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Effects of nandrolone decanoate on expression of steroidogenic 
enzymes in the rat testis

TaeSun Min1 and Ki-Ho Lee2,*

Objective: Nandrolone decanoate (ND) is an anabolic-androgenic steroid frequently used 
for clinical treatment. However, the inappropriate use of ND results in the reduction of serum 
testosterone level and sperm production. The suppressive effect of ND on testosterone pro-
duction has not been investigated in detail. The present study was designed to examine the 
effect of ND on the expression of steroidogenic enzymes in the rat testis. 
Methods: Male Sprague Dawley rats at 50 days of age were subcutaneously administrated 
with either 2 or 10 mg of ND/kg body weight/week for 2 or 12 weeks. The changes of tran-
script and protein levels of steroidogenic enzymes in the testis were determined by real-time 
polymerase chain reaction and western blotting analyses, respectively. Moreover, immun-
ohistochemical analysis was employed to determine the changes of immunostaining intensity 
of these enzymes. The steroidogenic enzymes investigated were steroidogenic acute regulatory 
protein, cytochrome P450 side chain cleavage enzyme, 17α-hydroxylase, 3β-hydroxysteroid 
dehydrogenase, and cytochrome P450 aromatase. 
Results: The treatment of ND resulted in depletion of Leydig cells and sloughing of germ 
cells in the testis. The ND treatment caused significant expressional decreases of steroidogenic 
enzymes at transcript and protein levels, and the destructive effects of ND on the testis were 
more apparent with a higher dose and a longer period of the treatment. Evident reduction of 
immunostaining intensity present in Leydig cells was clearly detected by the ND treatment. 
Conclusion: The exposure to ND in young male results not only in histological changes of 
the testis but also in aberrant gene expression of testicular steroidogenic enzymes, conse-
quently leading into the reduction of testosterone production in the testis and thus likely 
disruption of spermatogenesis. 
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INTRODUCTION 

The synthesis of sex steroid hormones, testosterone and estrogen, in the testis is primarily 
occurred within Leydig cells and requires a series of actions of steroidogenic enzymes [1]. 
The cholesterol is first imported into the mitochondria by steroidogenic acute regulatory 
protein (StAR), and cytochrome P450 side chain cleavage enzyme (CYP11A1) then cleaves 
the side-chain of cholesterol to produce pregnenolone [1]. The conversion of pregnenolone 
to testosterone is achieved by a chain reaction of several enzymes, including 3β-hydroxysteroid 
dehydrogenase (HSD3B1), 17α-hydroxylase (CYP17), and 17β-hydroxysteroid dehydro-
genase (HSD17B) [1]. The aromatization of the A-ring of testosterone by cytochrome P450 
aromatase (CYP19) is required to produce estradiol (E2) from testosterone [1]. Thus, any 
intrinsic or extrinsic cures affecting the expression and/or activity of these testicular steroid-
ogenic enzymes could influence on the production of sex steroid hormones in male. Indeed, 
many researches have demonstrated that the exposure to various environmental and syn-
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thetic substances gives an impact on the production of sex 
steroid hormones by affecting expression of steroidogenic 
enzymes in the testis.
 Nandrolone (19-nortestosterone) is an anabolic-androgenic 
steroid (AAS), which is structurally and functionally close to 
testosterone but has 10 times greater anabolic effect than testo-
sterone [2]. Nandrolone is naturally present in the blood and 
consumable parts, including meat, of boar [3,4] and is also 
chemically synthesized in a decanoate esterifed form, com-
mercially called nandrolone decanoate (ND). The ND is often 
used for treatments of several clinical conditions, such as HIV-
associated muscle wasting, anemia induced by chronic renal 
failure, and bone mineral density in elderly osteoporotic 
women [5]. In spite of such beneficial effects of ND, there 
are undesirable physiological and psychological outcomes 
accompanied by the administration of ND, including the del-
eterious effects of ND in the male and female reproductive 
systems. Especially, the administration of ND in male often 
accomplishes impaired spermatogenesis, depletion of Leydig 
cells, and germ cell sloughing in the testis [6], atrophic change 
of prostate [7], and reduction of fertility [8]. However, a de-
tailed molecular mechanism defining such harmful effects 
of ND on the male reproduction has not been established. 
 The most common endocrinological effect of the exposure 
to ND is the reduction of serum testosterone level [8,9], likely 
due to expressional modulation of testicular steroidogenic 
enzymes by ND administration [10-12]. For example, the 
decreases of testicular HSD3B and HSD17B activities have 
been detected with exogenous treatment of ND [10,11]. A 
recent study has shown significant decreases of testicular 
StAR, HSD3B1, and CYP17 protein levels by superphysiolo-
gical doses of ND [12]. In addition, at the superphysiological 
doses of ND, mRNA levels of Star and Cyp17 have not been 
changed and expressional level of Hsd31 gene has even become 
increased [12]. However, such inconsistency between mRNA 
levels and protein levels of testicular steroidogenic enzymes 
by ND treatment has not been elucidated. 
 The use of AAS, including ND, in purpose of non-medical 
desires is considerably increasing among professional athletes 
and bodybuilders to improve muscle strength and perfor-

mance [13]. Also, the uncontrolled use of AAS among non-
professional people and even teenagers is frequently achieved 
to enhance physical appearance by temporal quick growth of 
muscle mass [13]. Even though it is well-documented that 
the misuse of AAS is strongly associated with the decline of 
male fertility, primarily starting with a decline of testosterone 
production in the testis [13], the effect of ND on the expres-
sion of steroidogenic enzymes in the testis at fairly low doses 
and/or for different durations of the exposure has not been 
thoroughly examined yet.
 In the present study, we chiefly attempted to assess expres-
sional changes of several steroidogenic enzymes at mRNA 
and protein levels by ND treatment at two different doses (low 
and high) and for two different periods (short and long). Mi-
croscopic examination of the testis was accomplished to 
evaluate the association between histological observations 
and molecular biological findings acquired from the current 
research. 

MATERIALS AND METHODS

Experimental design and tissue preparation
Male Sprague Dawley rats at 40 days of age were purchased 
from Samtako (OSan, Korea) and individually housed under 
controlled conditions. The animals were maintained under 
normal light hours (14 L:10 D) and temperature (22°C to 
24°C) and given ad libitum access to food and water for ex-
perimental period. The ND, in a form of Deca-Durabolin, was 
obtained from Organon Korea Ltd. (Seoul, Korea). The con-
centration of ND in a stock solution was 50 mg/mL, and the 
stock solution was diluted into proper concentrations with 
peanut oil. 
 At 50 days of age, the animals were randomly assigned into 
two experimental groups according to treatment period (2 or 
12 weeks), and were further divided into 3 subgroups, control 
group (peanut oil: n = 5), a low-dose ND treatment group (2 
mg of ND/kg body weight/wk: n = 6), and a high-dose ND 
treatment group (10 mg of ND/kg body weight/wk: n = 6). 
Body weight was recorded every week to adjust an amount 
of peanut oil or ND administrated subcutaneously (Table 1), 

Table 1. Primer information for real-time PCR

Molecule 
 (GenBank ID)

Forward primer sequence 
(5’ → 3’) 

Reverse primer sequence  
(5’ → 3’)

Tm 
(°C)

Expected PCR 
size (bps)

