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1. Abstract 

Green tea (GT), along with its flavonol epigallocatechin-3-gallate (EGCG), has shown 

to inhibit the UGT2B17 isoenzyme, which is highly involved in the glucuronidation of 

testosterone (T) and its metabolites. Since the steroid profile (SP) is composed of 

urinary concentrations of T and related metabolites excreted in both the free and the 

glucuronide fractions, GT consumption could alter the SP leading to misunderstanding 

in doping controls. The aim of the present work was to study the effect of GT 

consumption on the SP. 

This study was performed with 29 male volunteers, which could be classified in two 

arms depending on their T/E values (0.12±0.02, n=12; 1.64±0.90, n=17). The clinical 

protocol was designed to evaluate the effect of GT administration on the SP biomarkers. 

Participants were asked to consume GT with a high content of EGCG for 7 days (5 GT 

beverages along the whole day for days 1-6 and 9 GT beverages in day 7, corresponding 

to 520 and 936 mg/day of EGCG, respectively). Urine samples were collected before 

and during GT consumption at different time periods. The SP was measured using gas 

chromatography-mass spectrometry. 

The excretion rates of the SP metabolites did not change after GT consumption. 

Moreover, the individual evaluation of the subject’s steroidal biological passport 

resulted in normal sequences. 

The results obtained show that GT consumption does not distort the establishment of 

normal ranges of SP parameters. Therefore, GT consumption does not need to be 

considered a confounding factor in the SP evaluation. 
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2. Introduction 

The misuse of synthetic endogenous anabolic androgenic steroids (EAAS) is the anti-

doping rule violation most detected in doping control analyses. The World Anti-Doping 

Agency (WADA) implemented the steroid profile (SP) as a part of the Athlete’s 

Biological Passport (ABP) in order to detect suspicious samples of exogenous 

administration of EAAS.
[1,2]

 The ABP steroidal module consists of an individual and 

longitudinal monitoring of SP biomarkers to be more efficient detecting changes that 

can reveal the administration of EAAS.
[3,4]

 If changes are observed, the sample has to be 

confirmed by gas chromatography isotope ratio mass spectrometry (GC/C/IRMS) to 

demonstrate the exogenous origin of testosterone (T) and related metabolites.
[1]

 The SP 

consists of the determination of concentrations of various endogenously produced 

steroidal hormones: T, epitestosterone (E), androsterone (A), etiocholanolone (Etio), 5α-

androstane-3α,17β-diol (5αAdiol) and 5β-androstane-3α,17β-diol (5βAdiol), as well as 

the ratios between them (T/E, A/T, A/Etio, 5αAdiol/5βAdiol and 5αAdiol/E ratios). In 

humans, androgen steroids are mainly excreted in urine as conjugates with glucuronic 

acid and, therefore, the SP is measured using both the free and the glucuronide 

fractions. 

UDP-glucuronosyltransferases (UGTs) are the enzymes responsible for the catalysis of 

androgen conjugation with glucuronic acid.
[5]

 UGTs are divided into different 

subfamilies,
[6]

 and the most important enzymes involved in the glucuronidation of 

androgens belong to the subfamily UGT2B.
[7,8]

 T glucuronidation is mainly dependent 

on UGT2B17 and to a lesser extent on UGT2B15.
[7,9]

 Importantly, UGT2B17 is not 

involved in E glucuronidation, the enzyme responsible for E glucuronidation seems to 

be UGT2B7, which has no activity on T glucuronidation.
[9,10]

 5αAdiol, 5βAdiol, A and 

Etio are also conjugated by UGT2B17 and by other isoenzymes.
[11]

 UGT2B7 conjugates 

all four androgens, exhibiting high glucuronidation rates towards steroids with 5α-

configuration (5αAdiol and A), and UGT2B15 conjugates 5αAdiol and 5βAdiol.
[11] 

Genetic polymorphisms may alter the expression or the activity of UGTs.
[12]

