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Abstract
A quick, simple and efficient method for extraction, preconcentration, and determination of naproxen in water and plasma
specimens with acceptable recovery by dispersive liquid-liquid microextraction based on solidified floating organic drop with
spectrofluorimetry is presented. Various parameters affecting the extraction efficiency are optimized by the Central Composite
Design. Moreover, under optimal conditions (120 μL 1-Undecanol with 1 mL Ethanol, pH = 3.5, 2 mL KCl 10% solution), the
calibration curve was linear in the range 10.0–120.0 ng/mL. Finally, for naproxen, the detection limit was 2.4 ng/mL.
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Introduction

Naproxen, [(S) -2- (6-methoxy-2-naphthyl) propionic acid]
(NAP) non-steroidal anti-inflammatory drug (NSAID) is
widely used to treat pain-related diseases like rheumatic dis-
eases in humans. The use of NSAIDs can reduce the risk of
developing Alzheimer’s disease, leading to an increase in hu-
man life expectancy. However, long-term use of NSAIDs can
cause some toxic effects, such as gastrointestinal bleeding,
intestinal ulcer, aplastic anemia, and blockage of platelet ag-
gregation [1]. Although the concentration of drugs in environ-
mental samples is low, it can be sufficient to produce toxic
effects [2]. Due to the widespread use of these compounds and
their entry into the water and their remaining residues in hu-
man serum, developing a sensitive analytical method for con-
trolling them in blood and water samples is an important issue.
Direct use of analytical techniques is limited to determining
the analyte in complex matrices, despite the many interference
components associated with low concentrations of analyte in

real samples. Therefore, the sample preparation stage is often
needed before doing the measurement. Several methods for
measuring small amounts of NAP have been used based on
analytical techniques including Gas Chromatography-Mass
Spectrometry (GC-MS) [2], Spectrofluorimetry [3–7], High-
Performance Liquid Chromatography (HPLC-UV) [8–11]
and Voltammetry [12, 13] and electrochemical methods
[14–17].

Recent research activities focused on the development of ef-
ficient, economical and miniature prototype preparation
methods. As a result, the development of Dispersive liquid-
liquid microextraction (DLLME) has been considered among
othermethods. TheDLLMEmethodwas introduced on the basis
of a three-component solvent system such as liquid-liquid homo-
geneous extraction and cloud-point extraction [18]. Of course,
the main drawback of this method is Isolation of low solvent
extraction amount. In recent years, the DLLMEmethod has been
used in different areas of analytical chemistry and some proceed-
ings have been taken to improve thismethod [19–23]. Leung and
Huang introduced a new method of dispersion liquid-liquid
microextraction based on solidifying floating organic droplet
(DLLME-SFO) [24]. In this method, solvents with a lower den-
sity of water and less toxicity are used as a liquid extractor at
room temperature. In this method, the extraction is performed on
the basis of the classic DLLME, with an extraction solvent to-
gether with a dispersion solvent, immiscible with the sample
solution and the extraction solvent, with the exception that the
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extractor solvent solidifies at relatively high temperatures and
therefore its separation from our sample environments is easy.
[25, 26]

Chemometrics has achieved major assessment and prog-
ress in the analytical chemistry field. The use of
Chemometrics helps the analyzer to improve experimental
methods. Statistical and mathematical techniques used for de-
velop, improve, and optimize a process are known as the RSM
method. Experimental design, in addition to minimizing the
number of experiments, has high efficiency for operating con-
ditions and minimum cost, while providing a good knowledge
of the interactions of variables. The statistical analysis de-
scribes the relationships between effective variables (indepen-
dent variables) and dependent variables (responses) [27–29].
The experimental design has found many applications in the
DLLME approach [30]. In this study, the method of dispersive
liquid-liquid micro-extraction based on solidifying floating
organic drop (DLLME-SFO) was used to pre-concentration
and to the separation of ultra-trace NAP and to measure it by
spectrofluorimetry. The central composite design method
(CCD) was used to investigate the effects of significant oper-
ational parameters such as pH, extraction solvent amount and
sample ionic strength, and find the best combination of vari-
ables. The second-order polynomial regression equation pro-
vides an excellent explanation for the response (the intensity
of fluorescence emission in excitation wavelength) and inde-
pendent parameters. Finally, an optimized method for measur-
ing NAP was used in water and blood serum samples.

