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Abstract In this work, a temperature-controlled ionic
liquid homogeneous liquid phase microextraction (TCIL-
HLPME) technique followed by HPLC-UV was applied
for preconcentration and determination of diclofenac (DIC)
and mefenamic acid (MEF) in urine samples. 1-butyl-
3-methylimidazolium hexafluorophosphate ([C,mim][PF4])
was used as the optimum extraction solvent. Experimen-
tal design and response surface methodology was used
for the optimization process. Firstly, a screening step,
using Plackett-Burman design, was carried out to find the
significant factors on the extraction efficiency and subse-
quently, a central composite design (CCD) was employed
to find the optimum values of these parameters. The opti-
mal conditions were obtained as extraction solvent volume
of 105 pL; sample pH of 2.0, extraction time of 6 min,
centrifugation time of 5 min; heating time of 2 min; heat-
ing temperature of 50 °C and 20 % of NaCl. Under opti-
mized conditions, the preconcentration factors of 82 and
60 were obtained for DIC and MEF, respectively. The
detections limits of 20 and 30 ng mL~"' were achieved for
DIC and MEF by the proposed method, respectively. The
calibration curves were linear in the range of 40-1000 and
60-1000 ng mL~' for DIC and MEF, respectively. The
intra- and inter-assay precisions (RSD %, n = 3) were in
the range of 3.5-4.4 % and 7.3-8.0 % at the concentration
level of 100 ng mL~!, respectively. The validated method
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was successfully applied for the analysis of target analytes
in some urine samples.
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Introduction

Diclofenac (DIC) and mefenamic acid (MEF) as nonsteroi-
dal anti-inflammatory drugs (NSAIDs) are widely used as
analgesic, anti-inflammatory and anti-arthritic agents [1].
Nowadays, determination of pharmaceutical drugs in bio-
logical fluids has a great deal of importance in the medi-
cal sciences due to the increasing consumption of medi-
cines among human beings. However, determination of
the drugs and their metabolites in biological fluids such as
plasma and urine is still a very challenging task attributed
to the difficulties resulting from their complicated matrices
[2]. Therefore, applying of a suitable sample preparation
method is an inescapable step before final analysis.

Liquid-liquid extraction (LLE) and solid phase extrac-
tion (SPE) are typical sample preparation techniques which
have been most widely used in various analytical applica-
tions [3-7]. However, both techniques are time consuming
and require large volumes of toxic solvents which are not
environmental-friendly. Impelled by the need to address
these drawbacks, microextraction has gradually appeared
as a popular technique for providing many advantages such
as quickness and use of negligible volumes of the hazard-
ous organic solvents.

Up to now, different microextraction techniques have been
developed which are generally classified into three main
groups including liquid phase microextraction (LPME), solid
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phase microextraction (SPME) and membrane based micro-
extraction techniques [8]. Homogeneous liquid phase micro-
extraction (HLPME) is one of the interesting types of LPME
techniques which is based on the complete dissolution of the
extraction phase into the sample solution at the first step and
then breaking down of the homogenous phase into two sepa-
rated aqueous-organic phases. This mechanism increases the
mass transfer and extraction rate and consequently improves
the extraction efficiency.

Until now, different HLPME systems have been reported
which are different in the used homogenization and break-
ing down strategies. These strategies are dictated by the type
of organic solvent which is employed as the acceptor phase.
For instance, Yamini et al. reported a CHCl;-CH;OH-NaCl
three component system; in this system methanol was used
as the homogenization agent for the complete dissolution
of chloroform into the aqueous sample solution and NaCl
was applied to break down the homogenized solution into
immiscible aqueous-organic phases [9].

With the emergence of ionic liquids (IL), a big revolution
was created in analytical chemistry and sample preparation
techniques attributed to the unique properties of these new
organic solvents such as low volatility, chemical and ther-
mal stability, and good solubility for both organic and inor-
ganic compounds [10]. In 2009, Zhou and his co-workers
have developed a novel, simple and rapid type of HLPME,
named temperature-controlled ionic liquid homogeneous
liquid phase microextraction (TCIL-HLPME) [11].

It is based on increasing the temperature of the sample
solution, which leads to the complete dissolution of IL into
the aqueous phase, and breaking down by cooling the solu-
tion in an ice-water bath. Then, a centrifugation step is used
to collect the cloudy solution as a coherent sedimented
phase at the bottom of a test tube. Up to now, this technique
has been applied for the determination of various organic
and inorganic compounds in different matrices [11-15].

