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Both athletes and the general population use nutritional supplements. Athletes often turn to supplements
hoping that consuming the supplement will help them be more competitive and healthy, while the general
population hopes to improve body image or vitality. While many supplements contain ingredients that may
have useful properties, there are supplements that are contaminated with compounds that are banned for use in
sport or have been deliberately adulterated to fortify a supplement with an ingredient that will produce the
advertised effect. In the present study, we have used yeast cell and mammalian cell androgen bioassays to
characterize the androgenic bioactivity of 112 sports supplements available from the Australian market, either
over the counter or via the Internet. All 112 products did not declare an androgen on the label as an included
ingredient. Our findings show that six out of 112 supplements had strong androgenic bioactivity in the yeast
cell bioassay, indicating products spiked or contaminated with androgens. The mammalian cell bioassay
confirmed the strong androgenic bioactivity of five out of six positive supplements. Supplement 6 was
metabolized to weaker androgenic bioactivity in the mammalian cells. Further to this, Supplement 6 was
positive in a yeast cell progestin bioassay. Together, these findings highlight that nutritional supplements,
taken without medical supervision, could expose or predispose users to the adverse consequences of androgen
abuse. The findings reinforce the need to increase awareness of the dangers of nutritional supplements and
highlight the challenges that clinicians face in the fast-growing market of nutritional supplements.
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Athletes of all ages, from amateurs to professional,
use sport supplements. Reasons for supplement use
include enhanced performance or recovery, muscle
mass gain, or improved appearance (Kiertscher &

DiMarco, 2013). The use of supplements by athletes in
some sports (e.g., bodybuilding) is reportedly 100%, with
an average of 58% for other sports (Knapik et al., 2016).
The prevalence varies with the type of sport, gender, and
level of competition (Maughan et al., 2011). The preva-
lence of sport supplement use in adolescents (aged 14–18)
was recently reported at 47.7% (Evans et al., 2012).
Besides their use in competitive sports, these products
are also commonly used by recreational gym users and
amateur athletes (Goston & Correia, 2010).

Sport supplements are widely available through
websites, supplement shops, and gyms. The global
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sale of supplements was $US96 billion in 2012, with the
market estimated to increase (“Nutrition Business
Journal Global Supplement and Nutrition Industry
Report 2014”, 2014). The supplements are marketed
on claims of enhanced strength, endurance, speed,
weight loss, appearance, or concentration (Dascombe
et al., 2010; Lun et al., 2012); however, for the majority
of supplements, solid scientific data to support the claims
is not available. Moreover, rigorous safety and efficacy
testing has not been reported.

As in other countries, sport supplements are only
lightly regulated in Australia. They are controlled by the
Therapeutics Goods Administration, and to be listed, the
supplement need only show proof that it does not contain
ingredients that are banned by custom laws. Importantly,
there is no requirement for proof of benefit claims. Given
the prolific marketing of sport supplements through
widespread media outlets (online, magazines, brochures,
etc.), there is very little regulation of the marketing of
these products.

Companies can take full advantage of the poor
quality control. Many studies have now reported non-
labeled substances like stimulants and anabolic andro-
genic steroids, in over-the-counter or internet-purchased
supplements (Ayotte et al., 2001; Cadwallader &
Murray, 2015; Catlin et al., 2000; Kamber et al.,
2000; Pipe & Ayotte, 2002). In some cases, manufactur-
ing practices may have led to the contamination of
supplements with trace amounts of an undeclared sub-
stance (Judkins et al., 2010). There are, however, re-
ported instances of sport supplements intentionally
adulterated with undeclared substances (Geyer et al.,
2000, 2004, 2008; Judkins & Prock, 2012; Kamber et al.,
2000; Maughan et al., 2011).

Androgens have well-described ergogenic effects.
All androgens, including designer androgens, are
grouped together with anabolic androgenic steroids,
which remain the class of banned substance most likely
to be abused in sport (50% of all positive findings in
2015; WADA, 2015). Sport supplements that contain
undeclared androgens therefore pose a risk to profes-
sional and/or elite athletes because of a potential positive
doping test. More importantly, use of such supplements
by the unsuspecting consumer can have serious adverse
health effects.