 It is well 

known that a common deletion polymorphism occurs in the gene coding for the 

isoenzyme UGT2B17. This gene deletion results in less excretion of T glucuronide in 

urine in individuals homozygous for the UGT2B17 deletion (del/del), compared to 

individuals with one (ins/del) or two (ins/ins) functional alleles of the UGT2B17 



gene.
[13]

 The UGT2B17 polymorphism also causes variations in the excretion of 

glucuronides of other T related metabolites. Homozygotes del/del are more prevalent in 

Asian than in Caucasian population, with rates of 66.7% and 9.3%, respectively.
[13]

 It 

has important practical implications in doping controls because if a single cut-off value 

for T/E ratio was applied to the whole population, athletes with the gene deletion would 

have an unfair advantage in case of exogenous administration of T. Furthermore, gender 

differences in UGT2B17 expression and glucuronidation activity have been 

described.
[14] 

Therefore, the use of the subject-based testing approach of the ABP is of 

paramount importance.  

In a previous study, using in vitro tests, it was shown that T glucuronidation by 

UGT2B17 isoenzyme is inhibited by green and white tea extracts along with flavonols 

from tea: epicatechin, epigallocatechin-3-gallate (EGCG) and catechin gallate.
[15]

 Due 

to the involvement of UGT2B17 in the glucuronidation of other androgens,
[11]

 it is 

expected that this  inhibition will also affect the formation of glucuronides of other 

steroids included in the SP. In summary, the consumption of tea may produce 

alterations in the SP leading to misinterpretation on the longitudinal studies and/or 

masking the exogenous administration of some EAAS. Since tea is the most widely 

consumed beverage in the world next to water, it is of utmost importance to study the 

relevance of the UGT2B17 gene inhibition by tea constituents in the in vivo metabolism 

of all androgens included in the SP. If important alterations of the urinary SP are found, 

the monitoring of the markers of tea consumption will be needed when detecting an 

atypical profile before going to the expensive and time-consuming GC/C/IRMS 

analysis.  

The aim of the present study was to investigate the effect of green tea (GT) 

administration on the SP biomarkers. For this purpose, healthy male individuals with a 

wide range of T/E ratio values were asked to consume GT with a high content of EGCG 

for 7 days, and the SP was measured.  



3. Experimental 

Clinical study 

A total of 29 healthy male volunteers (19 Caucasian and 10 Asian volunteers) were 

recruited to participate in the study (mean age 25±6 years). Participants were divided 

into two groups according to their baseline T/E ratio values and their baseline urinary T 

excretion levels (Table 1). Participants included in arm 1 were individuals with low T/E 

ratio values, considered to present UGT2B17 gene deletion, and volunteers included in 

arm 2 were individuals with higher T/E ratio values, considered to have one or two 

functional alleles of the UGT2B17 gene. There were no significant differences in the 

average age, weight, and height among groups.  

Participants were usual consumers of beverages containing methyl-xanthines in order to 

guarantee that they can tolerate the consumption of a large number of tea drinks. 

Participants were on a low catechin diet and were asked not to ingest drugs that could 

influence the SP during the study, including alcoholic beverages. Drugs of abuse urine 

tests (Instant-View, Multi-Panel 4 Test Drug Screen, Alfa Scientific Designs, Poway, 

CA, USA) and breath alcohol tests (Dräger Breathalyzer 7410 Plus, Denmark) had to be 

negative for inclusion in the study.  

A clinical trial involving GT consumption and collection of urine samples was 

performed (protocol code IMIMFTCL/EGCG/3). Ethical approval of the study was 

granted by the local Research Ethical Committee (Comitè Ètic d’Investigació Clínica 

CEIC-Parc de Salut Mar, Barcelona, Spain). All subjects participating in the study gave 

their written informed consent prior inclusion and underwent a general physical 

examination, routine laboratory test, urinalysis, and a 12-lead electrocardiogram with 

results within normal values. 

