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Abstract: The aim of this study was to find the best design that is suitable for optimizing the recovery
of the representatives of the 2nd, 3rd and 4th generation of fluoroquinolones. The following designs
were applied: Central Composite Design, Box–Behnken Design and Doehlert Design. The recovery,
which was a dependent variable, was estimated for liquid–liquid extraction. The time of shaking, pH,
and the volume of the extracting agent (dichloromethane) were the independent variables. All results
underwent the statistical analysis (ANOVA), which indicated Central Composite Design as the best
model for evaluation of the recovery. For each analyte, an equation was generated that enabled
to estimate the theoretical value for the applied conditions. The graphs for these equations were
provided by the Response Surface Methodology. The statistical analysis also estimated the most
significant factors that have an impact on the liquid–liquid extraction, which occurred to be pH for
ciprofloxacin and moxifloxacin and the volume of an extracting solvent for levofloxacin.

Keywords: fluoroquinolones; optimization; recovery; drug analysis

1. Introduction

Fluoroquinolones are the antibacterial agents that possess a wide bactericidal activity against
Gram-positive (for example S. Pneumoniae) and Gram-negative (for example P. aeruginosa or B. Fragilis)
bacteria [1,2]. They can be found in different matrices such as pharmaceutical formulations,
biological samples (blood, serum, saliva) or food samples (meat). Different techniques of sample
preconditioning such as liquid–liquid extraction, solid-phase extraction, microextraction, dilution,
or protein precipitation can be applied. The applied technique depends on the matrix used [3].
Liquid–liquid extraction (LLE) is a very common technique of isolation. The analyte is extracted from
a hydrophilic matrix with an organic solvent. The extraction procedure purifies the sample prior to
injecting onto the chromatographic system [4]. LLE is more favorable than solid-phase extraction due
to its simplicity—the sample is only shaken with an organic solvent. The factors that may influence the
analyte’s recovery are pH, the volume of the extracting solvent, and time of extraction. According
to FDA guidelines, the recovery should be consistent and reproducible but it does not have to reach
the value of 100% [5]. The evaluation of the best conditions for recovery might be time-consuming.
In the optimization, the response surface methodology (RSM) in which the surface can take the
different shapes, is useful [6]. It is based on mathematical and statistical techniques. The response
(dependent variable) is described quantitatively with the polynomial equation. The dependent variable
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is optimized when several factors are taken into consideration simultaneously. It can also be analyzed
as one variable at a time. In this situation, only one parameter is optimized and the others should
remain on the same level. It generates too much raw data and it might be impossible to interpret
the optimal conditions properly. The application of chemometric design can overcome this problem.
The number of experiments is limited and it is possible to estimate the mutual interactions between the
independent variables [7,8].

In the optimization process, it is necessary to apply a proper design. The data can be correlated
linearly or by the quadratic models. The models that are desirable for the factorial analysis are
Box–Behnken Design (BBD), Doehlert Design (DD) and Central Composite Design (CCD), which are
classified as response surface designs. They are the symmetrical designs [9]. They make it possible to
approximate the response function to experimental data with the quadratic functions. They are useful
when the linear functions cannot be applied [8]. These three designs analyze the responses of the
independent variables on different levels. In BBB, the experimental points are located on a hypersphere
equidistant from the central point. The CCD has the following parts: the points of factorial design,
the axial points, and the central point. In the DD, the intervals between the levels present a uniform
distribution [8]. The abovementioned models can be found in the literature in optimizing the different
extracting procedures such as LLE for 1.4-dihydropyridines [4], ultrasound-assisted extraction for
colchicine [10], microextraction for psychoactive substances [11], microvave extraction of the essential
oil [12], LLE of fluoroquinolones in food [13], LLE of gallic acid [14] or cloud point extraction in
analysis of the metal’s traces [15], stir bar sorptive extraction in the analysis of the volatile compounds
in vinegar [16] or liquid-phase extraction of metamizole from biological samples and animal feed [17].

The aim of this work was to find the best design that might be useful in the analysis of the recovery
of fluoroquinolones. This paper presents the statistical evaluation of the three factorial designs in the
optimization of recovery. It indicates which design is suitable and evaluates the significant interactions
between the independent variables.

