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Abstract
Vitamin D3 is a steroid hormone well known by its role in maintaining calcium homeostasis, however this hormone may also participate in other biological functions, including control of reproductive processes. The vitamin D3 action is mediated by the vitamin D3
receptor (VDR). VDR is widely distributed in the rodent reproductive tract, however the occurrence of VDR and the role of the vitamin
D3 in the avian reproductive tract remain unknown. The aim of the present study was to investigate the expression and cellular distribution of VDR in the epididymal region of roosters. VDR expression was investigated by Western blotting analysis and the tissue distribution of the receptor was determined by immunohistochemistry. The Western blotting assay revealed a major VDR protein band of
61 kDa in the epididymal region of rooster. Nuclear VDR expression was found in all segments of the epididymal region, namely rete testis, eVerent ductules, connecting ducts and epididymal ducts. Nonciliated cells of the distal eVerent ductules showed the highest levels of
VDR expression, followed by the proximal eVerent ductules and rete testis. The connecting and epididymal ducts showed less intense
VDR immunostaining. The diVerential VDR expression in the epididymal region segments reveals that several extratesticular ducts may
be target for vitamin D3 action and suggests that vitamin D3 may have a regional-speciWc function, such as calcium transport, that is
modulated through VDR activity.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction
Vitamin D receptor (VDR) is a member of the steroid/
thyroid hormone super-family of nuclear receptor, which
mediates the eVects of the vitamin D3 (1,25-(OH)2D3). Vitamin D3 is a steroid hormone well known by its role in
maintaining calcium homeostasis (Bennett et al., 2006;
Hoenderop et al., 2005; Lips, 2006; Walters, 1992). However, this hormone also participates in other important biological functions, including modulation of cell proliferation
*
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and cell diVerentiation (Walters, 1992; Lips, 2006), as well
as control of reproductive processes (Kwiecinski et al.,
1989; Stumpf and Denny, 1989).
VDR is widely distributed in the female and male reproductive tissue of rodents, indicating that this hormone
likely plays an important local role (Johnson et al., 1996;
Kinuta et al., 2000; Levy et al. (1985a,b); Merke et al., 1983;
Schleicher et al., 1989). Indeed, deWciency in vitamin D3 has
been shown to cause reduction in male and female fertility
(Kwiecinski et al., 1989; Stumpf and Denny, 1989). In the
male, genetic disruption of VDR (VDR-KO) resulted in
testicular eVects, as seen by a transient increase in testicular
weight, dilation of seminiferous tubules lumen and reduction in epithelium, resulting in decreased spermatogenesis
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(Kinuta et al., 2000). These eVects culminated in atrophy of
the tubules in older animals. Similar to rodents, lack of vitamin D3 resulted in testicular degeneration and incomplete
spermatogenesis in chicken (Kurtul, 2002). A role for vitamin D3 in the avian testis has also been indirectly demonstrated by its eVect on the modulation of the expression of
Calbindin-D28k, a molecular marker for vitamin D action
(Inpanbutr et al., 1996). However, information about vitamin D eVects in extratesticular organs as well as information about the occurrence of VDR in the testis and all other
segments of the male genital system of birds is still lacking.
Contrasting to mammals, the male genital tract of avian
species is characterized by the occurrence of prominent eVerent ductules and a short and non-diVerentiated epididymal
duct (Aire, 1979; Clulow and Jones, 2004), which in conjunction with the extratesticular rete testis composes the epididymal region. The prominence of the eVerent ductules points out
that this segment may be of high importance for avian reproduction. The avian eVerent ductules, similar to those of mammals, play an important role reabsorbing more than 90% of
the Xuid coming from the testis (Clulow and Jones, 1988). On
the other hand, diVering from mammals, avian eVerent ductules are also responsible for signiWcant reabsorption of calcium (Clulow and Jones, 2004). The molecular mechanism
underlying the Xuid and calcium reabsorption in the bird male
tract is still not determined. Considering that transcellular calcium movement in other calcium-transporting epithelia, such
as intestine and kidney, depends on vitamin D3 and a functional VDR (Hoenderop et al., 2000; Li et al., 2001; Van
Cromphaut et al., 2001), the presence of VDR in the avian
eVerent ductules would be predicted. Therefore, the aim of the
present study was to investigate the cellular distribution of the
VDR in the extratesticular ducts of the rooster, emphasizing
the eVerent ductules and epididymal duct.
2. Materials and methods
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the results. Sections were dewaxed in xylene, rehydrated through a graded
series of ethanol, washed in distilled water and phosphate buVer saline
(PBS) and then blocked for endogenous peroxidase by incubation with
0.6% H2O2 in methanol for 30 min. The sections were subjected to antigen
retrieval procedure by microwaving in 0.01 M sodium citrate buVer pH 6.0.
After washing in PBS, the avidin–biotin non-speciWc binding was blocked
using the Vector blocking kit (Vector Laboratories, Burlingame, CA).
Additional washing in PBS was performed before the next 1 h incubation
in 10% normal rabbit serum. The sections were incubated for 40 h at 4 °C
with the diluted (1:50) primary rat anti-chicken VDR antibody (Labvision
Co., Fremont, CA). For negative control, the sections received PBS in
place of the primary antibody. After washing in PBS, the sections were
exposed to 10% normal rabbit serum for 1 h before incubation with a rabbit anti-rat biotinylated secondary antibody (Dako, Carpinteria, CA),
used at 1:50 dilution. The sections were then incubated with avidin–biotin
complex (Vectastain Elite ABC kit—Vector Laboratories, Burlingame,
CA) for 30 min. To visualize the immunoreaction, sections were immersed
in 0.05% of 3,3⬘ diaminobenzidine containing 0.01% H2O2 in 0.05 M Tris–
HCl buVer, pH 7.6. The reaction was monitored microscopically and
stopped by immersion in distilled water, as soon as a brown color staining
was visualized. Sections were lightly counterstained with Mayer’s hematoxylin, dehydrated in ethanol, cleared in xylene and mounted.

