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Abstract A novel ultrasound-air-assisted demulsified liquid—
liquid microextraction by solidification of a floating organic
droplet (UAAD-LLM-SFO) followed by HPLC-UV detection
was developed for the analysis of three antifungal drugs in
water and biological samples. In this method, 1-dodecanol
was used as the extraction solvent. The emulsion was rapidly
formed by pulling in and pushing out the mixture of sample
solution and extraction solvent for 5 times repeatedly using a
10-mL glass syringe while sonication was performed.
Therefore, an organic dispersive solvent required in common
microextraction methods was not used in the proposed meth-
od. After dispersing, an aliquot of acetonitrile was introduced
as a demulsifier solvent into the sample solution to separate
two phases. Therefore, some additional steps, such as the cen-
trifugation, ultrasonication, or agitation of the sample solution,
are not needed. Parameters influencing the extraction recovery
were investigated. The proposed method showed a good lin-
earity for the three antifungal drugs studied with the correla-
tion coefficients (R> > 0.9995). The limits of detection (LODs)
and the limits of the quantification (LOQs) were between
0.01-0.03 pug L' and 0.03-0.08 ug L', respectively. The
preconcentration factors (PFs) were in the range of 107116,
respectively. The precisions, as the relative standard
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deviations (RSDs) (n = 5), for inter-day and intra-day analysis
were in the range of 2.1-4.5% and 6.5-8.5%, respectively.
This method was successfully applied to determine the three
antifungal drugs in tap water and biological samples. The
recoveries of antifungal drugs in these samples were 92.4—
98.5%.
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Introduction

Antifungal drugs are widely used in different pharmaceutical dos-
age forms to prevent the conversion of lanosterol to ergosterol as
the main sterol of the fungal cell [1, 2]. Among the agents used,
the imidazole group drugs (azole antifungals) have a wide range
of actions [3, 4]. These groups of antifungal compounds such as
clotrimazole (CT), miconazole (MC), and ketoconazole (KC)
contain aromatic five-membered imidazole ring structures with
two nitrogen atoms [1]. Due to the extensive usage and high
emissions of relatively small absorption via the skin [5], the active
ingredients can appear as drug residues in the aquatic environment
[6]. There is a matter of public concern about their environmental
impact because of possible negative effects [7, 8]. In order to
know the occurrence of azole substances, an analytical method
is required. Various chromatographic methods have been reported
to be used for the determination of CT, KC, and MC level includ-
ing high-performance liquid chromatography (HPLC) [9-12],
capillary zone electrophoresis chromatography [13], UV-visible
spectrophotometry [14], spectrofluorimetry [15], and high-
performance thin-layer chromatography (HPTLC) [16].
However, due to pharmaceutical matrices, some sample prepara-
tion methods are still required. Different methods based on
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microextraction have been developed to overcome the limitations
of the sample preparations such as the use of large volumes of
organic solvents and long extraction times. In 2006, a novel
microextraction method termed as dispersive liquid—liquid
microextraction (DLLME) was developed [17]. DLLME is based
on the ternary solvent system including a sample solution, a water
immiscible solvent (extraction solvent), and a water miscible sol-
vent (dispersive solvent). In this method, analytes are extracted
into the fine droplets of the extractant formed by the disperser
solvent [17]. The main limitation of DLLME is the use of haz-
ardous solvents with high density. In addition, the use of high-
density solvents as extractants limits a wider applicability of
DLLME due to more limited choices since there are more low-
density [18]. A novel DLLME method based on the solidification
of floating organic droplets (DLLME-SFO) has been introduced
[19]. In this proposed method, a low-density and low-toxic sol-
vent with a melting point around room temperature was used as
extraction solvent. However, special devices are required to easily
collect the floated extraction phase after centrifugation [20, 21]. In
addition, most DLLME methods need a centrifugation step for
the phase separation. This time-consuming procedure makes the
microextraction techniques difficult to be automated. Moreover, it
is difficult to handle large volume centrifugation [22]. To over-
come the mentioned limitations, a new method called the low-
density solvent-based de-emulsification (SD-DLLME) has been
introduced [23, 24]. In this method, the extraction process is fin-
ished with the addition of another portion of dispersive solvent as
demulsifier into the solution to break up the emulsion without
centrifugation [25]. Thus, the extraction time is decreased by the
fact that no centrifugation is used for the phase separation [22, 25].
However, in the methods based on DLLME, polarity of the aque-
ous phase may decrease due to the use of a dispersive solvent that
leads to a decrease in extraction efficiency [21]. Air-assisted lig-
uid-liquid microextraction (AALLME) has been developed as
disperser solvent-free LPME methods [26]. In this method, the
extraction solvent is dispersed into the sample solution with with-
drawing the sample into a syringe and pushing it out into the tube.
By this action, fine organic droplets are formed without using a
disperser solvent. In the presented work, a novel UAAD-LLM-
SFO method was for the first time applied for the determination of
three antidrugs. In this method, the low-density solvent, 1-
dodecanol, was dispersed with AALLME. The ultrasound irradi-
ation enhanced the rapid formation of fine droplets of the extract-
ant in the sample solution, and the contact surface between both
immiscible liquids was significantly enlarged. After a few minutes
extraction, an aliquot of demulsifier solvent was injected into the
solution to break the emulsion. Thus, the phase separation was
performed without centrifugation. Then, the test tube was trans-
ferred into a beaker containing ice and the organic solvent was
solidified after 2 min. The upper layer was collected and analyzed
with HPLC-UV. It is the first time that air assistance has been used
in combination with demulsified LLME for the determination of
three antifungal drugs.
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Experimental
Chemicals