2. Materials and Methods

2.1. Reagents

Levofloxacin (LEVO), Ciprofloxacin (CIPRO), sodium monophosphate and orthophosphoric acid
were purchased by SigmaAldrich (Steiheim, Germany). Moxifloxacin (MOXI) was purchased by
SantaCruz Biotechnology (Dallas, TX, USA). Acetonitrile (ACN), methanol (MeOH), triethylamine
(TEA), and dichloromethane (DCM) were purchased by Merck (Darmstadt, Germany). All reagents
were of HPLC grade. The plasma was obtained from the Local Blood Centre.

2.2. The Design Matrices

The following designs were analyzed: Box–Behnken Design, Doehlert Design, and Central
Composite Design. In our study, we applied circumscribed CCD for which |α| = 1.68 for three factors [9].
They are listed in Tables 1–3. The values of each coded factor are presented in Table 4. The method for
codification of the values was described by Bezerra et al. [8].
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Table 1. The Central Composite Design.

Coded Factors
Buffer pH Volume of DCM Time

−1 −1 −1
1 −1 −1
−1 1 −1
1 1 −1
−1 −1 1
1 −1 1
−1 1 1
1 1 1
−α 0 0
α 0 0
0 −α 0
0 α 0
0 0 −α

0 0 α

0 0 0

Table 2. The Doehlert Design.

Coded Factors
Buffer pH Volume of DCM Time

1 0 0
0.5 0.866 0
0.5 0.289 0.817
−1 0 0
−0.5 −0.866 0
−0.5 −0.289 −0.817
0.5 −0.866 0
0.5 −0.289 −0.817
−0.5 0.866 0

0 0.577 −0.817
−0.5 0.289 0.817

0 −0.577 0.817
0 0 0

Table 3. The Box–Behnken Design.

Coded Factors
Buffer pH Volume of DCM Time

−1 −1 0
1 −1 0
−1 1 0
1 1 0
−1 0 −1
1 0 −1
−1 0 1
1 0 1
0 −1 −1
0 1 −1
0 −1 1
0 1 1
0 0 0
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Table 4. The levels of the factors.

The Coded Level Buffer pH Volume of DCM (mL) Time (min)

−α 4.82 0.820 1.60
−1 5.50 1.500 5.00
−0.866 − 1.634 −

−0.817 − − 5.92
−0.577 − 1.923 −

−0.5 6.00 − −

−0.289 − 2.211 −

0 6.50 2.500 10.00
0.289 − 2.789 −

0.5 7.00 − −

0.577 − 3.077 −

0.817 − − 14.08
0.866 − 3.360 −

1 7.50 3.500 15.00
α 8.18 4.180 18.40

2.3. The Optimization of the Extraction Procedure

Two-hundred microliters of the human blank plasma was spiked with 25 µL of the standard
(CIPRO, LEVO or MOXI) stock solution, in which the concentration of the analyte was 100 mg/L, and the
25 µL of internal standard solution (LEVO for CIPRO and MOXI, CIPRO for LEVO determination)
which concentration of the stock solution was 60 mg/L. The goal concentration of the internal standard
in the plasma sample was 6 mg/L, and the analyte 10 mg/L. Two-hundred-and-fifty microliters of
the phosphate buffer (50 mM) was added to the proper volume of DCM (VDCM) defined in Table 4.
The proper pH was shifted with a concentrated orthophosphoric acid. The mixture was shaken on
a shaker. The organic layer was transferred to the tube and evaporated to dryness in the sample
concentrator in 45 ◦C. The dry residue was dissolved in 200 µL of the mobile phase and injected onto
the chromatographic column. The VDCM, the pH of the buffer, and the time of the shaking were the
independent variables. The recovery was the response in this study. According to Dejaegher et al. [9],
the number of repeats in the central point was three. The samples, for which the recovery was tested
for the optimized conditions, were done in five replicates for three concentrations of the analyte in
plasma i.e., 2 mg/L, 6 mg/L and 8 mg/L.

2.4. Statistical Analysis

The statistical analysis was done by Design Expert ver. 11, Statistica ver. 13.1 and MiniTab ver. 18.
The ANOVA test was applied. The results are presented in Table 5. The p < 0.05 was considered as
statistically significant.

The R2 close to 1 implies a better fit design to experimental data, which is also supported with the
R2 adjusted. The R2-adjusted value also explains the suitability of the design. It increases with the
addition of independent variables, which are significant to a dependent variable. If the non-significant
variables are added into the design, the adjusted R2 value decreases contrary to the R2 value that
increases with the introduction of the new variables regardless of their importance. The gap between
R2 and adjusted R2 should be as small as possible and not exceed 0.2. The importance of F-value
implies the significance of the variable in single or in interaction. The higher the F-value observed,
the more significant the factor is.
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Table 5. The statistical analysis of the applied models.

