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	Study Title
	Detection of Testosterone Microdosing in Women

	Objectives
	To evaluate the sensitivity and relative efficacy of serum and urine steroid and hematological profiles to detect testosterone microdosing in women

	Study drugs
	Testosterone gel 1% (Testogel, ARTG 227563) for transdermal use 

	Dose and administration
	Testosterone 12.5 mg (1 pump actuation comprising 1.25 g gel) daily for 7 days

	Study design
	Single centre, open label study of transdermal testosterone gel with run-in, treatment and run-off (post-treatment) phases

	Endpoints
	Primary: Serum (LC-MS) and urine (GC-MS) steroid profiles including carbon isotope ratio (CIR) of testosterone and its 5α reduced metabolites (DHT, epiandrosterone sulphate) and hematological profile (full blood count including hemoglobin and reticulocytes) before, during and after testosterone administration
Secondary:  Dried blood spot serum, serum LH and FSH and urine LH (immunoassay), UGT2B17 genotype, 
Safety: hematology (full blood count) and biochemistry (liver and renal function)

	Sample size
	12 healthy women not using hormonal drugs other than hormonal contraception

	Entry Criteria
	Inclusion: 
· Healthy women aged between 18 and 60 years 
· Provide written, informed consent and willing to comply with all study requirements

Exclusion: 
· Pregnancy, breast feeding or seeking fertility within next 6 months
· Using hormonal drugs other than oral contraception (eg estrogen replacement) 
· Athletes subject to regular urine drug testing
· Contraindication to testosterone (breast cancer, polycythemia)
· Major, serious or chronic medical disorders including chronic viral (HIV, hepatitis) infection that require regular prescribed medication 
· Severe or extensive skin disease that interferes with transdermal drug delivery
· Regular medications that interfere with dermal absorption or metabolism of testosterone 
· History of androgen or other drug abuse within last year
· History of major psychiatric disease or psychological condition that may limit understanding and compliance with study requirements in the investigator’s opinion
Precaution:
· Working in an occupation that requires urine drug testing

	Study procedure
	Each eligible, consenting participant will be studied for at least 2 weeks before, during 7 days of treatment and for 3 weeks after completion of treatment 
Participants will have the testosterone gel provided to them without cost 

	Study visits and procedures
	A total of 12 visits comprising a Screening visit which will provide a standardized medical history and physical examination (to determine eligibility and consent) followed by 11 additional clinic visits over 5 weeks for eligible consenting participants. 
Eligible participants will then provide blood and urine samples at 5 run-in visits over at least 2 weeks prior to the start of testosterone treatment. Together with the immediate pre-treatment samples, this will provide a total of 6 sets of blood and urine samples prior to start of treatment. 
At the start of treatment, participants will be supplied with the testosterone gel bottle and instructions how to apply the treatment. Treatment period consists of 7 days with daily application of one actuation of the testosterone gel applied to the upper arms, chest or abdomen, using the same anatomical location on alternate sides of the body each day. At the day 7 visit at the end of treatment, the participants will provide blood and urine samples and return the used testosterone gel bottle. 
Run-off period of 14 days comprises 5 clinic visits at days 1, 2, 4, 7 and 14 after cessation of treatment to provide further blood and urine samples.

	Statistical analysis
	Mixed model linear analysis with serial repeated measurements of serum and urine steroids and hematological profile before, during and after testosterone treatment with age and body weight (or BMI) as covariates. 
For analytes where there is a significant difference from baseline, linear discriminant analysis and receiver-operated curve (ROC) analysis will be used to define the optimal cutpoint (Youden’s index) for individual and combined parameters to detect testosterone administration as well as the window of detection during run-off.
The findings will also be analyzed with ABP software for steroidal and hematological modules. 