It has been recognized since 2004 that undeclared
androgens are prevalent in over-the-counter or online
available sport supplements at rates as high as 10–25%
(Geyer et al., 2004). This has been confirmedmany times
since as reviewed in Geyer et al. (2008). It is difficult to
assess current prevalence (Gilard et al., 2015), as random
screenings are seldom performed. Recently in the
Australian market, an Australian Sports Anti-Doping
Agency (ASADA) study determined that undeclared
banned substance prevalence in sport supplements
was as high as 19% (LGC, 2016). This included three
supplements positive for anabolic androgenic steroids.
This study used a chemical analyte approach to detect
known banned substances. This study is in keeping with

the reported 6.4% of doping violations between 2006
and 2013 in Australia associated with supplement use
(Outram & Stewart, 2015).

Androgen bioassays are a useful screening tool for
supplements because they are based on androgen biol-
ogy, rather than analyte structure. Therefore, bioassays
can detect androgen presence in supplements, even if
unknown designer steroids have been included as an
undeclared ingredient. Such practice by manufacturers
to incorporate pharmaceutical analogs, or designer
steroids, into their products have been reported
(FDA, 2015).

In this study, we used tandem yeast cell and mam-
malian cell androgen bioassays to screen 112 sports
supplements from the Australian market. The 112 sup-
plements were randomly chosen to cover the range of
sports supplements, including powders, capsules, and
tablets. The only inclusion factor was that the labeled
ingredients did not include an androgen.

Methods

Details of Sport Supplements Tested in
This Study

Sport supplements (n = 112) were purchased from seven
different stores. Four of these stores were based in
Sydney, NSW; two were based in Brisbane, Queensland;
and one online US store that sold sport supplements in
Australia. All supplements tested did not declare an
androgen on the label. The sport supplements were in
the form of powders (74.2%), capsules (19.6%), tablets
(5.3%), or liquids (0.9%; see Table 1). The sport supple-
ments represent 77 different companies. Eleven compa-
nies were based in Australia, one in Canada, and one in
New Zealand, with the remaining companies based in
the United States (USA). A supplement which declared
the presence of dehydroepiandrosterone (DHEA) was
purchased in Sydney and was used as an androgen-
positive control supplement in this study.

Steroid Extraction Procedure

The amount of each supplement used for the extraction
varied, dependent on the manufacturer’s recommended
serving size. Steroid extracts were prepared using a
standard solid-phase extraction (SPE) method, with
minor alterations (Rijk et al., 2009). Briefly, capsules
were emptied and solid tablets were pulverized using a
mortar and pestle. The powders were suspended in
water/methanol 1:1 v/v and dissolved by sonication
for 5 min. The suspension was then centrifuged at
3000 g for 10 min and the pellet was discarded. The
pH of the supernatant was adjusted to 4.8 using 4N acetic
acid and sodium acetate. The supernatant then under-
went SPE using a C18 column (0.5 g Bond Elut, Agilent
Technologies) that was previously conditioned with
4 mL methanol/sodium acetate (pH 4.8). After sample
loading, the columns were washed sequentially with
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2 mL water, 1.5 mL sodium carbonate (10% w/v), 2 mL
water, and 2 mL water/methanol (1:1, v/v). The columns
were air-dried and the sample was eluted with 4 mL
acetonitrile. The eluate was concentrated by evaporation
then resuspended in 50 μL 100% ethanol.

Cell Culture

The yeast and human hepatocyte cell line (HuH7) cell-
based androgen bioassays have previously been
described (Akram et al., 2011). Briefly, yeast cells
were cultured overnight at 30°C with shaking
(300 rpm) in CSM-leu-ura (MP Biomedicals). After
overnight culture, the yeast culture was subcultured in
fresh medium and allowed to grow until early mid-log
phase (OD600 = 0.5–0.7).

HuH7 cells were cultured in DMEM-L-glutamine
containing high glucose (4500 mg/L) supplemented with
10% FCS and 5.5 μg/mL puromycin dihydrochloride at
37°C under 5% CO2.

Yeast Cell-Based Androgen Bioassay

Early to mid-log phase cells were sub-cultured in
24-well plates (500 μL/well) and androgen receptor
(AR) expression was induced with 100 μM CuSO4.
Cells were treated with steroids (5 μL/well) over a
concentration range (from 1 × 10−6 M to 1 × 10−10 M)
to generate a sigmoidal dose-response curve to calculate
the EC50. For agonist assays, yeast cells were treated
with sports supplement extracts (5 μL/well) in duplicate.
All steroids and extracts were diluted in ethanol with a
final concentration of 1%. Yeast cells were incubated
overnight at 30°C with shaking (300 rpm) before being
lysed and assayed for β-galactosidase activity as previ-
ously described (McRobb et al., 2008).

