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Summary

Avian testes have been used in the study of germ cell transfer, importantly for understanding the
preservation and control of birds. For this purpose, we use light microscopy, electron micros-
copy and immunohistochemistry to understand the reproductive efficiency of dove testes.
The tunica albuginea was thin and septula testes were not observed. The testicular parenchyma
was formed mainly of closely packed convoluted seminiferous tubules with little interstitial
area. Three types of spermatogonia were distinguished. The primary spermatocyte appeared
as the largest spermatogenic cell and was identified at different stages of meiosis. Different
morphological stages of the spermatid were categorized. Various cellular associations were
described within the seminiferous epithelium. The cytoplasm of Sertoli cells was pale and ill
defined due to its close relationship to the germinal epithelium. The spermatid attached to
the luminal border of Sertoli cells and germ cells were closely associated. A single layer of myoid
cells surrounded the seminiferous tubule. Testicular telocytes of doves were located in the peri-
tubular region and near the blood vessels. Telopods appeared as long cytoplasmic processes
arising from the cell body. Leydig cells were distributed singly or in small groups and cords.
The intensity of androgen receptor (AR) immunostaining in the testes of the dove was estab-
lished for the first time and is described in this paper.

Introduction

Laughing dove (LD; Spilopelia senegalensis) is classified in the family Columbidaes and is found
in South Africa (Madkour and Mohamed, 2019). Few previous studies have recorded the repro-
duction of birds in southern Africa. The LD is a nonseasonal breeder and testes were examined
throughout the all year breeding season (Earlé and Dean, 1981).

Testes are formed mainly of two components, the first being the stroma, which mainly forms
the capsule and interstitial connective tissue. No septula testes have been observed in bird testes.
The second component of the testes is the parenchyma, which forms the seminiferous tubules
and interstitial cells. Seminiferous tubules contain Sertoli cells and germ cells.

Meiosis in males is observed only in the testes, which have two major functions, exocrine
(sperm production) and endocrine (androgen production) (Lan et al., 2011). During spermato-
genesis, the spermatogonia differentiate into sperm. Spermatogonia divide to form primary
spermatocytes, which divide to form secondary spermatocytes, and then spermatids change into
sperm. Different stages of spermatids are observed during this change. Cytoplasmic bridges con-
nect many germ cells to facilitate the transport of cytoplasmic constituents between cells
(Ventela et al., 2003) and progress continuously toward the lumen. The testicular capsule plays
an important role in the mechanism of sperm pushing forward (Dharani et al., 2017).

Bird spermatogenesis waves are difficult to distinguished due to their cellular association in
small areas within the seminiferous tubule and it has been very difficult to describe for bird testes
(Kirby and Froman, 2000).

Different important somatic cells are observed in the testes, inside seminiferous tubules, such
as Sertoli cells, and outside the seminiferous tubules, such as myoid cells, Leydig cells and telo-
cytes. Sertoli cells support germ cell development physically and metabolically (Sharpe et al.,
2003). Myoid cells are smooth muscle-like cells that help in the transport of spermatozoa
(Kormano and Hovatta, 1972). Leydig cells are located within the interstitial connective tissue
between seminiferous tubules. Leydig cells are the main source of male sex hormones (Li et al.,
2016). Telocytes are widespread interstitial cells observed in the testes of humans (Marini et al.,
2018), rabbits (Awad and Ghanem, 2018), and Chinese soft-shelled turtles (Yang et al., 2015),
but no previous study has recorded telocytes in the testes of birds.

Androgen is essential for development of the male reproductive system and regulation
of spermatogenesis. Androgen performs its function by binding to the androgen receptor
(AR; Welsh et al., 2012). Positive immunostaining for the AR in human testes, germ cells,
Sertoli cells, and Leydig cells (Vornberger et al., 1994) has been recorded. Testosterone levels
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are controlled by a feedback mechanism through the AR and its
loss leads to incomplete meiosis (Holdcraft and Braun, 2004).

