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Abstract
A simple, very specific, and reliable HPLC method has been developed and validated for the
determination of naproxen sodium (NS) in poly(lactide-co-glycolide) (PLGA) (50:50) scaffolds. Efficient
chromatographic separation was achieved on a reverse phase column (ODS2 C18 200x4.6mm) with the
mobile phase consisted of methanol and acetate buffer (pH 5.1) (55:45 v/v) at a flow rate of 1 mL.min1 by
using fluorescence detector at 254 nm ex/ 352 nm em wavelength. The retention time was about 9.3 min.
Calibration curve was linear over the concentration range of 0.08-75 figmL1. The intra- and inter-day
precision relative standard deviation was 3.71 % or less, and the accuracy was within 2.96 % of the
nominal concentration. The developed HPLC method was successfully applied to quantitate NS in PLGA
(50:50) scaffolds.
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Naproksen Sodyumun Poli(laktid-ko-glikolid) Korneal Doku iskelelerinden
Miktar Tayini
Naproksen sodyumun poli(laktid-ko-glikolid) (PLGA) (50:50 )doku iskelelerinden tayini igin basit,
özgün ve güvenilir bir HPLC metodu geliştirilmiştir. Çahsmada ters faz kolon (ODS2 C18 200x4.6mm),
mobil faz olarak methanol ve asetat tamponu (pH 5.1) (55:45 v/v) kullamlmis, akis hızı 1 mL.dakikd1
olarak ayarlanmistır. Dedektör olarak 254 nm eksitasyon/ 352 nm emisyon dalga boyunda floresans
dedektör kullamlmistır. Naproksen sodyum igin ahkonma zamanı 9.3 dakika olarak bulunmuştur.
Kalibrasyon dogrusu 0.08-75 fig.mL 'derişim arahginda doğrusal olarak bulunmuştur. Gün igi ve günler
arası kesinlik igin bagil standart sapma değeri % 3.71 den, doğruluk igin bagil hata değeri % 2.96 dan
dusuk bulunmustur. Geliştirilen HPLC metodu naproksen sodyumun PLGA (50:50) doku iskelelerinden
miktar tayini igin başanyla uygulanmistır.
Anahtar kelimeler: Naproksen sodyum, PLGA, HPLC, Validasyon
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INTRODUCTION
The cornea is a transparent tissue in the eye that is responsible for the refraction of incoming
light and is a multilayered tissue made up of three major cell layers: the epithelium, the stroma,
and the endothelium (1). The epithelium may particularly be damaged by various diseases,
traumas, and injuries which brings the loosing of avascular and transparent structure to this
tissue. Furthermore, medication to control the damage of the cornea is usually the first line of
the treatment, but once medication will not halt or alter the damage, a corneal transplant is
considered. This surgical procedure involves the removal of the damaged tissue and
replacement with a healthy, donated human cornea (2). Currently, research on corneal
treatments are intensified on tissue engineering, and it could be a very important solution to the
serious corneal damages since it could overcome the present disadvantages of corneal
transplantation, primarily immune reaction and the shortage of the donor corneas (3). In order to
eliminate the pathological conditions and to regain natural function and structure of cornea such
as transparency and avascularity, corneal cell replacement and the treatment of the inflammation
occurred in the damaged area might be necessary. Therefore it is a promising approach to
support the formation of tissue by delivering cells and the anti-inflammatory drug to damaged
area (4).
The field of biomaterials developed in a new direction called tissue engineering, involves use
of cells and drugs together with biodegradable carriers (5-8). In tissue engineering, polymers
are used as temporary carriers for the cells and drugs. Polyesters are among the most widely
investigated polymers and poly(lactide-co-glycolide) (PLGA) (50:50) is a synthetic polymer
among the polymer family of poly(a-hydroxy esters) (9). It is a widely investigated and used
biodegradable and biocompatible polymer in biomaterial applications and known to be suitable
as a scaffold material due to its previous use in sutures and fixation devices; it is Food and Drug
Administration (FDA) approved and it can be formed into many architectures using a range of
fabrication techniques (10).
Naproxen sodium (NS) is a non-steroidal anti-inflammatory drug used to relieve moderate to
severe aches and pains (11-14). Most of its therapeutic activity is probably mediated through
prostaglandin synthesis inhibition (11,15-17). As an ophthalmic application, Papa et al. (18, 19)
reported that at a concentration rate of 0.2%, NS is able to decrease aqueous levels of proteins,
polymorphonuclear leukocytes and PGE2 following experimentally induced inflammation in
cornea.
Several chromatographic methods have been reported for determination of NS in raw
material (20), tablets (21-23), plasma (24-26), urine (27), intestinal perfusion samples (28) and
pharmaceutical preparations (29, 30). These methods used for the analysis of related compound
have been applied in the different chromatographic conditions including various mobile phases,
columns and detector systems (UV or fluorescence). Therefore, some of the above methods
have not only adequate retention (27), but also have not been formally validated (23).
Furthermore, these methods were not specific for the analysis of released NS from the matrix
(PLGA (50:50) scaffolds). Our previous studies showed that relatively close polarities of NS
and PLGA(50:50) related compounds made it difficult to separate and analyze NS without any
interference coming from the matrix components. Therefore, previous HPLC methods for the
determination of NS in tablets and various biological fluids could not be used for the separation
and quantification of NS in PLGA(50:50) scaffolds. In order to solve this problem, there was a
necessity to develop a new and rapid HPLC method for the quantitative analysis of released
drug from PLGA (50:50) scaffolds.
The aim of this study was to develop a new specific HPLC method used for the quantitation
of released NS from PLGA (50:50) scaffolds and to validate this analytical method. We intend
to formulate PLGA (50:50) scaffolds containing corneal epithelial cells and NS to treat severe
corneal injuries by the replacement of epithelial cells with avoiding rejection of tissue by using
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NS into the damaged, inflammatory area. The amount of NS in scaffolds will be determined by
the developed HPLC method and release of NS from the scaffolds will be quantified by this
analytical method.
EXPERIMENTAL
Materials
NS was donated by Abdi İbrahim (Turkey). PLGA (50:50) was commercially available as
Resomer RG 503 and was purchased from Boehringer-Ingelheim (Germany). Analytical reagent
grade sodium acetate trihydrate, calcium chloride dihydrate, sodium chloride and potassium
chloride were purchased from Merck (Germany). HPLC grade methanol and acetic acid were
supplied from Sigma Aldrich (Germany). High purity water was prepared by using Millipore
Milli-Q plus water purification system.
Methods
Chromatographic system and conditions
The HPLC system consisted of Waters 2690 Separations Module equipped with a Waters
2695 Fluorescence Detector (Waters, USA). The analytical column was a Waters Spherisorb
S10 ODS2 column (C18; 200x4.6mm; USA). The mobile phase comprised of methanol and
acetate buffer (pH 5.1) (55:45, v/v). Acetate buffer (1 L) consisted of 5.08 g sodium acetate
trihydrate and 6.3 mL of acetic acid (2 N), pH adjusted to 5.1. Before using the mobile phase, it
was mixed, degassed on an ultrasonic bath and then mobile phase filtered by a Millipore
vacuum filter system equipped with a 0.45 µm filter. The flow-rate of mobile phase 1 mL.min-1
at 30 °C. The fluorimetric detector was set at an excitation wavelength of 254 nm and emission
wavelength of 352 nm. At this wavelength, peak areas were measured and used for the
quantitative evaluations.
Preparation of standard solutions
Stock solution of NS (500 µg.mL-1) was prepared in simulated lacrimal fluid (SLF). SLF was
selected as the solvent because of its characteristics appropriate to a release medium for
ophthalmic formulations and was prepared consisting of 84 mg calcium chloride dihydrate, 1.4
g potassium chloride and 8.3 g sodium chloride for one liter, pH adjusted to 7.4 (31). Stock
solution was then diluted with SLF for the preparation of calibration standards. The calibration
solutions of NS were prepared in the concentration between the range of 0.08-75 µg.mL-1.
Preparation of scaffold samples for analyses
In order to determine the amount of NS in PLGA(50:50) scaffolds, the drug loaded scaffolds
were dissolved in 5 mL dichloromethane and 10 mL SLF was added to each scaffold. The
samples were then put on an ultrasonic bath for 30 minutes and centrifuged at 14000 rpm for 10
minutes. After centrifugation, the supernatants were separated and filtered through 0.45 µm
membrane filters and then injected to the HPLC column. The amount of NS in PLGA(50:50)
scaffolds was calculated through the peak area values by the calibration curve.
Analytical method validation
According to the International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH) guidelines, the method was validated in
terms of following parameters (32,33).
Specificity
Specificity was examined by analyzing the release medium and blank PLGA (50:50)
scaffold in the release medium.
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Linearity range
The linearity of an analytical procedure is its ability to obtain test results which are directly
proportional to the concentration of analyte in the sample (32). The calibration curves for NS
were constructed under optimum conditions and the linearity of the method was determined by
performing injections at seven different concentrations in the linear range over 3 different days.
Sensitivity
The sensitivity of the analytical method was evaluated by determining limits of detection
(LOD) and quantitation (LOQ). The signal-to-noise ratios of 3:1 and 10:1 were taken as LOD
and LOQ, respectively (32).
Precision and accuracy
Three different concentrations of standard NS (within the linear range) were analyzed three
consecutive days (inter-day precision) and within the same day (intra-day precision). The
relative standard deviation (RSD) and the bias of intra- and inter-day studies were calculated.
Stability
The standard stock solutions of NS were stored at +4 °C for 24 hours and protected from
daylight. During this period, it was analyzed periodically at 6, 12, 24 h.

