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A B S T R A C T   

In this work we have investigated the influence of the intake of two synthetic isoflavones, methoxyisoflavone and 
ipriflavone, on the urinary concentration of endogenous steroids, and on their relative ratios, of doping rele-
vance. Specifically, the concentrations of testosterone (T), epitestosterone (E), androsterone (A), etiocholanolone 
(Etio), 5α-androstan-3α,17α-diol (5αAdiol), 5β-androstan-3α,17α-diol (5βAdiol), and the ratios T/E, A/T, A/Etio, 
5αAdiol/5βAdiol, 5αAdiol/E, were considered, in the framework of the Steroidal Module of the Athlete Biological 
Passport (ABP). The above set of parameters were complemented by the urinary levels of luteinizing hormone 
(total LH) and the ratio between T and LH (T/total LH), to assess the possible effects on the biosynthesis of the 
mentioned steroids. 

Five healthy Caucasian male volunteers were selected for the study. Urine samples were collected before and 
during the administration of (i) methoxyisoflavone (Methoxyisoflavone, MyProtein) and (ii) ipriflavone (Osteofix 
®, Chiesi Farmaceutici). For the analysis of the urinary steroid profile, after enzymatic hydrolysis with 
β-glucuronidase from Escherichia Coli (E. Coli) and liquid–liquid extraction with tert-buthylmethyl ether, all 
samples were analyzed by gas chromatography coupled to tandem mass spectrometry (GC–MS/MS), while for the 
determination of total LH all urine samples were directly analyzed by a chemiluminescent immunometric assay 
technique (Siemens Immulite 2000 LH). 

Our results show that the administration of either methoxyisoflavone or ipriflavone causes an alteration of the 
urinary concentrations and concentration ratios of the investigated steroids, in the range 55–80% from the 
baseline values. Furthermore, an oversecretion of LH after the daily intake of methoxyisoflavone or ipriflavone 
was also recorded in all volunteers, corresponding to an increase in the biosynthesis and excretion of T and some 
of its metabolites. These changes trigger a disregulation in the pattern of urinary excretion of the steroids 
included in the Steroidal Module of the ABP, which makes more difficult the interpretation of the longitudinal 
steroid profile based on the definition of individual normality ranges for each athlete. Our data are also 
consistent with previous evidence regarding the in vitro effects of natural and synthetic isoflavones, suggesting 
that their monitoring in doping control routine analysis would be very beneficial for the result management 
activities.   

1. Introduction 

Anabolic androgenic steroids (AAS) are a class of steroid hormones 
whose chemical structure and bio-pharmacological activity are related 
to testosterone (T) [1]. In males, the biosynthesis of T (schematically 
shown in Fig. 1) mainly occurs in Leydig cells, situated in the testicular 

interstitium. This process is stimulated by luteinizing hormone (LH), 
secreted from the anterior pituitary, which is, in turn, stimulated by 
gonadotropin-releasing hormone (GnRH), secreted from the hypothal-
amus. The so-called hypothalamus-pituitary–gonadal (HPG) axis is 
controlled by a negative feedback mechanism, where elevated levels of 
endogenous steroids, including estrogens and progestogens, send signals 
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to the hypothalamus and/or anterior pituitary to decrease the release of 
GnRH and/or LH [2]. 

T and its synthetic analogs are available on the market in different 
forms (gels, patches, suspensions, oral and intramuscular preparations) 
and dosages. These preparations have been in clinical use for decades. 
They are administered in two main distinct modes: as male replacement 
therapy in androgen deficiency, and as pharmacological androgen 
therapy to obtain specific anabolic or other effects in non-androgen- 
deficient men with chronic diseases [3]. Because of its anabolic ef-
fects, T has been abused to increase sports performance since it was 
isolated and synthesized [4–5]; it still represents one of the most abused 
drugs worldwide according to the statistical data of the antidoping 
laboratories accredited by the World Anti-Doping Agency (WADA) [6]. 
On the other hand, the main clinical use of LH is typically related to the 
treatment of infertility, both in men and in women, but the desired ef-
fects of the LH misuse in sport are linked to an enhancement of the 

testicular production of T [7], especially if potentially suppressed 
following the previous intake of synthetic AAS. Elevated LH levels can 
also be connected to the abuse of GnRH and/or of anti-estrogenic drugs 
[8]. 