Star (NM_031558) CTGCTAGACCAGCCCATGGAC (490-510) TGATTTCCTTGACATTTGGGTTCC (557-580) 66 91
Cyp11a1 (J05156) AGGTGTAGCTCAGGACTT (530-547) AGGAGGCTATAAAGGACACC (909-928) 52 399
Cyp17 (M31681) AGATTGACCAGTACGTAGGCTTCAGCCGAA (1031-1060) CACATCCAAGTCAAACCTCTGCAGTAGC (1413-1440) 67 410
Hsd3b1 (M38178) CCCATACAGCAAAAGGATGG (636-655) GCCGCAAGTATCATGACAGA (766-785) 55 150
Cyp19 (M33986) GCTTCTCATCGCAGAGTATCCGG (1555-1577) CAAGGGTAAATTCATTGGGCTTGG (1821-1844) 62 290
Ppia (NM_017101) GGCAAATGCTGGACCAAACAC (342-362) TTAGAGTTGTCCACAGTCGGAGATG (513-537) 62 196

PCR, polymerase chain reaction; Star, steroidogenic acute regulatory protein; Cyp11a1, cytochrome P450 side chain cleavage; Cyp17, cytochrome P450 17α-hydroxylase; 
Hsd3b1, 3-beta-hydroxysteroid dehydrogenase/delta-5-delta-4 isomerase type I; Cyp19, cytochrome P450 aromatase; Ppia, cyclophilin A. Numbers in parentheses of primer 
sequences indicate the positions of bases in GenBank sequences.



660  www.ajas.info

Min and Lee (2018) Asian-Australas J Anim Sci 31:658-671

and the last injection was carried out at the day of the 2nd or 
12th week. The doses of ND used in the present research were 
selected based on the literature [5,7-12,14]. The dose of 10 mg 
of ND/kg body weight/wk shows a promising effect on the 
testis [7-10,12] and is greatly lower than the doses treated for 
several human clinical symptoms, such as 150 mg of ND/2 
weeks for treatment of HIV-associated weight loss and 25 mg 
of ND/week for improvement of exercise capacity in patients 
with chronic obstructive pulmonary disease [14]. In addition, 
the dose of 2 mg of ND was chosen to determine how much 
low dose of ND influences on the testis and/or testicular tes-
tosterone production. The present study was carried out in 
accordance with the guide for the care and use of laboratory 
animals of National Research Council in Korea. 
 At the end of experiment, the animal was anesthetized by 
CO2 stunning. Blood sample was obtained by guillotine de-
capitation, and then serum was collected by centrifugation 
(890×g) for 15 min at 4°C. The serum was kept in –20°C until 
utilized for measurement of testosterone concentration. The 
testis was rapidly collected and weighted. One testis was fixed 
in Bouin’s solution for histological and immunohistochemical 
analyses and the other was quickly frozen in liquid nitrogen 
and stored in –80°C until used for real-time polymerase chain 
reaction (PCR) and western blotting analyses.

Analysis of serum testosterone concentration 
The concentration of testosterone in serum was measured by 
the enzyme-linked immunosorbent assay (ELISA) method 
using a DRG ELISA testosterone kit (EIA-1559; DRG In-
ternational Inc., Mountainside, NJ, USA) according to the 
manufacturer’s instructions. Briefly, 50 μL of standard, sam-
ple serum, or control were dispensed into the well, followed 
by an addition of 100 μL of enzyme conjugate. After incuba-
tion for 1 hour at room temperature, wells were rinsed with 
diluted washing solution for three times. Next, 150 μL of sub-
strate solution were added into the well and then incubated 
for 15 minutes at room temperature. Measurement of testos-
terone concentration was performed at 450 nm in ELISA 
reader (Microplate Autoreader, BioRad Laboratory, Hercules, 
CA, USA) after addition of stop solution. All testing materials 
were triplicated for the assay. The sensitivity and intra- and 
inter-assay variation coefficients of the kit were 0 to 0.083 

ng/mL, 3.28% to 4.16%, and 4.73% to 9.94%, respectively.

Total RNA isolation and real-time polymerase chain 
reaction analysis
Total RNA was isolated in accordance with the instruction 
provided with TRIzol RNA extraction solution (Invitrogen, 
Carlsbad, CA, USA). Briefly, about 50 mg of testis was homoge-
nized in 1 mL of TRIzol solution using a Polytron homogenizer 
(Fisher Scientific, Pittsburgh, PA, USA). After centrifuga-
tion at 16,609×g (4°C) for 20 min, total RNA was extracted 
by chloroform and isopropanol precipitation. The RNA pellet 
was suspended in RNA storage buffer (Ambion, Austin, TX, 
USA) and stored in –80°C. The quantity and quality of total 
RNA were determined by UV spectrophotometer (Eppendorf, 
New York, NY, USA) and 1.2% gel electrophoresis, respectively.
 The reverse transcription (RT) reaction was performed 
with 1 μg of total RNA according to the instruction in the 
ImPromII RT system (Promega, Madison, WI, USA). Using 
oligo-dT primer, a mixture of RT reaction in a total volume 
of 20 μL was sequentially exposed at 25°C for 5 min, 42°C for 
1 h, and 70°C for 15 min to generate complementary DNA 
(cDNA). The real-time PCR was carried out in a mixture of 
1 μL of cDNA, 0.75 U of GoTaq DNA polymerase (Promega, 
USA), 5 μL of 5×buffer, 0.2 mM of deoxyribonucleotide tri-
phosphate (Promega, USA), 2.5 μL of 3,000×SYBR Green I 
(BMA, Rockland, ME, USA), and 10 pmol of each primer. A 
total volume of real-time PCR mixture was 25 μL, and the real-
time PCR program employed an initial step at 95°C for 5 min 
for pre-denaturation, followed by denaturation at 94°C for 30 
s, annealing at Tm for 30 s, and extension at 72°C for 30 s using 
the PTC-200 Chromo 4 real-time system (BioRad Laboratories, 
USA). At the end of PCR, an additional extension step was 
followed at 72°C for 10 min. Oligonucleotide primers were 
designed by using Primer 3 software (Whitehead Institute/
MIT Center for Genomes Research, Cambridge, MA, USA; 
http://www.bioneer.co.kr/cgi-bin/primer/primer3.cgi). Cy-
clophilin A (Ppia) was included as an internal PCR control, 
and information for PCR primers is summarized in Table 2. 
No RNA, no cDNA template, and no primer controls were 
also included for PCR quality control purpose. The PCR pro-
ducts were fractionated on 1.2% agarose gel to check the sizes 
and qualities. Quantitative values of real-time PCR results were 

Table 2. Changes of body weight by ND treatment

Treatment  

 period
Exp. group

Body weight (g)

0 wk 1 wk 2 wk 3 wk 4 wk 5 wk 6 wk 7 wk 8 wk 9 wk 10 wk 11 wk 12 wk 

2 weeks Control (oil) 156.7 ± 1.45 208.0 ± 2.52 269.8 ± 4.90 - - - - - - - - - -
Low (2 mg) 156.9 ± 1.40 214.9 ± 4.53 271.1 ± 4.65 - - - - - - - - - -
High (10 mg) 160.2 ± 0.64 227.6 ± 2.18a 286.0 ± 5.44 - - - - - - - - - -

12 weeks Control (oil) 162.0 ± 1.23 219.0 ± 4.05 277.9 ± 4.81 323.6 ± 8.72 352.9 ± 11.34 393.4 ± 12.05 408.9 ± 12.81 428.9 ± 13.36 445.2 ± 15.05 464.7 ± 15.30 479.6 ± 16.44 492.3 ± 17.04 502.6 ± 17.48
Low (2 mg) 163.5 ± 3.22 222.4 ± 4.79 281.2 ± 7.49 326.2 ± 8.75 357.8 ± 10.23 388.3 ± 12.10 409.2 ± 13.99 429.2 ± 15.40 447.3 ± 15.59 464.0 ± 17.95 480.9 ± 20.18 478.4 ± 19.12 489.6 ± 22.01
High (10 mg) 168.3 ± 2.51 230.4 ± 4.18 284.5 ± 9.81 332.0 ± 13.68 356.2 ± 15.28 385.2 ± 18.03 394.7 ± 18.76 402.3 ± 19.92 409.1 ± 20.76 412.0 ± 20.67 420.5 ± 21.92 422.9 ± 22.37a 429.3 ± 24.05a

ND, nandrolone decanoate; wk, the week of treatment.
a Significant to control and low.
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obtained from the relative standard curve method. 

