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Synthetic ligands of androgen receptor (AR) are a standard in the treatment of androgen deficiency. One of the effects
of androgen deficiency is the disturbance in the homeostasis of lipid metabolism. Till date, there are no effective
compounds developed to treat androgen deficiency without having any side effects. Nonsteroidal selective androgen
receptor modulators (SARMs) are a promising solution for various clinical indications. In this study, we investigated the
effect of ostarine (enobosarm), a nonsteroidal SARM, on the rat adipocyte metabolism using in vitro techniques. Isolated
rat adipocytes were incubated in the presence of different concentrations of ostarine. Control incubation with
testosterone as the natural ligand for AR was performed. AR inhibitors were used to investigate the genomic activity of
ostarine. Changes in the intensity of lipolysis, lipogenesis, and the secretion of leptin and adiponectin were measured.
Moreover, the gene expression of leptin and adiponectin was assessed. For the first time, we have shown that ostarine
has a significant effect on the intensity of lipid metabolism. Ostarine downregulates the expression of leptin and
adiponectin mRNAs, as well as decreases their release from rat adipocytes. According to our results, ostarine acts via
AR with a similar effect as testosterone in the regulation of lipid metabolism and endocrine function of mature rat
adipocytes in vitro. Our results indicate the need for further studies on the effects of SARM on the whole organism.
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INTRODUCTION

Testosterone and its metabolite dihydrotestosterone (DHT)
are the most important androgens that are needed for the normal
functioning of the reproductive system in males (1). Testosterone
is mainly produced by the testes; however, it is also produced in
smaller quantities by the adrenal cortex. Androgen synthesis is
controlled by the hypothalamic-pituitary-gonadal (HPG) axis. In
response to the hypothalamic signal, the pituitary gland produces
two types of gonadotropins: luteinizing hormone (LH) and
follicle-stimulating hormone (FSH). In the testis, FSH and LH
mediate their actions via specific transmembrane receptors, FSH-
R and LH-R. Predominantly, FSH-R is expressed in the Sertoli
cells within the seminiferous tubules, whereas LH-R is expressed
in the interstitial Leydig cells. FSH stimulates the maturation and
growth of gonads and enhances spermatogenesis, whereas LH
increases the activity of enzymes involved in steroidogenesis (1).
Leydig cells synthesize testosterone, which is converted to DHT
in many tissues by the enzyme 5-a-reductase. DHT shows a
fivefold higher affinity to the androgen receptor (AR) than that of
testosterone. The functions of testosterone are dependent on the
developmental age of the person. First, it is necessary for the
normal development of the gonads during the prenatal period.
During this period, it also determines the development of the
brain and the psychic sex and causes further maturation of the
testes. During puberty, it shows an anabolic effect on the muscles

and bones, increases spermatogenesis, and plays a special role in
the development of sexual orangs. During maturity, it maintains
normal spermatogenesis. Androgens affect the growth and
development of the skeletal system and densification of bone (2).
It has also been shown that testosterone is a strong regulator of
adipose tissue metabolism (3). Therefore, testosterone deficiency
is associated with conditions such as obesity, metabolic
syndrome, sexual dysfunction, and increased cardiovascular risk
in men (4, 5). On the other hand high level of androgens results
in low-birth-weight offspring, hypergonadotropism and
intrauterine growth retardation (6). These complications also
include disturbances in the metabolism of the adipose tissue and
may lead to the development of abdominal obesity (7-9).
However, treatment of androgen deficiency with the
administration of exogenous testosterone has been shown to
cause uncontrolled hypertrophy of the prostate gland which
negatively affects the function of the testes leading to infertility
(10). Therefore, pharmacological agents that show positive
health benefits with low side effects are constantly being sought
that will help in the treatment of androgen deficiency.
Nonsteroidal SARMs are one of the promising therapies to
improve physical function with fewer side effects.
Nonsteroidal SARMs and their series show selective
androgenic activity while maintaining a beneficial anabolic effect
in tissues such as bones and skeletal muscles (11). SARMs can be
classified based on their ability to activate or inhibit transcription



526

factors. SARMs, which are only, to a certain extent, agonists in
androgenic tissues, can be used in the treatment of cancer and
muscle-wasting diseases while maintaining the proper functioning
of the testes and prostate (12). Interestingly, the role of these
substances in the functioning of adipose tissue is unknown.