	Principal investigator
	David J Handelsman

	Co-Investigators
	Sasha Savkovic, Leo Turner, Glenda Fraser, Carolyn Fennell, Veena Jayadev, Ann J Conway

	Drug supply
	Transdermal testosterone gel (Testogel 1%, Besins Healthcare)

	Study administration
	ANZAC Research Institute

	Clinical study center
	Andrology Department, Concord Hospital

	Ethics jurisdiction 
	SLHD Human Ethics Committee (Concord Hospital) and CTN, TGA

	Anti-doping laboratory collaborator
	Sports Medicine Research and Testing Laboratory, Salt Lake City, Utah, USA

	Study sponsor
	Sydney Local Health District
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1. Run-in period requires 5 visits (including screening visit V1) over at least 2 weeks which, together with pre-treatment visit V6, comprise 6 sets of blood and urine samples prior to treatment 
2. Each scheduled visit after entry has a 24 hr window with the exact time of sampling noted. 
3. Standard history and physical examination, determining eligibility, providing written consent and pregnancy test
4. Venous serum and dried blood spots stored for later hormone analysis. Whole blood sample used for full blood count (including hemoglobin and reticulocytes). 
5. Spot urine sample (at least 50 ml) for standard urine steroid profile plus CIR of testosterone and 5α reduced metabolites (DHT, epiandrosterone sulphate) 
6. General well-being, emergent symptoms or adverse events
7. Clinical biochemistry (renal and liver function test)
 


