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Abstract: Anabolic androgenic steroids (AAS) are some of the most common performance 
enhancing drugs (PED) among society. Despite the broad spectrum of adverse effects and legal 
consequences, AAS are illicitly marketed and distributed in many countries. To circumvent existing 
laws, the chemical structure of AAS is modified and these designer steroids are sold as nutritional 
supplements mainly over the Internet. Several side effects are linked with AAS abuse. Only little is 
known about the pharmacological effects and metabolism of unapproved steroids due to the absence 
of clinical studies. The large number of designer steroid findings in dietary supplements and the 
detection of new compounds combined with legal loopholes for their distribution in many countries 
show that stricter regulations and better information policy are needed.  
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INTRODUCTION 

 The use of anabolic androgenic steroids is a widespread 
issue not only among athletes but also in recreational sports 
as well as in the general population. In elite sports, the use of 
anabolic agents is prohibited by the World Anti-Doping 
Agency (WADA). Its list of prohibited substances covers 
exogenous synthetic steroids as well as endogenous 
androgens and precursors of androgens [1]. The majority of 
adverse analytical findings in sports reported by WADA 
laboratories is associated with anabolic steroids [2]. An ever-
increasing trend for attractive body appearance and better 
sports performance along with less effort is recognized in 
athletes and nonathletes. A large part of unapproved steroids 
is marketed as ‘dietary supplements’ in dubious stores or 
over the Internet. These products include common AAS, 
designer steroids and/or prohormones, often without proper 
labeling of the content. Even cross-contaminations of non-
hormonal dietary supplements with steroids have been 
detected [3]. The illusion that these products have none or 
minimal side effects (or can be controlled by the users), 
along with the easy access of performance or image 
enhancing drugs, increases the willingness to take ‘pills for 
everything’ [4]. 

 Data from the US suggest that 1-3 % of the inhabitants 
use anabolic steroids [5, 6]. The lifetime prevalence of AAS 
use in the US was estimated in a recent study with about 3-4 
million [7], whereby also recently another study showed that 
AAS use is even prevalent in men >40 years [8], probably 
describing aging long-term user. A recent meta-analysis of 
187 studies predicts for the first time a global lifetime 
prevalence with an estimated value of 3.3 % [9]. Pope et al. 
published an extensive review about performance enhancing  
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drugs and their health consequences earlier this year [10]. 
This review focuses on the steroidal findings of androgens in 
dietary supplements. 

STEROID HORMONES 

 Steroid hormones are lipophilic substances derived from 
cholesterol and are subgrouped based on their phar- 
macological profile and their receptor binding affinity as sex 
steroids (androgens, estrogens, gestagens) and corticosteroids 
(gluco-, and mineralocorticoids). After cleavage of the side 
chain of cholesterol by cytochrome P450 enzyme CYPscc 
pregnenolone represents the basic pregnane. Pregnenolone is 
the general precursor for the biosynthesis of androgens, 
estrogens and corticosteroids. Corticosteroids are mainly 
synthesized in the adrenal gland and regulate water and 
mineral transport (mineralcorticoids), energy metabolism 
and immune and stress response (glucocorticoids). The  
loss of C20/C21 from the molecule leads to the androgens 
and estrogens. The female sex steroids estrogens and 
gestagens are important for the development of female sex 
characteristics, the regulation of the menstrual cycle and 
maintenance of pregnancy. They also play a role in the 
regulation of spermatogenesis and sperm maturation in 
males [11]. Estrogens originate from androgens. The enzyme 
complex aromatase, CYP19, produces etradiol and estrone 
from testosterone and androstenedione respectively. Androgens 
represent the male sex steroids and are discussed in more 
detail below. In addition to the above mentioned functions, 
steroids play an important role in the brain: Peripheral 
steroids that are involved in brain functioning, so-called 
neuroactive steroids, and neurosteroids that are only 
synthesized within the central nervous system (Fig. 2).  

