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Research Article

Determination of atenolol in human plasma
using ionic-liquid-based ultrasound-assisted
in situ solvent formation microextraction
followed by high-performance liquid
chromatography

An efficient analytical method called ionic-liquid-based ultrasound-assisted in situ solvent
formation microextraction followed by high-performance liquid chromatography was de-
veloped for the determination of atenolol in human plasma. A hydrophobic ionic liquid
(1-butyl-3-methylimidazolium hexafluorophosphate) was formed by the addition of a hy-
drophilic ionic liquid (1-butyl-3-methylimidazolium tetrafluoroborate) to a sample solution
containing an ion-pairing agent during microextraction. The analyte was extracted into the
ionic liquid phase while the microextraction solvent was dispersed throughout the sample
by utilizing ultrasound. The sample was then centrifuged, and the extracting phase retracted
into the microsyringe and injected to liquid chromatography. After optimization, the cali-
bration curve showed linearity in the range of 2–750 ng/mL with the regression coefficient
corresponding to 0.998. The limits of detection (S/N = 3) and quantification (S/N = 10)
were 0.5 and 2 ng/mL, respectively. A reasonable relative recovery range of 90–96.7% and
satisfactory intra-assay (4.8–5.1%, n = 6) and interassay (5.0–5.6%, n = 9) precision along
with a substantial sample clean-up demonstrated good performance of the procedure. It
was applied for the determination of atenolol in human plasma after oral administration
and some pharmacokinetic data were obtained.

Keywords: Atenolol / High-performance liquid chromatography / Human plasma
/ Ionic liquids / Microextraction
DOI 10.1002/jssc.201501365

� Additional supporting information may be found in the online version of this article
at the publisher’s web-site

1 Introduction

Atenolol (ATL) is an antihypertensive, antianginal, and
antiarrhythmic drug; chemically 4-(2-hydroxy-3-isopropyl-
aminopropoxy)-phenyl acetamide [1]. Most of all, it inhibits
the release of rennin and angiotensin-II and the production
of aldosterone [2]. The determination of biological concentra-
tion of ATL, important to investigate the pharmacokinetics
of the drug, can now be used in the assessment of patients’
adherence to a prescribed regimen [3].
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based ultrasound-assisted in situ solvent formation
microextraction; IL, ionic liquid; [Bmim][BF4], 1-butyl-3-
methylimidazolium tetrafluoroborate; [Bmim][PF6], 1-butyl-
3-methylimidazolium hexafluorophosphate

According to literature survey, there have been several re-
ports for the determination of ATL in biological samples.
Existing analytical methods for the drug included HPLC
[4–7], GC [8, 9], and UV spectrophotometry [10]. In addi-
tion, also extraction and preconcentration techniques, such
as LLE [11, 12] and SPE [13], are commonly applied to moni-
tor the drug. However, these techniques are labor intensive,
time consuming, and require a large amount of hazardous
organic solvents. Additionally, for trace analysis, a large vol-
ume of sample is usually needed, which may be impractical
[14, 15].

LPME techniques have been used recently as an eco-
friendly and very efficient alternative in the domain of sample
preparation, especially for chromatography and electrophore-
sis [16, 17]. LPME has attracted increasing attention because
it requires minimal exposure to toxic organic solvents, which
makes it a simple, quick, inexpensive, and virtually solvent-
free sample preparation method [18, 19]. Applications of
LPME in biological and environmental analysis have been
described in several papers [20, 21].
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Ionic liquids (ILs) are ionic, nonmolecular solvents with
low melting point, negligible vapor pressure, and high ther-
mal stability [22, 23]. Their unique solvation properties pro-
vide unique selectivity and diverse separation mechanism,
coupled to the fact that they can be structurally tailored for
specific applications [24,25]. Their miscibility in water and or-
ganic solvents can be controlled by selecting the cation/anion
combination or by incorporating certain functional groups in
the IL molecule [26,27]. There has been an increased interest
in exploiting the unique physicochemical properties of ILs in
different microextraction schemes in recent years [28, 29].

