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Abstract

Ibuprofen arginate is a rapidly absorbed salt designed to promote more rapid onset of analgesia than commercially available forms of ibuprofen.
Ibuprofen and arginine have very different polarities and this becomes in a chromatographic problem, further complicated with the determination
of related compounds, which is necessary in stability assays of the pharmaceutical forms. The common solution is the employment of two separate
methods, but this is time consuming.

A LC method has been developed to determinate both compounds and related impurities in one run. Ibuprofen, arginine and three ibuprofen
related impurities (B, E and J) have been baseline separated with isocratic conditions at pH 3.0 and run time under 20 min by employing a tandem
combination of two different stationary phases: first a ZORBAX SB-C18 column from Agilent (250 mm × 4.6 mm and 5 �m) and downstream a
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UPELCOSIL LC-NH2 column from Supelco (150 mm × 4.6 mm and 3 �m). The octadecyldiisobutylsilane column provides the separation of
buprofen and its impurities by a hydrophobic mechanism, whereas aminopropyl column offers selective retention of arginine by dipolar interaction

echanism.
Method has been successfully validated following ICH guidelines and it has been demonstrated to be reliable for arginine, ibuprofen and related

mpurities determination in sachets of two different dosages as pharmaceutical forms. Moreover, stress test has proved the selectivity of the method
or degradation products, such as those that can emerge throughout long-term stability assays.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Ibuprofen, a phenylpropionic acid derivate, is a non-steroidal
nti-inflammatory drug that inhibits prostaglandin synthesis and
as anti-pyretic and non narcotic analgesic properties. It is
white crystalline powder with molecular weight of 206.27

nd low solubility in water and high solubility in organic sol-
ents and diluted solutions of hydroxides or alkaline carbonates
1].

One of the main objectives in the pharmaceutical industry
s the development of new pharmaceutical forms improving the
roperties of the active compounds. That involves the necessity
f developing new analytical methods with an adequate selec-
ivity for these pharmaceutical forms.

∗ Corresponding author. Fax: +34 913510475.
E-mail address: cbarbas@ceu.es (C. Barbas).

Following this direction, the analgesic efficacy of an arginine
salt of ibuprofen was compared to one of the commercially avail-
able forms of conventional ibuprofen in different clinical trials in
postoperative dental pain. Results demonstrated that ibuprofen
arginate was a safe and effective analgesia, superior to conven-
tional ibuprofen in both the amount of pain relief achieved and
the time to onset pain relief [2,3].

The most common technique for ibuprofen quantification is
RP-HPLC with an octadecylsilane column as stationary phase
with UV detection [4–6]. Nevertheless, only one of these meth-
ods includes in its validation one impurity [6]. HPLC is widely
employed in pharmaceutical industry, but the determination
of ibuprofen and related impurities in pharmaceutical forms
has been approached throughout other separation techniques:
a micellar capillary electrophoresis with UV detection method
has been developed to determine several impurities in a run time
lower than 12 min, however, this method has not been validated
for impurity measurement [7,8]. A partial filling-micellar capil-
lary electrophoresis coupled to mass spectrometry has also been

021-9673/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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developed [9] to determine the main impurities and degrada-
tion products with lower precision values than the UV detection
method. Ibuprofen has also been determined by electrochro-
matography [10], but with long run times to be considered as
an alternative to HPLC for routine analysis in quality control.
Furthermore, there is a supercritical fluid cromatography method
[11] for ibuprofen quantification, but it does not include its impu-
rities.

None of these methods allows arginine quantification, as
this molecule is extremely polar and elutes with the void vol-
ume in reversed-phase conditions. Some authors have only
checked the interference of the analyte in the determination
of ibuprofen in pharmaceuticals co-formulated with arginine
[12]. A capillary electrophoresis validated method achieves
the correct measurement of this analyte in a formulation
simultaneously with its counter ion: ragaglitazar [13]. How-
ever, none HPLC method has been described addressing this
problem.

Ibuprofen synthesis can be accomplished by various meth-
ods [14–17], and therefore, different impurities can remain in
the raw material. Moreover, different impurities can be formed
during decomposition [18]. The present work has addressed
the separation of arginine, ibuprofen and some of the most
frequent impurities B, E and J (Fig. 1), in sachets as phar-
maceutical form by HPLC in a single run and with isocratic
conditions.

b
b
a

pled [19], or the thermally tuned tandem column concept
[20], that employs two columns with different chromatographic
selectivities and independently controlling of the two column
temperatures.