HuH7 Cell-Based Androgen Bioassay

HuH7 cells were seeded in 96-well plates at a concen-
tration of 1 × 105 cells/mL (200 μL/well) and allowed to
recover overnight in phenol red-free DMEM supple-
mented with 10% charcoal-stripped FCS, L-glutamine

and 5.5 μg/mL puromycin dihydrochloride. Cells were
treated with steroids for 24 hours (2 μL/well) over a
concentration range (from 1 × 10−6 M to 1 × 10−11 M) to
generate a sigmoidal dose-response curve to calculate
the EC50. For sports supplement extracts, HuH7 cells
were treated in duplicate with 2 μL per well. Culture
supernatant was transferred to white opaque 96-well
plates and heat treated for 35 min at 65 °C to deactivate
endogenous alkaline phosphatase before SEAP activity
was measured using a commercially available assay
(Clontech Laboratories, Mountain View, CA, USA).

Results

Validation of the Yeast Androgen Bioassay

Initially, we determined the sensitivity of our yeast and
HuH7 androgen bioassays. Using DHT as our reference
steroid, the most potent endogenous androgen, we
showed that the yeast cell-based androgen bioassay
could detect this steroid at concentration ≥3.9 × 10−10

M. For the HuH7 androgen bioassay, the sensitivity was
8 × 10−11 M. Converting these concentrations into abso-
lute amounts, this corresponds to 0.5 pg and 0.16 pg,
respectively. These values are in keeping with our earlier
validation publications (Akram et al., 2011; Cooper
et al., 2017; Death et al., 2004, 2005)

With sensitivity limits established for the assays, we
next determined our detection limit for androgens recov-
ered from a sport supplement matrix. To this end, we
spiked 1 g portion of a powdered from of a creatine
supplement with T ranging in concentration from 500 ng T
to 1 ng T. The spiked supplements then underwent SPE
extraction and the extracted steroid subjected to the yeast
cell-based androgen bioassay. Figure 1 shows that we
could reliably detect a starting T amount of ≥20 ng (13.9 ×
10−9 M). This sensitivity is in keeping with what has been
previously described for yeast-based bioassays for the
detection of androgens in matrices (Zierau et al., 2008).

To ensure that the bioassay did not produce false
negative or positive results, we spiked a number of
supplements with 20 ng T (Figure 2). This experiment
relied on the host supplement being completely androgen

Table 1 Types of Sports Supplements Screened in this Study

Product Category No. of products tested No. of different companies

Protein Powders 25 (22.3%) 19

Stimulants/Nitric Oxide (preworkouts) 24 (21.4%) 21

Amino Acids 12 (10.7%) 12

Testosterone and Growth Hormone Boosters 18 (16.1%) 11

Fat Metabolizers 9 (8%) 9

Carbohydrates 2 (1.8%) 2

Creatine Formulations 6 (5.4%) 6

Vitamins and Herbal Extracts 16 (14.3%) 16

Note. No. of products tested denotes the number of products screened belonging to the respective product category. No. of different companies shows
how many companies were represented by that respective product category.

12 Cooper et al.
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free so we only spiked supplements that had been
certified by the LGC group (www.lgcgroup.com/
australiansupplementsurvey) as prohibited substance free.
Figure 2a and 2b show that extracts from the different
supplements showed negligible AR activation, regardless
of whether they were tested with the yeast (Figure 2a) or
HuH7 (Figure 2b) assays. However, when spiked with
20 ng T and extracted, there was measurable AR activation
in both the yeast and HuH7 assays. We also show that the
yeast AR bioactivity was able to detect designer steroids,
madol and hemapolin, or selective androgen receptor
modulator (SARM), 93746, when 20 ng was spiked into
the host supplement. Finally, we showed that the bioassay
was able to detect testosterone if the supplement was an oil-
based matrix rather than a powder. Together, these data
help to assure that the bioassays can detect different
structures across varied matrices.

Androgen Bioactivity of 112 Sports
Supplements

To determine the presence of undeclared androgens in
112 sport supplements, we analyzed the bioactivity of
steroidal extracts prepared from each supplement using
the yeast cell-based androgen bioassay.We first assessed
24 from the “preworkout” category and found that 3
(Supplements 2, 5, and 6) had measurable androgen
bioactivity (Figure 3). Next, we assessed 18 from the
“testosterone and growth hormone-booster category”
and found that 2 (Supplement 1 and 4) were positive
for androgen bioactivity (Figure 3). Finally, we tested
the remaining 70 supplements belonging to creatine (1/
6), protein powder (0/25), fat metabolizer (0/9), carbo-
hydrate (0/2) and amino acid (0/12) supplement, and
herbal extract (0/16) categories and found that one
(Supplement 3) in the creatine group tested positive
for androgenic bioactivity (Figure 3).