In the present work, a simple and quick HLPME method
based on application of a temperature-controlled ionic lig-
uid (TCIL-HLPME) was utilized for discrimination of DIC
and MEF in urine samples. The effect of different variables
on the extraction efficiency of DIC and MEF was investi-
gated using a two-step experimental design and the opti-
mized values were found by response surface methodology
(RSM). Finally, TCIL-HLPME was successfully applied
for determination of DIC and MEF in some urine samples.

Experimental
Chemicals and reagent

Diclofenac (DIC, pK, = 4.2, log P = 4.5) and mefenamic
acid (MEF, pK, = 4.2, log P = 5.1) were kindly donated
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by the faculty of Pharmacy at Tehran University of Medical
Sciences (Tehran, Iran). Sodium chloride, sodium hydrox-
ide, hydrochloric acid and acetic acid were purchased from
Merck (Darmstadt, Germany). 1-butyl-3-methylimidazolium
hexafluorophosphate ([C,mim][PF4]) and 1-hexyl-3-methyl-
imidazolium hexafluorophosphate ([Comim][PF]) were pro-
vided from Sigma-Aldrich (Milwaukee, WI, USA). 1-octyl-
3-methylimidazolium hexafluorophosphate ([Cgmim][PF¢])
was obtained from Acros Organics (Geel, Belgium). HPLC
grade acetonitrile and methanol were provided from Caledon
(Georgetown, Ont., Canada). All other materials used were
of analytical reagent grade. Ultrapure water was prepared
using a Milli-Q system from Millipore (Bedford, MA, USA).

Instrumentation

Chromatographic separation of MEF and DIC was carried out
on a Young Lin HPLC consisting of a YL9100 HPLC pump
(Cambridge, England), a six-port two-position Rheodyne
HPLC valve (Oak Harbor, Washington, U.S.A.) with a 20 pL
sample loop and equipped with a Y19120 HPLC UV-Vis
detector. Chromatographic data were recorded and analyzed
using Power Stream software (version 3.2). A C18 column
(15 cm x 4.6 mm, with particle size of 5 um) from Capital
HPLC Ltd., (Broxburn, United Kingdom) was applied to sepa-
rate the analytes under isocratic elution conditions. A mixture
of 10 mmol L™! acetate buffer (pH 5.2) and acetonitrile (50:50,
v/v) at a flow rate of 1.0 mL min~' was used as the mobile
phase. The injection volume was 25 L for all of the standards
and the samples to ensure full filling of the 20 puL. sample loop.
Detection was performed at a wavelength of 285 nm.

Biological matrices and standard solution

Urine samples were collected from three young female vol-
unteers who were treated with DIC and MEF and one per-
son who had not consumed these acidic drugs for a long
period of time (to construct calibration curves and calcu-
late figures of merit) with respect to human ethical guide-
lines. In addition, this protocol was approved by an Internal
Review Board. Each sample was diluted 1:3 with ultrapure
water; adjusted to pH 2.0 by dropwise addition of HCI
(100 mM) or NaOH (100 mM) and then filtered through a
disposable 0.45 pm cellulose acetate filter prior to analysis.

A stock solution containing 1.0 mg mL~' of each ana-
lyte was prepared in methanol, stored at 4 °C and protected
from light. Working standard solutions were prepared by
dilution of the stock solution in ultrapure water.

TCIL-HLPME procedure

A 5.0 mL aqueous sample solution containing 3.75 mL
of water and 1.25 mL of urine sample was spiked with
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Fig. 1 Schematic presentation of TCIL-HLPME procedure

DIC and MEF and its pH was adjusted to 2.0 by drop-
wise addition of 100 mM HCI or NaOH. The diluted sam-
ple was filtered through a disposable 0.45 um cellulose
acetate filter and was placed in a centrifuge tube with a
conical bottom. Then, 105 pL of [C,;mim][PF] was added
into the solution as extraction solvent. The conical tube
was heated in a water bath at 50 °C for 2 min. The used
IL was completely dissolved in the solution under these
conditions. The tube was cooled in an ice bath for 6 min
and the solution became turbid. Then, the solution was
centrifuged for 5 min at 3000 rpm. Fine droplets of IL
were sedimented at the bottom of the test tube (Fig. 1).
The volume of 25 pL of the collected sedimented phase
(about 45 pL) was withdrawn using a 50 pL. Hamilton
microsyringe and injected into the HPLC system for fur-
ther analysis.

