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The study was conducted to analyze the histology of the ovaries of adults rats treated with steroids, and
submitted or not to physical effort. The control group consisted of females submitted to physical effort
and sedentary females, both of which received a physiological solution of 0.9% saline. Treated females,
sedentary or not, received 6 mg/kg of body weight of nandrolone decanoate. The steroid and physiolog-
ical solution were administered intraperitoneally, with a single injection per week for 4 consecutive
weeks. The applied physical effort was swimming (20 minutes daily, 5 days/week, for the 4 weeks of
treatment). Serial sections (5 pm) of ovaries were prepared for histological evaluation and follicular
score. The weight of ovaries and hypophysis, the number of antral and atretic follicles, and the area of
corpus luteum were all affected by the steroids. In the ovaries of the control groups, well-developed cor-
pus luteum was observed. In the treated groups, the cortical stroma was occupied by ovarian interstitial
tissue. The females treated with steroids presented estral acyclicity. The use of nandrolone decanoate,
whether associated with physical effort or not, affected the morphological pattern of the ovaries.
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INTRODUCTION

The use of androgenic anabolic steroids (AAS) is a common practice among youth
and adults, whether athletes or not [14, 19]. These compounds are synthetic ana-
logues of testosterone, recommended for the treatment of many conditions, including
renal insufficiency, endometriosis, hereditary angioedema and breast cancer [1].
However, AAS has been abusively and indiscriminately used by many professional
athletes and non-athletes, including adolescents, to increase muscular mass, strength
and dexterity [11].
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Little is known about the dosage of anabolic steroids of female users, except that,
like men, women have used five steroids simultaneously [20]. The doses generally
are supraphysiologic and are associated with facial hair growth, deepening voice, cli-
toris enlargement and irregular menstrual cycle [20]. In men, anabolic steroids can
affect spermatogenesis, promote testicular atrophy, and cause breast growth and
impotency [12, 20, 21].

Many authors [9, 22] have reported that the potential benefits of AAS are followed
by undesirable side effects. The frequency and severity of the side effects depends on
many factors such as drug type, dosage, and duration of use as well as individual sen-
sitivity and response [15]. According to Yu-Yahiro et al. [22], nandrolone decanoate
presents fewer side effects than most other AAS available and has more anabolic
than androgenic effects, with a anabolic/androgenic ratio of 8:1, compared to the
testosterone steroid (1:1).

Among many commercial versions of AAS, nandrolone decanoate, sold as Deca-
Durabolin (in Brazil), is considered the most popular steroid on the market [10].
Considering, first, that AAS has been indiscriminately used by youth and adults, and
second, that are few morphological studies about the effects of AAS on feminine
gonadal structure, the present study was designed to evaluate the effects of steroids
on ovarian histology and follicular score in female rats either submitted or not to
physical effort.

MATERIALS AND METHODS

Adult female rats from the Wistar lineage were obtained from Paulista State
University (UNESP-Botucatu, SP, Brazil) and kept at the Faculty of Sciences and
Letters (UNESP-Assis, SP, Brazil) under adequate conditions of temperature
(22-24 °C) and luminosity (12 h light/dark photoperiod). The experimental protocol
followed the ethical principles in animal research adopted by the Brazilian College
of Animal Experimentation.

Nandrolone decanoate (4-estren-17B3-ol-3-one 17 decanoate), known as Deca-
Durabolin, was purchased from Organon Industry (Sao Paulo, Brazil) in an injectable
preparation containing 50 mg of the androgenic substance.

The females rats were weighed and distributed at random in four experimental
groups (n=5/group): A) control-sedentary; B) control-submitted to physical effort;
C) steroid-sedentary, and D) steroid-submitted to physical effort.

The drug was administered intraperitoneally, in a single dose of 6 mg/kg of body
weight weekly, over four consecutive weeks. The dose employed in this study simu-
lated the abusive dose of steroid utilized by youth at fitness centers. The females of
control groups received a physiological solution of 0.9% saline in the same proce-
dure that was used on the treated groups.

Swimming was chosen as the model of physical effort. The females were incre-
mentally adapted to the exercise before the start of the experimental period, begin-
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ning with 5 minutes on the first two days, 10 minutes on the third and fourth days,
15 minutes on the fifth and sixth days and 20 minutes on the seventh day. After this
training period, the scheme of 20 minutes of daily swimming was adopted for five
consecutive days each week over the four week treatment. During the experimental
period, the estrous cycle of rats was daily monitored by vaginal cytology [12].