Protein isolation and western blotting analysis
About 10 mg of testis was homogenized in 600 μL of lysis 
buffer (ProPrep protein extraction solution, iNtRON Biotech, 
Sungnam, Korea) using a Polytron homogenizer (Fisher Sci-
entific, USA), followed by incubation at –20°C for 30 min. Then 
a centrifugation at 166,096×g (4°C) for 10 min was performed 
to collect protein supernatant, and the extracted protein was 
kept in –80°C until used for western blotting analysis. The pro-
tein concentration was determined by the Bradford method 
(BioRad Laboratories, USA), with bovine serum albumin 
(BSA) as standard. 
 For western blotting analysis, the fractionated protein on 
12% SDS-PAGE polyacrylamide gel (Invitrogen, USA) was 
transferred to a nitrocellulose membrane, followed by rinsing 
in Tris-buffered saline (TBS) with Tween (TBST; 0.2 M Tris, 
1.37 M NaCl, 0.05% Tween-20) for a couple of times. The 
membrane was incubated in TBST with 1% BSA (Sigma, St 
Louis, MO, USA) for 1 h at room temperature to block non-
specific binding. Adequate concentrations of primary antibodies 
were determined by a series of preliminary studies. We used 
dilution of 1:1,000 for StAR (polyclonal rabbit anti-StAR; a 
precious gift from Dr. Douglas Stocco, Texas Tech University, 
Lubbock, TX, USA), 1:2,000 for CYP11A1 (AB1244; Chemi-
con International, Temecula, CA, USA), 1:1,000 for CYP17 
(polyclonal rabbit anti-CYP17; a generous gift from Dr. Anita 
Payne, Stanford University, Stanford, CA, USA), 1:1,000 for 
HSD3B1 (polyclonal rabbit anti-HSD3B1; a benevolent gift 
from Dr. Ian Mason, University of Edinburgh, Edinburgh, 
UK), and 1:500 for CYP19 (polyclonal rabbit anti-CYP19; a 
generous gift from Dr. Nobuhiro Harada, Fujita Health Univer-
sity, Japan). The primary antibody was applied to the membrane 
for overnight at 4°C. After washing in TBST for 3 times, the 
membrane was incubated with goat anti-rabbit HRP-conju-
gated IgG (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, 
USA) diluted at 1:500 in TBST at room temperature for 1 h. 
The excess secondary antibody on the membrane was removed 
by washing in TBST for 5 times. Then, the membrane was 
exposed to the enhanced chemiluminescence detection sys-
tem (Amersham Biosciences, Pittsburgh, PA, USA) to obtain 
blotting results. The results on the X-ray film were analyzed 
by image analysis software, Image J, released from the Na-
tional Institutes of Health (Bethesda, MD, USA; http://rsb.info.
nih.gov/ij/download.html). Beta-actin (ACTB, SC-47778; 
Santa Cruz Biotechnology, Inc., USA) was used for an inter-
nal control. 

H&E staining and immunohistochemical analysis
The testis fixed in Bouin’s solution for overnight at room 
tem perature was transferred into 70% EtOH. The testis was 
dehydrated in a series of ethanol (90%, 95%, and 100%), cleared 

in xylene, and then infiltrated with paraffin. Paraffin-embed-
ding testis was sectioned at thickness of 4 μm and placed on 
charged slide (Fisher Scientific, USA). For H&E staining, tissue 
section was deparaffinized in xylene and rehydrated in a series 
of ethanol and water. Then, the section was stained with he-
matoxylin (YD Diagnostics, Yongin, Korea) for 1 min at room 
temperature. After washing in running water, the section was 
immersed in eosin solution (Merck, Darmstadt, Germany) 
for 1 min, followed by direct dehydration in a series of ethanol 
and clearing with xylene. Mounted section was examined 
under light microscopy for histological evaluation. Digitalized 
image was captured by Olympus-CoolSNAP cf color/OL 
camera (Olympus America, Melville, NY, USA) using RSI-
mage version 1.1 software (Roper Scientific, Duluth, GA, 
USA). The image was processed in Adobe PhotoShop CS5 
software (Adobe Systems, San Jose, CA, USA). 
 For immunohistochemical study, tissue section was first 
deparaffinized in xylene and then rehydrated in a series of 
ethanol. The section was microwaved in 0.01 M citrate buffer, 
pH 6.0 for 10 min for antigen retrieval. Endogenous peroxi-
dase was inactivated in 0.3% H2O2/methanol for 15 min at 
room temperature. The section was exposed to 5% normal 
goat serum (Chemicon International, USA) for 30 min at room 
temperature to block nonspecific binding of the primary an-
tibody. Diluted primary antibody was applied to the section 
in a humidified chamber at 4°C for overnight. Proper concen-
trations of primary antibodies for immunohistochemistry 
were determined by a series of multiple preliminary trials. 
Dilutions of the primary antibodies used at the present study 
were as following; 1:200 for StAR, 1:500 for CYP11A1, 1:200 
for CYP17, 1:500 for HSD3B1, and 1:100 for CYP19. The pri-
mary antibodies used for western blotting analysis were 
employed for immunohistochemical analysis. Excess pri-
mary antibody was washed off in phosphate-buffered saline 
(PBS). Then, the section was incubated with biotinylated 
goat anti-rabbit IgG secondary antibody (DAKO Corporation, 
Carpinteria, CA, USA) of 1:100 dilution for 1 h at room tem-
perature. Unbound IgG was removed by PBS washing, and 
elite avidin-biotin peroxidase (Vector Laboratories, Burlingame, 
CA, USA) was placed on the sections for 30 min at room tem-
perature. After washing in PBS for three times, the section was 
employed with a mixture of 3,3’-diaminobenzidine (Sigma, 
USA), 0.05 M Tris-HCl buffer, and 5% hydrogen peroxide to 
detect the peroxidase. The section was then counterstained 
with hematoxylin. Immuno-reactivity on the section was 
evaluated with digitalized images captured with Olympus-
CoolSNAP cf color/OL camera using RSImage version 1.1 
software. The image was slightly processed in Adobe Photo-
Shop software.

Data analysis and presentation
All data were presented as means±standard errors. Statistical 
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comparison of means was carried out among experimental 
groups within each treatment period by using one-way anal-
ysis of variance followed by Duncan’s post hoc test. In all cases, 
results were considered significant if p value was lower than 
0.05. 
 For real-time PCR analysis, we quadruplicated the RT re-
action and real-time PCR for each sample to obtain a mean. 
The mean value normalized to the quantitative value of Ppia 
was used for statistical comparison. Expressional level of target 
transcript was expressed relative to Ppia as an arbitrary unit. 
For western blotting analysis, each sample was triplicated, and 
the mean value normalized to the value of ACTB was used 
for statistical comparison. Abundance of protein was expressed 
relative to normalized value of control group as arbitrary 
units.