Data analysis and statistical methods

A two-step optimization strategy, including a Placket-
Burman screening design and a face-centered central
composite design (FCCCD) was employed to optimize
the extraction of MEF and DIC. In all cases, design
generation and statistical analyses were performed by
means of the software package Design Expert version
7.0. The volume of extraction solvent, extraction time,
centrifugation time, heating time and temperature, pH
and salt effect are the variables that can affect extraction
efficiency of MEF and DIC by the proposed extraction
procedure.

Cooling of the tube ;
in an ice bath =
—
1) (2) =

Centrifugation of

"' i the turbid solution
’ s
- IO

=5

The solution is IL is sedimented at

become turbid the bottom of the
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Calculation of preconcentration factor, extraction
recovery and relative recovery

The preconcentration factor (PF) is defined as the ratio
between the final analyte concentration in the acceptor
phase (Cf;a) and the initial concentration of analyte (C;,) in
the sample solution. More precisely, it can be defined as the
ratio between the slope of the extraction calibration curve
(m,) and direct calibration curve (m,):

= Ga_m

PF =— 1
Cis m M

where C;, was calculated from a calibration graph obtained
from direct injection of diclofenac and mefenamic acid
standard solutions (5-50 mg L") in methanol. The extrac-
tion recovery (ER) is defined as the percentage of the num-
ber of moles of analyte originally present in the sample
(n; ) which is extracted into the acceptor phase (nﬁa).

C V V
ER% = " 5 100 = L2704 5 100 = (L) x PF x 100 (2)
n; Cis x Vig Vis
where V;, and V, are the volumes of acceptor phase and
sample solution, respectively. Relative recovery (RR %) is
acquired from the following equation:

C - C
RR% = —tound — real 10 3)

Cadded

where Cioyngs Creas and Cygqeq are the concentration of ana-
lyte after addition of known amount of standard into the
real sample, the initial concentration of analyte in the real
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Table 1 Experimental factors and levels of the PBD for determina-
tion of DIC and MEF using TCIL-HLPME

Variables Level

—1 (Low) +1 (High)

Extraction solvent (uL) 100 200
Salt (w/v %) 0 10
Temperature of sample solution (°C) 40 80
pH 4 8
Extraction time (min) 5 20
Centrifugation time (min) 5 20
Heating time (min) 1 4

sample, and the concentration of known amount of stand-
ard which is spiked into the real sample, respectively.

Results and discussion

Selection of an appropriate extraction solvent is the key
step in all liquid phase microextraction techniques. The
extraction solvent should be water immiscible, provide high
distribution ratio for the target analyte to reach the highest
extraction efficiency and be compatible with the used ana-
lytical instrument. According to literature, [C,mim][PF],
[Cemim][PF] and [Cgmim][PF] are the most common ILs
used as the extraction solvents. Initial experiments were
carried out with these ILs. The results showed much bet-
ter chromatographic behavior, easier operation as well as
proper extraction efficiency and repeatability for [C,mim]
[PF¢]. This observation can be attributed to the lower vis-
cosity of [C,mim][PF] than two other ILs. Thus, [C,mim]
[PF,] was selected for subsequent experiments.

Screening design
When a large number of factors affect an analytical sys-

tem, screening is the first step for the efficient assessment
of the factors. Screening design includes examining of the

Fig. 2 Pareto chart of the

main effects obtained from a B:pH
Placket-Burman design for DIC C:Salt%
and MEF

D:Heating time

E:Extraction time
A:Extraction solvent volume
G:Centrifugation time

F:Heating temperature
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different factors by doing a few experiments to detect the
most significant variables. It also provides important infor-
mation about the movement direction which improves the
experimental response. A particular type of such designs is
Plackett-Burman design (PBD). The theory and application
of PBD has been reviewed elsewhere in more detail [16,
17]. Briefly, PBD is a two-level design (—1, +1) for exam-
ining N parameters in K = N + 1 runs. The interactions
among factors are completely ignored in this design thus,
the main effects are calculated with a reduced number of
experiments. The PBD matrix consists of “n” real and “m”
dummy factors at two levels (N = n + m). The dummy fac-
tors are used to estimate the experimental error which is
used in the statistical interpretation.