The three antifungal drugs (clotrimazole (CZ), ketoconazole
(KZ), and miconazole (MZ)) were purchased from the
Department of Pharmaceutics of Tehran University (Tehran,
Iran). HPLC-grade acetonitrile, sodium acetate, sodium chlo-
ride, 1-undecanol, hexadecane, and 1-dodecanol were obtain-
ed from Merck (Darmstadt, Germany). The stock standard
solutions (100 mg L") were prepared by dissolving an appro-
priate amount of each standard in methanol. Working standard
solutions were prepared by diluting the stock solution with
ultra-pure water to the appropriate concentrations.

Instrumentation

The separation and analysis of the three antifungal drugs was
performed by Younglin YL9100 HPLC instrument from
Younglin Company (Korea) consisting of a YL9110 pump, a
YL9120 UV-Vis detector, a Rheodyne 77251 (PerkinElmer,
USA) injector, along with a 20-pL sample loop. The Clarity
program for LC was used to perform data processing. A cap-
ital HPLC column (Scotland, UK) ODS-H C;g (150 mm X
4.6 mm, id. 5 um) was employed for all separations. The
mobile phase was a mixture of sodium acetate buffer
(0.01 M, pH=4.0) and acetonitrile (10:90, v/v) running at
1 mL min~" in the isocratic mode with the detector’s wave-
length set at 212 nm.

A Universal 320R centrifuge equipped with a swing out
rotor (6-place, 5000 rpm, Cat. No. 1628A) was obtained from
Hettich (Kirchlengern, Germany). The measurements of pH
values were made with a pH-meter (model 692, Herisau,
Switzerland) with a glass combined electrode.

Sample preparation

The biological samples containing the urine samples and the
plasma samples (obtained from the Iranian Blood Transfusion
Organization (Tehran, Iran)) were kept in glass tubes at 4 °C in
the fridge.

In order to precipitate the proteins of the plasma samples, to
1 mL of human plasma, 0.5 ml of zinc sulfate solution
(0.7 mol L") and 0.1 mL of 1 mol L™! sodium hydroxide
solution was added. The mixed solution was centrifuged for
10 min at 2000 rpm. The supernatants were transferred into
another vial and diluted to 10 mL extraction solvent.

