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Objectives: The aim of this study was to evaluate morphological alterations in uterus induced by the irrational use of Anabolic
Androgenic Steroids (AAS), particularly Nandrolone decanoate (ND). Methods: This paper presents a retrospective study of scientific
articles available in full and free electronic access, using the platform PubMed in Portuguese and English, that reviews the effects of
isolated ND use on the uterus and reproductive parameters in experimental animals. Results: AAS besides causing various systemic
effects, in certain experimental animals alters uterine histological patterns. Histological analysis of the uterus of rats treated with ND
showed deleterious effects, i.e., vacuolization and edema of the endometrial stroma. Conclusions: Thus, we conclude that use of ND
shows high reproductive risks and can cause both damages and irreversible physiological changes.
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Androgenic Anabolic Steroids (AAS) are either synthetic or natural derivatives of the hormone testosterone, and thus
have effects on multiple body tissues."? In many countries such as Australia, Argentina, Canada, United Kingdom, United
States and also in Brazil,>* control of these substances is maintained from marketing to prescription.

It is known that AAS act on androgen receptors expressed in virtually all cells of the body, and bring anabolic modulation
as well as androgenic effects,>* such that no artificial synthetic steroid available on the market is able to trigger anabolic
effects alone.>® This anabolic-androgenic relationship varies dependent on the substance used.”

There are a great variety of AAS and Nandrolone decanoate (ND) is one of the most used around the world.® In Brazil it
is marketed under the name Deca-Durabolin®, and is considered one of the most popular steroids.® Its active substance is
nandrolone, which when compared to testosterone presents moderate androgenic potential and high anabolic activity.’o"

Administration of AAS brings adverse effects to multiple physiological systems. When applied in women, AAS promote
menstrual irregularity, clitoral hypertrophy, changes in libido, and breast atrophy.'*# These drugs also cause changes
in the morphology of the uterus in experimental animals. Thus, in a study where ND administration was conducted in
cynomolgus female monkeys (Macaca fascicularis), increases in uterine weight, endometrial thickness, and glandular
area' have all resulted.

Considering the current lack of studies; and the often irrational use (on a large scale) of AAS by young people and
adults; there is the need to bring from the literature such findings concerning injuries caused by the use of AAS correlated
to the female reproductive system. This paper presents a review of the effects of isolated use of ND on the uterus and
reproductive parameters of experimental animals.
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A retrospective study was performed using scientific articles available in full and in free electronic access in the
PubMed platform. We used the keywords: reproduction AND anabolic (550 articles), anabolic AND uterus (136 articles),
and nandrolone decanoate AND reproduction (15 articles). After having selected the studies with the aim of answering the
scientific question of the literature review, we selected 31 articles in Portuguese and English. The articles were analyzed
for their goals, methods, results and conclusions.

General aspects of AAS

Irrational use of AAS has focused the attention of both public health agencies and the scientific community. One may
conceptualize all AAS as synthetic derivatives of testosterone,' which are recommended in the medical clinic only under
conditions involving acquired immunodeficiency syndrome (AIDS), kidney or liver disease, chronic obstructive pulmonary
disease, postoperative recovery, cancer, burns,’® sarcopenia' and Turner's syndrome.’> However, AAS which are popularly
known as anabolic agents, are improperly used by individuals in order to build muscle mass in a short period of time."®

Dosages of AAS administered may vary from 5 to 29 times the normal dose for physiological replacement of testosterone,
and it is generally common to use cyclic schemes that range from approximately 5 to 10 weeks.™

Collateral effects of AAS in the body

Effects generally associated with the illicit use of super-dosages of AAS include: “[...] liver toxicity, changes in the serum
lipid profile, fluid retention, cardiac hypertrophy, hypogonadotropic hypogonadism, gynecomastia in men, hirsutism
and menstrual irregularities in women, and behavioral changes”.’® Other side effects may be observed exclusively in
women users of AAS, such as, “[...] increased facial hair, deepening of the voice, clitoris enlargement and menstrual
cycle disorders"."”

Adverse effects may be temporary or permanent: appearing within a few weeks; (as an example: of reproductive
function changed), or requiring up to several years; (as an example: of liver carcinoma).’® Studies also identify effects in
women similar to those presented in men, such as, increased aggression, increased libido, acne, and hair loss."™

However, in terms of morphological and structural alterations, experiments with humans are not performed. Thus, studies
in mammals bring to us that anabolic steroids when metabolized by the body are able to generate progestin. Progestin
in the uterus leads to the proliferation of stromal cells, endometrial gland tortuosity, and myometrial hypertrophy.?

Nandrolone decanoate

From the great variety of AAS, we see that ND, commercially known as Deca-Durabolin® (Brazil) is considered the most
popular steroid on the market (Figure 1). Studies using AAS have examined physiological and behavioral responses in
men and women. However, the use frequency of such substances by women is less established in the literature than
it is for men, and there is little information on the effects of ND on the reproduction of women from a morphological
point of view.”