2. Experimental

2.1. Apparatus

LaChrom Elite HPLC equipment from VWR consisted of
quaternary pump, an automatic injector, a single wavelength
detector and a column oven. An Agilent Technologies 1100
Series HPLC provided with an automatic injector, a diode array
detection system and a column oven was also used. Different
columns and mobile phases were tested. Finally, the method
was validated with a tandem combination of two different sta-
tionary phases: first a ZORBAX SB-C18 column from Agilent
(250 mm × 4.6 mm and 5 �m) and downstream a SUPELCOSIL
LC-NH2 column from Supelco (150 mm × 4.6 mm and 3 �m). It
provided baseline separation with isocratic conditions at pH 3.0
and run time under 20 min for ibuprofen, arginine and impurities
(B, E and J). The mobile phase consisted of buffer A/acetonitrile
41:59 (v/v), being buffer A 20 mM H3PO4 brought to pH 3.00
with KOH. The flow-rate was 0.8 mL/min and the injection vol-
ume was in all cases 5 �L. The oven temperature was 40 ◦C and
UV detection was performed at 264 nm (bandwidth 100 nm for
D
a
l
a

To reach this objective we have employed a tandem com-
ination of two different columns. This methodology has
een seldom applied in HPLC and with different purposes:
conventional silica gel column and a chiral column cou-
Fig. 1. Chemical structures, pKa [1] and ca
AD) for ibuprofen and 210 nm (bandwidth 40 nm for DAD)
rginine and impurities. ACD/LogD Suite 7.0 software (acd-
abs, Toronto, Canada) has been used to calculate log P of the
ssayed compounds.
lculated log P the tested compounds.
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2.2. Chemicals

Standard of ibuprofen, l-arginine and impurities (B, E and
J) as well as sachets and excipients (sodium saccharine, aspar-
tame, sucrose, sodium bicarbonate, mint and anise flavours)
were kindly provided by CINFA S.A. (Pamplona, Spain). NaOH
(>99%) was from Panreac (Barcelona, Spain), H3PO4 (85%) and
CH3CN (HPLC grade) were from Merck (Darmstadt, Germany)
and water was purified with a Milli-Q plus system from Milli-
pore (Bedford, MA, USA).

2.3. Standard solutions and sample preparation

In all cases the solvent solution (SS) for standards and sam-
ples was a mixture of solution A/acetonitrile 50:50 (v/v). Solu-
tion A contained 5.5 g phosphoric acid made up 1000 mL with
milli-Q water. Ibuprofen standard solution was prepared with
approximately 30.0 mg of ibuprofen exactly weighed and dis-
solved with SS in a 50 mL volumetric flask. Arginine standard
solution was prepared with approximately 27.8 mg of l-arginine
exactly weighed and dissolved with SS in a 50 mL volumetric
flask.

All the impurities were individually prepared with approxi-
mately 30.0 mg exactly weighed and dissolved in 50 mL volu-
metric flasks with SS. An intermediate solution containing all
the impurities was prepared with 0.1 mL of each impurity stock
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tration of HCl 0.1N; base degradation with a final concentration
of NaOH 0.1N; hydrogen peroxide degradation 3% (v/v) of final
peroxide concentration in the flask; visible light and heat in an
oven at 100 ◦C. Solutions were analysed after 24 h of degrada-
tion by applying the method developed and were compared with
freshly prepared standard solutions.

Validation parameters were tested in two ranges: quantifica-
tion range (100%) and impurities range (0.2%). The linearity
was tested for the high range by preparing standard solutions
at five concentration levels, from 75 to 120% of the target ana-
lyte concentration. In this case, ibuprofen concentrations were
from 0.45 to 0.76 mg/mL and arginine concentrations were from
0.42 to 0.70 mg/mL. They were prepared in 50 mL volumetric
flasks by adding the corresponding volumes of ibuprofen and
arginine stock standard (2.5–4.2 mL) and completed the total
volume with SS. Each point was analysed three times.