A urine sample was collected from a healthy volunteer.
Before the extraction process, the sample was diluted 1:1 with
ultra-pure water and its pH was adjusted to the optimum value
by drop wise addition of a NaOH solution (2 mol L™).

Tap water samples were collected from drinking water
(Tehran, Iran) and 10 mL of sample was analyzed as soon as
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possible after sampling according to the recommended
procedure.

UAAD-LLM-SFO procedure

An aliquot of 10 mL of sample solution containing 100 ug L™ of
each antifungal drug was placed in a 15-mL screw cap glass tube
with conical bottom. After adjusting the pH to 10, 100 uL of the
extraction solvent (1-dodecanol) was rapidly injected and then
the mixture pulled in and pushed out by a 10-mL glass syringe
into a sample solution for 5 times while sonication was used for
30 s. Due to the dispersion of fine droplets of 1-dodecanol in the
aqueous sample, analytes were extracted into the fine droplets in
a few seconds. After a setting time, 200 pL of acetonitrile as
demulsifier solvent was injected into the solution to break down
the emulsion. The mixture cleared and separated into two phases.
The test tube was transferred into a beaker containing ice and 1-
dodecanol was solidified after 2 min (80 + 5) uL. Afterwards, the
solidified solvent was collected into a conical vial, and it melted
immediately. Finally, 20 uL of the extraction solvent was directly
injected to HPLC for analysis.

Results and discussion

In order to obtain a high extraction recovery and good preci-
sion of the UAAD-LLM-SFO procedure, the effect of differ-
ent extraction parameters including the type and volume of
extraction solvent, the type and volume of de-emulsifier sol-
vent, and pH and extraction times was studied in terms of the
extraction recovery of analytes.

The selection of extraction solvent

A crucial step is the choice of extraction solvent. It should
have some characteristics such as high extraction affinity to
the analytes, low solubility in the aqueous solution, low tox-
icity, low melting point close to room temperature, and lower
density than water. Based on these facts, three organic sol-
vents including 1-undecanol, 1-dodecanol, and hexadecane
were investigated. A series of experiments were performed
using different volumes of extraction solvents based on their
solubility in aqueous solution and 200 pL acetonitrile as
demulsification solvent. As it can be seen in Fig. 1, 1-
dodecanol was found to give the highest extraction recoveries
for all analytes.

The effect of the extraction solvent volume on the extrac-
tion recoveries of three antifungal drugs was studied in the
range of 50—150 pL. According to the results obtained in
Fig. 2, the extraction recoveries of the drugs increased with
the increase of extraction solvent volume from 50 to 100 uL
and then decreased. This may be caused by the dilution effect
when a larger volume of extraction solvent was used. Also, the
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Fig. 1 Effect of type of extraction solvent on the extraction recovery of
analytes. Conditions: sample volume, 10 mL; de-emulsifier solvent,
acetonitrile 200 puL; pH 10; 100 ng L™ clotrimazole, miconazole, and
ketoconazole, n=5

volume of extraction solvent lower than 50 uL was difficult to
collect in the extraction phase. Therefore, to achieve higher
preconcentration factors and extraction recoveries, 100 puL of
the extraction solvent was used as the optimal volume in sub-
sequent experiments. The volume of the extraction phase was
80+ 5 uL after extraction.

Effect of simultaneous sonication and number
of extraction times

It is necessary that the extraction solvent is dispersed as very
fine droplets into the aqueous sample to achieve very high
amounts of contact area and accelerate the extraction of
analytes into the extraction solvent. In UAAD-LLM-SFO,
the extraction solvent was dispersed into the sample solution
without using a disperser solvent.