RESULTS 

Changes of body and serum testosterone concentration 
A transient and unexpected increase of body weight was 
observed with a high-dose ND treatment at the 1st week of 
2-weeks ND treatment experiment, even though there was 
no significant difference among experimental groups at the 
second week (Table 2). There was no significant change of body 
weight by ND treatment at a low-dose ND treatment for 12 
weeks (Table 2). However, a high-dose ND treatment for 12 
weeks resulted in significant decreases of body weight at the 
11th and 12th week (Table 2). 
 The concentration of serum testosterone was significantly 
decreased by a low-dose ND treatment for 2 weeks, compared 
with that of the control (Figure 1). A further reduction of se-
rum testosterone concentration was detected with a high-dose 
ND treatment for 2 weeks (Figure 1). The serum testosterone 
level of a low-dose ND treatment group for 12 weeks was 

significantly lower than that of the control (Figure 1). An 
additional decrease of serum testosterone level was detected 
with a high-dose ND treatment for 12 weeks (Figure 1).

Histological changes in the testis and expressional 
changes of Star transcript and protein 
The ND treatment resulted in considerable histological changes 
in the testis (Figure 2). Notable abnormalities were the decline 
of Leydig cell population within the interstitial compartment 

Figure 1. Change of serum testosterone concentration with the treatment of 
nandrolone decanoate (ND). The treatment of ND was performed for 2 weeks (2 
wk) or 12 weeks (12 wk) at a low-dose (Low, 2 mg ND/kg body weight [BW]/
wk) or a high-dose (High, 10 mg ND/kg BW/wk). Different letters indicate 
significant differences among experimental groups (p<0.05). □, control (peanut 
oil); 
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▨, a low-dose-treated group; ■, a high-dose-treated group. ACTB, -actin. (C) Immunohistochemical 29 
localization of CYP11A1 in the testis. The immuno-reactivity of CYP11A1 was visible in the Leydig cells. Bars 30 
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and the sloughing of germ cells within the seminiferous tu-
bules (Figure 2). Even though visible reduction of Leydig cell 
number was not observed by a low-dose ND treatment for 2 
weeks, a high-dose ND treatment for 2 weeks caused a notable 
decrease of Leydig cell population in the interstitial compart-
ment (Figure 2). A diminishing number of Leydig cell was 
even apparent in ND treatment groups for 12 week (Figure 
2). The Leydig cell in the interstitial compartment was hardly 
detectable in the testis exposed to a low-dose ND treatment 
for 12 weeks and was mostly disappeared with a high-dose 
ND treatment for 12 weeks (Figure 2). In addition, the admin-
istration of ND caused the sloughing of germ cells in the 
seminiferous tubules of the testis (Figure 2). The phenome-
non was more frequent and severe in the higher dose and 
longer treatment groups (Figure 2 and personal observation).
 The transcript level of testicular Star was not changed by a 
low-dose ND treatment for 2 weeks but was significantly re-
duced by a high-dose ND treatment for 2 weeks (Figure 3A). 
Significant decreases of Star mRNA levels were detected with 
ND treatments at a low-dose and a high-dose for 12 weeks, 

even though there was no difference on the transcript level 
of Star between two 12-week ND treatment groups (Figure 
3A). The ND treatment at a low-dose for 2 weeks didn’t give 
an influence on the protein level of StAR, but a significant 
reduction of testicular StAR protein level was observed with 
a high-dose ND treatment for 2 weeks (Figure 3B). The level 
of StAR was significantly decreased by a low-dose ND treat-
ment for 12 weeks, and a further reduction of StAR protein 
level was observed in a high-dose ND treatment group for 
12 weeks (Figure 3B). Immunohistochemical analysis revealed 
that the StAR was exclusively localized in Leydig cell of the 
interstitial compartment, even though non-specific immu-
nostaining of STAR was often found within the seminiferous 
tubules, especially acrosomal regions of spermatozoa (Figure 
3C, Table 3). In ND treatment groups for 2 weeks, detectable 
reduction of StAR immunostaining was only found in a high-
dose treatment group (Figure 3C, Table 3). The ND treatment 
for 12 weeks resulted in the absence of StAR-positive cell within 
the interstitial compartment (Figure 3C, Table 3). 

Figure 3. Effects of nandrolone decanoate (ND) treatment on the expression of testicular steroidogenic acute regulatory protein (Star). The treatment of ND was performed 
for 2 weeks (2 wk) or 12 weeks (12 wk) at a low-dose (Low, 2 mg ND/kg body weight/wk) or a high-dose (High, 10 mg ND/kg body weight/wk). The ND treatment resulted 
in changes of Star transcript (A) and protein (B) levels. Different letters above bars indicate significant differences among experimental groups (p<0.05). Ppia, cyclophilin A. 
□, control (peanut oil); 
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hydroxylase (Cyp17). The treatment of ND was performed for 2 weeks (2 wk) or 12 weeks (12 wk) at a low-dose 34 
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Expressional changes of Cyp11a1 and Cyp17 transcripts 
and proteins 
The level of Cyp11a1 mRNA was significantly decreased by a 
low-dose ND treatment for 2 weeks, and a further reduction 

of Cyp11al transcript level was observed in a high-dose treat-
ment group for 2 weeks (Figure 4A). The ND treatment for 
12 weeks resulted in a significant reduction of Cyp11a1 tran-
script level, even though there was no statistical difference on 

Table 3. Summary of immunohistochemical analysis

Molecule

2 wk1) 12 wk

Leydig cell Sertoli cell Germ cell Leydig cell Sertoli cell Germ cell

C2) L H C L H C L H C L H C L H C L H

StAR + + +/-a - - - - - - + - - - - - - - -
CYP11A1 + + - - - - - - - + - - - - - - - -
CYP17 + + - - - - - - - + - - - - - - - -
HSD3B1 + + + - - - - - - + +/-a - - - - - - -
CYP19 + +/- - +/- +/- +/- +/-a +/-a +/-a + - - +/- +/- +/- +/-a +/-a +/-a

StAR, steroidogenic acute regulatory protein; CYP11A1, cytochrome P450 side chain cleavage; CYP17, cytochrome P450 17α-hydroxylase; HSD3B1, 3β-hydroxysteroid dehy-
drogenase type 1; CYP19, cytochrome P450 aromatase. 
1) 2 wk, 2 weeks-treatment; 12 wk, 12 weeks-treatment.
2) C, control; L, low-dose of ND -treated (2 mg/kg body weight/wk); H, high-dose of ND-treated (10 mg/kg body weight/wk). 
3) +, positive; +/-, weakly positive; -, negative. 
a Not all cells positive.

Figure 4. Effects of nandrolone decanoate (ND) treatment on the expression of testicular cytochrome P450 side chain cleavage (Cyp11a1). The treatment of ND was 
performed for 2 weeks (2 wk) or 12 weeks (12 wk) at a low-dose (Low, 2 mg ND/kg body weight/wk) or a high-dose (High, 10 mg ND/kg body weight/wk). The ND 
treatment resulted in changes of Cyp11a1 transcript (A) and protein (B) levels. Different letters above bars indicate significant differences among experimental groups 
(p<0.05). Ppia, cyclophilin A. □, control (peanut oil); 
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Cyp11a1 transcript level between two ND-treated groups for 
12 weeks (Figure 4A). At protein level, a low-dose ND treat-
ment for 2 weeks caused a significant decrease of CYP11A1 
amount (Figure 4B). An additional reduction of CYP11A1 
level was detected with a high-dose ND treatment for 2 weeks 
(Figure 4B). The CYP11A1 level was also significantly de-
creased by a low-dose ND treatment for 12 weeks, and a 
further reduction of CYP11A1 level was found in a high-dose 
ND treatment group for 12 weeks (Figure 4B). Immuno-
histochemical analysis showed the exclusive localization of 
CYP11A1 in Leydig cell (Figure 4C, Table 3). The strong im-
munostaining of CYP11A1 in Leydig cell was observed in a 
low-dose ND treatment group for 2 weeks, but the positive 
staining of CYP11A1 was not detectable in a high-dose ND 
treatment group for 2 weeks (Figure 4C, Table 3). No immu-
nostaining of CYP11A1 was found within the interstitial 
compartment of the testis treated with ND for 12 weeks (Fig-
ure 4C, Table 3).
 The expressional change of testicular Cyp17 by ND treat-
ment is shown in Figure 5. The transcript level of Cyp17 was 