Enobosarm/ostarine/GTx024 is an AR agonist which has
shown positive effects in humans. It has undergone preclinical
proof of concept and toxicological testing in Phase I, II, and III
clinical trials and has demonstrated positive effects in humans. It
has been shown to stimulate the growth of lean muscle mass with
a limited effect on the gonads (13). Many studies have shown that
endogenous androgens regulate lipolysis and endocrine activity
of white adipose tissue. However, there is no data about the effect
of ostarine on the adipose tissue (14). At present, it has not been
approved by the United States Food and Drug Administration
(FDA), and its potential side effects are poorly known.

Therefore, we decided to investigate the effect of ostarine on
the intensity of lipolysis and lipogenesis and on the secretion of
adipokines from isolated rat adipocytes in vitro. Moreover, we
examined the effect of ostarine on the expression level of leptin
and adiponectin in mature rat adipocytes.

MATERIALS AND METHODS

Animals

Male Wistar rats were purchased from Brwinow, Warsaw,
Poland. Animals were housed in standard conditions (12 h/12 h
dark/light cycle, temperature 21°C £ 1°C).

Isolation of adipocytes

Adipocytes from rat epididymal fat depot were isolated
based on the method described by Rodbell with some
modifications (15). In brief, rats were sacrificed using the
guillotine. Immediately after decapitation, epididymal fat tissue
was dissected and transferred into a plastic beaker with
phosphate-buffered saline (PBS). After removal of the blood
vessels, the fat pads were cut into small pieces using scissors.
Then, the tissue was digested in Krebs-Ringer bicarbonate buffer
(118 mM NaCl, 4.8 mM KCl, 1.3 mM CaCl,, 1.2 mM KH,PO,,
1.2 mM MgSO,, 24.8 mM NaHCO;) supplemented with 10 mM
HEPES (KRBH), collagenase type II (3 mg/1 g tissue), 3% BSA,
and 5 mmol/L glucose for 45 min at 37°C in a shaking water
bath. Then, the cells were filtered through a nylon mesh (250
um) and rinsed for four times with warm KRBH without
collagenase. Adipocytes were counted using Burker-Turk
chamber. All reagents were purchased from Sigma Aldrich.

Expression of androgen receptor

Isolated rat adipocytes (10° cells/mL) were incubated in
KRBH in the presence of ostarine (0.1 and 1 uM) for 480 min in
a shaking water bath maintained at 37°C. In addition, adipocytes
were preincubated in the presence of specific inhibitors of AR -
cyproterone acetate (1 pM) and flutamide (100 nM) - to
investigate their effect on the expression of androgen receptor.
The adipocytes were also incubated with testosterone (0.1 uM)
as a natural ligand for AR.

Lipolysis

Isolated rat adipocytes (10° cells/mL) were incubated in KRBH
in the presence of ostarine (0.001, 0.01, 0.1, 1, and 10 pM) for 120
and 480 min in a shaking water bath maintained at 37°C.
Isoproterenol (1 uM) was used as a positive control. The

adipocytes were incubated with testosterone (0.1 and 1 uM) as a
natural ligand for AR. In addition, adipocytes were preincubated in
the presence of specific inhibitors of the AR - cyproterone acetate
(1 uM) and flutamide (100 nM) - to exclude other pathways of
action of ostarine. The adipocytes were also incubated with
testosterone (0.1 uM and 1 uM) as a natural ligand for AR. The
intensity of lipolysis was measured as the concentration of glycerol
released from adipocytes into the incubation medium using free
glycerol reagent (Sigma Aldrich, Germany).

Leptin and adiponectin concentrations

The concentration of adiponectin (ADP) and leptin in the
incubation medium of the isolated rat adipocytes was measured
using species-specific enzyme-linked immunosorbent assay
(ELISA) and radioimmunoassay (RIA) kits. ADP was measured
by using Rat Adiponectin/Acrp30 ELISA kit (R&D Systems,
United Kingdom). The leptin concentration was measured in the
incubation medium by using Multi-Species Leptin RIA kit
(EMD, Millipore, USA).

