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Detection of beta-blocker in plasma and urine
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Abstract. This paper presents a comprehensive overview of beta-blockers, a class of
important medications used for treating various cardiovascular conditions like
hypertension, angina pectoris, heart failure, and arrhythmia. The mechanism of beta-
blockers involves blocking the binding of epinephrine and norepinephrine to b-
adrenoceptors. Accurate targeting of beta-blockers is crucial for athletes participating
in archery, billiards, and golf as it can effectively lower heart rate and reduce anxiety.
To identify drug compounds, various separation techniques, including HPLC, GC, and
CE, are commonly employed. Among these techniques, electrochemical approaches
have gained prominence due to their significant advantage of not requiring any
separation or extraction processes. Electrochemical methods are also advantageous as
they remain unaffected by optically absorbing and fluorescent compounds, a limitation
encountered in spectroscopy. Additionally, electrochemical methods can be quickly
functionalized with nanomaterials to enhance their performance. While optical methods
like spectrophotometric and spectrofluorometric techniques offer certain advantages
over other analytical approaches, such as affordability, simplicity, and faster analysis
times, they may not provide the same straightforward and rapid detection of beta-
blockers as the electrochemical methods do. Therefore, considering the specific context
and objectives of analysis, researchers can choose between electrochemical and optical
techniques to effectively study and detect beta-blockers in different applications.
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1. Introduction

Beta-blockers are an essential component in the treatment of a wide variety of cardiovascular disorders.
These conditions include hypertension [1], angina pectoris [2], heart failure [3], and arrhythmia [4].
These pharmaceuticals are effective because they prevent adrenaline and norepinephrine from binding
to b-adrenoceptors [5]. Notably, beta-blockers have been proven to have the ability to lower heart rate
and anxiety in athletes participating in archery, billiards, and golf; hence, proper targeting is absolutely
necessary. It is of the utmost importance to be aware of the fact that the World Anti-Doping Agency
restricts the use of beta-blockers in athletic competition. The detection of beta-blocker concentrations
in a variety of matrices is of crucial importance across a wide range of scientific disciplines, including
toxicology, doping control, environmental risk assessment, and therapeutic drug monitoring [6]. Using
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high-performance liquid chromatography-mass spectrometry, Hernando et al. [7] carried out an
exhaustive investigation on the techniques for assessing beta-blockers and anti-ulcer medications in
environmental water samples. [8] The results of the study showed that beta-blockers and anti-ulcer drugs
are present in environmental water samples. Over the course of the past decade, significant
advancements have been made in sample preparation and analytical procedures, which has resulted in
the opening of new doors for beta-blocker detection. The purpose of this study is to improve our
understanding of the appropriate use of beta-blockers in treating cardiovascular illnesses by describing
recent breakthroughs in analytical applications for beta-blocker determination as well as future prospects
for these applications. Our understanding of the therapeutic potential of beta-blockers in the
management of cardiovascular sickness is likely to improve as a result of the ongoing development of
analytical tools.

2. Various Separation Methods

Various separation techniques are available, such as high-performance liquid chromatography, gas
chromatography, and capillary electrophoresis [8]. Notably, electrochemical methods offer a significant
advantage as they eliminate the need for separation or extraction procedures. Unlike spectroscopy, they
remain unaffected by optically absorbing and fluorescent compounds and can be easily functionalized
with nanomaterials.

2.1. Electrochemical Methods

Electrochemical methods are very simple and do not require any pretreatment process such as separation
or extraction, which effectively overcome the shortcomings of the traditional methods. In addition,
electrochemical methods have numerous advantages like high selectivity, high sensitivity, low cost,
portability, and capability to determine several components simultaneously, and thus can be regarded as
an effective alternative to traditional methods such as chromatography. The use of electrochemical
methods offers a significant advantage due to the absence of separation or extraction operations, and
they remain unaffected by optically absorbing or fluorescent compounds, while also being easily
functionalized with nanomaterials.

A chemometrics-assisted voltammetric approach utilizing a carbon paste electrode modified with
iron (III) oxide nanoparticles was developed for the detection of timolol maleate in a study that was
carried out by Abou Al Alamein et al. [9]. This method was used to analyze the results of the
investigation. As platforms for the detection of beta-blockers, many electrochemical methods such as
voltammetric, amperometric, and potentiometric techniques can be applied.

When it comes to the examination of beta-blockers, DPV and other similar approaches, such as DP
ASV, are considered to be the most reliable and accurate of these several procedures. Modifiers like as
nanomaterials, carbon nanotubes, conducting polymers, metal oxides, inorganic liquids, and composite
materials are utilized in electrochemical processes in order to improve their performance. In the
detection of beta-blockers, polymeric materials and carbon nanotubes, as well as their derivatives, have
demonstrated some encouraging results. The analysis of biological samples can benefit greatly from the
creation of highly sensitive electrode surfaces, which can be achieved by combining a variety of
sophisticated nanomaterials.