not affected by a low-dose ND treatment for 2 weeks, while a 
significant decrease of Cyp17 mRNA level was observed with 
a high-dose ND treatment for 2 weeks (Figure 5A). The ND 
treatments at low- and high-doses for 12 weeks also resulted 
in considerable decreases of Cyp17 mRNA levels (Figure 5A). 
The protein level of CYP17 was significantly decreased by a 
low-dose ND treatment for 2 weeks, and an additional reduc-
tion of CYP17 amount was observed with a high-dose ND 
treatment for 2 weeks (Figure 5B). Similar findings were de-
tected with the ND treatment for 12 weeks, i.e., a significant 
decrease of CYP17 level by a low-dose ND treatment and a 
further drop of CYP17 amount by a high-dose ND treatment 
(Figure 5B). The CYP17 in the testis was exclusively localized 
in Leydig cell of the interstitial compartment (Figure 5C, Table 
3). The immunostaining of CYP17 in Leydig cell was clearly 
visible in the control group and a low-dose ND treatment group 
for 2 weeks, but the CYP17-immunostained Leydig cell was 
not observed in a high-dose ND treatment group for 2 weeks 
(Figure 5C, Table 3). The ND treatment of 12 weeks resulted 
in the complete disappearance of Leydig cell, positively stain-

Figure 5. Effects of nandrolone decanoate (ND) treatment on the expression of testicular cytochrome P450 17α-hydroxylase (Cyp17). The treatment of ND was performed 
for 2 weeks (2 wk) or 12 weeks (12 wk) at a low-dose (Low, 2 mg ND/kg body weight/wk) or a high-dose (High, 10 mg ND/kg body weight/wk). The ND treatment resulted 
in changes of Cyp17 transcript (A) and protein (B) levels. Different letters above bars indicate significant differences among experimental groups (p<0.05). Ppia, cyclophilin 
A. □, control (peanut oil); 
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Figure 6. Effects of nandrolone decanoate (ND) treatment on the expression of testicular 3-beta-hydroxysteroid 42 
dehydrogenase/delta-5-delta-4 isomerase type I (Hsd3b1). The treatment of ND was performed for 2 weeks (2 wk) or 43 
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)

A B
a a

4

3

a

0–2
) (

C
yp

17
/P

pi
a) 5

a

b

1.2
a

0.8

1.0

Y
P1

7/
A

C
TB

)

CYP17
ACTB

b1

2

b b

bi
tra

ry
 u

ni
t (
×

10

c0.2

0.4

0.6 b

c

A
rb

itr
ar

y 
un

it 
(C

Y

Control Low High

0

2 wk 12 wk
Experimental group

A
rb

C

0

2 wk 12 wk
Experimental group

A

C L H C L H C L H C L H

2 wk

12 wk



666  www.ajas.info

Min and Lee (2018) Asian-Australas J Anim Sci 31:658-671

ing for CYP17 (Figure 5C, Table 3). 

Expressional changes of Hsd3b1 and Cyp19 transcripts 
and proteins 
The ND treatment for 2 weeks didn’t cause the change of 
Hsd3b1 transcript level (Figure 6A). However, the level of 
Hsd3b1 transcript was significantly decreased by a low-dose 
ND treatment for 12 weeks (Figure 6A). An additional signi-
ficant reduction of Hsd3b1 mRNA level was observed with a 
high-dose ND treatment for 12 weeks (Figure 6A). A low-dose 
ND treatment for 2 weeks didn’t influence on the HSD3B1 
protein level, even though a significant decrease of HSD3B1 
amount was detected with a high-dose ND treatment for 2 
weeks (Figure 6B). The ND treatments at two doses for 12 
weeks induced significant decreases of testicular HSD3B1 
levels, although there was no remarkable difference on the 
level of HSD3B1 between a low-dose and a high-dose ND 
treatment groups for 12 weeks (Figure 6B). The immuno-lo-
calization of HSD3B1 in the testis was restricted into Leydig 

cell (Figure 6C, Table 3). The staining intensity of HSD3B1 was 
not visibly changed by the ND treatment for 2 weeks, even 
though the reduction of HSD3B1-immunostained Leydig cell 
number was apparent in a high-dose ND treatment for 2 weeks 
(Figure 6C, Table 3). The reduced intensity of HSD3B1-im-
munostaining in Leydig cell was observed with a low-dose 
ND treatment for 12 weeks (Figure 6C, Table 3). Not all Leydig 
cell of a low-dose ND treatment group for 12 weeks was im-
munostained (Figure 6C, Table 3). There was no observable 
HSD3B1-immunostained Leydig cell in the testis treated with 
a high-dose ND for 12 weeks (Figure 6C, Table 3).
 The effect of ND treatment on the expression of testicular 
Cyp19 is shown in Figure 6. The mRNA level of Cyp19 was 
not changed by the ND treatment for 2 weeks (Figure 7A). 
However, a significant decrease of Cyp19 transcript level was 
observed with a low-dose ND treatment for 12 weeks, even 
though the Cyp19 mRNA level was not further altered by a 
high-dose ND treatment for 12 weeks (Figure 7A). The CYP19 
protein level was not influenced by the ND treatment for 2 

Figure 6. Effects of nandrolone decanoate (ND) treatment on the expression of testicular 3-beta-hydroxysteroid dehydrogenase/delta-5-delta-4 isomerase type I (Hsd3b1). 
The treatment of ND was performed for 2 weeks (2 wk) or 12 weeks (12 wk) at a low-dose (Low, 2 mg ND/kg body weight/wk) or a high-dose (High, 10 mg ND/kg body 
weight/wk). The ND treatment resulted in changes of Hsd3b1 transcript (A) and protein (B) levels. Different letters above bars indicate significant differences among 
experimental groups (p<0.05). Ppia, cyclophilin A. □, control (peanut oil); 
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Figure 2. Histological comparison of the testes treated with nandrolone decanoate (ND). The reduction of 9 
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seminiferous tubules (S) were observed with a low-dose (Low, 2 mg ND/kg body weight/wk) or a high-dose 11 
(High, 10 mg ND/kg body weight/wk) treatments for 2 weeks (2 wk) or 12 weeks (12 wk). Bars = 10 μm. Bars 12 
in inserts = 5 μm.  13 
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Figure 3. Effects of nandrolone decanoate (ND) treatment on the expression of testicular steroidogenic acute 15 
regulatory protein (Star). The treatment of ND was performed for 2 weeks (2 wk) or 12 weeks (12 wk) at a low-16 
dose (Low, 2 mg ND/kg body weight/wk) or a high-dose (High, 10 mg ND/kg body weight/wk). The ND 17 
treatment resulted in changes of Star transcript (A) and protein (B) levels. Different letters above bars indicate 18 

significant differences among experimental groups (p<0.05). Ppia, cyclophilin A. □, control (peanut oil); ▨, a 19 

low-dose-treated group; ■, a high-dose-treated group. ACTB, -actin. (C) Immunohistochemical localization of 20 
StAR in the testis. The Leydig cells were strongly immune-stained for StAR. Bars = 10 μm and bars in inserts = 21 
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Figure 4. Effects of nandrolone decanoate (ND) treatment on the expression of testicular cytochrome P450 side 24 
chain cleavage (Cyp11a1). The treatment of ND was performed for 2 weeks (2 wk) or 12 weeks (12 wk) at a low-25 
dose (Low, 2 mg ND/kg body weight/wk) or a high-dose (High, 10 mg ND/kg body weight/wk). The ND 26 
treatment resulted in changes of Cyp11a1 transcript (A) and protein (B) levels. Different letters above bars 27 
indicate significant differences among experimental groups (p<0.05). Ppia, cyclophilin A. □, control (peanut oil); 28 

