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Abstract: The purpose of this study was to characterize testicular development in D’Man ram lambs, focusing
primarily on androgen receptors (ARs) immunolocalization in the adenohypophysis and testis that is not still
known in the D’Man ram lamb. Lambs (n = 12) were divided into four groups (three lambs per group). Adeno-
hypophysis and testis were fixed and paraffin-embedded; cross-section (3 μm) were stained and evaluated with
immunohistochemistry. Testis weight increased at a greater rate between two and five months after birth, which
was associated with remarkable changes in testicular histology, including significant increases in the diameter of
seminiferous tubules. Spermatogenesis started between three and five months after birth; lumen and elongated
spermatids were observed for the first time in three and four months-old animals respectively. ARs detected
with immunohistochemistry were located in the nuclei and cytoplasm of adenohypophysis cells, and only in
nuclei of testis cells (Leydig, Sertoli, peritubular myoid and germ cells). (Folia Histochemica et Cytobiologica
2012, Vol. 50, No. 1, 38–45)
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Introduction

Androgens are involved in the development and the
physiological function of male accessory sex organs
as well as in the functioning of several other organs
and tissues [1]. The androgen action is mediated by
the androgen receptor (AR) [2], which belongs to the
superfamily of ligand-responsive transcription regu-
lators [1–3]. Using immunohistochemistry, ARs have

been localized in a variety of tissues, including repro-
ductive tissues in both sexes [4–5].

For a better understanding of the role of andro-
gens in the different reproductive tissues, it is impor-
tant to define the hormone site(s) action [6]. The lo-
calization of androgen receptor within mammalian
testicular cells has long been a subject of interest and
controversy [7]. More precisely, whether germ cells
do or do not contain the androgen receptor remains
a matter of controversy [8]. ARs were found only in
the somatic cells of the testis (Leydig, Sertoli and
peritubular myoid cells) by Fritz [7]. Therefore, pro-
duction of antibodies against the androgen receptor
and their use in immunolocalization studies by sever-
al laboratories have led to the hope that this contro-
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versy could be definitively clarified [9–10]. Unfortu-
nately, contradictory results obtained by different re-
searchers [8–11] have kept alive the debate on the
location of AR in the testis.

The aim of this study was to determine postnatal
changes in testicular development and the distribu-
tion of ARs, by immunohistochemistry, in the testes
of lambs of D’Man sheep from two to five months
after birth to better understand the role of androgens
in different tissues involved in the process of repro-
duction, particularly of sheep.

Material and methods

The experiment was conducted at El-Meniaa experimental
station in Algeria (30°34’N., 02°52’E.). Twelve D’Man ram
lambs were used in this study, with three lambs in each of
four groups aged from two to five months. All experimental
animals were reared in semi-liberty, fed fresh alfalfa, bar-
ley, and straw and had free access to water. Body weights,
plasma and tissue samples were measured once a month
from two to five months of age.

Tissue preparation and processing. After slaughter of the
lambs, the pituitary gland and testes were removed. Right
and left testis were trimmed of the epididymis, weighed and
sectioned perpendicularly to their long-axis, starting from
the center samples (~3 mm thick). Immediately after, sam-
ples (pituitary gland and testis) were fixed in 10% formal-
dehyde in phosphate buffered saline (PBS). After more than
24 h of fixation, samples were then dehydrated in increas-
ing concentrations of ethanol, cleared in toluene and em-
bedded in paraffin. Sections of paraffin at 3 mm were stored
at room temperature until morphometric analysis and an-
drogen receptor immunohistochemistry.

Histomorphological analysis. Testicular sections were
stained with modified azan [12] and adenohypophysis sec-
tions were stained with Cleveland and Wolfe’s trichrome
(Herlant’s method); specificity of this staining has been con-
firmed with immunocytological methods in the sheep and
numerous other species [13]. Testis and adenohypophysis sec-
tions were observed under a bright field microscope, and dig-
ital images were obtained with a digital camera attached to
the microscope. The diameter of the seminiferous tubules
was measured in 50 tubules in each sample using a comput-
erized program (light microscope Nikon Eclipse E 400 con-
nected to a Nikon DXM 1200 digital camera). The diameter
of the tubules was measured only on the circular tubules. The
sections were used to evaluate the maturation of the testis.

Androgen receptor immunohistochemistry. Androgen recep-
tor (AR) immunohistochemical studies were performed using
the avidin–biotin complex method (ABC), using the Vectastain
Elite ABC kit (Vector Laboratories, Burlingame, CA, USA).