RESULTS AND DISCUSSION
Method development and optimization
In order to prepare standard NS solution, NS was dissolved in SLF medium (1 μg.mL-1).
Blank or NS loaded PLGA (50:50) scaffolds (50 % w/v per scaffold) were suspended in tubes
containing 5 mL of SLF medium and incubated for 24 h at 37 °C in horizontal shaker in order to
obtain release samples. Afterwards, the tubes were centrifuged at 13500 rpm for 20 minutes and
the supernatants were filtered through 0,45 μm membrane filter to obtain release samples in a
clear solution form. Standard solution and the release samples were scanned in a UV-visible
spectrometer and all of them had UV maxima at around 230 nm. Hence detection at 230 nm was
selected for method development purposes. Several mobile phases (Table 1) were tried at this
wavelength to abstain the interference between PLGA (50:50) and NS peaks, but none of them
was achieved. In order to avoid this interference and reach to very low detection limit for NS to
implement in vitro release studies accurately, UV detector was changed with fluorescence
detector assuming that the polymer PLGA (50:50) did not have the fluorescence property.
Various mobile phase combinations indicated in the literature were tested with fluorescence
detector using an excitation wavelength of 230 nm and emission wavelength of 352 nm (Table
1). However, repeatedly none of the mobile phases at this wavelength had the ability to separate
the NS and PLGA(50:50) peaks. Finally, one mobile phase system consisting of acetate buffer
(pH 5.1) and methanol (45:55) were tried with fluorescence detector at a wavelength of 254 nm
ex/352 nm em and this method had been successful to separate the NS and PLGA(50:50) peaks.
In this method NS peak were obtained at a retention time of 9.3 min and there was no
interference of PLGA (50:50) with NS peak (Figure 1) and the tailing factor of the NS peak was
found 1.16.
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Table 1. Chromatographic conditions examined in our preliminary studies for the separation and determination of NS.