In 2014, Zeeb et al. have developed a novel microex-
traction technique with high-performance and powerful
preconcentration capability termed ionic-liquid-based
ultrasound-assisted in situ solvent formation microextrac-
tion (IL-UA-ISFME) [30]. Its approach is based on dissolution
of a hydrophilic IL in an aqueous solution containing the
desired analytes, followed by the addition of an ion-exchange
reagent, which undergoes an in situ metathesis reaction
forming an insoluble IL. Thus, analytes are extracted and
preconcentrated once the IL becomes insoluble. There is
no interface between the aqueous media and the extraction
phase. So, mass transfer from aqueous media into IL (which
is speeded up by ultrasound wave) has no significant effect on
the performance of the microextraction method. Due to the
presence of common ion in the aqueous solution, solubility
of IL decreases. As a result, volume of the extracting phase is
not affected by variations in the ionic strength.

The aim of the present study was to investigate the appli-
cability of IL-UA-ISFME method for determination of ATL in
human plasma. The factors affecting the microextraction effi-
ciency were studied in detail and the optimal conditions were
determined. The analytical protocol was validated for quanti-
tative purposes, and then applied to real sample analysis in
combination with HPLC–UV detection.

2 Materials and methods

2.1 Instrumentation

A HPLC system (Shimadzu, Kyoto, Japan) including a pump,
an automatic injector equipped with 20 �L sample loop and
a UV detector (set at 225 nm) was applied for the analy-
sis of ATL. The analytical column chosen for the separation
was an RP-C18 (LiChrospher, Merck Millipore, Darmstadt,
Germany) with 5 �m particle size and dimensions of
150 mm × 4.6 mm id, at the temperature of 30 ± 0.5�C.
Isocratic mobile phase consisting of acetonitrile-methanol-
phosphate buffer (0.02 moL/L, pH = 5) at a flow rate of 1.0
mL/min was run through the column. A GS-6 centrifuge
(Beckman, CA, USA) was utilized for acceleration of the
phase separation. The hydrophobic ionic liquid (as the ex-
traction solvent) was dispersed throughout the aqueous me-
dia by Sonorex ultrasonic baths (Bandelin, Berlin, Germany).
The mobile phase was filtered using a 0.2 �m membrane

filter (Millipore, Bedford, MA, USA) and it was continuously
degassed using an online degasser.

2.2 Reagents

Analytical-grade reagents, 1-butyl-3-methylimidazolium
tetrafluoroborate ([Bmim][BF4]), sodium hexafluorophos-
phate (NaPF6), HCl, and NaOH, were obtained from Merck
(Darmstadt, Germany). 1-Hexyl-3-methylimidazolium
tetrafluoroborate ([Hmim][BF4]) was purchased from
Fluka (Steinheim, Switzerland). HPLC-grade acetonitrile
and methanol were purchased from Merck (Darmstadt,
Germany). ATL and metoprolol (as internal standard, IS)
were obtained from Daroupakhsh (Tehran, Iran). Ultrapure
water (Millipore, Bedford, MA, USA) was used in all the
experiments. ATL tablets (50 mg) were purchased from
commercial sources.

2.3 Preparation of stock solutions, calibration

standards, and QC samples

A stock solution of ATL and metoprolol at a concentration
of 100 �g/mL was prepared in methanol. Working standard
solutions of ATL were prepared by diluting the stock solu-
tion with methanol to required concentration. The human
plasma calibration standards were obtained by spiking work-
ing standard solutions into human plasma. The QC samples
(5, 100, and 500 ng/mL) were prepared by spiking appropriate
amounts of working standard solutions into human plasma.
A 1.0 mg/�L solution of [Bmim][BF4] as a hydrophilic IL was
prepared in methanol. A solution of 180 mg/mL of NaPF6 as
an ion-exchange reagent was obtained by dissolving required
amount of this salt in ultra pure water. All the stock and
working solutions were stored at –20�C.

2.4 Preparation of spiked human plasma

For preparation of spiked human plasma samples, differ-
ent concentrations of ATL (standard solutions) were added
to 1 mL of human plasma. Afterward, the spiked real sam-
ples were deproteinized by using 0.9 mL of 10% w/v zinc
sulfate/acetonitrile (60:40 v/v) and vortexed for 1 min. The
samples were centrifuged for 12 min at 4000 rpm and then,
the clear upper phase was transferred into new test tubes and
stored frozen until analysis. Finally, the obtained samples
were diluted with ultra pure water and 5 mL of the resultant
samples were applied for the determination of ATL.

