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Dispersive liquid-liquid microextraction (DLLME) and spectrofluorimetry, coupled with 
chemometrics methods, are proposed in this work for the pre-concentration and determination of 
ofloxacin concentration in spiked human urine. Chloroform and acetonitrile were selected as the 
extraction and dispersive solvents by the one-variable-at-a-time process. The Box-Behnken design 
was used to optimize the other variables, including the volume of extraction and dispersion solvents, 
solution pH, and ionic strength. A linear calibration curve was obtained in the 5.0-120.0 ng mL-1 
range under optimal conditions with a detection limit of 1.61 ng mL-1 and correlation coefficient of 
0.9948. A relative standard deviation (RSD) of 1.13% was obtained for seven consecutive replicates. 
Parallel factor analysis (PARAFAC) and partial least square (PLS) modeling were applied for 
the multivariate calibration of the spectrofluorimetric data. To pre-process the data matrices and 
predict the model results, the orthogonal signal correction (OSC) was used, and the analysis results 
were statistically compared. The methods accuracy values for ofloxacin determination, evaluated 
by the root mean square errors of prediction (RMSEP) and relative standard error of prediction 
(RSEP), were 0.82 and 1.12 using OSC-PLS, and 0.31 and 0.42 using OSC-PARAFAC models, 
respectively. Ofloxacin can be reliably determined in human urine samples through the proposed 
procedure, according to the results.
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Introduction

A second-generation fluoroquinolone, ofloxacin 
(OFL, 9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl- 
1 - p i p e r a z i n e ) - 7 - o x o - 7 H - p y r i d o [ 1 , 2 , 3 - d e ] -
1,4-benzoxazine-6-carboxylic acid) is a synthetic antibiotic 
of the fluoroquinolone drug family (Figure 1).1 This 
antibacterial agent is widely used in the treatment of the 
respiratory tract, urinary tract, and tissue-based infections 
due to gram-positive and gram-negative bacteria.2 Bacteria 
multiplication is prevented by ofloxacin through the 
inhibition of the reproduction and repair of genetic material 
(DNA). Ofloxacin is also available for topical use, in the 
form of eye and ear drops. Monitoring OFL concentrations 
in real samples is vital for adjusting the drug dosage and 
studying drug-drug interactions.3

High-per fo rmance  l iqu id  chromatography 
(HPLC),4-6 spectrophotometry,7,8 spectrofluorimetry,9,10 
thin layer chromatography (TLC)-fluorescence 

spectrodensitometry,11,12 capillary electrophoresis,13,14 and 
flow-injection chemiluminescence15,16 are several methods 
used for ofloxacin determination. Some of these methods 
are expensive, elaborate, and often not sensitive enough 
to directly determine trace amounts of ofloxacin in urine 
samples. Thus, a pre-concentration step is required.

As first reported by Assadi and co-workers17 in 2006, 
dispersive liquid-liquid microextraction (DLLME) can 
overcome some of the mentioned constraints due to its 
advantages, including simplicity of operation, speed, 
low cost, high recoverability, and high enrichment factor. 
An appropriate mixture of the extraction and disperser 
solvents is rapidly injected via syringe into the aqueous 

Figure 1. Chemical structure of ofloxacin.

https://en.wikipedia.org/wiki/Eye_drop
https://en.wikipedia.org/wiki/Ear_drop
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samples containing the analytes in DLLME, yielding a 
cloudy solution created by the formation of fine droplets 
of the extraction solvent dispersed in the sample solution. 
This cloudy solution is then centrifuged to precipitate 
the fine droplets at the bottom of the conical test tube. 
Instrumental analysis is used to determine the analyte in 
the precipitate.18-23

The impacts of different experimental parameters were 
investigated and the optimized method was successfully 
used for the real urine sample analysis done in this work. 
In this approach, a chemometric study of the optimization 
of DLLME parameters has been carried out in order to 
determine ofloxacin.