Considering the literature and our experience, seven var-
iables (n = 7) were used to construct the matrix of PBD
design (Table 1). The overall design matrix showed 12
runs to be carried out randomly to eliminate the effects of
extraneous or nuisance variables. Therefore, seven factors
including volume of extraction solvent, salt %, temperature
of the sample solution, pH, extraction time, centrifuga-
tion time and heating time were selected and investigated
at two levels. To evaluate the work, the sum of peak areas
of the target analytes was considered as the experimental
response. An analysis of variance (ANOVA) visualized
using a Pareto chart was performed on the design to assess
the main effects (Fig. 2). In the chart, the bar lengths are
proportional to the absolute value of the estimated main
effects. The chart also includes a vertical line correspond-
ing to the 95 % confidence interval which statistically
judges significant effects. An effect which exceeds this
reference line may be considered significant with regard to
the response. Furthermore, the positive or negative signs in
this chart show whether or not the response is enhanced by
changing from the lowest to the highest level set for each
factor.

According to Fig. 2, pH was the most significant factor
which presented a negative effect on the extraction effi-
ciency of MEF and DIC by the proposed procedure. The
pH of the sample solution has a great importance to keep

L 1 1 1 1

y
4

3 6 9 12 15
Standardized effect
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the ionizable compounds in their completely deprotonated
form for efficient extraction. MEF and DIC are acidic ana-
lytes which exist in their neutral form at pH values lower
than pK, of 4.2, and so they have more tendency to dis-
tribute into the extraction solvent. The percentage of salt
was the next most important positive significant factor
attributed to the salting out effect. It means that, addition
of salt into the sample solution leads to the formation of
hydrated spheres around the salt ions and thereby decreases
the available water for the hydration of acidic analytes [18].
In addition, as presented in Fig. 2, extraction time and vol-
ume of the extraction solvent showed positive effects on the
extraction efficiency. The extraction time was considered
from the moment that the solution containing completely
dissolved IL was put into the ice bath for the set interval
[9]. Overall, a longer extraction time gives enough oppor-
tunity to reach extraction equilibrium. As a general rule,
extraction efficiency is increased by increasing the volume
of the extraction solvent up to a specified value and after
that a decrease is observed due to dilution of the extracted
analytes by increasing the collected volume of the extrac-
tion phase.

Heating time showed a negative effect whereas both
heating temperature and centrifugation time had non-signif-
icant positive effects on the extraction efficiency. The heat-
ing temperature and time should be selected as enough to
dissolve the IL into the sample solution, completely. On the
other hand, the complete and fast phase separation of the
fine droplets of IL is not achieved in the suspension at short
centrifugation times, therefore; it should be set at the value
which provides a fast and complete phase separation. Con-
sidering the results of the first screening study, two varia-
bles including centrifugation time and heating temperature,
which were not significant, were eliminated for the next
optimization process and fixed at the appropriate values of
5 min and 50 °C, respectively.

Central composite design and optimization

To find the optimized values of the important factors and
achieve the maximum extraction efficiency, response sur-
face methodology (RSM) using a central composite design
(CCD) was applied. The RSM explains the relationship
among the variables and responses, graphically. In this
way, the real optimum extraction conditions are obtained
because the interactions of parameters and the curvature
among experimental variables are considered. CCD, one of
the most frequently used RSMs, is a second-order model
that uses the following equation for predicting the optimum
values [19]:

k k
Y =po+ Z BiXi + Z BiX? + Z Z BiiXiX;
i=1 i=1

i=1 j=i+1 “

where Y is the dependent variable (square root of sum of peak
area); X; and X; are the independent variables; g, §; and B;
represent the regression coefficients for the linear, quadratic
and interaction effects of the model and g is the deviation
between the observed and predicted responses in the design
point. CCD consists of factorial points, star or axial points
() and center points. Therefore, the total number of design
points needed (&) is determined by the following equation:

N =242+, ()

where f is the number of significant factors from the first
screening step, 2/, 2f and C, are the number of the factorial
points, axial points and center points, respectively. There
are different types of CCD depending on the value of a.
One type of CCD is face-centered central composite design
(FCCCD) which in a is considered unity.

