


peritubular myoid cells display morphological and func-

tional characteristics of both smooth muscle cells and

fibroblasts (Rothwell and Tingari, 1973; Aire and Ozegbe,

2007). As a result, peritubular myoid cells are immuno-

positive for desmin and actin, which are filaments charac-

teristic of smooth muscle cells (Van Nassauw et al., 1993;

Maretta and Marettova, 2004; Aire and Ozegbe, 2007). In

addition, vimentin, an intermediate filament generally

associated with fibroblasts, has also been immunolocal-

ized in peritubular myoid cells (Aire and Ozegbe, 2007).

Myoid cells in the peritubular boundary tissue and testic-

ular capsule play an important role in the propulsion of

spermatozoa from the seminiferous tubules into the

excurrent duct system (Hargrove et al., 1977; Ellis et al.,

1978, 1981; Banks et al., 2006).

The intermediate filaments desmin and vimentin, as

well as the microfilament SMA, are integral parts of the

cytoskeleton responsible for cytodifferentiation, mainte-

nance of cell shape and cellular integrity (Amsterdam and

Aharoni, 1994; Goldman et al., 1996; Galou et al., 1997).

Antibodies against desmin, SMA and vimentin have been

widely used to diagnose pathologies of the testicular cap-

sule and peritubular lamina propria in humans (Jones

et al., 1997; Deveci et al., 2002; Du et al., 2012). This is

contrary to the situation in birds where pathologies of

the testis have been studied mostly using histological and

ultrastructural techniques (Leach et al., 2008; Golbar

et al., 2009; Saied et al., 2011).

The Japanese quail has been successfully used as an

avian model to study the effects of viruses and toxins on

growth and reproductive activity (Rathnamohan, 1985;

Bryan et al., 1989; Aire, 2005; Kamata et al., 2009). Infor-

mation gained from studies on the Japanese quail has

been used to assess the impact of viral and toxic agents

on domestic and wild birds (Rathnamohan, 1985).

Despite the extensive use of the Japanese quail in

research, there is currently limited information available

on the distribution of diagnostically important cytoskel-

etal proteins in the testis of this bird. The present

study was undertaken to provide baseline information

on the distribution of the intermediate filaments

desmin and vimentin, as well as the microfilament

SMA, in the testicular capsule and interstitial tissue of

the Japanese quail from day 1 post-hatch to sexual

maturity.

Materials and Methods

A total of 65 newly hatched male Japanese quail chicks

were maintained in a temperature-controlled room, with

a light regime of 14-h light/10-h dark. Feed and water

were provided ad libitum. Five birds were administered

with an intraperitoneal overdose of sodium pentobarbital

anaesthetic (Sagatal, May and Baker, Port Elizabeth,

South Africa) at 1, 3, 5, 7, 9, 11, 13, 15, 17, 24, 31, 38

and 60 days post-hatch. All the procedures used in this

study were approved by the Animal Use and Care Com-

mittee of the University of Pretoria.

The thoraco-abdominal cavity was cut open, and the

testes were removed. Testicular tissue was immersion-

fixed in 4% phosphate-buffered formaldehyde for 48 h.

After fixation, tissues were processed routinely for histol-

ogy and embedded in paraffin wax. The immunostaining

technique was performed on 5-µm-thick sections using a

Universal LSAB-plus kit, Peroxidase (DakoCytomation,

Glostrup, Denmark).

The sections were deparaffinized and rehydrated, and

endogenous peroxidase activity was blocked, using a 3%

(v/v) hydrogen peroxide solution in water for 5 min. The

slides were then rinsed in a 0.01 M phosphate-buffered

saline solution (PBS, pH 7.4) for 5 min. Thereafter, the

sections were microwaved at 750 W for three cycles of

7 min each in citrate buffer (0.01 mol 9 l�1, pH 6.0).