The Box-Behnken experimental design under response 
surface methodology (RSM) was used to study and optimize 
the effective parameters on the extraction recovery.24-27 The 
Box-Behnken design (BBD) includes all spherical designs 
and requires factors to be run at only three levels. The 
designs are also fully or nearly rotatable. In addition, these 
designs do not contain combinations for all factors at their 
highest or lowest levels simultaneously. Thus, the BBD 
could reduce the number of required experiments and is 
useful in avoiding experiments performed under extreme 
conditions, which may yield unsatisfactory results.28 RSM 
is a set of statistically useful methods for the design of 
experiments, building of models, and analysis of the effects 
of independent factors on the response. It can be used in the 
evaluation of the relative significance of several affecting 
factors. The determination of the optimal operational 
conditions for desirable responses is the main objective 
of RSM.29

Considering the accessibility of digitized spectroscopic 
data, the application of quantitative chemometrics 
methods to multivariate chemical data is becoming 
increasingly widespread. Multivariate optimizing methods 
are superior to most common optimization methods, 
since more information could be obtained by carrying 
out fewer experiments; the interactions are found among 
the variables in these methods. To increase the selectivity 
in the determination of real samples, the partial least 
squares (PLS) method is used as a multivariate calibration. 
Some samples are required by the PLS method to make 
models as the calibration set. The PLS method validates 
the samples using a validation set. The component 
concentration is determined by the results of the 
calibration from the sample spectrum. The basic concept 
of PLS and its application in quantitative determinations 
have already been explained.30-34

The investigation of N-dimensional (or N-way or 
N-mode) data arrays has been of great interest because of 
the sophisticated experimental designs and the increased 

amount of data originating from modern instrumentation. 
Collection of data tables with a fixed set of objects and 
variables under different experimental conditions may be 
used to generate three-dimensional arrays. A multi-way 
method originating from psychometrics is the parallel 
factor analysis (PARAFAC).35 PARAFAC is gaining more 
interest in chemometrics and the corresponding areas due 
to factors like simply increased information regarding the 
method and its possibilities, the increased complexity of 
the corresponding data in science and industry, and the 
increased computational power. PARAFAC, one of several 
decomposition methods for N-way data, is a generalization 
of the principal component analysis (PCA)36 to higher 
orders. Orthogonal signal correction (OSC), applied as 
a pre-processing step, improves the calibration model 
by filtering strong structured changes in the spectra not 
associated with the concentration.37-44

The extraction and determination of ofloxacin in human 
urine were done through DLLME and spectrofluorimetry in 
the present work. The effect of important variables such as 
type and volume of extraction and dispersive solvents, pH, 
and sample ionic strength was investigated and optimized 
by BBD. The PLS and PARAFAC calibration were applied 
in the quantification of ofloxacin, while OSC was used 
in the pre-processing of data matrices. The accuracy of 
the methods was evaluated through the root mean square 
errors of prediction (RMSEP) and relative standard error 
of prediction (RSEP).

Experimental

Reagents and material

All the reagents and chemicals used in this work were 
of analytical reagent grade. Ofloxacin was purchased 
from Sigma-Aldrich Chemical Co. Universal solution as 
buffer, carbon tetrachloride, dichloromethane, chloroform, 
nitrobenzene, methanol, ethanol, acetonitrile, and 
acetone were supplied by Merck Chemical Co. A total of 
1000 µg mL-1 of stock standard solution of ofloxacin was 
prepared by dissolving the compound in sodium hydroxide, 
followed by dilution with double distilled deionized water. 
This solution was stored in the dark at 4 °C.

Instrumentation and software

A PerkinElmer, LS 45 Spectrofluorimeter enhanced 
by 150 W Xe lamp, which was coupled to a computer 
and equipped with a 300 µL quartz microcell, was used 
for recording the spectra using Windows 7 operating 
system. All the measurements were done at the exciting 
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wavelength of 200-350 nm for every 10 nm, and at the 
emission wavelength in the 400-650 nm range for every 
1 nm. A centrifuge (Sigma) was used to accelerate 
the phase separation process. The pH was determined 
with a 780 Metrohm digital pH meter with a combined 
glass-calomel electrode. The BBD was run in Minitab 
version 16. The programs for PLS, PARAFAC, and OSC 
calculation were written in MATLAB 2012 and run on 
a personal computer (CPU 3.0 GHz and RAM 4 GB) 
equipped with the Windows XP operating system. The 
applied OSC version is based on the Wold et al.45 algorithm.

