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Abstract

New polar reversed-phase stationary phases in HPLC provide specific selectivities which can help to solve traditional
chromatographic problems related to the development of chromatographic methods with widely different retention times for
the sample components. One such case is the analysis of pharmaceutical formulations against the common cold.
Acetaminophen, phenylephrine and chlorpheniramine, compounds with different polarities, are frequently associated in these
drugs. An isocratic and rapid HPLC method for the simultaneous determination of the three compounds, acetaminophen,
phenylephrine and chlorpheniramine, in capsules as pharmaceutical formulations, including the separation of impurities
(4-aminophenol and 4-chloracetanilide) and excipients, has been developed and validated. The final chromatographic
conditions employed a Supelco Discovery HS PEG column poly(ethyleneglycsi().#6 cm, 5.m. The mobile phase was
20 mM phosphate buffer, pH 7.0—acetonitrile (90:10, v/v) at a flow-rate of 1 ml/min. UV detection was performed at 215
nm for all the compounds except acetaminophen, which was measured at 310 nm. Validation parameters permit us to
consider this method suitable.
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1. Introduction different symptoms which have very different
polarities and, therefore, chromatographic behaviour.

In recent years, novel LC stationary phases with A common combination contains acetaminophen
enhanced selectivity are providing new tools to solve (paracetamol), which is analgesic and antipiretic as
classical problems in pharmaceutical analysis. One the main component and small amounts of phenyl-
of these problems is the analysis of pharmaceutical ephrine, which is sympathomimetic (decongestants)
formulations against the common cold. These prepa- and chlorpheniramine maleate, which js an H -re-
rations usually contain active compounds against ceptor antagonist (antihistaminic). The chemical

structures and characteristics of these compounds can
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Table 1
Chemical structures of the assayed compounds
MOLECULAR | ESTRUCTURAL MOLECULAR
NAME FORM FORM WEIGHT pKa REF.
HO.
o
Acetaminophen CsHyNO, \©\N)LCH 151.17 9.5 [26]
N s
OH H
Phenylephrine CoH;3NO, H°\©/'VN‘CHJ 167.21 8.9/10.1 [27]
on, cl
N
Chlorpheniramine C1H 9CIN» HC 274.80 9.1 [28,29]
N7
i =
H
4- Aminophenol C¢HsNO ﬁj 109.13 10.46 [30]
NH
N cn,
Chloracetanilide CgHsCINO T 169.61
Ct

presence of impurities such as 4-aminophenol and
4-chloroacetanilide related to acetaminophen. The
dosage forms also contain excipients. In a previous
work [1] we carried out a detailed review of the
analytical methods published for measuring some of
these substances, alone or in different combinations.
Phenylpropanolamine hydrochloride and acetamino-
phen have been determined in pharmaceutical prepa-
rations by Raman spectroscopy [2]; phenylpropanol-
amine and chlorpheniramine together with other
active compounds have been measured by GC [3-5]
and by HPLC [6]. Different analgesics including
acetaminophen and chlorpheniramine have been
analysed by HPLC with on-line postcolumn photo-
chemical derivatization [7] and by GC [8]. Acet-
aminophen and chlorpheniramine in human plasma
have been determined by LC—MS—-MS and by HPLC
in combination with codeine [9] and pheudoephed-
rine [10,11]. Acetaminophen, phenylpropanolamine,
chlorpheniramine and dextromethorphan were sepa-
rated by MECC [12,13] in cold medicines. Acet-
aminophen and chlorpheniramine have been deter-
mined by EKC employing bile salts in cold
medicines [14].

Three methods in the literature report the quantita-
tion of acetaminophen, chlorpheniramine and
phenylpropanolamine. The method of Gupta et al.

[15] requires three different analysis with three
different mobile phases. Indrayanto et al. [16] and
Zhao et al. [17] developed a simultaneous assay of
the three active compounds by HPLC. Krieger et al.
developed a method for the separation of acetamino-
phen in analgesic preparations containing chlorphen-
iramine maleate, phenylephrine hydrochloride, and
other active components by HPLC [18] but the
method did not permit the separation of the im-
purities, although many modifications were tested.
Some of the methods developed by column suppliers
for several standards have also been included [19—
23]. However, none of the methods separates the
three actives here proposed, and the impurities. In a
previous work we developed and validated a HPLC
method for the simultaneous determination of acet-
aminophen, phenylephrine and chlorpheniramine in
pharmaceutical formulations such as capsules and
sachets, including the separation of impurities and
excipients with a gradient elution in a Symme-
tryShield RP8. The run lasted 20 min. The method
has been employed for stability assays, but it pre-
sents problems related to gradient elution. The
change in solvent composition cause baseline shifts
because of the change in optical properties of the
eluent, which causes trouble at low wavelengths.
Moreover, it also generates the irregular elution of
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unknown retained compounds, usually coming from measured by injecting methanol as unretained com-
water, when the organic solvent proportion increases, pound.
which complicates the impurities analysis.
During recent years, manufacturers have de- 55 cpemicals
veloped reversed-phase media suitable for analysing