2.4. Image analysis
VDR immunostaining intensity was quantiWed by computer-assisted
image analysis, based on previously reported protocols (Oliveira et al.,
2003; Zhu et al., 2000). Images from 05 diVerent areas of the proximal and
distal eVerent ductules as well as connecting and epididymal ducts of each
animal were taken by using a Nikon Eclipse E600 microscope (Nikon Co.,
Melville, NY). Digital images were processed with Adobe Photoshop
(Adobe Systems, Mountai View, CA), converted to the grayscale mode
and inverted. The images were then exported to Image-Tool software
(University of Texas Health Sciences Center, San Antonio, TX), for quantitative analysis. For this proposal, 25 nuclei of nonciliated cells of the
eVerent ductules and principal cells of the connecting and epididymal
ducts, all positive to VDR immunostaining, were traced, measured and
pixel intensity was determined for the traced areas. Due to diYculties to
clearly delimitate the nuclei of the epithelial cells of the rete testis after
image processing, the quantiWcation of the immunostaining in this segment was not performed. Background intensity was determined by tracing
an unlabeled area adjacent to the measured cells. Final pixel intensity was
calculated by subtracting the values detected in labeled nuclei from the
background. Data were expressed as mean § SEM.

2.1. Animals
2.5. Statistical analysis
The investigation was performed on epididymal region of 08 crossbreed
roosters (Gallus domesticus), obtained from domestic and commercial sources
and housed in the facilities of the Federal University of Minas Gerais, Brazil.
The principles of research involving animals followed those expressed in the
‘Princípios éticos para o uso de animais em experimentação’, advocated by
the ‘Comitê de ética em pesquisa’, published by the Federal University of
Minas Gerais—UFMG (http://www.ufmg.br/coep/cetea.html).

2.2. Tissue preparation
The roosters were weighted, anesthetized (i.p. sodium pentobarbital
50 mg/kg body weight), and perfused intracardially with 10% neutral
buVer formalin. After Wxation, the epididymal regions were isolated from
the testis and fragments of tissue were embedded in paraYn, sectioned at
5.0 m and used for immunohistochemistry.

2.3. Immunohistochemistry
Vitamin D receptor (VDR) expression was localized in the epididymal
region by using immunohistochemistry, following previous protocol (Oliveira et al., 2004). Staining was performed in two diVerent sets to conWrm

DiVerences in VDR expression among segments of the epididymal
region were analyzed by using the multiple variance analyses (ANOVA).
The post-hoc Tukey test was used for multiple comparisons between
segments. DiVerences were considered signiWcant at P 6 0.05.