According to this design, each of the five factors (X, X,,
X5, X, and X;) from the screening step was studied at three
levels (Table 2). The design included two replicates of the
central point. Hence, according to the Eq. 5, the employed
design consisted of 44 randomly performed experiments.
A drug-free urine sample was used for the optimization
process, and the square root of the sum of the peak areas
was assumed as the response to evaluate the extraction effi-
ciency of diclofenac and mefenamic acid.

ANOVA was performed at P = 0.05 to evaluate the sig-
nificance of the model equation and terms. The p value
is the probability of getting a result as extreme or more
extreme than the one observed if the proposed null hypoth-
esis is correct. The effect of a factor is considered as sig-
nificant if its p value is lower than 0.05. As can be seen in
Table 2, a model P value lower than 0.0001 implies that the
model is significant and the “lack of fit” was not signifi-
cant. The model was described as follows:

Y =43.037 — (7.60 x X,) — (17.96 x X,) + (4.47 x
X;) — (1.54 x X;) — (0.24 x X5) + (9.57 x X| x X,) —
(427 x X; x X3) + (2.06 X; x X,) — (051 x X; x X5)
+ (559 x X, x X3) + (1.58 x X, x Xy) + (1.83 x X, x
Xs) — (373 x X3 x X)) — (222 x X3 x X5) — (0.30 x
X, X Xs5) — (9.62 x X3) 4+ (21.72 x X3) + (1.40 x X3) +
(0.23 x X3) - (0.18 x X2).

The goodness of fit of the quadratic polynomials is
expressed by the coefficient of determination, R2, which
should be at least 0.80 for a good fit of a model [20]. As is
observed in Table 2, the coefficient of determination, R?, is
0.9471 which means that the obtained equation is adequate
for correlating experimental results. Figure 3a, b depict the
predicted versus actual responses and residuals versus the
predicted responses, respectively. As shown, most plots are
scattered in close proximity with the line in Fig. 3a, and
the residual plots are scattered randomly in Fig. 3b which
confirms a good correlation between predicted and actual
responses.
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Table 2 Experimental factors

and levels of the FCCCD for Variables Level
determination of DIC and MEF —1 (Low) 0 (Middle) +1 (High)
using TCIL-HLPME
X,: Extraction solvent (uL) 100 200 300
X,: pH 2 6 10
X;: Salt (w/v %) 0 12 24
X,: Heating time (min) 1 3 5
X5: Extraction time (min) 5 13 21
Analysis of variance (ANOVA) for the regression model and the respective model terms
Source SS# dft  MS* F value p value
Prob > F
Model 21332.30432 20 1066.615216  20.59152378  <0.0001  Significant
X, 1966.311058 1 1966.311058  37.96058814  <0.0001
X, 10968.57128 1 10968.57128  211.7535856  <0.0001
X; 679.12474 1 679.12474 13.11083231  0.0014
X, 80.85613477 1 80.85613477  1.560966877  0.2241
X; 1.901112317 1 1.901112317  0.036701895  0.8498
X, X, 2931.293203 1 2931.293203  56.59003622  <0.0001
X, X5 582.6591667 1 582.6591667  11.24851765  0.0027
X, X, 1353163831 1 135.3163831  2.612348371 0.1197
X, X 8.253874746 1 8.253874746  0.159345053  0.6934
X, X5 999.1378801 1 999.1378801  19.2888411 0.0002
X, X, 79.6680111 1 79.6680111 1.538029573  0.2274
X, X5 106.9791013 1 106.9791013  2.065283408  0.1642
X, X, 446.2958957 1 446.2958957  8.615958606  0.0074
X5 Xs 158.1042542 1 158.1042542  3.052279267  0.0940
X, X; 2.854221058 1 2.854221058  0.055102121 0.8165
X3 227.8932296 1 227.8932296  4.399589268  0.0471
X3 1160.844592 1 1160.844592  22.41066757  <0.0001
X3 4823562791 1 4.823562791  0.093121218  0.7630
X3 0.135320362 1 0.135320362  0.002612425  0.9597
b'¢: 0.081371968 1 0.081371968  0.001570925  0.9687
Residual 1191.371276 23 51.79875114
Lack of fit 1116.915295 22 50.76887703  0.681864318  0.7613 Not significant
Pure error 7445598145 1 74.45598145
Cor total 22523.6756 43
R squared 0.9471
Adjusted R squared  0.9011