Avian testes are important in the study of germ cell transfer
(Trefil et al., 2006) and for studies on preservation and control.
Previous studies have been made on the testes of chicken
(De Reviers et al., 1971), Japanese quail (Lin and Jones, 1992),
and turkey (Bakst et al., 2007), but little information is known
about dove testes. In the current study, we describe the histological,
ultrastructure features and androgen expression of dove testes.

Materials and methods

Sample collection

Specimens were collected by a local hunter in Assiut governorate,
Egypt and samples taken from the testes of five healthy LD
(Spilopelia senegalensis). Testes were dissected immediately after
slaughtering and fixed in Bouin’s fluid.

Histological examination

The fixed specimens were dehydrated in ethyl alcohol, then cleared
with methyl benzoate, and embedded in paraffin wax. Samples
were cut at 3–6 μm thickness and stained with the following
stains: Harris haematoxylin and eosin, Crossmon’s trichrome or
Weigert’s elastic (Bancroft et al., 2013).

For semithin sections and transmission electron microscopy
(TEM) preparations

Small samples of testes were preserved by immersion in 3% gluta-
raldehyde in 0.1 M sodium cacodylate buffer (pH 7.3) for 3 h at
4°C (Karnovsky, 1965). Samples were washed in the same buffer
for 2 h, and post-fixed with 1% osmium tetroxide in 0.1 M sodium
cacodylate buffer at pH 7.2 for 2 h at room temperature. Next, the
specimens were dehydrated in ethyl alcohol, followed by propylene
oxide and embedded in Araldite.

Semithin sections were cut at 1-μm thickness using a Richert
Ultracuts system (Leica, Germany) and stained with toluidine blue
for light microscopy. Ultrathin sections (70 nm) were obtained
using an Ultrotom-VRV instrument (LKB, Bromma, Germany)
and stained with lead citrate and uranyl acetate (Reynolds,
1963). TEM images were captured on a JEOL-100CXII electron
microscope.

Immunohistochemistry

Immunohistochemical detection of the AR in paraffin sections was
prepared based on protocols in Hsu et al. (1981) using Androgen
Receptor Monoclonal Antibody (AR 441) (catalogue no. MA5-
13426). Sections (4 μm) of the testes were dewaxed in xylene, rehy-
drated in ethanol, and sections were rinsed in PBS pH 7.4 (three
times for 5 min each time). The actions of endogenous peroxidase
were inhibited by adding 1% hydrogen peroxide at room temper-
ature for 10 min. Sections were washed in PBS (pH 7.4) for 5 min,
then positioned in 10 mM sodium citrate buffer (pH6.0) and
heated (95–98°C) in a water bath (20min) and then cooled at room
temperature. Slides were rinsed in PBS (pH 7.4). Sections were
incubated with primary antibodies (30 min) at room temperature,
then washed with PBS (pH of 7.4) for 5 min and then incubated
with secondary antibody (10 min) at room temperature. Slides
were rinsed in PBS (pH 7.4) followed by incubation with drops
of streptavidin–peroxidase complex (Thermo Fisher Scientific,
USA) for 10 min at room temperature. Sections were rinsed in

PBS (pH 7.4) and then counterstained in Harris haematoxylin,
dehydrated, cleared, and mounted using DPX.

Digital coloured images

Transmission electron micrograph images were coloured carefully
using Adobe Photoshop software version 6 to increase the visual
contrast between several structures on the same electron
micrograph.

Results

Light microscopy

Testes were surrounded by thin connective tissue tunica albuginea,
formed mainly of collagenous fibres. In addition, elastic fibres
were arranged in different directions on the capsule. Abundant
longitudinally arranged smooth muscle fibres were distributed
on the capsule, especially in the inner part of the tunica albuginea.
Septula testes were not observed, so there were no lobules on the
dove testes. The limited interstitial connective tissues were made
up of collagenous, elastic fibres together with blood and numerous
lymph vessels (Fig. 1).

