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H (ABP) represents a paradigm shift in anti-doping technology. Unlike traditional
Introductlon testing methods that rely on detecting specific substances, the ABP focuses
on monitoring an athlete’s biological markers over time. This longitudinal
approach allows for the detection of subtle changes in an athlete’s physiology
that July indicates doping [2,3].

The fight against doping in sports has evolved significantly over the past
decades, driven by advancements in anti-doping technology. As athletes and
their teams continuously seek new methods to enhance performance illegally,
the need for sophisticated detection methods has become paramount. This The ABP consists of two main modules: the haematological module and
article explores the latest innovations in anti-doping technology, focusing on the steroidal module. The haematological module monitors blood parameters,
emerging techniques and tools designed to detect previously undetectable  such as haemoglobin levels and red blood cell count, which can reveal
substances and methods. These advancements not only help in maintaining  the use of blood-doping agents like erythropoietin. The steroidal module
the integrity of sports but also contribute to fair play and athlete safety.  tracks variations in steroid profiles, helping to identify the use of anabolic
Doping has long plagued the world of competitive sports, with athletes using  5ents. By establishing individual baselines and detecting deviations from
prohibited substances or methods to gain an unfair advantage. Despite the these baselines, the ABP provides a powerful tool for identifying doping.

efforts 9f anti-doping agencies, the. cgntlnuous gvolutlon of Performance- Gene doping, which involves the manipulation of genes to enhance athletic
Enhancing Drugs (PEDs) and sophisticated doping strategies have made L . . .
performance, represents a new frontier in doping. Detecting gene doping

detection increasingly challenging. To combat this, advancements in anti- . . . - i .
lon 1 ngly ging ! v I : is particularly challenging, as it involves altering the body's genetic code

doping technology have become essential, enabling the identification of ) ) i .
new and previously undetectable substances. The history of doping in sports rather than introducing foreign substances. However, advancements in Next-
Generation Sequencing (NGS) have opened new possibilities for detection.

dates back to ancient times, but it wasn't until the 20th century that efforts
to combat it gained momentum. The establishment of the World Anti-Doping ~ NGS allows for the comprehensive analysis of an athlete’s genetic material,
Agency (WADA) in 1999 marked a significant step in the global fight against enabling the identification of gene editing or the introduction of synthetic
doping. Since then, technological advancements have played a crucial role in ~ genes. By comparing an athlete’s genetic profile over time, NGS can detect

enhancing detection capabilities [1]. anomalies that July indicates gene doping. This technology is still in its early
stages, but its potential to detect and deter gene doping is significant. Liquid
Description chromatography-tandem mass spectrometry is another powerful tool in the

anti-doping arsenal. This technique combines the separation capabilities of
liquid chromatography with the analytical precision of mass spectrometry. LC-
MS/MS is particularly effective in detecting complex mixtures of substances,
making it ideal for identifying designer drugs and new synthetic compounds

Initially, anti-doping efforts focused on identifying known substances
such as anabolic steroids and stimulants. However, as new drugs and
methods emerged, the need for more sophisticated detection techniques
became apparent. The evolution of anti-doping technology has followed (4].
a trajectory from basic analytical methods to highly specialized techniques
capable of detecting even trace amounts of prohibited substances. Mass
Spectrometry (MS) has emerged as a cornerstone in anti-doping analysis.

One of the key advantages of LC-MS/MS is its ability to analyse samples
with high specificity and sensitivity. This is crucial in anti-doping, where even

This technology allows for the identification of minute quantities of substances trace amounts of th',b'ted sul?§tances can have a S|g.n|f|cant Impact on t.e st
in biological samples, making it invaluable in detecting low concentrations results. The technique’s versatility also allows for the simultaneous detection

of PEDs. MS works by ionizing chemical compounds to generate charged of multiple substances, streamlining the testing process. Isotope Ratio Mass
molecules, which are then analysed based on their mass-to-charge ratio. ~ Spectrometry (IRMS) is a specialized technique used to distinguish between
This process enables the detection of a wide range of substances, including ~ naturally occurring and synthetic substances. This is particularly important in
anabolic steroids, stimulants and blood-doping agents. One of the most cases where athletes use substances that are naturally produced by the body,
significant advancements in mass spectrometry is the development of High-  such as testosterone. IRMS analyses the ratio of stable isotopes in a sample,
Resolution Mass Spectrometry (HRMS). HRMS provides greater sensitivity allowing for the identification of synthetic versions of these substances. IRMS
and specificity, allowing for the detection of novel and designer drugs that a5 proven to be a valuable tool in detecting testosterone doping, as synthetic
might evade traditional testing methods. Additionally, HRMS can identify yastoqterone has a different isotope ratio compared to naturally produced
metabolites, which are by-products of drug metabolism, further enhancing testosterone. By analysing the isotope ratios in an athlete’s urine or blood

detection capabilities. The introduction of the Athlete Biological Passport sample, IRMS can determine whether the substance is of natural or synthetic
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Conclusion

The fight against doping in sports is a continuous battle, with athletes
and anti-doping agencies locked in an on-going struggle. However, the
advancements in anti-doping technology offer hope in this endeavour. From
mass spectrometry and biological passports to next-generation sequencing
and artificial intelligence, these innovations are crucial in detecting the
undetectable and maintaining the integrity of competitive sports. As technology
continues to advance, the future of anti-doping efforts looks increasingly
promising, ensuring a level playing field for all athletes.
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