Researchers like Mahmoud Roushani and his colleagues have been successful in developing a sensor
that is both highly selective and sensitive for the drug sotalol (SOT). They were able to accomplish this
by modifying a screen-printed carbon electrode (SPCE) with thiol graphene quantum dots (GQD-SH)
and gold nanoparticles (AuNPs) to construct a molecularly imprinted sensor (MIP/AuNPs/GQD-
SH/SPCE). This allowed them to detect molecules with high sensitivity. Because of this change, the
kinetics of electron transfer were improved, the electrochemical signals were improved, the interaction
areas were expanded, and the adsorption of SOT was improved on the sensor surface.
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2.2. Optical Methods

The analysis of a wide variety of substances, such as medicines, enzymes, antibodies, and antigens, is a
common use for optical technologies. In comparison to other analytical approaches, spectrophotometric
and spectrofluorometric procedures provide a number of benefits, including lower overall costs, simpler
application, and a shorter amount of time required to finish a study. These optical methods are not only
useful for analyzing pharmaceuticals in commercial products but also for analyzing biological and
environmental samples [10]. They are also helpful in pharmacodynamic studies, drug-drug interaction
analyses, and research on the interactions between drugs and biomolecules.

In recent years, a large number of research groups have developed a variety of optical methods for
detecting beta-blockers in pharmaceutical samples. These methods can identify beta-blockers in samples
such as tablets, plasma, rat plasma, serum, urine, and water. However, it is vital to realize that
spectrophotometric procedures may have limitations, particularly when working with complex matrices
such as serum and plasma. This is because spectrophotometric systems rely on light scattering to
determine concentrations of analytes.

2.3. Other Methods

Acetonitrile (ACN) or methanol (MeOH), both of which are considered to be powerful organic modifiers,
are typically used as mobile phases in high-performance liquid chromatography (HPLC). For instance,
Xu et al. [11] were able to successfully establish an HPLC technique with UV detection for the purpose
of identifying metoprolol and its two metabolites in urine. The use of this technology to pharmacokinetic
research was successful and was in accordance with the regulations set forth by the Food and Drug
Administration. The LOD values that were obtained were either on par with or even superior to those
that had been attained with more sophisticated approaches that had been used in the past. The
demonstration of interference-free chromatograms during the evaluation of real plasma samples taken
from patients receiving treatment with metoprolol, diltiazem, and verapamil confirmed that the
methodology is appropriate for use in clinical research.

It is essential to make use of C18 stationary phases while performing chromatographic separations
of beta-blockers. However, the authors have accomplished remarkable things by making use of columns
that contain a variety of surface chemistries and bonded phases. Because of its higher hydrophobicity,
the C28 column demonstrated improved separation performance, which resulted in a reduced affinity of
the analyte for the stationary phase. The examination of the separation process, which revealed the
substantial role that hydrogen bonding plays in the separation of beta-blockers, served as the basis for
this observation.

Spanakis and Niopas [12] created a straightforward and trustworthy HPLC-FLD method that makes
use of a cyano column for the purpose of assessing the amount of atenolol that is present in plasma.
When compared to the more common C8 and C18 columns, the Brownlee Cartridge Spheri-5 cyano
column demonstrated higher performance in terms of selectivity and peak symmetry [13]. The
applicability of the approach was validated by conducting an analysis of the levels of atenolol in plasma
samples taken from healthy participants [14].

In recent years, Hydrophilic Interaction Liquid Chromatography (HILIC) has gained significant
attention as a specialized mode of normal-phase liquid chromatography (NP-LC) for separating highly
hydrophilic analytes with no net electrical charge. HILIC combines mobile phases similar to RP-HPLC
with stationary phases akin to NP-LC [15].

3. Conclusion
This article explores the determination of drug molecules, specifically beta-blockers, using various
techniques, such as HPLC, GC, and CE, among others. These medications have shown potential in
reducing heart rate and anxiety levels in athletes engaged in archery, billiards, and golf, emphasizing
the need for precise targeting.

Electrochemical methods stand out as advantageous due to their ability to eliminate the requirement
for separation or extraction procedures. They are also unaffected by optically absorbing or fluorescent
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compounds, and can easily be functionalized with nanomaterials. Spectrophotometric and
spectrofluorometric approaches are particularly advantageous among optical methods, as they offer low
cost, ease of use, and faster analysis times.

4. Future Perspectives

It is anticipated that forthcoming breakthroughs in analytical applications will facilitate improvements
in the detection and examination of beta-blockers. In order to generate ultra-sensitive electrode surfaces,
particularly for biological samples, researchers may investigate the possibility of combining a variety of
nanomaterials as well as advanced combination techniques. In addition, recent developments in optical
technology have the potential to broaden the applicability of these techniques so that they can be applied
to the analysis of commercial products, biological samples, and environmental samples in addition to
pharmaceutical samples. Investigations into drug-drug interactions, pharmacodynamic studies, and
drug-biomolecule interactions are just few of the areas where optical technologies have the potential to
make a substantial contribution.

In conclusion, the use of various separation approaches, including electrochemical and optical
methods, holds promise for reliable detection and analysis of beta-blockers. Continued research and the
development of novel analytical methodologies will further advance the fields of toxicology,
environmental risk assessment, and healthcare.
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