Androgens 

 The pharmacology of androgens and the androgen 
receptor has been extensively reviewed [12, 13]. Therefore, a 
very brief overview is given in here. Androgens are male sex 
hormones that promote androgenic and anabolic effects. 
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Besides testosterone and its 5α-hydrogenated form, the more 
active metabolite 5α-dihydrostestosterone (5α-DHT), also 
other endogenous androgens like androstenedione, dehydro- 
epiandrosterone (DHEA) and its sulfate (DHEAS), and 
androstenediol play important roles in humans. In men, 
testosterone is mainly produced in the Leydig cells of the 
testis. The ovaries in women produce androstenedione and 
testosterone [14]. The biosynthesis of androgens in the testis 
and ovaries is regulated by the hypothalamic-pituitary-
gonadal (HPG) axis. The anterior pituitary induces the 
production of testosterone through the secretion of luteinizing 
hormone (LH) after activation through gonadotropin 
releasing hormone (GnRH) by the hypothalamus. Negative 
feedback through testosterone is mediated through 
decreasing the release of GnRH by the hypothalamus as well 
as decreasing the sensitivity of the pituitary to GnRH. The 
weaker androgens are synthesized in both sexes in the 
adrenal cortex, regulated by adrenocorticotropic hormone 
(ACTH). In the bloodstream testosterone is predominantly 
bound to proteins like the sex hormone binding globulin 
(SHBG) or albumin. Transported to its target tissues, free 
testosterone mainly diffuses into the cells where it mediates 
its action itself by binding to the androgen receptor (AR) or 
is reduced by 5α-reductase to 5α-DHT or is aromatized by 
aromatase to estradiol. 

Androgen Receptor Mediated Action 

 Androgens mainly exert their effects via the androgen 
receptor, a member of the nuclear receptor superfamily [15, 
16]. AR’s are located in the cytosol stabilized by heat shock 
proteins (Hsp) and other chaperones (e.g. p23) [17]. After 
binding of an androgen this complex dissociates due to 
conformational changes within the receptor, which is then 
able to interact with coregulators that allow the AR to 

migrate into the cell nucleus and form a homodimer [13]. 
After dimerization the receptor complex binds to androgen 
response elements (AREs), specific promoter regions of the 
target genes and acts as a ligand dependent DNA-binding 
transcription factor. Heterodimers with ERα (estrogen 
receptor α) or orphan nuclear receptors are also possible but 
not so common and address different target genes [18]. AR 
action can be regulated by allosteric modulation or 
phosphorylation of the AR itself [19, 20] as well as by 
coregulators. These coregulators largely influence the 
androgen receptor and other steroid hormone receptors. 
Recent reviews summarized the importance of steroid 
receptor coregulators (SRC) [21, 22] acting as coactivators 
or corepressors by altering ligand selectivity, modification of 
DNA or histones, or acting as promoters [13, 23]. Differences 
in coregulator expression in androgen target tissues helps to 
understand the various effects of androgens. 

Non-Classical Actions 

 Besides the classical, genomic mechanism of action, 
steroid hormones are reported to act via non-genomic 
pathways [24, 25]. It is known that estrogens can interfere 
with the orphan G-protein coupled receptor (GPCR) GPR30, 
an intracellular trans-membrane receptor, and cause rapid 
steroid hormone actions [26]. Effects of rapid estrogen 
action on the behavior in humans have been reviewed 
recently [27]. Progesterone and androgens have the ability to 
interact via non-genomic pathways as well [28, 29]. Non-
classical testosterone actions were observed mediating their 
effects in several tissues (reproductive, cardiovascular, 
immune and musculoskeletal systems) [29, 30]. Signaling 
pathways via a SHBG receptor or interaction of androgens 
with tyrosine kinases which alter coregulator function by 
phosphorylation, as well as membrane associated ARs 

 

Fig. (1). Modifications of the testosterone molecule to yield designer anabolics. Chemical structure of testosterone (center) with examples 
for possible modifications of the molecule (R: acyl; R‘: alkyl; X: carbon, nitrogen, oxygen; Y: methyl, hydroxyl, oxo, bromo, chloro; Z: oxo, 
hydroxyl). 
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affecting intracellular Ca2+ levels or allosteric modulation of 
GABAA receptors are discussed [18, 31-33]. Recently, a 
group supported the assumption of rapid androgen signaling 
mediated via a membrane bound GPCR [34]. 