At the end of the fourth week of treatment, the females were weighed and killed
by ethyl ether inhalation. The ovaries, uterus and hypophysis were removed and
weighed. The gonad was fixed in Bouin’s solution and embedded in Paraplast
(Labware-Oxford, St. Louis, MO, USA). The 5-um-thick serial sections were stained
by hematoxylin and eosin (HE), for light microscope analysis.

In the analysis of the follicular score, one serial section was evaluated and the
three consecutive others were discarded for each ovary until the final section of the
organ, resulting in 4 repetitions/rat/group. The identification of follicle types was
based on the classification proposed by Pedersen and Peters [16], according to
Plowchalck et al. [17]. Scoring and analysis were performed to evaluate growth fol-
licle (of more than 3 layers of follicular cells), the antral follicle (with antral areas),
the atretic follicle and the corpus luteum. The area of corpus luteum was obtained
through the computerized image analysis system Image-ProPlus®Media Cybernetics
(Media Cybernetics, Silver Spring, MD, USA), using the X10 objective.

The weight of the body, ovary, uterus and hypophysis of five rats in each group
were statistically analyzed by means of non-parametric Kruskal-Wallis variance
analysis, complemented by the Dunn test, and the results were expressed as medi-
an £ interquartile deviation values. The data of ovarian follicle count and corpus
luteum area were analyzed by ANOVA followed by the Tukey test, and the results
were expressed as means + standard deviation. Significance was set at p <0.05.

RESULTS

The use of steroids whether associated or not with physical effort, did not signifi-
cantly affect body and uterine weights (Table 1). However, there was a significant
decrease (p <0.05) in the ovarian weight of sedentary rats treated with steroids in
comparison to the other experimental groups. The females of the two groups treated
with steroids, whether submitted or not to physical effort, presented a decrease
(p <0.05) in hypophysis weight when compared to the control groups (Table 1).

There was no significant difference in the number of ovarian growth follicles and
corpus luteum in the four experimental groups (Table 2). The rats treated with
steroids presented higher (p <0.05) number of antral and atretic follicles than the
females of control groups.

Histologically, the ovaries of the rats in the two control groups presented various
follicular types and well-developed corpus luteum (Table 2 and Figs 1A, 1B).

In the experimental groups, the ovaries presented a significantly reduced area of
corpus luteum (Table 2) when compared to the control groups, and a cortical stroma
occupied by cellular strings, which characterizes the interstitial tissue (Figs 2A, 2B).
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Table 1

Final body weight and weights of the reproductive organs and hypophysis of the females
in the four experimental groups (Median + interquartile deviation)

Experimental Body weight Ovaries weight Uterus weight Hypophysis weight
groups (8) (8) (8) (g)
Control A 251.2 4+ 24.8+* 0.1180 £ 0.01632 0.5502 + 0.1030? 0.0112 £ 0.0018¢
Control B 235.6 £ 12.442 0.1144 £ 0.01742 0.5912 + 0.23062 0.0110 £ 0.00252
Treated A 264.6 £ 7.76% 0.0774 £ 0.0137° 0.4124 £+ 0.04022 0.0082 + 0.0019®
Treated B 253.8 £24.812 0.0982 + 0.01062 0.4356 £ 0.1128¢2 0.0084 + 0.0011°

*In the same columm, median with identical letters do not differ statistically among themselves
(p>0.05).

Control A and Treated A: sedentary animals (n = 5/group)

Control B and Treated B: animals submitted to physical effort (n = 5/group)

Based on exfoliative cytology, the females of the control groups, sedentary or not,
presented estral cyclicity, with typical estrous characterized by presence of many
cornified epithelial cells. In the groups treated with steroids, the vaginal smear
revealed that three sedentary females and five females submitted to physical effort
presented estral acyclicity after the third week of treatment. These females showed
persistent diestrus, with predominance of leukocytes in the vaginal smear.

