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Arterial hypertension is a complex disease with many serious complications, representing a leading cause of mortality. Selective beta-blockers
such as metoprolol and bisoprolol are frequently used in the management of hypertension. Numerous analytical methods have been devel-
oped for the determination of these substances in biological fluids, such as liquid chromatography coupled with mass spectrometry, gas
chromatography coupled with mass spectrometry, high performance liquid chromatography. Due to the complex composition of biological
fluids a biological sample pre-treatment before the use of the method for quantitative determination is required in order to remove proteins
and potential interferences. The most commonly used methods for processing biological samples containing metoprolol and bisoprolol were
identified through a thorough literature search using PubMed, ScienceDirect, and Willey Journals databases. Articles published between years
2005-2015 were reviewed. Protein precipitation, liquid-liquid extraction and solid phase extraction are the main techniques for the extrac-
tion of these drugs from plasma, serum, whole blood and urine samples. In addition, numerous other techniques have been developed for
the preparation of biological samples, such as dispersive liquid-liquid microextraction, carrier-mediated liquid phase microextraction, hollow
fiber-protected liquid phase microextraction, on-line molecularly imprinted solid phase extraction. The analysis of metoprolol and bisoprolol in
human plasma, urine and other biological fluids provides important information in clinical and toxicological trials, thus requiring the application
of appropriate extraction techniques for the detection of these antihypertensive substances at nanogram and picogram levels.
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Introduction phenotyping study because of its high safety and wide avail-

Hypertension is one of the most common diseases in the
world, being a constant concern for researchers due to car-
diovascular complications and high mortality rate [1].

Selective beta-blockers are clinically important, being
frequently used in the treatment of cardiovascular diseases
[2]. They were initially used in the management of cardiac
arrhythmias, for cardioprotection after myocardial infarc-
tion, and subsequently administered in case of hyperten-
sion [3].

Metoprolol and bisoprolol are both used in the treat-
ment of arterial hypertension (Figure 1). Metoprolol, (RS)-
1-(isopropylamino)-3-[4-(2-methoxyethyl)-phenoxy]-pro-
pan-2-ol, it is a lipophilic compound with short half-life.
The S-enantiomer is responsible for the beta-blocking ac-
tivity. Also, it is the predominant form in humans, with a
plasma ratio of S/R-metoprolol >1. The selective monitor-
ing of the enatiomers is important for clinical studies of me-
toprolol. Metoprolol is metabolized by cytochrome P450
(CYP) 2D6 and shows two active metabolites, O-desmeth-
ylmetoprolol and o-hydroxymetoprolol. In the past 25
years metoprolol has been used as an ideal probe drug for

* Correspondence to: Stefania-Corina Mahu
E-mail: stefania.mahu@yahoo.com

ability [2]. Bisoprolol, (RS)-1-{4-[(2-isopropoxyethoxy)-
methyl]-phenoxy}-3-(isopropylamino)-propan-2-ol, is also
frequently administered to patients with hypertension. It
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Fig.1. Structures of metoprolol and bisoprolol.
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has decreased incidence of central nervous system side ef-
fects because is less lipophilic than metoprolol. It works by
lowering blood pressure and myocardial contractile force.
At the same time, it slows the heart rate being also used in
the treatment of cardiac rhythm disorders [4].

The determination of these drugs in biological fluids is
essential in toxicological and clinical studies [5], therapeu-
tic monitoring, anti-doping control and in forensics [6].

Numerous analytical methods had been developed for
the determination of metoprolol and bisoprolol in bio-
logical fluids such as plasma, whole blood, urine. These
methods include liquid chromatography coupled with
mass spectrometry (LC-MS/MS) [7-17], liquid chro-
matography—electrospray ionization—mass spectrometry
(LC-ESI-MS/MY) [18,19], gas chromatography coupled
with mass spectrometry (GC-MS) [3,20-22], high per-
formance liquid chromatography (HPLC) [23,24], high
performance liquid chromatography coupled with mass
spectrometry (HPLC-MS) [25,26], high performance lig-
uid chromatography with fluorescence detection (HPLC-
FLD) [2,27,28], high performance liquid chromatography
coupled with ultraviolet detection (HPLC-UV) [29], re-
versed-phase ultra-high-performance liquid chromatogra-
phy coupled with mass spectrometry (UHPLC-MS) [30].