Background and relevance to anti-doping science
The lure of fame and fortune through competitive success in elite sports will always tempt some athletes to cheat including by doping, the use of ergogenic drugs to improve performance. The two most potent ergogenic regimens remain androgen doping, notably for power sports, and hemoglobin doping, to enhance endurance. As a result, these two classes of ergogenic drugs remain the most detected forms of doping as judged by WADA statistics (1). Consequently, much anti-doping science research has focused on detection and deterrence of these dominant classes of banned hormonal drugs.
The potent ergogenic effects of increased hemoglobin, first proven in the early 1970s (2), led to use blood transfusion to increase circulating hemoglobin thereby enhancing oxygen transfer to muscle and other tissues in endurance sports. However, blood transfusion requires complex, sterile medical equipment, facilities and expertise to obtain, preserve and transfuse blood, a procedure involving risks of blood-borne infection and hemolysis. Effective detection of homologous blood transfusion (3) has largely eliminated the use of donated blood for doping although autologous blood donation remains difficult to detect. The cloning of erythropoietin (EPO) in the 1980s made available the more easily concealed technique of increasing hemoglobin by injection of EPO and its erythropoeitic stimulating agent (ESA) analogs (4). Hemoglobin doping has been countered by development of direct detection methods for EPO and ESAs in urine; however, these tests have a short window of detection. More effective testing with a wider window of detection has been developed using a Bayesian implementation of indirect hematological biomarkers as the hematological module of the Athlete’s Biological Passport (ABP). In turn, however, these effective indirect detection methods led to novel low dose (“microdosing”) regimens designed to circumvent detection of hemoglobin doping by EPO micro-dosing regimens which are reported to evade ABP testing (5-7). 
Analogous developments have occurred in androgen doping. The use of synthetic androgens has become readily detectable even at long times after last dose through sensitive identification of distinctive xenobiotic chemical signatures and/or long-term metabolites. As a result, synthetic androgens now constitutes the largest category of adverse analytical findings in WADA-accredited anti-doping lab statistic (1). In reaction, attention has switched to using exogenous natural androgens, notably testosterone, which must be distinguished from its endogenous counterpart to confirm doping. Injectable or oral testosterone esters may be detected by the presence of a xenobiotic (testosterone ester) in the blood (8, 9); however, the use of non-esterified testosterone in transdermal testosterone gels, solution or patches remains challenging to detect.  Conversely, the use of transdermal route of administration exposes testosterone to high levels of 5α reductase expressed in skin leading to a disproportionate pattern of 5α reduced metabolites of testosterone in circulating and urinary steroid profiles. 
Exogenous non-esterified testosterone is detectable by urine tests, notably the urine T/E ratio backed-up with the carbon isotope ratio mass spectrometry (CIRMS) test; however, these tests have limitations. The urine T/E ratio, originally developed to use population-based reference ranges, has also been adapted with a Bayesian implementation of the urine T/E ratio into the steroidal ABP module. This requires a serially-adjusted, individual-specific thresholds whereby an individual’s result is compared with a pooling of all their own previous results. This creates a powerful individualized detection test based on narrower, individual-specific thresholds compared with population-based reference ranges. A limitation of the urine T/E ratio is the frequency of a genetic polymorphism in uridine diphospho-glucuronosyl transferase 2B17 (UGT2B17). This phase II metabolism enzyme glucuronidates most endogenous testosterone prior to its urinary excretion. Individuals with the homozygous deletor genotype  have severely reduced urine testosterone excretion causing an order of magnitude lower T/E ratio (typically a mean 0.1 vs 1.0) compared with non-deletors, a feature which may mask exogenous testosterone use (10, 11). Furthermore, this deletor genotype/phenotype has a wide range of population prevalence, ranging between 5-70% among different ethnic groups (12-14). Nevertheless, the steroidal module of the ABP also adapts to the atypically low T/E ratio in deletors thereby enhancing the sensitivity of detection for testosterone doping even for individuals with the deletor UGT2B17 genetic polymorphism (15). Finally, the urine T/E ratio test depends in principle on the negative feedback of exogenous testosterone on epitestosterone secretion. Whereas this negative feedback system is operative in men with their single source of testosterone (i.e. 95% secreted from the testis), that negative feedback system that is largely inoperative in women whose circulating testosterone arises from three sources – adrenal, ovarian and extra-glandular conversion of precursors – none subject to potent negative feedback by testosterone as in men. This renders uncertain the applicability of the urine T/E ratio to detect testosterone doping in women. 
The technically demanding, laborious and expensive CIRMS test identifies C13 isotope-depleted steroids of plant sterol origin (the conventional base sterol employed in commercial steroid manufacturing). The degree of C13 isotope depletion of a steroid (eg testosterone) purified from a urine sample can be compared with the mammalian (non-depleted) C13 isotope ratio allowing identification of an exogenous source (plant sterol vs mammalian synthesis) for the testosterone. However, this test may also be evaded by using the minority of commercial testosterone products manufactured from non-depleted plant sterol base materials whose C13 isotope ratios may overlap with endogenous human steroids making them difficult or impossible to detect by CIRMS testing (16-19). 
Arising from these limitations, several novel analytical approaches to detect exogenous testosterone use have been reported. Among the most promising is the analysis of sulphate conjugates of testosterone metabolites which display more prolonged excretion profiles compared with the conventional glucuronidated conjugates. Hence sulphate conjugates of testosterone metabolites constitute a category of longer-term metabolites suitably for monitoring to provide longer detection windows. Notably, studies the CIR of epiandrosterone sulphate has been reported to display prolonged detectability as a marker of exogenous testosterone use (20). 
Other recently proposed approaches to detect exogenous testosterone doping are less promising as practical antidoping strategies. For example, while salivary testing has the advantage of being minimally invasive sampling as a potential test to detect exogenous testosterone (21-23), steroid concentrations in saliva are influenced by numerous physiological factors including age, sex, stress, hormones (menstrual cycle, hormonal contraceptives) and collection time of day. Individuals (notably athlete during events) may have difficulty producing sufficient saliva but using various stimuli to salivary secretion influences steroid concentrations. Ultimately however, saliva is an unsatisfactory biological fluid matrix due to the risk of contamination by blood which has circulating levels 50 times higher than in saliva which in practice leads unpredictably to “outlier” results (23). Hence, even microscopic blood contamination (eg due to poor dental hygiene, eating hard food, tooth brushing etc) could lead to false positives and indefensible medico-legal challenge to the validity of saliva testing. Another proposed approach has been measurements of circulating microRNA-122 following exogenous testosterone administration (24); however, this could only be a non-specific, generic biomarker of androgen action and the findings have not been replicated (25). 
Studies over more than 2 decades have examined the use of serum steroids and related analytes (LH, SHBG) to detect exogenous testosterone administration (22, 26, 27). Although urinary steroids display a more stable integrated pattern than serum steroids (28), within the window of detection serum measurements may be more sensitive. Despite the anecdotal evidence that women also abuse androgens including testosterone, so far to the best of our knowledge, there are no systematic anti-doping studies of exogenous testosterone administration in women to develop and evaluate detection tests. Few antidoping studies have investigated transdermal administration of testosterone (20, 21, 25, 29, 30) with those studies restricted to one (21, 25), two (29),  three (30) or seven (20) doses in men but none in women. From these studies important suggestions for better long-term metabolites for monitoring to detect testosterone microdosing have included disproportionate increases in serum DHT  and reticulocytes (25) and the CIR of epiandrosterone sulphate (20). Overall, it remains to be evaluated how well the serum or urine steroid profile in conjunction with the hematological profile may be effective for identifying exogenous testosterone administration in women. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Although there is theoretical uncertainty about whether the urine T/E ratio is effective for detection of testosterone doping in women, there is conversely a strong likelihood that the known erythropoeitic effects of exogenous androgens would be especially prominent in women thereby forming the basis of an additional detection method for testosterone doping in women. The sex difference between men and women in circulating hemoglobin of 12% (31) is attributable to the differences in circulating testosterone(32). Administration of testosterone to healthy men increases blood hemoglobin and circulating erythropoietin within 4 days while cessation of testosterone by long-term androgen abusers led to reduced hemoglobin (33). Hence, the use of exogenous androgens like testosterone would reverse this sex difference providing an ergogenic advantage in women (34) but also providing an opportunity for enhanced detection of exogenous testosterone doping through integrating the steroidal and hematological modules of the ABP which are usually considered independently. 
This proposal aims to employ serum steroid (and LH) profiling as well as the hematological module of the ABP (off-score) in conjunction with the conventional urine steroid (and LH) profile to determine the optimal combination for sensitive detection of testosterone micro-dosing in women. 