▨, a low-dose-treated group; ■, a high-dose-treated group. ACTB, -actin. (C) Immunohistochemical 29 
localization of CYP11A1 in the testis. The immuno-reactivity of CYP11A1 was visible in the Leydig cells. Bars 30 
= 10 μm and bars in inserts = 5 μm. 31 
 32 
Figure 5. Effects of nandrolone decanoate (ND) treatment on the expression of testicular cytochrome P450 17α-33 
hydroxylase (Cyp17). The treatment of ND was performed for 2 weeks (2 wk) or 12 weeks (12 wk) at a low-dose 34 
(Low, 2 mg ND/kg body weight/wk) or a high-dose (High, 10 mg ND/kg body weight/wk). The ND treatment 35 
resulted in changes of Cyp17 transcript (A) and protein (B) levels. Different letters above bars indicate 36 

significant differences among experimental groups (p<0.05). Ppia, cyclophilin A. □, control (peanut oil); ▨, a 37 

low-dose-treated group; ■, a high-dose-treated group. ACTB, -actin. (C) Immunohistochemical localization of 38 
CYP17 in the testis. Positive immuno-staining of CYP17 was exclusively localized in the Leydig cells. Bars = 39 
10 μm and bars in inserts = 5 μm. 40 
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Figure 6. Effects of nandrolone decanoate (ND) treatment on the expression of testicular 3-beta-hydroxysteroid 42 
dehydrogenase/delta-5-delta-4 isomerase type I (Hsd3b1). The treatment of ND was performed for 2 weeks (2 wk) or 43 
12 weeks (12 wk) at a low-dose (Low, 2 mg ND/kg body weight/wk) or a high-dose (High, 10 mg ND/kg body 44 
weight/wk). The ND treatment resulted in changes of Hsd3b1 transcript (A) and protein (B) levels. Different 45 
letters above bars indicate significant differences among experimental groups (p<0.05). Ppia, cyclophilin A. □, 46 

control (peanut oil); ▨, a low-dose-treated group; ■, a high-dose-treated group. ACTB, -actin. (C) 47 

, a low-dose-treated group; ■, a high-dose-treated group. ACTB, β-actin. (C) 
Immunohistochemical localization of HSD3B1 in the testis. Strongly positive immuno-staining of HSD3B1 was observed only in the Leydig cells. Bars = 10 μm and bars in 
inserts = 5 μm.
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weeks, while a significant decrease of testicular CYP19 amount 
was detected in a low-dose ND treatment group for 12 weeks 
(Figure 7B). An additional drop of CYP19 protein level was 
observed with a high-dose ND treatment for 12 weeks (Figure 
7B). Immunohistochemical analysis showed positive immuno-
staining of CYP19 in the several testicular cell types, including 
Leydig, Sertoli, and certain types of germ cells (Figure 7C, 
Table 3). The intensity of CYP19 immunostaining became 
notably weaken in Leydig cell of the testis treated with a low-
dose ND for 2 weeks, while the immunoreactivity of CYP19 
in Sertoli and germ cells was not visibly changed with a low-
dose ND treatment for 2 weeks (Figure 7C, Table 3). The ND 
treatment at a high-dose for 2 weeks caused the disappearance 
of CYP19 immuno-reactivity within the interstitial compart-
ment (Figure 7C, Table 3). However, there was no remarkable 
change of CYP19 immuno-intensity in Sertoli and germ cells 
by a high-dose ND treatment for 2 weeks (Figure 7C, Table 

3). The ND treatment for 12 weeks resulted in no immunos-
taining of CYP19 within the interstitial compartment of the 
testis (Figure 7C, Table 3). But, the intensity of CYP19 im-
munostaining in Sertoli and germ cells was not affected by 
ND treatment for 12 weeks (Figure 7C, Table 3). 

DISCUSSION

The effect of ND administration on the expression of testicular 
steroidogenic enzymes has been reported from previous re-
searches. However, a number of target enzymes examined are 
limited, and a comparative investigation of the effect of ND 
treatment at different doses and for different periods on the 
expression of several steroidogenic enzymes in the testis has 
not been performed yet. The present study has been con-
ducted to simultaneously evaluate the impact of ND on the 
expression of key steroidogenic enzymes in pubertal rat testis 

Figure 7. Effects of nandrolone decanoate (ND) treatment on the expression of testicular cytochrome P450 aromatase (Cyp19). The treatment of ND was performed for 2 
weeks (2 wk) or 12 weeks (12 wk) at a low-dose (Low, 2 mg ND/kg body weight/wk) or a high-dose (High, 10 mg ND/kg body weight/wk). The ND treatment resulted in 
changes of Cyp19 transcript (A) and protein (B) levels. Different letters above bars indicate significant differences among experimental groups (p<0.05). Ppia, cyclophilin A. 
□, control (peanut oil); 
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Figure 2. Histological comparison of the testes treated with nandrolone decanoate (ND). The reduction of 9 
Leydig cell number in the interstitial compartment and the sloughing of germ cells (arrows in inserts) within 10 
seminiferous tubules (S) were observed with a low-dose (Low, 2 mg ND/kg body weight/wk) or a high-dose 11 
(High, 10 mg ND/kg body weight/wk) treatments for 2 weeks (2 wk) or 12 weeks (12 wk). Bars = 10 μm. Bars 12 
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Figure 3. Effects of nandrolone decanoate (ND) treatment on the expression of testicular steroidogenic acute 15 
regulatory protein (Star). The treatment of ND was performed for 2 weeks (2 wk) or 12 weeks (12 wk) at a low-16 
dose (Low, 2 mg ND/kg body weight/wk) or a high-dose (High, 10 mg ND/kg body weight/wk). The ND 17 
treatment resulted in changes of Star transcript (A) and protein (B) levels. Different letters above bars indicate 18 

significant differences among experimental groups (p<0.05). Ppia, cyclophilin A. □, control (peanut oil); ▨, a 19 

low-dose-treated group; ■, a high-dose-treated group. ACTB, -actin. (C) Immunohistochemical localization of 20 
StAR in the testis. The Leydig cells were strongly immune-stained for StAR. Bars = 10 μm and bars in inserts = 21 
5 μm. 22 
 23 
Figure 4. Effects of nandrolone decanoate (ND) treatment on the expression of testicular cytochrome P450 side 24 
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▨, a low-dose-treated group; ■, a high-dose-treated group. ACTB, -actin. (C) Immunohistochemical 29 
localization of CYP11A1 in the testis. The immuno-reactivity of CYP11A1 was visible in the Leydig cells. Bars 30 
= 10 μm and bars in inserts = 5 μm. 31 
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Figure 5. Effects of nandrolone decanoate (ND) treatment on the expression of testicular cytochrome P450 17α-33 
hydroxylase (Cyp17). The treatment of ND was performed for 2 weeks (2 wk) or 12 weeks (12 wk) at a low-dose 34 
(Low, 2 mg ND/kg body weight/wk) or a high-dose (High, 10 mg ND/kg body weight/wk). The ND treatment 35 
resulted in changes of Cyp17 transcript (A) and protein (B) levels. Different letters above bars indicate 36 

