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ABSTRACT

Dietary supplements used by recreational and elite athletes for performance enhancement might contain undeclared, unlawfully

added ingredients. One of those ingredients is 5a-hydroxy-laxogenin, which is sold in dietary supplements marketed as a natural
compound with anabolic effects. It has been shown that 5a-hydroxy-laxogenin is not naturally occurring, but rather of synthetic
origin. Previously, we observed that 5a-hydroxy-laxogenin can bind to and activate the androgen receptor in a cell-based bio-
assay. To investigate its androgenic potential in vivo, we treated orchiectomized rats with three different dosages of 5a-hydroxy-
laxogenin for 2 weeks. Effects were neither observed on the wet weights of the androgen target tissues prostate, seminal vesicle
or penis nor on the wet weights of the anabolic target tissue musculus levator ani or on skeletal hindlimb muscles. Au contraire,

significantly higher atrophy was seen for some of the target tissues in the animals treated with the highest 5a-hydroxy-laxogenin
dosage (36 mg/kg bw). While in silico docking supports the androgen receptor binding previously observed in vitro, we observed
neither androgenic nor anabolic effects of 5a-hydroxy-laxogenin in vivo in castrated male rats.

1 | Introduction

Dietary supplements used by recreational and elite athletes
for performance enhancement may contain undeclared, ille-
gally added ingredients. These include pharmaceuticals (e.g.
diuretics, stimulants and androgens) as well as unapproved
substances, botanical extracts or animal-derived traditional
medicine formulations [1-3]. Regarding elite sport, the World
Anti-Doping Agency (WADA) publishes annually the List of
Prohibited Substances and Methods [4]. The intake of dietary
supplements contaminated with prohibited substances accord-
ing to the Prohibited List can result in positive doping tests
due to unintentional exposure [5]. The US Food and Drug
Administration (FDA) publishes a directory with illegally added
ingredients found in dietary supplements to warn consumers
[6]. One of these ingredients is 5a-hydroxy-laxogenin, which is
sold in dietary supplements marketed as a natural compound

with anabolic effects. Two studies analysed several dietary sup-
plements for the presence of 5a-hydroxy-laxogenin and other,
unlabelled ingredients [7, 8]. Moreover, Avula et al. proved
5a-hydroxy-laxogenin's synthetic origin; hence, it is not of nat-
ural, plant-derived origin [7]. Despite its labelling as unlawful
ingredient of dietary supplements, which might further con-
tain other nonlabelled performance enhancing drugs accord-
ing to the FDA and a related warning by the US Anti-Doping
Agency (USADA) [9], 5a-hydroxy-laxogenin is not prohibited
by WADA. Due to lack of scientific evidence of performance-
enhancing properties or potential health risks to athletes, the re-
quirements for a potential prohibition of 5a-hydroxy-laxogenin
are not fulfilled [10]. Recently, we demonstrated the androgen
receptor (AR) activation by 5a-hydroxy-laxogenin in an in vitro
bioassay using human PC3 cells [11]. However, there is no ev-
idence that 5a-hydroxy-laxogenin has androgenic or anabolic
potential in vivo. A preclinical bioassay to test compounds for
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androgenic properties is the Hershberger assay in castrated male
rats according to the Organisation for Economic Co-operation
and Development (OECD) [12]. Using a slightly modified
Hershberger assay, we treated male castrated rats with three
different doses of 5a-hydroxy-laxogenin for a period of 2 weeks.
Androgenic and anabolic target tissues were analysed.

2 | Materials and Methods
2.1 | Chemicals and Reagents

5a-Hydroxy-laxogenin (purity>98%) was purchased from
ChemScene (Monmouth Junction, New Jersey, United States).
Castor oil, dimethyl sulfoxide (DMSO), EDTA (98%) and testos-
terone (purity 99%) were purchased from Sigma-Aldrich (St.
Louis, Missouri, United States). Morphisto GmbH (Offenbach
am Main, Germany) supplied the Masson Goldner Trichrome
staining kit. Mayer's hematoxylin, ROTI Histol, ROTI Histokitt,
Schiff's reagent, paraformaldehyde (DAC, pure), periodic acid
(99%) and Tris base were purchased from Carl Roth (Karlsruhe,
Germany). Thermo Fisher Scientific (Waltham, Massachusetts,
United States) supplied RNaseZap, TRIzol and Superfrost
Plus adhesion microscope slides. Millipore (Burlington,
Massachusetts, United States) supplied Millipore THC Select
HRP/DAB Kit. Sodium metabisulfite (98%) was purchased from
Griissing GmbH (Filsum, Germany). Teklad Global Diets 2016
(Teklad Laboratory Animal Diets Lafayette, Indiana, United
States). Ketamine hydrochloride and xylazine (Xylariem) were
purchased from Pharma Partner (Hamburg, Germany).