After being allowed to cool for 20 min, the sections were

rinsed with PBS. The sections were then incubated for

30 min at room temperature with monoclonal antibodies

against desmin, SMA and vimentin at dilutions of 1:50,

1:50 and 1:100, respectively. The primary antisera were

purchased from DakoCytomation. The slides were then

rinsed with PBS and then incubated for 15 min with a

biotinylated secondary antibody (LSAB-plus kit). Thereaf-

ter, the slides were rinsed in PBS and subsequently incu-

bated for 15 min with the streptavidin peroxidase

component of the LSAB-plus staining kit. Slides were

then rinsed in PBS, and bound antibody was visualized

after the addition of a 3,3′-diaminobenzidine tetrachloride

solution, diluted with a buffer supplied by the manufac-

turer (LSAB-plus kit). The sections were counter-stained

with Mayer’s haematoxylin.

In the negative controls, the monoclonal desmin, SMA

and vimentin antibodies were replaced with mouse IgG1

(DakoCytomation). The negative control reagents were

diluted to the same concentration as the primary antibod-

ies. Bovine smooth muscle was used as a positive control

for desmin and SMA, while bovine tonsillar tissue was

used as a positive control for vimentin. Variations in the

immunostaining of sections used in this study were

minor. No background staining was detected in the nega-

tive control sections, while positive immunostaining for

desmin, SMA and vimentin was observed in the control

sections.

On the basis of visual examination, the relative intensi-

ties of desmin, SMA and vimentin immunostaining were

designated as absent (�), weak (+), moderate (++) and

strong (+++) as described previously (Madekurozwa and

Kimaro, 2006).
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Results

Testicular capsule

The testes were enclosed in a testicular capsule composed

of a tunica serosa, tunica albuginea and tunica vasculosa.

The immunostaining intensities of desmin, SMA and vi-

mentin in various cells of the testicular capsule are sum-

marized in Table 1.

Tunica serosa

The tunica serosa, in 1- to 13-day-old quails, comprised a

single layer of mesothelial cells, with ovoid nuclei and

prominent nucleoli. In the 15- to 60-day-old quails, the

mesothelial cells contained elongated nuclei.

The mesothelial cells in all age groups studied were

desmin and SMA immunonegative. The cytoplasm of the

mesothelial cells displayed weak vimentin immunostain-

ing in the 1- to 3-day-old quails. Strong vimentin immu-

nostaining was demonstrated in the mesothelial cells from

day 5 post-hatch (Fig. 1a).

Tunica albuginea

Four to five cell layers, interspersed with small amounts

of loose connective tissue, formed the tunica albuginea in

1- to 5-day-old quails. Cells in the outer zone of the

tunica albuginea contained ovoid to oblong nuclei and

cytoplasm which was desmin and SMA immunonegative.

Cells in the inner zone contained elongated nuclei and

desmin-immunopositive cytoplasm (Fig. 1b). The cyto-

plasm of these cells was SMA immunonegative.

Approximately 11–13 cell layers formed the tunica

albuginea in the 7- to 24-day-old quails. The outer zone

of the tunica albuginea was desmin and SMA immuno-

negative, while moderate-to-strong immunostaining for

desmin (Fig. 1c) and SMA was demonstrated in the inner

zone. The tunica albuginea in 31- to 60-day-old quails

was formed by 5–8 layers of cells with elongated nuclei.

Interposed between the cells were collagen fibre bundles.

Although fewer cell layers were observed in the tunica

albuginea of 31- to 60-day-old birds, the layer was thicker

than in 7- to 24-day-old quails due to the presence of

intervening collagen fibre bundles. Strong desmin and

SMA (Fig. 1d) immunostaining was demonstrated in all

cell layers forming the tunica albuginea in these age

groups. Although the intensity of immunostaining did

not vary, the quantity of immunoreaction deposits in the

cell layers varied.

Vimentin immunostaining in the tunica albuginea of

all age groups was observed in a few fibroblasts that were

scattered throughout the layer.

Tunica vasculosa

The tunica vasculosa in all quails studied was located

adjacent to the testicular parenchyma (Fig. 1b,d). In addi-

tion, large blood vessels were present in the superficial

regions of the tunica albuginea from day 7 post-hatch. In

all age groups, the tunica media of larger blood vessels,

within the tunica vasculosa, displayed moderate-to-strong

desmin (Fig. 1b) and SMA (Fig. 1d) immunostaining.