For the above reasons, T, its precursors and synthetic analogs, as well 
as LH and GnRH, are banned in sports, and are included in the WADA 
List of Prohibited Substances and Methods, in the sections S1 (Anabolic 
Agent), and S2 (Peptide Hormones, Growth Factors, Related Substances 
and Mimetics) respectively. Their use is forbidden both “in-” and “out” 
of competition, and in all sport disciplines, but the use of LH is pro-
hibited only in male athletes [9]. The effects of the abuse of T and of 
structurally related substances are associated with androgenic (e.g., 
masculinization, virilization) and anabolic (e.g., protein building) ef-
fects; while LH can be abused either to enhance muscle strength and/or, 
as already said, to re-activatethe biosynthesis of T, suppressed by the 
misuse of anabolic steroids [7–8,10–11]. 

The currently adopted strategy followed by the accredited anti- 
doping laboratories to detect the abuse of the so called “pseudo- 
endogenous steroids” (endogenous steroids when administered exoge-
nously) involves (i) an “Initial Testing Procedure”, based on the char-
acterization of the urinary steroid profile, which allows the longitudinal 
monitoring of six target steroids and their relative ratios, and constitutes 
the backbone of the Steroidal Module of the Athlete Biological Passport 
(ABP) [12–13]; and (ii) the confirmation of any abnormal urinary ste-
roid profiles by GC-c-IRMS analysis [14]. More in details, the WADA 
accredited laboratories must measure, in each urine sample, the con-
centration, normalized for the specific gravity of the sample itself, of 
testosterone (T), epitestosterone (E), androsterone (A), etiocholanolone 
(Etio), 5α-androstan-3α,17α-diol (5αAdiol), 5β-androstan-3α,17α-diol 
(5βAdiol) as sum of free and glucuronide fractions, together with five 
ratios (T/E, A/T, A/Etio, 5αAdiol/5βAdiol, 5αAdiol/E) by means of gas- 
chromatography coupled to mass spectrometry (GC–MS) or tandem 
mass spectrometry (GC–MS/MS) [12–13]. Individual longitudinal data 
are integrated in a Bayesian adaptive model with the aim of defining an 
individualized longitudinal profile whose normality values and upper 
and lower limits are specific for each athlete: data out of range of 
normality constitute an atypical result (Atypical Passport Findings, 
ATPF) [15–18], prompting the activation of the confirmation analysis. 
In the case of a suspicious sequence of data, a GC-c-IRMS confirmation 
analysis, giving information about the endogenous or exogenous origin 
of the target steroid, is mandatory to report an Adverse Analytical 
Finding (AAF) [14,19]. 

On the other hand, to detect the abuse of LH in male athletes, the 
accredited laboratories refer to the WADA Technical Document 
TD2021CG/LH “Reporting & Management of Human Chorionic 
Gonadotropin (hCG) and Luteinizing Hormone (LH) Findings in Male 
Athletes” [20]. According to this document, the accredited laboratories 
assay for total LH measurement, estimating the levels of the intact het-
erodimer, of different forms of free β-chain and their degradation 
products: a “Presumptive AAF” for LH is reported whenever its con-
centration, normalized for the specific gravity of the sample, is greater 
than 60 UI/L, using a chemiluminescent Immulite immunoassay, or 
greater than 40 UI/L using a DELFIA (Dissociation-Enhanced Lanthanide 
Fluorescent Immunoassay) assay [21]. Furthermore, elevated LH levels 
can be associated to the illicit use of banned drugs that induce the 
release of endogenous LH, such as, for example, anti-estrogens and 
aromatase inhibitors [7–8]. For indeed, anti-estrogens and aromatase 
inhibitors, together with hCG, synthetic anabolic androgenic steroids, 
diuretics, masking agents, antifungals (e.g., ketoconazole), 5α-reductase 
inhibitors, and alcohol, as well as bacterial contamination, are classified 
as “exogenous confounding factors”, since they could alter the signifi-
cance of the urinary concentration values of the target steroids. In view 
of the above, the confounding factors are monitored in each urine 
sample analyzed by the WADA-accredited laboratories [12,18,22–24]. 

Despite this, in the last few years, some research groups investigated 
the effects of non-banned nor monitored substances on the in vitro and in 

Fig. 1. Simplified schematization of the biosynthesis of anabolic androgenic 
steroids (AASs). 

