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ABSTRACT

A simple, rapid, precise, accurate, rugged and robust stability-indicating ultra-fast high performance liquid chroma-
tographic (UHPLC) method has been developed for the estimation of related compounds (imp-A, imp-B, imp-C, imp-D
and imp-E) in Naproxen and also the assay of Naproxen from bulk drug samples. The stability indicating capability of
the method was proven by subjecting the samples to stress conditions such as acid, base, oxidation, photolysis and
thermal degradation. The efficient chromatographic separation was achieved using mobile phase solution A prepared as
buffer solution 10 mM monobasic potassium phosphate pH 4.0 + 0.05 adjusted with diluted ortho phosphoric acid so-
lution and solution B acetonitrile with linear gradient elution on poroshell 120 EC-C18 shot column (50 mm % 4.6 mm,
2.7 um) and UV detection at 235 nm at a flow rate 1.0 mL/min, column oven temperature was set to 25°C. The above
are all known impurities and degradation impurities are well resolved with Naproxen peak and these are eluted within a
10 min runtime of HPLC. The photo diode array detector was used for peak homogeneity testing during stress study
experiments and the overall mass balance was found to be 99.2% to 100.2% in all stress conditions. The linear ca-
libration range was found to be 0.05 ng/mL to 0.75 pg/mL for related compounds and 50 pg/mL to 150 pg/mL for Na-
proxen and the accuracy of the method was found to be 91.5% to 98.5% recovery for the related substance method and
95.4% to 97.4% recovery for the assay method. The Naproxen and related compounds were found to be stable up to 48
hours and the method validation data show excellent results for precision, linearity, specificity, limit of detection, limit
of quantitation and robustness. The present method can be successfully used for routine QC and stability studies and it
will help to reduce the analysis cost, time and effluent load compared to conventional HPLC methods.
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1. Introduction larly through the ICH. It is also recommended by ICH
that all routine impurities at or above 0.10% level should
be identified through appropriate analytical methods [2-
4]. Naproxen is cited in the European Pharmacopoeia to
have contamination by compounds A, B, D, E [5,6] and
Imp-C is likely to be present in the preparation of Napro-
xen by using asymmetric hydrogenation step process [7].
A survey on literature reveals that many chromatographic
methods have been reported for the determination of Na-
proxen in raw material [8], tablets [9,10], plasma [11-13],
urine [14], intestinal perfusion samples [15] and pharma-
ceutical preparations [16]. However, no stability indica-

Naproxen is chemically,

(S)-6-methoxy-a-methyl-2-naphthaleneacetic acid as so-
dium salt [1]. The molecule is a non-steroidal anti-in-
flammatory drug commonly used for the reduction of
moderate to severe pain, fever, inflammation and stiff-
ness. It works by inhibiting both COX-1 and COX-2 en-
zymes, like other NSAIDs, Naproxen is capable of pro-
ducing disturbances in the gastrointestinal tract. Regula-
tory requirements for the identification, qualification and
control of impurities in drug substances and their formu-

lated products are now being explicitly defined, particu-

*Corresponding author.
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ting UHPLC method is reported for estimation of related
compounds and assay of naproxen from bulk drug samples.
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In the present investigation, current chromatographic
technology (UHPLC) method has been developed and
described for the simultaneous estimation of related com-
pounds and Naproxen in bulk drug samples and the sam-
ples were subjected to stress studies. The present vali-
dated [17] stability indicating method can be used as an
alternative method for routine quality control and stabili-
ty study of bulk drug manufacturing samples.

2. Material and Methods
2.1. Materials

Working standard of Naproxen and related impurities
were synthesized and further confirmation was perform-
ed by using spectral techniques (NMR, MASS, IR & UV)
and bulk drug samples are obtained from Ecologic Te-
chnologies Limited (Hyderabad, India) for this entire stu-
dy. A chemical structure of Naproxen and related com-
pounds are shown in Figure 1. Gradient grade acetoni-
trile, potassium dihydrogen orthophosphate, orthophospho-
ric acid HPLC grade (Merck, India) was used and HPLC
grade water was obtained by Millipore water purification
system.

2.2. Instrumentation

The ultra-high performance liquid chromatographic
(UHPLC) system was used model of Agilent 1260 Infin-
ity series with a diode array detector (quaternary pump:
G1311B, column thermostat: G1316B, Auto sampler with
cooler: G1329B & G1330B and detector: G4212B) for
method development, validation and stress study experi-
ments, the chromatographic data and peak purity of the
Naproxen was tested by using Chemstation DAD software
(Agilent Technologies, Clara, US). A column poroshell
120 EC C18 UHPLC column was manufactured by Agilent

(Agilent Technologies, Clara, US).

