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ABSTRACT

The epididymis in the male reproductive tract is the site where spermatozoa produced from the testis become
mature. The epididymis is divided into 4 different segments, initial segment and caput, corpus, and caudal epidi-
dymis, depending upon functional and morphological features. Aquaporins (Agps) are water channel molecules,
which are present in the epididymis and play a major role in removal of epididymal water, resulting in creation .
of microenvironment for sperm maturation and concentration of sperms. Nandrolone decanoate (ND) is a synthetic
anabolic-androgenic steroid, which is used to treat clinical diseases and improve physical ability and appearance.
Even though it is well determined that the ND causes the male infertility by affecting the testis, little is known
the effect of the ND on the epididymis. The present study was focused to examine the effect of ND at different
treatment doses and periods on expression of Aqpl and Aqp9 genes in the epididymis of pubertal rats. Results
showed that mRNA expression of Aqpl and Aqp9 genes among the parts of the epididymis was differentially
regulated by ND treatment doses. In addition, treatment periods of ND caused differential expression of Aqpl and
Aqp9 mRNAs among segments of the epididymis. Therefore, it is believed that male infertility induced by ND
could be resulted not only from malfunction of the testis but also from aberrant gene expression of Aqpl and Aqp9 .
in the epididymis.
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INTRODUCTION An important function of the epididymis is fluid re-
absorption of the testicular fluid (Cornwall, 2009). Aqua-

porins (AQPs) are a family of small proteins which are

The male reproduction is regulated and maintained by
the action of a complex of various factors, including sex
steroid and peptide hormones. Sperms produced from
the testis acquire fertilizing capacity throughout travell-
ing excurrent ducts of the male reproductive tract, inclu-
ding efferent ductules and epididymis (Cornwall, 2009).
The epididymis has a coiled tubular structure, divided
into 4 morphologically and histologically distinct regions:
initial segment (IS), caput epididymis, corpus epididymis,
and caudal epididymis (Cosentino and Cockett, 1986).
Epithelial cells in the epididymis create the micro-envi-
ronment for proper maturation of spermatozoa. The fluid
in each region of the epididymis harbors a distinet mi-
cro-milieu which is established by functions of numerous
molecules (Cosentino and Cockett, 1986; Cornwall, 2009).
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integrated in the plasma membrane and mainly involve
in water transport across the membrane by osmotic gra-
dients (Ishibashi et al., 2008). Up to date, 13 AQPs have
been identified in mammalian (Da Silva et al., 2006). The
physiological function and distribution of AQPs in hu-
man and animal tissues have been extensively examined
from a number of researches (Da Silva et al., 2006; Huang
et al., 2006, Kruse et al., 2006). It is believed that AQPs
involve in fluid reabsorption in the epididymis, resulting
not only in concentration of spermatozoa but also in ma-
intenance of micro-environment for proper sperm matu-
ration (Huang et al, 2006). The presence of multiple
AQPs has been recognized in the male reproductive
tract, including testis, excurrent ducts, and accessory
glands (Badran and Hermo, 2002; Domeniconi ef al., 2008;
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Hermo et al, 2004). Recent studies have found that at
least 8 AQPs (AQP 0, 1, 2, 3, 5, 8, 9, and 10) have been
detected in differential patterns of segmental and cellular
localization in the epididymis (Da Silva et al, 2009;
Hermo et al.,, 2004: Huang et al, 2006). Others have de-
monstrated that expression of AQPs, especially AQP1
and AQP9, in the epididymis is regulated by androgen
and testicular factor(s) (Badran and Hermo, 2002; Ol-
veira et al., 2005; Pastor-Soler et al., 2002; Shayu et al,
2005).