PHYSIOLOGICAL EFFECTS OF AAS 

 As the name implies, androgens play a key role in 
reproduction, sexual maturation and differentiation in males, 
but also have an important impact in normal human 
development and physiology in general. Reviewers showed 
the importance of the AR and androgen action in  
several tissues [35]. Depending on the target tissue, different 
androgens are the main endogenous ligand. The existence of 
5α-reductase is a sign for effects mostly derived from 5α-
DHT whereas aromatase activity is an indication that besides 
testosterone estrogens may play a role in signaling. Studies 
using AR knockout mice helped to discover the importance 
of estrogen action in androgen target tissues. Investigations 
using AR knockout mice (ARKO) have been reviewed by 
Chang et al. [36], showing many key roles and locations of 
AR and its significance in production and maturation of 
immune cells, bone mineralization, and muscle growth, 
regulation of insulin sensitivity and glucose homeostasis in 
brain and liver, cutaneous wound healing and cardiovascular 
diseases. As mentioned above the androgens testosterone  
and 5α-DHT regulate the development of the testis, 
spermatogenesis and differentiation of secondary male sex 
characteristics, whereby even the female sex steroid estrogen 
is involved in regulation of spermatogenesis and sperm 
maturation [11]. 

 The anabolic effects of androgens are an increase of 
skeletal muscle mass and strength whereby the mechanism 
of action is not fully understood. AR mediated actions as 
well as AR independent pathways are suggested [37]. ARs 
are expressed in several cell types in human skeletal muscle, 
including satellite cells, fibroblasts, CD34+ precursor cells, 
vascular endothelial, smooth muscle cells, and mast cells 
[38]. In the skeletal muscle testosterone itself seems to be the 
acting hormone because no 5α-reductase activity is observed 
in these cells [12]. It induces hypertrophy of type 1 and 2 
fibers and increases the number of muscle progenitor cells 
(satellite cells) and promotes their myogenic differentiation 
[38]. These changes in skeletal muscle lead to improved 
muscle strength and leg power [39, 40].  

 Besides AR both estrogen receptor isoforms ERα and 
ERβ are expressed in human skeletal muscle [41]. ERβ is 
also reported to mediate anabolic effects [42]. Another effect 
of androgens is the up-regulation of insulin-like growth 
factor-I receptor (IGF-IR) [43]. 

 Additionally androgens affect bone maturation. Thereby 
AR action is important for trabecular and cortical bone 
maintenance, whereas for the latter estrogens play a part as 
well [44]. Evidence is emerging that androgens may protect 
men against osteoporosis via maintenance of cancellous 
bone mass and expansion of cortical bone. This effect was 
mediated by the AR and ERα [45, 46]. 

 Recent epidemiological data showed a correlation 
between low testosterone levels in men and incidence of 
cardiovascular disease and stroke [47]. 

 Behavioral effects of androgens include sexual behavior, 
cognitive abilities, aggression and mood [12, 48]. In adults, 
testosterone levels showed a positive correlation with good 
mood and negative correlations with anxiety and depression 
[12]. A clinical study in hypogonadal men showed a 
connection between testosterone administration and decrease 
in depressive symptoms [49]. High testosterone levels are 
often linked with aggressive behavior without resolved 
mechanism. A recent animal study with castrated macaques 
showed that androgens stimulated serotonin related gene 
expression [50], contradicting earlier studies that found low 
serotonin being one reason for androgen induced aggression 
[51]. Neuroprotective effects are currently discussed. The 
neural brain AR in rats increased remyelination, and aging 
men with low testosterone showed signs of Alzheimers 
disease [52, 53]. Other important target tissues of androgens 
are the liver, kidney, skin, and fat tissue. Adipose tissue has 
a considerable aromatase activity. Thereby the androgen 
testosterone is converted into estradiol. 5α-DHT is mostly 
inactivated due to 3α-hydroxy steroid dehydrogenase (3α-
HSD) activity in adipose tissue [54]. An increase in androgen 
levels throughout gestation is likely to be important for 
establishment and maintenance of pregnancy and initiation of 
parturition [55]. 