Experimental

Materials

Naproxen (NAP) was prepared from Sigma-Aldrich. 1-
Undeocanol and 1-Dodecanol, Acetonitrile, Methanol,
Acetone, Ethanol, Sodium hydroxide, Potassium Chloride,
Phosphoric Acid, Acetic Acid and Boric Acid were prepared
from Merck Co. All materials used were analytical grade pu-
rity and were used without any re-purification. Double-
distilled water (DDW) was utilized in all experiments.

Instruments and Software

For spectrophotometric measurements, the Perkin-Elmer
Lambda 25 was used. The fluorescence spectra were obtained
with a Perkin-Elmer LS 55 spectrophotometer with a width of
5 nm of excitation and emission slits. Sonorex RK100 ultra-
sonic bath and Hettich D-78532 centrifuge were used during
the tests. The Denver UB-10 and Hamilton microsyringe
1 mL were used during the experiments. Design Expert
10.0.1.0 and Minitab 17.3.1 were used for experimental de-
sign and statistics tests respectively.

Sample Preparations

A standard solution of 1 mM NAP was prepared in double-
distilled water and stored for testing in the dark and 4 °C.
Buffer solutions of Britton-Robinson were prepared with the
aid of suitable amounts of acetic acid, phosphoric acid, and
boric acid. Damavand mineral water samples and tap water is
filtered by 0.45 μm filter and used without any preparation.
Human plasma samples were obtained from the Blood
Transfusion Organization of Iran. 3 mL of the plasma sample

Fig.1 (a) Selection of the extraction-disperser mixed solvents. DLLME-
SFO conditions: NAP, 120μg/L; extractant, 120 μL; disperser, 1 mL; pH,
3.5; centrifuge, 5 min in 5000 rpm. (b) Selection of the disperser solvent
volume. DLLME-SFO conditions: NAP, 120 μg/L; 1-Undecanol,
120 μL; disperser, methanol; pH, 3.5; centrifuge, 5 min in 5000 rpm.
(c) Selection of centrifuge time. DLLME-SFO conditions: NAP,
120 μg/L; extractant, 120 μL; disperser, 1 mL; pH, 3.5; centrifuge,
5000 rpm
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was mixed with 3 mL of acetonitrile to remove the proteins
and then centrifuged for 30 min at 8000 rpm. After centrifu-
gation, the upper layer was collected and the remaining ace-
tonitrile evaporated using nitrogen gas flow and stored for
further use at 4 °C.

Assay Procedure

Under optimum conditions, pH of 15 mL of the sample con-
taining different concentrations of naproxen in conical centri-
fuge tube was adjusted to 3.5. Then 0.5 mL 10% potassium
chloride solution was added. With the addition of 120 μL 1-
Undecanol and 1 mL of methanol with Hamilton
microsyringe, the solution was cloudy. Sample tubes were
centrifuged at 5,000 rpm for 6 min and placed in an ice bath
for 10 min. After this time, the extracted solid drop solvent
was separated from the sample. 2 mL of acetonitrile was
added to the extraction solvent and the spectra of the samples
were recorded at a 330 nm excitation wavelength in the range
of 345 to 500 nm. All experiments were repeated three times.

Experimental Design

In the present work, the researcher used the dependence of the
emission intensity of NAP on three variables, pH of the sam-
ple solution (2 to 6), the KCl 10% volume (ionic strength of
the sample solution, 0-1 mL) and the 1-Undecanol volume
(40-200 μL). The CCD was used to examine simultaneously
the optimal conditions, the main factors and the interactions
between them. Initial screening studies were conducted based
on a literature review to select the appropriate range of select-
ed variables. Then, factors were designed in five levels, 20
runs (6 runs axial, 8 cubic runs (complete 8 factorial complete
design) and 6 replicated central points withα = 2). Finally, the

relationship between the three variables was estimated by a
quadratic polynomial model.

Y ¼ β0 þ ∑K
i¼1βiXi þ ∑k

i¼1∑
K
j¼iþ1βijXiXj þ ∑K

i¼1βiiX
2
i ð1Þ

Where Xi and Xj are the variables,β0 is the model constant,
βi is the linear coefficient, βij is the interaction coefficient
between the variables and βii is the nonlinear coefficient of
the second order of the main variables. Analysis of variance
(ANOVA) was used to obtain the statistical significance of
each factor, the interaction between them and the adequacy
of the developed regression model. Due to the effect of other
experimental parameters, the type of extraction solvent, the
distribution solvent type and volume, the time and speed of
centrifugation were optimized by changing a parameter in
time and maintaining the remaining parameters.