Lipogenesis

The intensity of lipogenesis in the isolated rat adipocytes was
performed as described previously (16). Incorporation of [U-14C]
glucose (PerkinElmer, Massachusetts, USA) into lipids was
determined in order to assess the intensity of lipogenesis. Briefly,
isolated mature adipocytes were transferred into polystyrene tubes
(10° cells/tube) and incubated with ostarine (0.001, 0.01, 0.1, 1,
and 10 pM) in KRBH. In addition, 500 nM (0.5 uM) of insulin
was used as a positive control. After 120 min, Dole’s extraction
mixture was added to stop the reaction. Subsequently, H,O and
heptan were added, and the upper phase containing the lipid
fraction was transferred to scintillation liquid for B-counting.

RNA isolation, cDNA synthesis, and real-time PCR

In this study, the expression of the genes encoding AR and
adipokines (leptin and ADP) was determined in the isolated rat
adipocytes. Total RNA was isolated from the rat adipocytes using
Extrazol (DNA Gdansk, Poland) according to the manufacturer’s
protocol. Then, cDNA was synthesized using 1 pg of RNA and
High-Capacity cDNA Reverse Transcription Kit (Thermo Fisher
Scientific, USA). Real-time polymerase chain reaction (PCR) was
performed as described previously (17) by using Quant Studio
Flex using SYBR Green PCR Master Mix (Applied Biosystem).
GAPDH was used as the housekeeping gene. The total reaction
volume was 10 pL which contained 3 puL of cDNA and 7 pL of
Master Mix. Real-time PCR was conducted as follows: initial
denaturation (0:15 min/95°C), followed by 40 cycles of
denaturation (0:30 min/61.5°C) and annealing (0:15 min/72°C).
After each cycle, melting curves were obtained to determine the
specificity of the amplification process. The nucleotide sequence
of primers is available upon request. Detection of the fluorescent
product was set at the last step of each cycle.

Western blot

Western blot analyses were performed as previously
described (18). Briefly, total protein was isolated using RIPA
buffer containing: 25 mM Tris-HCI; pH 7.6, 150 mM NaCl, 5
mM EDTA, 1% NP-40 or 1% Triton X-100, 1% sodium
deoxycholate and 0.1% SDS. Buffer was supplemented with
protease and phosphatase inhibitor cocktail (Roche Diagnostics,
Mannheim, Germany). Protein was mixed with Laemmli buffer
and f mercaptoethanol. The next step was denaturation followed
by electrophoresis in polyacrylamide gel (60 min, 125 V).



Subsequently, the proteins were transferred onto PVDF
membranes (Bio-Rad system). Each membrane was blocked for
1 hour using 3% BSA in TBST and incubated overnight with
primary monoclonal mouse antibodies (AR receptor Santa Cruz
cat. no sc-7305 1:500, B-actin cat. no 3700 1:5000). The next
day, each membrane was washed three times in TBST, and
placed in secondary antibody (anti-mouse) for 1 hour in room
temperature. Signals were visualized using Amersham ECL
prime Western Blotting Detection Reagent (GE Healthcare Life
Sciences, UK) on VersaDoc system (BioRad, USA).

Statistical analysis

Statistical analysis was performed as previously described
(17). We used one-way analysis of variance (ANOVA) followed by
Dunnett’s post hoc comparison test to analyze the data obtained.
The results are presented as the arithmetic mean + standard error of
mean (SEM) (GraphPad Prism, GraphPad Software, Inc., USA).
Statistical significance was defined as *P < 0.05, **P < 0.01, or
***P < 0.001.

RESULTS

Ostarine stimulates androgen receptor expression

First, to confirm the effect of ostarine on the adipocyte
metabolism via AR, we investigated its effect on the AR mRNA
and protein expression. The adipocytes were preincubated with
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specific inhibitors of AR (flutamide and cyproterone acetate) for
30 min, and then ostarine and testosterone were added to the
incubation medium. The cells were incubated for up to 8 hours.
According to the results, the addition of ostarine (1 uM) into the
incubation medium upregulated the AR mRNA expression (P
< 0.05); ostarine at 0.1 pM concentration did not show any effect
(Fig. la). In addition, in our study, we used testosterone (1 uM)
as a natural ligand of AR. According to the results, testosterone
increased the level of AR mRNA expression. Moreover, specific
antagonists of AR were used to investigate the effect on the
expression of ostarine receptor. After preincubation with
flutamide and cyproterone acetate, we did not observe any effect
of ostarine on the AR mRNA expression (Fig. /a). Western blot
analysis showed that ostarine at a concentration of 0.1 uM (P
< 0.01) and 1 uM (P < 0.05) increased AR expression at the
protein level, whereas testosterone had this effect only at a
concentration of 1 pM (P < 0.05). After preincubation with
flutamide and cyproterone acetate, we did not observe any effect
of testosterone and ostarine on AR protein level (Fig. 1b).