For the low range, ibuprofen and impurities concentrations
ranged from 0.3 to 6 �g/mL, they were prepared in 50 mL volu-
metric flasks by adding the corresponding volumes of ibuprofen
and arginine stock standard (0.050–1.00 mL) and completed the
total volume with SS.

For pharmaceutical studies in drug products one method for
determining accuracy is the application of the analytical pro-
cedure 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, 100
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olution, all together, made up 50 mL with SS.
For quantification the content of 10 sachets was pulverized

nd approximately 3005 mg (equivalent to the average weight
f the content of one sachet) from the homogeneous mixture
ere made up to 100 mL with SS. Two formulations with the

ame total weight but different amount of ibuprophen arginate
ere measured. One of them contained 400 mg of ibuprofen

and 370 mg of arginine), and the other one 600 mg of ibuprofen
555 mg of arginine).

After bath sonication for around 5 min, a 2.5 mL aliquot was
ade up to a final volume of 25 mL (600 mg formulation) and

n aliquot of 7.5 mL was made up to a final volume of 50 mL
400 mg formulation). Samples were filtered with 0.45 �m nylon
lters prior to the injection. In all cases, the theoretical concen-

rations of ibuprofen and arginine were 0.60 and 0.55 mg/mL,
espectively.

.4. Validation

The selectivity was tested by running solutions containing
he excipients of the speciality in the same quantities and con-
itions that the samples to show that there was no peak at the
etention times corresponding to the analytes. Moreover, solu-
ions of the standards with the identified impurities at the 0.2%
evel added were also run to show the resolution and selectivity
f the method.

In addition, forced degradation test was conducted to demon-
trate that the method was stability indicating. Solutions were
repared containing separately each substance (ibuprofen and
rginine), the excipients and the drug product being exposed to
he following conditions: acid degradation with a final concen-
nd 110%) and in parallel with the linearity assay for the two
ain components. The percent recovery and the RSD were then

alculated.
In the quantification range, the accuracy samples were pre-

ared by weighting 92.5 mg (600 mg formulation) or 167.6 mg
400 mg formulation) of excipients in 50 mL volumetric flasks
nd adding the corresponding weights of ibuprofen and arginine
o obtain 80,100 and 110%.

For accuracy in the low range, 167.6 mg of excipients were
eighted in 50 mL volumetric flasks and the corresponding vol-
mes of ibuprofen and impurities stock solution were added to
btain 0.05, 0.1, 0.2, 0.5 and 1.0%. This range included from
he limit of declaration to a value over the limit of acceptance.

Intra-assay precision data were obtained by repeatedly
nalysing, in one laboratory on 1 day, 10 aliquots of a homo-
eneous sample for the high range, and six aliquots for the low
ange. All of them were independently prepared according to
he method procedure and with the corresponding standards.
ata for intermediate precision were obtained by repeating the

ntra-assay experiment on a different day with newly prepared
olutions.

The limit of quantification (LOQ) for impurities E and J was
stablished applying EURACHEM method, where LOQ is cal-
ulated when RSD value is equal to 10%. Nevertheless, that is an
pproach, because the actual LOQ was established by validating
he method to the lower level (0.05%). The detection limit (LOD)
as calculated by means of the relation LOD = (3/10) × LOQ

nd checked experimentally.
Response factors for impurities E and J, relative to ibuprofen,

ere calculated by running ten times a mixture containing the
mpurities plus ibuprofen at 0.2%.
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Standard stability was tested by running the same sample,
corresponding to the medium point in the linearity assay, during
3 days and with the same mobile phase. Between runs, solutions
were stored at room temperature. The initial area was considered
100% and recoveries in the following days were evaluated.

3. Results and disscusion

In order to obtain an adequate resolution for aginine, ibupro-
fen, impurities and excipients in a single run, with isocratic
conditions, and without employing ion-pairing reagents, several
stationary phases were tested. Preliminary assays were devel-
oped only with arginine, ibuprofen and impurity E, which were
representative compounds of the analytical problem: the chro-
matographic separation of a mixture of acidic, neutral and basic
compounds with diverse polarities. Different columns were
checked at an intermediate situation 50:50 (v/v) 20 mM phos-
phate solution (pH 4.6): acetonitrile.