The six supplements represent four different com-
panies. Supplements (1–4, 6) were manufactured by
USA-based companies, while one supplement (supple-
ment 5) was manufactured in New Zealand. There were
zero products manufactured in Australia that tested
positive. The ingredients listed on the label of the six
positive supplements are detailed in Table 2.

Figure 1— Detection limit of the yeast androgen bioassay. A
creatine powder supplement was spiked with 200 μl of
testosterone (T) ethanolic solution. Final T concentrations
ranged from 1–500 ng/1 g supplement. Spiked supplement
was subjected to SPE extraction. The steroidal extract was then
analyzed in the yeast androgen bioassay for β-galactosidase
activity.

Figure 2 — Sensitivity of the androgen bioassays. (A) An
LGC certified creatine or electrolyte powder was tested for
androgen activity with (false negative) and without (false
positive) spiked androgenic molecules. The powders were
spiked with 20 ng of testosterone, madol, hemapolin, or
SARM, 93746, extracted, then tested for β-galactosidase
activity using the yeast bioassay. (B) An LGC certified
electrolyte or fat burner powder or corn oil was tested for
androgen activity with (false negative) and without (false
positive) spiked testosterone, extracted, then tested for
SEAP activity using the HuH7 bioassay. Results are
presented as mean ± SEM (n = 3). Purified testosterone and
ethanol (vehicle) were included as positive and negative
controls, respectively.
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Three of the 112 supplements could not be assessed
using the yeast androgen bioassay because of cytotoxic
effects that stopped us being able to culture the yeast
(data not shown). These supplements were from the fat
metabolizer, testosterone booster, and preworkout sup-
plement categories, respectively. Toxicity of supple-
ments has also been reported previously (Peters
et al., 2010).

Progestin Bioactivity

Although separate progesterone, androgen, and estrogen
receptors exist, complete selectivity of action is not
guaranteed because of the close structural similarities
among the hormones. The progesterone receptor (PR)
and the AR show significant homology and most pro-
gestins have significant cross-reactivity with the AR. For
this reason, we next tested whether the six supplements
found to be positive for androgenic activity also showed
progestogenic activity. This could indicate that a pro-
gestin (e.g., a milk product) rather than an androgen was
responsible for the positive result in the AR bioassay.

Using the yeast progestin bioassay, an EC50 of
3.8 nM for progesterone was measured in keeping
with published findings (McRobb et al., 2008). Supple-
ment 6 showed a progestin response suggesting that this
supplement contains a steroid molecule that is both
progestogenic and androgenic. Supplement 1 showed
a weak progestogenic response. All other supplements
did not activate the PR (Figure 4).

Prohormone Bioactivity

Sport supplements may contain prohormones that are not
active as androgens until they undergo some form of
metabolic processing. Such prohormones are usually
weakly androgenic, if at all. Therefore, it would be

difficult to detect prohormones with the yeast cell
androgen bioassay as these cells do not express the
steroid metabolizing enzymes required for metabolic
activation.

Mammalian cell lines do express steroid metaboliz-
ing enzymes so we next tested the 112 supplement
extracts using a HuH7 cell androgen bioassay (Akram
et al., 2011; Cooper et al., 2013). We determined that
five of the 112 steroid extracts showed AR activation
(Figure 5). Notably, all five that tested positive in the
HuH7 bioassay also tested positive in the yeast cell
bioassay. Supplement 6 that was positive in the yeast
cell bioassay did not show an androgen response in the
HuH7 bioassay.

Discussion

We report here that six of 112 supplements tested
positive for androgen bioactivity, despite not declaring
an androgen as a listed ingredient. Our findings are in
agreement with previous studies that have also reported
discrepancies between ingredients listed on the product
label and the actual ingredients in the products (Geyer
et al., 2000, 2004, 2008; Judkins & Prock, 2012; Judkins
et al., 2010; Kamber et al., 2000; Maughan et al., 2011).
Six of 112 represents 5.4% of products tested, a per-
centage that is lower than the 10–25% reported in other
studies (Geyer et al., 2004) but on par with what was
recently reported for 67 products screened by the LGC
group on behalf of the Australian Sports Anti-Doping
Authority (ASADA), with three of 67 products tested
found to contain anabolic androgenic steroids (LGC,
2016). For all six supplements, the level of androgen
bioactivity that was measured by us was above that
measured for 20 ng T (>57 β-galactosidase units),
the detection limit of the assay for extracted steroids.
This concentration of androgen represents a real
problem because it exposes an athlete to the risk of a
positive doping violation, while for the young or
female consumer it is a potential health risk (Geyer
et al., 2008).