Ostarine stimulates lipolysis

Next, we investigated the effect of ostarine on lipolysis in
the isolated rat adipocytes after 120 and 480 min of incubation.
In this study, we used isoproterenol (10 pM) as the positive
control and testosterone (0.1 and 1 pM) as the natural AR
agonist. We found that 1 uM ostarine, as well as 1 pM of
testosterone, stimulated lipolysis after 120 min of incubation (P
< 0.05) (Fig. 2a), whereas, after 480 min, there was an increase
in the concentration of glycerol in the incubation medium of
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Fig. 1. Effect of ostarine on androgen receptor (AR) expression at the gene (4) and protein level (B). Isolated cells were incubated for
480 min with or without ostarine and/or testosterone (natural ligand for AR receptor - positive control). Moreover, two different AR
blocking agents: flutamide (100 nM) and cyproterone acetate (1 uM) were used to determine the specific binding of ostarine to the

AR receptor. Cells were incubated for 8 hours.

A real-time PCR was performed; relative expression of AR was normalized to the housekeeping gene GAPDH. Western Blot was
performed; relative production of AR protein was normalized to the reference protein 3-actin. The blot show representative results of
Western blot analysis of androgen receptor and B-actin staining. Figure shows mean + standard error of mean (SEM). Statistically
significant differences are represented as *P < 0.05 and **P < 0.01 versus corresponding control.
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Fig. 2. Effect of ostarine on the intensity of lipolysis in isolated rat adipocytes after 120 min (4) and 480 min (B) of incubation.
Isoproterenol (10 uM) was used as the positive control. To compare the effect of ostarine with testosterone, which is a natural ligand
for AR receptor. Testosterone was tested at two different concentrations (0.1 and 1 uM). Inhibitory effect of flutamide and cyproterone
acetate addition on lipolysis stimulated by testosterone and ostarine after 120 min (C) and 480 min (D) of incubation. Basal lipolysis
is the release of glycerol from adipocytes. All the experiments were repeated at least thrice. Figure shows mean + standard error of
mean (SEM). Statistically significant differences are represented as *P < 0.05, **P < 0.01, and ***P < 0.001 versus corresponding

control using Student’s ¢-test.

cells exposed to 0.1 and 1 uM of ostarine and 0.1 uM of
testosterone (Fig. 2b). The use of AR antagonists has shown that
ostarine stimulates lipolysis via AR (1 pM cyproterone acetate
and 100 nM flutamide).

Ostarine inhibits lipogenesis

Furthermore, we examined the effect of ostarine on the
biotransformation of glucose to lipids in the isolated rat
adipocytes. In contrast to the results of lipolysis assay, we found
that the greatest effect was obtained at low concentrations of
ostarine (0.01 uM, P <0.01) and (0.001 uM, P < 0.05). Ostarine
added to the medium at the highest concentration also inhibited
the rate of lipogenesis (10 pM, P < 0.05). According to our
results, both the tested concentrations of testosterone statistically
decreased the intensity of lipogenesis after 120 min of
incubation (0.1 uM, P <0.01 and 1 uM, P < 0.05) (Fig. 3).

Ostarine modulates the expression and secretion of adiponectin
and leptin

In the last part of the experiment, we investigated the effect
of ostarine on mRNA expression and secretion of ADP and
leptin in the isolated rat adipocytes.

According to our results, the leptin gene (Ob) expression in
the adipocytes was downregulated by ostarine at concentrations
of 0.01 (P <0.1) and 0.1 uM (P < 0.05) and by testosterone at
concentrations of 100 nM (P < 0.1) and 1 uM (P < 0.05) (Fig.
5¢). A similar effect was demonstrated for the ADP gene. Except
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Fig. 3. Effect of ostarine on the intensity of lipogenesis as
measured by the incorporation of C' glucose into lipids in rat
adipocytes. Insulin (10 nM) was used as a positive control.
Moreover, testosterone was used as a natural ligand for androgen
receptor (AR). Incubation lasted for 120 min. All the
experiments were repeated at least thrice. Results are shown as a
percentage of basal lipogenesis (set to 100%). Figure shows
mean * standard error of mean (SEM). Statistically significant
differences are represented as *P < 0.05, **P < 0.01, and ***P
< 0.001 versus corresponding control.

for ostarine at concentrations of 0.01 and 0.1 uM, all other tested
concentrations of both of ostarine and testosterone
downregulated the expression of ADP gene (P < 0.05) (Fig. 4c¢).