Experimental procedure

A standard solution containing 5.0-120.0 ng mL-1 of 

ofloxacin (10 mL) was poured in a sealed conical-bottom 
tube and the solution pH was adjusted to 4.5 using a 
universal buffer. A mixture of acetonitrile (600 µL) and 
chloroform (300 µL), dispersive and extraction solvent, 
respectively, was then rapidly injected into the sample using 
a 2 mL syringe. A cloudy solution formed, which contained 
tiny dispersed chloroform drops; ofloxacin was extracted 
into the droplets. The tiny chloroform drops precipitated 
at the bottom of the conical tube (around 220 µL) after 
centrifugation for 10 minutes at 4,000 rpm. The upper 
aqueous solution was removed and the precipitated phase 
was transferred into a 300 µL microcell using a syringe for 
spectrofluorimetric measurement.

Real samples preparation before DLLME

Samples containing 10 mL of urine and serum were 
collected from 25-30 year old healthy volunteers to validate 
the proposed method. The samples were transferred 
into centrifuge tubes and centrifuged at 3,500 rpm for  
five min. Then, 2 mL of the clear supernatant was poured 
into a new centrifuge tube and the pH was adjusted to 
4.5, followed by spiking with standard 5.0-120.0 ng mL-1 
ofloxacin solution. The general analytical procedure was 
then followed.

The pharmaceutical preparations had the following 
composition per tablets: Chemidarou (Iran), 200 mg; Exir 
(Iran), 200 mg; and Rouz Daru (Iran), 300 mg of ofloxacin. 
Five tablets of each pharmaceutical formulation were 
weighed individually to an average weight. The tablets were 
finely powdered and mixed, and a mass corresponding to 
one tablet for each formulation was weighed and dissolved 
in sodium hydroxide, followed by dilution with double 
distilled deionized water in 100 mL volumetric flask. 
Serial dilutions were performed and the analysis was then 
followed in the general analytical procedure.

Calculation of enrichment factor (EF) and preconcentration 
factor (PF)

Enrichment factor (EF) is the ratio of the analyte 
concentration in the settled phase to the initial analyte 
concentration (C0) in the aqueous sample.

  (1)

The preconcentration factor (PF) is calculated as the 
ratio of the initial sample volume (Vaq) and the settled 
phase volume (Vset).

  (2)

Here, Vaq and Vset are the aqueous sample and sediment 
phase volumes, respectively.

Type and volume of extraction and dispersive solvents

Extraction solvent, which should have a higher density 
than water and low miscibility with sample in order 
to obtain proper selectivity with high efficiency, is an 
important parameter in the DLLME process.46 Therefore, 
carbon tetrachloride, dichloromethane, chloroform, and 
nitrobenzene were examined as extraction solvents for 
ofloxacin. Chloroform had the highest enrichment factor 
and yielded the most stable cloudy solutions, according to 
the results obtained.

The dispersive solvent in DLLME should be miscible 
with the organic and aqueous phases and should be 
able to disperse the extraction solvent into tiny drops 
in the aqueous phase. Acetone, acetonitrile, ethanol, 
and methanol were tested as dispersive solvents in this 
regard. Acetonitrile gave the best recovery among the 
solvents tested. Samples of 550 µL from these extraction 
solvents were mixed with 225 µL of dispersive solvents 
and examined to select the appropriate extraction and 
dispersive solvents.

Effect of pH

An important factor in the liquid-liquid extraction 
process is the solution pH. The ionic form of a neutral 
molecule, resulting from protonation or proton donation 
in acidic or alkaline media, cannot be extracted from 
the aqueous phase into the organic phase. Therefore, in 
microextraction, the pH should be adjusted in order to 
extract the analyte as a neutral molecule. The effect of pH 
was studied in the range of 3-8; the optimal pH was found 
to be 4.5.
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Effect of salt

The effect of ionic strength was evaluated by adding 
0-3% (m/v) NaCl under constant conditions. The extraction 
efficiency was shown to increase by adding salt, due to the 
reduction of analyte solubility in water. The results obtained 
are discussed in the Results and Discussion section.