2.5 Ionic liquid-based ultrasound-assisted in situ

solvent formation microextraction

In this microextraction procedure, 5.0 mL of the spiked hu-
man plasma was placed into a centrifuge tube (with a conical

C© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.jss-journal.com
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Figure 1. Schematic diagram of IL-UA-ISFME–RP-HPLC for the
determination of ATL: (1) human plasma spiked with ATL; (2) ad-
dition of zinc sulfate/acetonitrile; (3) vortex and centrifugation; (4)
transfer of clear phase (5) addition of NaPF6 and [Bmim][BF4];
(6) sonication; (7) fine drops of hydrophobic IL (formation of
[Bmim][PF6]); (8) interaction between ATL and IL; (9) centrifu-
gation and decantation; (10) [Bmim][PF6]; (11) dilution of IL and
injection into RP-HPLC.

bottom). The pH of the sample solution was adjusted at 9
using NaOH (10–2 mol/L, by a micropipette) and 50 �L of IS
was added to the sample solution. Then, 0.5 mL of NaPF6

(180 mg/mL) as an ion-exchange reagent was dissolved
into the resultant solution. To form water-immiscible
[Bmim][PF6] IL, 50 mg of water-miscible [Bmim][BF4] IL
was added to the aqueous sample solution. To disperse the
hydrophobic IL throughout the sample, the test tube was
transferred into an ultrasonic bath and sonicated for 4.5 min.
Under the mentioned conditions, the in situ formed water-
immiscible [Bmim][PF6] IL was entirely dispersed into the
aqueous media and thus, ATL was immediately extracted into
the fine drops of [Bmim][PF6] IL. To accelerate phase separa-
tion and to direct IL to the bottom of the test tube, the sample
solution was centrifuged for 5 min at 5000 rpm. The upper
phase was decanted off and the enriched phase (�12 �L) was
diluted with acetonitrile to a final volume of 50 �L. Then,
the diluted enriched phase was sonicated for 3 min and 20
�L was used for HPLC analysis. A scheme of the presented
microextraction is shown in Fig. 1.

3 Results and discussion

A univariate approach was employed to optimize the influ-
ential factors within this study. A fixed concentration of ATL

(250.0 ng/mL) was used in the optimization process. To im-
prove precision and accuracy of the procedure in all of the ex-
periments, metoprolol with the concentration of 500 ng/mL
was used as the IS and added into the sample solution. Quan-
tifications were performed by calculating peak areas relative
to the IS from the average of three replicate measurements.
Blanks were run periodically to confirm the absence of con-
taminations.

3.1 Selection of hydrophilic ionic liquid and

ion-exchange reagent

In IL-UA-ISFME, a water-immiscible IL is formed by ad-
dition of a water-miscible IL to a sample solution con-
taining an ion-exchange reagent. To select a desired water-
miscible IL, significant points should be considered: (i) hy-
drophilic properties of IL, (ii) density of the in situ formed
hydrophobic IL (iii), cost of IL, (iv) extraction capability of
the analyte of interest, and (v) chromatographic behavior.
Regarding hydrophilic properties, ILs containing Cl−, BF4

–,
and CF3SO3

– are water-miscible and ILs containing PF6
–

and (CF3SO2)2N– are water-immiscible. It is well known
that ionic compounds containing (CF3SO2)2N− are relatively
expensive and those containing BF4

– are relatively inexpen-
sive. Therefore, 1-butyl-3-methylimidazolium tetrafluorobo-
rate [Bmim][BF4] and 1-hexyl-3-methylimidazolium tetraflu-
oroborate [Hmim][BF4] ILs, which meet the mentioned
requirements, were selected for the optimization process.
These ILs show acceptable hydrophilic properties, which is
in accordance with the principles of ISFME, but in case of
[Hmim][BF4] IL, the extraction recovery was lower in com-
parison with [Bmim][BF4] IL. For this reason, [Hmim][BF4]
IL was omitted in the evaluation. In addition, the density of
the in situ formed hydrophobic IL must be higher than wa-
ter, to be collected at the bottom of the test tube. Finally,
to achieve a compromise between these points, 1-butyl-3-
methylimidazolium tetrafluoroborate [Bmim][BF4] IL was se-
lected as the optimal hydrophilic IL. By dissolving this IL in an
aqueous media containing NaPF6 (ion-exchange reagent), it is
possible to obtain hydrophobic 1-butyl-3-methylimidazolium
hexafluorophosphate [Bmim][PF6] IL, which acts as the ex-
traction solvent.