Central Composite Design
CIPRO LEVO MOXI

F 29.27 27.14 48.500
p <0.0001 <0.0001 <0.0001

R2 0.9777 0.9760 0.9842
R2-adjusted 0.9443 0.9401 0.9639
Lack of fit NS NS NS

Doehlert Design
CIPRO LEVO MOXI

F 14.390 20.520 13.210
p 0.011 0.002 0.019

R2 0.9664 0.9636 0.9824
R2-adjusted 0.8993 0.9262 0.9689
Lack of fit NS NS NS

Box–Behnken Design
CIPRO LEVO MOXI

F 2.320 3.430 4.920
p 0.184 0.054 0.047

R2 0.8066 0.8605 0.8986
R2-adjusted 0.4854 0.6094 0.7160
Lack of fit 0.006 <0.001 0.018

2.5. The Chromatographic Analysis

Twenty microliters of the sample was injected onto the chromatographic system. The analytes
were detected with a UV detector (detection wavelength λ = 280 nm), the temperature was ambient.
The elution was isocratic. The LiChroCART column (250 × 4 mm, 5 µm, Merck, Darmstadt, Germany)
with Purospher RP—18 guard column (4 × 4 mm, 5 µm, Merck, Darmstadt, Germany) were applied
for chromatographic separation. The analysis for LEVO and CIPRO was done on the following mobile
phase: ACN—MeOH—50mM NaH2PO4—0.7% TEA (12:17:35.5:35.5; v/v/v/v), the pH of the mobile
phase was 2.5 and flow 1 mL/min. Retention time for LEVO was ca. 5.4 min., and for CIPRO 6.2
min. The total run time did not exceed 9 min. MOXI was analyzed on the following mobile phase
which consisted of ACN—1.5% TEA—33.8 mM NaH2PO4 (27:36.5:36.5; v/v/v), the pH of the mobile
phase was 2.5 and flow was 1 mL/min. The retention time for MOXI was ca. 4.8 min., and for LEVO
ca. 2.8 min. The total time of analysis did not exceed 7 min. The components and proportions of the
constituents of the mobile phase were optimized using Box–Behnken Design. The HPLC separation
was isocratic in both cases [18].

3. Results

3.1. The Statistical Evaluation of the Model

The aim of this study was to compare the suitability of the different chemometric models for the
optimization of the recovery of the representatives of the fluoroquinolones. The following models
were tested: BBD, CCD and DD. The design matrices are presented in Tables 1–3. The following
parameters were taken into consideration: the p-value, the F-value of the ANOVA test, the coefficients
of determination (R2-value, the R2-adjusted), and lack of fit. The p-value should be below 0.05.
The F-value should take the highest values, the lack of fit should not be below 0.05. The coefficient of
variations R2 is a measure of the amount of variation around the model, and the R2-adjusted is adjusted
for the number of terms in the model. It decreases as the number of terms in the model increases on
the condition that these terms do not add value to the model. The R2 value should be higher than 0.9
and the differences between them should not exceed 0.2 [18].
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The model which was the least suitable for estimation of the recovery was the BBD. The p-values
for CIPRO and LEVO were not significant (Table 5). For MOXI, it was on the threshold of statistical
significance. The F-values were the lowest when compared with the other models. Moreover, none of
the R2 values for each analyte exceeded the value 0.9. The R2-adjusted values were the lowest when
compared with other models and the difference between them was higher than 0.2 for CIPRO and LEVO.
For MOXI, it was close to this value. The lack-of-fit was significant for all analytes. That excluded the
BBD model from further analysis.

The p-values in CCD and DD implied the significance of the models for all analytes, however,
for CCD they took the lowest values (below 0.0001). The lack of fit in all cases was not significant.
The coefficients of determinations R2 values exceeded 0.95, however, it took the higher values for
CCD. The lower values for R2 adjusted were noted for CIPRO and LEVO for DD. For CCD, they were
higher—they exceeded the value of 0.94, which revealed a good correlation between the independent
variables. The differences between R2 and R2-adjusted did not exceed the value 0.2 for all analytes in
CCD and DD models.

The analysis of F-values proved that the CCD was suitable for the optimization of the recovery of
analyzed fluoroquinolones—they were the highest for CCD and they exceeded 25. For DD, they did
not exceed 21, and the lowest one was noted for MOXI. For BBD, the F-value took the lowest values,
which did not exceed 5 (Table 5).