2.3. Methods

2.3.1. Chromatographic Conditions

The chromatographic separation was achieved on poroshell
120 EC-C18 UHPLC column (50 mm X 4.6 mm, 2.7 pm)
using solvent A as 10 mM potassium dihydrogen ortho-
phosphate buffer pH 4.0 £ 0.05 adjusted with diluted
ortho phosphoric acid and solvent B as acetonitrile with a
linear gradient programme: time (min)/% B is 0/25, 8.0/
75, 8.5/25 and 10/25 at flow rate of 1.0 mL/min with UV
detection of 235 nm, column temperature was maintained
at 25°C using 5.0 pL injection volume.

2.3.2. Standard Solution

Standard solution was prepared by dissolving Naproxen
working standard equivalent to 50 mg in 60 mL of ace-
tonitrile and then diluted to 100 mL to get a solution of
concentration 500 pg/mL with the same solvent.

The above solution was further diluted to get a solu-
tion of concentration 100 pg/mL of Naproxen used for
assay determination and mass balance study during stress
study experiments.

Similarly stock solutions of related compounds were
prepared individually to get a solution of concentration
100 pg/mL with acetonitrile solvent. The stock solutions
were further diluted and used for related substances de-
termination.

2.3.3. Estimation of Naproxen and Related
Compound from Bulk Samples

The composite sample of Naproxen from bulk material

taken an amount of 50 mg was transferred to dried 100

mL volumetric flask. Dissolved and diluted to 100 mL

with acetonitrile related substances determination.

OH
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(b) Impurity-A: 2-(6-hydroxynaphthalen-2-yl) ~ (c) Impurity-B: 1-(6-methoxynaphthalen-2-yl)
propanoic acid (process impurity) ethanol (Degradant impurity)

oo oo JOC

(d) Impurity-C: 2-(6-methoxynaphthalen-2-yl)
acrylic acid (process impurity)

(a) Naproxen

(e) Impurity-D: 1-(6-methoxynaphthalen-2-yl)
ethanone (Metabolite)

(f) Impurity-E: 2-methoxynaphthalene
(Carry forward impurity)

Figure 1. Chemical structure of Naproxen and itsrelated substances.
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During stress studies experiments, the sample solution
was further diluted to get a solution of concentration 100
pug/mL for assay and peak purity measurements.

2.4. Validation Parameters

2.4.1. Specificity/Selectivity

Specificity of the method was evaluated by injecting the
blank, individual related compound, sample solution was
prepared by spiking related compounds at 0.1% level of
test concentration (i.e., 500 pg/mL) and injected as sys-
tem suitability test (SST) into UHPLC.

2.4.2. Forced Degradation (Stress Testing)

To further evaluate the stability indicating power of the
analytical method, Naproxen was subjected to stress test-
ing as per ICH recommended test conditions. The sample
was subjected to base hydrolysis using 0.5 N sodium hy-
droxide solution and acid hydrolysis by using 0.5 N hy-
drochloric acid; oxidation by using 5% v/v solution of
hydrogen peroxide; thermal and photolysis.

The objective of the stress study was to generate de-
gradation products under various stress conditions. For
acid, base and oxidation degradation study period was up
to 6 h, thermal and photolysis study period was 7 days
and 11 days respectively. The spectral purity of the main
peak was evaluated using photodiode array detector and
overall mass balance was calculated in each stress study
experiment.

2.4.3. Precision

Six solutions were prepared containing Naproxen (500
pg/mL) with related compounds at 0.1% level of test
concentration (i.e., 500 pg/mL) and injected into chro-
matographic system. The value of %RSD was calculated
considering peak area of Naproxen and each related com-
pound. Similarly, intermediate precision of the method
was also evaluated by another analyst, on a different day
in the same laboratory.

2.4.4. Limit of Detection and Limit of Quantitation
The limit of detection (LOD) and limit of quantitation
(LOQ) for Naproxen and related compounds were deter-
mined. Precision study was also carried out at the LOQ
level by injecting six (n = 6) individual preparations and
calculated %RSD for Naproxen and each related com-
pound.

2.4.5. Linearity

Linearity test solutions for the assay method were per-
formed from 25% to 150% (i.e., 25, 50, 75, 100 and 150
pg/mL). The responses were measured as peak areas and
plotted against concentration. Similarly linearity test so-

Copyright © 2013 SciRes.

lutions for the related substances method were performed
from LOQ to 150% at impurity level (i.e., LOQ, 0.025%,
0.05%, 0.075%, 0.10%, 0.125% and 0.15%). The calibra-
tion curve was drawn by plotting the each impurity peak
area versus its corresponding concentration. The correla-
tion co-efficient, slope and Y-intercept was measured for
Naproxen and also each impurity.