2.6. Western blotting
Western blotting analyses were performed to conWrm the speciWcity of
the antibody used. Rooster duodenum was used as a positive control. For
this purpose, duodenum and epididymal regions from roosters perfused
with a 0.75% saline solution were dissected out and rinsed vigorously in
PBS before freeze in liquid nitrogen. Frozen fragments (200 mg) were macerated in dry ice and resuspended in 1.5 ml of sample buVer under reducing
conditions. After boiling for 5 min, the samples were subjected to
continuous electrophoresis using 10% SDS–PAGE (sodium dodecyl sulphate–polyacrylamide gel electrophoresis). The separated proteins were
transferred to nitrocellulose membrane and blocked with 10% normal rabbit serum for 1 h at room temperature. The membrane was incubated with
rat anti-chicken monoclonal antibody against VDR (Labvision Co., Fremont, CA) diluted 1:500 for 1 h. After washing with PBS–tween 0.05%, the
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blot was incubated in a biotinylated secondary antibody rabbit anti-rat
(Dako, Carpinteria, CA), used at 1:6000 dilution. The membrane was then
incubated with the avidin–biotin complex (Vectastain Elite ABC kit—
Vector Laboratories, Burlingame, CA) for 30 min. After several washes,
the reaction was developed by the addition of 0.1% 3,3’diaminobenzidine
in PBS containing 0.05% chloronaphtol, 16.6% methanol and 0.04% H2O2.
The reaction was stopped with deionized water.

mal ducts. In contrast to the epithelium, the staining of the
stromal cells showed similar intensity throughout the excurrent ducts. Vascular endothelium also showed positivity for
VDR. No immunolabeling was observed in control sections
treated with PBS in place of the primary antibody (Fig. 1).
3.1. Rete testis

3. Results
The rooster epididymal region contains the rete testis,
proximal and distal eVerent ductules, connecting ducts and
epididymal duct. All these segments showed positivity for
VDR immunostaining (Fig. 1). The immunoreactivity was
noted as a nuclear staining seen in the epithelium and some
cells of the connective tissue. The intensity of the epithelial
staining was diVerent depending on the segment considered:
stronger positivity (measured in pixels) was found in the distal
eVerent ductules followed by the proximal eVerent ductules
and epididymal duct as well as the connecting ducts (Table 1
and Fig. 2). The intensity of staining for the connecting ducts
was not statistically diVerent when compared to the epididy-

The cuboidal epithelial cells lining the rete testis were
moderately immunopositive for VDR (Table 1). Cells morphologically similar to macrophages (Aire and Malmqvist,
1979), which were present in the lumen of the rete, were also
positive for VDR (Fig. 1B).
3.2. EVerent ductules
In both proximal and distal segments of the eVerent ductules, nuclei of the epithelial nonciliated cells were always
positive for VDR (Fig. 1C and D). However, the nonciliated cells of the distal ductules exhibited more intense staining for the receptor (Fig. 1D and Table 1). On the other

Fig. 1. Expression of VDR in the epididymal region of roosters. (A) General view of the epididymal region showing positive immunostaining for VDR in
diVerent segments of the excurrent ducts. RT; rete testis, PED; proximal eVerent ductule; DED; distal eVerent ductule, Ep; epididymal duct. (B) Extratesticular rete testis (RT) showing moderate immunostaining in the nuclei of epithelial cells (arrowhead), as well as positive macrophage-like cells (arrows) in
the lumen. (C) Proximal eVerent ductule has moderately positive staining in the nonciliated cells (arrow), in contrast to ciliated cells (arrowhead), which
were negative or weakly stained. (D) Distal eVerent ductule has the strongest nuclear immunostaining in the nonciliated cells (arrow). Ciliated cells (arrowhead) are negative. The smaller insert represents the negative control. (E) Connecting ducts (CD) showed discrete reactivity to VDR. (F) In the epididymal
duct, weak VDR immunostaining was detected in the epithelium as well as connective tissue (¤). Spermatozoa (Sp) were found in the lumen of the duct.
Bar in A D 200 m. Bar in B (the same for C–F) D 20 m.
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Table 1
Immunostaining intensity for VDR in the ducts composing the epididymal region of the roosters
VDR
Rete testis
Epithelial cells
Luminal macrophages
Stromal cells

++
+++
+/¡

Proximal eVerent ductules
Epithelial nonciliated cells
Epithelial ciliated cells
Stromal cells

++
+/¡
+/¡

Distal eVerent ductules
Epithelial nonciliated cells
Epithelial ciliated cells
Stromal cells

+++
+/¡
+/¡

Connecting and epididymal ducts
Epithelial principal cells
Epithelial basal cells
Stromal cells

+
+
+/¡

Fig. 3. Western blotting analysis of VDR expression in duodenum and
epididymal region of roosters; n D 04.

other positive band of about 65 kDa. In both duodenum and
epididymis, distinct minor band of 97 kDa was also observed.
4. Discussion

Score were as follows: ¡, negative; +/¡, intermittent staining; +, weak
staining; ++, moderate staining; +++, strong staining.