Fig. 2. General structure of flavonoids (a), molecular structure of methox-
yisoflavone (b) and of ipriflavone (c). 
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vivo metabolism of the endogenous steroids [25–35]. At the same time, 
the use of one or more nutritional supplements became more popular 
among elite athletes, particularly in the last 5–10 days before the 
competition [36]. Even if their administration cannot be considered a 
doping practice, some of these nutritional supplements contain sub-
stances whose intake could affect the excretion of the endogenous ste-
roids, due to the interaction of the parent compound and/or one or more 
of its metabolites with the enzymes involved in the ehdegenous andro-
genic steroid biosynthesis and metabolism, making more difficult the 
interpretation of the longitudinal steroid profiles. 

Flavonoids are a wide family of chemicals commonly found in fruits 
and plants and characterized by a basic skeleton composed by 15 carbon 
atoms articulated in two aromatic rings (ring A and ring B) joined by a 
propylene “link” which may or may not be closed in a pyran ring (C6-C3- 
C6) (Fig. 2a). According to the position of the B ring and to the unsa-
turation and the level of oxidation of the C ring, flavonoids can be 
classified as flavones, flavonols, catechins, anthocyanins and isoflavones 
[37]. These compounds are characterized by a huge number of claimed 
biological activities, such as, for instance, cytostatic, apoptotic, anti- 
inflammatory, antioxidant, hepatoprotective, and hypolipemic effects, 
and have attracted attention as possible chemoprotective and/or 
chemotherapeutic agents [38–39]. Despite this, some natural and syn-
thetic flavonoids are potent modulators of both the expression and the 
activities of cytochrome P450 genes and proteins [40]. Among flavo-
noids, natural and synthetic isoflavones may play a role in sport doping 
[41–42]. They are described as “phytoestrogens” due to their 
estrogenic/anti-estrogenic activity and could be used in recovering pe-
riods after the illicit intake of anabolic steroids (natural and/or syn-
thetic), promoting an increase of the natural production of LH that can 
reactivate the suppressed biosynthesis of natural androgens [40,43–45]. 
For this reason, isoflavones-based supplements are often marketed, 
mostly via non-official retailing channels, as “androgen promoters”, or 
“testosterone boosters. 

We have already shown in previous works that two synthetic iso-
flavones, methoxyisoflavone (Fig. 2b) and ipriflavone (Fig. 2c), (i) act as 
in vitro inhibitors of aromatase [46], the enzyme catalyzing the con-
version of T to estradiol (E2); and (ii) their urinary metabolites, isolated 
and characterized by gas-chromatography coupled with high resolution, 
time of flight mass spectrometry (GC-q-TOF), are easy to detect in 
samples collected after their oral intake and could be used as markers of 
exposure. [47]. 

Despite those experimental evidences, the anabolic and ergogenic 
effects of natural and synthetic isoflavones have not been specifically 
assessed yet, mostly due to their reduced oral bioavailability [48]. The 

aim of the present work is to study the effects of the administration, for 
five consecutive days, of a methoxyisoflavone-based supplement 
(Methoxyisoflavone, MyProtein), commonly used during intensive 
training periods among bodybuilders as “androgen promoter”, and of an 
ipriflavone-based drug (Osteofix ®, Chiesi Farmaceutici), used to treat 
the post-menopausal osteoporosis in women , on the urinary levels of 
selected biomarkers (T, its metabolites, and LH), to assess their potential 
impact on the strategy followed by the accredited laboratories to detect 
doping by testosterone and other pseudo-endogenous steroid. 