A limited number of analytical methods are sensitive
enough for directly identifying drug molecules in bio-
logical samples [31]. As biological fluids have a complex
composition, a biological sample pre-treatment before ap-
plying the method for quantitative evaluation is required
to remove proteins and potential interferences [11]. The
main techniques for processing biological sample con-
taining selective beta-blockers, such as metoprolol and
bisoprolol, were identified through a thorough literature
search of PubMed, ScienceDirect, and Willey Journals da-
tabases. Articles published between years 2005-2015 were
reviewed.

Biological sample preparation

Protein precipitation, liquid-liquid extraction and solid
phase extraction are the main extraction techniques used
for the separation of metoprolol and bisoprolol in plasma,
serum, whole blood and urine samples. The small amount
of analytes at nanogram and picogram levels led to the de-
velopment of new techniques for biological sample pro-
cessing, such as dispersive liquid-liquid microextraction
(DLLME) [29], carrier-mediated liquid phase microex-
traction (CM-LPME) [24], hollow fibre-protected liquid
phase microextraction (HF-LPME) [21] and on-line mo-
lecularly imprinted solid phase extraction [32].

In the separation of metoprolol and bisoprolol from
biological samples an important role plays the extraction
solvent which has a high influence on the percentage of re-
covery. It is important to know its density, its solubility in
water and also the extraction capacity of the selected beta-
blockers. The extraction process can be also influenced by
the extraction solvent volume. A large volume of extraction

solvent decrease the sensitivity due to the dilution effect.
Because both the analytes are soluble in water it is impor-
tant to use a salting-out agent to reduce the water solubility
and to improve the rate recovery. The extraction efficiency
is influenced by pH. Bisoprolol and metoprolol have pKa
values above 9, at low values of pH may occur the proto-
nation of drugs, while at high values of pH may occur the
hydrolysis of the selective beta-blockers [29].

Protein precipitation technique

Protein precipitation is frequently used to solubilise any
bound drug and to precipitate any protein, is a technique
characterized by simplicity and universality, but the inter-
ferences can be high [11]. This technique has been applied
for the separation of metoprolol and simvastatin, the pu-
rification and pre-concentration of plasma samples being
performed. The lower limit of quantification was about 1
ng/mL for metoprolol. The extraction recovery was found
between 87.32+3.21% and 90.11+3.64%. The compari-
son between peak areas from plasma samples spiked before
extraction and peak areas from plasma samples extracted
and spiked after extraction allowed the determination of
the extraction efficiency of metoprolol [7]. Acetonitrile was
used as solvent for precipitation of proteins from human
plasma samples containing bisoprolol fumarate and hydro-
chlorothiazide. For different levels of concentration the re-
covery rate for bisoprolol was between 90.70-101.7% [25].
Bisoprolol was also separated from the proteins in human
plasma by protein precipitation with acetonitrile, then
analyzed by liquid chromatography coupled with mass
spectrometry using diphenhydramine as internal standard.
This technique applied for biological sample preparation
provided a good recovery of the analyte, with values of
92.748.1, 94.8+4.9 and 95.9+3% at concentration of 1,
10 and 80 ng/mL [12]. Protein precipitation technique was
applied for the separation of bisoprolol in human plasma,
with a recovery rate of about 94.03, 100.3 and 96.29%
for 1.5, 40 and 80 ng/mL of bisoprolol, respectively. After
analyzing the samples no interference normally present in
plasma was detected[13].