significant differences among experimental groups (p<0.05). Ppia, cyclophilin A. □, control (peanut oil); ▨, a 37 

low-dose-treated group; ■, a high-dose-treated group. ACTB, -actin. (C) Immunohistochemical localization of 38 
CYP17 in the testis. Positive immuno-staining of CYP17 was exclusively localized in the Leydig cells. Bars = 39 
10 μm and bars in inserts = 5 μm. 40 
 41 
Figure 6. Effects of nandrolone decanoate (ND) treatment on the expression of testicular 3-beta-hydroxysteroid 42 
dehydrogenase/delta-5-delta-4 isomerase type I (Hsd3b1). The treatment of ND was performed for 2 weeks (2 wk) or 43 
12 weeks (12 wk) at a low-dose (Low, 2 mg ND/kg body weight/wk) or a high-dose (High, 10 mg ND/kg body 44 
weight/wk). The ND treatment resulted in changes of Hsd3b1 transcript (A) and protein (B) levels. Different 45 
letters above bars indicate significant differences among experimental groups (p<0.05). Ppia, cyclophilin A. □, 46 

control (peanut oil); ▨, a low-dose-treated group; ■, a high-dose-treated group. ACTB, -actin. (C) 47 

, a low-dose-treated group; ■, a high-dose-treated group. ACTB, β-actin. (C) Immunohistochemical localization of CYP19 in the testis. Strongly 
positive immuno-staining of CYP19 was detected in the Leydig cells, and certain germ cells, spermatozoa, and Sertoli cells in seminiferous tubules were also immune-
positive for CYP19 (arrows). Bars = 10 μm and bars in inserts = 5 μm.
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according to the dose and period of the treatment. In brief 
summary of our findings, the treatment of ND at a low dose 
for a short period is sufficient to affect normal expression of 
testicular steroidogenic enzymes, and the deleterious effects 
of ND on the testis have become more convinced with longer 
treatment and at higher dose treatment. 
 The administration of ND accompanies with a reduction 
of serum testosterone level and a decrease of body weight [8,9]. 
The relevant findings with ND treatment have been observed 
in the present research [8,9]. These results imply that ND treat-
ment in the current study has been properly carried out and 
been effectively worked as in other previous researches [8,9]. 
Histological changes in the testis by ND administration have 
been reported from other researches. These include a deple-
tion of Leydig cells [9] and detachment of germ and Sertoli 
cells from the basal layer within the seminiferous tubules [8]. 
The sloughing of germ cells and a depletion of Leydig cells 
have been also observed in the present study. In addition, the 
seminiferous tubules having the aggregate of detached germ 
and Sertoli cells within the lumen has been more frequent in 
a high-dose ND treatment group and longer ND treatment 
group (personal observations). Such degenerative changes in 
the testis are frequently associated with exposure to various 
environmental pollutants [15], thus suggesting the toxicity of 
ND on the male reproductive tract. The several sperm parame-
ters, including concentration and motility of ejaculating sperm 
and numbers of spermatids and primary spermatocytes, are 
severely affected by ND treatment [9,16]. The present research 
has not assessed the quantitative changes of sperms and germ 
cells induced by ND. However, the alteration of such parame-
ters could be indirectly postulated from the current histological 
findings, such as a decrease of testosterone production, de-
pletion of Leydig cells, and sloughing of germ cell and Sertoli 
cell. Detailed morphological examination of ND-treated testis 
is suggested to determine the effect of ND on spermatogenesis 
and production of testicular spermatozoa.
 A series of enzymatic reactions are required to synthesize 
testosterone and estrogen from cholesterol [1]. Our results 
showed that the treatment of 10 mg ND/week for 2 weeks was 
sufficient to significantly reduce both mRNA and protein levels 
of StAR. It is well documented that the expression of StAR in 
the testis is localized in Leydig cell [17]. Thus, it makes a sense 
that a decrease of Leydig cell population would result in the 
expressional decline of StAR. Indeed, a high-dose ND treat-
ment, not a low-dose ND treatment, for 2 weeks caused visible 
reduction of Leydig cell number in the testis. In addition, even 
greater decline of StAR expression has been detected with a 
long-term ND administration. Moreover, immunohistological 
examination of StAR strongly supports the data of real-time 
PCR and western blotting analyses. Therefore, it is considered 
that expressional modulation of StAR by ND treatment is likely 
associated with the depletion of Leydig cell population in the 

testis. However, a recent publication has reported the modu-
lation of testicular StAR protein level, not mRNA level, by the 
treatment of 10 mg ND/week for 6 weeks in fully mature mice 
[12]. The disagreement on expression of StAR by ND treat-
ment between our and other’s researches could be explained 
by the use of different age group. Because the testis of young 
adult is not fully developed and is thus more susceptible to 
exogenous substances than fully mature adult, it is speculated 
that even shorter treatment of ND at same amount could yield 
more severe and dramatic outcomes. The supplementary ex-
amination is required to determine the existence of differential 
effect of ND on the testis according to age. 
 A side chain of cholesterol imported into the mitochondria 
is cleaved by the action of CYP11A1 to produce pregneno-
lone. The stimulatory effect of nandrolone on CYP11A1 activity 
in human placental extract culture has been reported [18]. In 
the testis, Barone et al [12] have shown no expressional change 
of CYP11A1 in mRNA and protein levels after the treatment 
of 10 mg ND/week for 6 weeks, in spite of the atrophy of inter-
stitial Leydig cell population. These findings are in disagreement 
with our data on CYP11A1, showing the first significant drop 
at transcript level among steroidogenic enzymes examined, 
even by 2 mg ND/week for 2 weeks. Like StAR, the existence 
of CYP11A1 in the testis is exclusively localized within the 
Leydig cell [17]. Thus, it is logic to suppose that the disappear-
ance of Leydig cell population by ND treatment would result 
in expressional changes of molecule(s) existing in the inter-
stitial compartment of the testis at transcript and protein levels. 
Therefore, it seems that expressional decreases of CYP11A1 
at transcript and protein levels in the ND-treated testis are 
strongly associated with the reduction of Leydig cell number. 
In addition, to our knowledge, this is the first report that 
CYP11A1 is the earliest testicular steroidogenic enzyme ex-
hibiting the response to ND treatment at transcript level. 
Moreover, it is proposed that a decrease of CYP11A1 protein 
level at a low-dose ND treatment for 2 weeks would contrib-
ute to a significant reduction of serum testosterone levels in 
part. Detailed examination is suggested to resolve the effect 
of ND on the transcriptional regulatory pathway of Cyp11a1 
gene. 
 In the smooth endoplasmic reticulum of Leydig cell, pregnen-
olone derived from cholesterol is metabolized into progesterone 
by the action of HSD3B1. As most of steroidogenic enzymes 
in the testis, the existence of HSD3B1 within the interstitial 
compartment of the testis is restricted in Leydig cell [17,19]. 
A decrease of HSD3B1 expression and activity in the testis 
by ND treatment has been demonstrated from most of pre-
vious other researches [9-11]. In addition, a recent publication 
has reported that the treatment of 10 mg ND/week for 6 weeks 
causes the reduction of HSD3B1 protein level, but not Hsd3b1 
mRNA level [12]. In the present research, significant decreases 
of Hsd3b1 transcript and protein levels were detected with 
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ND treatment for 12 weeks, which is in agreement with his-
tological findings of the depletion of Leydig cell. However, a 
significant reduction of HSD3B1 protein level, but not its 
transcript level, was also found in a high-dose ND treatment 
group for 2 weeks. Based on Barone et al’s [12] and our data, 
such inconsistency between transcript level and protein level 
on Hsd3b1 expression implies the possibility of post-transcrip-
tional regulation of Hsd3b1 expression by a high-dose ND 
treatment for 2 weeks. Additional researches are required to 
address the effect of ND on Hsd3b1 expression in the testis 
at the post-transcriptional level. 
 The conversion of progesterone into androstenedione and 
then testosterone in the testis requires a sequential action of 
two enzymes, CYP17 and HSD17B. The restricted localization 
of CYP17 within Leydig cell of the testis has been observed 
from a previous research [19], as well as our immunohisto-
chemical results. The reduced expression of CYP17 in Leydig 
cell line has been induced by nandrolone treatment [20], simi-
larly observed from our current study. But, it is interested to 
notice that a low-dose ND treatment for 2 weeks resulted in 
a significant decrease of CYP17 protein level, but not Cyp17 
transcript level. In addition, the decrement of CYP17 protein 
level by a low-dose ND treatment for 12 weeks was not as 
huge as that of Cyp17 mRNA level, even though most of the 
interstitial components, including Leydig cell, in the testis 
were disappeared. These results strongly suggest an existence 
of post-transcriptional regulatory mechanism, which involves 
in differential expression of Cyp17 gene at different treatment 
period of a low-dose ND. In addition, it is presumed that a 
decreases of serum testosterone concentration by a low-dose 
ND treatment for 2 weeks is a consequence of reduced testicu-
lar CYP17 and CYP11A1 protein levels. Further researches 
are necessarily conducted to uncover the effect of a low-dose 
ND treatment on the expression of Cyp17 gene at post-tran-
scriptional level according to treatment period. In the present 
research, the effect of ND treatment on Hsd17b expression in 
the testis has not examined. Other researches have already 
shown a decrease of rat testicular Hsd17b1 transcript level [21] 
and a possibility of reduced testicular HSD17B activity [22] 
after the exposure to ND. Thus, it is prudently accepted that 
expression of Hsd17b3, the most prominent form of Hsd17b 
gene family involving in a conversion of androstenedione 
into testosterone in the testis, at transcript and protein levels 
would be decreased by a long-term ND treatment performed 
in the current research. 
 Testosterone in the testis is further metabolized into 17β- 
estradiol in the presence of CYP19. The testicular CYP19 is 
localized in several cell types, including Leydig cell, Sertoli 
cell, and certain types of germ cells [23], as also shown in im-
munohistochemical analysis of the present research. Unlike 
other steroidogenic enzymes, the ND treatment for 2 weeks 
didn’t considerably affect the expression of the testicular Cyp19, 