The testicular parenchymawas formedmainly of closely packed
convoluted seminiferous tubules with little interstitial area contain-
ing interstitial cells. Seminiferous tubules contained two types of
cells: spermatogenic cells and Sertoli cells. The different types of
spermatogenic cells were spermatogonia, primary spermatocytes,
secondary spermatocytes, spermatids and sperms. Spermatogonia
were located in close proximity to the basement membrane of
the seminiferous tubules. Three types of spermatogonia were
distinguished based on cytoplasmic and nuclear morphological
characteristics: spermatogonia type A (SpA), spermatogonia type
intermediate (SpI), and spermatogonia type B (SpB). SpAwere dark,
large, rounded or elongated cells with large rounded or oval nuclei
that contained one or two distinct nucleoli and mainly dispersed
chromatin (Fig. 2A, B). SpI were small, rounded, dark cells with a
rounded nucleus that showed distinct nucleoli and finely dispersed
chromatin (Fig. 2A). SpB appeared as rounded and small cells with a
rounded eccentric nucleus with distinct nucleoli and coarse clumped
chromatin attached to the nuclear membrane (Fig. 2A).

Primary spermatocytes were located in the intermediate posi-
tion within the seminiferous tubules. Primary spermatocytes
appeared as the largest spermatogenic cell and were identified at
different stages of meiosis (Fig. 2C–E). Secondary spermatocytes
were located in a more advanced position towards the lumens of
the seminiferous tubules and appeared smaller compared with
the primary spermatocytes (Fig. 2F).

Different morphological steps of the spermatid were catego-
rized based on the shapes of spermatid, nucleus and chromatin
arrangements into eight steps (spermatid step 1, spermatid step
2, spermatid step 3, spermatid step 4, spermatid step 5, spermatid
step 6, spermatid step 7 and spermatid step 8). Spermatid step 1:
rounded spermatid with rounded nucleus and distinct nucleolus
and coarse spread chromatin (Figs 3A and 4). Spermatid step 2:
rounded spermatid with a rounded nucleus with a narrow band
of chromatin under the nuclear membrane and distinct nucleolus.
Thin filaments of chromatin were connected between the nucleo-
lus and peripheral chromatin (Figs 3A and 4). Spermatid step 3:
resampling the previous stage and acrosomic granules were
observed (Figs 3B and 4). Spermatid step 4: the most characteristic
step were the pear-shaped nuclei of spermatids (Figs 3C and 4).
Spermatid step 5: oval spermatid showed an oval lightly stained
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nucleus (Figs 3D and 4). Spermatid step 6: the elongated spermatid
exhibited elongated more condensed nuclei (Figs 3E and 4).
Spermatid step 7: further elongation of spermatids was detected
with more elongation and condensation of the nucleus (Figs 3F
and 4). Spermatid step 8: the final stage before the release of sperm

and consisted of the head with an elongated deeply stained nucleus
and a tail (Figs 3G and 4).

Sertoli cell appeared as an elongated large cell with large
rounded, lightly stained nuclei with distinct nucleoli. The cyto-
plasm of Sertoli cells was pale and ill defined due to the close

Figure 2. Spermatogonia, Primary
spermatocyte, and secondary spermato-
cyte. (A, B) spermatogonia type A (SpA),
spermatogonia type intermediate (SpI)
and spermatogonia type B (SpB) (TB).
(C) Primary spermatocyte at prophase
(Psp) (TB). (D) Primary spermatocyte at
metaphase (Psm) (TB). (E) Primary
spermatocyte at telophase (Pst) (HE).
(F) Secondary spermatocyte (Ss) (TB).

Figure 1. General structure of the testicular
stroma. (A) Tunica albuginea (TA), collagenous
fibres (red arrow) and smooth muscle fibres (black
arrows) (Crossmon’s trichrome). (B) Elastic fibres
distributed in different direction on tunica albu-
ginea (green arrows) (Weigert’s resorcin fuchsin).
(C) Few interstitial connective tissue contained
collagenous connective tissue (red arrows)
(Crossmon’s trichrome). (D) Few elastic fibres on
the interstitial connective tissue (green arrows)
(Weigert’s resorcin fuchsin). (E) arteriole (A), venule
(V) and lymph vessel (L) on the interstitial connec-
tive tissue (HE).
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association to germinal epithelium. Spermatids were attached to
the luminal border of Sertoli cells and germ cells were positioned
close to it (Fig. 5A).

