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ABSTRACT: To better understand the effect of androgen on the growth and function of accessory sex glands, it can 
be useful to determine the presence or absence of the androgen receptor (AR) in the individual cell types. Five adult 
intact male rats were sacrificed at 120 days. Their seminal vesicles and prostate glands were removed, fixed in Bouin’s 
fixative and embedded in paraffin wax. The tissues were sectioned at 5 μm and stained using the microwave-stimulated 
antigen retrieval technique for immunohistochemistry. Positive immunohistochemical staining for the AR was evident 
in nuclei but not in the cytoplasm of gland cells such as luminal cells, basal cells, periacinar smooth muscle cells, other 
stromal cells, and smooth muscle cells in the tunica muscularis. The proportions of AR-positive and AR-negative basal 
cells were similar. The staining intensity of luminal cells was greater than basal cells and stromal cells. The numbers of 
AR-positive and AR-negative luminal cells in the prostate were almost equal. On the other hand, in the seminal vesicle 
only a small number of luminal cells were AR-negative. These observations can be interpreted to mean that the epithe-
lium of the seminal vesicle is more sensitive to androgenic stimulation than the prostate epithelium.
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The seminal vesicle and prostate are accessory 
glands of the male reproductive system. They syn-
thesise and release an abundant amount of fluids 
that facilitate the transport and provide nutrition 
to spermatozoa. In adult rats these glands are 
composed of many cell types: luminal and basal 
epithelial cells, smooth muscle cells, fibroblasts 
and vascular endothelial cells (Franks 1967; Ross 
and Pavlina 2006). Androgens are essential for the 
normal development and functional maintenance 
of male reproductive organs. The prostate and 
seminal vesicle, like much of the male reproductive 
tract, depend on androgen action for normal devel-
opment and differentiation as well as, subsequently, 
to adopt proper structure and functional activity 
(Prins 1989; Luke and Coffey 1994; Thompson 2001). 
The androgen receptor mediates the actions of an-
drogen on its target cells (Mooradian et al. 1987). 
This nuclear transcription factor, upon binding to 
androgen, becomes competent to bind DNA and to 
stimulate androgen-dependent gene transcription 
(Zhu et al. 2000). To better understand androgen 
regulation of accessory sex glands, it is important 

to know the AR distribution in these tissues. The 
presence of AR has been demonstrated in prostate 
and seminal vesicle cells from several species using 
biochemical (Sar et al. 1990; Takeda et al. 1990; 
Prins et al. 1991; Janssen et al. 1994; Yamashita 
2004) as well as autoradiographical (Stumpf and 
Sar 1976; Peters and Barrack 1987) approaches. In 
these glands, AR has been shown to be localised 
in the nucleus of luminal epithelial cells (Prins et 
al. 1991; Prins and Birch 1995), basal cells (Takeda 
et al. 1990; Prins et al. 1991; Kimura et al. 1993; 
Iwamura et al. 1994; Janssen et al. 1994; Prins and 
Birch 1995) smooth muscle cells (Prins et al. 1991; 
Janssen et al. 1994; Prins and Birch 1995; Chaves et 
al. 2012; Iwamura et al. 1994; Kimura et al. 1993; 
Banerjee et al. 2001) and fibroblasts (Prins et al. 
1991; Iwamura et al. 1994; Chaves et al. 2012) in im-
munohistochemical studies. The presence of AR in 
basal cells is controversial. Some investigators have 
demonstrated that AR is detectable in basal cells 
(Takeda et al. 1990; Kimura et al. 1993; Iwamura 
et al. 1994; Janssen et al. 1994; Prins and Birch 1995) 
while others failed to observe any evidence of AR 
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in these cells (de Winter et al. 1990; Prins et al. 
1991; de Winter et al. 1991; Prins and Birch 1995). 
Androgen action is also believed to be involved 
in the development of prostatic disease. The im-
munocytochemical detection of androgen receptor 
(AR) in the target tissues is of great importance for 
an understanding of the roles of AR in the activity 
of steroid hormones and for the simplification and 
extension of receptor characterisation in various 
diseases, particularly in hormone-dependent can-
cers (Perrot-Applanat et al. 1985). The aim of the 
present study was to determine the distribution of 
AR immunoreactivity in the rat prostate gland and 
seminal vesicles. Knowing the AR localisation in 
these tissues will constitute a valuable resource for 
future investigations.