ND was introduced onto the market in 1962, being presented as an injectable anabolic preparation with extended
activity of up to three weeks after intramuscular administration in humans (Figure 2). Its active ingredient is nandrolone,
which has potential for both androgenic and anabolic activity.'®"

Users of ND administer exaggerated doses (typically 423.3 mg/week) for an average of 9.7 weeks. Therapeutically,
recommendations start at 50 mg of ND every three weeks. In addition to improper application of supra-physiological
doses, users of synthetic steroids often administer several different drugs simultaneously, increasing both the power
of each anabolic steroid agent and their consequent androgenic effects.™

Effect of ND in the female reproduction

Few studies on any aspects of the effects of ND in the human or animal population have been performed in females.?
In recent years this panorama has not changed in the area of reproductive morphology. However, we have seen certain
important and pioneering studies on morphological aspects relating to reproduction in mammals.

Despite the scarcity in the theme of feminine reproduction, important laboratory studies'®?"? have helped us to
understand that the synthetic steroid ND is able to cause changes in the estrous cycle, histopathological changes in
the ovaries and the uterus, and is able to diminish female reproductive capacity,?* besides promoting vaginal atresia.?®
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Figure 1. Packaging and ampule of Deca-Durabolin®; manufacturer Organon (Taken from Gerez et al.?' - all rights reserved).

AAS Kg
Testosterone preparations
Testosterone enanthate 81.9
Testosterone propionate 321
Testosterone isocaproate 18.0
[ Testosterone decanoate A
Testosterone cypionate 5.2
Testosterone phenylpropionate 1.5
Testosterone (unesterified) 1.3
Total 145.5
Metandienone 34.3
[ Nandrolone 26.6
Trenbolone 159
Stanozolol 10.3
Oralturinabol 10.0
Boldenone 8.9
Drostanolone 4.7
Oxandrolone 1.2
Oxymetholone 1.2
Methenolone 0.3
Methyldrostanolone 0.3
Total 259.3

Figure 2. AAS constitute 87% of illegal performance enhancing drugs as confiscated by customs, or on the German black market in
2010-2013; more than half are preparations of testosterone (Taken from Nieschlag and Vorona? - all rights reserved).

In feminine physiology, supra-physiological doses of steroids promote adverse effects in the organism. The most
commonly cited in studies with humans are menstrual irregularities, enlargement of the clitoris, deepening of the voice,
and hair growth. In studies with primarily female rodents ND increases the number of atresial follicles’ and induces
a reduction in the number of ovarian oocytes.?

ND also causes certain changes in the uterine morphology of experimental animals; certain studies bring us relevant data
about these changes. One of the first relations to uterine morphology with administration of ND in cynomolgus female
monkeys revealed increases in uterine weight, endometrial thickness and glandular area, as well as adenomyosis-like
alterations and a high incidence of mucometra, which brings greater chances of infertility.'?
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In addition, endometrial vacuolization and edema stromal have been observed in rats treated with ND. The use of ND
can be associated with adverse effects on reproduction, associated with physiological and morphological characteristics,
and even behavioral changes.?’

If changes in the reproductive system, such as dysmenorrhea, secondary amenorrhea with anovulation, and reduced
breast size, due to the suppression of hypothalamic-pituitary-gonadal functions are attributed to the abuse of ND, they
should also, being caused by AAS, be reversible. It might take weeks or months before recovery. In certain cases, it has
been reported that after termination of administrations in women, approximately 20 months passed until concentrations
of testosterone in the blood fell back to normal levels. Regarding possibly irreversible side effects in women, such as
clitoris enlargement, well-documented cases or studies were not available.?®

Anatomical changes in the uterus

ND causes various effects in the organism, yet in experimental animals, it also causes various changes in the morphology
of the uterus. Certain studies bring us relevant data concerning such changes, but there are few studies specifically
related to changes in the uterus and their correlations. The administration of ND in female rats has been shown to cause
increases in myometrium thickness, even as the endometrium atrophied. Androgenic receptors expressed by smooth
muscle cells may well be involved in uterine hypertrophy and the proliferation of ND's effects.?

Researchers have shown that ND whether associated or not with other substances harmful to the body, and physical
exertion results in histomorphometric changes in the uterus of female adult rats (Figure 3). The study presented micrometer
sections of uterine epithelium, endometrium, myometrium and the perimeter as assessed in the proximal, middle and
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Figure 3. Morphology of uterine layer in rats treated with ND and the control group, subject or not to physical effort. In (A), observe
the slightly edematous stroma (*) with scattered leucocytes. The ND + physical effort group (B), fibrous stroma (*) with narrow glands
(G) and the prominent blood vessels (BV). The muscle layer inside the myometrium blood vessels (arrows) of rats ND + physical effort
(C), showed reductions in both number and diameters, in contrast with (ND + without physical effort) rats (D); PE: uterine epithelium,
L: leukocytes, M: myometrium, P: perimeter. Mallory's trichrome (Taken from Chuffa et al.”® - all rights reserved).
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distal portions of the uterus. The thickness of the epithelium was measured at the surface of the endometrium and the
thickness of the stroma was obtained by screening images with a cursor repeating measurements of both basal and
functional layers. The values were taken to be the total uterine area and transversal section.'”