The use of ultrasound irradiation in the UAAD-LLM-SFO
method can lead to the rapid formation of fine droplets of the
extractant in the aqueous solution, and enhance the interfaces
between 1-dodecanole and the aqueous sample, which causes
a significant increase in the analytes mass transfer into the
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Fig. 2 Effect of the extraction solvent volume on the extraction
recoveries of analytes. Conditions: sample volume, 10 mL; de-
emulsifier solvent, acetonitrile 200 uL; pH 10; 100 pg L' clotrimazole,
miconazole, and ketoconazole, n=15
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extractant. In the UAAD-LLM-SFO method, the extraction
times were defined as the number of the operations that the
mixture of extraction solvent and sample solution was pulled
into a 10-mL glass syringe and then pushed out into the test
tube. The effect of the number of extraction times on the
extraction recoveries of analytes was examined in the range
of 1-12 times, while the syringe and test tube had been im-
mersed in an ultrasound bath. The results obtained showed
that after 5 times in 30 s of the sonication (~6 s for each time),
the extraction recoveries remained constant.

Effect of the pH

The pH values of the sample can influence the ratio of ionic
form to molecular form of the weak acid or weak alkali
analytes. For weakly basic drugs such as the three antifungal
drugs, the sample solution must be alkaline to convert the
analytes in their neutral form and consequently reduce their
solubility in the sample and enhance their transfer to the or-
ganic solvent. The effect of pH on the extraction recoveries for
the three antifungal drugs was studied in the range of 3—12
times. As shown in Fig. 3, the analytes were ionized at pH
values lower than the optimum value, so the extraction recov-
eries decreased. Therefore, pH values of the solutions were
adjusted to 10 for subsequent experiments.

Investigation of type and volume of de-emulsifier solvent

The emulsion breaking process and the phase separation
without centrifugation were performed with using a
demulsifier. The solvent used as demulsifier should be
able to participate into both extraction and aqueous
phases, and have low surface tension and high surface
activity [25]. Therefore, different solvents containing
methanol, acetonitrile, ethanol, and acetone were stud-
ied. The results showed (Fig. 4) that acetonitrile has the
highest extraction recoveries compared to the other
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Fig. 3 Effect of pH on the extraction recovery of analytes. Conditions:
sample volume, 10 mL; de-emulsifier solvent, acetonitrile 200 uL;
extraction solvent (1-dodecanol) volume, 100 pL; 100 pg L'
clotrimazole, miconazole, and ketoconazole, n=5
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solvents. Therefore, acetonitrile was adopted as the de-
emulsifier solvent. Volumes of acetonitrile were varied
between 100 and 1000 pL. According to the obtained
results, 200 pL acetonitrile solvent was applied in the
subsequent experiments.

Analytical performance The analytical performance of
the proposed method was investigated in the terms of
limits of detection (LODs), limits of quantification
(LOQs), linearity, the correlation of determination (R%),
repeatability, preconcentration factors (PFs), and extrac-
tion recoveries (ERs). The obtained results are summa-
rized in Table 1. The calibration curves of the method
were evaluated for the extraction of three antifungal
drugs with a series of concentrations in the range of
0.03-500 pg L' for ketoconazole and clotrimazole and
0.08-500 pg L' for miconazole. Correlation coefficients
were R%>0.9995 for the three drugs, thus confirming the
linearity of the method. LODs and LOQs, calculated as
three and ten times the standard deviation of the blank
signal, were in the range of 0.01-0.03 ug L' and 0.03—
0.08 nug L', respectively. Precision of the method
(RSD%) was determined by spiking samples at a concen-
tration level of 100 ug L' at the same day and at dif-
ferent days. Relative standard deviations (RSDs) were
founded between 2.1 and 4.5% for intra-day (n=6) and
6.5 and 8.5% for inter-days precision (n=06),
respectively.

PF was defined as the ratio of the concentration of
analytes in the extraction solvent (cor) and the initial
concentration of the analytes (c,q) in the sample by
Eq. (1). Cy was obtained from a calibration curve by
direct injection of drugs standard solution in the extrac-
tion solvent.