MATERIAL AND METHODS

All experimental procedures were approved by 
Firat University Local Ethics Committee on Animal 
Experimentation (Approval No. 04.07.2013/216). 
Five adult male Wistar rats were killed at the age of 
120 days after being anaesthetised with ethyl ether. 
The seminal vesicle and prostate glands were taken 
out rapidly and fixed in Bouin’s fixative for 36 h 
at 4 °C and then dehydrated in ethanol, cleared in 
xylene and embedded in paraffin wax.

Immunohistochemistry. Five μm thick sections 
were cut, mounted on poly-l-lysine-coated slides 
and heated in an oven at 60 °C for 1 h to promote 
adherence to the slide. The sections were dewaxed 
in xylene and then rehydrated in descending grades 
of ethanol. Endogenous peroxidase was blocked by 
10 min incubation in 3% H2O2 in methanol.

An antigen retrieval step was performed by heat-
ing the sections. Sections were immersed in 0.01M 
citrate buffer at pH 6.0, and heated four times for 
5 min in a 600 W microwave oven. After heating, 
the material was left to cool down to room tempera-
ture, after which the slides were washed in phos-
phate buffered saline (PBS). Immunohistochemical 
procedures were performed using the PG21 anti-
body. Its use as a valid immunological probe for the 
AR in a variety of species, including human and rat, 
has been previously established (Prins et al. 1991; 
Suarez-Quian et al. 1996). Immunocytochemistry 
was performed using the avidin-biotin (ABC) tech-
nique. After antigen retrieval, sections were incu-
bated with 10% non-immune goat serum for 10 min 

at room temperature to block nonspecific binding. 
Then, sections were incubated (4 °C, 16–20 h) in a 
humidified chamber with the AR-specific antibody 
PG21 [Rabbit Anti-Rat/Human Androgen Receptor 
Polyclonal Antiserum (Millipore Corporation)] 
diluted 1 : 50 in PBS. Sections were rinsed with 
PBS and were subsequently incubated with bioti-
nylated goat anti-rabbit antibody (Zymed 50-235Z) 
for 30 min, streptavidin horseradish peroxidase 
(HRPO conjugate, SA 1007, CALTAG) for 30 min, 
and AEC (3-amino-9-ethyl-carbazole) for 10 min 
at room temperature. Between incubations, sec-
tions were rinsed three times with PBS. Sections 
incubated without the primary antibody but with 
PBS were used as negative controls (Figure  1). 
Counterstaining was performed with Mayer’s 
haematoxylin (3 min). After counterstaining, sec-
tions were rinsed in distilled water and coverslips 
were mounted with mounting medium. Stained 
tissues were examined with an Olympus BX-51 
photomicroscope and photographs were taken.

Table 1. A comparison of obtained findings with the 
results of similar studies

Prostate and seminal vesicle

Cell types This  
study

Iwamura et 
al. (1994)

de Winter et 
al. (1990)

Luminal cells ++/– ++ ++
Basal cells +/– +/– –
Smooth muscle cells +/– +/– ++/–
Smooth muscle cells  
in tunica muscle* ++ NE NE

*seminal vesicle, ++ = strong, + = moderate, – = negative, 
++/–, +/– = variable, NE = not examined

Figure 1. The prostate of 120 day old rat (negative con-
trol); magnification × 400
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Immunohistochemically stained sections were 
reviewed by two independent observers. Only nu-
clear staining was regarded as positive AR immu-
noreactivity. The degree of immunostaining was 
designated in semi-quantitative analysis as strong 
(++), moderate (+), negative (–) or variable (++/–, 
+/–) immunoreactivity (Table 1). Nuclei were de-
clared negative if receptor staining intensity did not 
differ visibly from that of negative control sections 
on a within-slide basis. The numbers of the posi-
tive and negative cells were counted in randomly 
selected histological slides from the prostate and 
seminal vesicle (Table 2). In the selected histologi-
cal slide, 10 different areas were examined using 
an ocular micrometre at a × 1000 magnification.

RESULTS

To determine AR distribution in the prostate and 
seminal vesicle glands of adult rats, we performed 

immunohistochemical examination of paraffin-
embedded sections. In Table 1 the results of this 
examination are summarised and compared with 
previous studies.