Anabolic-androgenic steroids (AASs) are structurally
testosterone-derived synthetic hormones, which possess a
strong anabolic effect, as well as androgenic effect (Ch-
rousos, 2006). The AASs are frequently employed for
treatment of various clinical diseases. Of commercially
available AASs, nandrolone decanoate (ND) is commonly
used to treat a number of diseases, such as anemia, ki-
dney failure, breast cancer, growth deficiency, and HIV-
associated muscle loss (Basaria et al, 2001; Gurnfeld et
al., 2006; Mulligan and Schambelan, 2002; Ranke and
Bierich, 1986). In addition, the ND is often used for a
testosterone replacement therapy in the old (Dohle et a4l
2003), due to its very low conversion rate to dihydrotes-
tosterone (DHT), a potent androgen (Basaria et al., 2001).
A recent study shows an increased rate of ND misuse
among the public and athletes to improve athletic per-
formance and physical appearance by increasing muscle
content (Sjoqvist et al., 2008). Many researchers have
revealed that inappropriate use of ND results in a
number of side effects, such as increases of thyroid gland
and liver weights (Fortunato et al., 2006; Vieira et al,
2008) and a decrease of male fertility (Karbalay-Doust
and Noorafshan, 2006; Takahashi et al., 2004). A pro-
longed use with ND causes atrophy of Leydig cells, de-
generation of seminiferous tubules and a decrease of
sperm numbers in the testis, and eventually leads to
male infertility (Karbalay-Doust and Noorafshan, 2006;
Koeva et al., 2003; Takahashi et al., 2004). Even though
the effect of ND on the testis of the male reproductive
tract has been well documented, little information is
available for the effect of ND on the epididymis.

In the present study, we attempted to determine the
effect of ND on the epididymis, in aspect of expression
of AQP1 and AQP9 genes. In addition, we examined if
different periods and doses of ND treatment influence
expression of AQP1 and AQP9 genes in the epididymis.

MATERIALS AND METHODS

Animals and Treatment

Male Spragure Dawley rats at 23 days of age were
obtained from Samtako (O San, S. Korea) and indivi-
dually housed under controlled conditions and given ad
libitum food and water for whole experimental period.

Rats were randomly divided into 2 experimental groups,
short treatment (2 weeks) and long treatment (12 weeks)
of nandrolone decanoate (ND). These experimental ani-
mals were further divided into 3 subgroups for each tr-
eatment period, control (olive oil), low ND (2 mg ND/kg
body weight/week), and high ND (10 mg ND/kg body
weight/week). Thus, the present study had 6 experimen-
tal groups, having 5~6 rats for each group. Subcuta-
neous injection of ND was began at 30 days of age and
continued for proper treatment periods, 2 or 12 weeks.
Physical condition and movement of experimental ani-
mals were monitored every day. The 2 doses of ND used
for the present study were lower than the therapeutic
doses, usually 25~100 mg given for treatments of de-
bilitating illness and postmenopausal breast carcinoma
and 50 mg given for treatment of postmenopausal osteo-

‘porosis (Karbalay-Doust S, Noorafshan A, 2006).

Collection of Tissues and RNA Isolation

At the end of ND injection, rats were anesthetized by
CO; stunning and male reproductive tracts were isolated.
The epididymis was separated from the rest of male
reproductive tract and further dissected into 4 patts,
initial segment (IS, head part of caput epididymis), caput
(head), corpus (body), and caudal (tail) epididymis. Ti-
ssues were briefly washed in cold PBS buffer, quickly
frozen in liquid nitrogen, and stored in —80C. Total
RNAs were isolated from tissues using easy-Blue total
RNA extraction solution (iINtRON Biotech, Sungnam, 5.
Korea) and a polytron homogenizer (Fisher Scientific,
Pittsburgh, USA). The RNA pellets were dissolved in
RNA storage buffer (Ambion, Austin, USA) and kept in
—80C freezer until used for reverse-transcription (RT)
reaction. The purity and yield or the qualities of total
RNAs were determined by an UV spectrophotometer (E-

-ppendorf, New York, USA) or gel electrophoresis, res-

pectively.