Columns with polar reverse phase stationary phases, such
as the new polyethyleneglycol and pentafluorophenyl, or the
classical cyano yield more efficient analysis when separating a
mixture of compounds with widely varying polarities, reduc-
ing the analysis time and minimizing the necessity of gra-
dient elution. They provide a balance of retention for polar
and non-polar compounds in reversed-phase chromatography,
with higher retention for more polar compounds while lower
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Fig. 2. Comparative behaviour of arginine, ibuprofen and impurity E on
different stationary phases. Chromatographic conditions: phosphate solution
20 mM (pH 4.6)/acetonitrile 50:50 (v/v). UV detection at 210 nm. Col-
umn: A—Discovery C18 150 mm × 4.6 mm 5 �m, flow rate 0.8 mL/min;
B—Discovery CN 150 mm × 4.6 mm 5 �m Flow rate 0.8 mL/min; C—Agilent
Zorbax SB-CN 150 mm × 3 mm 5 �m, flow rate 0.4 mL/min; D—Discovery
HS PEG 150 mm × 4.6 mm 5 �m, flow rate 0.8 mL/min; E—Discovery Zr
CARBON 150 mm × 4.6 mm 5 �m Flow rate 0.8 mL/min; F—Discovery Zr
CARBON C18 150 mm × 4.6 mm 5 �m, flow rate 0.8 mL/min; G—Discovery
Zr PBD 250 mm × 4.6 mm 5 �m, flow rate 1.0 mL/min; H—Discovery HS
F5 150 mm × 4.6 mm 5 �m. Flow rate 0.8 mL/min; I—SUPELCOSIL LC-
NH2 150 mm × 4.6 mm 3.5 �m, flow rate 0.8 mL/min; J—Agilent SB-C18

250 mm × 4.6 mm 5 �m, flow rate 1.0 mL/min.

The results for 50:50 (v/v) 20 mM phosphate solution (pH
4.6): acetonitrile are shown in Fig. 2. CN columms from Supelco
and Agilent were discarded because arginine eluted in the void
volume. Poly(ethyleneglycol) column was discarded because
arginine was too near to the dead volume and no resolution
was obtained between ibuprofen and impurity E. Zr CARBON,
Zr CARBON C18 and Zr PBD were also discarded because
arginine eluted prior to the dead volume, in this group of
columns the best ratio and values in retention times was for
Zr PBD column. Pentafluorophenyl HS F5 column showed
good retention for arginine, but later assays reveal no reso-
lution between ibuprofen and impurity B in a reasonably run
time, in addition low peak efficiency was obtained for all the
compounds.

SUPELCOSIL LC-NH2 was the only column assayed that
presented a successful retention for arginine, nevertheless not
enough resolution was obtained for ibuprofen and impurity E.

Finally, the results for ODS columns were predictable: no
retention for arginine and successful separation for ibuprofen
and impurity E. When comparing Discovery C18 from Supelco
and Stable Bond-C18 from Agilent, better symmetry for ibupro-
fen peak was observed in Stable Bond-C18 column.

Later on, other mobile phases with different pHs were
assayed. No improvement was obtained in the separations with
the different columns tested, except for Stable Bond-C18 at pH
3.0 analysing ibuprofen and its impurities. It can be justified
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etention to more hydrophobic compounds. Our group has
xperience in method development with this type of columns
21–24]. Therefore, different columns were tested follow-
ng such strategy: a Discovery cyanopropyl 150 mm × 4.6 mm
�m; Agilent Zorbax SB-CN 150 mm × 3 mm 5 �m, described
y the manufacturer as a densely covered, sterically pro-
ected, diisopropyl cyanopropyl stationary phase, not end-
apped; Discovery HS PEG 150 mm × 4.6 mm 5 �m (bonded
hase: CH3CH2CH2 O (CH2CH2 O )nCH2 ) offers faster
eparations of polar compounds compared to C18 phases; Dis-
overy HS F5 150 mm × 4.6 mm 5 �m provides reversed-phase
eparations that are distinctly different from C18 columns.