In the present study immunohistochemical staining 
for the AR could be detected in prostate and seminal 
vesicle cells. Positive immunohistochemical staining 
for the AR was evident in the nuclei but not in the 
cytoplasm of gland cells (Figure 2, 3, 4, 5, 6, 7, 8).

In the prostate gland, the proportions of AR-pos- 
itive and AR-negative luminal cells were almost 
equal (Figure 2, 3, 4). In the stromal area, AR pos-
itivity was observed in smooth muscle cells and 
some other stromal cells. The staining intensity 
of AR in the periacinar smooth muscle cells was 
variable. Some of these cells were AR-positive but 
others were AR-negative. The staining intensity of 
luminal cells was stronger than periacinar smooth 
muscle cells and other stromal cells (Figure 2, 3, 4 
and 5). In both glands, a proportion of the basal 
cells were AR-positive, while others were negative.

Table 2. The numbers of the positive and negative cells in the prostate and seminal vesicle

Prostate cell number
Cells types

luminal cell basal cell smooth muscle cell smooth muscle cells in tunica muscle
Positive cells 229 28 45 –
Negative cells 235 42 35 –
Seminal vesicle cell number
Positive cells 768 40 57 127
Negative cells 116 34 100 50

Figure 2. Immunohistochemical localisation of androgen 
receptor (AR) in prostate; plc = positive luminal epithe-
lial cells, nlc = negative luminal epithelial cells, nbc = 
negative basal epithelial cells; magnification × 1000

Figure 3. Immunohistochemical localisation of androgen 
receptor (AR) in prostate; plc = positive luminal epithe-
lial cells, nlc = negative luminal epithelial cells, pmc = 
positive periacinar smooth muscle cells, nmc = negative 
periacinar smooth muscle cells; magnification × 1000
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In seminal vesicles, the majority of luminal cells 
were AR-positive but a small number were AR-ne- 
gative. Staining properties of stromal cells in the semi-
nal vesicle was the same as the prostate. The smooth 
muscle cells in the tunica muscularis were strongly 
stained. The nuclear staining intensity of these cells 
was similar to luminal epithelial cells (Figure 6, 7, 8). 
Staining intensity in luminal cells was similar in both 
glands, and stronger than in basal cells.

DISCUSSION

In this study, immunohistochemistry was used 
to investigate the specific cellular localisation of 
the AR in the prostate and seminal glands of adult 
rats. AR-positive reactions were visible in the nuclei 
but not in the cytoplasm of cells from these glands. 
A nuclear immunolocalisation of this receptor is 
in agreement with previous studies in humans 

Figure 4. Immunohistochemical localisation of androgen 
receptor (AR) in prostate; plc = positive luminal epithe-
lial cells, nlc = negative luminal epithelial cells, pbc = 
positive basal epithelial cells, nbc = negative basal epi-
thelial cells; magnification × 1000

Figure 5. Immunohistochemical localisation of androgen 
receptor (AR) in prostate; plc = positive luminal epithe-
lial cells, nlc = negative luminal epithelial cells, pbc = 
positive basal epithelial cells, pmc = positive periacinar 
smooth muscle cells; magnification × 1000

Figure 6. Immunohistochemical localisation of androgen 
receptor (AR) in seminal vesicle; plc = positive luminal 
epithelial cells, nlc = negative luminal epithelial cells, 
psc = positive stromal cells, nsc = negative stromal cells, 
pstc = positive smooth muscular cells in tunica mucosa; 
magnification × 400

Figure 7. Immunohistochemical localisation of androgen 
receptor (AR) in seminal vesicle; plc = positive luminal 
epithelial cells, nlc = negative luminal epithelial cells, 
pbc = positive basal epithelial cells, nbc = negative basal 
epithelial cells, nsc = negative stromal cells; magnifica-
tion × 1000
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(Sar et al. 1990; Takeda et al. 1990; de Winter et 
al. 1991; Kimura et al. 1993; Janssen et al. 1994), 
rats (Sar et al. 1990; Takeda et al. 1990; Yamashita 
2004; Gur et al. 2011) and mice (Takeda et al. 1990; 
Yamashita 2004), and supports the concept that 
ligand-dependent regulators are mainly found in 
the nuclei of steroid-sensitive target cells (Malayer 
and Gorski 1993).