cDNA Synthesis and Real-Time Polymerase Chain
Reaction (Real-Time PCR)

The RT reaction was carried out according to the
instruction in ImProm-II"™ reverse transcription system
(Promega, Madison, USA). Briefly, 1 ug of total RNA
was used for RT reaction in total volume of 20 ul with
oligo-dT primer. RT reactions were carried out at 25C
for 5 min, 42°C for 1 hr, and 70C for 15 min. The real-
time PCR was performed in a mixture of 1 11 of cDNA,
0.75U of GoTaq polymerase (Promega, Madison, USA), 5
1l of 5X buffer, 0.2 mM of dNTPs (Promega, Madison,
USA), 25 ul of 3000X SYBR Green (BMA, Rockland,
USA), and 10 pmol of each primer. A total volume of the
mixture for real-time PCR was 25 ul The PCR program
employed an initial step of pre-denaturation at 95C for
5 min, followed by denaturation at 94C for 30 sec,
annealing at Tr for 30 sec, and extension at 72°C for 30
sec of cycles. The PCR conditions are summarized in
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Table 1. Primer sequences, expected product sizes, and PCR conditions for real-time PCR

Gene Pri § T Expected PCR
(GenBank access number) TImer sequence () size (bps)
Agpl F: GTCCCACATGGTCTAGCCTTGTCTG (983~1017) . 374
(NM__012778) R: GGGAAGGGTCCTGGAGGTAAGTCA (1333 ~1356)
Aqp9 F: GAAGCTCGACCCAGACATGAAGG (1055~ 1078) . -
(AF016406) R: GTAAAAAAAGGTCTCTGAGGCTATCCA (1402 ~1428)
Ppia F: GGCAAATGCTGGACCAAACAC (342~362) 65 196
_017101) R: TTAGAGTTGTCCACAGTCGGAGATG (513~537)

Aqpl : aquaporin 1; Agp9 : aquaporin 9; and Ppiz : cyclophilin A.

Numbers in parentheses of primer sequences indicate the positions of bases in GenBank sequences.

Table 1. Oligonucleotide primers for PCR were prepared
by utilizing published information. The final extension at
72°C for 10 min was carried out for each PCR. The size
of PCR products were confirmed by fractionation on
1.2% agarose gels, which were photographed under UV
using an image documentation system (Vilber Lourmat,
Marne-la-Vallée, France). In the PCR assay, we included
Ppia (cyclophilin A) as an internal PCR control.

Data Analysis

The RT reaction and real-time PCR were repeated at
least 3~4 times for each experimental group to obtain a
mean and a standard deviation. The expression levels of
Agpl and Agp9 mRNAs were compared with those of
Ppia and presented as relative expression ratio between
Agp mRNA and Ppia. Mean differences among 3 experi-
mental groups in a treatment period were compared
using one-way ANOVA, followed by a post-hoc test,
Tukey’s test. In all cases, results were considered signi-
ficant when p<0.05.

RESULTS

Expression of 4gpl and 4qp9 in Initial Segment and
Caput Epididymis

Expressions of Agpl and Aqp9 mRNAs were detected
in IS and caput epididymis at all experimental groups
(Fig. 1 and 2). In the IS, 2 week treatment with a high
dose of ND caused a significant increase of Agpl mRNA
expression level (Fig. 1A), whereas 12 week treatment of
ND resulted in significant decreases of Agpl mRNA
levels, regardless doses of ND treated in the present
study (Fig. 1A). Unlike Agpl, a significant decrease of
Agp9 mRNA level was observed from a high dose
treatment of ND for 2 weeks (Fig. 1B). However, ex-
pression levels of Agp9 mRNAs were significantly decr-
eased with ND treatment for 12 weeks (Fig. 1B). In the

caput epididymis, a low dose ND treatment for 2 weeks
led to a significant decrease of Agpl mRNA levels, but
a significant increase of Agpl mRNA expression was
found with a high dose ND treatment for same period
(Fig. 2A). Interestingly, the expression level of Agpl
mRNA was not changed by ND treatment for 12 weeks
(Fig. 2A). Expression level of Agp9 mRNA in the caput
epididymis was significantly decreased at a low dose,
but not a high dose, ND treatment for 2 weeks (Fig. 2B).
Twelve-week treatment of ND caused a significant in-
crease of Agp9 mRNA level at a high dose only (Fig. 2B).