2. Materials and methods 

2.1. Standards, chemicals, and reagents 

Certified reference standards of methoxyisoflavone and ipriflavone 
were supplied by LGC Standards (Sesto San Giovanni, Italy); the dietary 
supplement Methoxyisoflavone was from MyProtein (Cheshire, United 
Kingdom); the drug Osteofix® containing ipriflavone was purchased 
from Chiesi Farmaceutici (Parma, Italy). Testosterone (T), epitestoster-
one (E), androsterone (A) and 17α-methyltestosterone (used as chro-
matographic internal standard) were from Sigma-Aldrich (Milano, 
Italy). Etiocholanolone (Etio), 5α-androstan-3α,17β-diol (5αAdiol) and 
5β-androstan-3α,17β-diol (5βAdiol) were purchased from Steraloids 
(Newport, RI, USA). 5α-androstanedione (5αAdion) and 5β-androsta-
nedione were from Toronto Research Chemical (North Port, Canada). 
Deuterated standards (testosterone-d3 (T-d3), epitestosterone-d3 (E-d3), 
5α-androstan-3α,17β-diol-d3 (5αAdiol-d3), 5β-androstan-3α,17β-diol-d5 
(5βAdiol-d5), androsterone glucuronide-d4 (AG-d4) and etiocholano-
lone-d5 (Etio-d5)) were obtained from the National Measurement 
Institute (NMI Pymble, Australia). The preparation of β-glucuronidase 
from Escherichia coli (E. coli), used for the hydrolysis of the glucurono- 
conjugated of the endogenous steroids considered in the study, was 
from Roche Diagnostic (Mannheim, Germany). The derivatizing agent 
was a mixture of N-methyl-N-trimethylsilyl-trifluoroacetamide 
(MSTFA)/mercaptoethanol/ammonium iodide (NH4I) (1000:6:4 V/V/ 
w) stored in screw-cap vials for a maximum of two weeks. MSTFA was 
supplied by Chemische Fabrik Karl Bucher GmbH (Waldstetten, Ger-
many); NH4I and mercaptoethanol were from Sigma-Aldrich (Milano, 
Italy). 

The WHO International Standard Luteinizing Hormone, Human, Pi-
tuitary (NIBSC code: 81/535) was purchased from the National Institute 
for Biological Standards and Controls (NIBSC, Potters Bar, Hertford-
shire, United Kingdom). 

Solvents (tert-buthylmethyl ether, ethyl acetate, methanol) and 

Table 1a 
Outline of the methoxyisoflavone excretion study.  
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reagents (potassium carbonate, sodium phosphate, sodium hydrogen 
phosphate, sodium hydrogen carbonate) of analytical or high- 
performance liquid chromatography (HPLC) grade were from Sigma 
Aldrich (Milano, Italy). Ultra-purified water was obtained from a MilliQ 
water purification system (Millipore S.p.A., Milano, Italy). 

2.2. Sample collection 

Urine samples were collected from five male healthy Caucasian 
volunteers (age 30 ± 5 years, normal body mass index), recruited among 
those already using synthetic isoflavones as nutritional supplements. All 
participants undersigned a written informed consent, allowing the use of 
urine samples for research purposes. The protocol for the controlled 
administration study was approved by the local Ethical Committee 

(Comitato Etico Lazio 1, ref. 297/CE Lazio 1, dated March 8th 2021). A 
wash-out period of at least six weeks was requested for each subject to be 
included in the study. After this period, samples collection was per-
formed at multiple time points (six samples/day) for five consecutive 
days (n = 30 samples) before the oral administration of 3 capsules (450 
mg/day) of methoxyisoflavone (Methoxyisoflavone, MyProtein) (n = 30 
samples) and/or 2 tablets (400 mg/day) of ipriflavone (Osteofix ®, 
Chiesi Farmaceutici) (n = 30 samples) (Table 1a-b). Two (vol. 4 and vol. 
5) of the five volunteers previously administered with methoxyiso-
flavone, were then administered with ipriflavone after a washout period 
of six weeks (when no methoxyisoflavone metabolites were detected). 
All samples were collected in sterile plastic Falcon ® tubes and anony-
mized. An aliquot of 1 mL of each sample was freshly used for the 
measurement of the specific gravity of the sample and for total LH 

Table 1b 
Outline of the ipriflavone excretion study.  

Table 2 
Selected tandem mass spectrometry transition for the quali-quantitative analysis of the steroids considered in the study.  
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analysis. The other part of the samples was stored at − 20 ◦C until 
analysis to prevent changes in the concentrations of endogenous steroids 
caused by thermal degradation and/or bacterial hydrolysis of the glu-
curoconjugates. All subjects, after informal consent approval for the 
observational excretion study, were medically examined to ensure the 
absence of any diseases and were asked about the use of drugs, alcohol, 
and dietary habits (the large intake of soy flavonoids, such as quercetin, 
daidzein, and genistein, could have been a source of interferences with 
the correct evaluation of the effects of methoxyisoflavone and ipri-
flavone on the urinary excretion of the selected biomarkers). Pre- 
administration samples were analyzed to exclude the presence of ipri-
flavone and methoxyisolfavone. All urine samples were also screened for 
by the routine methods of the WADA accredited antidoping laboratory 
of Rome, to confirm the absence of synthetic anabolic steroids, other 
prohibited substances and any confounding factors described in the 
WADA Technical Document TD2021EAAS “Endogenous Anabolic 
Androgenic Steroids. Measurement and Reporting” [12]. 