Table 2
Follicular score and area of corpus luteum in the four experimental groups
(Mean + standard deviation)

Experimental Growing Antral Atretic Corpus Area of corpus
groups follicle follicle follicle luteum luteum (um?)
Control A 10.2 £ 4.63* 29.0+ 8.02 43.4 +10.02 170+ 6.62 384,310 + 85,2942
Control B 8.6 +£7.8 154 +13.3 32.8+17.2° 22.6 +14.82 448,651 £ 67,578
Treated A 126 £ 6.7° 46.4 = 17.9¢ 82.8 £ 19.1¢ 38.4+17.00 230,633 +43,918°
Treated B 10.0 +5.02 54.6 +£17.6° 102.6 +£21.3¢ 32.6+10.52 197,490 + 31,427¢

*In the same columm, mean with identical letters do not differ statistically among themselves
(p>0.05). The mean represent the value obtained in both ovaries.

Control A and Treated A: sedentary animals (n = 5/group)

Control B and Treated B: animals submitted to physical effort (n = 5/group)
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Fig. 1. Photomicrographs of the ovaries. (A) control-sedentary group and (B) con-
trol-submitted to physical effort group. Note that the ovaries presented well-devel-
oped corpus luteum (L) and antral follicles (F). Hematoxylin-eosin. Bar = 110 pm
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Fig. 2. Photomicrographs of the ovaries. (A) steroid-sedentary group and (B)

steroid-submitted to physical effort group. Note that the ovaries presented inter-

stitial tissue (*) in the stroma and reduced area of corpus luteum (L). Hematoxylin-
eosin. Bar = 110 pm
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DISCUSSION

In the present study, anabolic steroid did not demonstrate efficacy for body mass gain
in females, whether submitted or not to physical effort. This result agrees with that
obtained by Blasberg et al. [1] in sedentary female rats treated with different doses
of nandrolone decanoate. Other studies [4—7] demonstrated that the body weight of
androgenized females increased significantly in comparison with the control group.

The weights, however, of the ovaries, uterus and hypophysis are affected by
administration of AAS [3—6]. The reproductive capacity of treated female rats with
nandrolone decanoate might be suppressed by alteration in uterine morphology
(myometrium hypertrophied and endometrium atrophied) [5]. Treatment with
steroids decreases hypophysis weight, indicating a negative effect on the ovaries. In
the androgenized females, submitted or not to physical effort, morphological alter-
ations to the ovaries were evidenced.

Many authors [1-4] reported that AAS compounds alter the function of hypothal-
amus—hypophysis—gonad axis. An increase in the levels of circulating androgen
inhibits the production and release of LH, FSH, estrogen and progesterone. This can
result in the inhibition of ovarian follicle formation, ovulation and sexual cycle irreg-
ularity. The results obtained in the present study confirm the effects of AAS on the
neuroendocrine function of the hypothalamic—hypophysis—gonadal axis. A higher
frequency of atretic follicles occurred in the ovaries of rats treated with steroids. The
corpus luteum was evident in the ovaries of females of four experimental groups, but
there was a decrease in the area this structure in the ovaries of androgenized females.
Gao and Short [6] verified that the treatment of female rats with methyltestosterone
promoted ovarian quiescency characterized by absence of mature follicle or corpus
luteum, indicating that the females had not ovulated. The same treatment applied to
female mice resulted in the presence of mature follicles in the ovaries, but in atresia
[6]. Rats treated with nandrolone decanoate showed destruction of follicular units
and absence of corpus luteum in the ovaries [7].

In the current study, the treatment with nandrolone decanoate induced the forma-
tion of ovarian interstitial tissue in sedentary and trained females. According to Ross
and Pawlina [18], there is a contribution by theca interna cells of atretic follicles to
the formation of strings of interstitial cells.

According to Giordano-Lanza et al. [8], the psychophysical stress that occurs dur-
ing intense sporting activity determines in female athletes the elevation of certain
specific hormones such as cortisol and prolactin, which interfere with the pulsatile
rhythm of GnRH, leading to a state of hypogonadotrophy, which promotes irregular-
ity of the sexual cycle. Although the determination of hormone levels in rats was not
carried out in this study, reports of other authors confirm our results, since high lev-
els of circulating androgen promoted estral acyclicity and induced histological alter-
ations in gonadal tissue. The pattern of the diestrus observed in the rats treated with
anabolic steroids corroborates the results obtained by many authors [1, 3, 6, 7, 9].
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Women who use compounds of AAS might present disturbances in their menstrual
cycle [1] in the same way as the rats treated with nandrolone deacanoate in this study.

The results allow the conclusion that steroid treatment, whether associated or not
with physical effort, affects ovarian histology and follicular score, through the dis-
ruption of female neuroendocrine function.
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