Paraffin sections (3 μm thick) were deparaffinized, hydrat-
ed through a graded ethanol series (100%, 95% and 70%),
and washed in PBS. Immunohistochemistry was performed
on deparaffinized conjunction sections with heat-induced
antigen retrieval in citrate buffer (pH 6.0) using a pressure
cooker, as previously described in the prospectus for the kit
“Vector Antigen Unmasking Solutions” (Vector Laborato-
ries, CA, H3300).

This was followed by endogenous peroxidase blocking
3% H2O2 in PBS for 5 min at room temperature. All wash-
es between antibody or reagent incubations were rinsed
2 × 5 min at room temperature in PBS, and all incuba-
tions were carried out in a wet chamber. Tissue sections
were first submitted to the appropriate serum in order to
block non-specific binding sites. After that, sections pro-
cessed for AR labeling were incubated with normal horse
serum at room temperature for 5 min, and then with both
avidin and biotin sites subsequently blocked (Vector Lab-
oratories, CA, SP-2001). All sections were incubated over-
night at 4°C with the primary antibody: a rabbit polyclonal
antibody (N20) raised against a peptide within the N-ter-
minal domain of the human AR (sc-816, Santa Cruz Bio-
technology, Santa Cruz, CA, USA), which was diluted at
1:200 in PBS. Bound antibodies were visualized by incu-
bating the sections with biotinylated secondary antibody
(Vectastain Elite ABC kit-Vector Laboratories, CA,
#PK-6200) for 30 min. Labeling of AR was visualized with
3,3'-diaminobenzidine-tetra-hydrochloride chromogenic
substrate (SK-4100, DAB substrate kit for peroxidase;
Vector Laboratories) and were monitored microscopical-
ly. Sections were counterstained with hematoxylin (Hema-
toxylin QS, H-3404; Vector Laboratories, Burlingame, CA,
USA). These sections were dehydrated and mounted. Im-
ages were captured using a microscope (light microscope
Nikon Eclipse E 400 connected to a Nikon DXM 1200 dig-
ital camera).

Sections incubated with normal horse serum instead of
primary antibody were used as negative controls.

Statistical analysis. Body weights, testicular weights and
diameter of the seminiferous tubules were expressed as the
mean ± SEM. Data was analyzed using two-factor ANOVA
(Systat, Version 12). Correlations analysis was used to deter-
mine Pearson correlations among diameter of the seminifer-
ous tubules and testicular weight. Differences with values of
p < 0.05 were considered to be statistically significant.

Results

Body weight, testis weight and diameter
of the seminiferous tubules

Age-related changes in body weight, weight of testes,
and diameter of the seminiferous tubules is present-
ed in Figure 1. The average body weight in two
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months-old animals was 10.7 ± 0.3 kg, and increased
by about 24.3% by three months (13.3 ± 0.3 kg); be-
tween three and five months, body weight increased
1.3-fold (Figure 1A). The average testis weight in two
months-old animals was 7.3 ± 0.4 g, and increased
significantly (p < 0.0001) (Figure 1B) from two
months (7.3 ± 0.6 g) until five months (54.8 ± 3.0 g);
the largest growth rate (7.5-fold) was observed be-
tween two and five months after birth. The testicular
growth was particularly accelerated (3.9-fold) between
two and three months after birth.

During the period of study between two and five
months after birth, testes grew at a relatively larger
rate than body weight; testis weight increased 7.5-fold
and body weight increased only 1.7-fold. There was
a gradual and linear increase in body weight and testic-
ular weight from two to five months after birth (Fig-
ures 1A, B). The smallest diameter of seminiferous
tubules (68.3 ± 6.8 μm) was observed in the two
months-old animals, and this diameter increased lin-

early and significantly (p < 0.0001), reaching a max-
imum in the five months-old animals (218.8 ± 2.1 μm)
(Figure 1C). There were two important periods of
growth: a first increase (117%) was observed between
two and three months after birth, and a second in-
crease (47%) was observed between three and five
months. The diameter of the seminiferous tubules was
highly correlated with testicular weight (r = 0.99).