2.3. Sample pretreatment 

2.3.1. Urinary steroid profile analysis 
Sample preparation was performed according to the validated pro-

tocol followed in the WADA accredited antidoping laboratory of Rome 
for the detection of EAAS in human urine [49]. Briefly, 0.75 mL of 
phosphate buffer (0.8 M, pH 7.4) 50 µL of internal standard (T-d3 100 

ng/mL, E-d3 25 ng/mL, AG-d4 200 ng/mL, Etio-d5 200 ng/mL, 5αAdiol- 
d3 50 ng/mL, 5βAdiol-d5 50 ng/mL, 17α-methyltestosterone 250 ng/mL 
– final concentrations in 2 mL of urine) and 30 µL of β-glucuronidase 
from E. coli were added to 2 mL of urine, to perform the enzymatic 
hydrolysis of the glucurono-conjugates of the endogenous steroids. All 
samples were incubated for 1 h at 55 ◦C. After this period, 0.5 mL of 
carbonate/bicarbonate buffer (20% w/V, pH 9) were added and a 
liquid/liquid extraction was performed with 5 mL of tert-buthylmethyl 
ether for 5 min on a mechanical shaker. Samples were centrifuged, and 
the organic layer was transferred to a 10 mL tubes and evaporated to 
dryness under nitrogen stream at 75 ◦C. The residue was reconstituted in 
50 µL of the derivatizing mixture, and the samples were maintained at 
75 ◦C for 30 min. Then an aliquot of 2 µL of each sample was injected 
into the GC–MS/MS system. 

2.3.2. Urinary total LH measurement 
According to the validated and routinely used method for the 

determination of total LH, an aliquot of each urine sample was directly 
analyzed in the Immulite 2000 instrument without any previous pre-
treatment and following the manufacturer instructions. 

Fig. 3. Urinary excretion of total LH, before and after the administration of methoxyisoflavone (a) and of ipriflavone (b).  
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2.4. Instrumental analysis 

2.4.1. Gas-chromatography tandem mass spectrometry (GC–MS/MS) 
conditions 

The analysis of urinary steroid profile was carried out according to a 
previously published method, already applied to assess the influence of 
other drugs/xenobiotics on the excretion of the endogenous steroids 
considered in the Steroidal Module of the Athlete Biological Passport 
[49]. Quantitative analysis was performed on an Agilent 7890A/7000 
gas-chromatography tandem mass spectrometer (Agilent Technologies, 
Cernusco sul Naviglio, Italy), in electron ionization (70 eV) mode, using 
an Agilent HP-1 17 m fused silica capillary column (cross-linked methyl 
silicone, i. d. 0.20 mm, film thickness 0.11 µm, CPS Analitica, Milano, 
Italy). The GC conditions were as follows: the carrier gas helium at flow 
rate of 1 mL/min; split ratio 1/20; the temperature program, initial 
temperature of 188 ◦C for 2.5 min increased at 3 ◦C/minute to 211 ◦C, 
maintained 2 min, increased at 10 ◦C /minute to 238 ◦C, then at 40 ◦C 
/minute to 320 ◦C and kept 3.2 min at final temperature; the transfer 
line and the injection temperature were set at 280 ◦C; the acquisition 
mode was multiple reaction monitoring (MRM). Identification was 
based on the specific retention times and on the diagnostic mass-to- 
charge (m/z) transitions listed in Table 2. Quantitative determination 
of the urinary concentration of analytes were based on the peak area 
ratio of the analyte to the corresponding internal standard (T-d3 for T, E- 
d3 for E, AG-d4 for A, Etio-d5 for Etio, 5αAdiol-d3 for 5αAdiol, 5βAdiol- 
d5 for 5βAdiol, 17α-methyltestosterone for 5αAdion and 5βAdion). 
Calibration samples were prepared in synthetic urine. The concentra-
tions of each analyte in the calibration samples are listed in Table 2. 

