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Summary: The excurrent duct, which plays vital roles in the reproductive biology of all male mammals, shows some 

structural variations among different species. Some hormones such as testosterone, estrogen and progesterone, through their 

different receptors, have been known to be involved in the normal functioning of the excurrent duct. Here we evaluated the 

presence, localization and patterns of distribution of three hormone receptors, estrogen alpha (ERα), estrogen beta (ERβ) 

receptors and progesterone receptors (PR) along the excurrent duct of sexually matured male greater cane rats. 

Immunohistochemistry revealed presence of ERα in epididymal stroma but not epithelium, selective ERβ staining in narrow 

& apical cells as well as unique presence of PR in caudal epididymis, which to the best of our knowledge, is the first report 

on the cellular localization of progesterone receptor in the cauda epididymis. The result suggests the possible involvement 

of not only estrogen but also progesterone in the modulation of epididymal function in greater cane rat. 
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INTRODUCTION 
 

The excurrent duct of the male reproductive system 

in mammalian species which comprises of the efferent 

duct, epididymis and vas deferens, is a channel 

responsible for sperm maturation, concentration, 

transportation and storage thereby conferring 

fertilizing ability on the spermatozoa (Hess, 2003; 

Robaire et al, 2006; Joseph et al, 2009). In most 

studied mammals, these ducts are divided into 

functional regions and zones that portray distinct zonal 

intra-luminal environments necessary for the ultimate 

development of the spermatozoa (Gatti et al, 2004; 

Adebayo & Olurode, 2010; Adebayo et al, 2016). 

These functional zones vary from one species to 

another and are under hormonal control (Arroteia et al, 

2012). 

Besides androgen, it is now clear that the functioning 

of these zones is also regulated by estrogen mediated 

by its two receptors (ERα & ERβ). Recent studies have 

also established the possible involvement of 

progesterone in sperm hyper-motility necessary for 

fertilization (Baidi et al 2011). According to Joseph et 

al., (2009) and Arroteia et al., (2012) the cellular 

localization, pattern of distribution, and expression of 

these hormonal receptors are fundamental to the 

understanding of their roles in the reproduction as well 

as in the reproductive pathologies of different 

mammalian species (Walker et al, 2012) particularly 

in those wild rodents that are currently undergoing 

domestication. 

The greater cane rat (Thryonomys swinderianus) is a 

hystricomorphic wild rodent of African origin. This 

rodent is currently undergoing domestication and 

captive rearing in some parts of Africa as it can serve 

as animal model for biomedical research in this 

continent. In furtherance to some of the research work 

done on the male reproductive system of the cane rat 

(Adebayo and Olurode, 2010; Adebayo et al, 2015; 

Adebayo et al, 2016), this work elucidates the cellular 

localization and distribution patterns of ERα and ERβ 

and progesterone receptors (PR) in the excurrent duct 

of this rodent. 
 

MATERIALS AND METHODS 
 

Animals 

Ten (10) sexually matured, captive-reared, male 

greater cane rats of known reproductive and medical 
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records were used in experiment. All the animals had 

brownish perineal staining which is usually used as 

index of sexual maturity in male cane rat (Adu and 

Yeboah, 2003). The animals were maintained on 

commercial cane rat feed, elephant grasses and water 

was give adlibitum. The experimental protocol 

followed the ethical principles in animal research 

adopted by the Animal Ethics Committee, Faculty of 

Veterinary Medicine, University of Ibadan, ethical 

code no: ethics 03/14/04 
 

Sample collection and processing   

Each animal was weighed, anaesthesized and dissected 

open after a transcardial perfused-fixation using 4% 

paraformaldehyde at pH 7.4. After opening the 

abdominal and pelvic cavity, the entire excurrent duct 

was dissected out and samples were obtained and 

routinely prepared for histology. 
 