Hypothesis and specific objectives 
This study aims to determine the effectiveness (sensitivity and specificity) of the serum and urine steroid (and LH) profiles plus the hematological profile individually and in optimized combination to detect testosterone micro-dosing in women. The analysis will proceed in several stages.
In the first stage we will compare conventional urine steroid profiling with (a) serum steroid (plus LH and FSH) profile, (b) the CIR of testosterone and certain 5α reduced metabolites (DHT and epiandrosterone sulphate) both as absolute values and as δ-δ values compared with a reference steroid and (c) full blood count (including hemoglobin and reticulocyte count). In addition, we will use the ADAMS Athlete Biological Passport software to review steroid and hematological profiles. 
Subsequently we will combine all the above variables into a single data matrix to be analyzed by principal component or linear discriminant analysis to identify the best, unbiased combination of variables (both in absolute terms and in differences from baseline) that differentiate effectively between baseline pre-treatment and on testosterone treatment. 

Experimental design, methods, and data analysis (please include a timeline of major milestones and deliverables) *
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Study design: Open label study with blood and urine sampling during (a) run-in period over at least 2 weeks to establish individual baselines (6 pre-treatment paired blood and urine samples), (b) 7 days of daily testosterone treatment (12.5 mg topical testosterone daily) with (c) 14 days of post-treatment run-off (5 post-treatment blood and urine samples over 2 weeks).
Study population: Volunteers will be recruited by local advertising via electronic, print and social media. They must be eligible according to entry criteria and provide signed informed consent acknowledging their willingness to participate fully in the study. Participants will be reimbursed for their time and attendance at the clinic. They may participate in the study more than once after an interval of at least a month following completion of the study. 
Sample size: The sample size of 12 women is based on the local prevalence of the UGT2B17 deletor phenotype (30%) so that we expect to get 4 with the deletor phenotype. The repeated measures design for a single group with six samples before and six samples after treatment provides 92% power (two-sides α 0.05) to detect within person changes of at least 0.45 standard deviation for analytes mean value after compared with before for 12 participants, allowing for a 10% drop-out rate. A further refined analysis assuming the major changes will be in the first 3 post-treatment samples provides 92% power to detect 0.4 times the standard deviation for each analyte.    