Expression of Agpl and Agp9 in the Corpus and Caudal
Epididymis

Significant increases of Agpl mRNA levels in the
corpus epididymis were found by ND treatment at low
and high does for 2 weeks (Fig. 3A). However, no Agpl
mRNA expression at all experimental groups was de-
tected in the corpus epididymis with 12 week ND
treatment (Fig. 3A). Expression of Aqp9 mRNA in the
corpus epididymis was significantly reduced by ND
treatment for 2 weeks (Fig. 3B). Like Agpl mRNA ex-
pression, there was no detectable Agp9 mRNA expression
with 12-week ND treatment (Fig. 3B). Aqpl mRNA
expression in the caudal epididymis was significantly
decreased by a low dose ND treatment for 2 weeks, and
further significant decrease of Agpl mRNA level was
found with a high ND dose at same treatment period
(Fig. 4A). Treatment with ND for 12 weeks resulted in
significant decreases of Agpl mRNA expression levels at
both low and high doses (Fig. 4A). Agp9 mRNA leve]
was significantly increased with a high dose ND treat-
ment for 2 weeks (Fig. 4B). However, a significant de-
crease of Agp9 mRNA level was detected in the caudal
epididymis by a low dose ND treatment for 12 weeks
(Fig. 4B). Furthermore, Agp9 mRNA level in the caudal
epididymis was significantly decreased with a high dose
ND treatment, compared with its with a low dose ND
treatment (Fig. 4B).
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Fig. 1. Expression of AQP 1 and 9 in the initial segment after
nandrolone decanoate treatment. Expression of Aqpl (A) and Agp9
(B) mRNA in the IS. C: control, L: low dose of ND treatment (2
mg/kg BW/week), H: high dose of ND treatment (10 mg/kg BW/
week), M: 100 bp marker. Cyclophilin A (Ppia) was used as an
internal control of real-time PCR. Different letters indicate
statistically significant at p<0.05.

DISCUSSION

The beneficial effects of ND for treatment of clinical
diseases are commonly spoiled by a number of side eff-
ects, including impairment of male fertility (Boyadjiev et
al., 2000; Monon, 2003). In the testis, the ND affects acti-
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Fig. 2. Gene expression of AQP 1 and 9 in the caput epididymis
after nandrolone decanoate treatment. Expression of Agpl (A) and
Aqp9 (B) mRNA in the caput epididymis. C: control, L: low dose
of ND treatment (2 mgkg BW/week), H: high dose of ND
treatment (10 mg/kg BW/week), M: 100 bp marker. Cydophilin A
(Ppia) was used as an internal control of real-time PCR. Different
letters indicate statistically significant at p<0.05.

vity of 3 B-hydroxysteroid dehydrogenase in Leydig cells
(Koeva et al., 2003). In addition, the ND causes the arrest
of spermatogenesis and destruction of the seminiferous
tubules and a depletion of Leydig cells (Nagata ef al,
1999; Noorafshan et al., 2005; Takahashi et al., 2004). Even
though a number of researches have demonstrated the
effect of ND on the testis, little is known for an influence
of ND on the epididymal function. The present study
showed that ND differentially regulates mRNA expre-
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Agpl (A) and Agp9 (B) mRNA in the corpus epididymis. C: control,
L: low dose of ND treatment (2 mg/kg BW/week), H: high dose of
ND treatment (10 mg/kg BW/week), M: 100 bp marker. Cyclophilin
A (Ppia) was used as an internal control of real-time PCR. Different
letters indicate statistically significant at p<0.05. ND : not detectable.

ssion of Agpl and Agp9 genes among segments of the
epididymis. In addition, results from the current study
imply that expression of Agpl and Agp9 genes in par-
ticular epididymal regions would be dependent upon
doses and periods of ND treatment.