Column

Detector
(wavelength)

ODS2C18 column
(200x4.6mm)

PLGA (50:50)
-NS
separation

Mobile phase

Flow rate

Retention time

UV
(230 nm)

0.05M Phosphate Buffer (pH4.0): Methanol:
Acetonitrile
(50:20:30)

1 mL min"1

7.41min(NS)
7.36 min (PLGA)

Not possible

ODS2C18 column
(200x4.6mm)

UV
(254 nm)

0.05M Phosphate Buffer (pH4.0): Methanol:
Acetonitrile
(50:20:30)

1 mL min"1

7.39 min (NS)
7.34 min (PLGA)

Not possible

ODS2C18 column
(200x4.6mm)

UV
(270 nm)

0.05M Phosphate Buffer (pH4.0): Methanol:
Acetonitrile
(50:20:30)

1 mL min"1

7.45 min (NS)
7.39 min (PLGA)

Not possible

ODS2C18 column
(200x4.6mm)

UV
(230 nm)

Acetate buffer (pH 5.1): Methanol
(45:55)

1 mL min"

9.58 min (NS)
9.63 min (PLGA)

Not possible

ODS2C18 column
(200x4.6mm)

UV
(254 nm)

Acetate buffer (pH 5.1): Methanol
(45:55)

1 mL min"1

9.57 min (NS)
9.66 min (PLGA)

Not possible

ODS2C18 column
(200x4.6mm)

UV
(270 nm)

Acetate buffer (pH 5.1): Methanol
(45:55)

1 mL min"1

9.58 min (NS)
9.64 min (PLGA)

Not possible

0DS2C18 column
(200x4.6mm)

Fluorescence
(230nm)(ex)
(352 nm) (em)

Water (pH 3.2): Methanol: Acetonitrile
(35:15:50)

1 mL min"1

4.12 min (NS)
4.18 min (PLGA)

Not possible

ODS2C18 column
(200x4.6mm)

Fluorescence
(230nm)(ex)
(352 nm) (em)

Water (pH 3.2): Acetonitrile

1 mL.min"1

6.44 min (NS)
6.42 min (PLGA)

Not possible

ODS2C18 column
(200x4.6mm)

Fluorescence
(230nm)(ex)
(352 nm) (em)

Acetic acid (1%): Methanol: Acetonitrile
(40:20:40)

1 mL min"1

5.63 min (NS)
5.59 min (PLGA)