Histology of the adenohypophysis

The tissue of the adenohypophysis is composed of
winding cords of epithelial cells flanked by vascular
sinusoids. In sections stained with Cleveland and
Wolfe’s trichrome, as in other vertebrates, three dis-
tinct cell types were seen among epithelial cells. Aci-
dophilic cells corresponding to lactotropic or soma-
totropic cells have cytoplasm that stains red or or-
ange. Basophilic cells corresponding to gonadodroph
cells have a bluish cytoplasm. Chromophobic cells
have a very poorly stained cytoplasm, and they corre-
spond to both degranulated somatotropic cells and
corticotropic cells [13] (Figure 2A).

Histology of the testis

In the two months-old animals, testes were well de-
veloped with a very compact interstitial tissue (Fig-
ure 3A). The seminiferous tubules contained Sertoli
cells, gonocytes not yet attached to the peritubular
walls, and early spermatogonia adjacent to tubule
walls. All seminiferous tubules were observed such
as solid cord, without any central lumen (Figure 3A).
The seminiferous tubules appeared limited with bas-
al lamina and peritubular myoid cells. The basal lam-
ina was very thick and surrounded the cell types
present at this period of life, i.e. immature Sertoli cells
and gonocytes. Intertubular tissue was observed be-
tween the seminiferous tubules. Leydig cells were very
abundant, being the dominant component of the in-
terstitial tissue. Leydig cells were characterized by
a large size, an irregularly shaped nucleus, and a prom-
inent cytoplasm. Gonocytes were the only type of germ
cells observed in an immature testis, and they were
located in the center of the tubule, surrounded by
Sertoli cells (Figure 3A). Sertoli cells were distribut-
ed between the spermatogenic cells. Nuclei of Sertoli
cells were ovoid or angular, large and lightly stained,
and often contained a large nucleolus.

In the three months-old animals, several seminif-
erous tubules had completed spermatogenesis. Sper-
matocytes began to appear. Late spermatocytes were
present in 80% of the seminiferous tubules (Figure 3B).

Between three and five months after birth, the in-
terstitial tissue of a testis showed a dramatic reduc-

Figure 1. Body weight (A), testis weight (B), and diameter
of seminiferous tubules (C) in D’Man ram lambs at
different age groups (n = 3). Values with different super-
scripts differ significantly among age groups at p < 0.05
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Figure 2. Adenohypophysis sections in D’Man ram lambs.
a. Histology, b. Immunohistochemical localization of
androgens receptor. A: acidophilic cell; B: basophilic cell;
C: chromophobic cell. Cleveland and Wolfe trichrome
staining (a). Immunolabeling in the nuclei cells (empty
arrowhead), without immunolabeling in the nuclei cells
(full arrowhead) (b). The insert shows the negative control.
Scale bar = 50 μm

a a

b b

c

Figure 3. Histology of the testis of D’Man ram lamb at the
age of (a) 2 months, (b) 3 months, and (c) 4–5 months.
Ti — interstitial tissue; Ly — Leydig cells; M — peritubular
myoid cells; S — Sertoli cells; L — lumen; G — germ cells;
bl — basal lamina; *blood vessel; SpI — spermatocyte I;
SpII — spermatocyte II; Sg — spermatogonia;
Sp — spermatid; spz — spermatozoa; seminiferous
epithelium (black arrow). Azan staining. Scale bar = 50 μm

tion, with a single or several Leydig cells surround-
ed by blood vessels (Figures 3B, C). At this period,
a distinct central lumen was observed in all the se-
miniferous tubules (Figures 3B, C). Sertoli cells nu-
clei varied in shape and in size, but were always
located on the periphery of the seminiferous tu-
bule. Some gonocytes migrated to contact the bas-
al lamina, and they differentiated into spermatogo-
nia. Primary spermatocytes larger than spermatogo-
nia appeared. A large number of primary sperma-
tocytes were always visible on sections through
seminiferous tubules. Secondary spermatocytes
were smaller than the primary spermatocytes. Sper-
matids were observed in the luminal part of the
seminiferous epithelium. They were initially small,
with a very light nucleus. Some tubules showed
development into longated spermatids or sperma-

tozoa (Figure 3C). In the five months-old animals,
each testis was very heterogeneous and all the cell
types were present; spermatocytes, and round or
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elongated spermatids were almost equal in quanti-
ty (Figure 3C). Full adult spermatogenesis was ob-
served in seminiferous tubules.

Androgens receptor immunolocalization

After immunostaining of androgen receptor, both
adenohypophysis (Figure 2B) and testis (Figure 4)
of D’Man lambs showed a positive reaction between
the androgen receptor and androgen receptor anti-
body used.