Expressions of Agpl and Agp9 genes in the rodent
epididymis have been extensively examined from others
(Badran and Hermo, 2002; Lu ef al., 2008; Pastor-Soler ef
al., 2001). It is largely considered that Agp9 is a major
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Fig. 4. Expression of AQP 1 and 9 genes in the caudal epididymis
after nandrolone decanoate treatment. Expression of Agpl (A) and
Agp9 (B) mRNA in the caudal epididymis. C: control, L: low dose
of ND treatment (2 mg/kg BW/week), H: high dose of ND treat-
ment (10 mg/kg BW/week), M: 100 bp marker. Cyclophilin A (Ppia)
was used as an internal control of real-time PCR. Different letters
indicate statistically significant at p<0.05.

form of AQPs expressing in the epididymal epithelia,
especially IS and caudal epididymis (Badran and Hermo,
2002; Da Silva et al., 2006). Our present study also shows
that a relative level of Agp9 mRNA is higher than those
of Agpl mRNA. Expression of Agpl in the epididymis is
localized in not the epithelial cells but in adjacent sm-
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ooth muscle and endothelial cells of vascular systems
(Badran and Hermo, 2002; Brown et al., 1993). However,
there is no detailed information available for mRNA
expression of Agpl and Agp9 genes among segments of
the epididymis. In the present study, we found that Agpl
and Agp9 mRNAs were present in the entire epididymal
regions during early pubertal ages. In addition, our cu-
rrent study revealed that there is no expression of Agpl
and Agp9 mRNA in the corpus epididymis at adult rat,
which is in agreement with a previous finding (Badran
and Hermo, 2002). Because animals from 2 treatment
groups (2 and 12 weeks) in the present study were diffe-
rent ages, such differential expression patterns in the
corpus epididymis might be due to age-dependent ex-
pression of Agpl and Agp9 genes in the epididymal
region.

The regulation of Agpl and Agp9 expression in the
male reproductive tract has been demonstrated from
previous studies (Badran and Hermo, 2002; Fisher et al.,
1998; Oliveira et al., 2005; Shayu et al., 2005). Pastor-Soler
et al. (2002) showed that a treatment with flutamide, an
antiandrogen, results in down-regulation of Agp9 mRNA
expression in the epididymis. The level of Agp9 expre-
ssion is dramatically decreased by ligation of the efferent
ductules or orchidectomy, but the Agp9 expression is not
restored by testosterone replacement (Badran and Her-
mo, 2002). A long-term treatment with the antioestrogen
induces expression of Agpl in the IS (Oliveira et al,
2005). These findings indicate that a complex of various
steroid hormones regulates expression of Agpl and Aqp9
genes in the epididymis. In the present study, Agpl
mRNA expression in the epididymis is significantly
up-regulated by short term treatment with a high dose of
ND, except the caudal epididymis showing a drastic
decrease of Agpl mRNA level in a dose-dependent ma-
nner. However, regardless of doses of ND, a long term
ND treatment led to significant reduction of Agpl mRNA
levels in the IS and caudal epididymis. These observa-
tions imply that mRNA expression of Aqpl gene is
differentially regulated among parts of the epididymis
by different doses and periods of ND treatment. The cu-
rrent study also demonstrates the segmental and diffe-
rential regulation of Agp9 gene expression in the epidi-
dymis by ND treatment. It is known that the ND is
capable with androgen receptor in the cell and functions
in similar with testosterone (Van Der, 1965). Therefore, it
is considered that such segmental and differential ex-
pression of Agpl and Agp9 gene induced by ND treat-
ment could be due to differences of androgen receptor
levels present in each segment of the epididymis.