Liquid-liquid extraction

Liquid-liquid extraction is a commonly used technique for
the separation of metoprolol and bisoprolol in biological
samples, by which the sample is purified and concentrat-
ed[11]. It involves an uneven distribution of solutes be-
tween two immiscible liquid phases. The most widely used
solvents for the extraction of metoprolol and bisoprolol are
methanol, dichloromethane, ether, acetone, benzene, tolu-
ene [33]. This technique is laborious, time-consuming and
requires rather large quantities of toxic solvents. Usually, the
resulting extract is evaporated to dryness and the residue
isredissolved in a suitable solvent before the application of
the analytical method [29]. Some important works describ-
ing the liquid-liquid extraction of metoprolol and bisopro-
lol in biological fluids are summarized below (Table I).
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TABLE |. Preparation of biological samples containing metoprolol and bisoprolol by liquid-liquid extraction technique

Lower limit of

Drug substance Biological fluid Extraction solvent Method of analysis Recovery rate quantify Re;:;en
cation
Metoprolol Human plasma Chloroform LC-MS/MS 99.06 % 1.5 ng/mL Qsoagg?g]
Diethyl-ether —di- 81.5- Gao
Metoprolol Human plasma chloro LC-MS/MS 84 3 % 3.0 ng/mL 2010 [’9]
methane (60:40, v/v) o
Diethyl-ether —di- Gowda
Metoprolol Human plasma chloro LC-MS/MS 77.68 % 5.0 ng/mL 2007 [161
methane (70:30, v/v)
Tert-butyl-methyl- Eal o o Kallem,
Metoprolol Rat plasma sther LC-ESI-MS/MS 104+8,37 %-111+£10.6 % 0.53 ng/mL 2012 [18]
. Tert-butyl-methyl- g 88.9— Chang,
Bisoprolol Rat plasma ether LC-MS/MS 100.2 % 0.2 ng/mL 2012 [11]
GC-MS:
8.4 ng/mL, 15.8 ng/ .
0 0
petoprololand Urine Diethyl-ether GC-MS, Lo-Ms/ms 83 7 for metoprool, 84% mL, LC/MS: 22‘(‘)‘;’?5]
P P 0.53 ng/mL, 0.72
ng/mL
Metoprolol Human plasma Ethyl acetate LC-MS/MS 78 % 1.0 ng/mL Ver;lﬁtgs[\;v:]rlu,
Bisoprolol Human plasma Ethyl acetate LC-ESI-MS 90.8+4-96.9+1 % 0.05 ng/mL 2(I)D(Ijr;g[’4]
Ante- and post- Ethyl acetate —n- Amundsen
Metoprolol mortem whole heptane UHPLC-MS 95-99 % 11.0 ng/mL 2013 [30] ’
blood (80:20, v/v)
86.91+0.05%-95.74+0.02
%
Human plasma ) ~ g in plasma, Xu,
Metoprolol and urine Diethyl-ether HPLC-FLD 94.12+0.05%— 97.27+0.01 5.0 ng/mL. 2013 [2]
%
in urine
S- and R meto- o Jensen,
prolol Human plasma Ethyl acetate LC-MS/MS 82 % 0.5 pg/L 2008 [15]
0,
Human plasma Ethyl acetate gisr;spil.;jnsaé ﬁ\%lr;gs/r:]nell_ Yilmaz
Metoprolol and urine ‘d'(zt_qy'\','f\g‘er HPLC-FLD 96.4+1.75 % 5.0 ng/mL 2010 [27]
Y in urine in urine
Ethyl acetate — )
. 88.6— Yilmaz,
Metoprolol Human plasma diethyl-ether GC-MS 95.1 % 15 ng/mL 2009 [20]

(2:1, v/v)

Liquid-liquid microextraction

Determination of metoprolol with other analytes in human
plasma samples was performed using high performance
liquid chromatography coupled with ultraviolet detection
as the method for quantitative determination. Biological
samples were processed using dispersive liquid-liquid mi-
croextraction and the separation of analytes was performed
using isocratic elution with ultraviolet detection. The rela-
tive recovery of metoprolol was between 94-104% [29].
For the analysis of four beta-blockers from human urine,
bisoprolol included, a new method, namedcarrier-medi-
ated liquid phase microextraction coupled with high per-
formance liquid chromatography has been developed. The
limit of detection for bisoprolol was about 0.01 mg/mL,
with a relative recovery of about 100.8% for 1.0 mg/L and
100.3% for 5 mg/L [24]. Metoprolol and other drugs were
separated from biological fluids using hollow fibre-protect-
ed liquid phase microextraction, followed by analysis of
drug substances by gas chromatography—mass spectrom-
etry. The processing method lead to satisfactory results for

the separation of metoprolol from human urine samples
obtained following a single dose administration. The ex-
traction recovery was found between 93.79-109.04%][21].

