
and the higher value chlorpheniramine. For the
intra-assay precision of the method R.S.D.s
ranged from 0.51 to 4.27% in capsules and from
0.43 to 1.27% in sachets. For intermediate preci-
sion of the method R.S.D.s ranged from 1.29 to
3.60% for capsules and from 0.70 to 2.26% for
sachets. In all cases, as it could be expected,
acetaminophen, the compound with higher con-
centration in the formulation presented the lower
variability, while, chlorpheniramine, the com-
pound with lower content, presented the higher
variability. With these values and the intervals of
acceptance (95-105% for acetaminophen and 90—
110% for phenylephrine and chlorpheniramine)
three replicates of each sample ought to be mea-
sured for quantification.

Recoveries do not statistically differ from 100%
(t-test, P <0.05) in any case and R.S.D. for re-

Table 3
Main validation parameters of capsules

coveries range from 0.44 to 5.31% in capsules and
from 0.32 to 4.92% in sachets, being again the
higher values for chlorpheniramine which is under
1% with respect to acetaminophen. Limits of de-
tection are not necessary for acetaminophen. They
were 1.2 x 10~* mg/ml for phenylephrine and
1.5x 10=* mg/ml for chlorpheniramine, which
are under the necessary values for the method.

Although a formal robustness assay has not
been achieved, this method has been applied over
6 months in two pharmaceutical formulations
(capsules and sachets) and it has always passed
the system suitability test.

4. Conclusion

A HPLC method has been developed for acet-
aminophen, phenylephrine and chlorpheniramine

Capsules
Acetaminophen Fenylephrine Chlorpheniramine
Hydrochloride Maleate
Standards linearity Intercept —0.64+0.7 —0.054+0.06 —0.12 +0.06
Slope 301+2 667 +9 563 +22
r 0.9999 0.9998 0.998
Range (mg/ml) 0.15376-0.46128 0.00304-0.00913 0.00130-0.00389
Sample linearity Intercept —04+0.7 —0.01 £0.04 —0.11 +0.08
Slope 307+2 67216 564 +29
r 0.9999 0.9999 0.996
Accuracy % Recovery Standard 100.0+0.3 100.0 + 0.6 100+ 1
R.S.D. (%) 0.56 1.10 2.26
Sample 100.0 £ 0.2 101.6 + 0.4 99+3
R.S.D. (%) 0.44 0.70 5.31
Standards precision  Intra-assay Mean (mg/ml) 0.3075 + 0.0003 0.00609 + 0.00009 0.00260 4 0.00003
instrumental (n=06) R.S.D. (%) 0.10 1.48 1.08
Intermediate Mean (mg/ml) 0.3078 £+ 0.0006 0.00609 + 0.00005 0.00260 + 0.00002
(n=12) R.S.D. (%) 0.31 1.25 0.94
Sample precision Intra-assay Mean (mg/ml) 0.3107 £+ 0.0004 0.00625 + 0.00004 0.00250 + 0.00004
instrumental (n=06) R.S.D. (%) 0.11 0.59 1.60
Intermediate Mean (mg/ml) 0.309 £ 0.001 0.00616 + 0.00007 0.00245 £+ 0.00006
(n=12) R.S.D. (%) 0.76 1.78 3.98
Precision methods Intra-assay Mean (mg per cap) 503 +3 9.9+0.1 4.0+0.2
(n=06) R.S.D. (%) 0.51 1.30 4.27
Intermediate Mean (mg per cap) 498 +4 10.0 +£ 0.1 3.974+0.09
(n=12) R.S.D. (%) 1.29 1.87 3.60
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Table 4
Main validation parameters of sachets

Sachets
Acetaminophen Fenylephrine Chlorpheniramine
Hydrochloride Maleate
Standards Linearity Intercept —0.34+0.6 —0.06 +0.06 —0.224+0.04
Slope 310+2 694 +9 621 +13
r 0.99997 0.9998 0.9994
Range (mg/ml) 0.19440-0.58320 0.00304-0.00913 0.00130-0.00389
Sample Linearity Intercept —0.6+0.6 —0.024+0.05 —0.2+0.1
Slope 310+ 2 680 + 8 609 + 38
r 0.99997 0.9998 0.995
Accuracy % Standard 100.0 +0.2 100.0 +0.5 100 +1
Recovery
R.S.D. (%) 0.32 0.91 1.79
Sample 99.9+0.2 99.0 +0.6 98 +3
R.S.D. (%) 0.33 1.14 4.92
Standards Intra-assay Mean (mg/ml) 0.3888 + 0.0004 0.00609 + 0.00006 0.00260 4 0.00006
precision (n=06) R.S.D. (%) 0.09 0.97 2.13
instrumental Intermediate Mean (mg/ml) 0.3888 + 0.0005 0.00609 + 0.00006 0.00260 4 0.00003
n=12) R.S.D. (%) 0.19 1.53 1.59
Sample precision Intra-assay Mean (mg/ml) 0.3882 +0.0008 0.00603 + 0.00003 0.00243 £+ 0.00002
instrumental (n=06) R.S.D. (%) 0.19 0.40 0.97
Intermediate Mean (mg/ml) 0.3884 +0.0005 0.00607 £ 0.00004 0.00242 4+ 0.00003
(n=12) R.S.D. (%) 0.19 0.97 1.78
Precision methods Intra-assay Mean (per mg) 0.493 +0.002 0.0094 + 0.0001 0.00546 4+ 0.00007
(n=06) R.S.D. (%) 0.43 1.09 1.27
Intermediate Mean (per mg) 0.491 4+ 0.002 0.0093 + 0.0001 0.00544 4+ 0.00004
(n=12) R.S.D. (%) 0.70 2.26 1.15
and related impurities measurement in capsules References

and tablets as pharmaceutical form with gradient
elution in a single run. The method described in
theis study was found suitable to determine con-
centrations in the range 0.15 to 0.46 mg/ml for
acetaminophen, 0.003 to 0.009 mg/ml for
phenylephine and from 0.001 to 0.004 mg/ml for
chlorpheniramine, precisely and accurately, in
agreement with the validation parameters ob-
tained. Limits of detection for the two actives
with lower concentration were 1.2 x 10 ~% mg/ml
for phenylephrine and 1.5 x 10~* mg/ml for
chlorpheniramine, values which are under the
lowest expected concentrations in the samples.
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