Furthermore, new materials supports have been devel-
ped such as zirconia improving the poor chemical and
hermal stability that silica provides. These properties allow
he application of extremes values of pH and temperatures.
herefore, different zirconia columns were tested: Discov-
ry Zr CARBON 150 mm × 4.6 mm; Discovery Zr CAR-
ON C18 150 mm × 4.6 mm 5 �m and Discovery Zr PBD
50 mm × 4.6 mm 5 �m.

Finally, two ODS bonded phases were also included in
he development: an Agilent SB-C18 250 mm × 4.6 mm 5 �m,
hich includes the stable bond performance and another one
ith shorter length Discovery C18 150 mm × 4.6 mm 5 �m, end-

apped. A SUPELCOSIL LC-NH2 150 mm × 4.6 mm 3.5 �m
as also tested.
Different flow rates were employed for the columns assayed:

mL/min for 5 �m, 4.6 mm × 250 mm columns, 0.8 mL/min for
�m, 4.6 mm × 150 mm columns and 0.4 mL/min for 5 �m,
mm × 150 mm columns in order to obtain an equivalent sit-
ation.
ith the pKa value for ibuprofen (pKa = 4.41, [1]). At pH 3,
he carboxylic groups are not ionised and the compounds are

ore retained in an ODS column. On the other hand, SUPEL-
OSIL LC-NH2 showed a better performance for arginine at pH
.0, corresponding with the lower ionisation degree in the range
ssayed. It is difficult to establish in this type of columns if it can
e justified by a predominant normal phase performance or an
ncrease in the ionisation degree of free silanols that increases
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Fig. 3. Influence of solvent strength (% acetonitrile) in the separation of ibupro-
fen, arginine and impurities (B, E and J) in the tandem column system. Chro-
matographic conditions: phosphate buffer 20 mM pH 3.0/acetonitrile (50:50;
45:55 and 40:60) (v/v). Flow rate 0.8 mL/min.

the ion-exchange mechanism. Nevertheless, this pH was not ade-
quate for the other compounds.

Summarizing, reasonable results were obtained but with dif-
ferent stationary phases. The SUPELCOSIL LC-NH2 stationary
phase is able to retain arginine, with a retention performance
equivalent to normal phase for this compound, meanwhile, it
did not retain either the ibuprofen or its impurities. On the
other hand, the Stable Bond-C18 stationary phase provided an
optimum separation for ibuprofen and its impurities, without
significant interaction with arginine.

For these reasons the possibility of achieving the separation
working with two columns coupled in line was checked, expect-
ing to reproduce the advantages of each column individually,
with the advantages that it poses.

All the analytes were then injected in the tandem column sys-
tem. Fig. 3 shows the resulting separation obtained at different
compositions of organic solvent in the mobile phase (phosphate
buffer 20 mM pH 3.0/acetonitrile). As can be seen, arginine had
an opposite behaviour with regard to ibuprofen and its impu-
rities, while ibuprofen and its related compounds were less
retained increasing the solvent strength, the of retention time
arginine raised. The elution order correlated well with the log P
values (Table 1), although the pH in the mobile phase was dif-
ferent from the one employed in the log P approach.

Fig. 4 presents the separations of a mixture at 2% level of
ibuprofen theoretical concentration in real samples obtained
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Fig. 4. Chromatograms showing the separation of arginine (1), ibuprofen (3),
impurity J (2), impurity B (4) and impurity E (5) on (A) ZORBAX SB-C18
column (250 mm × 4.6 mm and 5 �m), (B) SUPELCOSIL LC-NH2 column
(150 mm × 4.6 mm and 3 �m).) (C) Tandem combination of ZORBAX SB-C18
column and SUPELCOSIL LC-NH2 column. Experimental conditions: phos-
phate buffer 20 mM (pH 3.0)/acetonitrile 41:59 (v/v); flow rate, 0.8 mL/min,
UV detection, 210 nm and oven temperature 40 ◦C). Excipients profile super-
imposed in all cases. Every compound is at 2% level of ibuprofen theoretical
concentration in real samples.

UV detection, 210 nm for arginine and impurities and 264 nm
for ibuprofen, oven temperature was kept at 40 ◦C. Fig. 5 shows
the profile of a real sample at the quantification level and with
the impurities spiked at 2% level.