The clinical protocol was designed to determine the effect of a repetitive GT 

consumption on the SP, exceeding a normal GT consumption. The content of EGCG, 

the main flavonoid of tea, is quite variable even for the same tea brand from country to 

country. In this study, a GT with a high content of EGCG was selected.
[16] 

 

The protocol of GT consumption as well as urine and blood collection periods are 

described in Table 2. In the pre-administration phase, volunteers were requested to 

refrain from tea intake 24h before taking part in the study and baseline urine samples 

were collected for 3 consecutive days. In the intervention phase, urine samples were 



collected for 8 consecutive days and participants were asked to consume 5 tea beverages 

along the whole day for 6 consecutive days, and in day 7, they consumed 9 tea 

beverages. In total, 24h total urine was collected during eleven days; the urine collection 

periods (UC) were different, depending on the experimental day, and they are described 

in Table 2. All urine samples were stored at -20ºC until analysis.  

Blood samples were also collected before and after GT consumption (Table 2). Blood 

was collected just before first GT consumption in day 1, as well as at pre-

administration, and 1 and 2 h after first GT ingestion in day 7. Blood samples (4 mL) 

were collected in lithium heparin tubes and plasma was obtained by centrifugation (10 

min, 3000 rpm, 4ºC). 350 µL plasma aliquots were transferred to low-binding tubes 

containing 20 µL of a preservative solution (0.4M NaH2PO4·H2O, 20% ascorbic acid, 

0.1% EDTA, pH=3.6). Samples were immediately stored at -80ºC until analysis, which 

was performed not longer than 1 week after sample collection.   

The GT beverage was prepared as follows: one tea bag was immersed for 15 min in a 

ceramic cup with a lid containing 200 mL of hot water. The water was previously 

heated in a microwave oven for 2 min. Then, the tea bag was drained and removed. The 

GT was consumed within a time period no longer than 10 min after the tea bag was 

removed (no more than 25 min from the addition of the tea bag to water). When GT was 

prepared using two tea bags, the procedure was the same, but adding two tea bags 

instead. 

 

Chemicals and reagents 

Testosterone-d3 (T-d3), epitestosterone-d3 (E-d3), 3α5α-androstanediol-d3 (5αAdiol-

d3), 3α5β-androstanediol-d5 (5βAdiol-d5), androsterone-d4 (A-d4), androsterone-d4-

glucuronide (A-d4-gluc), etiocholanolone-d5 (Etio-d5), methyltestosterone, testosterone 

(T), androsterone (A) and etiocholanolone (Etio) were purchased from the Australian 

National Measurement Institute (Pymble, Australia). Sodium hydrogen carbonate, 

sodium carbonate, epitestosterone (E), 5α-androstane-3α,17β-diol (5αAdiol), 5β-

androstane-3α,17β-diol (5βAdiol) and ethylgallate were obtained from Sigma (St Louis, 

MO, USA). Epigallocatechin-3-gallate (EGCG) was purchased from Extrasynthese 

(Lyon, France). β-Glucuronidase from Escherichia coli K12 was provided by Roche 

Diagnostics GmbH (Mannheim, Germany). Disodium hydrogen phosphate, sodium 



hydrogen phosphate, tert-butyl methyl ether, ammonium iodide and 2-mercaptoethanol 

were supplied by Merck (Darmstadt, Germany). N-Methyl-N-

trimethylsilylfluoroacetamide (MSTFA) was purchased from Macherey-Nagel (Düren, 

Germany). Ultra-pure water was obtained using Milli-Q purification system (Millipore 

Ibérica, Barcelona, Spain). DetectabuseTM solid-phase extraction (SPE) columns were 

purchased from Biochemical Diagnostics Inc. (New York, NY, USA).  