Cor
PF = ¢ (1)
Caq
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Fig. 4 Effect of the type of de-emulsifier solvent on the extraction
recovery of analytes. Conditions: sample volume, 10 mL; extraction
solvent volume (1-dodecanol), 100 puL; pH 10; 100 ug L ™! clotrimazole,
miconazole, and ketoconazole, n=15
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Table 1  Figure of the merits of the proposed method for the extraction and determination of the three antidrugs” preconcentration factor

Analyte R? LOD (ugL™h Linear range LOQ (ugL™h RSD (% n=6) RSD (% n=6) PF ER%
(ugL™h inter-days intra-days

Ketoconazole 0.9995 0.01 0.03-500 0.03 6.5 2.1 112 90.14

Clotrimazole 0.9999 0.01 0.03-500 0.03 7.3 2.8 116 92.82

Miconazole 0.9998 0.03 0.08-500 0.08 8.5 4.5 107 85.65

PF preconcentration factor, ER% extraction recovery

ER was calculated by Eq. (2),

ER = PF x -2 x 100 2)
Vag

where V,,, and V,q are the volume of the organic extractant and
the volume of the aqueous sample solution, respectively.
Based on the mentioned equations, PFs and ERs for the three
drugs were obtained in the range of 107-116% and 85.65—
92.82%, respectively.

A comparison of the proposed method with other
reported methods for preconcentration and determination
of clotrimazole, ketoconazole, and miconazole was pre-
sented in Table 2. Its simplicity and high sensitivity
with acceptable extraction recoveries made this method
more efficient for determination of the analytes. The
proposed method required a short period of time
(<3 min) to achieve full extraction due to the large
surface area between the fine droplets of the extraction
solvent and the aqueous sample.

Analysis of real samples

The performance of the presented method was applied with
various real samples such as tap water, blood, and urine sam-
ples under the optimum conditions (Table 3). The selected
samples were examined to be free of antifungal drugs. Thus,
plasma, urine, and water samples were spiked with the
analytes at different concentration levels 10 and 50 ug L.
Relative recovery (RR) was calculated by Eq. (3)
RR = Cfound_creal % 100 (3)
Cadded

where Cpoung S the concentration of the analytes after spiking a
known amount of standard to the real samples, Cy, is the con-
centration in the sample prior to spiking, and Cpgqeq 1S @ concen-
tration of standard solution that was spiked in the real samples.
The RR’s percent for the spiked real samples was in the range of
92.4 and 98.5% and the RSDs were between 2.3 and 6.1%. The
results of three replicate analyses of each real sample showed that

Table 2 Comparison of the proposed method with other methods for the determination of target drugs

Method Ketoconazole Clotrimazole Miconazole Reference
LOD RSD ER TET LOD RSD ER% TET LOD RSD ER TET
(ngL™) (%) (%) (min) (ugL™) (%) (min) (ugL™) (%) (%) (min)
SFODME- 0.014 8.6 93.6 40 0.01 9.1 89.4 40 0.1 10.2 80.6 40 [27]
HPLC-PDA?
UESA-DLLME- 1.1 52 80-89 5 — — — — — — [28]
HPLC-DAD"
SC-HILPME- 1.25 6.5 — 5 2.5 6.8 — 5 5 72 — 5 [29]
HPLC-DAD®
SPE-HPLC-UV? 20 3.10-6.25 93.1-98.8 - - - - - - - - - [30]
HF-LPME- 0.9 2.2 32 45 1.8 3.5 31 45 4.0 6.3 17 45 [1]
HPLC-UV®
HF-LPME-GC/FID - - — - 0.34 43-8.2 9.4-58.6 2]
SPE-HPLC-UV 10 1.2-6.8 95.09 >50 10 0.3-5.3 101.78 >50 - - - - [31]
UAAD-LLM-SFO- 0.01 2.5 90.14 <3 0.01 3.1 92.82 <3 0.03 5.7 85.65 <3 This work