Results and Discussions

Optimization Process

Type of Extraction and Disperser Solvents

The extraction solvent nature plays an important role in
extracting naproxen from the sample. The extraction solvent
must have the high extraction potential of the analyte, indis-
criminately with water, which are a density below water and
melt at room temperature. Dispersion solvent also plays an
important role. Dispersion solvent must be embedded with
water and extraction solvent so that, after increasing it to the
solution, it can disperse the extraction solvent into very fine
droplets in the sample solution. This feature creates a higher
contact level between the extraction solvent and the aquatic

Table 1 ANOVA test results on experimental data based on quadratic polynomial model

Source Sum of Mean F p value
Squares df Square Value Prob > F

Model 2.061E-005 6 3.435E-006 617.64 < 0.0001 Significant

X1-pH 9.268E-006 1 9.268E-006 1666.64 < 0.0001

X2-Salt-%10 9.110E-008 1 9.110E-008 16.38 0.0014

X3-Undecanol 1.082E-006 1 1.082E-006 194.56 < 0.0001

X1X3 3.753E-007 1 3.753E-007 67.49 < 0.0001

X1
2 9.744E-006 1 9.744E-006 1752.21 < 0.0001

X3
2 1.132E-007 1 1.132E-007 20.36 0.0006

Residual 7.229E-008 13 5.561E-009

Lack of Fit 3.840E-008 8 4.800E-009 0.71 0.6840 not significant

R2 0.9965

Adjusted-R2 0.9849

Adequate Precision 95.481
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environment. Thus, the extraction equilibrium results quickly
and in higher yields. In this study, six solvents were examined,
1-Undecanol, and 1-Dodecanol as extraction solvents, etha-
nol, methanol, acetonitrile, and acetone as dispersion solvents.
In order to detect the best combination of extraction solvent
and dispersion solvent, a series of experiments were carried
out for different combinations of extraction and dispersion
solvent under the same conditions. The results are presented
in Fig. 1a.

The results show that the 1-Undecanol and methanol mix-
tures provide the highest extraction efficiency. At this stage,
experiments were carried out with the combination of 1-
Undecanol extraction solvent and different methanol values

in the range of 0.2–1.4 mL. The results are presented in Fig.
1b. Based on the results, 1 mL of methanol was selected.

Centrifuge Time and Rate

A centrifuge is used to better separation of extraction solvent
from the aqueous sample. In order to optimize these two pa-
rameters, experiments were carried out in identical conditions
for the amount of the NAP, the type and amount of solvent, the
type and amount of extraction solvent in 5000 rpm with var-
iable centrifuge time. The results are presented in Fig. 1c. As
shown, rising by centrifuge time from 1 to 5 min caused im-
proved recovery, but after 5 min had no significant effect.
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Fig.2 (a) Normal probability plot, (b) A plot of the externally studentized residuals vs run number, (c) The predicted response vs. the observed response
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CCD Optimization

Based on CCD-based experiments, the effects of vari-
ables, sample solution pH, the KCl 10% volume added
and the 1-Undecanol volume of was evaluated.
According to experimental data, a quadratic polynomial

model was used to describe the response variable (emis-
sion intensity of 351 nm at the excitation wavelength of
330 nm) and the interaction between variables.
Normally distributed data are required for statistical
analysis tools such as control charts and analysis of
variance (ANOVA). Using a parametric statistical test
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(such as regression or ANOVA) on abnormal data can
lead to misleading results. Data transfer and, in partic-
ular, the transfer of Box-Cox power is one of these
corrective actions that can help to create normal data.
George Box and David Cox have developed a method
to identify an appropriate index (λ) for use in
converting data into a normal shape. The lambda value
represents the type of transfer that must be applied to
all data. To do this, the Box-Cox power conversion
from λ = −3 to λ = +3 is searched to find the optimal
value [31]. In this case, this transfer is defined as:

T Yð Þ ¼ Y λ−1
� �

=λ ð2Þ

Where Y is the response variable and λ is the transmission
parameter. Box-Cox Plot (plotting the sum of squares of the
unclassified remainders by the model versus λ) is a tool that
helps us determine the most appropriate power variation for
applying to response data. In this research, after a quadratic
polynomial regression on the initial response data, the Box-
Cox plot showed that the transmission of the response data Ie
(emission intensity) to 1/Ie leads to better modeling.
Therefore, the second-order quadratic polynomial regression
modeling was repeated to describe relationships between the
transmitted response variable and the variables. ANOVA test

was used to test the validity of the model, the effect of the
main variables, and the interaction between them, the nonlin-
ear effect of the main variables and the adequacy of the devel-
oped regression model. The importance of each factor with P
value <0.05 is determined and the validity of the proposed
model is measured by the coefficient of determination (R2,
Adjusted-R2). The results of the ANOVA test are presented
in Table 1.

According to experimental data, a quadratic polynomial
model was used to describe the relationship between variables
as Eq. (3):

1=Ieð Þ ¼ þ6:79888E−003−3:45367E−003*X1

þ 3:01822E−004*X2

þ 5:32648E−006*X3−5:41496E−006*X1X3

þ 6:08069E−004*X1
2 þ 4:09679E−008*X3

2 ð3Þ

R2 = 0.9965 and Adjusted-R2 = 0.9849 show a great rela-
tionship between empirical values and a fitted model and dis-
play model efficiency to predict the response. Based on
ANOVA data, F-value (617.64) and P value (<0.0001) indi-
cate the significance of the developed model. Adequate
Precision = 95.48, a measure of the experimental signal-to-

Fig.4 (a) Fluorescence emission spectra of NAP after microextraction in optimum conditions, (b) Ie vs. NAP (10–120 ng/mL)

Table 2 Comparison of developed method with other methods for determination of NAP

Method Sample LOD ng/mL Liner range ng/mL Ref.

HF-SPME-HPLCa Water 0.01 0.03–500 [10]

VAI-DLLME-HPLCb Plasma 0.32 1–1000 [8]

HPLC Plasma 10 15–40 [9]

PANI-Fe3O4-SPE-FL
c Human urine and plasma 17 40–1000 [3]

DLLME-SFO- FL Water and plasma 2.4 10.0–120.0 This work

a Hallow fiber solid phase microextraction
bVortex-assisted inverted dispersive liquid-liquid microextraction
cMagnetic nanofiber polyaniline nanocomposite-solid phase extraction
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noise ratio that compares the range of the predicted responses
at the design points to the average variance of the prediction
also indicates the adequacy of modeling. The P value for Lack
of fit (0.6840) suggests that lack of fit of the fitted model is not
significant. The normal probability plot (Fig. 2a) shows that
the points follow a normal distribution. The studentized resid-
ual plot against the Run number (Fig. 2b) was also controlled.
The random pattern of the residuals indicates the high suitabil-
ity of the model and its non-dependence on the order of runs.
Figure 2c shows predicted responses versus the observed data.
Most results are close to the right line, which indicates a good
relationship between the actual data and the fitted model.

In the next step, to view the effects of the variables sepa-
rately and interaction between them in the emission intensity,
3D surface diagrams, and Contour plots were used. Responses
were plotted versus two important variables, while the other
factor was fixed at its central level. The objective of the re-
sponse surface is to find the optimal values of the factors in the
case of maximum emission intensity (Fig. 3a-c).

As shown in Fig. 3a and b, the emission intensity increases
in the pH range (3–4). With respect to pKa = 4.15 NAP [30],
the maximum amount of NAP extracted in this pH range was
expected by 1-Undecanol. The ionic strength in liquid phase
extraction methods can have a dual effect on extraction effi-
ciency. Increasing the ionic strength of the sample reduces the

solubility of organic analytes in the aqueous phase due to the
salting out effect and, in some cases, increases the salting-in
effect. In Fig. 3a and c, the initial increase in ionic strength of
the solution increases the extraction efficiency and thus in-
creases the emission intensity, but by further increasing the
ionic strength, decreases the extraction efficiency and there-
fore decreases the emission intensity. As shown in Fig. 3b and
c, amount of 1-Undecanol in the range of 100-200 μL results
in higher efficiency and enhanced emission intensity. Finally,
the developed model presented the optimal parameters of the
extraction process at pH = 3.5, the KCl 10% volume equal to
2 mL, and the volume of the 1-Undecanol solvent 120 μL.
Experiments for 80.0 ng/mL NAPwere repeated with 1 mL of
methanol (dispersion solvent), centrifuge rate 5000 rpm and,
centrifuge time 5 min, and the result was 542.17 ± 1.81%
(RSD%).