 

Measurement of EGCG in the GT beverages 

EGCG content in the GT beverages was measured after preparing a GT infusion as 

described previously. Samples were diluted (1/10) with Milli-Q water and immediately 

analysed by liquid chromatography coupled to tandem mass spectrometry (LC-

MS/MS). Quantification was performed in an Agilent 1200 series LC system (Agilent 

Technologies) coupled to a triple-quadrupole (6410 Triple Quad LC-MS; Agilent) mass 

spectrometer with an electrospray interface. The chromatographic separation was 

performed using an Acquity UPLC BEH C18 (100 mm × 3.0 mm i.d., 1.7 μm) column. 

The mobile phase consisted of formic acid 0.1% (A) and acetonitrile with formic acid 

0.1% (B). The gradient was: 0.5% B, for 1 min; to 50% B, in 2 min; 50%B, for 5 min; 

to 0.5% B, in 0.2 min; 0.5% B, for 2.8 min. The flow rate was 0.3 mL/min, and the 

injection volume was 5 μL. All compounds were monitored in positive ionization using 

the multiple reaction monitoring mode. Mass/charge values selected for identification of 

analytes were as follows: EGCG m/z 457→169, 305, 331, fragmentor (F) 150 V, 

collision energy (CE) 15 eV; and ethylgallate (internal standard) m/z 197→78, 124, 

169, F 141 V, CE 15 eV.  

 

Measurement of EGCG in plasma 

Determination of free EGCG concentration in plasma samples was performed by an 

extraction procedure described by Martí et al.
[17]

 Chromatographic analysis was 

performed as described in previous section. 

 

Analysis of the steroid profile in urine 



The SP was measured in 2.5 mL aliquots of urine by gas chromatography-mass 

spectrometry (GC-MS) using a previously described method.
[18]

 Briefly, after addition 

of 25 µL of the internal standard solution (5 µg/mL of T-d3 and E-d3, 10 µg/mL of 

5αAdiol-d3, 5βAdiol-d5 and methyltestosterone, 19.2 µg/mL of A-d4-glucuronide, and 

12 µg/mL of Etio-d5),  urine samples were adjusted to pH 7 with 1 mL of 1M phosphate 

buffer. Then, enzymatic hydrolysis was performed adding 30 µL of β-glucuronidase 

enzyme from Escherichia coli. The mixture was incubated for 1h at 55ºC in a water 

bath. After incubation, samples were alkalinized with 200 mg of a mixture of sodium 

hydrogen carbonate and sodium carbonate buffer (1:2, w/w), and the analytes were 

extracted by liquid-liquid extraction using 6 mL of tert-butyl-methyl ether. The organic 

phases were evaporated to dryness under nitrogen stream, and the residue was 

derivatised with 50 µL a mixture of MSTFA/NH4I/2-mercaptoethanol (1000:2:6, v:w:v) 

for 20 min at 60ºC.  

The extracts (2 µL) were analysed by GC-MS using a 7890A GC connected to a 7693 

autosampler and coupled to a 5975C single quadrupole MS (Agilent Technologies, 

Santa Clara, CA, USA). The GC was equipped with a capillary column HP-Ultra1 

(16.5m x 0.2mm inner diameter with a 0.11 µm film thickness) from J & W Scientific 

(Folsom, CA, USA). The GC temperature was ramped as follows: initial temperature 

180ºC, increased at 3ºC/min to 230ºC, then at 40ºC/min to 310ºC and maintained at the 

final temperature for 3 min. The injector and transfer lines were kept at 280ºC. A split 

ratio 1:20 was used. Helium was used as a carrier gas working under constant pressure 

(13.9 psi). The electron ionization source was set at 230ºC. The MS was operated in 

electron ionization mode (70 eV, 150 ºC), and in selected ion monitoring acquisition 

mode. The performance characteristics of the method have been previously 

described.
[17]

 The quality of the analysis was controlled by quality control urine samples 

containing low and high representative concentrations of the markers of the SP. 