ADVERSE EFFECTS 

 However, AAS abuse is associated with various  
adverse events in different androgen target tissues and has 
been reviewed extensively elsewhere [10, 56]. Pope et al. 
categorize adverse events in cardiovascular, neuroendocrine, 
neuropsychiatric, hepatic, musculoskeletal, kidney, immune 
and dermatologic effects. Common side effects of AAS 
abuse include virilization and menstrual irregularities in 
females, gynaecomastia mediated by an excess of estrogenic 
metabolites and decreased sperm count and testicle size in 
men, infertility, altered lipid metabolism, decreased glucose 
tolerance, hypertrophy of sebaceous gland, acne, hair  
loss and liver toxicity in both sexes. In adolescents an 
acceleration of bone maturation and premature closure of the 
epiphysis lead to cessation of the longitudinal growth. 

 Additionally, adverse cardiovascular effects after AAS 
abuse are widely reported [57-60]. Recent studies repeatedly 
confirmed this. A forensic study in polydrug abusing AAS 
users showed an obvious number of cardiovascular diseases 
[61]. Again, case reports revealed the connection between 
myocardial infarction [62], myocardial hypertrophy and 
hypertension with AAS abuse [63]. A group postulated 
possible subclinical markers for these cardiac effects. They 
associated long-term supraphysiological doses of AAS with 
higher values of intra- and interatrial electrochemical delay 
in healthy young bodybuilders [64]. Another research group 
confirmed in a cross-sectional study increased markers of 
cardiovascular risk and endothelial dysfunction [65]. To 
investigate how endothelial dysfunction might arise after 
AAS use, a supraphysiological dose of testosterone was 
administered to 17 young males. Decreased urinary nitric 
oxide levels and decreased antioxidative capacity were detected 
as well as lower expression of endothelial NO synthase in a 
cell model [66]. A mechanism how AAS may influence 
cardiovascular health was postulated recently. In this study, 
the androgen fluoxymesterone has shown to inhibit 11β-
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hydroxysteroid dehydrogenase, which may lead to decreased 
glucocorticoid inactivation and therefore to cortisol-induced 
mineralcorticoid receptor activation ending up in electrolyte 
disturbances. This could cause possible hypertension [67]. A 
recent study in recreational sports was conducted in 17 men 
given either the prohormone 3β-hydroxy-5α-androst-1-en-
17-one or placebo where the treated group showed negative 
effects on cardiovascular and liver parameters [68].  
 The central nervous system is another important target 
for AAS side effects. There are several studies describing 
psychiatric symptoms after AAS abuse like major mood 
disorders, aggressive behavior, dependence syndrome, or 
cognitive effects [51, 69]. Neuroprotective as well as 
neurotoxic effects of testosterone are discussed. Apoptotic 
effects of AAS are present in several cell culture models 
regarding different cell types [70, 71]. Neurotoxic effects 
due to apoptotic mechanisms are emerging [72]. A study 
using neuronal cells treated with testosterone or AAS 
showed neurotoxic effects via a genomic as well as a  
non-genomic pathway with a membrane-bound AR being  
the more potent target [73]. The administration of 
supraphysiological doses of metandienone and 17α-
methyltestosterone promotes apoptotic pathways in AR 
expressing neuron cells only [74]. Cognitive deficits in a 
human study after long-term high-dose AAS exposure were 
investigated recently [75]. Increased sensitivity towards 
psychopathological disorders has been reviewed in regard of 
pubertal AAS use in preclinical models and humans [76].  
 Major mood disorders are connected with AAS use as is 
shown in humans [77] and animals. An animal study in rats 
showed that nandrolone and stanozolol administration 
resulted in pathophysiological signs of major depressive 
disorder like decreased levels of brain-derived neurotrophic 
factor (BDNF), lowered expression of glucocorticoid receptors, 
and an increase in corticosterone levels (the stress hormone 
in rodents) whereas the antidepressant chlorimipramine 
antagonized these effects [78]. Investigations of depressive 
but not anxious symptoms linked to changes in dopaminergic, 
serotonergic and noradrenergic neurotransmission of 
nandrolone exposed rats [79] are partly inconsistent with a 
recent study describing serotonergic and noradrenergic 
changes in neurotransmission as well as depressive and 
anxious behavior in rats [80]. 
 Observations of aggressive behavior caused by AAS use 
are described in human and animal studies [81, 82]. 
Aggression might be linked with anxiety in animals and 
involves several brain circuits that are affected by AAS [83]. 
Animal studies showed impact on the glutamate, the 
GABAergic, the serotonergic and dopaminergic system as 
well as on tachykinin and encephalin pathways [84-88]. A 
recent controlled study in healthy young males investigated 
the potential of testosterone towards aggressive behavior. A 
testosterone baseline was established after administering a 
GnRH antagonist (cetrorelix acetate). Physiological doses of 
testosterone rapidly increased the response of neural circuits 
mediating threat processing and aggressive behavior, 
probably via non-genomic pathways [89]. 
 Steroid dependence is another severe and perhaps 
underestimated adverse event of AAS abuse. Data from the 