The standardized Pareto Charts for recovery of the analyzed compounds for CCD are in Figure 1.
The length of the bar is proportional to the standardized effect [19]. The line indicates the threshold
p = 0.05. For CIPRO and MOXI, the most significant factors are the quadratic terms of pH, VDCM and
time. For LEVO, the most significant factors are VDCM, the quadratic term of time and the VDCM ×
time interaction. The mutual interaction between two different independent variables for MOXI and
CIPRO compounds is not as significant as for LEVO. The Pareto chart for LEVO indicates as significant
all possible mutual interactions between the independent variables.
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3.2. Response Surface Methodology (RSM) in the Optimization of Recovery

The statistical analysis for CIPRO and MOXI proved that F-values are the highest for pH2, VDCM2,
and time2. For LEVO, the highest values are observed for VDCM, time2, and interaction VDCM ×
time (Table 6). The statistical analysis also proved that for LEVO all the mutual interactions between
independent variables are statistically significant.
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Table 6. The statistical analysis of CCD for the analytes.

CIPRO LEVO MOXI
F p F p F p

Model 29.27 <0.001 Model 27.14 <0.001 Model 48.50 <0.001
linear 9.23 0.012 linear 67.11 <0.001 linear 22.78 0.001

pH 10.10 0.019 pH 0.40 0.552 pH 8.09 0.025
VDCM 1.26 0.305 VDCM 185.80 <0.001 VDCM 57.02 <0.001
time 16.23 0.007 time 15.15 0.008 time 3.23 0.115

quadratic 69.58 <0.001 quadratic 18.51 0.002 quadratic 120.46 <0.001
pH × pH 142.69 <0.001 pH × pH 20.92 0.004 pH × pH 234.47 <0.001

VDCM × VDCM 108.46 <0.001 VDCM × VDCM 16.24 0.007 VDCM × VDCM 180.08 <0.001
time × time 82.52 <0.001 time × time 38.08 0.001 time × time 154.15 <0.001

2-FI 3.01 0.116 2FI 12.54 0.005 2-FI 2.26 0.168
pH × VDCM 0.11 0.753 pH × VDCM 8.79 0.025 pH × VDCM 0.59 0.466
pH × time 4.00 0.092 pH × time 6.09 0.049 pH × time 0.39 0.555

VDCM × time 6.76 0.041 VDCM × time 22.74 0.003 VDCM × time 5.81 0.047

The shapes of the RSM graphs for CIPRO, LEVO and MOXI are presented in Figures 2–4.
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The theoretical equations for each of the analytes are listed below:

RecoveryCIPRO = 91.79 + 9.62 pH + 3.40 VDCM − 12.19 time − 61.33 pH2
− 53.47 VDCM2

− 46.64 time2
− 2.32 pH × VDCM − 14.11 pH × time + 18.34 VDCM × time

(1)

RecoveryLEVO = 98.59 − 0.83 pH + 17.75 VDCM + 2.83 time − 6.80 pH2
− 7.28 VDCM2

− 9.17 time2 + 5.11 pH × VDCM + 4.26 pH × time − 8.22 VDCM × time
(2)

RecoveryMOXI = 88.29 + 3.29 pH − 8.72 VDCM + 2.08 time − 19.49 pH2
− 17.08 VDCM2

− 15.80 time2 + 1.16 pH × VDCM − 0.94 pH × time − 3.64 VDCM × time
(3)

4. Discussion

The analysis of the shapes of the RSM graphs for CIPRO proved that the maximum value of
recovery was located inside the experimental region for all configurations (pH and time vs. recovery,
VDCM and time vs. recovery, and pH and VDCM vs. recovery). In Figure 2a, we can see that the
maximum recovery observed is for pH 6.0–7.0 and the VDCM 2.0–3.5 mL. When pH is considered
with the time of shaking, we can see that the maximum recovery is observed for time 8–12 min
(Figure 2b). Figure 2c gives an information that the maximum recovery is noted for the volume
range of an extracting agent 2.0–3.5 mL. Too high or too low pH reduces the recovery because of
the ionization of the carboxyl group or nitrogen atom in the CIPRO molecule. The analysis of the
data for CIPRO showed that the maximum recovery is observed for the intermediate values of the
variables. The pH 6.0–7.0 combined with the VDCM 2–3 mL and the time of shaking 7.5–12.5 min.
resulted in high recovery. The critical parameter that influences most the recovery of CIPRO is pH.
The further statistical analysis with the software indicated the following conditions for which the
recovery should be the highest: 6.6 for pH, 2.5 mL for VDCM, and 9 min. for the time of shaking.
The predicted recovery for CIPRO estimated with equation (1) for optimal conditions should take
the value 92.9%. The experimental values were 92.2% ± 0.8%, 92.4% ± 1.0% and 92.9% ± 1.1% for
the following concentrations 2 mg/L, 6 mg/L and 8mg/L respectively. The mean value for these three
concentrations was 92.5%. It also confirmed the suitability of the applied design.