Entry criteria:
Inclusion criteria: 
· Healthy women over 18 years of age
· Willing to provide written, informed consent and to participate fully in all study requirements 

Exclusion criteria: 
· Pregnant, breast feeding or likely to be seeking fertility within next 6 months
· Not using hormonal drugs other than hormonal contraception (eg estrogen replacement)
· Athletes subject to regular urine drug testing
· Contraindications to testosterone administration (breast cancer or polycythemia) 
· Major or chronic medical disorders requiring regular prescribed medication;
· Severe or extensive skin disease which interferes with transdermal application of testosterone gel
· Regular medications that interferes with testosterone metabolism 
· History of androgen or other drug abuse within last year
· Major psychiatric disease or psychological condition that limits understanding and compliance with study requirements in the opinion of the investigator 

Precautions:
· Working in an occupation (other than athletics) that requires urine drug testing

Treatments: Testosterone treatment will be provided by Testogel (Besins Healthcare), a 1% (w/v) transdermal testosterone gel in a metered dose pump pack bottle (ARTG 227563). Each actuation of the pump provides 1.25 gram of the 1% gel. The daily dose will be 1 pump actuation/day thereby providing a daily topical dose of 12.5 mg testosterone. 

Study endpoints:
The primary endpoints will be the steroid and urine steroid profiles measured by MS-based methods and the hematological profile (including but not restricted to the OFF-score). Blood samples will be taken for hematological analysis on the same day. Serum and urine samples will be frozen at -20 C until ready for batch assays.
The serum steroids to be measured will be testosterone (T), dihydrotestosterone (DHT), estradiol, estrone, DHEA, 3α 5α androstanediol (3α diol) and 3β 5α androstanediol (3β diol)). Dried blood spots will also be analyzed for testosterone. 
The urine steroid profile will comprise measurement of T, epitestosterone (EpiT), androsterone (A), etiocholanolone (Etio), dehydroepiandrosterone (DHEA), DHT, 5α 3α androstanediol, 5β 3α androstanediol together with the following ratios of T/EpiT (T/E), A/Etio (A/E) and 5α 3α androstanediol/5β 3α androstanediol (5α/5β). 
Urine CIRMS testing of testosterone and certain 5α reduced metabolites (DHT, androsterone, etiocholanolone, epiandrosterone sulphate)
The hematological variables to be measured include hemoglobin, reticulocytes (number and %) and other standard erythrocyte metrics (hematocrit, erythrocyte count, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) as provided by the hematology autoanalyzer. 

