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Abstract

Aim: Androgens are hormones that are essential for the differentiation and development
of male genital organs, preserving their structural features and maintaining their functions.
These hormones exert their effects on target tissues mainly through androgen receptors
(AR). The aim of this study was to determine the AR immunoexpression pattern in the
genital tissues of male mice.
Materials and Methods: A total of 6 BALB/c male mice were anesthetized with ether,
and the genital tissues, which were quickly removed from the body, were fixed in Bouin’s
solution for 18 hours. Tissues that underwent routine histological procedures after fixation
were embedded in paraffin. Tissue sections cut with a thickness of 5 µm from paraffin
blocks were taken on a slide and examined by staining with immunohistochemical methods.
Results: AR-positive immunostaining in the testis was observed only in somatic cells such
as Sertoli, peritubular myoid cells, and Leydig cells. Germ cells were AR-negative. In the
caput epididymis, ductus deferens, and seminal vesicle, AR positive immunoexpression
was observed in stromal cells, especially epithelial cells. Although AR-positive staining
was observed in some of the epithelial and stromal cells in these organs, some of them
were AR-negative.
Conclusion: In the current study, it was determined that the AR expression pattern in
the genital tissues of male BALB/c mice was similar to that in other species, although
there were minor differences. The findings support the hypothesis that androgens exert
their effects in testis mainly through somatic cells, and their effects in other genital tissues
through epithelial cells, and the fact that androgens/ARs are essential for maintaining the
structures and functions of male genital organs.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
The male reproductive system consists of organs such as
testicles, genital excurrent ducts, accessory sex glands, and
penis. The main tasks of the testicles are spermatogenesis
and androgen synthesis [1]. Sperm produced in the testis
as a result of spermatogenesis has not yet developed the
ability to move forward and fertilize the oocyte. Sperm ac-
quire this ability in the genital excurrent ducts, especially
in the epididymis [2]. Accessory sex glands, on the other
hand, transport and nourish sperm through the secretions
they produce [1, 3]. Androgens, particularly testosterone
and dihydrotestosterone, regulate the prenatal and post-
natal development of internal and external genital organs,
male-specific brain differentiation, secondary sex charac-
ter development, spermatogenesis, and the preservation of
the normal structures and functions of the genital organs

∗Corresponding author:
Email address: histolog44@gmail.com ( Fatih Mehmet Gur)

in adults [4-6]. Androgens such as testosterone and dihy-
drotestosterone exert their effects on target tissues mainly
through the androgen receptor. The androgen receptor,
a receptor belonging to the steroid hormone nuclear re-
ceptor family, is localized in the cytoplasm in the ab-
sence of ligand (androgen). In the presence of androgen,
the androgen-binding receptor undergoes a conformational
change and the androgen-receptor complex is translocated
to the nucleus. Reaching the nucleus, the androgen recep-
tor complex binds to DNA, stimulating transcription of
target genes [5, 7]. Many studies have been conducted on
the immunohistochemical distribution of AR in male re-
productive tract organs in mice, rats, and other species [6,
8-16]. Although some studies [8, 14, 17, 18] have reported
that AR is found only in somatic cells in the testis and
spermatogenesis is regulated by somatic cells, other stud-
ies [6, 11, 19] have reported that AR is localized in both
somatic and germ cells. While most of the studies on AR
localization in the epididymis reported that all principal
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cells were stained AR-positive [11, 18, 20, 21], the presence
of AR-negative principal cells was also reported [13]. In
addition, the presence of AR in basal cells in seminal vesi-
cle epithelium is controversial. While some investigators
reported that AR was found in basal cells [22-25], others
reported that basal cells were AR-negative [21, 26]. As it
can be understood from the information given above, al-
though there are many studies on AR receptor localization
in the male reproductive system, there is no complete con-
sensus regarding AR localization in various organs of this
system. It has been shown that androgen/AR signaling
has important effects on the initiation and progression of
many cancer types [5, 27]. Defining the precise localiza-
tion of AR in the male reproductive system is important
for understanding the biological effects and mechanisms
of action of androgens in the reproductive system. Deter-
mination of localization is also important in understand-
ing the pathogenesis of diseases such as hormone-related
cancers, androgen deficiency, and androgen insensitivity
syndrome, and in developing treatment strategies against
these diseases.