Solid phase extraction

In solid phase extraction, the selected beta-blockers are dis-
tributed between a solid phase and a liquid phase, having a
greater aflinity for the solid phase [34]. It involves the use
of extraction cartridges and is a fast and selective technique
used for processing biological samples. This technique pro-
vides good separation of drug substances from interferenc-
es, high recovery rates for metoprolol and bisoprolol,and
requires a reduced consumption of organic solvents, things
that represent advantages when compared to the other
techniques applied for sample preparation [29].

Solid phase extraction technique was applied for extrac-
tion of metoprolol in plasma samples obtained from pedi-
atric patients. The samples were filtered through Bond-Elut
columns under vacuum, then washed twice withdouble
distilled water and eluted with methanol. The recovery rate
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of metoprolol was of about 73.0+20.5% [23]. In addition,
96-well pipette tips with a chemically bonded monolithic
sorbent plug were used for the solid phase extraction of
metoprolol and pindolol in human plasma samples. Ropi-
vacaine was used as internal standard. Finally, the analytes
were eluted into a clean 96-well plate with methanol in wa-
ter. The low limit of quantification was between 94% and
108%, and the accuracy was from 101% to 103% for me-
toprolol [16]. Bisoprolol was extracted from human plas-
ma using solid phase extraction technique and metoprolol
as internal standard. The human plasma sample containing
the selected medicine and internal standard was processed
using Oasis HLB extraction cartridge, then eluted with
acetonitrile. The recovery of bisoprolol was 93.98% with
an accuracy of 4.46% [17]. To extract (S)-(-) and (R)-(+)-
metoprolol the LiChrosep DVB HL extraction cartridge
employing 200 pL of human plasma was used. The sample
was first washed with water, then with methanol: 2% am-
monia solution in water (30:70) (v/v). The analytes were
eluted with acetic acid in methanol. The recovery rate for
both the enantiomers was greater than 94% [19]. Liquid
chromatography coupled with mass spectrometry was used
to simultaneously determine several beta-blockers, metopr-
olol and bisoprolol included, in post-mortem whole blood.
Sample preparation was done using automated solid phase
extraction. Oasis MCX extraction cartridge which is a
mixed-mode, cation-exchange,reversed-phase sorbent was
used [26]. Oasis MCX, WAX, MAX and WCX extraction
cartridges have been used for the solid phase extraction of
metoprolol and others beta-blockers from urine samples.
Samples were washed with 2% formic acid or ammonium
hydroxide in water (5:95, v/v) depending on the analyte
and cartridge used [6]. Separation of (S)-(-) and (R)-(+)-
bisoprolol in human plasma samples was performed using
C18 cartridge. The recovery rate for the two enantiomers
was in the range of 95-102%, and the limit of detection
was 20 ng/mL and 5 ng/mL respectively [28].

On-line molecularly imprinted solid phase extraction is
a new technique that has been applied to urine samples
that contained beta-blockers, metoprolol included. The
column filled with the molecularly imprinted polymer was
coupled to a multi-dimensional LC-MS/MS, and the mix-
ture with 0.01% aqueous solution of formic acid—metha-
nol (30:70, v/v) was used for elution [32].

Conclusions

The main objective of this work was to present the most
frequently used techniques for the preparation of biologi-
cal samples containing metoprolol and bisoprolol and also
to present several analytical methods applied for determi-
nation of the selected beta-blockers. Liquid-liquid extrac-
tion, solid phase extraction technique, respectively the
modern methods of separation such as dispersive liquid-
liquid microextraction, carrier-mediated liquid phase or
hollow fibre-protected liquid phase microextraction shows
high levels of recovery, indicating that these can be suc-

cessfully applied for the separation of metoprolol and biso-
prolol from biological samples. For a better separation it
is important to choose an appropriate extraction solvent
in a suitable volume and a proper pH considering the ba-
sic character of the two analytes. After the extraction pro-
cess, the analysis of metoprolol and bisoprolol in human
plasma, urine and other biological fluids through different
chromatographic methods provides important informa-
tion in clinical and toxicological studies.
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