2.4.2. Immunoanalysis conditions 
The analysis of total LH was performed on an Immulite 2000 system, 

employing Siemens LH chemiluminescent immunoassay kits (Siemens 
Medical Solutions Diagnostic, Los Angeles, CA, USA); the method “LH” 
was selected. The instrument was previously calibrated with the two 
“adjustors” provided with the diagnostic kit. The detection was made by 
means of LUMIGEN PPD [4-metoxy-(3-phosphatephenyl)-spiro-(1,2- 
dioxethane-3,20 - adamantane)] substrate. 

2.5. Data analysis 

The concentrations of total LH and of those endogenous steroids 
specifically considered in the Steroidal Module of the Athlete Biological 
Passport (WADA Technical Document TD2021EAAS “Endogenous 
Anabolic Androgenic Steroids. Measurement and Reporting” [12]) were 
measured both in the pre- and post-administration samples, to assess the 
potential effects of the intake of methoxyisoflavone and ipriflavone on 
their urinary concentration. The specific gravity of all samples was also 
measured using a digital refractometer (Mettler Toledo, Novate Mila-
nese, Italy) with the aim to normalize the urinary concentrations to the 
value of 1.020, according to the TD2021EAAS. Regarding the analysis of 
the urinary steroid profile, the MassHunter Quantitative Analysis Soft-
ware 8.0 (Agilent Technologies, Milano, Italy) was used for processing 
GC–MS/MS data, namely peak integration and analytes quantification. 
In order to monitor the yield of the hydrolysis and derivatization steps, 
as well as to evaluate the potential extent of the microbial degradation of 
the samples, the ratio androsterone-O-mono-TMS/androsterone-O-bis- 
TMS (A-O-mono-TMS/A-O-bis-TMS), androsterone-d4/etiocholano-
lone-d5 (A-d4/Etio-d5) and androsterone/5α-androstanedione (A/ 
5αAdion) or etiocholanolone/5βAdion (Etio/5βAdion) were calculated. 
For the quantitative analysis of total urinary LH, the software provided 
by the manufacturer of the Immulite 2000 was used. 

For each compound and ratios considered in this work, data 

Fig. 4. Boxplots representing data distribution of the 
concentrations and concentration ratios for all moni-
tored hormone biomarkers measured before the 
administration (blank samples) and during the 
administration of 450 mg/day, for five consecutive 
days, of methoxyisoflavone and 400 mg/day, for five 
consecutive days, of ipriflavone. Statistical signifi-
cance variations (p < 0.05: *; p < 0.01: **) are re-
ported for T (*), A (*), Etio (*), 5αAdiol (*), 5βAdiol 
(*), total LH (*) and for the ratios T/E (*), A/T (**), 
5αAdiol/5βAdiol (*) and T/total LH (*). Data refer to 
volunteer 4.   
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distribution was assessed, and results were expressed in terms of mean, 
median, first and third quartiles, minimum and maximum values (box 
plots). The descriptive statistic’s calculations of both total LH and 
endogenous steroid concentrations and relative ratios and the one-way 
ANOVA tests were done using GraphPad Prism 9.1.1 (GraphPad Soft-
ware Inc. La Jolla, CA, USA). 

3. Results and discussion 

We have investigated the effects on the urinary concentration of total 
LH, endogenous steroids (T, E, A, Etio, 5αAdiol, 5βAdiol) and on their 
relative ratios (T/E, A/T, A/Etio, 5αAdiol/5βAdiol and 5αAdiol/E) of the 
intake of two synthetic isoflavones, methoxyisoflavone and ipriflavone, 
reportedly used by athletes as androgen promoters, but at present not 
banned nor described as “confounding factors” of the urinary steroid 
profile by the WADA [12–13]. Furthermore, we also considered the ratio 
between T and total LH (T/total LH), previously described as an addi-
tional parameter to detect the abuse of anabolic agents and of those 
substances capable of stimulating the biosynthesis of endogenous 
androgenic anabolic steroids [50–52]. 