2.2 | Animal Experiment

Male 4-week-old LEW/OrlRj rats (Janvier Labs, Genest-
Saint-Isle, France) were housed under controlled conditions
(20°C £ 1°C, 40%-70% relative humidity, 12:12-h light dark cy-
cles) in groups of three to four individuals with water and food
access ad libitum. After 3 weeks of habituation, the animals
underwent orchiectomy under a ketamine-xylazine anaesthe-
sia combined with an intra- and postoperative pain therapy for
three consecutive days (5mg/kg bw carprofen s.c. administered)
and followed by a 3-week recovery. Subsequently, the animals
were allocated to five different treatment groups: vehicle treat-
ment group (n =38), testosterone treatment (1 mg/kg body weight,
n=38) and three 5a-hydroxy-laxogenin dosage regimes (1 mg/kg
bw, n=8; 12mg/kg bw, n=9; and 36 mg/kg bw, n=9). All test
compounds were dissolved in DMSO and castor oil; animals
received a daily s.c. injection (200 L) for 2 weeks. The vehicle
treatment group received DMSO and castor oil solely as solvent
control.

At necropsy, animals were sacrificed 24 h after the last injections
using CO, inhalation after a light 0,/CO, anaesthesia. After
tissue dissection and weighing, the tissue samples were either
fixed in 4% paraformaldehyde for 48h at 4°C prior to paraffin
embedding or frozen in liquid N,. Animal handling and experi-
mental procedure were in accordance with the ethical standards
of the declaration from Helsinki from 1964, the 3R Principle and
the German federal animal welfare law and were approved and
carried out according to the Institutional Animal Care and Use

Committee and official Governmental Animal Experimentation
Commission (Approval Number 25-5131/496/40).

2.3 | Histological Analysis

Paraffin-embedded liver, M. soleus and ventral prostate sam-
ples were cut in 3-um-thick sections (Leica RM 2065, Leica
Biosystems, Nuflloch, Germany), transferred to microscope
slides and dried overnight at 40°C. Very brittle tissue (already
trimmed blocks) was incubated with 0.1% Tween 20 in H,O-
soaked tissues for 15-30min before sectioning. Before staining,
tissue sections were dewaxed and rehydrated. Liver sections
were stained with Masson Goldner Trichrome according to
the manufacturer's recommendations. Differing from that, the
Orange G incubation was performed for 25min. For each treat-
ment group, liver sections from five rats were analysed. Skeletal
muscle (M. soleus) sections were stained using periodic acid-
Schiff staining.

Prostate sections were incubated overnight at 60°C in 10mM
Tris-EDTA for antigen retrieval. The immunostaining was car-
ried out with the Millipore IHC Select HRP/DAB kit and an
anti-Ki67 primary antibody (rabbit monoclonal anti-Ki67 an-
tibody [SP6], abl6667, Abcam, Lot No. GR3313195). Staining
was performed according to the manufacturer's specifications
except for the following steps: After suppression of endogenous
peroxidases with 3% H,0, for 10min, 20% bovine serum albu-
min (BSA) in 1x TBS was used for blocking for 1h at ambient
temperature followed by incubation with the primary anti-
body for 1h at ambient temperature (1:100 dilution in 20% BSA
in 1x TBS). The counterstaining was carried out with Mayer's
hematoxylin for 8 min and bluing under running, hand warm
tap water (10min.). For isotope control, we used the monoclo-
nal rabbit IgG-antibody (EPR25A-Isotype Control, ab172730,
Abcam, Lot No. 1011223—4). For each treatment group, seven
animals were analysed. For each animal, random images (200X
magnification) of the prostate sections were taken and at least
200 nuclei were counted to determine the percentage of Ki67
positive nuclei. For microscopy, an Axiolab with Zen2.0 (Carl
Zeiss AG, Jena, Germany) was used. The evaluation of micro-
scopic pictures was carried out with Fiji/Image] (Freeware,
Wayne Rasband).