Validation has been performed following ICH guidelines
[25–28] with standards and ibuprofen arginate sachets. Vali-
dation parameters are summarised in Table 1. Impurity B was
included to test the selectivity of the method, but it was not con-
sidered for quantification because it comes from the synthesis
and it is not a degradation product.
hen working with each column individually and after apply-
ng the tandem system under the method conditions. Notice that
ifferent selectivity was obtained from Gasco-Lopez et al. [6],
s in their work, impurity B eluted prior to ibuprofen, whereas
pposite result was obtained in the present method. This phe-
omenon could be due to the different bonded phase coverage
BPC) and the related chain selectivity. Zorbax with a BPC value
f 3.47 �mol/m2 allows higher interaction with the butyl chain
n impurity B than with the isobutyl in ibuprofen and the opposite
appens with Hypersil, with BPC 2.84 �mol/m2.

The final optimization of the mobile phase was tackled con-
idering the excipients, which can be a complex mixture with
V absorbing compounds in sachet formulations. The best con-
itions to avoid interference with the excipients and the higher
esolution in the shortest time were found at phosphate buffer
0 mM (pH 3.0)/ acetonitrile 41:59 (v/v). Flow rate, 0.8 mL/min,
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Table 1
Main validation parameters for ibuprofen, arginine and impurities E and J

Quantification range Impurities range

Ibuprofen Arginine Ibuprofen Impurity J Impurity E

Standards linearity
Intercept ± L.C. 52 ± 22 361 ± 40 0.62 ± 0.78 −1201 ± 1263 −538 ± 2313
Slope ± L.C. 2600 ± 36 4391 ± 71 28962 ± 243 71656.1 ± 386.5 110332 ± 776
r 0.9999 0.9997 0.9999 0.999 0.999

Range (mg/mL) 0.4512–0.7579 0.4158–0.6985 0.0003–0.0063 0.0002–0.0058 0.0003–0.0064

Sample linearity
Intercept ± L.C. −14 ± 3 270 ± 7 1.5 ± 0.9 −3824 ± 9151 −3306 ± 13145
Slope ± L.C. 2688 ± 3 4586 ± 8 29940 ± 309 68844 ± 2801 107026 ± 4410
r 0.9998 0.9998 0.999 0.999 0.999

Accuracy % recovery 600
Standard 100.00 99.99 99.93 99.77 100.06
RSD (%) 0.23 0.44 2.01 1.17 1.83

Sample 100.00 100.00 105.47 96.86 96.62
RSD (%) 0.36 0.26 1.26 2.63 4.03

Accuracy % recovery 400
Standard 100.00 100.00 99.93 99.77 100.06
RSD (%) 0.15 0.29 2.01 1.17 1.83

Sample 100.00 98.01 105.47 96.86 96.62
RSD (%) 0.59 0.64 1.26 2.63 4.03

Standards precision instrumental
Intra-assay

Mean (mg/mL) 0.60 n = 10 0.55 n = 10 0.0012 n = 6 0.0012 n = 10 0.0013 n = 9
RSD (%) 0.10 n = 10 0.20 n = 10 0.87 n = 6 0.73 n = 10 0.63 n = 9

Intermediate
Mean (mg/mL) 0.60 n = 20 0.55 n = 20 0.0013 n = 12 0.0012 n = 20 0.0013 n = 19
RSD (%) 0.17 n = 20 0.39 n = 20 1.05 n = 12 2.18 n = 20 2.15 n = 19

Standards precision method
Intra-assay

Mean (mg/mL) 0.60 n = 10 0.55 n = 10 0.0013 n = 10 0.0012 n = 10 0.0013 n = 10
RSD (%) 0.42 n = 10 0.29 n = 10 1.38 n = 10 1.36 n = 10 1.36 n = 10

Intermediate
Mean (mg/mL) 0.60 n = 20 0.55 n = 20 0.0013 n = 20 0.0012 n = 20 0.0013 n = 20
RSD (%) 0.59 n = 20 0.84 n = 20 3.30 n = 20 3.98 n = 20 1.92 n = 20

Samples precision method
Intra-assay

Mean (mg/mL) – n = 10 – n = 10 0.0012 n = 10 0.0012 n = 9 0.0013 n = 9
RSD (%) 0.84 n = 10 1.26 n = 10 1.39 n = 10 2.03 n = 9 2.33 n = 9

Intermediate
Mean (mg/mL) – n = 19 – n = 19 0.0013 n = 20 0.0012 n = 19 0.0013 n = 19
RSD (%) 1.29 n = 19 1.66 n = 19 2.68 n = 20 5.83 n = 19 2.90 n = 19

Forced degradation was conducted to validate the stability
indicating power of the analytical method used. The results of
this test demonstrated that potential degradation products could
emerge throughout long-term stability assays. Degradants were
only observed with heat degradation as can be seen in Fig. 6,
impurities E and J were identified by retention time and their
UV–vis spectrum, respectively.