 

Data analysis 

The parameters of the SP were measured in all urine samples. The ratios A-mono-O-

TMS/A-bis-O-TMS and And-d4/Etio-d5 were measured in order to verify the 

percentages of derivatization and hydrolysis, respectively. Additionally, the ratios 5α-

androstandione/A and 5β-androstandione/Etio ratios were measured in order to evaluate 



the microbial degradation, and ensure that the SP was valid according to WADA 

criteria.
[1]

 SP data from the entire population of volunteers was analysed using the ABP 

software provided by WADA. It provides the longitudinal profiles of the T/E, A/T, 

A/Etio, 5αAdiol/5βAdiol and 5αAdiol/E ratios, as well as the sequence normality 

expressed as a percentage (specificity set at 99%) and the doping prevalence. Urine 

samples collected before GT administration were used to establish baselines ratios, and 

each post-administration sample was independently analysed against the baseline to 

determine any atypical finding (suspicious result in which further investigation should 

be conducted). An out-of-range value was defined as a ratio value exceeding the 

individual threshold, resulting in an atypical profile. 

Statistical analyses were performed in order to study metabolite excretion differences 

between pre-administration samples and urines collected in the administration phase. 

Daily excretion profiles were compared using analysis of variance of repeated measures 

(ANOVA) followed by a Bonferroni adjusted t test. Wilcoxon Sign test was used to 

assess if SP components exhibit variations in their excretion amounts over the day. To 

study plasmatic EGCG levels, we used Student’s two-tailed t test. Statistical analyses 

were performed using the computer software SPSS 12.0 (SPSS Inc., Chicago, IL, USA), 

and the level of significance was established at p<0.05 in all tests. 

  



4. Results and discussion 

The effect of GT consumption on the SP was assessed in healthy male volunteers 

covering a broad range of T/E ratio values (Table 1). Arm 1, included 12 participants (4 

Caucasian and 8 Asian volunteers); and arm 2, included 17 volunteers (15 Caucasian 

and 2 Asian volunteers) (Table 1). One of the subjects included in arm 2 showed a low 

basal T/E ratio (0.47±0.07), but he was allocated in arm 2 because he presented a basal 

T excretion of 25±5 ng/min, more similar to the profiles of the volunteers considered to 

have one or two functional alleles of the UGT2B17 gene. This distribution of volunteers 

is in accordance with a previous study, where a prevalence of the absence of the 

UGT2B17 gene seven times more common in Asian than Caucasian population is 

described.
[13]

 

Despite the fact that participants were asked not to take any of the drugs that are known 

to alter the SP,
[19-21] 

the presence of ethyl glucuronide (metabolite of ethanol) was 

detected in urine samples collected in days 6, 7 and 8 of a participant belonging to arm 

2. Consequently, statistical evaluation was carried out just with data obtained till day 5. 

Moreover, 3 volunteers belonging to arm 2 did not perform sample collection 

completely and, for this reason, the statistical evaluation could not be performed with all 

their data.  

 

EGCG content in GT beverages 

The content of EGCG in the tea bags was measured in order to verify the amount of 

EGCG administered. The mean content of EGCG in tea bags from 7 different lots was 

103.8±8 mg/tea bag (range 90.8-117.5 mg/tea bag). These results are in accordance with 

published data.
[16]

  EGCG content variations of the same order were obtained when 

measuring tea bags from the same lot. Therefore, the consumption of 5 and 9 tea 

beverages is equivalent to 520 mg and 936 mg of EGCG, respectively. 

 

EGCG concentrations in plasma 

Plasma concentration of free EGCG was measured in order to confirm its absorption 

(Figure 1). Plasma concentrations of free EGCG obtained are consistent with results 



previously described.
[22] 

EGCG was not detected in plasma before GT administration in 

day 1, but measurable concentrations were detected before and after GT consumption (2 

GT bags; 168 mg of EGCG) in day 7. Participants from both arms showed measurable 

concentrations of EGCG in most of the pre-administration plasma samples obtained in 

day 7, meaning that small amounts are accumulated after repeated doses during 6 days. 