The analysis of the RSM graph (pH and VDCM vs. Recovery) showed that the maximum recovery
of LEVO is observed for VDCM 3.0–4.0 mL and pH 6.0–7.0 (Figure 3a). The major restricting agent of
LEVO recovery is the VDCM. It decreases with the decrease in the volume of the extracting solvent.
However, the higher volumes of the extracting agent also reduces the recovery. It was also noted by
Asadollahzadeh et al. [19], who investigated the impact of an extracting agent on the microextraction
of arsenic compounds, that the enrichment factor decreases with the increase of the extracting agent.
The impact of the time is illustrated in Figure 3b,c. It indicated that the region with the maximum
recovery is observed for the time of shaking 7.5–14.0 min, pH from 6.0 to 7.0, and VDCM 3.0–4.0 mL.
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When the time of shaking shortens, and the applied VDCM is 2.0 mL and lower, the recovery decreases
especially for the higher pH levels. The impact of pH on the recovery is significant for low VDCM.
In all graphs, the maximum is located inside the investigated region. The VDCM and pH vs. Recovery,
and pH and time vs. Recovery graphs indicate that variation of the pH level impacts the recovery
significantly for higher values of pH when considered with low VDCM and short time of shaking.
The software analysis indicated that the most optimal conditions for recovery are pH 6.4, VDCM 3.5 mL
and time of shaking 13 min. The expected value for LEVO recovery calculated with equation (2) was
101.6%. The observed value for the concentration 2 mg/L was 99.9% ± 0.2%, and for concentrations
6 mg/L and 8 mg/L was 100% ± 0.1%. The mean value for these concentrations was 100%.

The highest recovery for MOXI is observed for pH 6.0–7.0 and the VDCM 2–3 mL (Figure 4a).
According to the graph in Figure 4b, the highest recovery is noted for pH 6.0–7.0 and time of shaking
10–12 min. In Figure 4a,c, the maximum of the recovery is stretched to low values of DCM, which
suggests the theoretical possibility of the use of relatively small amounts (less than 3 mL) of the organic
solvent at the intermediate values of pH (Figure 4a). The most optimal conditions for MOXI recovery
are the following: pH 6.6, 2.3 mL for VDCM and 10 min for the time of shaking. The predicted value of
MOXI recovery with Equation (3) is 89.5%. The observed values were 90.5% ± 1.1%, 90.9% ± 0.9% and
92.2% ± 0.7% for the following concentrations: 2 mg/L, 6 mg/L and 8 mg/L respectively. The observed
mean value for these concentrations is 91.2%. The shapes of the response plots indicated for all analytes
that the maximum recovery is located inside the experimental region.

5. Conclusions

According to the literature data, BBD, DD and CCD can be applied in the analysis of the extraction
step for different compounds [20]. This study gives an answer to which of the investigated model is
suitable for the analysis of the fluorquinolones’ recovery from plasma. The statistical analysis excluded
BBD. For DD, the F-values indicated that this design is better than BBD. However, the detailed statistical
analysis proved that in the optimization fluoroquinolones, the most suitable is CCD; the highest
values for the ANOVA test were noted for CCD. Szerkus et al. also used the CCD in the extraction of
levofloxacin—it was an extraction with methanol from prostatic tissue [21]. Ferreira et al. indicated
that DD for the k = 3 is the same as BBD [20]. The suitability of the chosen model was confirmed by
the measurements—the predicted values of recovery were similar to the calculated ones.

The statistical analysis proved that the pH is the factor that limits the recovery of CIPRO and
MOXI. In the case of LEVO, the factor that most influences the recovery is the VDCM.

The conducted statistical analysis not only indicated the most relevant factors that influence
the recovery of the analytes but also makes it possible to reduce the use of the reagents. It is a very
important issue from both the economic and ecological point of view.
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levofloxacin and sunitinib. Pharmacol. Rep. 2015, 67, 542–544. [CrossRef] [PubMed]
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