Anabolic 500 survey showed that almost one quarter of AAS 
users were dependent on these drugs [90]. The relatively 
high prevalence of AAS use in the US (about 4 mio.) is 
accompanied by roughly 1 million users who might have 
experienced AAS dependence [7].  

DESIGNER ANDROGENS 

 Androgenic anabolic steroids are derived from the 
endogenous androgens testosterone and 5α-DHT. Chemical 
modifications of these molecules aimed towards more 
selective anabolic properties, higher oral bioavailability, 
optimized pharmacokinetics and minimized estrogenic side 
effects. Attempts to separate androgenic from anabolic 
activity entirely failed. However, there are some AAS with a 
relatively high anabolic-androgenic index (e.g. stanozolol, 
nandrolone), which means the anabolic effects exceed the 
androgenic effects but are still inseparable. 17α-Methylation 
enables oral administration by decreasing inactivation during 
first pass metabolism however liver toxicity increases at the 
same time [56]. Reduction of estrogen-related side effects 
can be achieved by elimination of the C19-methyl group, 
introduction of a 1,2-double bond or methylation at C2, not 
allowing the aromatase enzyme complex for aromatization of 
the A-ring, but still cannot be avoided completely [91-94]. 
Further modifications include methylation, halogenation  
or hydroxylation at C-1, C-2, C-4, C-6, C-7, or C-11, or 
introduction of additional double bonds in ring A, B and/or 
C, as well as attachment of an additional ring at C-2/C-3 [12, 
95] (Fig. 1). 

 Precursors of active hormones with only little intrinsic 
effects are often called prohormones. Today, this term is 
mainly used for prohormones of anabolic androgenic 
steroids with testosterone or nortestosterone being the 
corresponding active hormones (e.g. 19-norandrostenedione, 
4-androstenediol). 

 The inhibition of the enzyme complex aromatase is 
therapeutically used in estrogen depending cancer [96]. In 
combination with anabolic steroids they are administered in 
order to reduce side effects like gynocomastia resulting from 
estrogenic metabolites [91]. Additionally, they are discussed 
to increase endogenous testosterone levels by reducing its 
metabolic conversion and thereby leading to muscle 
hypertrophy [97]. Aromatase inhibitors (as well as other 
anti-estrogens) are prohibited substances in sports according 
to regulations of the World Anti-Doping Agency [1], and can 
be subgrouped into steroidal (type-I, e.g. exemestane) and 
non-steroidal (type-II, e.g. anastrozole) inhibitors [98, 99]. 
Several steroids appeared on the dietary supplement market, 
that are advertised to result in aromatase inhibition  
(e.g. formestane, androst-4-ene-3,6,17-trione, androsta-1,4,6-
triene-3,17-dione, and 6α-methylandrost-4-ene-3,17-dione) 
[100-102]. The chemical structures of steroidal aromatase 
inhibitors are closely related to those of anabolic androgenic 
steroids.  