Materials and Methods

Animals

Experimental procedures during this study were car-
ried out according to the permission of Nigde Omer
Halis Demir University Animal Experiments Local Ethics
Committee (Decision dated 12.04.2022 and numbered
2022/08). After 6 BALB/c male mice obtained from Omer
Halis Demir University Experimental Animal Production
and Research Laboratories were anesthetized with ether,
the extirpated tissues were quickly removed from the body
and fixed in Bouin’s solution for 18 hours. Afterward, the
tissues were washed in tap water overnight, passed through
alcohol and xylene series, and embedded in paraffin. Paraf-
fin tissue blocks were cut with a thickness of 5 µm using a
microtome and transferred to poly-l-lysine-coated slides.

Immunohistochemistry

In order to melt the paraffin and ensure that the tissues
adhere well to the slide, they were kept in an oven at 59
°C for 1 hour, and then the antigen retrieval technique was
applied to the tissue sections as detailed in previous stud-
ies [17, 28, 29]. Then, these sections were stained with
immunohistochemical methods using the Avidin-Biotin-
Peroxidase Complex (ABC) technique. A rabbit anti-rat
polyclonal antibody (Millipore) diluted 1/50 with PBS
was used to detect AR localization. PBS was applied
instead of primary antibody to tissue sections used as a
negative control (Figure 1N). Following the completion of
the immunohistochemical staining, the tissue sections cov-
ered with water-based adhesive after counterstaining with
hematoxylin for 30 seconds were examined with an Olym-
pus BX-53 microscope and photographed with the camera
of this microscope (DP 80). Examined tissues were scored
in terms of AR-positivity and staining intensity by semi-
quantitative analysis (analysis of 10 microscopic fields at
400X magnification) as intense (++), weak (+), negative
(-) or variable [22, 23]

Results

The expression pattern and intensity of AR in testis, epi-
didymis, ductus deferens, and seminal vesicle tissues are
shown in Table 1. In all examined tissues, AR positive
staining was observed only in the nuclei of the cells, while
the cell cytoplasm was AR negative (Figure 1).
AR-positive staining in the testis; somatic cells such as
Sertoli, peritubular myoid cells, and Leydig cells were also
observed. Germ cells were AR-negative. Positive im-
munostaining was observed in all peritubular myoid cells,
while the staining characteristics of Sertoli cells differed
between tubules. These cells were AR-positive in some of
the tubules and negative in others. The intensity of AR
expression in Leydig cells ranged from negative to intense
(Figure 1A).
AR-positive immunoexpressing was observed in the caput
region of the epididymis, especially in the epithelial layer.
Almost all of the peritubular smooth muscle cells were AR
negative, although there were very few cells with positive
staining, albeit at low intensity. While most of the prin-
cipal cells in the epithelial layer showed positive staining,
some of them were negative. Positive staining intensity
was greater in principal cells, basal cells, and apical cells
in the epithelial layer than in peritubular smooth muscle
cells (Figure 1B).
AR-positive immunoexpressing in the ductus deferens was
particularly evident in the epithelial layer. Most of the
principal cells were AR-positive, while AR-negative ones
were present. In basal cells, the ratio of AR-positive and
AR-negative cells was almost equal. AR-positive staining

Table 1. Androgen receptor localization in adult male
mouse reproductive tissues.

AR

Testis

Germ cell -
Sertoli cell ++/-
Leydig cell ++/-
Peritubuler myoid cell ++

Caput epididymis

Principal cell ++/-
Apical cell ++/-
Basal cell ++/-
Peritubular smooth muscle cell +/-

Ductus deferens

Principal cell ++/-
Basal cell ++/-
Stromal cells ++/-

Seminal vesicle

Luminal cell ++/-
Basal cell ++/-
Periacinar smooth muscle cell ++/-
Stromal smooth muscle cell +/-