Strong vimentin immunostaining was present in the

endothelial cells of the blood vessels (not shown).

Interstitial tissue

The immunostaining intensities of desmin, SMA and

vimentin in various cells of the interstitial tissue are

summarized in Table 2.

Mesenchymal cells

The intertubular areas in 1- to 13-day-old quails were

dominated by mesenchymal cells, which were character-

ized by the presence of oblong-shaped nuclei with promi-

nent nucleoli. Very few mesenchymal cells were observed

in the 15- and 17-day-old quails. Intertubular areas in

24- to 60-day-old quails were devoid of mesenchymal

cells.

The mesenchymal cytoplasm displayed moderate-

to-strong desmin immunostaining (Fig. 2a), while SMA

immunostaining was weak or absent (Fig. 2b). The

mesenchymal cells were vimentin immunonegative

(Fig. 1a).

Table 1. Desmin, smooth muscle actin (SMA) and vimentin immuno-

expression in the developing testicular capsule

Age (days) Antibody Tunica serosa Tunica albuginea

Tunica

vasculosa

1–3 Desmin � �/++ ++/+++a

SMA � � ++/+++a

Vimentin + ++ +++b

5 Desmin � �/++ ++/+++a

SMA � � ++/+++a

Vimentin +++ ++ +++b

7–24 Desmin � �/++/+++ ++/+++a

SMA � �/++/+++ ++/+++a

Vimentin +++ ++ +++b

31–60 Desmin � +++ ++/+++a

SMA � +++ ++/+++a

Vimentin +++ ++ +++b

Intensities of immunostaining: �, absent; +, weak; ++, moderate;

+++, strong.
aTunica media.
bEndothelium.
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(a) (b)

(c) (d)

Fig. 1. Testicular capsule (a) 5 days post-

hatch. Immunostaining in mesothelial (thick

arrow) and endothelial (thin arrows) cells.

Arrowheads: immunonegative mesenchymal

cells. (b) 1 day and (c) 17 days post-hatch.

Immunopositive inner zone (thick arrows) and

immunonegative outer zone (thin arrows) of

the tunica albuginea. Thick arrowheads:

immunopositive peritubular myoid cells. Thin

arrowheads: tunica vasculosa. ST, seminifer-

ous tubules. (d) 60 days post-hatch. Immuno-

positive tunica albuginea (asterisk). Arrow:

tunica vasculosa containing blood vessels with

immunopositive tunica media. ST, seminifer-

ous tubules.

Table 2. Desmin, smooth muscle actin (SMA) and vimentin immuno-

expression in cells of the developing interstitial tissue

Age (days) Antibody Mesenchymal Myoid Leydig

Fibroblast/

Fibrocyte

1 Desmin ++/+++ +++ +++ +++

SMA �/+ + � �
Vimentin � � � �

3–5 Desmin ++/+++ +++ +++ +++

SMA �/+ + � �
Vimentin � � � ++

7 Desmin ++/+++ +++ +++ +++

SMA �/+ ++ � �
Vimentin � � � ++

9 Desmin ++/+++ +++ +++ +++

SMA �/+ ++ � �
Vimentin � � ++ ++

11 Desmin ++/+++ +++ +++ +++

SMA �/+ ++ � �
Vimentin � � +++ ++

13 Desmin ++/+++ +++ +/++ ++/+++

SMA �/+ ++ � �
Vimentin � +/++ +++ ++

15–17 Desmin ++/+++ +++ +/++ �/+

SMA �/+ ++ � �
Vimentin � +/++ +++ ++

24–31 Desmin 0 +++ +/++ �
SMA 0 +++ � �
Vimentin 0 +/++ +++ ++

38–60 Desmin 0 +++ +/++ �
SMA 0 +++ � �
Vimentin 0 +++ +++ ++

Intensities of immunostaining: �, absent; +, weak; ++, moderate;

+++, strong. 0: Cell not observed.