We observed AR-positive reactions in epithelial 
cells and stromal cells. These findings are consist-
ent with the results of previous reports (de Winter 
et al. 1990; Takeda et al. 1990; Prins et al. 1991; 
Kimura et al. 1993). Moreover, in both glands the 
AR staining intensity in the luminal epithelial cells 
was stronger than in stromal smooth muscle cells. 
These observations are in agreement with previ-
ous studies (Iwamura et al. 1994; Janssen et al. 
1994). Our results showed that the proportions of 
AR-positive and AR-negative luminal cells in the 
prostate were almost equal. However in most previ-
ous studies it was reported that all of the luminal 
epithelial cells were AR-positive (Sar et al. 1990; 
Kimura et al. 1993; Iwamura et al. 1994; Mirosevic 
1999; Yamashita 2004). AR-negative luminal epi-
thelial cells have been mentioned in only a few stud-
ies (Prins et al. 1991; Janssen et al. 1994).

We observed that most of the luminal cells in 
the seminal vesicle were AR-positive, while only 
a few of them were AR-negative. To our knowl-
edge, this is the first study in seminal vesicles that 
reports AR negativity for luminal cells. In both of 
these glands, the staining intensity of AR in luminal 

cells is controversial. Sar et al. (1990) reported that 
nuclear staining intensity of prostate luminal cells 
is stronger than seminal vesicle luminal cells (Sar 
et al. 1990); however, de Winter et al. (1990) and 
Iwamura et al. (1994) observed that the staining 
properties of these cells were similar. The results 
presented herein are in agreement with previous 
studies (de Winter et al. 1990; Iwamura et al. 1994).

The staining features of epithelial cells differed 
in this study. Staining intensity was stronger in 
luminal cells than in basal cells. This result is in 
agreement with previous studies (Prins et al. 1991; 
Kimura et al. 1993; Chaves et al. 2012). The pres-
ence of AR in basal cells in the prostate and semi-
nal gland is controversial; some investigators have 
demonstrated that AR is detectable in basal cells 
(Takeda et al. 1990; Prins et al. 1991; Kimura et al. 
1993; Iwamura et al. 1994; Janssen et al. 1994; Prins 
and Birch 1995) while others detected no AR in 
these cells (de Winter et al. 1990; de Winter et al. 
1991; Prins et al. 1991; Prins and Birch 1995). In 
this and other studies (Masai et al. 1990; Brolin et 
al. 1992; Bonkhof and Remberger 1993; Kimura et 
al. 1993), variable basal cell staining was observed. 
Bonkhoff and Remberger (1993) reported that in 
the rat prostate the basal cells express nuclear AR 
widely under normal and hyperplastic conditions. 
Basal cells with increased AR expression were most 
frequently detected in hyperplastic lesions includ-
ing post-atrophic and atypical hyperplasia. The 
presence of nuclear receptors for both androgens 
and oestrogens or progestins in basal cells may in-
dicate that these cells are targets of the hormonal 
imbalance which has frequently been implicated 
in the aetiology of benign prostatic hyperplasia. 
Previous studies (Wang and Wong 1998; Steiner 
and Raghow 2003) have also reported that both 
testosterone and oestrogen are necessary for the 
development of benign prostatic hyperplasia and 
prostate cancer. These results indicate that it is 
important to know the precise distribution of the 
androgen receptor in accessory sex gland cells.

We observed AR positivity in smooth muscle 
cells and some other stromal cells in the stromal 
area of the prostate. These results are in agree-
ment with those reported for humans (Kimura et 
al. 1993; de Winter et al. 1991) and rats (Prins et al. 
1991). Prins et al. (1991) reported that periacinar 
smooth muscle was strongly positive for AR and 
that this staining did not vary with the thickness of 
the muscle layer. In contrast to this earlier report 

Figure 8. Immunohistochemical localisation of androgen 
receptor (AR) in seminal vesicle; plc = positive luminal 
epithelial cells, nlc = negative luminal epithelial cells, 
psc = positive stromal cells; magnification × 1000
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(Prins et al 1991), in the present study, the staining 
properties of AR in the periacinar smooth muscle 
cells were variable. 