these types of samples. Reversed-phase media that giangards of actives and impurities as well as
use polar groups can yield more efficient analysis of capsules, and excipients of the specialities were

samples that contain a wide range of polarities by inqiy provided by Cinfa (Pamplona, Spain). NaOH
reducing analysis times and avoiding gradient elu- o< from Panreac (Barcelona, Spain), ang H,PO

tion. Therefore, the objective of the present work ,nq acetonitrile from Merck (Darmstadt, Germany).
was the development and validation, following ICH

guidelines [24] of an isocratic and rapid HPLC

method for the determination of acetaminophen,
chlorpheniramine and phenylephrine and related
impurities in capsules as pharmaceutical form, easy
to be used in routine analysis both for quality and
stability control.

2.3. Sandard solutions and sample preparation for
guantitation

In all cases the solvent solution (SS) for standards
and samples was 20N phosphate buffer, pH 7.0—
acetonitrile (70:30, v/v).

A stock solution of phenylephrine was prepared
with 250 mg of phenylephrine hydrochloride exactly
weighed and dissolved with SS in a 25-ml volu-
metric flask. For chlorpheniramine maleate stock
solution, 100 mg were made up 25 ml with SS. For
the reference stock standard, 500 mg of acetamino-

An Agilent technologies 1100 series (Las Rozas, phen were weighed .into a 50-ml volumgtric flask and
Madrid, Spain) provided with an automatic injector, L M! of phenylephrine and chlorpheniramine solu-
a diode-array detection system and a column oven tions were added. The mixture was made up to the
was used. The chromatographic analyses were per-corresponding volume with SS and treated with
formed on a 15%0.46 cm, 5um, Discovery HS PEG ~ Magnetic stirring for 10 min.

poly(ethyleneglycol) column (Supelco, Alcobendas, O capsules, 610 mg of sample (the approximate
Madrid, Spain) kept at 3%C. mass of one capsule) coming from a 20-capsules

Final chromatographic conditions were an iso- homogenate were dissolved in a 50-ml volumetric
cratic elution with 20 ™ phosphate buffer, pH flask with SS. After 10 min of magnetic stirring an

7.0—acetonitrile (90:10, v/v). The phosphate buffer aliquot was filtered using a 0.45m syringe filtra-
was prepared from H PO by adding NaOH to reach tion disk to the vials for |njecF|on into the HPLC
pH 7.0. The flow-rate was 1 mi/min and the system. In all cases three replicates were processed.
injection volume was 5pl. UV detection was

performed at 215 nm for phenylephrine and chlor- 2.4. Validation

pheniramine, because at this wavelength the sen-

2. Experimental

2.1. Apparatus

sitivity was higher than at other more characteristic The selectivity refers to the extent to which a
wavelengths and it was necessary for the detection of method can determine particular analytes in mixtures
these minor compounds. For acetaminophen 310 nm or matrices without interferences from other com-
was employed. At this wavelength the absorbance ponents. In this assay it was tested by running
for this compound is very low and the signal is not solutions containing a placebo of the formulation.
saturated with the large amount of acetaminophen Moreover, solutions of the standards with the iden-
present in the sample, and so can detect minor tified impurities, 4-aminophenol and chloracetanilide,
compounds simultaneously. at the 1% level added were also run to show both the

Hold up time for the chromatographic system was resolution and selectivity of the method. In all cases
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the spectra of the peaks were compared with those of
the pure standards.

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 solutions
at five concentration levels, from 75 to 125% of the
target analyte concentration. In this case, acetamino-
phen concentrations were from 7.5 to 12.5 mg/ml,
phenylephrine hydrochloride from 0.15 to 0.25 mg/
ml and chlorpheniramine maleate from 0.06 to 0.1
mg/ml. They were prepared in 50-ml volumetric
flasks by weighing the exact amount of acetamino-
phen (from 375.0 to 625.0 mg) and by adding the
corresponding volumes of phenylephrine and chlor-
pheniramine, stock standards (0.750-1.25 ml each)
and making up the total volume with SS. Each point
was analysed three times.

The accuracy of a method is the closeness of the
measured value to the true value for the sample. For
pharmaceutical studies in drug products one method
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needs to be determined where chromatographic

peaks near the detection limit will be observed.

The quantitation limit is the lowest level of analyte
that can be accurately and precisely measured.
Limits of detection were calculated following IUPAC
recommendatofs3f;)/b] (a, the intercept)b,
the sBpdhe standard deviation of the blanks in

the standards linearity) for chromatographic methods

[25] by extrapolating to zero concentration the
standards deviation of the last three points of lineari-

ty and interpolating this value in the corresponding
equation.