 More recently so-called selective androgen receptor 
modulators (SARMs, examples in Fig. 3) got the attraction 
of the pharmaceutical industry. They promote full agonistic 
action in muscles and bones while only partial or 
antagonistic effects in the prostate [103]. Like aromatase 



Synthetic Androgens as Designer Supplements Current Neuropharmacology, 2015, Vol. 13, No. 1    93 

inhibitors, they are divided in steroidal (e.g. 7α-methyl-19-
nortestosterone) and non-steroidal (e.g. Andarine) types. A 
recent review updates the developments of SARMs [104]. 
Some clinical trials involving non-steroidal SARMs are 
currently ongoing but approved drugs are still missing. 
Nevertheless they are listed on the WADA prohibited list 
and adverse analytical findings in doping control already 
occurred (S-4, Andarine) [105]. Positive findings of Andarine 
(S4) as well as MENT (7α-methyl-19-nortestosterone) and 
its prodrug 7α-methyl-19-norandrost-4-ene-3,17-dione in 
‘dietary supplements’ were also reported recently [106, 107].  

DESIGNER SUPPLEMENTS 

 To avoid legal consequences with regard to trading or 
using androgenic anabolic steroids, chemical modifications 
of existing approved or prohibited substances have  
been realized [95]. Only testosterone, nortestosterone, 
dihydrochlormethyltestosterone (DHCMT), metenolon, 
metandienone, methyltestosterone, oxandrolone, 
fluoxymesterone, stanozolol, formestane, 5α-DHT, and 
DHEA, have ever been approved for therapeutical use in 
humans. Aside from these substances any institution has 
never approved other steroids, and therefore their effects, 

side effects or metabolism are not well investigated. In 
addition to the above mentioned effects and side effects of 
AR agonists the designer steroids may also display side 
effects related to an activation of other steroid receptors, e.g. 
the glucocorticoid receptor (GR) in case of tetrahydro- 
gestrinone [108]. The first designer steroid that has never 
been marketed as approved drug before was DHCMT, which 
has been used in regard to doping purposes by athletes. In 
the early 2000s norbolethone, tetrahydrogestrinone (THG, 
‘The Clear’) and desoxymethyltestosterone (madol, DMT) 
were marketed as ‘undedectable’ steroids by the US 
‘nutritional supplement’ company BALCO whereby the 
identification of their structures started in 2002 [109-112]. 
Since then, an increasing number of designer steroids 
appeared, mainly marketed as supplements (Table 1). Only 
recently methylstenbolone was discovered as a new designer 
steroid [113].  

 

 
Fig. (3). Structures of steroidal and non-steroidal SARMs: (I) 
Andarine/S-4, (II) MENT, (III) MK-0773. 

 
 The legal status of designer steroids differs from country 
to country. In most countries, they are regarded as controlled 
substances. In the US most anabolic steroids are classified  
as schedule III controlled substances, which means that 
already possession is classified as offense [114]. In 2005 
prohormones were also included in the list of controlled 
substances by the ‘Anabolic Steroid Control Act’ [115]. By 
the term ‘chemically and pharmacologically related to 
testosterone (other than estrogens, progestins, corticosteroids, 
and dehydroepiandrosterone)’ designer steroids may also be 
regarded as controlled substances. Recent developments in 

 

Fig. (2). Structures of some important neurosteroids: (I) Pregnenolone, 
(II) DHEA, (III) Allopregnanolone, (IV) Tetrahydrodeoxycorticosterone. 
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Table 1. Recent findings of designer steroids in “dietary supplements” since 2002. 