2.4 | Gene Expression Analysis

RNA was isolated from frozen M. soleus samples using TRIzol
(Thermo Fisher Scientific). The RNA concentration was deter-
mined by NanoPhotometer NP80 (Implen, Miinchen, Germany).
Three thousand nanograms of RNA was treated with DNase I
for 1.5h at 25°C followed by enzyme inactivation by adding
1uL 25mM EDTA and a 5-min incubation at 80°C. RNA was
reverse transcribed into cDNA using the High-Capacity cDNA
Synthesis Kit (Thermo Fisher Scientific, Waltham, United
States) according to the manufacturer's protocol. QPCR was per-
formed on QuantStudio 5 Real-Time PCR system with PowerUp
SYBR Green Master Mix (Thermo Fisher Scientific, Waltham,
United States) using the different primer mixes according to
Table 1. The end volume was 10 uL per reaction. Relative expres-
sion levels were determined by AACt analysis, normalizing to
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TABLE1 | Primer sequences used for quantitative real-time PCR.

Primer sequence

Primer mix concentration (nM)

5-TGT GCC GGA CAT GAC AAC AA-3’ 0.4

5-GAC CCT ACA GGT GCC CAC AA-3/ 0.2

5-GCG ACA AGC CGATGA CTT CTA T-3' 0.4

Androgen receptor (AR)

5-ACT TGT GCA TGC GAT ACT CAT T-3’
Myogenin

5’-ACA TAT CCT CCA CCG TGA TGC T-3'
MyoD1

5-GGT CCA GGT CCT CAA AAA AGC-3'
RPS18

(reference gene)

5-CGT GAA GGA TGG GAA GTA TAG C-3’ 0.5
5-TAT TAA CAG CAA AGG CCC AAA G-3'

1A 5TGA GCA GGA ATA GTA GGG ACA GC-3’ 0.5

(reference gene)

5-GAG TAG AAA TGA TGG AGG AAG CA-3’

the two housekeeping genes Rps18 and 1A and in relation to the
expression levels in the control group (set to 1).

2.5 | Protein Preparation and Molecular Docking

There are 81 crystal structures of human AR available in the
Protein Data Bank (PDB) [13]. The binding site of AR is liable
to conformational changes introduced by the ligand. Thus, in
order to select the AR conformation most suitable for modelling
the binding of 5a-hydroxy-laxogenin, we searched for the crystal
structure harbouring a ligand with the highest shape and inter-
action motif similarity to 5a-hydroxy-laxogenin. Only x-ray 3D
structures of the wild-type receptor containing a cocrystallized
ligand were considered. The cocrystallized ligands extracted
from their protein structures were subjected to 3D conformation
sampling using OMEGA v. 4.1.2.0 (OpenEye Scientific Software,
Santa Fe, New Mexico, United States) [14] with ‘strict stereo’ dis-
abled so as to allow for the handling of stereochemically unspec-
ified ligands and a maximum of 200 conformations per ligand.
All other parameters were kept at default settings. Subsequently,
ROCS v. 3.4.3.0. (OpenEye Scientific Software, Santa Fe, New
Mexico) [15] was used to query the resulting database for the li-
gand bearing the highest shape and interaction similarity to 5a-
hydroxy-laxogenin measured by TanimotoCombo (shape and
colour) score [15]. The ligand with the highest similarity to 5a-
hydroxy-laxogenin turned out to be EM-5744 (PDB Code 2PNU
[16]), a rationally designed steroid analogue. Consequently, the
crystal structure featuring EM-5744 with an atomistic resolu-
tion of 1.65A served as input template for molecular docking
experiments. The protein structure (PDB Entry 2PNU [16]) was
prepared in MOE v. 2020.0901 [17] including protonation at pH 7
with Protonate3D [18] and 300K and removal of all water mol-
ecules apart from the water molecule HOH7 located between
Arg752, Met745 and EM-5744 3-keto group. This water mole-
cule is suspected to be relevant for ligand binding, because it
forms a hydrogen bond network between EM-5744 3-keto group
and residues Arg752 and Met745 in the crystal structure (PDB
Entry 2PNU [16]). A possible role for a water molecule located
between Met745 and Arg752 and the ligand in AR has been
discussed previously and is found in AR structures repeatedly
[19]. Molecular docking of 5a-hydroxy-laxogenin was conducted
using GOLD v. 5.8.1 [20]. The C6 atom of the steroid scaffold of
EM-5744 was used as the centre of a docking sphere of 204, as

