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Fig.2 General workflow of in silico prediction for hair incorporation. A Quantitative structure—activity relationship model development and B

screening result for substances on the prohibited list
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Fig.6 Hair incorporation
degrees of substances in

rats, calculated by dividing
hair concentration by plasma
AUC. Values are shown as the
mean + SEM for 30 rats. The
grid below the column chart
presents the detection windows
of each substance between
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Table 1 Drug distribution in hair samples obtained from subjects receiving diuretics and masking agents

Hair length (cm) _1

0-2 2-4 46 6-8 810 10-12 12-14 14-16 16-18 18-20 20-22 22-24

F1 Letrozole 100 j

# Drug Duration (wk)’

F2 Furosemide 96
F3 Furosemide 15

Furosemide 48
F4 Canrenonet Unknown

Hydrochlorothiazide Unknown -

MA Furosemide 3

Canrenonet 1
F5 Canrenone® 5
F6  Hydrochlorothiazide 5
F7  Hydrochlorothiazide 26

F1: Female; Femara® 2.5 mg QD; Perm & Dye

F2: Female; Uretropic® 20 mg QD

F3: Female; Rasitol® 40 mg Q12H

F4: Female; Rasitol® 40 mg Q8H, Losa & Hydro® 50/12.5 mg QD, spironolactone 25 mg BID

M1: Male; Rasitol® 20 mg QD, Aldactone® 25 mg QD

F5: Female; Aldactone® 25 mg QD

Fé&: Female; Co-diovan FC®80/12.5 m g QD; Perm & Dye

F7: Female; Sevikar HCT® 40/5/12.5 mg QD; Dye

*The duration of drug use prior to hair collection

*The colour scale represents the estimated drug concentration in hair segments, ranging 50-2600 pg/mg. Grey indicates not detected
¥The patients took spironolactone, and their hair was analyzed for canrenone, an active metabolite of spironolactone
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Hair analysis represents a significant methodology within the field of
forensic toxicology, particularly with respect to its potential applications
in elucidating the drug-use histories of athletes. Despite 1ts prevalent
application, the comprehension of the doping substances that can be detected
in hair 1s still insufficient. This study aims to assess the viability of
utilizing hair specimens for anti-doping purposes through a comprehensive and
multifaceted approach.

An animal model was utilized to assess the dose-dependency and detection
windows of 17 model drugs across various matrices. Using QSAR models, data
regarding hair binding from animal studies were extrapolated to encompass all
substances listed by the World Anti-Doping Agency. Additionally, a human
study examining the consumption of diuretics and masking agents offered
further validation of the findings.

Doping substances present in plasma exhibited the most pronounced dose
dependency; however, they were characterized by limited detection windows.
Urine and feces ranked next in terms of detection capabilities, while hair
demonstrated the greatest retrospective capacity, with diuretics exhibiting
the highest rates of binding to hair. It was predicted that most anabolic
substances would be detectable in hair, whereas peptide hormones and /2-
agonists were found to be undetectable, likely due to their substantial
molecular weight and high polarity. A real-world study involving human hair,
utilizing segmental analysis, corroborated the timing of administration for

these diuretics.


https://williamchanglab.weebly.com/
https://www.linkedin.com/in/shao-hsin-hung-7941b61b9/
mailto:cwchang@kmu.edu.tw
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Fig.2 General workflow of in silico prediction for hair incorporation. A Quantitative structure—activity relationship model development and B

screening result for substances on the prohibited list
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Fig.6 Hair incorporation
degrees of substances in

rats, calculated by dividing
hair concentration by plasma
AUC. Values are shown as the
mean + SEM for 30 rats. The
grid below the column chart
presents the detection windows
of each substance between
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Table 1 Drug distribution in hair samples obtained from subjects receiving diuretics and masking agents

Hair length (cm) —r

# Drug Duration (wk)'
0-2 2-4 46 6-8 B8-10 1012 1214 1416 16-18 18-20 20-22 22-24

F1 Letrozole 100 j

F2 Furosemide 96
F3 Furosemide 15

Furosemide 48
F4 Canrenonet Unknown

Hydrochlorothiazide Unknown -

M1 Furosemide 3

Canrenonet 1
F5 Canrenone® 5
F68  Hydrochlorothiazide 5
F7  Hydrochlorothiazide 26

F1: Female; Femara® 2.5 mg QD; Perm & Dye

F2: Female; Uretropic® 20 mg QD

F3: Female; Rasitol® 40 mg Q12H

F4: Female; Rasitol® 40 mg Q8H, Losa & Hydro® 50/12.5 mg QD, spironolactone 25 mg BID

M1: Male; Rasitol® 20 mg QD, Aldactone® 25 mg QD

F5: Female; Aldactone® 25 mg QD

F6: Female; Co-diovan FC®80/12.5 m 2 QD; Perm & Dye

F7: Female; Sevikar HCT® 40/5/12.5 mg QD; Dye

*The duration of drug use prior to hair collection

"The colour scale represents the estimated drug concentration in hair segments, ranging 50-2600 pg/mg. Grey indicates not detected
¥The patients took spironolactone, and their hair was analyzed for canrenone, an active metabolite of spironolactone
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[Concrete Results]
1. Through the analysis of segmented hair samples, even a minimal quantity

of hair can provide insights into an athlete’ s drug use history over the
course of an entire year, contingent upon the hair being of adequate
length. Given that hair typically grows at a rate of approximately 1 cm
per month, the timeline of drug exposure can be accurately determined.
2. Hair testing serves to ascertain whether an athlete has been involved in
long-term intentional doping practices or has encountered a singular,
unintentional exposure to prohibited substances.
3. Published Results: Archives of Toxicology (2024) 98, 779 - 790
Award Received: 2024 Class A Award for Excellence in Sports Science
Research and Development.

5. International Project Application: A proposal for a follow-up study has
been submitted for funding to the U.S.-based Partnership for Clean

Competition and has successfully passed the concept review phase.
[Research Team])

Team Members: William Chih-Wei Chang, Shao-Hsin Hung, Ciao Tian

Research Team Introduction: The Anti-Doping Analysis Laboratory, under the
direction of Dr. William Chang, specializes in anti-doping analysis and
employs chromatography and mass spectrometry techniques for pharmaceutical
research. The research areas encompass the analysis of alternative biological
specimens, the assessment of unintentional medication risks, and surveys
evaluating the knowledge of physicians and pharmacists regarding doping

regulations.

Research Contacts Email: cwchang@kmu. edu. tw
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