3.2 Effect of hydrophilic ionic liquid amount

The effect of [Bmim][BF4] IL amount on the method perfor-
mance was studied. This parameter was investigated in the
range of 20–90 mg. As shown in Fig. 2, reproducible and sen-
sitive signals were obtained using 50 mg of [Bmim][BF4] IL.
It is obvious that by increasing the amount of [Bmim][BF4]
IL, the volume of the hydrophobic IL formed under these
conditions significantly increases, which causes a decrease in
analytical response. As a result, a value of 50 mg was used for
the rest of the work.

C© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.jss-journal.com
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Figure 2. Effect of [Bmim][BF4] (�) and NaPF6

(�) amounts on the extraction efficiency.
Experimental conditions: ATL concentration:
250 ng/mL; pH: 9; sonication time: 4.5 min;
sample volume 5 mL; centrifugation rate: 5000
rpm; centrifugation time: 5 min.

3.3 Effect of NaPF6 and salt addition

To produce water-immiscible [Bmim][PF6] IL, an excess
amount of NaPF6 was dissolved in an aqueous media. The
influence of NaPF6 amount was tested in the range of
20–175 mg. As it can be seen in Fig. 2, by increasing the
amount of this reagent, the relative area increases and after
90 mg, analytical signals reach stable conditions. Finally, to
obtain a balance between sensitivity and reproducibility, 90
mg of this reagent was selected as the optimal value. It is re-
ported in the literature that a little change in the ionic strength
of the sample causes a considerable change in the solubility
of the IL [31, 32]. As a result, performance of the sample pre-
treatment method is significantly affected by variation of salt
concentration of the sample [33]. To fix this problem, a com-
mon ion of the IL was dissolved in an aqueous media [34].
The effect of salt concentration on the analytical signals was
tested within the range of 0–20% w/v using NaCl. Based on
the results obtained in this study, this parameter has no effect
on analytical responses.

3.4 Effect of sample pH

When an ionizable compound is selected for analysis, pH
of the aqueous media plays a critical role in the extraction
process [35,36]. It is well known that the extraction efficiency
of an ionic form of the natural analyte is not acceptable. To
obtain the best yield of extraction, the uncharged form of ATL
must be prevalent. The effect of sample pH was evaluated in
the range of 2–12 using HCl and NaOH (10−2 mol/L of each,
by a micropipette). As it can be seen in Fig. 3, reproducible and
sensitive data were obtained at pH 9, which is compatible with
the equilibrium constant of ATL (pKa = 9.6) [37]. Therefore,
pH value of 9 was selected for the rest of the work.

3.5 Effect of sonication time

Since the ultrasound irradiations can increase dispersion phe-
nomenon and mass transfer [38, 39], the effect of sonication

on the extraction efficiency was investigated. In the sample
pretreatment method, ultrasound radiation was used as a
disperser agent, which significantly improves the extraction
yield and the speed of analyte migration into the tiny droplet
of [Bmim][PF6] IL. The influence of this parameter was tested
in the range of 1–8 min at the power of 50 W. Based on
Fig. 3, relative peak area increases as the time of ultrasound
radiation increases, but after 4.5 min there is no meaning-
ful change in the analytical signal and stable conditions are
observed. So, this value was chosen for all experiments.

3.6 Analytical performance

To access practical applicability of the method, the optimized
conditions were adopted in the evaluation of linear range
(LR), correlation coefficient (r-squared, r2), LOD (S/N = 3)
and LOQ (S/N = 10). The LR of 2–750 ng/mL with r2 =
0.998 is sufficient to cover possible concentrations of ATL in
various real samples. Furthermore, LOD of 0.5 ng/mL and
LOQ of 2 ng/mL imply the high sensitivity of the developed
method. The chromatograms for blank and spiked human
plasma are shown in Fig. 4 and revealed that there was no
significant interference in the entire analytical procedure.

3.7 Precision and accuracy

Results of the intraday and interday precision at three dif-
ferent concentration levels (5, 100, and 500 ng/mL) for the
QC samples are presented in Table 1. As it is illustrated, the
intra-assay RSD measured at six runs a day of a sample was
4.8–5.1%. Also, the interassay precision was evaluated on a
3-day period with a total of nine runs provided RSD values in
the range of 5.0–5.6%.