Effect of extraction time

The interval between the injection of solvent mixture and 
the centrifugation is called extraction time in the DLLME 
process. In order to study the effect of extraction time, it 
was kept in the range of 0-30 min. The results indicated 
that extraction efficiency is not affected by extraction time. 
In fact, an interface is developed between the extraction 
and the aqueous phase after the formation of the cloudy 
solution, which enhances the extraction of the analyte from 
the aqueous phase into the extraction phase, resulting in a 
quick equilibrium state. One of the most significant benefits 
of this method is the short extraction time.

Results and Discussion

Several parameters, such as extraction and dispersive 
solvent type and volume, solution pH, aqueous phase 
ionic strength, and extraction time, influence the ofloxacin 
enrichment factor in the DLLME process. These variables 
were optimized through the one-variable-at-a-time (OVAT) 
process. The OVAT design is a classical univariate method 
consisting of the investigation of the response for each factor, 
while all other factors are held constant. BBD was then used 
to optimize the effective levels of variables in the extraction 
of the ofloxacin and RSM was applied to analyze the effect of 
the independent factors on the response, in order to evaluate 
the relative significance of several affecting factors.

Box-Behnken design

According to the BBD method,47 the extraction 
solvent volume (X1), dispersive solvent volume (X2), 
solution pH (X3), and ionic strength (X4) influence the 
response of OVAT experiments. These were studied as 
variables for assigning their optimal levels and designing a 
model. The number of experiments (N) required to develop 
the design is defined as equation 3:

N = 2k(k –1) + C0 (3)

Here, k is the factor number and C0 is the central point48 
replicate number. Thus, a total of 27 runs, including three 

central points, were carried out to study the effect of four 
variables at three different levels (low, medium, and high). 
The design central point was replicated three times to 
estimate the error. The optimization of the critical factors and 
definition of the nature of response surface in the experiments 
were performed using RSM. Table 1 shows a list of factors, 
the corresponding symbols, and levels. The experimental 
design matrices and the values of responses under different 
experimental combinations are presented in Table 2.

The equation correlating the independent variables 
and the response is defined as a second-order polynomial 
model (equation 4):

Y = β0 + β1X1 + β2X2 + β3X3 + β4X4 + β12X1X2 + 
β13X1X3 + β14X1X4 + β23X2X3 + β24X2X4 + β34X3X4 + 
β11X1

2 + β22X2
2 + β33X3

2 + β44X4
2 (4)

Here, Y is the predicted response; β0 is the intercept 
coefficient; β1, β2, β3, and β4 are linear coefficients; β12, 
β13, β14, β23, β24, and β34 are cross product coefficients; β11, 
β22, β33, and β44 are the quadratic coefficients, and Xi values 
are independent variables. RSM was then applied to define 
the empirical relationship between Y and the variables. 
Equation 5 shows the response functions (Y) with the 
determined coefficients:

Y = –205.94 + 10.66X1 + 2.27X2 + 118.98X3 + 
45.68X4 – 0.01X1X3 – 0.05X1X4 – 0.03X2X3 –  
0.02X2X4 – 4.95X3X4 – 0.02X1

2 – 10.63X3
2 + 0.48X4

2 (5)

The optimal set for the maximum percentage of Y was 
obtained as follows: X1 = 600, X2 = 225, X3 = 4.1, X4 = 3.