Next, we examined the effect of ostarine on the secretion of
leptin and ADP in the isolated rat adipocytes. After 120 min of



529

E 201
[= ==
c o 18 *« B
= N
e =
S = 16
S ®
e o
T ©
< O 141
-
-
2
— 12 T T T
- 0.001 0.01 0.1 1 10 Iso 0.1 1
Ostarine [uM] Testosterone [uM]
C 150+
5
Q_"ﬂ
52 |
Q 5 1001
£ S
88 * % 2]
§ Yol
S E 50 baid * %
23 *k
o= * % *
<
C L] T T
- 0.001 0.01 041 1 10 Iso 0.1 1
Ostarine [uM] Testosterone [uM]

o

*

221 ki ek sk

T T T
- 0.001 001 01 1 10 Iso 0.1

Ostarine [uM]

|

Adiponectin
[ng/10° cells/480 min]

214

20

1

Testosterone [uM]

Fig. 4. Effect of ostarine on adiponectin secretion from isolated rat adipocytes after 120 min (4) and 480 min (B) of incubation and
adiponectin mRNA expression after 480 min of incubation (C). (4), (B): Adiponectin was measured using enzyme-linked
immunosorbent assay (ELISA) kit; results are expressed as the amount of adiponectin released from 10° cells into the incubation
medium (ng/10° cells). (C): Real-time PCR was performed by using total RNA isolated from rat adipocytes; relative expression of
adiponectin was normalized to the housekeeping gene GAPDH. Figure shows mean + standard error of mean (SEM). Statistically
significant differences are represented as *P < 0.05, **P < 0.01, and ***P < 0.001 versus corresponding control.

incubation, ostarine decreased the secretion of leptin at
concentrations of 0.001 (P < 0.1) and 1 uM (P < 0.05) and
testosterone at 1 uM (P < 0.05). After 480 min of incubation,
ostarine at 0.01 uM concentration also decreased the secretion of
leptin (P < 0.1). (Fig. 5a and 5b).

Next, we examined the effect of ostarine on the secretion of
ADP. Similar to leptin, the secretion of ADP decreased in the
presence of ostarine. After 120 min of incubation with 0.001 and
1 pM ostarine, ADP content decreased in the culture medium (P
< 0.05). Similarly, testosterone also decreased the secretion of
ADP at both the tested concentrations: 100 nM (P < 0.1) and 1
uM (P < 0.05). After 480 min of incubation, significant
differences were observed for ostarine at 0.1 and 1 pM
concentrations (P < 0.05) and for testosterone at 100 nM (P
<0.05) and 1 uM (P < 0.1) concentrations (Fig. 4a and 4b).

DISCUSSION

Regulation of lipid metabolism by steroid hormones is
well known; however, the effect of synthetic AR agonists on
the functions of adipocytes is poorly understood. Therefore,
we decided to investigate the effect of ostarine on lipid
processes and endocrine function of rat adipocytes. In this
study, for the first time, we have shown that ostarine, a
SARM, is a potent regulator of adipose tissue metabolism. We
also found that ostarine increased lipolysis, decreased
lipogenesis, downregulated the expression of leptin and ADP

mRNA, and decreased the secretion of ADP and leptin in
adipocytes.

As previously mentioned, ostarine is a selective agonist of
AR; therefore, in the first part of the experiment, we decided to
investigate its effect on the expression of AR at the gene and
protein level. We found that ostarine (1 pM), as well as
testosterone, upregulated the AR mRNA and protein expression
in isolated rat adipocytes, whereas the use of pharmacological
blockers downregulated its expression. In our study this effect
was confirmed at the protein level as well. Previous studies have
shown that AR is expressed in rat and mice adipose tissue (19,
20). Moreover, using 10T1/2 Pluripotent Cells and rat ventral
prostate explants, it has been shown that the addition of
testosterone upregulated the expression of AR mRNA and
protein level (21, 22). To demonstrate the action of ostarine
through the AR, we used selective AR blockers (flutamide and
cyproterone acetate). We did not find any effect of ostarine on
the expression of AR after the pretreatment of adipocytes with
the aforementioned blockers. Therefore, we can conclude that
ostarine upregulates AR expression in rat adipocytes. It seems
surprising that effective doses of ostarine and testosterone are
relatively high around 0.1 or 1 uM. This phenomenon could be
explained by relatively low activity of androgen receptor in fat
tissue of male rodents. Dart ef al. in 2013 showed using mice
model that androgen receptor activity in fat tissue is more visible
in female mice. In male mice androgen receptor activity is
relatively low. Moreover, it is difficult to compare results
obtained on isolated adipocytes with the whole fat tissue
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containing other type of cells like e.g. macrophages, fibroblasts,
vascular endothelial cells or others tissues (23).