Chemical Name (IUPAC) Trivial Name References 

17β-Hydroxy-2α,17α-dimethyl-5α-androstan-3-one 2) Methasterone [122, 129-134] 

17β-Hydroxy-17α-methyl-5α-androst-1-en-3-one 1)   [131] 

4,17β-Dihydroxyandrost-4-en-3-one 1) 4-Hydroxytestosterone [135, 136] 

5α-Androstane-3β,17α-diol   [137] 

Androst-4-ene-3β,17α-diol   [137] 

5β-Androst-1-ene-3β,17β-diol   [137] 

5β-Androst-1-ene-3α,17β-diol   [137] 

17β-Hydroxy-5α-androstano-[3,2-c]-pyrazol 2) Prostanozol [130] 

6α-Methylandrost-4-ene-3,17-dione 2)   [102, 130, 132] 

3β-Hydroxy-5β-androstan-17-one Epietiocholanolone [132] 

17β-Hydroxy-17α-methyl-5β-androstan-3-one 5β-Mestanolone [132] 

17α-Methyl-5α-androst-2-en-17β-ol Desoxymethyltestosterone, DMT, Madol [132, 138, 139] 

4-Chloro-17α-methylandrost-4-ene-3α,17β-diol   [133] 

Androst-4-ene-3,6,17-trione 6-Oxoandrostenedione, 6-Oxo [140, 141] 

Androsta-1,4,6-triene-3,17-dione 2) Androstatrienedione [142-144] 

3β-Hydroxyandrost-4-ene-7,17-dione 7-Keto-DHEA [145] 

6α/β-Bromoandrost-4-ene-3,17-dione 6-Bromandrostenedione [139, 146] 

17α-Methyl-5α-androstane-3α,17β-diol   [146] 

Estra-4,9-diene-3,17-dione Trenbolox [123, 139, 147] 

17β-Acetoxy-17α-methylandrost-5-ene-3β,7β-diol MbAEt [139] 

3β-Hydroxy-5β-androstan-17-one Epiandrosterone [139] 

2α,3α-Epithio-17α-methylandrostan-17β-ol 2) 2a,3a-Epithio-17a-methyletiocholanol [123, 139] 

3-Tetrahydropyranoloandrost-4-ene-6,17-dione 6-KetoDHEA [139] 

Androsta-1,4-diene-3,17-dione Boldione [139] 

3β,7β-Dihydroxyandrost-5-en-17-one 7β-Hydroxy-DHEA [139] 

3α-Acetoxy-5α-androstan-17-one Androsterone acetate [139] 

5α-Androst-1-ene-3β,17β-diol 1)   [139] 

17β-Hydroxy-17α-methyl-5α-androstan-3-oxime 2) Mestanolon-oxim [139] 

5α-Androstane-3,17-dione-bis-oxim   [139] 

17β-Hydroxy-5α-androstano-[3,2-c]-isoxazol 2)   [123, 139, 147-149] 

17β-Hydroxy-5α-androstano-[2,3-d]-isoxazol 2)   [123, 139, 147-149] 

6ξ-Hydroxyandrost-4-ene-3,17-dione   [123, 142] 

3ξ-Hydroxyandrost-4-ene-6,17-dione 6,17-Keto-etiocholeve-3-ol-tetrahydropyranol [144] 

4,17α-Dimethylestra-1,3,5-trien-17β-ol M1,4ADD (Methyl-1,4-androstadiene-3,17-diol) [150] 

17β-Hydroxy-17α-methylandrosta-4,6-dien-3-one Jungle Warfare [123, 139, 151] 

3β-Hydroxy-5α-androst-1-en-17-one 1-Androsterone, 1-DHEA [139, 152, 153] 
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Table 1. contd…. 

Chemical Name (IUPAC) Trivial Name References 

Androst-4-ene-3,11,17-trione Andrenosterone, 11-Oxo [123, 139, 154] 

4-Chloro-17β-hydroxy-17α-methylandrosta-1,4-dien-3-one 1) DHCMT [100, 139] 

4-Chloro-17β-hydroxy-17α-methylandrost-4-ene-3,11-dione 2) Oxyguno, 4-Chloro-11-oxo-methyltestosterone [123] 

17β-Hydroxy-2,17α-dimethyl-5α-androst-1-en-3-one 17-Methyl-stenbolone [113, 122, 134, 155] 

17β-Tertrahydropyranol-5α-androstano-[3,2-c]-furazan2)   [155] 

17α-Methyl-2β,3β-epithio-5α-androstan-17β-ol   [138] 

17α-Methyl-5α-androst-3-en-17β-ol   [138] 

17β-Hydroxy-2α,17β-dimethyl-5α-androstan-3-one-azine Dimethazine [124] 

7α-Methyl-estr-4-ene-3,17-dione 7α-Methyl-19-norandrost-4-ene-3,17-dione [107] 

17β-Hydroxy-7α-methyl-estr-4-en-3-one	   MENT [107] 
1listed in the ‘Anabolic Steroid Control Act’, 2listed in the ‘Designer Anabolic Steroid Control Act 2014’. 