4 8§ Sum of square, df degree of freedom, MS mean of square

After ascertaining the validity of the model, graphs of
response surfaces were drawn to find the optimum value for
each factor. Dimensions for a quadratic response surface
are calculated regarding the number of factors (f) in CCD.
Thus, for five factors a six-dimensional response surface
should be generated. For ready visualization, three-dimen-
sional (3D) response surfaces are used; in these plots the
response model is mapped against two experimental factors
while the others are held constant at their optimum. The
curvatures of the plots indicate the interaction between the

@ Springer

factors. In addition, two-dimensional contour plots which
are made on the basis of the model equations were used.
These plots display the interaction between the independ-
ent variables and assist in determining the optimum operat-
ing conditions for the desirable responses.

Figure 3 shows some of the estimated response surfaces
with their related contour plots for the extraction of DIC
and MEF by the TCIL-HLPME procedure. Figure 3c, d
show that concurrently decreasing pH and extraction solvent
volume enhances the extraction efficiency. The maximum
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Fig. 3 a Predicted vs. actual, b residual vs. predicted and c—f response surfaces of MEF and DIC using FCCCD which illustrates the relation-

ships between the independent variables and the experimental response

response was obtained at a pH of 2.0 and a 105.50 pL vol-
ume of the extraction solvent. In fact, pH plays the main role
in this method to achieve good detection sensitivity of target
analytes. The negative effect of pH can be attributed to the
fact that DIC and MEF formed ionic structures with increas-
ing of pH, and in these conditions, extraction of the analyte
was not effective into the organic phase. Moreover, volume

of the IL determines the occurrence of the cloudy state in
the sample solution because a portion of it is dissolved in the
sample solution. Therefore, the cloudy state is increased with
increasing volume of the used IL. But, larger volumes of
the IL may lead to the dilution of the extracted analytes and
decrease of the determination sensitivity. Enhancement of the
extraction efficiency by decreasing of the extraction solvent
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Table 3 Figures of merit of TCIL-HLPME for determination of DIC and MEF in a drug-free urine sample

Analyte LOD (ng mL™H* LOQ (ng mL~™"* DLR (ng mL~")° Calibration curve R? RSD % (n = 3)° PFf ER %*
Intra-day Inter-day

DIC 20 40 40-1000 Y =3257.0C (mgL~") — 1422 0.9986 3.5 73 82 73.8

MEF 30 60 60-1000 Y=1731.5C(mgL ™) +479 09912 44 8.0 60 54.0

4 Limit of detection
b Limit of quantification

¢ Dynamic linear range

¢ Relative standard deviation; the values were calculated at the concentration of 100 ng mL~!

' Preconcentration factor

& Extraction recovery

volume from 300 to 105.50 pL (Fig. 3¢) is due to an increase
in the concentration of the extracted analytes in the acceptor
phase. Figure 3e, f depict the obtained response surface and
contour plot for salt versus volume of the extraction solvent.

Fig. 4 a The resultant chroma- (a)
tograms for the blank and two 0.18
replicated extractions from a

drug-free urine sample (urine

1) at the concentrations of 0.14
100 ng mL~" of DIC (J) and
200 ng mL~! of MEF (2) and b
the non-spiked (a) and spiked

(b) chromatograms of a urine ol

sample (urine 4) which was E

taken from a 30-year-old female

who was treated with DIC 0.06
0.02

-0.02

(b)

0.58

0.43

mV

0.28

0.13

-0.02
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As can be seen, the response was increased by increasing the
salt amount indicating its positive effect on the extraction
efficiency. The maximum response was obtained when 1.0 g
of NaCl was used for S mL of the sample volume.