These findings are in agreement with reported EGCG pharmacokinetics.
[22] 

For the two 

treatment groups, EGCG concentrations determined 1h after GT administration were 

higher than those obtained 2h after GT ingestion, but the differences did not reach 

statistical significance.  

Measured plasma concentrations of free EGCG ranged from 0.2 to 720 nM. In a 

previous study, using in vitro tests, it was demonstrated that EGCG inhibits the 

glucuronidation of T by the enzyme UGT2B17 with a IC50 inhibition value of 65000 

nM.
[15]

 Therefore, the results indicate that EGCG plasma concentrations are much lower 

than the concentration described to inhibit the UGT2B17 enzyme not only hours after 

consuming GT, but also after consuming large amounts of GT for 6 consecutive days. 

On the other hand, statistically significant lower plasma concentrations of EGCG were 

observed in subjects of arm 2 compared with subjects of arm 1. This result might be 

related to different capacity of glucuronoconjugation of EGCG. Subjects of arm 1, with 

lower capacity of glucuronoconjugation, have higher levels of free EGCG than subjects 

of arm 2. The fact that EGCG metabolism seems to be dependent on UGT2B17 

enzymatic activity presence could explain why Asian population displaying lower 

activities presents a lower prevalence for some chronic diseases, such as diabetes, 

cardiovascular diseases and prostate cancer. 
[23-26]

 

 

Steroid metabolites excretion 

Concentrations of the metabolites monitored in the SP were measured in all collected 

samples. The effect of GT consumption was assessed by evaluating the 24h excretion 

rates as well as excretion rates obtained along the day.  

 24h excretion rates 

The effect of GT consumption was assessed by evaluating 24h excretion rates because 

EAAS metabolism is based on a daily homeostatic balance.
[27]

 Steroid amounts of the 



urines collected at different time fractions were combined to obtain 24h excretion rates. 

In Figure 2, 24h excretion rates of SP metabolites obtained during the whole study are 

presented for volunteers of arm 1 and arm 2. As can be seen, excretion rates for all 

metabolites were constant over the 11 days of the study (pre-administration and 

intervention phases) for both groups of volunteers. No statistically significant changes 

were observed during the first 6 days of the administration phase when 5 GT beverages 

were consumed, not even after the consumption of 9 GT beverages in day 7. No 

significant alterations were either observed in day 8, when no tea was consumed. 

Noticeable outliers in 5βAdiol daily excretions were presented by one volunteer 

included in arm 2. This volunteer did not collect all the requested urines, and daily 

excretion amounts could not be calculated in days -3, 1, 6 and 8. For this reason, 

outliers are not shown in these days.  

Due to the inhibition of the enzyme UGT2B17 by tea components,
[15]

 it was expected 

that mainly individuals with functional alleles of the UGT2B17 gene (arm 2) present 

variations in their steroid excretion levels after GT consumption: important alterations 

were expected to take place in T excretion and, in lesser extent, in the excretion of other 

SP metabolites. However, our results demonstrate that GT consumption has no effect on 

the excretion rates of the metabolites, even at high doses, in neither of the two groups 

(arm 1 and arm 2).  

The clinical study only included male volunteers. Since men present a higher UGT2B17 

glucuronidation activity than women,
[14]

 the potential gene inhibition by EGCG is 

expected to have a lower impact in females. Therefore, after observing that EGCG has 

not effect on SP metabolites excretion in men, the same unnoticeable effect is expected 

in women. 

 

 Excretion rates within a day 

Variations in EAAS urinary concentrations along the day have been previously 

reported,
[28]

 and these fluctuations are considered to be the normal intraindividual 

variation.  In order to evaluate the potential effect of GT along the day, data from urines 

collected in days -2, -1, 1, 7, and 8 (UC2 in Table 2) were compared. In day 1, a 

potential immediate GT effect was evaluated, and data from urines collected in day 7 



were used to assess the effect of the administration of the maximum dose. The excretion 

profiles are presented in Figure 3. 