(a)

(b)

Fig. 2. Testicular interstitial tissue. 11 days post-hatch. (a) Immuno-

positive mesenchymal cells (thick arrows), peritubular myoid cells (thin

arrows) and vascular smooth muscle cells (thick arrowheads). Thin

arrowheads: immunonegative vascular smooth muscle cells. IA, inter-

tubular arteriole; IC, intertubular capillary. (b) Thick arrows: immuno-

negative mesenchymal cells. Immunostaining in peritubular myoid

(thin arrows) and vascular smooth muscle (arrowheads) cells. IV, inter-

tubular venule.
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Peritubular myoid cells

Encircling the seminiferous tubules in 1- to 11-day-old

quails was a single layer of peritubular myoid cells with

ovoid nuclei. Seminiferous tubules surrounded by two

layers of peritubular myoid cells were occasionally

observed in 13-, 15- and 17-day-old quails. Seminiferous

tubules in the 24- and 31-day-old quails contained

spermatids with elongated nuclei, while spermatozoa were

present in the 38- and 60-day-old birds. A single layer of

peritubular myoid cells encircled the seminiferous tubules

in 24- to 60-day-old quails.

Peritubular myoid cells in all quails studied exhibited

strong desmin immunostaining (Fig. 2a). Weak SMA

immunostaining was demonstrated in peritubular myoid

cells of 1- to 5-day-old quails, while moderate SMA

immunostaining was present in 7- to 17-day-old quails

(Fig. 2b). Strong SMA (Fig. 3a) immunostaining was

demonstrated in the peritubular myoid cells of 24- to

60-day-old quails. Peritubular myoid cells in 1- to 11-

day-old quails were vimentin immunonegative. Occasional

peritubular myoid cells exhibiting weak-to-moderate

vimentin immunostaining were observed in 13- to 31-

day-old quails. Strong vimentin immunostaining was

demonstrated in the majority of peritubular myoid cells

in the 38- and 60-day-old quails (Fig. 3b).

Leydig cells

In the 1- to 13-day-old quails, groups of 3–4 Leydig cells

were observed in the intertubular areas, usually close to

blood vessels. The Leydig cells were characterized by the

presence of spherical nuclei with 1 or 2 prominent nucle-

oli (Fig. 4b). The interstitial tissue of 15- and 17-day-old

quails was dominated by Leydig cells (Fig. 4d). In 24- to

60-day-old quails, Leydig cells were generally confined to

the interstitium between three adjacent seminiferous

tubules.

Strong desmin immunostaining was demonstrated in

Leydig cells of 1- to 11-day-old quails. Leydig cells in

13- to 60-day-old quails displayed weak-to-moderate

desmin immunostaining (Fig. 4a). Leydig cells in all age

groups were SMA immunonegative. Leydig cells in 1-

to 7-day-old quails were vimentin immunonegative

(Fig. 4b). Vimentin immunostaining (Fig. 4c,d) was

exhibited by Leydig cells from day 9 post-hatch.

Fibroblasts

Fibroblasts in the intertubular regions of 1- to 17-day-old

quails contained oval to elongated nuclei with prominent

nucleoli. Fibrocytes with dark, elongated nuclei were

observed in the 24- to 60-day-old quails.

Desmin-immunopositive fibroblasts were only observed

in 1- to 17-day-old quails. Fibroblasts and fibrocytes in

all quails studied were SMA immunonegative. Vimentin

immunostaining was observed in fibroblasts from day 3

post-hatch (Fig. 5a).

Interstitial blood vessels

Blood vessels were observed in the interstitial tissues of all

quails studied. Intertubular arterioles (Figs 2a and 4a,b,d),

capillaries (Figs 2a and 5b) and venules (Figs 2b, 4a and 5a)

were situated in the wide interstitial spaces formed between

adjoining seminiferous tubules. Peritubular capillaries

(Figs 3b and 5b) coursed through the narrow interstitial

spaces between adjacent seminiferous tubules. Lymphatic

vessels were not discernible. Interstitial blood vessels were

frequently associated with Leydig cells (Fig. 4a,d).