se

2

4 6 8 10 12
min
b
4 6 8 10 12
min
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Table 4 Comparison of the proposed method with other reported methods for determination of DIC and MEF
Extraction Determination ~ Matrix Analyte Linearity LOD RSD % ER % PF References
method? technique® (ng mL™1) (ng mL~1)
Water 8.0-500 2.7 10.2 - 66 [21]
Wastewater 8.0-500 2.7 10 63
EME HPLC-UV Urine DIC 8.0-500 2.7 10.4 55
Bovine milk 8.0-500 2.7 10.5 52
Plasma 15-500 5.0 12.3 31
SBSE HPLC-UV Pharmaceutical DIC 100-2000 16.06 <3.83 %70 - [22]
formulation
DIC 1.0-200 0.4 4.0 - 489
7.0-300 3.0 6.2 65
SPE-SUPRASs HPLC-UV Deionized water, - [23]
Urine
MEF 2.0-200 1.0 4.6 43]
10-300 7.0 54 61
DIC 6.3-63 1.6 6.9 34.6
2.4-63 0.7 2.7 71.7
SBSE HPLC-DAD Water - [24]
MEF 6.0-60 1.5 5.8 71.3
4.2-60 1.3 8.4 48.4
SPMTE HPLC-UV Urine DIC 10-10000 6.8 <6.6 - - [25]
MEF 50-10000 10.6 <8.9
LLE HPLC-UV Plasma MEF 25-2000 15 <10.4 - - [26]
USE-AALLME  GC-FID Urine DIC 5-1000 1 <6.1 74 125 [27]
LDS-DLLME GC-FID Urine DIC 26-1000 8 <52 59 54 [27]
DIC 30-350 10 <8.37 - 89, 81
PEME HPLC-UV Urine, Plasma [28]
MEF 30-350 10, 15 <7.38 - 114,104
TCIL-HLPME  HPLC-UV Urine DIC 40-1000 20 35-73 73.8 82 This work
MEF 60-1000 30 4.4-8.0 54.0 60

% EME Electromembrane extraction, SBSE stir bar sorptive extraction, SPE-SUPRAs solid phase extraction-supramolecular solvent, SPMTE
solid phase membrane tip extraction, LLE liquid-liquid extraction, USE-AALLME ultrasound-enhanced air-assisted liquid-liquid microex-
traction, LDS-DLLME low-density solvent-based dispersive liquid-liquid microextraction, PEME pulsed electromembrane extraction, TCIL-
HLPME temperature-controlled ionic liquid homogenous liquid phase microextraction

® HPLC-UV High performance liquid chromatography-ultraviolet-visible, HPLC—DAD high performance liquid chromatography-diode array
electrode, GC-FID gass chromatography-flame ionization detector

Finally, according to the overall results of the optimiza-
tion study, the following experimental conditions were cho-
sen: extraction solvent volume, 105 pL; heating tempera-
ture, 50 °C; heating time, 2 min; extraction time, 6 min;
pH, 2.0; 1.0 g of NaCl in 5 mL of the sample solution; and
centrifugation time, 5 min.

Quantitative analysis of diclofenac and mefenamic acid
To evaluate the analytical performance of the TCIL-

HLPME method, limit of detection (LOD) and quantifica-
tion (LOQ), linearity, repeatability (intra-day precision),

reproducibility (inter-day precision), preconcentration fac-
tor (PF) and extraction recovery (ER %) were investigated
under the optimal conditions. The results are presented in
Table 3. The reported LOD values of 20 ng mL~! for DIC
and 30 ng mL~! for MEF were obtained based on prac-
tical experiments. For this purpose, concentrations of the
target analytes were decreased since a detectable signal-
to-noise ratio of 3 (3S/N) was obtained for each of them
at their retention times. The LOQ values were consid-
ered the low concentrations that linearity of the calibra-
tion curves started from. As shown in Table 3, the LOQ
values of 40 and 60 ng mL~! were obtained for DIC and

@ Springer



1298

JIRAN CHEM SOC (2016) 13:1289-1299

MEEF, respectively. The comparative peak areas, calculated
based on three replicated extractions at the concentration
of 100 ng mL~! from one urine sample, were applied to
calculate the repeatability and were expressed as relative
standard deviation percentages (RSD %). Reproducibility
was calculated based on the obtained average peak area
on each day during three consecutive days. As reported
in Table 3, the intra- and inter-day RSD % values were
less than 4.4 and 8.0 %, respectively. Figure 4a shows
the resulted chromatograms for blank and two replicated
extractions of DIC and MEF from a drug-free urine sam-
ple indicating the acceptable repeatability of the proposed
method. The preconcentration factors were calculated
according to Eq. 1 using the slop ratios of extraction and
direct calibration curves. Direct calibration curves were
constructed by the resultant peak areas of MEF and DIC
versus six concentration points of their standard solu-
tion in the range of 5-50 mg L~'. The slop values (m,)
and determination coefficients (R?) for direct calibration
curves were 28.963 and 0.9964 for MEF and 40.34 and
0.9967 for DIC, respectively. Regarding the extraction cal-
ibration sensitivities of 3257 (R*> = 0.9986) for DIC and
1731.5 (R* = 0.9912) for MEF, PF values of the proposed
method were 82 and 60 for DIC and MEF, respectively.
The ER % values of the proposed method were 73.8 % for
DIC and 54 % for MEF.

