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Abstract 

Selective androgen receptor modulators (SARMs) are substances of increasingly interest in the medical area due to the 
anabolic effect on muscle and bone tissue. Even if they aren`t yet introduced into therapy, they are in various stages of 
experimental and clinical research for pathologies involving catabolic states in protein metabolism. These molecules manage 
to dissociate the anabolic effect from the virilising effect, compared with androgenic hormones, due to the non-steroidal 
structure that they detain. Having this pharmacological advantage, besides the possibility of being orally administered, these 
substances are used illegally by athletes and bodybuilders. It is important to note that SARMs are prohibited for performance 
athletes by World Anti-Doping Agency (WADA), but the concern is that they can be easily obtained from various uncertain 
sources. Moreover, their pharmacotoxicological profile is not clearly known, so their chronic administration, in high doses, 
represents a possible risk for the health. 
 
Rezumat 

Modulatorii selectivi ai receptorilor androgenici (SARM) sunt substanțe de interes crescut în aria medicală datorită efectelor 
anabolice la nivelul țesutului muscular și osos. Chiar dacă nu sunt introduse încă în terapie, sunt incluse în diverse stadii de 
cercetare experimentală și clinică pentru tratarea patologiilor cu stări catabolice în metabolismul proteic. Aceste molecule reușesc 
să disocieze efectul anabolic de cel virilizant, în comparație cu hormonii androgeni, datorită structurii lor nesteroidice. 
Deținând acest avantaj farmacologic, pe lângă posibilitatea de a fi administrate oral, aceste substanțe se utilizează în scop ilicit de 
către atleți și culturiști. Este important de menționat faptul că aceste substanțe sunt interzise sportivilor de performanță de către 
World-Anti Doping Agency (WADA), dar totuși pot fi ușor de procurat din diverse surse nesigure. În plus, profilul lor farmaco-
toxicologic nu este suficient cunoscut, deci administrarea cronică, în doze mari, reprezintă un posibil risc pentru sănătate.  
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Introduction 

Selective androgen receptor modulators (SARMs) 
are substances with anabolic activity and of great 
interest over the last two decades in the medical area, 
being considered a possible therapeutic pathway for 
pathologies involving bone damage, weakness or 
muscle atrophy [5, 35, 37]. 
As their name suggests, SARM molecules act 
selectively as agonists on the androgen receptors 
located in the muscle and bone tissue, without 
influencing the receptors located in androgen 
dependent tissues (testis, prostate, skin). Although 
they are considered to have an important therapeutic 
potential in muscle or bone disorders, the concern is 
that there is no clear evidence of their safety in chronic 
administration and the adverse effects produced are 
not certainly known. These substances have been 
discovered since 1998, and despite the passage of 
time, they have no marketing approval and cannot be 
used in therapy, although there are a variety of studies 

that sustain their usefulness in cachexia, sarcopenia, 
osteoporosis or hypogonadism and even in a certain 
type of breast cancer, inhibiting the development of 
tumours and stopping metastasis [7, 22, 26, 27, 28]. 
In terms of structure characteristics, these molecules 
are divided into four categories: bicyclic hydantoins, 
quinolines, tetrahydroquinolines and arylpropionamide 
analogues. The arylpropionamides category was 
discovered using bicalutamide as structural model. 
It is also supposed that the initiative of developing 
these molecules derived from the SERM concept 
(selective estrogen receptor modulators) [42]. 
The great advantage of SARMs concept in medical 
area is to substitute testosterone replacement therapy 
in certain pathologies like hypogonadism, due to 
the lack of steroid-related side effects in long-term 
administration, with high oral bioavailability, good 
absorption rate, being considered a wonderful steroid 
alternative [20, 29]. 
There are a number of studies provided by the scientific 
literature describing research on phase I, II or even 
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phase III clinical trials performed to sustain the efficacy 
of SARMs in the treatment of sarcopenia, muscle 
wasting in cancer patients and even studies regarding 
the pharmacokinetic drug interactions between SARMs 
and other drugs [3, 6, 30, 8]. In addition to studies 
describing the therapeutic efficacy, scientific literature 
outlines the doping control methods [40]. Due to the 
advantages regarding the specificity and selectivity 
of action only on bone and muscle tissue, these 
substances are used as doping agents by athletes, 
bodybuilders, and also among adolescents, being 
categorized as “body image enhancing drugs”. 
The aim of this mini-review is to highlight that the 
discovery of SARMs is beneficial for the future 
development of novel therapies with minimal side 
effects, in pathologies with bone or muscle 
impairment, but the abuse of certain SARMs sold 
on the black market or via the internet represent a 
real risk for the health because their long-term 
effects aren`t sufficiently studied. Moreover, these 
substances available as food supplements may contain 
other components besides the molecule of interest, 
not being controlled and tested properly.  
 