The tunica intima of the interstitial blood vessels was

composed of a single layer of endothelial cells. The tunica

media of intertubular arterioles was formed by 3–6
smooth muscle cell layers. Intertubular venules contained

large lumina lined by endothelial cells and a single layer

of smooth muscle cells. Intertubular and peritubular cap-

illaries were formed by endothelial cells with an enclosing

layer of pericytes.

Endothelial cells in all age groups were desmin and

SMA immunonegative. The endothelial cells in all quails

(a)

(b)

Fig. 3. Testicular interstitial tissue in adult quails. (a) 31 days post-

hatch. Seminiferous tubules (ST) encircled by a single layer of immu-

nopositive peritubular myoid cells (arrows). IC, intertubular capillary.

(b) 60 days post-hatch. Immunopositive peritubular myoid cells

(arrows). PC, peritubular capillary.
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studied displayed strong vimentin immunostaining

(Figs 4b and 5a). The inner tunica media regions of

intertubular arterioles in 1- to 17-day-old quails were

moderately or strongly immunopositive for desmin

(Figs 2a and 4a) and SMA, but immunonegative for vi-

mentin (Fig. 4b). Desmin (Fig. 2a) and SMA immuno-

staining in the outer smooth muscle cells of intertubular

arterioles in 1- to 13-day-old quails was weak or absent.

Weak-to-moderate desmin and SMA immunostaining was

exhibited by peripheral smooth muscle cells of intertubular

arterioles in 15- and 17-day-old quails. The tunica media

of intertubular arterioles in 24- to 60-day-old quails dis-

played strong, uniform desmin and SMA immunostaining.

Pericytes associated with intertubular and peritubular

capillaries were immunoreactive for desmin (Fig. 2a) and

SMA in all quails studied. Intertubular and peritubular

(Figs 3b and 5b) capillary endothelial cells exhibited

strong vimentin immunostaining.

The tunica media of intertubular venules was immuno-

positive for both desmin (Fig. 4a) and SMA (Fig. 2b),

while the endothelial lining was vimentin immunopositive

(Fig. 5a).

Discussion

Testicular capsule

In agreement with a report on the post-hatch domestic

fowl (Gonzalez-Moran and Soria-Castro, 2010), myoid

cells were a major component of the early post-hatch

tunica albuginea in the Japanese quail. These findings are

contrary to observations made of the tunica albuginea in

the early post-natal rabbit, in which the layer was com-

posed predominantly of fibroblasts, with few myoid cells

observed (Leeson and Forman, 1981).

(a) (b)

(c) (d)

Fig. 4. Leydig cells in the interstitium. (a) 13,

(b) 7, (c) 11 and (d) 15 days post-hatch.

Arrows: Leydig cells. Thick arrowheads:

immunopositive endothelial cells. Thin

arrowheads: immunopositive vascular smooth

muscle cells. IA, intertubular arteriole; IV,

intertubular venule; ST, seminiferous tubule.

(a)

(b)

Fig. 5. Testicular interstitial tissue. 3 days post-hatch. (a) Thick arrows:

immunopositive fibroblasts. Thin arrows: immunopositive endothelial

cells lining intertubular venules. Arrowheads: immunonegative tunica

media. ST, seminiferous tubule. (b) Arrows: immunopositive endothe-

lial cells. IC, intertubular capillary;PC, peritubular capillary.
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In the current study, myoid cells in the tunica albu-

ginea were characterized by the presence of desmin and

SMA. These cytoskeletal proteins have also been immuno-

localized in the tunica albuginea of other avian species

including the domestic fowl (Maretta and Marettova,

2004; Abd-Elmaksoud, 2009), ratites (Ozegbe et al., 2008)

and masked weaver (Ozegbe et al., 2012).

Reports on the immunolocalization of desmin and

SMA in adult birds have shown the existence of a

species-specific zonation of these cytoskeletal proteins in

the tunica albuginea. Thus, in the emu (Ozegbe et al.,

2008) and domestic fowl (Abd-Elmaksoud, 2009), SMA

immunoreactivity was restricted to the inner zone of the

tunica albuginea. Conversely, in the ostrich, SMA immu-

nostaining was confined to the outer zone of the tunica

albuginea (Ozegbe et al., 2008). Desmin has been local-

ized in the inner tunica albuginea zone in the emu and in

the outer zone in the ostrich (Ozegbe et al., 2008). Inter-

estingly, in the present report, immunostaining for des-

min and SMA was restricted to the inner zone of the

tunica albuginea in the 7- to 24-day-old quails. However,

immunostaining for desmin and SMA was distributed

uniformly in the tunica albuginea of the adult quails.