*Symbols are as follows: ++ = intense, + = weak, – = negative, ++/–,
+/– = variable.
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Figure 1. Immunohistochemical expression of AR in
BALB/c mice’s testis (A), epididymis (B), ductus defer-
ens (C), and seminal vesicle (D). S: positive Sertoli cell, nS:
negative Sertoli cell, L: positive Leydig cell, nL: negative
Leydig cell, pmc: positive peritubular myoid cell, p: pos-
itive principal cell, np: negative principal cell, b: positive
basal cell, nb: negative basal cell, a: positive apical cell,
na: negative apical cell, m: positive peritubular smooth
muscle cell, nm: negative peritubular smooth muscle cell,
sm: positive smooth muscle cell, sc: positive stromal cell,
lc: positive luminal cell, nlc: negative luminal cell, pm:
positive periacinar smooth muscle cell, npm: negative pos-
itive periacinar smooth muscle cell, N: Negative control (A,
B, C, D ×400).

in the vas deferens was also observed in smooth muscle cells
forming the tunica muscularis layer and other stromal cells
(Figure 1C).
In the seminal vesicle, some of the luminal cells were AR-
negative while others were positive. The proportions of
AR-positive and negative-staining luminal cells were al-
most equal. AR-positive staining in the seminal vesicle
was observed in basal cells, periacinar smooth muscle cells,
and stromal smooth muscle cells as well as luminal cells
(Figure 1D).

Discussion

In this study, which aimed to determine the localization
and expression intensity of AR in the tissues of the male re-
productive system using immunohistochemical techniques,
it was observed that AR-positive immunostaining was
found only in the cell nuclei in all tissues examined. The
cytoplasm of cells was AR negative. This result, which
shows that the AR receptor is mainly localized in the cell
nucleus, is in line with the literature [13, 16, 22, 30]. It
supports the hypothesis by stating that ligand-dependent
regulators are mainly localized in the nucleus of steroid-
sensitive target cells [31].
Although it has been stated in some studies that AR ex-
pression in the testis is observed only in somatic cells

[8, 14, 17, 32], there are also studies reporting that it
is seen in germ cells [6, 11, 33]. In the current study,
it was determined that AR-positive immunostaining was
formed only in testicular somatic cells. Germ cells were
AR-negative. This result supports the hypothesis that
androgens regulate spermatogenesis only through somatic
cells [14]. In the present study, Sertoli cells were found
to be AR-negative in some of the seminiferous tubules and
AR-positive in some. This result is parallel with studies [8,
14] reporting that AR expression in Sertoli cells may vary
depending on the cycle of the seminiferous epithelium.
In the examinations performed in the caput epididymis, it
was determined that the number of AR-positive staining
cells in the epithelial layer and the staining intensity in
these cells were considerably higher than in the peritubu-
lar smooth muscle cells. This result, which is consistent
with what has been reported in previous studies, can be
interpreted as that androgens exert their effects in the epi-
didymis mainly through epithelial cells. In addition, this
finding confirms the studies reporting that the synthesis
and secretion of proteins that are effective in gaining the
fertilization ability of sperm in the epididymis are regu-
lated by androgens [34-38]. Findings regarding AR ex-
pression patterns of principal cells and peritubular smooth
muscle cells in this study are consistent with the results of
previous studies [13, 36].
Although some studies have reported that the intensity of
AR-positive staining in the ductus deferens epithelium in
humans [15, 39], mice [15], and rats [40] is quite weak, it
has been reported that the intensity of AR-positive stain-
ing is strong in other studies conducted in goats, rats [18],
and humans [41]. The intensity of AR staining observed
in the ductus deferens epithelium in this study was quite
strong and was consistent with some of the above litera-
ture [18, 41]. Although it was reported in previous studies
[15, 16, 23] that all of the principal cells in the ductus def-
erens epithelium were AR-positive, it was observed in this
study that some of the main cells were stained AR-positive
and some AR-negative. In addition, the AR-positive im-
munostaining finding observed in the smooth muscle cells
forming the tunica muscularis layer of the vas deferens in
this study is consistent with the results of previous studies
[16, 23]. In previous studies, it has been reported that AR-
positive staining in seminal vesicles is observed in both ep-
ithelial and stromal cells, and the intensity of AR-staining
in epithelial cells is stronger than in stromal cells [22-24].
In the current study, the AR pattern in the seminal vesi-
cle was found to be similar to the results of the studies
reported above. Although it was reported in a study per-
formed in rats [22] that AR-positive stained luminal cells
were significantly higher than AR-negative stained ones, it
was observed that the ratio of AR-positive and negatively
stained luminal cells was almost equal in this study. It can
be said that this difference between the results may be due
to the structural and functional differences between the
species. There is no consensus regarding AR expression
in basal cells in the seminal vesicle epithelium. Although
some studies reported that these cells were AR-negative
[21, 25], some of the cells were AR-negative and some AR-
positive in this and other studies [6, 22].
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Conclusion
This study showed that AR distributions in the genital tis-
sues of male BALB/c mice were generally similar to those
in other species, with minor differences. AR-positive im-
munoexpressing was detected in somatic cells in the testis
and in epithelial and stromal cells in other organs. This
result confirms that androgens and AR are essential for
maintaining the normal structures and functions of the
genital organs in adults, and especially for the function of
spermatogenesis.