Leydig cells could be observed near the blood and lymph vessels
in very narrow intertubular spaces. Leydig cells were distributed
singly or in small groups and cords. Singly distributed cells were
large oval cells with a large oval vesicular nucleus and deeply
stained cytoplasm containing lipid droplets (Fig. 5B–D). Cells in
groups and cords were fusiform or polyhedral in shape with a pale
cytoplasm (Fig. 5C, D). A single layer of myoid cells was sur-
rounded by the seminiferous tubule; the myoid cell was a flat elon-
gated cell with a flat nucleus (Fig. 5B).

Dove testicular telocytes were located in the peritubular region
and near blood vessels. Telocytes had a spindle-shaped or triangu-
lar-shaped cell body with a large nucleus and small amounts of
cytoplasm. Telopods appeared as long cytoplasmic processes aris-
ing from the cell body (Fig. 5B, E, F).

Seminiferous epithelium showed seven different cellular associ-
ations (stage I, stage II, stage III, stage IV, stage V, stage VI, and
stage VII). Each of these were formed from spermatogonia at
the basement membrane and at the end at the luminal surface
by spermatids. Stage I: spermatogonia arranged close to the base-
ment membrane, then several rows of spermatocytes mainly in
the pachytene stage and rounded spermatids were observed at
the luminal surface (Fig. 6A). Stage II: different from the previous
stage for the primary spermatocytes which becomes zygotene pri-
mary spermatocytes (Fig. 6B). Stage III: differs from the previous
stages with the presence of spermatocytes at the diplotene stage
(Fig. 6B). Stage IV: the main characteristic features of this stage
were zygotene and diplotene primary spermatocytes. In addition,

spermatids at this stage appeared elongated with elongated nuclei
(Fig. 6C). Stage V: at this stage, spermatogonia were observed at the
basement membrane, then the pachytene primary spermatocytes
were placed at the middle position, and the luminal surface was
occupied by more elongated spermatids compared with the pre-
vious stage (Fig. 6D). Stage VI: the most obvious features of this
stage were the more elongated spermatids with condensed nuclei,
which were located at deep positions within Sertoli cells (Fig. 6E).
Stage VII: mature stages of spermatid and residual bodies were
observed at the luminal border of seminiferous tubules (Fig. 6F).

Androgen receptor expression

The intensity of androgen receptor (AR) immunostaining in dove
testes was established for the first time in this study. Spermatogonia
had moderate immunostaining for AR in the cytoplasm and slight
immunostaining for AR in the nucleus (Fig. 7A). Slight-to-moder-
ate cytoplasmic and nuclear AR immunostaining of the primary
spermatocyte was observed (Fig. 7B). Slight-to-moderate cytoplas-
mic and nuclear AR immunostaining were detected in spermatids
(Fig. 7C). Slight-to-moderate immunostaining was detected at the
residual body (Fig. 7D). Sertoli cells showed slight immunostaining
for the cytoplasm and the nucleus (Fig. 7E). Myoid cells exhibited
slight cytoplasmic and nuclear AR immunostaining (Fig. 7F).
Moderate cytoplasmic and nuclear AR immunostaining were
detected at Leydig cells (Fig. 7G).

Ultrastructure

With a transmission electron microscope, two types of spermato-
gonia could be distinguished. The first type was characterized by a

Figure 3. Spermatid steps. (A)
Spermatid step 1(S1) and spermatid step
2 (S2). (B) Spermatid step 3 (S3). (C)
Spermatid step 4 (S4). (D) Spermatid
step 5 (S5). (E) Spermatid step 6 (S6).
(F) Spermatid step 7 (S7). (G)
Spermatid step 8 (S8). All stained with
TB.