Not possible

Fluorescence
(270 nm) (ex)
(352 nm) (em)

Acetate buffer (pH 5.1): Methanol
(45:55)

ODS2C18 column
(200x4.6mm)

TO

1 mL min"1

9.6min(NS)
9.56 min (PLGA)

Not possible

TO

ODS2C18 column
(200x4.6mm)

ODS2C18 column
(200x4.6mm)

Fluorescence
(230nm)(ex)
(352 nm) (em)

Acetate buffer (pH 5.1): Methanol
(45:55)

Fluorescence
(254 nm) (ex)
(352 nm) (em)

Acetate buffer (pH 5.1): Methanol
(45:55)

1

1 mL min"

to
O

9.6min(NS)
9.65 min (PLGA)

Not possible
fa

1 mL min"1

9.3 min (NS)

Possible
(Only NS
peak)
to

fate
fa
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Method Validation
Specificity
The chromatogram obtained from NS containing PLGA(50:50) scaffold was identical with
that obtained from the blank scaffold containing PLGA(50:50). The representative
chromatograms (Fig 1) show no other peaks on the retention time of NS. Accordingly, the
proposed method could be considered selective.
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Figure 1. The chromatogram obtained in optimum conditions (a: release medium;
b: PLGA(50:50) containing blank scaffold in release medium; c: NS containing
PLGA(50:50) scaffold in release medium.
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Linearity Range
The peak areas of NS were plotted against the corresponding nominal concentration to obtain
calibration graph. The peak shapes and symmetries were worsened after injection of 75 μg mL-1
concentration of the compound. Thus, the method was evaluated linear in the range of 0.08 to
75 μg mL-1 for NS. The regression equation data are given in Table 2.
Sensitivity
The values of LOD and LOQ for NS were 0.03 μg mL-1 and 0.08 μg mL-1, respectively, and
are given in Table 2.
Table 2. Linearity data of the developed HPLC method (n=6)
Regression equationa
y = 5.3640x109x + 5.7410 x109
Standard error of intercept

2.3029 x108

Standard error of slope

2.4239 x107

Correlation coefficient

0.9996
-1

a

Linearity range (μg mL )

0.08 - 75

Number of data points

7

LOD (μg mL-1)

0.03

LOQ (μg mL-1)

0.08

where y is peak area and x is concentration in μg mL-1 of NS

Precision and Accuracy
The relative standard deviation (RSD) and the bias of intra- and inter-day studies were
within acceptable range indicating that the precision and the accuracy of the method were
satisfactory. The results are given in Table 3.

Table 3. Precision and accuracy of the developed method.
Intra-day
Added
(μg mL-1)

a
b
c
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Found3
(Hg mL-1)

Precision"
(RSD %)

Accuracyc
(Bias %)

Found3
(US mL"1)

Inter-day
Precision"
(RSD %)

Accuracyc
(Bias %)

2.5

2.44±0.06

1.24

-2.21

2.42±0.06

1.38

-2.96

10

10.11±0.28

3.05

1.16

10.22±0.46

3.71

2.20

50

50.05±0.14

2.14

0.10

50.26±0.28

3.18

0.53

mean ± standard error (n=6)
Relative standard deviation
Bias % = ((Found-Added)/Added)x100
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Stability
During 24 h, no unexpected peak observed which might indicate the degradation. In
addition, the peak areas did not changed significantly (p > 0.05) for the compound when it was
compared with fresh prepared standard.
Application of the developed method to scaffold sample
The proposed HPLC method with fluorescence detection was applied to the analysis of 3 mg
mL-1 NS containing PLGA (50:50) scaffolds (n=5) to determine the amount of NS in
PLGA(50:50) scaffolds. There was no interference from the matrix and the NS concentration
found in the sample was 2.86 ± 0.12 mg mL-1.

CONCLUSION
Nowadays, research on the treatment of serious corneal damages are intensified on tissue
engineering in order to deal with present handicaps of corneal transplantation. To overcome
with these drawbacks, more sophisticated drug and cell delivery system combining different
properties and allowing for multiple functions need to be developed. Reasonably, it is crucial
that the development of advanced determination methods with HPLC for the analysis of drug
from the sophisticated delivery system.
In this study, a simple, very specific, and reliable HPLC method using fluorimetric detection
has been developed and validated for the assay of NS from PLGA (50:50) scaffolds. The
developed method was successfully applied for the analyses of NS while in vitro release studies
from PLGA(50:50) scaffolds. The method shows a good performance with respect to linearity,
sensitivity, accuracy, precision, specificity. By this way, it provides the necessaries in order to
determine the released amount of NS from PLGA (50:50) scaffolds.
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