Sport supplements contaminated or adulterated
with AR positive steroidal molecules are a major cause
of concern because of the possible health risks to the
unsuspecting consumer. The concealment of ingredient
information may affect a consumers decision to pur-
chase a product, especially those that would opt for
natural products that are supposedly free of androgens.
Importantly, the supplements are consumed without
expert clinical practitioner advice. Our findings would
support the growing recognition of the need of inde-
pendent laboratory screen testing of all sport supple-
ments for contaminants and/or adulterants on a regular
basis so as to reduce the health risks for unaware
customers.

The analysis of supplements for undeclared andro-
gens is especially important for elite athletes. Athletes
are at risk of a positive doping test by consuming sport
supplements (Parr et al., 2011; Striegel et al., 2005). For

Figure 3 — Six supplements tested positive in the yeast
androgen bioassay. Steroid extracts from sport supplements
were tested for androgen receptor activation in the yeast
androgen bioassay. Results are presented as mean ± SEM
(n = 3). Testosterone and a DHEA-containing supplement
were included as positive controls.

14 Cooper et al.
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example, Watson et al. reported that ingestion of 5 μg of
19-norandrosterone led to the positive detection in the
urine of 15/20 volunteers (Watson et al., 2009). Similar
findings were reported in a number of other studies
demonstrating trace contamination presents a high risk
for testing positive in a sport doping test (Catlin et al.,
2000; van der Merwe & Grobbelaar, 2005). This risk
would be reduced with rigorous screening for banned
substances. However, the risk would not be eliminated
because of the pervasive introduction of novel designer
steroids.

The source of the steroid molecule activating the
AR in the six positive supplements remains unclear. The
yeast androgen bioassay is able to detect and character-
ize a range of anabolic androgenic molecules as our
previous investigations show (Akram et al., 2011;
Cawley et al., 2016; Cooper et al., 2017; Death et al.,
2004, 2005) It may be due to contamination of the
supplement as a consequence of a poor manufacturing
process. This is a reasonable option as two of the
supplements were manufactured by a company that

Table 2 Ingredients Listed on the Labels of Positive Supplements

Supplement Serving Size Ingredients

1 1 capsule Proprietary matrix: 727 mg
Basella Alba Extract, Nettle Root Concentrate, Bitter Melon
Extract, Resveratrol, Conjugated Coleonol Extract

2 6650 mg Proprietary blend: 6650 mg
Beta-alanine, Arginine-AKG, creatine monohydrate, Karbo-
lyn™, N-carbamylglutamate, Fibersol-2, Caffeine, theobro-
mine, 1,3 Dimethylamylamine, R-beta methylphenethylamine,
evodiamine

3 3 capsules Creatine di-phosphate 2250 mg

4 1 capsule Proprietary blend: 575 mg
PtychopetalumOlacoides extract, basella Rubra Extract, (25R)-
5-alpha-Spirostan-6-one-3b-ol, (25R)-4-Spirosten-3b,6b-diol

5 1–3 capsules Enzogenol extract 150 mg (equiv. Pinus radiate dry bark
(15,000 mg); d-alpha-tocopheryl acid succinate (Nat. Vit E 181
IU) 150 mg; Calcium ascorbate 128.2 mg (equiv. ascorbic acid
(Vitamin C) 100 mg; s-alpha lipoic acid 50 mg; Zinc (as amino
acid chelate) 5 mg; Manganese (as amino acid chelate)
500 mcg; Copper (as gluconate) 25 mcg; Selenium (as sele-
nomethionine) 8 mcg