2.4.6. Accuracy

The accuracy of the assay method was evaluated in trip-
licate (n = 3) at the concentration levels of naproxen 50,
100 and 150 pg/mL (50%, 100% and 150%) and the %
recovery was calculated at each level. Similarly accuracy
of the related substances method was evaluated in tripli-
cate (n = 3) at the concentration levels of each related
compound 0.25, 0.5 and 0.75 pug/mL (50%, 100% and
150%) and the % recovery was calculated for each re-
lated compound.

2.4.7. Robustness

The robustness of the method was determined as a meas-
ure of the analytical method capability to be unaffected
by small variation in method parameters. The different
variations such as variation in flow rate by + 0.1 mL/min,
variation in column temperature by + 5°C; variation in
composition of mobile phase + 10% (in terms of organic
component) and variation in pH of buffer by = 0.1 units.
At these changed conditions the system suitability was
evaluated at each condition.

2.4.8. Stability of the Solution

A sample solution of assay method and related substance
method was checked at different time intervals up to 48 h
by keeping the solution at room temperature and calcu-
lated cumulative %RSD for the peak area of naproxen
and its related compounds.

3. Results and Discussion
3.1. Method Development

The main objective of the method is to develop a common
chromatographic method for the estimation of naproxen
and related compounds from bulk drug samples. As na-
proxen is containing acidic functional group (-COOH), so
pH of the buffer solution was chosen in acidic medium as
phosphate buffer and various trials were attempted in
different buffer pH conditions (i.e., 2.0, 3.0, 3.5, 4.0 and
4.5) on various columns. At these chromatographic con-
ditions, the resolution between impurity-C and naproxen
is more than 2.0 was observed at buffer pH 4.0 condition.
Further fine-tuned and downscale the method into UHPLC
method by using chromatography conversion tool. Effi-
cient chromatographic separation was achieved on above
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described method section. A typical blank and system
suitability chromatogram is given in Figures 2(a) and

(b).
3.2. Specificity/Selectivity

There was no interference from the blank and also from
the related compounds at the retention time of naproxen
peak. The peak purity data shows the peaks are pure and
there was no co elution found at the retention time of na-
proxen and related compound peaks. The obtained SST

289

results are given in Table 1.

3.3. Forced Degradation (Stress Testing)

The percentage of total degradation in acid hydrolysis,
oxidation is observed 0.50 & 0.24 respectively and there
was no degradation found in other stress conditions dur-
ing the study period. Peak purity was passing in all the
stressed samples and also well separation was observed
degradation products from the naproxen. The results of
stress studies are tabulated in Table 2.
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Figure 2. (a) A typical blank chromatogram; (b) A system suitability chromatogram.
Table 1. System Suitability Test (SST) results.

Name Retention time (fz) in min tar}}geesr?tl ﬁi:t?léd&()[?gp) USP theoretical plates USP tailing factor (T)
Impurity-A 2.56 - 8262 1.10
Impurity-B 4.43 17.2 28622 1.08
Impurity-C 4.71 2.9 36266 1.15
Naproxen 5.00 2.8 39362 0.97
Impurity-D 5.75 6.8 40163 1.00
Impurity-E 7.23 12.1 49492 1.04

Copyright © 2013 SciRes.
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3.4. Precision

The %RSD of assay of naproxen during assay method
precision study was well within 1.0 and %RSD of content
of related compound during related substance method
precision study was below 3.5. The %RSD of assay of
naproxen results is obtained in the intermediate preci-
sion less than 1.0 and the related substance method was
found to be less than 3.1. Precision results are given in
Table3.

3.5. Limit of Detection and Limit of Quantitation

The LOD and LOQ for naproxen and related compounds
were found to be less than 0.03 pg/mL. LOQ & LOD re-
sults are given in Table 3.

3.6. Linearity

The obtained calibration curve by least square regression
analysis between peak areas versus concentration is showed
linear relationship with correlation coefficient of 0.9998
for naproxen and >0.9975 respectively for related com-
pounds.

The linear calibration range was found to be 25 to 150
pg/mL for naproxen and LOQ to 0.75 pg/mL for each
related compound. The results are demonstrating that an
excellent correlation existed between the peak area and
concentration, linear regression least square curve ob-
tained results are given in Table 3. The calibration curve
was shown in Figure 3.
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Figure 3. Linearity plot of naproxen.

Table 2. Results of stress studies.