Both quantification and detection limits are calcu-
lated by means of the study of statistical parameters
of the analysis of standards in the range of 0.1% of
the theoretical content of a sample, i.e. acetamino-

phen concentrations from 0.01 to 0.07 mg/ml
phenylephrine hydrochloride from 0.0002 to 0.006

mg/ml, and chlorpheniramine maleate from 0.0001
to 0.002 mg/ml.

for determining accuracy is the application of the 3. Results and discussion

analytical procedure to synthetic mixtures of the drug
components to which known quantities of the drug
substances to be analysed have been added. It was
tested in triplicate at three levels (80, 95 and 110%)
and in parallel with the linearity assay for the three
main components. The percent recovery and RSD
values 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 instrumental precision, which was tested
by consecutively running ten injections of the same
standard. Then, repeatability or intra-assay precision
was tested. Intra-assay precision data were obtained
by repeatedly analyzing, in one laboratory on one
day, ten aliquots of a homogeneous sample, each of
which was independently prepared according to the
method procedure. The second type is inter-assay
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 de-
tectable above the noise level of the system, typical-
ly, three times the noise level. The detection limit

Retention and selectivity in reversed-phase HPLC

result from complex combinations of hydrophobic
and polar interactions among the solute, mobile

phase, and stationary phase. Stationary phases have
evolved from simple alkyl hydrocarbon chains to

alkyl hydrocarbon chains in combination with other
moieties, typically polar functional groups. These
groups change retention and selectivity, particularly
for solutes that have specific interactions with the
polar portion of the stationary phase. So-called polar
reversed phase always provide different retention and
selectivity compareggsto C and frequently provide
valuable improvements in separation.

A PEG phase has ether groups that can attract
other polar analytes. PEG provides a very different
separation of phenols compareg, to C —greater
retention of some phenols (phenylephrine, acet-
aminophen, 4-aminophenol) that are poorly retained

oy C and faster analysis, including the elution of
chlorpheniramine that eluted latg, on C

During the optimization of the method the per-
centage of acetonitrile was varied from 30 to 5%
with the same aqueous buffer at pH 7.0. Phenylep-

hrine was not affected by the variation, 4-amino-
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phenol and acetaminophen increased their retention and it was was 1.84. This means a baseline sepa-
times around 1 min in the whole range of acetonitrile ration of both peaks.
proportion, while chlorpheniramine and Validation parameters for linearity are shown in
chloracetanilide increased their retention times by 4 Table 2. It includes the experimental values plus the
and 10 min, respectively, when acetonitrile was specifications to pass the test established following
decreased from 30 to 5%. generally accepted criteria [31]. These parameters
During development three pH values—2.5, 4.5 showed a good linearity, with correlation coefficients
and 7.0—were tested. At more acidic pH phenylep- >0.999 for the three analytes, although only 0.99
hrine and 4-aminophenol become protonated and would be enough for phenylephrine and chlorphenir-
their retention decreases to very short times with amine due to their low concentration level in sam-
poor resolution. Buffer concentration was also tested ples. A small bias was found in some of the
and 20 mM provided the best peak symmetry. regression lines (phenylephrine and acetaminphen),
Therefore, the final chromatographic conditions were because the intercepts with their limits of confidence
those quoted above in the previous section. did not include the zero value. It could be mostly
Fig. 1 shows that there is no peak in the placebo justified by the good fit of the points to the regres-
of the speciality corresponding to the retention times sion lines, which makes the limits of confidence for
of the analytes. The hold up time was 0.8 min and the intercept very narrow. Although statistically
capacity factors were: phenylephrine 1.5, 4-amino- significant (Studesst; P>0.05), the bias did not
phenol 2.2, acetaminophen 2.7, chlorpheniramine 5.4 pose practical consequences, considering the results
and chloracetanilide 12.3. Acetaminophen, 4-amino- for the recoveries.
phenol and 4-chloroacetanilide, which were run Table 3 presents the results obtained for the
together with the standards, demonstrated both the precision tests plus the specification established to
resolution and selectivity of the method. The minor consider the result acceptable. RSD values in the
value obtained for resolution in the method corres- intra-assay instrumental precision ranged from 0.13
ponded to the 4-aminophenol-acetaminophen pair, to 0.37% for the three compounds when considering
mAU
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Fig. 1. Chromatogram of standards of phenylephrine, chlorpheniramine maleate and acetaminophen at formulation levels plus 4-
aminophenol and chloracetanilide at the 0.1% level of acetaminophen. Peak at 1.5 min corresponds to maleate. The chromatogram in the
upper level corresponds to the excipients. Supelco Discovery HS PEG column poly(ethyleneglyaal)15x0.46 cm. The mobile phase

was 20 nM phosphate buffer, pH 7.0—acetonitrile (90:10, v/v) at a flow-rate of 1 ml/min.
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Table 2
Validation parameters for linearity