Calculations for enrichment factor (EF) and extraction re-
covery (ER) were done according to the previously reported
documents [40]. ER experiments were carried out by analyz-
ing plasma samples spiked with ATL at different concentra-
tion levels (5, 100, and 500 ng/mL). As shown in Table 2, ER%
and EF were within 90.0–96.7% and 18.0–19.3, respectively.

C© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.jss-journal.com

 16159314, 2016, 11, D
ow

nloaded from
 https://analyticalsciencejournals.onlinelibrary.w

iley.com
/doi/10.1002/jssc.201501365 by M

acquarie U
niversity, W

iley O
nline L

ibrary on [14/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense
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Figure 3. Effect of pH (�) and sonication time
(�) on the extraction efficiency. Experimen-
tal conditions: ATL concentration 250 ng/mL;
amount of ion exchange reagent 90 mg;
amount of [Bmim][BF4] IL 50 mg; sample vol-
ume 5 mL; centrifugation rate 5000 rpm; cen-
trifugation time 5 min.

Figure 4. Typical chromatograms of ATL in hu-
man plasma; A: blank plasma; B: spiked plasma
with 250 ng/mL of ATL. Peaks: 1 = ATL; 2 = meto-
prolol (internal standard).

3.8 Application

The developed procedure under optimal conditions was used
to determine ATL concentration in human plasma. ATL was
administered orally as a single dose of 50 mg to three healthy
male volunteers. The real samples were collected at 0, 1, 2, 3,

4, 6, 8, 12 h after the drug administration. The main pharma-
cokinetic parameters including Tmax, Cmax, AUC0-t, AUC0-�,
and T½ are summarized in Table 3. A comparison of the
method with other previously reported techniques for the de-
termination of ATL is provided in Supporting Information
Table S1.

C© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.jss-journal.com
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Table 1. Intraday and interday precision for the determination of ATL in spiked human plasma samples

Drug Intraday, n = 6 Interday, n = 9

Concentration (ng/mL) Found value (ng/mL)a) RSD (%) E r (%) b Found value (ng/mL)a) RSD (%) E r (%)

ATL 5 5.2 4.8 4.0 5.5 5.1 10.0
100 96.0 4.5 4.0 91.3 5.0 8.7
500 486.3 5.1 2.7 470.3 5.6 5.9

IS 500 473.9 4.0 5.2 470.2 4.9 6.0

a) The average of three independent measurements.
b) Relative error.

Table 2. Extraction recovery and enrichment factor of the pro-
posed method for the determination of ATL in human
plasma

ATL concentration (ng/mL) Plasma sample

ERa) ± SDb)(%) EF

5 90.0 ± 5.0 18.0
100 93.5 ± 4.9 18.7
500 96.7 ± 5.1 19.3

a) Extraction recovery.
b) Standard deviation, n = 3.

Table 3. Pharmacokinetic parameters of the drug in human
plasma after oral administration of an ATL tablet

Pharmacokinetic parameters ATL (50 mg)

Mean SD

T max (h) 3.3 0.5
C max (ng/mL) 144.5 14.6
AUC 0–12 (ng h mL−1) 591.0 87.9
AUC 0-� (ng h mL−1) 801.6 61.2
T ½ (h) 5.6 0.7

T max: Time required to reach maximum plasma concentration.
C max: Maximum plasma concentration.
AUC 0–12: Area under curve.
AUC 0-�: Area under curve at infinite time.
T ½ (h): Time required to reach half of the concentration.

4 Concluding remarks

This paper outlined the successful development and applica-
tion of IL-UA-ISFME technique combined with HPLC–UV
for qualitative and quantitative determination of ATL in hu-
man plasma. The results showed that IL-UA-ISFME–HPLC
is a simple, sensitive, and very effective method, with no need
to use hazardous extraction and disperser solvents. The mass
transfer of the analyte was speeded up by sonication, which
provided high recovery and enrichment factor. The perfor-
mance of this eco-friendly method in real samples was sat-

isfactory. Putting all the benefits together, it possesses great
potential to be employed in bio-analytical and pharmacoki-
netic studies.

This work has been supported by grants from the Islamic Azad
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knowledged. The authors would also like to thank Ms. Barbora
Ehrlichová for proofreading of the text.
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