In conclusion, in this study AR-positive staining 
was detected in epithelial cells and stromal cells of 
both glands. This indicates that only certain cell 
types can be considered direct targets of androgen 
action. Also, we observed that the proportions of 
AR-positive and AR-negative luminal cells in the 
prostate were almost equal whereas in the seminal 
vesicle only a small number of luminal cells were 
AR-negative. This finding can be interpreted to 
mean that the luminal cells in the seminal vesicle 
are more sensitive to androgenic stimulation than 
the luminal cells in the prostate. 

REFERENCES

Banerjee PP, Banerjee S, Brown TR (2001): Increased an-
drogen receptor expression correlates with development 
of age-dependent, lobe specific spontaneous hyperplasia 
of the brown Norway rat prostate. Endocrinology 142, 
4066–4075.

Bonkhof TH, Remberger K (1993): Widespread distribution 
of nuclear androgen receptors in the basal cell layer of 
the normal and hyperplastic human prostate. Virchows 
Archiv 422, 35–38.

Brolin J, Skoog L, Ekman P (1992): Immunohistochemistry 
and biochemistry in detection of androgen, progesterone, 
and estrogen receptors in benign and malignant human 
prostatic tissue. Prostate 20, 281–295.

Chaves EM, Aguilera-Merlo C, Cruceno A, Fogal T, Piezzi 
R, Scardapane L, Dominguez S (2012): Seasonal morpho-
logical variations and age-related changes of the seminal 
vesicle of viscacha (Lagostomus maximus maximus): an 
ultrastructural and immunohistochemical study. Ana-
tomical Record 295, 886–895. 

de Winter JAR, Trapman J, Brinkmann AO, Boersma WJA, 
Mulder E, Schroeder FH, Claassen E, van der Kwast TH 
(1990): Androgen receptor heterogeneity in human pro-
static carcinomas visualized by immunohistochemistry. 
The Journal of Pathology 1990, 329–332.

de Winter JAR, Eapman J, Vermey M, Mulder E, Zegers ND, 
van der Kwast TH (1991): Androgen receptor expression 
in human tissues: an immunohistochemical study. Jour-
nal of Histochemistry and Cytochemistry 39, 927–936.

Franks LM (1967): Normal and pathological anatomy and 
histology of the genital tract of rats and mice. In: Cotchin 
E, Roe F (eds.): Pathology of Laboratory Rats and Mice. 
Chapter 15. Blackwell, Oxford. 469–499.

Gur FM, Timurkaan S, Timurkaan N (2011): The effects of 
prepubertal epididymal ligation upon androgen receptor 
distribution in the rat caput epididymis. Veterinarni Me-
dicina 56, 286–293

Iwamura M, Abrahamsson P-A, Benning CM, Cockett ATK, 
Di Sant’Agnese PA (1994): Androgen receptor immu-
nostaining and its tissue distribution in formalin-fixed, 
paraffin-embedded sections after microwave treatment. 
Journal of Histochemistry and Cytochemistry 42, 783–788.

Janssen PJ, Brinkmann AO, Boersma WJ, van der Kwast TH 
(1994): Immunohistochemical detection of the androgen 
receptor with monoclonal antibody F39.4 in routinely 
processed, paraffin embedded human tissues after mi-
crowave pretreatment. Journal of Histochemistry and 
Cytochemistry 42, 1169–1175.

Kimura N, Mizokami A, Oonuma T, Sasano H, Nagura H 
(1993): Immunohistochemical localization of androgen 
receptor with polyclonal antibody in paraffin-embedded 
human tissues. Journal of Histochemistry and Cytochem-
istry 41, 671–678.

Luke M, Coffey D (1994): The male sex accessory tissue. 
Structure, androgen, action, and physiology. In: Knobil 
E, Neil J (eds.): The Physiology of Reproduction. Raven 
Press, New York. 1435–1487.

Malayer JR, Gorski J (1993): An integrated model of estro-
gen receptor action. Domestic Animal Endocrinology 10, 
159–177.

Masai M, Sumiya H, Akimoto S, Yatani R, Chang C, Liao 
S, Shimazaki J (1990): Immunohistochemical study of 
androgen receptor in benign hyperplastic and cancerous 
human prostates. Prostate 17, 293–300.