Methoxyisoflavone and ipriflavone were preliminarily characterized 
for their chromatographic and mass spectrometric profiles. Based on 
these data, reference solutions obtained from the nutritional supplement 
Methoxyisoflavone and from the pharmaceutical preparation Osteofix ® 
were analyzed to confirm the actual presence of the two synthetic iso-
flavones (data not shown). All pre- and post-administration samples 
were also screened for the potential presence of doping substances/ 
metabolites/biomarkers according to the validated methods currently 
used in the Laboratorio Antidoping of Rome. Pre-administration samples 
were also analyzed to exclude also the presence of isoflavone and 
methoxyisoflavone. The results of the above preliminary analytical 

investigations allowed to exclude that the effects – if any – on the bio-
markers of the urinary steroid profile were not exclusively due to the 
intake of the synthetic isoflavones. 

As shown in Fig. 3a and 3b, the intake of methoxyisoflavone (450 
mg/day) and ipriflavone (400 mg/day) for five consecutive causes an 
increase in the urinary concentration of total LH in all volunteers, whose 
extent is in the range 56 and 80% with respect to the baseline values 
recorded before the administration. However, in none of the samples the 
concentration of LH exceeded 60 UI/L, that is the decision limit to report 
a presumptive adverse analytical finding (PAAF) for total LH using an 
Immulite 2000 assay [20]. The higher values of excretion of total LH are 
registered, for each volunteer, in the samples collected between 3 and 6 
h after the intake of the synthetic isoflavones, likely as a consequence of 
their effects on the HPG axis. Despite this, due to the poor oral 
bioavailability of these compounds [48], the concentration of LH rapidly 
decreases befor the intake of the following dose, although still remaining 
above the pre-administration baseline. Furthermore, we also registered 
an alteration in the concentrations and concentration ratios of the other 
urinary biomarkers selected in the study, triggered by the increase of LH 
secretion that, in turn, causes a disequilibrium in the production of T and 
its major urinary metabolites. 

Figs. 4-5 report the box plots obtained after the analysis of urine 
samples collected by volunteers 4 and 5 respectively, that were first 
administered with methoxyisoflavone and, after a wash-out period of six 
weeks, with ipriflavone. The results were evaluated in terms of mean, 
median, first and third quartiles, maximum and minimum values both 
for the samples collected before and during the oral intake of 450 mg/ 
day of methoxyisoflavone or 400 mg/day of ipriflavone, respectively. 
The significance of the variation between control (“before the admin-
istration” samples) and treated (“during the administration” samples) 
groups for urinary concentrations and concentration ratios was 

Fig. 5. Boxplots representing data distribution of the 
concentrations and concentration ratios for all moni-
tored hormone biomarkers measured before the 
administration (blank samples) and during the 
administration of 450 mg/day, for five consecutive 
days, of methoxyisoflavone and 400 mg/day, for five 
consecutive days, of ipriflavone. Statistical signifi-
cance variations (p < 0.05: *; p < 0.01: **) are re-
ported for T (*), A (*), Etio (*), 5αAdiol (*), total LH 
(**) and for the ratios T/E (**), A/T (*), 5αAdiol/ 
5βAdiol (*) and T/total LH (*). Data refer to volunteer 
5.   
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evaluated using a one-way ANOVA test. . The p values lower than 0.05 
(p < 0.05) were considered statistically significant. The oral intake, for 
five consecutive days, of methoxyisoflavone produces a significant 
variation, both in concentrations and in data dispersion, of T, A, Etio and 
total LH. These effects are correlated to statistically significant varia-
tions in the ratios T/E, A/T and T/total LH. The order of magnitude of 
the variations is between 50 and 70% with respect to the pre- 
administration baseline. The intake of ipriflavone provokes significant 
variations for all the steroids considered in the Steroidal Module of the 
Athlete Biological Passport, in the range 65–80% with respect to the pre- 
administration baseline, except for E, for total LH and for the ratios T/E, 
A/T, 5αAdiol/5βAdiol and T/total LH. This kind of alterations could be 
traced back to the use of banned drugs and/or substances classified as 
exogenous confounding factors. In fact, it is well known that, for 
example, an alteration of the A/T ratio can be correlated to the misuse of 
pseudo-endogenous steroids, an alteration of the 5αAdiol/5βAdiol can 
be caused by the abuse of a 5α-reductase inhibitor, and that an alteration 
of the T/total LH ratio can be registered after the intake of an anabolic 
agent [53]. 