this atom approximates the centre of the AR binding site. Search
efficiency of 100% was used and the genetic algorithm (GA) was
set to run 50 times. The resulting poses were assessed employing
the GoldScore P450 scoring function and subsequently energet-
ically minimized in the MMFF94 force field [21] implemented
in LigandScout v. 4.4.3 [22] within the AR environment. The
best pose was chosen based on resemblance to the cocrystal-
lized ligand in terms of both shape and interaction pattern in
LigandScout.

2.6 | Statistical Analysis

Data are shown as mean=standard deviation. The statis-
tical evaluation of the acquired data was performed using
OriginLab2021 (OriginLab, Northampton, Massachusetts,
United States) applying the Shapiro-Wilk test for normal distri-
bution, Grubbs test for outliers and one-way ANOVA followed
by Bonferroni post hoc test for normally distributed data or
Mann-Whitney test for nonnormally distributed data.

3 | Results and Discussion
3.1 | InSilico Docking of AR Binding

The most suitable x-ray structure of AR (PDB ID: 2PNU, co-
crystallized with ligand EM-5744 [16]) was chosen according
to three-dimensional ligand similarity (see the Materials and
Methods section for details) for docking experiments of 5a-
hydroxy-laxogenin in human AR. The binding pose resulting
from our docking experiments (Figure 1A) exhibits a similar
shape and interaction pattern to both EM-5744 cocrystallized
in the crystal structure used (PDB Code 2PNU; Figure 1B)
and also endogenous ligand DHT cocrystallized in PDB Entry
3L3X [23] (Figure 1C). Our binding hypothesis indicates that
the 3-hydroxyl group of 5a-hydroxy-laxogenin forms hydrogen
bonds to conserved water HOH7. A water molecule in this po-
sition is involved in a hydrogen bond network facilitating the
binding of both EM-5744 [16] and DHT [23] in their respective
crystal structures. This water molecule is indicated to play a
role in the binding of steroids to the AR via the 3-keto group
[19]. Additionally, the ether oxygen in the tetrahydropyran ring
of 5a-hydroxy-laxogenin acts as hydrogen bond acceptor to the
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FIGURE1 | (A)Binding hypothesis of 5a-hydroxy-laxogenin in human AR. (B) Cocrystallized ligand EM-5744 in human AR (PDB Code 2PNU)
[16]. (C) Cocrystallized ligand DHT (PDB Code 3L3X [23]). Green arrows indicate hydrogen bonds donors, red arrows indicate hydrogen bond accep-

tors, and yellow spheres indicate hydrophobic contacts.

TABLE2 | Wetweights of target tissues relative to the bodyweight at necropsy. Animals were treated for 2 weeks by daily subcutaneous injections.

5a-hydroxy-laxogenin

orx 1mg/kg testosterone 1mg/kg 12mg/kg 36mg/kg
Prostate (g/kg bw) 0.482+0.058 1.499 +0.164* 0.496+0.100 0.459+0.093 0.509+0.182
Seminal vesicle (mg/kg bw) 64.31+27.89 3799.2+£357.2% 94.83+50.00 58.78 £17.67 54.06+33.56
Penis (g/kg bw) 0.412+0.077 0.656 +£0.098* 0.409+0.056 0.352+0.05 0.298 +0.037*
M. levator ani (mg/kg bw) 668.5+112.2 2471.8 £334.1* 649.99+10.81 572.9+98.2 535.5+69.1*
M. soleus (mg/kg bw) 282.7+45.66 305.2+43.58 263.0+25.38 220.2+63.51 193.3+68.38*
M. gastrocnemius (g/kg bw) 4.817+0.416 5.263+1.007 3.981+0.958 4.352+0.842 3.266+1.398*
Liver (g/kg bw) 35.18+1.50 38.77+3.33 36.39+1.28 36.93+1.76 36.79+2.89
Body weight (g) 286.5+8.8 311.8+21.2* 289.05+19.9 287.6+17.0 289.6+17.3

*p <0 05 denotes statistical significance compared to the orx control group.