In summary, the present study demonstrates that the
ND treatment influences abnormal mRNA expression of
Agpl and Agp9 genes in the epididymis. In addition, our
current study clearly shows that expression of Agpl and
Agp9 mRNA among parts of the epididymis is differen-
tially regulated by ND, depending upon treatment peri-

ods and doses. Thus, it is concluded that the ND co-
mmonly used for treatment of clinical diseases and for
improvement of physical ability and appearance could
affect the male fertility by disrupting not only the
testicular function but also epididymal function.

REFERENCES

1. Badran HH, Hermo LS (2002): Expression and regu-
lation of aquaporins 1, 8, and 9 in the testis, efferent
ducts, and epididymis of adult rats and during
postnatal development. ] Androl 23:358-373.

2. Basaria A, Wahlstrom, JT, Dobs AS (2001): Clinical
review 138: Anabolic-androgenic steroid therapy in
the treatment of chronic diseases. ] Clin Endocrinol
Metab 86:5108-5117.

3. Boyadjiev NP, Georgieva KN, Massaldjieva RI, Gu-
eorguiev SI (2000): Reversible hypogonadism and az-
oospermia as a result of anabolic-androgenic steroid
use in a bodybuilder with personality disorder. A
case report. ] Sports Med Phys Fitness 40:271-274.

4, Brown D, Verbabatz JM, Valenti G, Lui B, Sabolic I
(1993): Localization of the CHIP28 water channel in
reabsorptive segments of the rat male reproductive
tract. Eur ] Cell Biol 61:264-273.

5. Chrousos, GP (2006): The gonadal hormones and
inhibitors. In: Katzung BG (ed.). Basic Clinical Phar-
macology. McGraw-Hill Professional, pp 674-676.

6. Cornwall GA (2009): New insights into epididymal
biology and function. Hum Reprod Update 15:213-
227.

7. Cosentino M]J, Cokett AT (1986): Structure and func-
tion of the epididymis. Urol Res 14:229-240.

8. Da Silva N, Piétrement C, Brown D, Breton S (2006):
Segmental and cellular expression of aquaporins in
the male excurrent duct. Biochim Biophys Acta 1758:
1025-1033.

9. Dohle GR, Smit M, Weber RFA (2003): Androgens and
male fertility. World ] Urol 21:341-345.

10. Domeniconi RF, Orsi AM, Justulin Jr LA, Beu CCL,
Felisbino SL (2008): Immunolocalization of aquapo-
rins 1, 2, and 7 in rete testis, efferent ducts, epdidiy-
mis and vas deferens of adult dog. Cell Tissue Res
332:329-335.

11. Fisher JS, Turner KJ, Fraser HM, Saunders PTK, Br-
own D, Sharpe RM (1998): Immunoexpression aqua-
porin-1 in the efferent ducts of the rat and marmoset
monkey during development, its modulation by
estrogens, and its possible role in fluid resorption.
Endocrinology 139:3935-3945.

12. Fortunato RA, Marassi MP, Chaves EA, Nascimento
JH, Rosenthal D, Carvalho DP (2006): Chronic ad-
ministration of anabolic androgenic steroid alters mu-
rine thyroid function. Med Sci Sports Exerc 38:256-



13.

14.

15.

16.

17.

18.

19.

20.

21.

Effect of Nandrolone on Aquaporin Expression 61

261.

Grunfeld C, Kotler D, Dobs A, Glesby M, Bhasin S
(2006): Oxandrolone in the treatment of HIV-asso-
ciated weight loss in men: a randomized, double--
blind, placebo-controlled study. J Acquir Immune De-
fic Syndr 41:304-314.

Hermo I, Krzeczunowicz D, Ruz R (2004): Cell spe-
cificity of aquaporins 0, 3, and 10 expressed in the
testis, efferent ducts, and epididymis of adult rats. J
Androl 25:494-505.