The results provided by TCIL-HLPME for extrac-
tion and determination of MEF and DIC were compared
with corresponding literature data obtained by other
methods (Table 4). Regarding the complexity of urine
matrix compared with simple matrices such as deionized
water reported in Table 4, utilization of the low volumes
of urine samples which is a considerable advantage for
analysis of biological fluids, utilization of less expensive
and more general determination instrument (HPLC-UV)
in comparison with expensive and not available ones in
routine analytical labs such as LC-MS/MS, the proposed
method provided a wide linearity range, good recoveries
and acceptable LOD, repeatability and reproducibility val-
ues. Moreover, TCIL-HLPME is a very simple, quick and
inexpensive microextraction technique which can easily
be used for the aims of field analysis. More important, a
microliter volume of a green organic solvent is used in this
technique instead of milliliter volumes of the toxic organic
solvents which improves the safety. In addition, lower
detection limits and higher determination sensitivities can
be achieved by applying larger volumes of urine samples
during extraction procedure as well as usage of more pow-
erful analytical instruments such as LC-MS/MS. Overall,
considering the mentioned advantages, it seems that TCIL-
HLPME can be proposed as a good alternative for the
existing sample preparation methods to analyse DIC and
MEF in urine samples.

@ Springer

Table 5 The results for the extraction and determination of DIC and
MEF in urine sample by TCIL-HLPME followed by HPLC-UV

Sample DIC MEF
Urine 1 (female, age 25) Initial concentration ~ nd* nd
(ng mL™)
Added (ng mL™") 100 100
RR % 98.4 97.5
RSD % (n = 3) 53 5.8
Urine 2 (female, age 25) Initial concentration  84.1 194.9
(ng mL™")
Added (ng mL™") 100 200
RR % 90.5 89.4
RSD % (n = 3) 3.8 5.1
Urine 3 (female, age 27) Initial concentration ~ 49.6 175.3
(ng mL™")
Added (ng mL™1) 60 120
RR % 87.6 85.4
RSD % (n = 3) 6.3 6.6
Urine 4 (female, age 30) Initial concentration  236.2 nd
(ng mL™Y)
Added (ng mL™") 250 -
RR % 93.2 -
RSD % (n = 3) 4.1 -

% nd not detected

Analysis of real samples

Finally, the proposed method was applied for the deter-
mination of DIC and MEF in four urine samples which
were taken from four female volunteers. The results are
summarized in Table 5. Figure 4a shows the chromato-
grams obtained for a blank and two replicated extractions
from a drug-free urine sample (urine 1) at the concentra-
tions of 100 ng mL~! of DIC and 200 ng mL~! of MEF,
respectively. Figure 4b presents the (1) non-spiked and (2)
spiked chromatograms obtained from a urine sample (urine
4) which was taken from a 30-year-old female who was
treated with DIC. The obtained chromatograms indicated
the suitable applicability of TCIL-HLPME technique for
the determination of low levels of DIC and MEF in urine
samples due to providing acceptable repeatability and clean
separations.

To examine the accuracy of the proposed method, all
urine samples were spiked with different concentrations of
DIC and MEF proportional to the founded concentrations
in each sample and the relative recovery (RR %) values
were calculated according to Eq. 3. The spiked recover-
ies were good in the range of 85.4-95.4 %. RSD % values
for the determination of the target analytes were obtained
less than 6.6 %. Overall, the results demonstrated a good
performance and accuracy of the presented method for the
determination of DIC and MEF in urine samples.
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Conclusion

In the present study, a simple, quick, environmentally
friendly and easy-to-use microextraction technique based
on temperature-controlled ionic liquid homogeneous liquid
phase microextraction followed by HPLC-UV was devel-
oped for the extraction and determination of mefenamic
acid and diclofenac from urine samples. Placket-Burman
design and response surface methodology based on face-
centered central composite design was used to optimize the
effective parameters on the performance of TCIL-HLPME.
The experimental results indicated lower limits of detec-
tion, good linearity and repeatability for the proposed
method which will make it a competitive alternative to rou-
tine methods in the future.
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