Analytical Characteristics

Double-distilled water samples were used to estimate the pre-
cision of the measurements, the detection limit and the dynam-
ic range of the method. Linear calibration curve and regression
coefficient were obtained. As shown in Fig. 4a, increasing
NAP concentrations leads to increase fluorescence intensities.
A direct linear relationship between the response Ie

Table 3 Results of determining
NAP in real sample Sample Added NAP ng/mL Found NAP±RSD% ng/mL Rec.%

0 N.D –

DDW 40.0 40.1 ± 1.5 100.3

100.0 99.3 ± 1.2 99.3

Mineral Water 40.0 40.0 ± 1.7 100.0

100.0 98.1 ± 1.6 98.1

Tap Water 40.0 38.4 ± 2.5 95.9

100.0 96.1 ± 1.9 96.1

Plasma 40.0 37.9 ± 3.1 94.8

100.0 95.3 ± 2.4 95.3

Table 4 ANOVA test results in double-distilled water and real samples spiked

Spiked amount (ng/mL) Samples Test for equal variances (α = 0.05) ANOVATest for equal means (α = 0.05)

P Value Result P Value Result

40.0 DDW 0.988 All variances are equal 0.105 All means are equal
Mineral water

Tap water

Plasma

100.0 DDW 0.860 All variances are equal 0.085 All means are equal
Mineral water

Tap water

Plasma
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(fluorescence intensity) and NAP concentrations was attained
in 10–120 ng/mL and with regression equations of Ie =
6.386CNAP + 47.021 (R2 = 0.9979) (Fig. 4b). The limit of de-
tection (LOD = 2.4 ng/mL) and the limit of quantitation
(LOQ= 8.0 ng/mL) for NAP were quantified based on n = 9
blank samples.

Table 2 compares the results obtained with the developed
methods with other methods found in the literature. As the
results show, the proposed method has a detection limit and
linear range comparable to other methods. The greatest point
of the present method is the simplicity, speed, and sensitivity
of the method to NAP.

Effect of Interferences & Real Samples Analysis

In similarity with most micro-extraction techniques, the ex-
traction efficiency can be influenced by the matrix of the real
specimens. Therefore, the effects of the matrix were investi-
gated by comparing the results of the real samples with
double-distilled water. The experiments were performed with
plasma, tap water and mineral water samples to estimate the
matrix effects and the applicability of the developed method,
compared with double-distilled water samples. Experiments
were performed on 15 mL of spiked NAP. The experiments
were repeated 3 times. The results are presented in Table 3. As
can be seen, recovery values and relative standard deviations
indicate the sufficiency of the present method for measuring
NAP in real samples.

Table 4 shows ANOVA test (Significant level α = 0.05)
results that were used to compare the mean of the results
between real samples and double-distilled water to ensure that
the matrix effects of the real samples were not significant.

ANOVA test results are presented in double-distilled water
and real spiked samples for 40.0 ng/mL NAP and 100.0 ng/
mL NAP. The P value = 0.105 > 0.05 for NAP 40.0 ng/mL
and P value = 0.085 > 0.05 for 100.0 ng/mL NAP showed that
the mean values of the real samples and the double-distilled
water samples had no significance at the 95% confidence lev-
el. This test showed that the real samples matrix does not have
interference in the results and the developed method is appli-
cable for the real samples.

Conclusion

In this study, a sensitive method was developed based on
the DLLME-SFO combination with spectrofluorimetry to
measure very low amounts of NAP in water and plasma
samples. This is a simple, fast and inexpensive method
that has low toxicity because the very low solvent con-
tent is used. The proposed method has a good linear
dynamic range, good detection limit and repeatability,
and the matrix of the real samples does not affect the

results. These specifications, along with the inherent sen-
sitivity of spectrofluorimetry, provide an effective and
valid method for determining NAP in plasma and water
samples. The application of central composite design re-
sults in the achievement of actual optimal values of ef-
fect ive parameters with a minimum number of
experiments.
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