In the adenohypophysis, immunolocalization with
anti-AR showed a nuclear labeling in about 50% of
cells (Figure 2B). Light cytoplasmic and nuclei stain-
ing were also consistently observed in some cells.

In testis, labeling is observed in both interstitial
compartment and seminiferous epithelium (Figure 4).
In the interstitial compartment, specific labeling of
AR was found in some Leydig cells with variable stain-
ing intensity (Figure 4). In tubular compartment, AR
immunoreactivity was localized in the nuclei of Ser-
toli cells, peritubular myoid cells, and germ cells. In
the two months-old animals, immunolabeling for AR
was from weak to strong in Sertoli cells, whereas germ
cells nuclear immunoexpression of AR was detected
in some, but not all. Peritubular myoid and Leydig
cells were immunostained with AR in interstitial tis-
sue (Figure 4A).

In the three months-old animals, AR immunola-
beling was barely detectable in the Sertoli cells of sev-
eral animals, and spermatocytes were immunostained
for AR (Figure 4B). In the 4–5 months-old animals,
spermatogenesis was complete and the positivity for
AR was found in the nuclei of Leydig, Sertoli, peritu-
bular myoid and germ (spermatocytes, spermatids and
spermatozoa) cells (Figure 4C). The intensity of AR
immunolabeling was stage-dependent (Figures 4B, C).
A high individual variation was still observed at dif-
ferent ages.

Our results were validated by the presence of the
negative control (Figures 2–4); according to Suarez-
Quian et al. [8], the validity of the results of an im-
munohistochemical study are based primarily
on the quality of controls including both positive and
negative controls.

Discussion

The histological structures of the testes observed in
lambs, i.e. germ cells and somatic cells described in
our studies, were identical to those reported by dif-
ferent authors [14, 15] in the same species.

In the two months-old animals, the absence of lu-
men in seminiferous tubules and the lowest weight

a

b

c

Figure 4. Immunohistochemical localization of androgens
receptor in the testis of D’Man ram lambs at the age of (a)
2 months, (b) 3 months, and (c) 4–5 months. In the two
months-old animal (a): Sertoli cells (black arrowheads) were
immunostained with AR and located at the periphery of
seminiferous tubules, whereas germ cells (empty arrowhe-
ads) nuclear immunoexpression of AR was detected in
some, but not all. Spermatocytes, i.e. pachytene (P) were
observed towards the lumen of the tubule. Peritubular myoid
(black arrows) and Leydig cells (asterisk) were immunosta-
ined with AR in interstitial tissue (Ti). In the three months-
old animals (b), spermatocytes (black arrows) were immuno-
stained with AR. In the 4–5 months-old animals (c), sperma-
togenesis was complete. Spermatids (Sp) and spermatozoa
(spz) were already being shed into lumen (L). Inserts in (a),
(b), and (c) show negative controls. Scale bar = 50 μm
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testis indicated the immaturity of the testes [16]. From
three months after birth, the appearance of lumen in
the center of the seminiferous tubules and the pres-
ence of all the cells types of spermatogenesis in the
testis, confirmed the onset of puberty [15]. Previous-
ly, the occurrence of puberty has been suggested at
this age [16]; however, individual variations have also
been reported [17]. Growth of the postnatal testis is
a consequence of increase in both the tubular and
intertubular compartments [18]. It has been [19] ex-
plained that the appearance of lumen is a conse-
quence of a high secretion and accumulation of tu-
bular fluid produced by the Sertoli cells. The pres-
ence of this lumen demonstrates that the process of
development and differentiation of the seminiferous
epithelium is functional; also training system junction-
al-type tight junction between adjacent Sertoli cells
is well established [19].

In the pituitary gland, the localization of AR of
secretory cells in the anterior lobe is in agreement
with a previous report [5] indicating that, in the hu-
man pituitary, most of the follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) cells, and some
growth hormone (GH) cells, were immunoreactive for
AR. In the rat pituitary, AR immunoreactivity was
found in the nuclei of some secretory cells which were
not identified [9]. These receptors are likely involved
in the direct action of androgens on gonadotrophin
secretion, as in cultured anterior pituitary cells [20].

Okada et al. [21] reported that the principal feed-
back action of androgens to decrease LH secretion
in male primates, including man, was to slow the
GnRH pulse generator, whereas in male rats, andro-
gens not only decreased GnRH, but also suppressed
LH synthesis and secretion through a direct pituitary
effect. Some studies have provided evidence of dif-
ferential regulation of secretion by testosterone (T).
Testosterone exerts both direct and indirect feedback
on LH secretion, whereas its effects on FSH are large-
ly mediated by aromatization to estradiol (E2).