even though both transcript and protein levels of Cyp19 were 
decreased by the ND treatment for 12 weeks. The existence 
of considerable amount of functional CYP19 in Sertoli cell 
and germ cells, compared with that in Leydig cell, has been 
demonstrated [24]. Accordingly, it seems that the reduction 
of Leydig cell population by the ND treatments for 2 weeks 
does not remarkably influence on overall transcript and pro-
tein amounts of testicular Cyp19. The quantitative decreases 
of testicular Cyp19 at transcript and protein levels by ND treat-
ment for 12 weeks are in agreement with other’s findings in 
stallion treated chronically with ND [9]. It is proposed that 
the reduction of transcript and protein levels of Cyp19 gene 
by a long-term ND treatment is mostly driven from the decline 
of Leydig cell population in the interstitial compartment of 
the testis because there was no histological remark showing 
the defective Sertoli cell and/or the arrest of spermatogenesis 
within the seminiferous tubules. However, it is also considered 
that a loss of spermatogenic cells by germ cell sloughing after 
a prolonged exposure to ND would partly influence on the 
expressional decrease of Cyp19 in the testis. In addition, it is 
noteworthy that a CYP19 level of a high-dose ND treated group 
for 12 weeks was significantly lower than that of a low-dose 
ND treated group, even though there was no significant dif-
ference on Cyp19 transcript level between two ND treatment 
groups for 12 weeks. This observation implies the existence 
of expressional regulatory mechanism of Cyp19 gene by ND 
at post-transcriptional level, which should be determined by 
additional researches.
 The present research clearly shows the suppressive effect 
of ND on the expression of steroidogenic enzymes in the testis, 
even though the responsiveness to ND would be different in 
the molecule to the dose and/or the duration of treatment. The 
first molecule displaying a significant decrease at transcript 
level to a low-dose ND treatment for 2 weeks was Cyp11a1, in 
spite of no meaningful change in other molecules. Interest-
ingly, the ND treatment at a low-dose for 2 weeks resulted in 
the reduction of protein level of Cyp17, without affecting the 
transcript level. The ND administration at a high-dose for 2 
weeks caused the declines of both transcript and protein levels 
of Star, Cyp11a1, and Cyp17 but not of transcript level of Hsd3b1 
and of transcript and protein levels of Cyp19. The expression 
of all molecules examined was eventually declined by the ND 
treatment for 12 weeks, almost certainly due to the disappear-
ance of Leydig cell, which possesses most of steroidogenic 
enzymes in the testis. Our unreported hormone assay results 
have shown that a low-dose ND treatment for 2 weeks is suf-
ficient to lead a significant decrease of serum testosterone 
concentration. Thus, along with molecular biological findings, 
it is supposed that Cyp11a1 and Cyp17 would be the early 
responsive molecules of testicular steroidogenic enzymes, in-
volving in the disruption of testicular testosterone synthesis 
by ND. Further researches are suggested to determine differ-
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ential responsiveness of testicular steroidogenic enzymes to 
ND at pre- and/or post-transcriptional levels in detail. In 
addition, the reduced production of testosterone and the 
expressional decrease of Cyp19 in the testis by ND treatment 
likely lead into the overall reduced synthesis of testicular es-
trogen. Estrogen involves in regulation of male reproduction, 
including the function of Sertoli and Leydig cells in the testis 
and sperm maturation in the efferent ductules and epididymis 
[23,25]. A number of evidence demonstrates the close relation-
ship between the male infertility and disruption of estrogen 
function [23,25]. Thus, it is suggested that some abnormal 
reproductive parameters obtained by the exposure to ND, in-
cluding the decreases of semen concentration and spermatozoa 
motility [13], could be the outcome of a reduced testicular 
estrogen level.
 The exposure to nandrolone could be achieved not only by 
an injection of nandrolone but also by the ingestion of food 
containing nandrolone derivatives. The presence of anabolic 
steroids, including nandrolone, in consumable parts of pork 
and beef at non-negligible levels is relatively well documented 
[26,27]. Interestingly, Swan et al [28] have shown an inverse 
relationship between mother’s beef consumption during pre-
gnancy and son’s semen quality. In addition, a recent study has 
reported that the semen quality in humans could be negatively 
affected by increased intake of meat products [29]. Moreover, 
our earlier research has also shown that orally consumed nan-
drolone causes germ cell sloughing and abnormal expression 
of some steroidogenic enzymes in the testis [30]. Therefore, 
in order to clarify the impact of nandrolone and/or nandro-
lone-derivatives on the male reproduction, a diverse of contact 
means to these anabolic steroids should be considered. In 
conclusion, the exposure to ND, even at a relatively low-dose 
and/or for a short period, results in the expressional reduction 
of testicular steroidogenic enzymes at transcript and protein 
levels, leading to a decrease of testosterone synthesis and con-
sequently poor fertility parameters in male. Special attention 
should be paid to the effect of AAS or AAS-like materials ex-
posed unintentionally on the male fertility. 
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