These findings indicate that the zonal arrangement of des-

min and SMA immunostaining in the tunica albuginea of

the Japanese quail is age dependent.

In the current study, vimentin was demonstrated in

fibroblasts within the tunica albuginea. The presence of

vimentin immunoreactivity in the avian tunica albuginea

is species dependent. Researchers have shown that the

tunica albuginea of the Japanese quail, turkey and emu is

vimentin immunopositive, while that of the domestic

fowl, duck, ostrich and masked weaver is immunonega-

tive (Aire and Ozegbe, 2007; Ozegbe et al., 2008, 2012).

In the current study, the tunica vasculosa was

observed adjacent to the testicular parenchyma from

day 1 post-hatch. This is in agreement with findings in

the post-natal buffalo (Goyal and Dhingra, 1973) and

rabbit (Leeson and Forman, 1981). Ultrastructural and

immunohistochemical techniques have been used to

study the tunica vasculosa in several avian species (Aire

and Ozegbe, 2007; Ozegbe et al., 2008). In general, the

tunica vasculosa in birds is poorly developed, with few

blood vessels extending into the parenchyma (Aire and

Ozegbe, 2007).

The immunolocalization of vimentin in endothelial

cells of the tunica vasculosa in the post-hatch quail was

in agreement with reports in the emu and ostrich

(Ozegbe et al., 2008). Furthermore, the immunoexpres-

sion of desmin and SMA in smooth muscle cells of the

tunica vasculosa was similar to that reported in the adult

Japanese quail, turkey, domestic fowl and duck (Aire and

Ozegbe, 2007).

Interstitial tissue

Mesenchymal cells were a prominent feature of the inter-

stitial tissue in 1- to 13-day-old quails. The mesenchymal

cells were immunopositive for desmin, but immunonega-

tive for vimentin. SMA immunostaining in these cells was

weak or absent. In contrast, mesenchymal cells in the

testis of post-natal sheep were immunopositive for

desmin and vimentin, but immunonegative for SMA

(Steger and Wrobel, 1994). Despite the low levels or the

absence of SMA immunoexpression, mesenchymal cells

are regarded as pluripotent cells, which differentiate into

peritubular myoid cells, Leydig cells and fibroblasts

(Wrobel et al., 1988).

The number of peritubular myoid cell layers encircling

seminiferous tubules is species dependent. In the post-

hatch Japanese quail, a single layer of peritubular myoid

cells surrounded the seminiferous tubules, except in the

13-, 15- and 17-day-old birds, where two cell layers were

occasionally observed. This is contrary to observations

made in the post-hatch domestic fowl in which seminifer-

ous tubules were surrounded by several layers of peritu-

bular myoid cells (Gonzalez-Moran and Soria-Castro,

2010). In mammals, the number of peritubular myoid cell

layers encircling seminiferous tubules varies with the

species, as well as the stage of testicular maturation. At

birth, several layers of peritubular myoid cells surround

the seminiferous tubules in the opossum (Xie et al.,

1996) and rat (Ariyaratne and Mendis-Handagama,

2000). In these species, the number of peritubular myoid

cell layers decreases with testicular maturation.

Peritubular myoid cells in the post-hatch Japanese

quail exhibited strong desmin immunostaining during all

stages of testicular development. The expression of des-

min in peritubular myoid cells is species and age depen-

dent. In agreement with observations in the present

report, desmin was expressed by peritubular myoid cells

in the rat and humans during all testicular developmental

stages (Virtanen et al., 1986; Palombi et al., 1992;

Scipioni et al., 2005). In contrast, desmin immunostain-

ing in the peritubular myoid cells of sheep was weak in

the neonate and absent in the adult (Steger and Wrobel,

1994). In a manner similar to SMA, desmin is regarded

as a reliable marker for peritubular myoid differentiation

(Virtanen et al., 1986).