As already recalled, the Steroidal Module of the Athlete Biological 
Passport was introduced in 2014 to define longitudinal, subject-based 
normality ranges for the biomarkers of the urinary steroid profile. In 
this regard, any exogenous factors capable of altering the concentration 

of the described biomarkers must be monitored, to avoid misinterpre-
tation of the experimental data. As we can see in Fig. 6a-b, showing the 
values of T/E ratio in volunteers 4 and 5 respectively, before and after 
the intake of methoxyisoflavone and ipriflavone , the non-monitored use 
of synthetic isoflavones produce a “longitudinal” alteration of the T/E 
ratio, the most representative parameter considered in the evaluation of 
the urinary steroid profile, that could lead to an erroneous evaluation of 
the longitudinal profiles. In this context, the effects here described 
confirm what already reported following in vitro studies [27,29,44–46], 
where it was proven that also non-banned and non-monitored sub-
stances, not yet included among those considered as “confounding fac-
tors” in the WADA Technical Document TD2021EAAS [12], could affect 
the phase I and phase II metabolism of endogenous steroids and the 
urinary excretion of LH. 

Finally, we evaluated the values of the excretion of the total LH and 
of the T/E ratio for the same volunteer to preliminarily estimate the 
effects of the two isoflavones on the HPG axis and on the biosynthesis 
and metabolism of the endogenous steroids considered in the study. As 
shown in Fig. 7a and 7b, (referring to volunteer 5, but the trend is similar 
in all subjects), the effect of ipriflavone is more pronounced than the 
effect of methoxyisoflavone, both on the excretion of total LH and on the 
T/E ratio. This evidence could be related to the different magnitude of 
effects of the two synthetic isoflavones on the modulation of LH 

Fig. 6. Longitudinal evaluation of the T/E ratio before and after the administration of 450 mg/day of methoxyisoflavone (a) and of 400 mg/day of ipriflavone, for 
five consecutive days. 
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biosynthesis and on the enzymatic complex involved in the metabolism 
of endogenous steroids. In fact, as already reported in the literature, 
ipriflavone modulates more significantly than methoxyisoflavone the 
biosynthesis of LH [54], the activity of CYP450 complex [55], and the 
activity of aromatase [46]. 

4. Conclusions 

We have highlighted the effects of the oral intake of two synthetic 
isoflavones, methoxyisoflavone and ipriflavone, on the urinary excre-
tion of total LH and on the biomarkers of the Steroidal Module of the 
Athlete Biological Passport. We have also considered complementary 
parameters (e.g., the ratio T/total LH) to assess the effects on the hy-
pothalamus-pituitary–gonadal (HPG) axis. 

Even though the oral bioavailability of flavonoids is generally very 
low, we underlined that the oral intake, for five consecutive days, of 
methoxyisoflavone and ipriflavone induces an alteration of the con-
centration levels of total LH, of the markers of the urinary steroid profile, 
and of the corresponding concentration ratios, that could affect the 
correct interpretation of the longitudinal data collected in the frame-
work of the Steroidal Module of the ABP. Methoxyisoflavone and ipri-
flavone, marketed as natural supplements and anti-oxidants, could also 
be misused by the athletes during the recovering period and/or after the 
administration of anabolic steroids, to restore the suppressed endoge-
nous biosynthesis of testosterone and its precursors. 

Although the preliminary data here presented support the view that 
synthetic isoflavones may cause a confounding effect on the steroidal 
module of the athlete biological passport, data on a broader population 
of subjects are necessary to shed further light on the effects of synthetic 
isoflavones on the HPG axis and on steroidogenesis. We plan to com-
plement the preliminary results obtained in this work with those ob-
tained by extending the administration of synthetic isoflavones to 
females, and to male and female non-Caucasian volunteers, also in 

association with exogenous steroids (e.g., stanozolol or meth-
andienone). However, even if their anabolic and/or androgenic effects 
are not clear yet, we nonetheless precautionarily suggest the monitoring 
of the presence of synthetic isoflavones in urine samples collected for 
doping control analysis. 
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[24] F. Botrè, X. de la Torre, F. Donati, M. Mazzarino, Narrowing the gap between the 
number of athletes who dope and the number of athletes who are caught: scientific 
advances that increase the efficacy of antidoping tests, Br. J. Sport Med. 48 (2014) 
833–836. 

[25] T. Sten, M. Finel, B. Ask, A. Rane, L. Ekström, Non-steroidal anti-inflammatory 
drugs interact with testosterone glucuronidation, Steroids 74 (12) (2009) 971–977. 
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