Sample processing and management:
Methods
Serum steroids (testosterone (T), dihydrotestosterone (DHT), estradiol, estrone, DHEA, 3α 5α androstanediol (3α diol) and 3β 5α androstanediol (3β diol)) will be measured by liquid chromatography-mass spectrometry (LC-MS) using published methods as originally described (35), modified to include ultrapressure liquid chromatography and different liquid:liquid extraction (36) and with extensive longitudinal quality control (37) reported previously. Serum LH and FSH are measured by human gonadotropin immunoassays (Roche).
The LC–MS analysis is based on reversed-phase chromatographic separation of the injected sample using UPLC followed by gradient elution and detection of the targeted steroids using triple quadrupole mass spectrometric analysis. The liquid chromatography system was a Shimadzu Nexera UHPLC with a Restek Raptor biphenyl column (100 cm × 2.1 mm, 2.7 µm) with Raptor biphenyl guard cartridges. The solvents used are; A Milli-Q water, B methanol, and C toluene (dopant). The injected sample (50 µL) is initially washed with 10% B followed by a gradient comprising: 0.11-2.0 min 25-50%B, 2.00-10.0 min 50-60%B, 10.01-13.5min 65-69%B, 13.5-18.0 min 69-75%B, 18.01-20.0 min 85-95%B, then 100%B until 20.5 mins and then back to 10% for 1 min. The flow rate is 0.7 mL/min for a total run time of 21.5 mins with column temperature maintained at 40 °C and samples at 4 °C. 
The API-5000 triple-quadruple mass spectrometer (Applied Biosystems /MDS SCIEX, Ontario, Canada) is equipped with an atmospheric pressure photoionization (APPI) source employing a 10 eV krypton discharge lamp with dopant (toluene) delivery set to 75 µL/min. The APPI probe temperature is 500 °C and the ion spray voltage set to 750 V in positive and −750 V in negative mode. Steroids are quantified by multiple reaction monitoring (MRM) using settings for the various transitions optimized by infusing pure steroid into the mass spectrometer. Unit mass resolution was used in both mass-resolving quadruples Q1 and Q3. Data acquisition and processing was performed with Analyst 1.6.2 (AB SCIEX). Peak area ratios of analyte and IS quantifier transitions were calculated as a function of analyte concentration. Calibration curves and lower limits of quantification (LOQ) were defined according to the FDA guidance. Dried blood spots will be analyzed by methods previously established (38). 
The urine steroid profile including T/E ratio and LH (by immunoassay) will be measured by standard WADA GC-MS methods in a WADA-accredited anti-doping laboratory maintains (39) ongoing accreditation by participation in the WADA’s External Quality Assessment Scheme (EQAS)(40). Briefly, after extraction and deconjugation, urine T, epitestosterone (EpiT), androsterone (A), etiocholanolone (Etio), dehydroepiandrosterone (DHEA), DHT, 5α 3α androstanediol, 5β 3α androstanediol, T/EpiT (T/E), A/Etio (A/E) and 5α 3α androstanediol/5β 3α androstanediol (5α/5β) ratios are measured by standard GC-MS methods using routine GC-MS steroid profiling (41) according to WADA standard requirements for measurement of endogenous androgens (39). Carbon isotope ratio (CIR) measurements will be performed by previously described method (42) for steroids including testosterone, androsterone, etiocholanolone, 5α,3α androstanediol, 5β, 3α androstanediol and epiandrosterone sulphate (20). Urine LH is measured by a specific human LH immunoassay (40). 
The uridine 5'-diphospho-glucuronosyltransferase (UGT) 2B17 genotyping will be performed by polymerase chain reaction classifying genotypes into deletor and non-deletor according to homozygous wild-type (CC), heterozygous (CJ) and homozygous deletor (JJ) as reported previously (43).
A hematological profile comprising full blood count (including haemoglobin, reticulocyte counts and erythrocyte metrics) is measured by a regularly calibrated, automated hematology analyser.  

Data analysis
The serial results of the serum and urine steroids, serum LH and FSH and urine LH, hematological profile will be analyzed using linear mixed model linear analysis for repeated measures including the run-in, treatment and run-off periods with dose as the main effect and age and body weight (or BMI) as covariates. Linear contrasts will be used to highlight the treatment effects by comparing the means from from run-in and run-off periods. 
For analytes where there is a significant difference from baseline receiver-operated curve (ROC) analysis will be used to define the optimal cutpoint for individual (absolute and difference from baseline) and combined parameters to detect testosterone administration as well as the window of detection during run-off.