Fig. 2. QuantiWcation of immunohistochemistry for VDR in the extratesticular ducts of roosters. ¤a, ¤b, and ¤c means diVerence statistically signiWcant (P 6 0.05) between the segments analyzed; Values represent
mean § SEM; n D 04. PED, proximal eVerent ductules; DED, distal eVerent ductules, CD, connecting duct; EP, epididymal duct.

hand, the ciliated cells were weakly stained or negative at
all (Fig. 1C and D, Table 1).
3.3. Connecting duct and epididymal duct
In the connecting and epididymal ducts, the basal and
principal cells appeared weakly stained for VDR (Fig. 1E
and F). There appeared to be no diVerence in staining
intensity between both epithelial cell types (Table 1).
3.4. Western blotting analysis
In the epididymal region, it was detected a major band of
approximately 61 kDa (Fig. 3), while the duodenum presented

VDR was shown to be widely distributed in the epididymal region of roosters, with speciWc regional and cellular
expressions along the reproductive tract.
The Western blotting pattern observed for VDR in this
study is in agreement with previous data in hen’s oviduct
(Yoshimura et al., 1997). In the duodenum it was detected a
doublet band of 61 and 65 kDa, which may correspond to
the 58.6 and 60.3 kDa isoforms previously described in
avian tissues (Elaroussi et al., 1994; Lu et al., 1997). However, only a 61 kDa protein was detected in the epididymal
region, suggesting that only the low molecular weight isoform may be expressed and/or active in the epididymal
region. Since VDR performs a wide variety of functions, it
has been speculated that VDR isoforms may exist in diVerent tissues with diVerent roles (Lu et al., 1997). This possibility warrants further investigation.
The most intense immunostaining for VDR was found in
the eVerent ductule epithelium. These data are in broad
agreement with those previously described for the rat, in
which testicular Sertoli cells and eVerent ductules were
found to have the most intense binding sites for [3H]-1,25(OH)2D3 (Stumpf and O’Brien, 1987). The exact role of vitamin D3 in the eVerent ductules is not known, but it has been
suggested that it may participate in the modulation of Xuid
reabsorption (Johnson et al., 1996). It was already demonstrated that avian eVerent ductules are also involved in Xuid
reabsorption (Bahr et al., 2006; Clulow and Jones (1988,
2004); Zaniboni et al., 2004), with the rate of reabsorption
being even greater in birds than in rats (Clulow and Jones,
1988). So, it is possible that vitamin D acting through VDR
is participating in the regulation of this important physiological function that increases sperm concentration for storage in the avian epididymal and deferens ducts. On the other
hand, diVering from rats, there is signiWcant reabsorption of
calcium along the avian eVerent ductules (Clulow and Jones,
2004). Therefore, other possible explanation for higher VDR
expression in these ductules may be related to modulation of
the transepithelial calcium transport.
VDR expression was less abundant in the rooster epididymal duct. This Wnding is in agreement with data obtained in
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rat in which the epididymis also presented low level of binding to [3H]-1,25-(OH)2D3 (Stumpf and O’Brien, 1987; Walters, 1984). Connecting ducts presented similar expression of
VDR when compared to the epididymal duct, corroborating
previous interpretation that together they form one functional unit, as shown by several parameters, including estimative of Xuid reabsorption and spermatozoa transit times
(Clulow and Jones, 1988), as well as expression of some ion
transporters (Bahr et al., 2006). There is little net Xuid transport in the epididymal duct, but this region appears to be a
site where the spermatozoa acquire their mature pattern of
motility (Clulow and Jones, 1988). The exact physiological
role of vitamin D3 in this segment remains to be established.
In conclusion, VDR is widely but diVerentially expressed
along the male genital tract of roosters, with higher levels of
the receptor being found in the eVerent ductules. This data
suggest that several extratesticular ducts may be target for
vitamin D3 action and that this hormone may have a
regional-speciWc function, such as calcium transport, that is
modulated through VDR activity.
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