Statistical analysis

The statistical significance of the model was evaluated 
using the analysis of variance (ANOVA). The results are 

Table 1. Level of variables used in BBD (Box-Behnken design) for OFL 
(ofloxacin) extraction

Factor
Levels

Low (−1) Medium (0) High (+1)

(X1) Volume of extraction 
solvent / µL

200 225 250

(X2) Volume of disperser 
solvent / µL

500 550 600

(X3) pH of sample solution 3 4.5 6

(X4) Ionic strength 
(NaCl concentration, m/v) / %

0.0 1.5 3
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presented in the Table 3. If p-value, the smallest level 
of significance, is below 0.05, the model is statistically 
definable. The determination coefficient (R2) was 94.46%, 
which was used in the evaluation of the model aptitude. 
The R2 value also indicates strong agreement between 
the experimental and predicted responses. The failure 
of the model to represent the experimental data in the 
experimental domain at the points not included in the 
regression analysis is measured by the lack-of-fit test.49 
The lack-of-fit (0.361) was not significant (p-value > 0.05).

Interaction effects of extraction variables

The effect of different variables on the response factor 
is visualized by the three-dimensional response surface 
plots (Figures 2a-2f). The cross-effects of the variables 

cause the bending of these plots. According to the response 
surface plot of Figure 2a, the recovery percentage (R%) 
is reduced with the reduction in the acetonitrile and 
chloroform volume, which is possibly due to the inability 
of the extraction solvent to disperse properly and the lack 
of a proper cloudy solution. An increase in the acetonitrile 
volume increases the recovery percentage in a medium 
amount of chloroform, until it finally reaches a plateau 
state. A high volume of acetonitrile has a negative effect 
on R% when a high volume of chloroform (240-250 µL) 
is used, based on the results. This may be due to an 
increased solubility of the analyte on increasing the amount 
of dispersive solvent. The optimal R% is about 94 when 
570-600 µL of acetonitrile and 200-225 µL of chloroform 
are used as disperser and extraction solvents, respectively.

R% decreases with a decrease in pH and extraction 
solvent (ca. 35%), as shown in Figure 2b. In addition, 
R% rises to 88% when the extraction solvent pH and 
volume reach 4.5 and 225 µL, respectively. As observed in 
Figure 2c, the extraction efficiency increases in the region 
where the acetonitrile volume and pH are set at 600 µL and 
4.5, respectively. High R% of about 94% is observed in the 
region when the amount of NaCl is the lowest and pH is 
4.5 (Figure 2d). The best level of extraction efficiency is 
observed when the amount of NaCl is the highest and the 
chloroform and acetonitrile volumes are about 225 and 
570 µL, respectively (Figures 2e and 2f).

Table 2. Design matrix and obtained result for Box-Behnken design (BBD)

Run
Coded level of factors R%

X1 X2 X3 X4

1 −1 −1 0 0 70.01

2 1 −1 0 0 67.04

3 −1 1 0 0 81.90

4 1 1 0 0 72.01

5 0 0 −1 −1 57.50

6 0 0 1 −1 70.11

7 0 0 −1 1 86.96

8 0 0 1 1 55.02

9 −1 0 0 −1 72.03

10 1 0 0 −1 78.01

11 −1 0 0 1 80.03

12 1 0 0 1 79.10

13 0 −1 −1 0 57.06

14 0 1 −1 0 66.58

15 0 −1 1 0 61.02

16 0 1 1 0 63.01

17 −1 0 −1 0 56.11

18 1 0 −1 0 60.07

19 −1 0 1 0 56.10

20 1 0 1 0 58.12

21 0 −1 0 −1 82.04

22 0 1 0 −1 94.05

23 0 −1 0 1 93.61

24 0 1 0 1 98.99

25 0 0 0 0 91.97

26 0 0 0 0 95.06

27 0 0 0 0 87.91

R%: recovery percentage.

Table 3. Analysis of variance (ANOVA) for Box-Behnken design (BBD)

Variable
Sum of 
square

Degree of 
freedom

Mean 
square

F-Value p-Value

X1 0.33 1 758.63 31.66 0.000

X2 175.41 1 113.06 4.72 0.051

X3 36.15 1 553.16 23.08 0.000

X4 133.00 1 87.60 3.66 0.080

X1
2 450.12 1 982.55 41.00 0.000

X2
2 20.11 1 82.72 3.45 0.088

X3
2 3535.43 1 3050.62 127.31 0.000

X4
2 6.15 1 6.15 0.26 0.622

X1X2 11.90 1 11.90 0.50 0.494

X1X3 1.10 1 1.10 0.05 0.834

X1X4 12.25 1 12.25 0.51 0.488

X2X3 14.36 1 14.36 0.60 0.454

X2X4 10.89 1 10.89 0.45 0.513

X3X4 496.73 1 496.73 20.73 0.001

Residual error 287.55 12 23.96

Lack-of-fit 262.88 10 26.29 2.13 0.361

Pure error 24.67 2 12.33
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Analytical parameters of DLLME