Range (mg/ml) Specification Phenylephrine Acetaminophen Chlorpheniramine
0.15-0.25 7.5-12.5 0.06-0.10
Correlation coefficientr] >0.999 0.999 0.99998 0.999
Linearity Response factor RSD (%) <5 3.27 0.89 0.85
test Slope 18.5 134 8.1
Confidence interval 0 value not included 16.7-20.2 13.2-13.5 7.5-8.7
Experimentalt terp™ L 33.1878 251.6554 42.7373
Proportionality Intercept 440.5 73.0 30.4
test Confidence interval 0 value included 263.0-648.1 56.0-89.9 —30.3-91.1
Experimentalt b <liap 7.966 13.6993 1.5944

a single day, which means a very small variation due
to instrumental causes, and from 0.80% to 2.91%
when the areas of 2 different days were tested
together. Chlorpheniramine did not pass the test,
which means that calibration must be done daily,
which is the usual practice. Chlorpheniramine’s RSD
for inter-day instrumental precision is an unusually
high value, in comparison to the other RSD values.

For the intra-assay precision of the method RSDs
for the three actives ranged from 0.93 to 1.91% on
separate days and from 1.11 to 1.72% for inter-day
precision. With these values and the intervals of
acceptance established for the release of batches
(95-105%), one replicate of each sample ought to be
measured for quantification.

to the method’s RSDs and when considering results
from both laboratories RSDs ranged from 1.83 to

2.16%, which passes the specification to consider a
low influence in the results due to the laboratory

where the measurement was performed.

Recoveries weret08186 for phenylephrine,
99083% for acetaminophen and 106.2.8% for
chlorpheniramine, which are not statistically signifi-
cargsf, P<0.05).

The detection limits were 0.12, 3 andgJ0b
for phenylephrine, acetaminophen and chlorphenir-
amine, respectively, which corresponds to 0.06, 0.03,

and 0.06% of the theoretical content of each active in
the formulation.

The quantitation limit were 0.40, 10 and 0.16

Reproducibility was tested because the method pwg/ml for phenylephrine, acetaminophen and chlor-

will be employed in two different laboratories. As
expected, the RSDs in each laboratory were similar

pheniramine, respectively, which corresponds to

0.2%, 0.1%, and 0.2% of the theoretical content of

Table 3
Validation parameters for sample precision in the quantitation level
Specification RSD (%)
Phenylephrine Acetaminophen Chlorpheniramine
Instrumental Intra-day (day 1) <1.37% 0.13 0.16 0.17
precision Intra-day (day 2) 0.21 0.37 0.26
Inter-day <1.94% 1.11 0.80 291
Method Intra-day (day 1) <1.94% 1.91 0.98 0.93
precision Intra-day (day 2) 1.38 1.29 1.85
Inter-day <2.74% 1.72 1.11 1.43
Reproducibility Laboratory A <1.94% 1.91 1.04 0.93
Laboratory B 1.42 1.84 1.87
Interlaboratory <2.74% 2.16 1.83 1.96
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each active in the formulation. They were obtained
by validating the method in these levels of con-
centration.

4, Conclusion

Polar reversed-phase materials can
dramatically different separations compared tg, C
yielding a more efficient analysis of samples that
contain a wide range of polarities by reducing the
analysis times and minimizing the necessity of

gradient elution. This improvement is achieved by a

combination of increased retention of polar species
which are retained away from the solvent front, and

provide
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decreased retention of nonpolar compounds, which [17] X. Zhao, B. Tan, H. Zhang, Huaxi Yaoxue Zazhi 13 (1998)

reduces the total analysis time.

An isocratic HPLC method has been developed for
acetaminophen, phenylephrine and chlorpheniramine
and related impurities measurement in capsules in

less than 6 min of total run for the three active
compounds and less than 12 min if the impurity
chloracetanilide is included
With this system long chromatographic analysis
times (>20 min) and the employ of gradient elution
or two different analysis can be avoided.

The method described in this study was found

suitable to determine concentrations in the range

0.15-0.25 mg/ml for phenylephrine, 7.5-12.5 mg/
ml for acetaminophen and 0.06—0.10 mg/ml for

chlorpheniramine, precisely and accurately, in agree-

ment with the validation parameters obtained. Limits
of quantitation for the three actives were 0.40, 10
and 0.16ug/ml for phenylephrine, acetaminophen

and chlorpheniramine, respectively. Therefore the
method can be considered adequate for the intended

purpose.
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