Thr877 hydroxyl group. EM-5744 also engages in hydrogen
bonding with HOH7 via its 3-keto group, as does DHT (HOH919
in 3L3X corresponds to HOH7 in 2PNU). The Thr877 hydroxyl
group forms a hydrogen bond with the 17-hydroxy group in
both DHT and EM-5744. In addition, both EM-5744 and DHT
form a hydrogen bond to Asn705 delta oxygen with the ligand's
17-hydroxyl group as hydrogen bond donor. In contrast, 5a-
hydroxy-laxogenin is unable to act as hydrogen bond donor
to Asn705, as its ether oxygen moieties can only act as hydro-
gen bond acceptor. Furthermore, EM-5744 ether oxygen in the
13-ethoxy moiety forms an additional hydrogen bond with the
Thr877 hydroxyl group and DHT 3-keto functionality forms a
hydrogen bond to GIn711 epsilon nitrogen, both as acceptor. The
comparable conformations of 5a-hydroxy-laxogenin, EM-5744

and DHT are complemented by a coat of lipophilic contacts.
Residues involved include Trp741 and Met742 for all three li-
gands and additionally Leu880 for 5a-hydroxy-laxogenin and
Leu712 for EM-5744.

3.2 | Effects on Androgenic and Anabolic Target
Tissues

The orchiectomy-induced atrophy of the androgenic target tis-
sues prostate, seminal vesicle and the penis was prevented by
daily treatment with 1 mg/kg testosterone (Table 2). In contrast,
the two lower dosages of 5a-hydroxy-laxogenin had no signif-
icant impact on the wet weights of the androgen-dependent
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target tissues compared to the control group. In response to the
highest 5a-hydroxy-laxogenin dose, the relative wet weight of
the glans penis was significantly lower compared to the orchiec-
tomized control animals (0.298+0.037 g/kg vs. 0.412+0.077g/
kg, Table 2). Immunohistochemical staining of the ventral
prostate (prostate sections are shown in Figure 2A-F) re-
vealed a significant increase of KI67-positive cell nuclei in the
testosterone-treated animals (11.9% % 3.0% vs. 0.366% £ 0.32% in
the orx control group, Figure 2G).

An anabolic effect of the 2 weeks of testosterone substitution was
observed by a significant increase in relative musculus levator ani
wet weight (668.5+112.2mg/kg compared to 535.5+69.1 mg/kg
in the orx control group, Table 2). A dose-dependent decrease of
the M. levator ani wet weight was observed in response to the 5a-
hydroxy-laxogenin treatment, which was statistically significant
at the highest dosages of 36 mg/k (Table 2). In the two skeletal
muscles investigated, testosterone treatment had no significant
impact on the respective relative wet weights. In contrast, 5a-
hydroxy-laxogenin induced a decrease of the relative wet weights
of M. soleus und M. gastrocnemius, which was statistically signif-
icant in the highest dosage (Table 2). The wet weights of both
skeletal muscles in the 36 mg/kg Sa-hydroxy-laxogenin group
were only 68% of that determined in the orx control animals
respectively (Table 2). Despite the lower wet weights, the cross-
sectional area of the M. soleus fibres was comparable among
the orx control group and the S5a-hydroxy-laxogenin treated
groups (Figure 3A,C,D). A significant increase in the muscle
fibre area was only observed in the testosterone-treated animals
(Figure 3B,D). This observation is in accordance with a study by
Borst et al. who also observed a significant increase in the muscle
cross-sectional area with unchanged M. soleus wet weights after
a 30-day treatment with 1 mg/kg testosterone [24]. The increased
atrophy of M. levator ani, penis and the two skeletal muscles in
response to the highest 5a-hydroxy-laxogenin dosage points to
antiandrogenic or antianabolic effects respectively. However,
to conclusively prove that the anabolic effect advertised by re-
spective dietary supplements is wrong, a different setup using
castrated testosterone-substituted rats that are cotreated with