HPLC-UV

*Solidification floating of droplet microextraction

® Ultrasound-enhanced surfactant-assisted dispersive liquid—liquid microextraction

¢ Salt-controlled homogenous ionic liquid phase microextraction
9Solid phase extraction

¢ Hollow fiber liquid phase microextraction
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Table 3 Analysis of the drugs in

tap water, urine, and plasma Sample Compounds  Cagged (MEL™)  Crouna (MgL™")  Relative RSD (%)  Accuracy
samples spiked at different recovery (%) error (%)
concentrations using the proposed

method Tap water  Clotrimazole 10 9.85 98.5 33 -1.5

50 49.1 98.2 3.1 -1.8

Ketoconazole 10 9.70 97.0 2.8 -3.0

50 48.2 96.4 2.3 -3.6

Miconazole 10 9.40 94.0 4.8 6.0

50 46.2 924 4.6 -72

Plasma Clotrimazole 10 945 94.5 5.1 -5.5

50 475 95.0 43 -5.0

Ketoconazole 10 9.48 95.0 4.1 =52

50 48.1 96.2 33 -3.8

Miconazole 10 9.85 98.5 6.1 -1.5

50 479 96.0 5.2 —4.2

Urine Clotrimazole 10 9.65 96.5 42 -3.5

50 48.1 96.2 4.1 -3.8

Ketoconazole 10 9.58 960 4.5 4.2

50 485 97.0 42 -3.0

Miconazole 10 9.65 96.5 5.1 -3.5

50 47.8 95.1 4.8 4.4

the proposed method was in good agreement with the spiking
amounts. The error percentages (E%) as accuracy of the method
for the analytes in the range of —1.5 to —7.2% in different real
samples presented that the proposed method offers acceptable
accuracy even in complicated matrices.

Chromatograms obtained of the standard mixed solution of
three anti-fungal drugs non-spiked, 20 ug L™ spiked tap water
and 10 and 20 pg L' urine samples after extraction under
optimal conditions were shown in Fig. 5. There were no in-
terferences observed in the region of interest where the
analytes were eluted.

Conclusion
A novel ultrasound-air-assisted demulsified liquid—liquid

microextraction by solidification of a floating organic
droplet coupled to HPLC-UV was developed for the

analysis of the three antifungal drugs in water and bio-
logical samples. Air-assisted dispersion was applied as
an alternative approach to disperse the extraction solvent
as the fine droplets into the aqueous sample without the
need of organic dispersive solvent. Therefore, the use of
larger amounts of the dispersive solvent compared to
conventional DLLME was eliminated. The use of 1-
dodecanol as the extraction solvent and acetonitrile as
demulsifier in the proposed method is advantageous
since these solvents are less toxic than the solvent used
in DLLME. Ultrasound was used to accelerate the for-
mation of the fine droplets. In addition, extraction time
was reduced by the fact that no centrifugation was re-
quired for phase separation. This method also proposed
a low detection limit, simple operation, good precision,
and accuracy. Finally, a high extraction recovery and a
high preconcentration factor were obtained in less than
3 min.

Fig. 5 HPLC-UV ™

chromatograms of the standard 1 2 3

mixed solution of three antifungal

drugs 5 mg L") (1) HO -

ketoconazole, (2) clotrimazole,

and (3) miconazole (A); drugs M

extracted from spiked 20 pg L! % 1.0 "v»—/\——/\—j\h,\_/ /\ B

tap water (B); drugs extracted $ A

from 20 ug L™ spiked urine ol . - o c

samples (C), 10 ug L' spiked o AN AP U\ =

urine samples (D); and — A D

non-spiked tap water sample (E) " E
0 2 4 6 8 10

Time [min.])
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