Ethics approval
Animal Experiments Local Ethics Committee of Nigde
Omer Halisdemir University (Decision no: 2022/08 dated
12.04.2022).

References
1. Ross MH, Pawlina W. Histology A Text and Atlas. Six ed. Bal-

timore: Lippincott Williams & Wilkins,; 2011.
2. Robaire B, Hermo L. Efferent ducts, epididymis, and vas def-

erens: Structure, functions, and their regulation. In: Knobil
E, Neil J, editors. The Physiology of Reproduction. New York
Raven Press; 1988, p. 999–1080.

3. Franks LM. Normal and pathological anatomy and histology of
the genital tract of rats and mice. In: Cotchin E, Roe F, edi-
tors. Pathology of Laboratory Rats and Mice. Oxford: Blackwell;
1967, p. 469–99.

4. Chang C, Lee SO, Wang RS, Yeh S, Chang TM. Andro-
gen receptor (AR) physiological roles in male and female re-
productive systems: lessons learned from AR-knockout mice
lacking AR in selective cells. Biol Reprod 2013;89(1):21.
https://doi.org/10.1095/biolreprod.113.109132.

5. Davey RA, Grossmann M. Androgen Receptor
Structure, Function and Biology: From Bench
to Bedside. Clin Biochem Rev 2016;37(1):3-15.
https://www.ncbi.nlm.nih.gov/pubmed/27057074.

6. Kimura N, Mizokami A, Oonuma T, Sasano H, Nagura
H. Immunocytochemical localization of androgen recep-
tor with polyclonal antibody in paraffin-embedded hu-
man tissues. J Histochem Cytochem 1993;41(5):671-8.
https://doi.org/10.1177/41.5.8468448.

7. Zhu LJ, Hardy MP, Inigo IV, Huhtaniemi I, Bardin CW,
Moo-Young AJ. Effects of androgen on androgen receptor ex-
pression in rat testicular and epididymal cells: a quantita-
tive immunohistochemical study. Biol Reprod 2000;63(2):368-76.
https://doi.org/10.1095/biolreprod63.2.368.

8. Bremner WJ, Millar MR, Sharpe RM, Saunders PT. Im-
munohistochemical localization of androgen receptors in the
rat testis: evidence for stage-dependent expression and
regulation by androgens. Endocrinology 1994;135(3):1227-34.
https://doi.org/10.1210/endo.135.3.8070367.

9. Buzek SW, Sanborn BM. Increase in testicular androgen re-
ceptor during sexual maturation in the rat. Biol Reprod
1988;39(1):39-49. https://doi.org/10.1095/biolreprod39.1.39.

10. Chang C, Chen YT, Yeh SD, Xu Q, Wang RS, Guillou F, et
al. Infertility with defective spermatogenesis and hypotestos-
teronemia in male mice lacking the androgen receptor in Ser-
toli cells. Proc Natl Acad Sci U S A 2004;101(18):6876-81.
https://doi.org/10.1073/pnas.0307306101.

11. Goyal HO, Bartol FF, Wiley AA, Khalil MK, Chiu J, Vig MM.
Immunolocalization of androgen receptor and estrogen receptor
in the developing testis and excurrent ducts of goats. Anat
Rec 1997;249(1):54-62. https://doi.org/10.1002/(SICI)1097-
0185(199709)249:1.