Analytical parameters of the proposed method are 
considered under the optimal conditions. The results 
are shown in Table 4. Under the optimal conditions, a 
calibration curve was obtained with a linear dynamic 
range for eight prepared ofloxacin solution samples with 
concentrations in 5.0-120.0 ng mL-1 range and a correlation 
coefficient R2 of 0.9948. The relative standard deviation 
(RSD) for seven replicate measurements using 10 ng mL-1 

ofloxacin was 1.13%. The enrichment factor, i.e. the slope 
of the calibration curve after extraction divided by that 
before extraction, was found to be 51 based on the slope 
of the calibration line. Standard deviation of the blank 
solution (Sb) was estimated using the residual (Sy/x) with 
a linear dynamic range of 5.0-120.0 ng mL-1. The limit of 
detection (LOD), defined as 3Sb/slope, was 1.61 ng mL-1.

There are no reports for OFL determination in urine 
sample using the method we have proposed in this study. 
The results obtained in the present work and those reported 

Figure 2. Response surface plots for the BBD: (a) X1-X2; (b) X1-X3; (c) X2-X3; (d) X3-X4; (e) X1-X4; (f) X2-X4.
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by other researchers using different methods for the 
determination of ofloxacin are compared in Table 5. The 
analytical parameters are obviously comparable or better 
than the results reported for ofloxacin determination.

PLS analysis

Multivariate calibration is a powerful measurement 
tool, since it can extract more information from data and 
the models can be built more effectively. PLS modeling 
is a multivariate statistical tool that is performed using 
easily accessible statistical software. Thus, a PLS model 
was prepared and registered for an excitation wavelength 
in the 200-350 nm range for each 10 nm, while emission 
wavelength was in the range of 400-650 nm for every nm.

A training set, including 15 samples as a calibration 
set and five samples not included in the previous set, were 
prepared for a validation set. The model was validated by 
cross-validation (leave-one-out) for defining the principal 
component number. OSC, a pre-processing technique 
eliminating the unrelated parts of target information based 
on the constrained PCA, is an appropriate method for 
the pre-processing of PLS calibration without a loss in 
prediction capacity, using the spectrophotometric method 
used for filtering calibration set.

RMSEP and RSEP values were used as parameters for 
the comparison of the models. Table 6 shows the results 

obtained for each of the above approaches. The prediction 
error sum of squares (PRESS) for cross-validated models 
was calculated to determine the optimal number of factors 
(latent variables) to be included in the PLS calibration 
model. A reasonable choice for the optimal number of 
factors is the one yielding the minimum PRESS. In many 
cases, the minimum PRESS value causes overfitting for 
unknown samples that are not included in the model, 
because there are a finite number of samples in the training 
set. Haaland and Thomas52 have suggested a solution 
to this problem, in which the PRESS values for all the 
previous factors are compared to that at the minimum. The 
significance of PRESS values greater than the minimum 
value is determined using the F-statistical test.

Table 6 summarizes the optimal number of factors and 
PRESS values for ofloxacin. The optimal number of factors 
(N.F.) of PLS for ofloxacin (N.F. = 4, PRESS = 3.3677) 
is larger than the theoretically expected value of 1. 
Thus, OSC pre-processing is carried out to decrease 
the number of factors (N.F. = 2 and PRESS = 0.4423) 
and shift to theoretical values. Table 6 shows the LOD53 
of ofloxacin determination using PLS and OSC-PLS 
methods. LOD is completely acceptable for the OSC-PLS 
method, as observed. In fact, the OSC method removes 
the information from the spectrofluorimetric data that is 
not necessary for fitting the concentration variables, as 
implied by the results.