Huang H-F, He R-H, Sun C-C, Meng Q-X, Ma Y-Y
(2006): Function of aquaporins in female and male
reproductive systems. Hum Reprod Update 12:785-
795.

Karbalay-Doust S, Noorafshan A (2006): Stereological
study of the effects of nandrolone decanoate on the
rat prostate. Micron 37:617-623.

Koeva YA, Georgieva KN, Atanassova PK, Delchev
SD (2003): Effects of submaximal training and ana-
bolic androgenic steroids administration on steroido-
genic enzyme activity in rat Leydig cells. Folia Med
(Plovdiv) 45:37-40.

Kruse E, Uehlein N, Kaldenhoff R (2006): The aqua-
porins. Genome Biol 7:206.

Lu DY, Li 'Y, Bi ZW, Yu HM, Li XJ (2008): Expression
and immunohistochemical localization of aquaporin-1
in male reproductive organs of the mouse. Anat
Histol Embryol 37:1-8.

Menon DK (2003): Successful treatment of anabolic
steroid-induced azoospermia with human chorionic
gonadotropin and human menopausal gonadotropin.
Fertil Steril 79:1659-1661.

Mulligan K, Schambelan M (2002): Anabolic treatment
with GH, IGF-1, or anabolic steroids in patients with
HIV-associated wasting. Int J Cardiol 85:151-159.

. Nagata S, Kurosawa M, Mima K, Nambo Y, Fujii Y,

Watanabe G, Taya K (1999): Effects of anabolic ste-
roid (19-nortestosterone) on the secretion of testicu-
lar hormones in the stallion. ] Reprod Fertil 115:373-

23.

24.

25,

26.

27.

28.

29.

30.

31.

379.

Noorafshan A, Karbalay-Doust S, Ardekani FM (2005):
High doses of nandrolone decanoate reduce volume
of testis and length of seminiferous tubules in rats.
APMIS 113:122-125.

Otliveira CA, Carnes K, Fran¢a LR, Hermo L, Hess RA
(2005): Aquaporin-1 and -9 are differentially regu-
lated by oestrogen in the efferent ductule epithelium
and initial segment of the epididymis. Biol Cell 97:
385-395.

Pastor-Soler N, Isnard-Bagnis C, Herak-Kramberger C,
Sabolic I, Van Hoek A, Brown D, Breton S (2002):
Expression of aquaporin 9 in the adult rat epididymal
epithelium is modulated by androgens. Biol Reprod
66:1716-1722.

Ranke MB, Bierich JR (1986): Treatment of growth
hormone deficiency. Clinics Endocrinol Metabol 15:
495-510.

Shayu D, Kesava CC, Soundarajan R, Rao AJ (2005):
Effects of ICI 182780 on estrogen receptor expression,
fluid absorption and sperm motility in the epididy-
mis of the bonnet monkey. Reprod Biol Endocrinol
3:10.

Sjoqvist F, Garle M, Rane A (2008): Use of doping
agents, particularly anabolic steroids, in sports and
society. Lancet 371:1872-1882.

Takahashi M, Tatsugi Y, Kohno T (2004): Endocrino-
logical and pathological effects of anabolic-androge-
nic steroid in male rats. Endocrine J 51:425-434.
Van Der V] (1965): On the mechanism of action of
nandrolone phenylpropionate and nandrolone deca-
noate in rats. Acta Endocrinol (Copenh) 49:271-282.
Vieira RP, Franca RF, Damaceno-Rodrigues NR, Dol-
hnikoff M, Caldini EG, Carvalho CR, Ribeiro W
(2008): Dose-dependent hepatic response to subchro-
nic administration of nandrolone decanoate. Med Sci
Sports Exerc 40:842-847.

(Received: 16 March 2009 / Accepted: 20 March 2009)