12. Gur FM, Timurkaan S. Immunohistochemical localiza-
tion of androgen receptors in female mole rat (Spalax
leucodon) tissues. Biotech Histochem 2016;91(7):472-9.
https://doi.org/10.1080/10520295.2016.1230784.

13. Gur FM, Timurkaan S, Timurkaan N. The efects of prepubertal
epididymal ligation upon androgen receptor distribution in the
rat caput epididymis. Veterinarni Medicina 2011;56(6).

14. Timurkaan S, Gur FM, Karan M. Immunohistochemical distri-
bution of androgen receptor in rat testis during postnatal devel-
opment. Revue Méd Vét 2012;163(3):112-5.

15. Zhou Q, Nie R, Prins GS, Saunders PT, Katzenellenbogen BS,
Hess RA. Localization of androgen and estrogen receptors in
adult male mouse reproductive tract. J Androl 2002;23(6):870-
81. https://www.ncbi.nlm.nih.gov/pubmed/12399534.

16. Yamashita S. Localization of estrogen and androgen re-
ceptors in male reproductive tissues of mice and rats.
Anat Rec A Discov Mol Cell Evol Biol 2004;279(2):768-78.
https://doi.org/10.1002/ar.a.20061.

17. Gur FM, Timurkaan S. Effects of prepubertal epididymal
ligation on the androgen receptor distribution of the rat
testis. Anal Quant Cytopathol Histpathol 2012;34(6):317-24.
https://www.ncbi.nlm.nih.gov/pubmed/23304817.

18. Goyal HO, Bartol FF, Wiley AA, Neff CW. Immunolocaliza-
tion of receptors for androgen and estrogen in male caprine
reproductive tissues: unique distribution of estrogen receptors
in efferent ductule epithelium. Biol Reprod 1997;56(1):90-101.
https://doi.org/10.1095/biolreprod56.1.90.

19. Sanborn BM, Steinberger A, Meistrich ML, Steinberger E. An-
drogen binding sites in testis cell fractions as measured by a nu-
clear exchange assay. J Steroid Biochem 1975;6(11-12):1459-65.
https://doi.org/10.1016/0022-4731(75)90197-1.

20. Goyal HO, Bartol FF, Wiley AA, Khalil MK, Williams CS, Vig
MM. Regulation of androgen and estrogen receptors in male ex-
current ducts of the goat: an immunohistochemical study. Anat
Rec 1998;250(2):164-71. https://doi.org/10.1002/(SICI)1097-
0185(199802)250:2.

21. Ruizeveld de Winter JA, Trapman J, Vermey M, Mul-
der E, Zegers ND, van der Kwast TH. Androgen re-
ceptor expression in human tissues: an immunohisto-
chemical study. J Histochem Cytochem 1991;39(7):927-36.
https://doi.org/10.1177/39.7.1865110.

22. Gur FM, Timurkaan S. Androgen receptor distribution in the
rat prostate gland and seminal vesicles. Veterinarni Medicina
2016;61(3):148–54. https://doi.org/10.17221/8766-VETMED.

23. Iwamura M, Abrahamsson PA, Benning CM, Cockett AT,
di Sant’Agnese PA. Androgen receptor immunostaining and
its tissue distribution in formalin-fixed, paraffin-embedded
sections after microwave treatment. J Histochem Cytochem
1994;42(6):783-8. https://doi.org/10.1177/42.6.8189040.

24. Janssen PJ, Brinkmann AO, Boersma WJ, Van der Kwast
TH. Immunohistochemical detection of the androgen re-
ceptor with monoclonal antibody F39.4 in routinely pro-
cessed, paraffin-embedded human tissues after microwave
pre-treatment. J Histochem Cytochem 1994;42(8):1169-75.
https://doi.org/10.1177/42.8.8027537.

25. Prins GS, Birch L. The developmental pattern of androgen re-
ceptor expression in rat prostate lobes is altered after neona-
tal exposure to estrogen. Endocrinology 1995;136(3):1303-14.
https://doi.org/10.1210/endo.136.3.7867585.

26. Prins GS, Birch L, Greene GL. Androgen receptor localization
in different cell types of the adult rat prostate. Endocrinology
1991;129(6):3187-99. https://doi.org/10.1210/endo-129-6-3187.