Parallel factor analysis (PARAFAC)

As a three-dimensional multivariate calibration, the 
major benefit of PARAFAC is the concentration of the 
information of an individual component that is allowed to 
be extracted in the presence of any number of uncalibrated 
constituents.54 To prepare the PARAFAC model, two such 
matrices were first formed: one with the application of 
OSC to each set of data to filter the calibration set and one 
without OSC pre-processing. The data was then arranged 
in a 16 × 15 × 251 three-dimensional array consisting of 
15 solutions with different ofloxacin concentrations in the 
rows (5.0-120.0 ng mL-1), 251 emission wavelengths in 

Table 4. Analytical characteristics of DLLME (dispersive liquid-liquid 
microextraction) for the determination of ofloxacin

Parameter Analytical feature

Dynamic range / (ng mL-1) 5.0-120.0

Calibration equation before 
microextraction

y = 0.043x + 0.21207 (R² = 0.9918)

Calibration equation after 
microextraction

y = 2.1846x + 0.11634 
(R² = 0.9967)

Repeatability (RSD / %) (n = 7) 1.13

Limit of detection / (ng mL-1) 1.61

Enrichment factor 51

Preconcentration factor > 50

R2: determination coefficient; RSD: relative standard deviation.

Table 5. Comparison of the proposed method with similar reports for determination of ofloxacin

Method Detection system LDRa / (ng mL-1) EFb, PFc LODd / (ng mL-1) RSDe / % Reference

M-IL-CIA-DLLMEf spectrofluorimeter 0.15-125.0 50c 0.029 2.7 3

EA-SS-LPMEg HPLC-FLDi 0.01-1.08 − 3·97 4 50

UA-DLLMEh LC-UV 10.0-200.0 − 0.14-0.81 5.2 51

DLLME spectrofluorimeter 5.0-120.0 51b 1.13 1.61 current work
aLinear dynamic range; benrichment factor; cpreconcentration factor; dlimit of detection; erelative standard deviation; fmodified ionic liquid cold-induced 
aggregation dispersive liquid-liquid microextraction; geffervescence-assisted switch-able solvent-based liquid phase microextraction; hultrasound-assisted 
dispersive liquid-liquid microextraction; ihigh-performance liquid chromatography-fluorescence detection.
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the columns (400-650 nm for every nm), and 16 excitation 
wavelengths in the slices (200-350 nm for every 10 nm). 
For each data matrix, the calibration curves were obtained 
by plotting the loading vs. real concentrations of ofloxacin. 
Table 7 gives the statistical parameters of the linear 
regression of the calibration equations.

The method accuracy was evaluated through RMSEP 
and RSEP. The RMSEP and RSEP values were also applied 
for the validation of the model for the prediction of the 
validation set. The results of the prediction for ofloxacin 
were completely acceptable for the OSC-PARAFAC 
method. The results obtained by applying PARAFAC to 
five synthetic samples are listed in Table 6.

Figures of merit

Analytical sensitivity (γ) and LOD can be calculated 
with NAS (net analyte signal) method and used for the 
proposed method performance. Analytical sensitivity can 

be expressed as: γ = SEN / ‖S*‖. Here, SEN is the sensitivity 
that estimated as the net analyte signal and ‖S*‖ is the pure 
spectrum norm of the i analyte of interest.

Also, the equation LOD = 3‖ε‖‖S‖ has been proposed 
for estimating the LOD, here ‖ε‖ is a measure of the 
instrumental noise and ‖S‖ is the total spectrum norm of 
the test samples. The value of ‖ε‖ may be estimated, in 
turn, by registering the spectra for several blank samples, 
calculating the norm of the NAS for each sample, and the 
corresponding standard deviation.55,56