Lipid metabolism in adipose tissue takes places via two main
processes: lipid accumulation (lipogenesis) and lipid degradation
(lipolysis). Therefore, we decided to investigate the effect of
ostarine on these two processes. According to our results,
ostarine, as well as testosterone (in these studies, treated as a
natural AR receptor agonist - control), stimulated the process of
lipolysis. Moreover, the effect was abolished by adding selective
AR blockers (flutamide and cyproterone acetate). Our results also
confirm that ostarine works via AR (with reference to Fig. I).
Lipolysis is mostly regulated by adrenoceptors. Activation of -
adrenergic receptors stimulates lipolysis, whereas activation of
a2-adrenergic receptors inhibits lipolysis. The balance between
activation of a2- and PB-adrenergic receptors determines the
overall level of lipolysis in adipose tissue (24, 25). This
mechanism seems to be extremely important in the context of the
activity of testosterone and other AR modulators. Previous
studies have shown that testosterone increases the intensity of
lipolysis and the number of (-adrenoceptors in male rat
adipocytes (26), which can also explain the mechanism of
ostarine action in isolated adipocytes. Unfortunately, there are no
direct results showing the effect of ostarine on the activity of 3-
adrenergic receptors; therefore, this seems to be an interesting
topic for a future study. Due to the presence of AR, as well as the
enzymes involved in androgen metabolism in adipocytes, fat
tissue appears to be an important regulator of energy homeostasis
in response to androgens (3). The fact that androgen deficiency

predisposes to obesity and metabolic disorders, for example,
insulin resistance, is well understood (27, 28). Furthermore,
decreased levels of serum testosterone and increased quantity of
adipose tissue are known to be associated with each other (29).
Under experimental conditions, testosterone stimulates
catecholamine-induced lipolysis depending on its concentration.
This is consistent with our results which show that testosterone
has a stronger effect on isoproterenol-stimulated lipolysis. It is
noteworthy that this effect was confirmed by using an aromatase
inhibitor, which excludes the possible action of estrogens
produced by aromatase (30).

It is known that the increase in muscle mass is associated
with better use of energy stores deposited in adipose tissue.
Besides many substances produced by muscles and adipose
tissue like irisin (31), adiponectin or resistin (32), androgens
produced mainly by gonads have a significant impact on the
functioning of both these tissues (33). Testosterone differentiates
pluripotent mesenchymal stem cells into a myogenic line and
simultaneously inhibits the differentiation of mesenchymal stem
cells into the adipogenic line in vitro (21). It is believed that one
of the mechanisms responsible for this effect is the inhibition of
the expression of adipogenic genes (PPARy and CEBP/a) by
testosterone (21, 34). Moreover, testosterone increases the
insulin sensitivity of skeletal muscles, which promotes the
metabolic status of the skeletal muscle (35). Androgen
deficiency leads to the intensification of lipogenesis and the
reduction in the triglyceride turnover (36). In our study, we
performed de novo analysis of lipogenesis based on the



conversion of glucose to lipids. We have demonstrated a
significant inhibitory effect of testosterone, which is consistent
with the literature regarding androgen (37). The molecular
mechanism of this response is associated with the activation of
the AR (38). However, no detailed studies have been conducted
on the effect of ostarine on adipose tissue. Dalton et al.
investigated the possible participation of ostarine in lipid
metabolism conducting a Phase II clinical trial with 120 healthy
elderly men and postmenopausal women. According to their
results, there was a significant decrease in the total fat mass in
the body of the participants. In addition, there was a decrease in
the concentration of high-density lipoprotein (HDL) without
affecting the concentration of low-density lipoprotein (LDL).
Dalton et al.’s study was conducted for a period of 3 months with
the administration of ostarine. However, there are no long-term
studies describing the use of ostarine and its possible side
effects. Dalton et al. reported that the effect of 3-month
treatment with ostarine did not cause any adverse effect on the
ratio of HDL/LDL, but it important to note that this may have an
impact on cardiovascular health (39). In addition, there was a
decrease in the concentration of HDL without affecting the
concentration of LDL. A decrease in the concentration of blood
glucose and a decrease in insulin resistance was also observed
(39). In this study, we have demonstrated that ostarine shows
testosterone-like effects with respect to lipolysis and lipogenesis.
Due to the fact that ostarine is not a substrate for aromatase (40),
it seems to be a better substitute for traditional androgen therapy
because it does not cause side effects associated with the
conversion of steroidal androgens to estrogens, thereby avoiding
possible side effects caused due to the usage of aromatase
inhibitors (41).