In the present study, the development of strong SMA

immunostaining in peritubular myoid cells coincided

with the formation of elongated spermatids in the semi-

niferous tubules. An increase in the intensity of SMA

immunostaining in relation to testicular maturation has

been reported in the rat (Palombi et al., 1992), sheep

(Steger and Wrobel, 1994), porpoise (Holt et al., 2004)

and bovine (Devkota et al., 2006). Due to the increase in
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the intensity of immunostaining during development,

SMA is regarded as a marker for peritubular myoid cell

differentiation (Tung and Fritz, 1990).

Species-specific and age-dependent variations also exist

in the immunolocalization of vimentin in peritubular

myoid cells. In the present report, strong immunostaining

for vimentin in peritubular myoid cells occurred only in

the adult testis. This is contrary to observations in the

sheep (Steger and Wrobel, 1994) and bovine (Devkota

et al., 2006). Peritubular myoid cells expressed vimentin

during the early post-natal period in sheep (Steger and

Wrobel, 1994), while in the bovine (Devkota et al., 2006)

vimentin was expressed in all stages of post-natal devel-

opment.

Leydig cells were a dominant feature of the interstitial

tissue in 15- and 17-day-old quails. Observations on the

post-natal development of Leydig cells in mammals have

shown that the arrangement and number of these cells in

the interstitial tissue change with testicular maturation

(Goyal and Dhingra, 1973; Deanesly, 1977; Leeson and

Forman, 1981; Xie et al., 1996; Ariyaratne and Mendis-

Handagama, 2000). Similarly, in the present study, the

groupings and location of Leydig cells varied as the testis

matured. The morphology of Leydig cells in the current

report was as previously described in the Japanese quail

(Nicholls and Graham, 1972) and ostrich (Madekurozwa

et al., 2002).

In the present study, Leydig cells, in all except the

1- to 7-day-old quails, were immunoreactive for vimen-

tin. Vimentin has previously been demonstrated in Leydig

cells in the bear (Komatsu et al., 1998), rodent (Ortega

et al., 2004) and horse (Lydka et al., 2011). The immu-

nolocalization of vimentin in Leydig cells is indicative of

the mesenchymal origin of these cells (Wrobel et al.,

1988; Chemes et al., 1992).

An interesting finding of the present study was the

occurrence of desmin in the fibroblasts of 1- to 17-

day-old quails. Although mature fibroblasts are generally

desmin immunonegative, differentiating fibroblasts are

immunopositive for desmin (Han et al., 2011). In

contrast to desmin, vimentin is a ubiquitous marker for fi-

broblasts (Lazarides, 1980; Wang and Stamenovic, 2002).

However, in the current study, vimentin-immunoreactive

fibroblasts were present only from day 3 post-hatch. This

finding is contrary to observations made in the pig, in

which testicular fibroblasts were vimentin immunoposi-

tive from birth (Liu et al., 2009).

In the current investigation, an extensive network of

interstitial blood vessels was present from day 1 post-

hatch. In addition, immunostaining for desmin, SMA and

vimentin was already present at this stage. These findings

correlate well with observations of interstitial blood

vessels in the developing testes of the sheep (Steger and

Wrobel, 1994), harbour porpoise (Holt et al., 2004) and

bovine (Wrobel et al., 1995; Devkota et al., 2006). In the

current study, Leydig cells were observed in close proxim-

ity to the interstitial blood vessels. This finding has also

been noted in the bovine (Wrobel et al., 1988) and rat

(Ariyaratne and Mendis-Handagama, 2000; Tran et al.,

2006). It is known that the interaction between Leydig

cells and interstitial blood vessels is essential for the

maintenance of normal Leydig cell steroidogenesis and

testicular blood flow (Haider, 2004; Welsh et al., 2010).

In conclusion, the results of this study have established

that the intensity and distribution of desmin, SMA and

vimentin immunostaining, in the testicular capsule and

interstitial tissue of the post-hatch Japanese quail, changes

with testicular maturation.
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