Determination of ofloxacin in real samples

Several spiked urine and serum samples were used 
to determine the predictive capacity of the proposed 
methods. Table 8 shows the results obtained by applying 
the OSC-PLS and OSC-PARAFAC algorithms to 
eight and four validation samples for urine and serum, 
respectively. The satisfactory recovery of ofloxacin 
can be achieved using the recommended procedures, 
according to the results. Moreover, the OSC-PARAFAC 
method is clearly superior to OSC-PLS in terms of the 
determination of ofloxacin in complex matrices, such 
as human urine, without considerable error. Therefore, 
the OSC-PARAFAC model is desirable for predicting 
the concentrations of OFL in real matrix samples. 
Table 8 summarizes the recoveries in complex matrices 
(human urine and serum). In order to show the analytical 
applicability of the proposed method, it was applied to 
determinate ofloxacin in commercial tablets. The results 
showed that satisfactory recovery for ofloxacin could be 
obtained using the recommended procedures. The data 
obtained by the methods reveal the capability of the 

Table 6. Added and obtained results of the prediction set of ofloxacin using different methods

Added OFL / (ng mL-1)

Obtained OFL / (ng mL-1)

Univariate calibration Multivariate calibration

Classic PLS OSC-PLS PARAFAC OSC-PARAFAC

25.0 19.9 25.8 26.2 24.6 25.6

65.0 59.5 63.5 64.0 66.1 64.1

75.0 70.2 74.2 74.5 74.0 74.8

85.0 83.1 84.1 84.4 85.1 84.6

95.0 89.1 94.6 94.8 94.3 95.4

Number of factor − 4 2 2 1

RMSEP 4.88 0.94 0.82 0.51 0.31

RSEP 6.68 1.29 1.12 0.69 0.42

PRESS − 4.42 3.37 − −
LOD / (ng mL-1) 1.6 1.2 0.7 1.0 0.6

γ / (ng mL-1) 98.6 63.2 35.3 55.5 23.1

OFL: ofloxacin; RMSEP: root mean squares error of prediction; RSEP: relative standard error of prediction; PRESS: prediction error sum of squares; 
LOD: limit of detection; γ: analytical sensitivity; PLS: partial least squares; OSC-PLS: orthogonal signal correction partial least square; PARAFAC: parallel 
factor analysis; OSC-PARAFAC: orthogonal signal correction parallel factor analysis.

Table 7. Statistical parameters of the linear relationship between the 
proportion loadings calculated by PARAFAC and OSC-PARAFAC

PARAFAC OSC-PARAFAC

Number of data point 15 15

Intercept 0.0412 0.0242

Standard deviation of intercept 0.7684 0.2332

Slope 0.0033 0.0041

Standard deviation of slope 0.0112 0.0035

Correlation coefficient 0.9812 0.9843

PARAFAC: parallel factor analysis; OSC-PARAFAC: orthogonal signal 
correction parallel factor analysis.
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methods for determination of ofloxacin in pharmaceutical 
formulations without considerable error. The results of the 
recovery from pharmaceutical formulations (Chemidarou, 
Exir and Rouz Darou tablets) are given in Table 9.

Conclusions

DLLME has been coupled with spectrofluorimetry for 
the extraction and determination of ofloxacin in several 
different samples such as biological (human urine and 
serum) and pharmaceutical formulations samples in this 
work. There are many benefits of this method, such as 
operation simplicity, low cost, rapidity of the process, low 
toxicity, high efficiency, and less consumption of organic 
solvents. This method is also highly sensitive, selective, 
and well-repeatable with a good LOD. The impacts of 
different variables were considered in this research. BBD 
involving RSM was used in the determination of the optimal 
operating conditions, yielding the maximum recovery 
percent (R%) and the evaluation of the effect of factors and 
the interactions among them on the extraction efficiency.

PLS and PARAFAC multivariate calibration models, 
with and without OSC pre-processing, were used for 

fluorescence spectra deconvolution and ofloxacin 
quantification and the results were statistically comparable. 
The capacity of the method for the analysis of pharmaceutical 
preparations and real samples was also evaluated through 
the satisfactory determination of ofloxacin in the samples. 
In conclusion, the model developed by the OSC-PARAFAC 
method has more predictive ability, especially for real 
samples compared with OSC-PLS method, which 
undoubtedly shows that the tolerance limit of three-way 
calibration methods for the matrix effect is higher than that 
of the two-way methods.
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