SARM-mechanism of action 

The androgen receptors (AR) are classified as nuclear 
receptors, having as physiological ligands the hormone 
testosterone and its active form, dihydrotestosterone. 
The localization of AR receptors is various on human 
body, but they are predominant in testis, prostate, 
skin, muscles, bones, brain. It is important to mention 
that testosterone acts to the AR receptors located in 
muscles and bones, but the AR receptors located in 
skin, testis, prostate have as physiological agonist, 
dihydrotestosterone (biosynthesized from testosterone 
under the action of the enzyme 5α-reductase) [33]. 
SARMs act as agonists to the AR receptors located 
in bones and muscles, being antagonists (in the 
presence of dihydrotestosterone) to the AR located 
at the level of androgen dependent tissues (testis, 
prostate, skin etc) [16, 47]. 
There are recent studies focusing on the improvement 
of binding the SARM molecule to the AR, taking 
into account changes in the structure of the molecule 
so as to increase its lipophilicity to cross more easily 
the cell membrane and to improve the efficacy of the 
substance [2, 4, 15, 24]. A similar optimization was 
applied when discovering ostarine molecule, starting 
from the structural model of andarine. The difference 
between andarine (S-4) and ostarine (enobosarm), 
besides the molecular structure, is the half-life. 
Andarine has a half-life of 4 hours, compared to 24 
hours half-life for ostarine. Moreover, ostarine has 
stronger anabolic effects, may be administered in 
smaller doses and once daily, compared to andarine 
[9, 14, 19]. Regarding ostarine, named also as GTx-024 
or enobosarm, Ponnusamy S. et al. demonstrated a 

beneficial effect on the growth of pelvic floor muscle 
mass in post-menopausal ovariectomized mice, as 
such, these molecule could become effective in stress 
urinary incontinence [32].  
SARMs real advantages lie in the fact that they do 
not have a steroidal structure like androgen hormones, 
not being substrates for type 2 5α-reductase [25]. The 
enzyme 5α-reductase is present mostly in male sexual 
organs, hair follicles, but not in anabolic tissues such 
as bone and muscle, which explains SARM tissue 
selectivity, managing to dissociate the anabolic action 
from the androgenic action.  
On the other hand, these structures are not substrates 
for aromatase and are not transformed into oestrogens, 
so they do not affect the hypothalamus-pituitary axis. 
Physiologically, testosterone and oestradiol negatively 
regulate through negative-feedback the hypothalamic 
pituitary axis, with the decrease of circulating levels 
of testosterone [12, 23, 44, 45]. 
 
Differences between SARMs and testosterone 
derivatives 

As it is known, the use of anabolic substances with the 
potential to enhance athletic performance is prohibited 
by the regulations of World Anti-Doping Agency 
(WADA). Regarding their anabolic effects on bone 
and muscle tissues, SARMs are used for doping 
purposes and are listed on the the Prohibited list of 
WADA since 2008, in the anabolic agents category 
(S1) [48, 49]. Although there are not studies regarding 
their safety in chronic administration, they can be 
bought freely from the internet or through the black 
market. There are studies in which these substances 
have been found in other non-controlled preparations 
sold on the black market or showed differences 
between the claimed composition and the real 
composition when tested in laboratory [43, 38]. 
The difference between doping with steroids, 
respectively with SARMs, is that the long-term side 
effects such as hypogonadism due to hypothalamic-
pituitary axis suppression, gynecomastia, testicular 
atrophy, sexual dysfunction or alopecia usually 
occurring after administration of testosterone derivatives 
do not appear, due to the non-steroidal structure 
detained [34]. Other side effects produced by chronic 
administration of steroids are arrhythmia, dyslipidaemia, 
pathological remodelling in the heart, hypertension, 
thrombosis, erythrocytosis, neuro-psychiatric and 
behavioural disorders, effects that are not described 
after SARMs administration [11, 46]. 
Moreover, recent studies suggest the beneficial action 
of SARMs at the level of AR receptors located in 
the central nervous system. SARM RAD140 proved 
to have positive effects in neuronal cells, reducing 
the apoptosis process [17].  
To make the differences clearer between SARMs 
and testosterone (T) derivatives characteristics, the 
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pharmacokinetic, pharmacodynamic and pharmaco-
toxicological aspects are highlighted in the table 

below (Table I). 