Standards showed a good linearity as much for ibuprofen
and arginine in the quantification range as for ibuprofen and

impurities E and J in the low range (Fig. 7), with correla-
tion coefficients over 0.999. A small bias was found in the
regression line for ibuprofen in both ranges and arginine in the
quantification range, because the intercepts with their limits of
confidence did not include the zero value. Nevertheless, although
it was statistically significant it showed no practical effect on
the recovery, as the possible error was under a 2%. This sys-
tematic error can be admitted in the routine application of the
method.
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Fig. 5. Chromatograms corresponding to a sample containing ibuprofen, argi-
nine and excipients at the quantification level and spiked with impurities at 2%
of the ibuprofen concentration. Detection at 210 and 264 nm.

It must be pointed out that the objective of validating the
method at impurity level for ibuprofen was to use a dilu-
tion of the standard to quantify the impurities with the cor-
responding response factors, when these impurities are not

Fig. 6. Chromatograms corresponding to: (a) ibuprofen standard (discontinuous
line); (b) ibuprofen heat degradation. UV detection performed at 210 nm. Peak
identification: 1, impurity J; 2, ibuprofen; and 3, impurity E.
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Table 2
Limits of detection and quantification for impurities assayed

Assay Compound Concentration (�g/mL) Concentration (%)

LOD
Impurity J 0.006 0.001
Impurity E 0.02 0.003

LOQ
Impurity J 0.02 0.003
Impurity E 0.05 0.009

available. Response factors obtained for the different impurities
related to ibuprofen were 0.74 and 0.53 for impurities E and J,
respectively.

RSD values were low enough to consider the method pre-
cise as much for standards as for ibuprofen arginate sam-
ples. Recoveries do not statistically differ from 100 % (t-test,
p < 0.05) in any case. Limits of detection and quantification
are summarised in Table 2. Real limit of quantification of the
method is the lower concentration value where it has been
validated and therefore, it is 0.05% for all the compounds.
Limits of detection were under the necessary values for the
method.

Finally, for stability of the standards the recovery after 3 days
was 100.0% with a RSD value of 0.97% for ibuprofen and 1.19%
for arginine. Therefore, the standards can be considered sta-
ble for at least 72 h when kept in solution at room tempera-
ture.

Although a formal robustness assay has not been developed,
this method has been applied over 6 months in a pharmaceutical
formulation and it has always passed the system suitability test.
Furthermore, the method has been validated and implanted in
two different chromatographic systems and it has passed the
criterion demanded.

4. Conclusions

p
t
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ig. 7. Chromatogram showing ibuprofen and related impurities at impurities
ange concentration (at 0.2% of the theoretical concentration in real samples)
eparation. Peak identification: 1, impurity J; 2, ibuprofen; and 3, impurity E.
onditions: phosphate buffer 20 mM (pH 3.0)/acetonitrile 41:59 (v/v). Flow rate,
.8 mL/min, UV detection, 210 nm and oven temperature 40 ◦C.
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A tandem combination of two different stationary phases has
rovided the development of an HPLC method with UV detec-
ion for a mixture including polar and less polar, acid and basic
ompounds in a single run. This innovative method allows the
eparation of arginine, ibuprofen and impurities B, E and J under
socratic conditions and avoiding the employment of ion-pairing
eagents, in less than 20 min of total run, saving time and sol-
ents.

The method has been validated and it has been shown that it
s reliable, being linear, accurate and precise both in upper and
ower concentration range. Therefore, it can be applied for quan-
ification of the active compound, and its impurities. Finally, the
alidity of the method has been proved by applying it to samples
hroughout lon-term stability assays.
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