Figure 4. Spermatid steps diagram. Spermatid step 1, spermatid step 2, sper-
matid step 3, spermatid step 4, spermatid step 5, spermatid step 6, spermatid
step 7 and spermatid step 8.
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large nucleus with distinct nucleoli, mainly dispersed chromatin
and few heterochromatin blocks of different sizes (Fig. 8A). The
second type appeared as a rounded cell with a rounded nucleus.
Nuclei of spermatogonia showed distinct nucleoli and coarse

clumped chromatin attached to the nuclear membrane (Fig. 8B).
The cytoplasm of spermatogonia was characterized by well devel-
oped rough endoplasmic reticulum, abundant free ribosomes, and
numerous mitochondria (Fig. 8C). Primary spermatocytes at

Figure 5. Sertoli cell, myoid cells, Leydig cells, and telocytes. (A) Sertoli cell (Sc), nucleus of Sertoli cell (black arrows), spermatocyte (red arrow) and spermatid (blue arrow) (HE).
(B) Myoid cells (black arrows), telocyte (red arrow) and telopodes (blue arrow) (HE). (C) Cord of Leydig cells (black arrow) and a small group of Leydig cells (red arrow) (HE). (D)
Singly distributed Leydig cells (Lc) and lipid droplets (black arrows) (TB). (E) Telocyte (black arrow) and telopodes (blue arrow) (HE). (F) Telocyte (black arrow) and telopodes (blue
arrow) (TB).

Figure 6. Seminiferous epithelium cellular asso-
ciation stages I–VII. (A) Stage I: spermatogonia
(Sp), pachytene primary spermatocytes (P) and
rounded spermatids (S) (HE). (B) Stage II (black
arrow), stage III (red arrow), spermatogonia (Sp),
zygotene primary spermatocytes (Z), diplotene pri-
mary spermatocytes (D) and round spermatids (S)
(HE). (C) Stage IV: spermatogonia (Sp), zygotene
primary spermatocytes (Z), diplotene primary
spermatocyte (D) and elongated spermatid (S)
(HE). (D) Stage V: spermatogonia (Sp), pachytene
primary spermatocyte (P) elongated spermatid
(S) (HE). (E) Stage VI: spermatogonia (Sp) and elon-
gated spermatids with condensed nuclei (S) (HE).
(F) Stage VII: spermatogonia (Sp), mature stage
of spermatid (S) and residual body (RB) (HE).
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prophase were easily distinguished. The cytoplasm of these cells
showed abundant mitochondria, free ribosomes and rough endo-
plasmic reticulum (Fig. 8D).

Rounded spermatids were observedwith a rounded nucleus and
coarse chromatin attached to the nuclear membrane and distinct
nuclei and multiple acrosomal vesicles (Fig. 9A). Single coalesced
acrosomal vesicles were observed in another rounded spermatid.
Spermatids at this stage showed cytoplasmic bridges (Fig. 9B).
In addition, the smaller rounded and oval spermatids demon-
strated deeply stained rounded or oval nuclei and vacuolated cyto-
plasm (Fig. 9C). Elongated spermatids were detected, attached to
Sertoli cells and characterized by a deeply stained nucleus and little
cytoplasm (Fig. 9D).

Sertoli cells appear as elongated cells with a basal border resting
on the basement membrane and apical cytoplasmic processes. The
nuclei of Sertoli cells were rounded, pale with fine dispersed chro-
matin. Spermatids at different stages were attached to the apical
border. The cytoplasm contained rough endoplasmic reticulum,
numerous mitochondria, and many lysosomes (Fig. 9D).

Discussion

In the current study, the tunica albuginea of dove testes was found
to be thin, and made up of collagen, elastic and reticular fibres.
Abundant longitudinally arranged smooth muscle was observed

in the dove testicular capsule. Similar findings have been observed
for rooster testes by Aire and Ozegbe (2007), who added that
smooth muscle fibres of duck tunica albuginea were arranged in
longitudinal, transverse and oblique directions. Abundant contrac-
tile elements on the bird testicular capsule played an important role
in fluid transport.