27. Chang C, Lee SO, Yeh S, Chang TM. Androgen receptor
(AR) differential roles in hormone-related tumors including
prostate, bladder, kidney, lung, breast and liver. Oncogene
2014;33(25):3225-34. https://doi.org/10.1038/onc.2013.274.

28. Gur FM, Aktas I. The ameliorative effects of thymo-
quinone and beta-aminoisobutyric acid on streptozotocin-
induced diabetic cardiomyopathy. Tissue Cell 2021;71:101582.
https://doi.org/10.1016/j.tice.2021.101582.

29. Aktas I, Mehmet Gur F. Hepato-protective effects of thy-
moquinone and beta-aminoisobutyric acid in streptozocin
induced diabetic rats. Biotech Histochem 2022;97(1):67-76.
https://doi.org/10.1080/10520295.2021.1949041.

30. Takeda H, Chodak G, Mutchnik S, Nakamoto T,
Chang C. Immunohistochemical localization of andro-
gen receptors with mono- and polyclonal antibodies
to androgen receptor. J Endocrinol 1990;126(1):17-25.
https://doi.org/10.1677/joe.0.1260017.

31. Malayer JR, Gorski J. An integrated model of estrogen re-
ceptor action. Domest Anim Endocrinol 1993;10(3):159-77.
https://doi.org/10.1016/0739-7240(93)90021-3.

32. Suarez-Quian CA, Martinez-Garcia F, Nistal M, Re-
gadera J. Androgen receptor distribution in adult hu-
man testis. J Clin Endocrinol Metab 1999;84(1):350-8.
https://doi.org/10.1210/jcem.84.1.5410.

1052



Gur FM. Original Article 2022;29(9):1049–1053

33. Shan LX, Bardin CW, Hardy MP. Immunohistochemical analy-
sis of androgen effects on androgen receptor expression in devel-
oping Leydig and Sertoli cells. Endocrinology 1997;138(3):1259-
66. https://doi.org/10.1210/endo.138.3.4973.

34. Brooks DE. Metabolic activity in the epididymis and its
regulation by androgens. Physiol Rev 1981;61(3):515-55.
https://doi.org/10.1152/physrev.1981.61.3.515.

35. Fournier-Delpech S, Courot M, Dubois MP. Decreased fertility
and motility of spermatozoa from rats immunized with a preal-
bumin epididymal-specific glycoprotein. J Androl 1985;6(4):246-
50. https://doi.org/10.1002/j.1939-4640.1985.tb00841.x.

36. Gur FM, Timurkaan S. Immunohistochemical localization
of androgen receptor in rat caput epididymis during post-
natal development. J Clin Exp Invest 2011;2(3):260-6.
https://doi.org/10.5799/ahinjs.01.2011.03.0051.

37. Holland MK, Vreeburg JT, Orgebin-Crist MC. Testicular regula-
tion of epididymal protein secretion. J Androl 1992;13(3):266-73.
https://www.ncbi.nlm.nih.gov/pubmed/1601747.

38. Orgebin-Crist MC, Jahad N. The maturation of rabbit epididy-
mal spermatozoa in organ culture: inhibition by antiandrogens
and inhibitors of ribonucleic acid and protein synthesis. En-
docrinology 1978;103(1):46-53. https://doi.org/10.1210/endo-
103-1-46.

39. Ungefroren H, Ivell R, Ergun S. Region-specific expression of the
androgen receptor in the human epididymis. Mol Hum Reprod
1997;3(11):933-40. https://doi.org/10.1093/molehr/3.11.933.

40. Gallon C, Veyssiere G, Berger M, Jean-Faucher C, De Turck-
heim M, Jean C. Age-related changes in the concentration of
cytosolic androgen receptors in the epididymis, vas deferens and
seminal vesicle of maturing male mice. J Androl 1989;10(3):188-
94. https://doi.org/10.1002/j.1939-4640.1989.tb00085.x.

41. Sar M, Lubahn DB, French FS, Wilson EM. Immuno-
histochemical localization of the androgen receptor in
rat and human tissues. Endocrinology 1990;127(6):3180-6.
https://doi.org/10.1210/endo-127-6-3180.

1053