S.No. Stress conditions Duration (‘,A/Oiii};) Tota(lu/ior:rp:;;ities Ma(i;]\l:x:;l ce
1. Acid hydrolysis using 0.5 N HCI 6h 99.2 0.50 99.7
2. Base hydrolysis using 0.5 N NaOH 6h 99.8 ND* 99.8
3. Oxidative degradation using 5% H,0, 6h 99.2 0.23 99.4
4. Photolytic degradation—controlled 7 days 99.3 ND* 99.3
5. Photolytic degradation—uncontrolled 7 days 100.1 ND* 100.1
6. Thermal degradation at 80°C 7 days 99.8 ND* 99.8
“Not detected.
Table3. LOD, LOQ, regression and precision data.
Parameter Naproxen Imp-A Imp-B Imp-C Imp-D Imp-E
LOD (pg/mL) 0.005 0.01 0.009 0.003 0.002 0.01
LOQ (pg/mL) 0.015 0.03 0.025 0.01 0.005 0.03
Regression equation
Slope (m) 70.6 341.8 354.2 253.7 150.8 265.7
Intercept (c) —26.89 1.27 1.25 —0.98 —0.56 —0.63
Correlation coefficient 0.9999 0.9984 0.9986 0.9978 0.9985 0.9975
Y-intercept at 100% level 0.38% 3.6% 3.5% 3.8% 3.7% 2.3%
Method precision® 0.06% 0.91% 0.88% 3.4% 3.1% 1.9%
Intermediate precision® 0.25% 1.5% 0.98% 3.1% 2.8% 2.2%

“Six determinations spec level impurities with respect to analyte concentration (500 pg/mL) and 100 pg/mL for assay of Naproxen.

Copyright © 2013 SciRes.
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3.7. Accuracy

The accuracy of the assay method was determined in per-
centage of recovery of Naproxen from bulk drug samples
ranged from 99.5 to 100.3. The % recovery of the five
impurities from bulk drug samples is ranged from 91.5%
to 98.5% and the obtained results are shown in Table 4.

3.8. Robustness

In all the deliberate varied chromatographic conditions
(flow rate, column temperature, pH variation and com-
position of organic solvent), all analyte and impurity
markers were adequately resolved and also elution order
remains unchanged. The resolution between critical pair
was greater than 2.0 and tailing factor of Naproxen peak
was found be less than 1.5. According to robustness ex-
perimental results (Table 5), the developed UHPLC me-
thod is showing robust for the determination of Naproxen
and its related compounds from the bulk drug samples.

3.9. Solution Stability

The RSD percentage of naproxen and its related com-
pound peak areas were found be less than 1% and 5%
respectively. The stability of naproxen sample solution
by assay method and also related substances method was
stable up to 48 h.

4. Conclusion
The developed analytical UHPLC method is rapid, sim-

Table 4. Results of accuracy for related substance and assay.

Name Level Amount added Amount recovered % Recovery

(%) in pg/mL in pg/mL
50 0.365 0.341 93.4
Imp-A 100 0.733 0.708 96.5
150 1.093 1.009 923
50 0.376 0.365 97.1
Imp-B 100 0.753 0.742 98.5
150 1.123 1.085 96.6
50 0.386 0.369 95.6
Imp-C 100 0.772 0.755 97.8
150 1.157 1.129 97.6
50 0.369 0.338 91.6
Naproxen® 100 0.738 0.711 96.3
150 1.107 1.013 91.5
50 0.399 0.373 93.4
Imp-D 100 0.798 0.732 91.7
150 1.197 1.111 92.8
50 0.380 0.368 96.8
Imp-E 100 0.759 0.738 97.2
150 1.139 1.087 95.4
50 0.380 0.368 96.8
Naproxen® 100 0.759 0.738 97.2
150 1.139 1.087 95.4

*unknown impurity level of naproxen w.r.t analyte concentration (500 pg/
mL), hAssay of naproxen concentration (100 pg/mL).

Copyright © 2013 SciRes.

Table 5. Results of robustness evaluation data.

Chromatographic Tailing  Theoretical

changes Resolution’ factor  plate count
Flow rate (mL/min)
0.9 3.1 0.97 38,353
1.1 2.6 0.91 37,952
Temperature (°C)
20 23 0.96 33,457
30 32 0.93 38,912
Buffer pH
3.9 2.4 0.96 35,353
4.1 3.9 0.82 37,105
Mobile phase composition (%)
23:77 2.6 0.92 36,258
27:73 32 0.92 39,157

"Resolution measured between Imp-C & Naproxen peaks.

ple, specific, rugged and stability indicating. Hence it can
be used as an alternative method for the determination of
naproxen and its related compounds from bulk drug sam-
ples of routine quality control analysis as well as stability
study analysis. This method is more sensitive and supe-
rior to the published methods since those are neither sta-
bility indicating nor sensitivity levels (i.e., observed LOQ
and LOD values are < 0.03 pg/mL) which are estimated
to be a low level and also it reduces analysis time, cost
and HPLC effluent.
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