From this data, we conclude that, in terms of sex
steroid feedback, E2 is the predominant regulator of
FSH secretion in the human male [22]. Androgens
and AR are required for normal spermatogenesis; yet
AR expression is not essential in all cell types in the
testis [23]. The site of androgens action within the
testis, i.e. the cellular distribution of the AR, is not
very clear in D’Man sheep. Early studies supported
the hypothesis that both germ cells and somatic cells
expressed a fraction of the different androgen-bind-
ing protein. In contrast, other investigators have been
unable to localize AR in germ cells. In adulthood,
the action of androgens on seminiferous tubules is
essential for full quantitatively normal spermatogen-
esis and fertility. In a fetal testis, and particularly in

fetal germ cell development, androgen’s role remains
largely unknown [24]. Using testicular feminized
(Tfm) mice, Merlet et al. [24] investigated the effects
of a lack of functional androgen receptor (AR) on
fetal germ cells, and demonstrated that endogenous
androgens/AR physiologically control normal gono-
cyte proliferation. Their data provides in vivo and in
vitro evidence of a new control of endogenous andro-
gens on gonocytes identified as direct target cells for
androgens.

Nevertheless, when AR was studied by immuno-
histochemical techniques, conflicting results ap-
peared. In the testes of the D’Man lambs, ARs have
been found in the interstitial and tubular compart-
ment. Indeed, Zhou et al. [25] reported that there
was a considerable variation, both within and between
species, in nuclear steroid receptor localizations in
the male reproductive tract. Immunostaining of AR
observed in Leydig, Sertoli and peritubular myoid cells
was found in mice [8–25], rats [6, 8, 9], monkeys [16],
primates [26], humans [9, 11, 26, 27], and stallions
[28]. Leydig cells are target cells of androgen action
in the testis. Indeed, Shan et al. [29] reported that
androgens exert a partial inhibitory effect on Leydig
cell steroidogenesis. As they synthesize and secrete
androgens (particularly testosterone) and contain AR,
Pelletier et al. [6] suggested that androgens exerted
a paracrine or intracrine regulation by the presence of
these receptors. Androgens act to stimulate spermato-
genesis through receptors (ARs) on the Sertoli cells
and peritubular myoid cells [30]. The presence of AR
in Sertoli cells can be related to the role of androgens
in the regulation of proteins such as androgen bind-
ing protein, which are secreted by the Sertoli cells [31].

Since Leydig cells, which produce testosterone,
also contain ARs, it might be suggested that, in this
cell type, androgens exert an intracrine or paracrine
activity [6]. Myoid cells have been shown to be con-
tractile, involved in the transport of spermatozoa and
testicular fluid in the tubule. Furthermore, it has been
reported that myoid cells contain androgen receptors
and were involved in retinol processing. Considering
all that, it is evident that peritubular myoid cells not
only provide structural integrity to the tubule, but also
take part in the regulation of spermatogenesis and
the testicular function. However, their precise roles
remain to be resolved [31]. Some authors [8, 16, 27]
have reported similar results regarding the presence
of labeling in the cells of the germline. In contrast,
others [6, 9, 11, 25, 32] did not observe labeling at the
level of germ cells. In somatic and germ cells of the
testis, the presence of androgen receptors (AR) has
been demonstrated with variable immunohistochem-
ical positivity according to the age of animal, and the
state of the spermatogenesis cycle. The androgens
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mediate a wide range of physiological responses and
are especially important in male sexual maturation,
the maintenance of spermatogenesis, and male go-
nadotrophin regulation [33–35]. Verhoeven et al. [35]
indicated that the last four steps in germ cell devel-
opment display clear-cut control by androgen action:
spermatid adhesion and development, spermiation,
progression through meiosis, and spermatogonial dif-
ferentiation. For the first three steps, there is an ob-
vious relationship to stages VII and VIII of the cycle
of spermatogenesis.

To conclude, in D’Man lambs, the parameters of
testicular development increase quickly and linearly
during the postnatal period. AR immunoreactivity is
found in some cells of the adenohypophysis. The im-
munostaining of the AR testis is localized at somatic
(Sertoli, Leydig and peritubular myoid cells) and germ
cells in D’Man lambs.
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