An important role of adipose tissue is the production of
adipokines, i.e. leptin, ADP, and resistin. Their secretion is
closely related to the amount and distribution of adipose tissue.
e.g. high leptin level is associated with obesity and type 2
diabetes (42). There are multiple effects of androgens on the
adipose tissue, they regulate the intensity of lipolysis and
lipogenesis and they affect the expression of genes and
proliferation of adipocytes (3). The relationship between
androgens and adipose tissue is bi-directional. It has been shown
that testosterone deficiency causes deposition of adipose tissue.
Both leptin and ADP can inhibit the HPG axis in the case of
obesity (43). However, it turns out that low testosterone levels
may contribute to the development of leptin resistance and
increase its plasma concentration. In in vivo studies, it has been
shown that testosterone supplementation reduces the level of
leptin, which is associated with the loss of fat mass (44). The
results of in vitro test on human cells (33) and the results of this
study confirm that testosterone is directly involved in the
regulation of leptin expression. A similar effect was observed in
a previous study conducted on rat adipocytes. In that, activation
of AR via testosterone and DHT decreased the expression of the
leptin gene (45). However, an experiment conducted on murine
AR-knockout model reveal resistance to leptin, confirming the
relationship between AR, androgen, and leptin (46).
Unfortunately, the mechanism of action of leptin in regulation of
AR remains unknown. In this study, we have demonstrated that
the nonsteroidal SARMs also reduce the secretion of leptin from
rat adipocytes. High levels of leptin in the blood accompanying
obesity can cause HPG axis suppression. Testosterone treatment
can restore the proper functioning of the HPG axis and
contribute to weight loss (43). During 2000 — 2011, the use of
hormone replacement therapy increased by threefold (47).
However, hormone replacement therapy is associated with the
development of hypertension which in turn increases the risk of
cardiovascular complications, e.g. stroke (48). Ostarine seems to
be a promising alternative to treat androgen deficiency.
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ADP is negatively correlated with the amount of adipose
tissue (49). It is known that the secretion of ADP depends on
many factors, including sex. It has been found that androgens
decrease the concentration of ADP (50). Our results are
consistent with the results obtained by other researchers.
Testosterone, as well as a strong steroidal agonist trenbolone,
decrease the concentration of adiponectin in blood serum (50).
The involvement of androgens in the regulation of adiponectin
secretion has also been demonstrated in human studies. In men
with hypogonadism, an increased level of adiponectin has been
shown. Hormone replacement therapy with testosterone can
decrease in the level of adipokine (51). Interestingly, in human
studies, it has been shown that testosterone independently
decreases leptin secretion (43). This effect has been found in
other studies (52) and in ours. However, the same study showed
that testosterone has no independent effect on adiponectin
secretion because this effect coexisted with the change in body
fat tissue mass (43). Our studies have shown that testosterone
and ostarine both have an effect on the secretion of adiponectin
at the gene level. However, it has been shown that the low level
of circulating ADP precedes the occurrence of insulin resistance
and type II diabetes and increases the risk of myocardial
infarction (50). Our results show that ostarine downregulates the
expression of ADP. Thus, our results show that ostarine, as well
as testosterone, has a modulating effect on the expression of
adipokines, confirming the hypothesis that ostarine shows
genomic activity.

The results of this study demonstrate that ostarine stimulates
ARs in rat adipocytes and modulates the expression of genes
coding adipokine synthesis. Therefore, we can conclude that
stimulation of AR is an important factor in carbohydrate-lipid
homeostasis. The use of SARMs may be an alternative
therapeutic solution for metabolic complications in patients with
androgen deficiency.
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