Our observation did not detect septa on dove testes. In addition,
thin layers of interstitial connective tissue were formed, mainly of
collagen and elastic fibres. Similar observations have been noted in
fowl (Dharani et al., 2017), in quail (Kannan et al., 2008) and in
duck (Gerzilov et al., 2016).

In the present study, three types of spermatogonia were
observed. Similar findings have been described in turkey (Bakst
et al., 2007). In contrast, four types of spermatogonia have been
observed in Japanese quail (Lin and Jones, 1992), and five types
of spermatogonia have been detected in some mammals
(Clermont and Bustos-Obregon, 1968). Spermatogonia divided
mitotically during spermatocytogenesis to give primary spermato-
cytes (Deviche et al., 2011).

In this study, primary spermatocytes were observed at different
stages of meiosis. In addition, secondary spermatocytes were
observed and located near the luminal border of the seminiferous
tubules. Aire (2007) added that primary spermatocyte entered the
long prophase of the first maturation division to give secondary
spermatocytes. The latter divided quickly to give spermatids.

Figure 7. Immunohistochemical expression pat-
tern of androgen receptor in the testis of dove.
(A) Moderate cytoplasmic (red arrow) and slight
nuclear (green arrow) immunostaining for AR in
the spermatogonia. (B) Slight (black arrow) to mod-
erate (red arrow) cytoplasmic and slight (black
arrowhead) to moderate (red arrowhead) nuclear
AR immunostaining in the primary spermatocyte.
(C) Slight (black arrow) to moderate (red arrow) cyto-
plasmic and slight (black arrowhead) to moderate
(red arrowhead) nuclear AR immunostaining in
spermatid. (D) Slight (black arrow) to moderate
immunostaining in the residual body (red arrow).
(E) Slight cytoplasmic (black arrow) and nuclear
(red arrow) immunostaining in Sertoli cells. (F) Slight
cytoplasmic (black arrow) and nuclear (red arrow)
AR immunostaining in myoid cells. (G) Moderate
cytoplasmic (black arrow) and nuclear (red arrow)
AR immunostaining in Leydig cells.
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Figure 8. Coloured transmission electron microscopy
micrograph of spermatogonia and spermatocyte. (A) First
type spermatogonia nucleus (N), nucleolus (Nu) and hetero-
chromatin blocks (red arrows). (B) Second type spermatogo-
nia nucleus (N), nucleolus (Nu) and clumped chromatin (red
arrows). (C) Spermatogonia characterized by well developed
rough endoplasmic reticulum (black arrows), free ribosomes
(red arrows) and numerous mitochondria (blue arrows). (D)
Primary spermatocytes showed abundant mitochondria
(blue arrows), free ribosomes (red arrows) and rough endo-
plasmic reticulum (black arrows).

Figure 9. Coloured transmission electron microscopy
micrograph of spermatid and Sertoli cell. (A) Rounded
spermatid nucleus (N), nucleolus (Nu), coarse chromatin
(black arrows) and multiple acrosomal vesicles (red
arrows). (B) Rounded spermatid nucleus (N), acrosomal
granule (red arrow) and cytoplasmic bridges (black
arrows). (C) Spermatid (Sp), nucleus (N) and vacuoles
(arrows). (D) Elongated spermatid (Sp), Sertoli cell (S),
nucleus of Sertoli cell (N), rough endoplasmic reticulum
(black arrows), mitochondria (white arrows) and lyso-
somes (black arrowheads).
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Spermatids then metamorphosed into sperm during a complex
process.

Different stages of spermatid and seven cellular associations
could be identified in doves from the present study. Conversely,
nine cellular associations have been observed on testes of guinea
cock (Abdul-Rahman et al., 2017) and eight cellular associations
in guinea fowl (Aire et al., 1980).

In the present study, cytoplasmic bridges were detected between
spermatids, this result was supported by Lin and Jones (1992) in
quail spermatids. During metamorphosis, spermatid transformed
into sperm. Cytoplasmic bridges acted as a molecule exchange
pathway to synchronize spermatogenesis (Lin and Jones, 1993;
Niedenberger et al., 2018; Villagra et al., 2018).