 

updating the legal status of designer steroids are ongoing.  
A new version of the designer steroid control act was 
introduced to the US senate in 2014 literally naming 27 new 
steroids [116].  

 The legal status of dietary supplements is also not clear 
in several countries. In the United States, the ’Dietary 
Supplement Health and Education Act’ (DSHEA) classifies 
dietary supplements as a subcategory of food, allowing 
manufacturers to distribute their products without submitting 
proof of safety or efficacy to the Food and Drug 
Administration (FDA). Potential ingredients are vitamins, 
minerals, botanicals, amino acids, concentrates, metabolites, 
extracts, etc. Therefore it is possible to sell AAS containing 
supplements until the FDA or another administrative agency 
classifies otherwise. In the European Union, the European 
Food Safety Authority (EFSA) defines dietary supplements 
as ‚concentrated sources of nutrients or other substances with 
a nutritional or physiological effect, alone or in combination, 
marketed in dose form, namely forms such as capsules, 
pastilles, tablets, pills and other similar forms, sachets of 
powder, ampoules of liquids, drop dispensing bottles, and 
other similar forms of liquids and powders designed to be 
taken in measured small unit quantities’ [117]. Medicinal 
products are defined as ‚any substance or combination of 
substances presented as having properties for treating or 
preventing disease in human beings; or any substance or 
combination of substance which may be used in or 
administered to human beings either with a view to restoring, 
correcting or modifying physiological functions by exerting 
a pharmacological, immunological or metabolic action, or to 
making a medical diagnosis’ [118, 119]. Hence, dietary 
supplements are categorized as foodstuff in almost every 
country and a strict discrimination from pharmaceuticals 
remains complex. Often, the difficulty in classifying these 
products exists not because of the ingredients but of its 
presentation [120]. 

 Several investigators showed the presence of designer 
steroids, prohormones, aromatase inhibitors, and SARMs in 

products marketed as dietary supplements (Table 1). 
Probably due to insufficient quality control procedures 
during the production of steroid containing preparations 
cross-contaminations have been detected in non-hormonal 
dietary supplements as well [3, 121]. Only recently 
contaminated nutritional supplements appeared where 
vitamin B capsules contained the designer steroids 
methylstenbolone and methasterone [122]. Supplements 
containing steroids that are not or falsely labelled have also 
been identified [123]. Dimethazine (17β-hydroxy-2α,17β-
dimethyl-5α-androstan-3-one-azine), a steroid dimer 
consisting of two methasterone (17β-hydroxy-2α,17α-
dimethyl-5α-androstan-3-one) molecules linked with an 
azine group, was detected in a dietary supplement [124]. A 
case report shows severe adverse events in connection with 
this steroid [125]. Phytoecdysteroids show anabolic effects 
with very little androgenic action and may therefore represent 
a new therapeutical as well as a doping alternative [126]. 
Effects on skeletal muscle seem to be mediated via ERβ 
[127]. Like aromatase inhibitors, selective estrogen receptor 
modulators (SERMs) are administered by AAS user to 
reduce androgenic side effects. For instance tamoxifen was 
found recently in a dietary supplement [128].  

 The detection of designer steroids remains a challenging 
task because often reference material is hardly commercially 
available. 

CONCLUSION 

 The large number of positive findings of designer 
steroids in dietary supplements together with the discovery 
of new structures shows the importance of further research in 
this field. The easy access of designer steroids and readiness 
of many users to take supplements with often unknown 
content needs to be stricter regulated by authorities. 
Immense health risks may arise from the ingestion of 
underinvestigated ingredients. The complex production and 
trade of dietary supplements needs collaborative inter- 
national intervention. 
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