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DESCRIPTION

Drug monitoring plays an important role in modern healthcare
by ensuring that medications achieve their intended therapeutic
effect while minimizing the possibility of adverse reactions. The
concentration of a pharmaceutical compound within a biological
system can vary significantly among individuals due to
differences in metabolism, age, genetics, health status and
interactions with other medications. Accurate measurement of
drug levels is therefore essential for optimizing treatment
outcomes. Among the analytical technologies developed for this
purpose, electrochemical biosensors have emerged as valuable
tools due to their sensitivity, rapid response and suitability for
real-time analysis. Electrochemical biosensors are analytical
devices that convert biological interactions into measurable
electrical signals. These systems typically consist of a biological
recognition element combined with an electrochemical
transducer. When the target drug interacts with the recognition
component, a change occurs at the sensor surface, producing an
electrical response that can be measured and interpreted. This
approach enables the detection and quantification of
pharmaceutical compounds in biological fluids such as blood,
saliva, urine and interstitial fluid.

Traditional drug monitoring often relies on laboratory-based
analytical ~ techniques  including  chromatography = and
spectroscopic methods. While these techniques provide highly
accurate measurements, they frequently require specialized
equipment, trained personnel and extensive sample preparation
procedures. In contrast, electrochemical biosensors offer a more
direct analytical approach that can generate results within a
relatively short period. This capability has increased interest in
their application for clinical monitoring and pharmaceutical
analysis. One of the major advantages of electrochemical
biosensors is their ability to detect very low concentrations of
target compounds. Many medications produce therapeutic
effects within specific concentration ranges, making precise
monitoring essential. Electrochemical detection mechanisms are
capable of identifying subtle changes in analyte levels, allowing

clinicians and laboratory professionals to assess medication
exposure accurately. This sensitivity is particularly useful for
drugs therapeutic windows, where small
concentration variations may influence clinical outcomes.

with narrow

The operation of electrochemical biosensors depends on various
sensing principles. Amperometric sensors measure electrical
current generated during chemical reactions involving the target
analyte. Potentiometric sensors monitor changes in electrical
potential, while conductometric sensors evaluate alterations in
electrical conductivity. Each approach provides unique analytical
advantages depending on the characteristics of the drug being
monitored and the biological matrix under evaluation.
Biological recognition elements contribute significantly to sensor
selectivity. Enzymes, antibodies, nucleic acids, aptamers and
molecularly imprinted materials are frequently incorporated into
sensor designs. These components interact specifically with
target molecules, reducing interference from unrelated
substances present in biological samples. The resulting selectivity
enhances analytical reliability and supports accurate drug
quantification in complex physiological environments.

demonstrated utility in
monitoring a wide variety of pharmaceutical compounds.
Antibiotics, anticancer agents, cardiovascular medications,
antiepileptic drugs and immunosuppressive therapies represent
examples of compounds that can benefit from continuous or
periodic  concentration  assessment.  Monitoring  these
medications helps healthcare providers evaluate treatment
effectiveness and adjust dosing regimens when necessary. Recent
developments in nanomaterials have significantly improved
sensor performance. Nanostructured materials possess unique
electrical and surface properties that enhance signal generation
and analyte interaction. The incorporation of nanoparticles,
nanowires, graphene-based materials and carbon nanotubes into
sensor platforms has increased detection sensitivity and
improved  analytical ~ response  characteristics.  These
advancements have expanded the range of pharmaceutical

Electrochemical biosensors have
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compounds that can be monitored effectively using

electrochemical approaches.

Wearable biosensor technologies have generated considerable
interest in drug monitoring applications. Portable devices
integrated into patches, wristbands and other wearable formats
enable continuous assessment of specific analytes without
requiring repeated blood collection. Such systems offer
opportunities for longterm monitoring and may improve
patient convenience. Continuous data collection can provide
valuable information regarding medication exposure patterns
and physiological responses over time. Personalized medicine
has further increased demand for efficient drug monitoring
tools. Individual patients often respond differently to identical

Pharm Anal Acta, Vol.17 Iss.2 No:1000858

OPEN @ ACCESS Freely available online

therapeutic regimens. Electrochemical biosensors provide an
analytical platform capable of supporting personalized treatment
strategies by delivering timely information regarding drug
concentrations. Access to such data may assist healthcare
professionals in making informed decisions regarding dosage
adjustments and treatment optimization. The pharmaceutical
industry also benefits from electrochemical biosensor technology
during product development and quality assessment activities.
Biosensors can be utilized for evaluating drug release
characteristics, monitoring active ingredient concentrations and
assessing formulation stability. Their rapid analytical capabilities
contribute to efficient laboratory workflows and support
pharmaceutical evaluation processes
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