Several somatic cells were observed within the testes such as
Sertoli cells, myoid cells, Leydig cells, and telocytes, but the only
somatic cell within the seminiferous tubule was the Sertoli cell.
Morphologically, Sertoli cells observed in dove were similar to
those in fowl. The close relationship between germ cells and
Sertoli cells indicated their role in spermatogenesis and spermio-
genesis. Sertoli cells are described as bridge-like cells due to their
elongation from the basement membrane to the lumen. This elon-
gation helps in movement of material through the Sertoli cell
(Cooksey and Rothwell, 1973). Observation of lipid droplets within
Sertoli cells indicated the function of these cells in germ cell nutri-
tion (Shi et al., 2013). Numerous lysosomes in the cytoplasm of
Sertoli cells support the phagocytosis of the residual body and
degenerating germ cells (Scheltinga and Jamieson, 2003). Based
on Villagra et al. (2018), lipid in Sertoli cells is said to be raw
material for steroid hormones.

Our observation revealed that Leydig cells were distributed sin-
gly in small groups or cords and characterized by pale cytoplasm
containing lipid droplets, as in mammalian cells. Rothwell (1973)
mentioned that fowl Leydig cells were similar to those ofmammals.
In addition, lipid droplets have been observed in Leydig cells of
fowl but not observed in quail (Nicholls and Graham, 1972).

Myoid cells were arranged as a single-cell layer in our study and
in rodents (Maekawa et al., 1996). However, multiple layers of
myoid cells were observed in the testes of quail (Harrisson and
Callebaut, 1993) and fowl (Rothwell and Tingari, 1973). Myoid
cells are smooth muscle-like cells and have the contractile ability
for sperm and testicular fluid in rodents (Maekawa et al., 1996).
The function of myoid cell layers is unclear to date.

We recorded, for the first time, the occurrence of telocytes in the
peritubular and perivascular region of dove testes. Our result were
in agreement with Marini et al. (2018) for human testes. Telocytes
have been observed in the peritubular region in mouse testes
(Pawlicki et al., 2019) and human testes (Hasirci et al., 2017).
Based on Marini et al. (2018) testicular telocytes are important
players in transporting molecules from outside to inside the
tubules and regulating androgen secretion.

Previous studies have described the distribution of AR in mam-
malian testes in humans (Ruizeveld de Winter et al., 1991), rats
(Vornberger et al., 1994), in mice (Wang et al., 2009). No previous
study has determined the AR receptor distribution on birds testes.
In the current study, we described for the first time AR distribution
in dove testes.

In the current study, spermatogonia, primary spermatocytes,
spermatids, Sertoli cells, myoid cells and Leydig cells exhibited pos-
itive immune staining. Previous studies have detected positive
immunostaining for AR in mouse spermatogonia (Zhou et al.,
1996), human spermatocytes (Kimura et al., 1993) and rat sperma-
tids (Wright, and Frankel, 1980). Moreover, myoid cells, Sertoli

cells and Leydig cells demonstrated positive AR immunostaining
(Zhu et al., 2000).

Spermatogenesis is maintained with androgen, which per-
formed its role through the AR (Zhu et al., 2000). In addition,
Regadera et al. (2001) mentioned that spermatogenesis was depen-
dent on testosterone, which acts through the AR. Based on
Holdcraft and Braun (2004), Sertoli cells showed positive immu-
nostaining for the AR. In addition, Sertoli cells regulated meiosis
through the AR.Moreover, AR expression was not only detected in
other reproductive organs such as epididymis and prostate (Abate-
Shen and Shen, 2000), but was expressed in the brain (Sutinen
et al., 2017).

In conclusion, light microscopy and electron microscopy stud-
ies of dove testes distinguished two types of cells. The first type was
germ cells that entered meiosis to produce sperm. Cytoplasmic
bridges connected germ cells. Different intensities of immunos-
taining were expressed on germ cells. The second type was somatic
cells such as Sertoli cells, myoid cells, Leydig cells and telocytes,
which played important roles in germ cell development.
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