Table I 
The differences between SARMs and testosterone derivatives regarding the pharmacokinetic, pharmacodynamic 

and pharmacotoxicological aspects 
Testosterone derivatives SARMs 

Pharmacokinetic aspects 
The route of administration for the majority of the T 

derivatives is by injection (intra-muscular) and the plasmatic 
concentrations are fluctuant. 

The route of administration is oral, having good 
bioavailability, increased absorption rate, prolonged effect, 

being administered once daily. 
Pharmacodynamic aspects 

Their action is nonspecific, influencing all AR. Acts specifically and selectively on the AR from muscle and 
bone tissue.  

Pharmacotoxicological aspects 
Reproductive system disorders (e.g. hypogonadism, prostate 

hyperplasia) 
Without damage or minimal effects on the reproductive 

system 
Behavioural and aggressive disorders Insufficient studies 

Liver damage [11,18] Insufficient studies 
Dermatological side effects (acne) Insufficient studies 

Gynecomastia and feminising signs in men Without feminizing signs 
Cardiac system disorders    Insufficient studies 

Alopecia Without alopecia tendency 
 
Regarding the pharmacological profile of SARMs 
highlighted in Table I, it can be concluded that these 
substances do not have a clearly defined pharmaco-
toxicological profile, despite the pharmacokinetic 
and pharmacodynamic advantages and despite the 
years since they were discovered. This matter raises 
a question mark regarding their safety in chronic 
administration. 
 
Analytical aspects in doping control 

Currently, scientific literature offers a variety of studies 
on different LC-MS/MS (liquid chromatography 
tandem mass spectrometry) methods for identifying 
and quantifying these compounds in different biological 
matrixes (plasma, urine) for doping control, evidence 
that these substances are of widespread use and are of 
major interest in the athletic community [21, 36, 39].  
Liquid chromatography coupled with mass spectrometry 
is an advanced method used in clinical laboratories 
due to the advantages of detecting molecules in 
extremely low concentrations (pg/mL), specificity, 
sensitivity, short analysis times, being considered a 
“gold standard” for the determination of hormones 
and doping agents from complex biological matrices 
[10]. Referring to andarine, also called acetamido-
xolutamide, GTx007 or S-4, a case report was described 
in an in-competition female athlete urine sample, in 
which glucuronidates metabolites were detected, 
proving that the athlete used andarine for illicit 
purposes [13]. Since 2010, the number of doping cases 
has increased in time [1, 41]. 
Following the controversy in the literature, the 
conclusion would be that clinical trials that monitor 
the adverse effects of these compounds are difficult 
to achieve, primarily because they are not ethical 

due to the high doses used in doping. Another issue 
would be that some of the substances used are not 
registered as SARMs or can be found hidden in 
food supplements, so the only way to inform about 
this are reported cases or retrospective studies and 
research on experimental animals. 
Although there are a variety of studies on LC-MS 
or GC-MS methods for detecting the doping with 
SARMs, it seems that they should still be optimized to 
avoid the false results due to the structural similarity 
of active metabolites of SARMs with androgen receptor 
antagonists such as flutamide [31]. 
 
Conclusions 

SARMs are still intensively investigated regarding 
the development of new candidate molecules that 
could substitute testosterone replacement therapy in 
different pathologies, in order to avoid the related 
side-effects after chronic administration. 
Being consumed for doping purposes due to their 
specific mechanism of action, more studies regarding 
their pharmacotoxicology should be conducted to 
investigate their risks after long-term administration. 
Furthermore, the pharmaceutical forms available from 
different unsafe sources, do not have the certainty 
about the identity, quality, quantity of the molecule 
of interest.  
Doping control methods (especially LC-MS methods) 
should still be optimized to identify and quantify, 
selectively and specifically, as low as possible 
concentration levels of SARMs in different biological 
matrices, in order to decrease the temptation to be 
consumed for illicit purposes. 
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