Mirosevich J, Bentel JM, Zeps N, Redmond SL, D´Antuono 
MF, Dawkins HJS (1999): Androgen receptor expression 
of proliferating basal and luminal cells in adult murine 
ventral prostate. Journal of Endocrinology 16, 341–350.

Mooradian AD, Morley JE, Korenman SG (1987): Biological 
actions of androgens. Endocrine Reviews 8, 1–28.

Perrot-Applanat M, Logeat F, Groyer-Picard T, Milgrom E 
(1985): Immunocytochemical study of mammalian pro-
gesterone receptor using monoclonal antibodies. Endo-
crinology 116, 1473–1985.

Peters CA, Barrack ER (1987): Androgen receptor localiza-
tion in the human prostate: demonstration of heterogene-
ity using a new method of steroid receptor autoradiography. 
Journal of Steroid Biochemistry 27, 533–541.

Prins GS (1989): Differential regulation of androgen recep-
tors in the separate rat prostate lobes: androgen inde-
pendent expression in the lateral lobe. Journal of Steroid 
Biochemistry 33, 319–326.

Prins GS, Birch L (1995): The developmental pattern of 
androgen receptor expression in rat prostate lobes is al-



154

Original Paper Veterinarni Medicina, 61, 2016 (3): 148–154

doi: 10.17221/8766-VETMED

tered after neonatal exposure to estrogen. Endocrinology 
136, 1303–1314.

Prins GS, Birch L, Greene GL (1991): Androgen receptor 
localization in different cell types of the adult rat prostate. 
Endocrinology 129, 3187–3199.

Ross MH, Pawlina W (2006): Male Reproductive System. 
Histology. 5th ed. Lippincott Williams & Wilkins, Balti-
more. 728–759.

Sar M, Lubahn DB, French FS, Wilson EM (1990): Immu-
nohistochemical localization of androgen receptor in rat 
and human tissues. Endocrinology 127, 3180–3186.

Steiner MS, Raghow S (2003): Antiestrogens and selective 
estrogen receptor modulators reduce prostate cancer risk. 
The World Journal of Urology 21, 31–36.

Stumpf W, Sar M (1976): Autoradiographic localization of 
estrogen, androgen, progestin, and glucocorticosteroid 
in “target tissues” and “nontarget tissues.” In: Pasqualini 
JR (ed.): Receptors and Mechanisms of Action of Steroid 
Hormones. Chapter 2. Marcel Dekker, Inc., New York. 
41–84.

Suarez-Quian CA, Oke BO, Vornberger W, Prins G, Xiao 
S, Musto NA (1996): Androgen receptor distribution in 
the testis. In: Desjardins C (ed.): Cellular and Molecular 
Regulation of Testicular Cells. Springer-Verlag, New 
York. 189–212.

Takeda H, Chodak G, Mutchnik S, Nakamoto T, Chang C 
(1990): Immunohistochemical localization of androgen 
receptors with mono- and polyclonal antibodies to an-
drogen receptor. Journal of Endocrinology 126, 17–25.

Thompson A (2001): Role of androgen and fibroblast growth 
factors in prostatic development. Reproduction 121, 
187–195.

Wang YZ, Wong YC (1998): Sex hormone-induced prostatic 
carcinogenesis in the noble rat: the role of insulin-like 
growth factor-I (IGF-I) and vascular endothelial growth 
factor (VEGF) in the development of prostate cancer. 
Prostate 35, 165–177.

Yamashita S (2004): Localization of estrogen and androgen 
receptors in male reproductive tissues of mice and rats. 
Anatomical Record 279A, 768–778.

Zhu LJ, Hardy MP, Inigo IV, Huhtaniemi I, Bardin CW, Moo-
Young AJ (2000): Effects of androgen on androgen recep-
tor expression in rat testicular and epididymal cells: a 
quantitative immunohistochemical study. Biology of 
Reproduction 63, 368–376.

Received: 2015–04–21
Accepted after corrections: 2016–02–26

Corresponding Author:

Sema Timurkaan, Firat University, Faculty of Veterinary Medicine, Department of Histology-Embryology,  
23119 Elazig, Turkey
E-mail: stimurkaan@hotmail.com