Histological changes in the uterus

In certain experimental animals, such as mammals, rodents, and monkeys, AAS causes various systemic effects and
changes to histological patterns in the uterus. Studies conducted administering ND in cynomolgus female monkeys
resulted in increased endometrial thickness and glandular area, as well as a high incidence of uterine mucosa.’ In another
study, endometrial vacuolization and stromal edema were observed (Figure 4A) in rats treated with ND.?” These data
help to further elucidate the effects of ND on morphological patterns of the uterus in experimental animals.

The disappearance of granulocytes and eosinophils from the endometrium of the uterus of animals treated with ND
(as observed) was not reported in previous studies. However, it is well known that the infiltration of multiple immune
system cells to the uterus varies with the estrous cycle, which in turn is regulated by plasma levels of steroids, hormones,
estrogen.3°

Many evidences suggest that eosinophils play an important role in cyclic endometrium regulation. In humans an influx
of eosinophils in the endometrium occurs immediately before and during menstruation and there is also a pronounced
accumulation of leukocytes in the endometrium during the pre-implantation and early pregnancy. Eosinophils in the
endometrium express receptors that are regulated by various chemokines, and are also regulated by estrogen.?’

After analysis of a study on the histological structure of the uterus, it was found that in all rats the endometrium is
affected by steroidal treatments. However, the myometrium and perimeter in these females presented morphological
patterns similar to those observed in non-androgenized females. In the control group, the luminal epithelium of the
simple columnar type was characterized as rectilinear in appearance (Figure 5A). Fibro-cellular stroma leukocyte counts
were dispersed, chiefly in the region underlying the epithelium, with glands of reduced lumen. The uterine cavity was
devoid of secretion. In each androgenized group, the endometrial structure was similar. In the groups treated with ND,
the luminal epithelium presented fibroelastoma (Figure 5B), simple columnar cubic type coating, and secretions in the
interior of the uterine cavity. The endometrial stroma, with an edemal aspect presented disperse tissue leukocytes, and
hemorrhaging areas were observed in the interiors of the fibroelastomas (Figure 5B).2°

In another study it was possible to corroborate data where in their work with adult rats and administration of ND,
certain histomorphological changes in the uterus were noted. In the control group (Figure 6A), the epithelial cells of the
uterine lumen were tall and cylindrical, with nuclei located on the same level. The endometrial stroma was relatively
thin, having a loose aspect with the presence of lymphocytes scattered in the tissue. Certain tortuous glands were
exposed with the presence of a few sub-nuclear vacuoles while others showed tubular appearance. The females of the
group treated with ND presented a different uterine histology from the control group. The more evident characteristic
morphology in the uterus of the androgenized females (Figure 6B) was the presence of vacuolated epithelium in the

Figure 4. Vacuolization of the endometrium epithelium in rat uterus treated with ND (A), and the control group (B). HE staining (Taken
from Mobini Far et al.?’ - all rights reserved).

Silva et al. Hum Reprod Arch. 2017;32(3):e001417. DOI: 10.4322/hra.001417 5/8



Uterine morphological changes induced by androgenic anabolic steroids RESEARCH ARTICLES

Figure 5. Rat endometrium in the control group (A), and treated with ND (B). In the androgenized groups note the appearance of
fibroelastoma in the epithelium of the lumen (arrows), edematous stroma (e), and secretion in the uterine lumen (L). Hemorrhagic areas
(*) are shown on the inside of the papillaries or the underlying stroma. The glands (g) exhibit luminal secretion in the groups treated
with steroids. In the control group (A), the luminal coating epithelium presents a rectilinear aspect and there is an absence of secretion
in the light (L). The tubular glands (g) do not exhibit secretory activity. HE staining (Taken from Camargo et al.?° - all rights reserved).

Figure 6. Photomicrographs of rat uterus. Note columnar epithelium and stroma with loose aspect in the control group (A), and
vacuolated epithelium (*), and dense aspect stroma in the group treated with ND (B). HE staining (Taken from Gerez et al." - all rights
reserved).
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lining of the lumen and stroma with a dense appearance. The morphology of the uterine lumen coating ranged from
simple cylindrical or pseudo-stratified epithelium, to a stratified appearance. The glands showed a tubular aspect, and
pseudo-stratified nuclei with mitotic activity, indicating the morphological characteristics of the proliferative phase.?’

From the literature search, we note that the scarcity of studies and publications concerning the effects of AAS (mainly
ND) on the uterus morphology. Discrepancies in the results obtained in the different studies analyzed are due to
different species and strains, experiments, and the doses used in the procedures. Although abusive use of AAS is a
health public problem both in men and women, there are few studies published about the effects of AAS on uterine
pathophysiology and morphology. Histological analyses of the uterus of rats treated with ND showed deleterious effects
related to vacuolization and edema of the endometrial stroma. Thus, we conclude that irrational and excessive use of
these substances can lead to irreversible changes and possible infertility.
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