No excretion differences were observed over the course of the day in response to GT 

administration for any of the SP metabolites. No differences were either observed when 

comparing data from each day with each time fraction.  

The excretion rates obtained in different time fractions from day 1 or day 7 were 

statistically compared with those obtained in day -2 and day -1 (Table 1, Supplementary 

information). A change was considered significant if differences were statistically 

significant when comparing each point with the corresponding point from both basal 

days. A significant change was observed only in one point for 5αAdiol and in a different 

point for 5βAdiol. Since these changes did not follow a clear pattern, they were not 

considered as a robust enough, and for this reason, it is concluded that the SP 

metabolites did not show excretion changes along the day after GT consumption.  

 

Longitudinal evaluation of steroid profiles 

The specific ratios monitored in the SP (T/E, A/T, A/Etio, 5αAdiol/5βAdiol and 

5αAdiol/E) were evaluated in all collected urines. Taking into account that previous 

longitudinal studies demonstrated that T/E variations remain within 30% of the 

individual mean for males,
[29]

 no important changes were observed in the T/E ratios 

before and after GT consumption for all volunteers participating in both groups. The 

longitudinal monitoring of other ratios (A/T, A/Etio, 5αAdiol/5βAdiol and 5αAdiol/E 

ratios) did not lead to any abnormality. Moreover, means and standard deviations of 

each monitored ratio were constant along the whole study for both arms (Table 3). The 

differences observed between the ratios of the two arms are already described. 

Although the initial analyses consisting of evaluating excretions and ratios did not result 

in any suspicious SP, the individual application of the ABP program is the most 

sensitive screening method.
[30] 

Therefore, the ABP statistic model was applied to the 

data of all subjects. The data from 10 urine samples collected in the pre-administration 

phase (days -3, -2 and -1) was used to establish reference ABP values for each 

volunteer. Then, the 22 urine samples collected in the intervention phase were 

individually compared with the baseline levels established by the ABP program. It is 



worth to notice that samples collected during the pre-administration phase resulted in 

normal ABP sequences.  

After the ABP evaluation, no outliers and no atypical profiles were obtained for the T/E 

ratio of any of the participants during the administration phase. As an example, Figure 4 

shows normal sequences of the T/E ratio after the application of the ABP model in one 

Asian and one Caucasian volunteer from arm 1 and arm 2, respectively. However, two 

subjects from arm 2 triggered atypical high 5αAdiol/5βAdiol ratios in few of their 

samples. In a similar study performed by our group,
[18]

 the 5αAdiol/5βAdiol ratio was 

also the only one that led to few abnormal high sequences, and they were not considered 

to be suspicious profiles because it is known that this ratio has confounding factors.
[19]

 

As observed in our previous study, samples leading to an abnormal 5αAdiol/5βAdiol 

sequence did not meet the WADA-stipulated positivity criteria for 5αAdiol and 

5βAdiol.
[1]

 Moreover, these two volunteers flagged normal profiles for T/E, A/T and 

5αAdiol/E ratios, and also presented a constant 5βAdiol excretion during the whole 

study. For these reasons, these atypical sequences were not considered to be caused by 

GT consumption. 

  



5. Conclusion 

In conclusion, GT consumption did not lead to changes in the excretion rates of T and 

the other SP metabolites. Excretion rates were constant both within the same day and in 

daily periods during GT administration. Therefore, our results indicate that despite the 

fact that in vitro tests showed that catechins inhibit glucuronidation activity of 

UGT2B17, the administration of a large amount of GT, which highly exceeds a standard  

GT consumption, did not result in plasma concentrations of EGCG high enough to 

inhibit in vivo UGT2B17 activity. Moreover, it is also concluded that catechins from GT 

do not have an in vivo effect on other UGT2B isoenzymes. Finally, the steroidal ABP 

evaluation of the entire population of participants resulted in normal sequences, 

showing no differences between groups. For this reason, GT cannot be considered as a 

confounding factor of the steroid module of the ABP and it is not necessary to take GT 

consumption into consideration for the SP evaluation. 