6 2 capsules Ilex paraguariensis (yerba mate) leaf 336 mg; Paullinia cupana
(Guarana) seed 285 mg; coffea; Arabica (Coffee) 194 mg;
Turnera diffusa (Damiana) 108 mg; Theobroma cacao (Cocoa)
10 mg; Malpighia (Acerola) 25 mg; Phaseolus vulgaris (Kidney
bean) (seed) 10 mg; Cynara scolymus (artichoke) 10 mg;
Tyrosine 20 mg; Inositol 15 mg; Schisandra chinensis fruit
10 mg; Eleutherococcus senticosus root 10 mg; Crataegus
pinnatifida (Hawthorn) 10 mg; Zingiber officinale (Ginger) root
10 mg; Vitis vinifera 10 mg; Rubus idaeus (Raspberry) leaf
10 mg; Histidine 10 mg; Thiamin hydrochloride 1.1 mg;
Riboflavin 1.7 mg; pyridoxine hydrochloride 975 micrograms;
folic acid 16.6 micrograms; cyanocobalamin (Vitamin B12)
16.6 micrograms; calcium pantothenate 5.4 mg; calcium car-
bonate 111 mg; chromium picolinate 131 micrograms

Figure 4 — One supplement tested positive in the yeast cell
progestin bioassay. The six steroid extracts that tested positive
for androgen bioactivity were tested for progestogenic activity
using the yeast cell progesterone receptor bioassay. Results are
presented as mean ± SEM (n = 3). Progesterone (3.8 nM, EC50

concentration for assay) was used as positive control.
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also produced supplements that have declared androgens
on the label. Alternatively, the positive results may be
due to deliberate addition of androgenic molecules to
products. Both pathways of positive detection have been
previously reported for sports supplements (Judkins
et al., 2010; Maughan et al., 2011). Our study has a
detection limit of 20 ng T from extracted supplements.
This suggests that the unknown steroid concentration is
within this same range, although the concentration could
be higher if they are weak androgens or lower if they are
strong androgens. Regardless of actual amount, AR is
activated and would mediate subsequent androgenic
effects. Geyer et al. report that prohormones at similar
concentrations occurred through cross-contamination
during the manufacturing process (Geyer et al., 2008).
Since 2002, it has also been documented that nutritional
supplements have been purposely spiked with 1 mg/g of
anabolic androgenic steroids (Geyer et al., 2008). Given
our reported β-galactosidase levels, it is more likely our
androgenic bioactivity is representative of contamina-
tion, rather than adulteration, of the supplements with
androgens.

While not yet able to be integrated into routine
testing laboratories because of their well-described lim-
itations in their current forms, bioassays remain a useful
screening tool for research applications (Cooper et al.,
2013). In this study, tandem yeast and HuH7 cell
bioassays were used. The yeast cell bioassay success-
fully identified six positive supplements, with the PR
equivalent assay ruling out progestin cross-activation
creating false positives, for five of the six supplements.
The HuH7 cell assay showed that five of the six supple-
ments were positive, even with exposure to steroid
metabolizing enzymes indicating that the steroid mole-
cules may well be potent androgens, as they show
resistance to metabolism. For supplement 6, however,
the HuH7 result suggests the androgenic/progestagenic
molecule is readily metabolized. The relative metabo-
lism of these extracts indicated by the HuH7 bioassay

may help guide chemists to the eventual identification of
the androgenic molecule.

There are several limitations to the approach used in
the current study. First, sports supplements are marketed
in a variety of forms including powders, oils, tablets, and
capsules. To test their bioactivity, a steroid extraction
procedure was necessary to produce a form of the
supplement amenable for use in the bioassays. Matrix
effects prohibiting efficient extraction may have resulted
in false negatives. The method used is well-described
and used successfully for steroid extraction however
whether it is 100% effective for all matrices is conten-
tious (Parr et al., 2004). Regardless, the use of bioassays
has identified six positive findings and so if the SPE
method is limiting steroid extraction, our findings will be
an underestimate of the prevalence of undeclared andro-
gens in sports supplements sold on the Australian mar-
ket. The other significant limitation is that the bioassay
does not identify the androgen in the supplement. How-
ever, any significant androgen bioactivity represents a
health risk for the nonsuspecting consumer, or a career
risk for the unaware athlete, and the bioassay screening
quickly provides this information.

In summary of the 112 products tested, six were
found to test positive for activating the androgen
receptor in an androgen bioassay. This represented
5.4% (or approximately 1 in 20) of products tested.
The positive supplements represented primarily the
preworkout category, and hormone booster categories
(5/6). Of the formulations tested, capsules gave the
highest number of positive findings (5/6), with the other
positive being a powder (1/6). The results of this study
once again highlight that consuming sports supple-
ments involves risk: (1) for the athlete, there is the
potential for a reputation-damaging, positive doping
test and (2) for all consumers, there is the risk of adverse
health consequences from consuming exogenous
androgens.
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