Safety
This short-term study poses minimal risks to the healthy participants. Warnings will be provided in the Information Sheet regarding any possible androgenic symptoms resulting from testosterone treatment. 
The study will have a local, independent Data Safety and Monitoring Board chaired by Professor Andrew McLachlan, Dean of Pharmacy, University of Sydney, an experienced clinical pharmacologist, anti-doping expert and former Chair of Human Ethics Committee of Sydney Local Health District.  
In women, any exogenous testosterone is supra-physiological, off-label use and needs to be accompanied by warning regarding possibility of virilization (acne, hair growth, voice change). The virilizing effects of testosterone in females, best studied in transgender men (F2M transgender individuals) who take full male testosterone doses, take months to become manifest (44). Nevertheless, the investigators will warn and review participants for any emergent signs of virilization and, if reported, discontinue the treatment. In that setting of short-term use, any recently emergent side-effects, should they occur, would be expected to be quickly and fully reversible. The information sheet will warn participants of the potential to transiently impair their fertility and to be detected in occupational urine drug screens.
The testosterone doses used in this short-term study are comparable with doses used safely in large scale, phase III clinical trials of transdermal testosterone for women with sexual dysfunction. Many previous studies in women have used transdermal testosterone in either gel, cream or patch form. In a meta-analysis of 7 studies of 3035 women (1350 on testosterone) using a testosterone patch that notionally delivered 300 µg testosterone daily for 6 months, there was no significant overall effect on total or severe androgenic effects, withdrawal or follow-up rate from the study although in subsets of studies there was a significant increase in prevalence of acne or hirsutism but not in facial hair, alopecia or voice deepening (45). Those findings were confirmed by a reported increase in prevalence of acne and hirsutism in another meta-analysis that included 35 randomized controlled trials of testosterone therapy in 5053 women treated with any form of testosterone or dose for a median of 6 months (range 1.5 to 24 months) (46). Higher doses of transdermal testosterone patch (450 µg/day) did not increase rate of androgenic side-effects (47). As the bioavailability of testosterone from a transdermal patch is estimated at 3% in healthy women (48), a patch notionally delivering 300 µg/day would be equivalent of a testosterone gel applying of 10 mg of testosterone to the skin daily. Other studies in healthy women have used a daily transdermal application of 10 mg testosterone daily with a similar safety profile (49-52). The doses used in this 7 day study are comparable but used for a much shorter period of time.
Adverse Effects
All emergent or adverse events will be recorded. Any serious adverse effects notified to the SLHD Human Ethics Committee. 
Ethics and governance
The study will be approved by the SLHD Human Ethics Committee (Concord Hospital) and notified to the Therapeutic Goods Administration (TGA) under the Clinical Trial Notification (CTN) scheme for use of testosterone outside its approved indications.  

Facilities and equipment *
The clinical studies will be performed in the Andrology Department, Concord Hospital which is fully equipped for such studies. Numerous clinical studies, including anti-doping investigations (43, 53), have been conducted and reported by the same clinic and laboratory staff with approval from the local Human Ethics Committee. 
The ANZAC Research Institute has all the necessary facilities to conduct and equipment required for this study other than the urine steroid profiling which will be undertaken by a WADA-accredited anti-doping laboratory. The serum steroid profiling will performed within the ANZAC Research Institute’s Andrology laboratory on a Shimadzu Nexera UHPLC liquid chromatography system with a Restek Raptor biphenyl column coupled to an API-5000 triple-quadruple mass spectrometer. The serum LH and FSH immunoassays will be performed by the Concord Hospital Diagnostic Pathology Unit located at the same teaching hospital campus. 
The Sport Medicine Research and Testing Laboratory (SMRTL) is accredited by the WADA and ISO 17025 in 2006.  WADA accreditation assures that testing methods meet the highest and latest standards, new tests are developed and applied, periodic on-site audits verify compliance with standards and research and development is routinely undertaken.  The American Association of Laboratory Accreditation (A2LA) verifies that SMRTL meets the International Organization for Standardization (ISO) requirements for its ISO 17025 standards.   This accreditation assures testing methods and processes are fully documented, scientifically validated, publicly available for review and periodically updated. SMRTL currently tests over 50,000 specimens annually for steroid profiles and ~5000 for IRMS analysis.  Further, SMRTL has completed several testosterone research studies.
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