5a-hydroxy-laxogenin according to the OECD guideline is indi-
cated. As experimental setup, either intact animals or gonadecto-
mised and androgen-substituted animals according to the OECD
guideline could be used [12]. On molecular level, we quantified
the mRNA levels of the AR and the myogenic regulatory factors
MyoD1 and myogenin as well as myostatin, a negative regulator
of myogenesis [25, 26]. Compared to the orx control group, no
significant impact of the testosterone treatment was observed
on the mRNA levels of the different targets in the M. soleus
(Figure 3E). Our observation that orchiectomy does not alter the
skeletal muscle AR gene expression is also in accordance with
other studies [27, 28]. Only the Igf-1 mRNA level was nonsignifi-
cantly increased, 1.7-fold compared to the control group. Except
for Igf-1, our data are in accordance with a study by Gentile et al.,
in which MyoD, myogenin and myostatin expression in the M.
soleus of castrated rats was unaffected by DHT treatment [29].
The same was described for MyoD in the M. gastrocnemius of
orchiectomized mice treated for 10weeks with a supraphysio-
logical testosterone dose [30]. However, in that study, the supra-
physiological dosage significantly decreased myogenin and AR
mRNA levels. In our study, the lack of effects might be due to the
physiological testosterone dosage. In response to 5o-hydroxy-
laxogenin treatment, the AR gene expression in the skeletal mus-
cle was significantly upregulated in a dose-dependent manner
(Figure 3E). This upregulation points to an antiandrogenic effect
as it has been described that steroid receptors are downregulated
in response to an agonist [30].

One explanation for the divergent results of the in vitro [11]
and the in vivo models may be dosage. In the present study, the
dosages administered to the rats were chosen based on those
recommended by the manufacturer of respective dietary supple-
ments. The second highest dose administered to the rats (12mg/
kg bw) is equivalent to a daily human dose of 2mg/kg bw (for
a 75kg individual), which in turn corresponds to the daily in-
take of 150mg Sa-hydroxy-laxogenin advertised by dietary
supplement suppliers. In the in vitro bioassay using a human
prostate cell line, an AR-dependent reporter gene expression
was observed after treating the cells with 25mg/mL and 50mg/

orx 1mgkg T

prostate
36 mg/kg - ———————— *
£
[
¢
8| 12mgkg o
E
o]
3
w
1mgkg —]

1mgkgr_‘ ’
om-}
"
)

0 2 6 8 10 12 14 16 18 20
KIB7-positive cell nuclei [%]

FIGURE2 | Light microscopy of KI67 prostate staining in (A, D) the control group (orx), (B, E) the testosterone-treated group (1 mg/kgT) and (C,

F) the 36 mg/kg 5a-hydroxy-laxogenin-treated group (36 mg/kg 5a-OH-lax). (G) KI167-positive cell nuclei (200 nuclei/animal for 7 animals/group),

*p <0.05 versus orx control group. — points to Ki67-positive cell nuclei. Scale bar =50 um (A-C), scale bar =20 pum (D-F).
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FIGURE 3 | Light microscopy of PAS-stained M. soleus cross sections in (A) the control group (orx), (B) the testosterone-treated group (1 mg/
kgT) and (C) the 36 mg/kg Sa-hydroxy-laxogenin-treated group (36 mg/kg 5a-OH-lax). (D) Muscle fibre area (100/animal for 5 animals/group). Scale
bar=50uM. *p <0.05 versus orx. (E) M. soleus mRNA levels relative to two reference genes and to the orx control croup (orx=1), *p <0.05 versus orx.

mL Sa-hydroxy-laxogenin [11]. It has been shown that the cor-
relation between in vitro assays and especially the Hershberger
assay is rather weak due to the higher physiological androgen
levels necessary for AR activation [31-33]. Beside the possibility
that the administered dosages were too low to activate the AR,
the fast biotransformation of 5a-hydroxy-laxogenin into poten-
tially inactive metabolites may also explain the lack of effects in
the androgen responsive tissues [31]. This might also explain the
discrepancies between the AR binding and activation in the in
silico docking and in the in vitro bioassay and the lack of andro-
genic effects of 5a-hydroxy-laxogenin in the preclinical animal
model. In contrast to the biotransformation in the in vivo model,
the PC3(AR), cells lack expression of relevant enzymes.

4 | Conclusion

The previously observed AR activating potency of the dietary
supplement ingredient 5a-hydroxy-laxogenin in an in vitro bio-
assay was supported by the molecular docking to the human
AR. However, the androgenic activity was not confirmed in the
preclinical castrated rat model. 5a-Hydroxy-laxogenin induced
neither androgenic nor anabolic effects after 2 weeks of a sub-
cutaneous administration regime. This lack of activity might be
explained by rapid degradation of 5a-hydroxy-laxogenin. These

data dissent anabolic effects attributed to 5a-hydroxy-laxogenin
by dietary supplement producers.
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