The negative impact of GT consumption on the steroidal module of the ABP enforces 

the use of the SP for the detection of EAAS misuse.  
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Table 1. Study population characteristics 

arm T/E ratio 
T  

(ng/min) 
n 

Caucasian 

% (n) 

Asian  

% (n) 

Height 

(cm) 

Weight 

(kg) 

BMI 

(kg/m
2
) 

1 0.12 (0.05-0.39) 3±1 12 33 (4) 67 (8) 177±4 75±10 24±3 

2 1.54 (0.40-5.43) 42±26 17 88 (15) 12 (2) 174±7 68±17 24±3 

 

 
Table 2. Clinical protocol: GT beverages consumed and collection of urine and blood 

samples. Urine sample collections: UC1, 0-15h and 15-24h; UC2, 0-5h, 5-10h, 10-15h 

and 15-24h. Blood samples collection: BC1, before the first GT consumption; BC2, 

before and 1 and 2 h after the first GT consumption.  

 

Days  -3  -2  -1  1  2-6  7  8 

Tea beverages  -  -  -  5
a
  5

a
  9

b
  - 

Urine collection  UC1  UC2  UC2  UC2  UC1  UC2  UC2 

Blood collection  -  -  -  BC1  -  BC2  - 

a GT beverages were consumed at the following hours: 8h, 10:30h, 13h, 15:30h and 18h. 

b GT beverages were consumed at the following hours: 8h x 2, 10:30h, 13h x 2, 15:30h, 18h x 2 and 20:30h. 

 
 

Table 3. Means ± SD values obtained after the longitudinal follow-up of SP ratios. 

Basal data comes from the mean of values obtained in days -3, -2 and -1.  

 

 

  

 arm Basal Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 

T/E 
1 0.12±0.07 0.13±0.08 0.12±0.07 0.12±0.07 0.13±0.08 0.12±0.07 0.12±0.07 0.12±0.08 0.12±0.07 

2 1.6±0.9 1.7±1.0 1.6±0.8 1.7±1.0 1.7±1.0 1.7±1.1 1.7±1.1 1.7±0.9 1.7±1.2 

5αAdiol/ 

5βAdiol 

1 1.0±0.3 1.1±0.3 1.0±0.3 1.1±0.3 1.2±0.3 1.1±0.4 1.1±0.3 1.2±0.4 1.2±0.3 

2 0.5±0.3 0.6±0.4 0.5±0.4 0.6±0.4 0.5±0.4 0.6±0.4 0.5±0.3 0.5±0.4 0.5±0.3 

A/T 
1 596±426 640±442 574±368 590±396 497±286 596±538 555±410 592±346 648±422 

2 77±56 79±63 72±61 79±69 75±67 70±53 71±51 78±59 73±53 

A/Etio 
1 1.3±0.5 1.4±0.5 1.4±0.5 1.4±0.5 1.3±0.5 1.4±0.5 1.4±0.6 1.4±0.6 1.5±0.6 

2 1.5±0.6 1.6±0.7 1.4±0.6 1.5±0.6 1.5±0.6 1.6±0.7 1.6±0.7 1.5±0.7 1.5±0.6 

5αAdiol/E 
1 1.7±0.7 1.9±0.9 1.7±0.8 1.7±0.8 1.8±0.9 1.8±1.0 1.6±0.8 1.7±0.9 1.8±0.9 

2 2.3±1.1 2.3±1.2 2.2±1.1 2.2±1.1 2.2±1.0 2.1±1.0 2.1±0.9 2.2±1.0 2.2±1.2 