Immunohistochemistry  

Paraffin-embedded samples of each segment of the 

excurrent duct, fixed in 4% paraformaldehyde were 

deparaffinised and rehydrated in decreasing ethanol 

concentrations. Antigens were retrieved in citrate 

buffer-Tween 20 solution; endogenous peroxidase 

inhibited by 3% H2O2. The sections for estrogen 

receptors were incubated overnight at 40C with 1:100 

dilution of 1µl rabbit polyclonal antibody for Estrogen 

receptor alpha (ERα – Ab37438, abcam®, UK) and 

Estrogen receptor beta (ERβ – Ab3577, abcam®, UK) 

on separately labelled slides. These sections were then 

rinsed in Tris-buffered solution (TBS) and treated for 

30 min at room temperature with 1:300 dilution of 

biotinylated goat anti-rabbit secondary antibody 

(Vector Laboratories Inc., Burlingame, CA, USA) 

made in TBS. Sections for progesterone receptors 

were incubated at 40C with 1:60 dilution of mouse 

monoclonal antibody (PR-AT 4.14) to progesterone 

receptor and then stir-washed in TBS before being 

incubated for 30 min at room temperature in 1:300 

dilution of biotinylated polyclonal goat anti-mouse 

secondary antibody (Dako, Glostrup, Denmark) in 

TBS. Peroxidase was developed with 1.74% (w/v) 3’3- 

diaminobenzidine (DAB) and sections counterstained 

with haematoxylin. Negative controls for 

immunostaining for each receptor were obtained by 

incubating additional sections with the TBS in the 

stead of the primary antibodies. 
 

RESULTS 
 

In the greater cane rat, the immunohistochemistry of 

the efferent duct showed positive staining for both 

ERα and ERβ with the intensity of staining increasing 

from proximal to distal efferent duct (Fig. 1). 

However, no labelling for progesterone receptor (PR) 

was observed. While there were slight nuclear 

stainings for ERα in both ciliated and the non-ciliated 

cells, the cytoplasm of the ciliated cells showed intense 

staining for this receptor (Fig. 1). Interestingly the ERα 

was also intensely expressed in the stroma of the 

efferent duct in the cane rat (Fig. 1A). 

Immunohistochemistry revealed no nuclear labeling 

for ERα throughout the epididymal epithelium. 

However, whereas low-intensity staining was 

observed in the cytoplasm of initial segment, caput and 

corpus epididymis (Fig. 2 & 3), appreciable 

cytoplasmic labeling was seen at the cauda epididymis 

(Fig. 4). Immunostaining for ERα was also present in 

the stroma of the initial segment, caput and cauda 

epididymis but very weak in that of corpus epididymis 

(Fig 2, 3 & 4). 

Table 1: Summary of localization of the 3 receptors along 

the excurrent duct in the greater cane rat  
PR ERα ERβ 

Efferent. duct  - + + 

Epididymis  

   -Initial segment  

   - Caput 

   - Corpus 

   - Cauda  

 

- 

- 

- 

+ 

 

+ 

+ 

+ 

+ 

 

+ 

+ 

+ 

+ 

Vas deferens  -  + + 

 

 
Fig. 1: Photomicrographs of the ERα immunohistochemistry in 

the efferent duct of the greater cane rat. Figure A shows intense 

ERα-positive staining of the ciliated cells (arrows) and the 

stroma (S) while Figure B is the negative control. Scale bar: 

50µm 
 

 
Fig. 2: Photomicrographs of the ERα immunohistochemistry in 

the initial segment of the epididymis of the greater cane rat. 

Figure A shows the stroma ERα-positive staining (S) with faint 

labeling of the epithelial cytoplasm (arrows). Figure B is the 

negative control. Scale bar: 50µm 
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Fig. 3: Photomicrographs of the ERα immunohistochemistry in 

the caput epididymis of the greater cane rat. Figure A shows 

the stroma ERα-positive staining (S) with faint labeling of the 

epithelial cytoplasm (arrows). Figure B is the negative control. 

Scale bar: 50µm 

 

 
Fig. 4: Photomicrographs of the ERα immunohistochemistry in 

the cauda epididymis in the greater cane rat. Figure A shows 

the intense cytoplasmic staining of the epithelium (arrows) as 

well as the strong stromal labeling (S). Figure B is the negative 

control. Scale bar: 50µm 

 

 
Fig. 5: Photomicrographs of the ERβ immunohistochemistry in 

the initial segment of the epididymis of the greater cane rat. 

Figure A shows the selective ERβ-positive nuclear staining of 

the narrow and basal cells (long arrows) and the labeling of the 

epithelial cytoplasm (short arrows). Figure B is the negative 

control. Scale bar: 50µm 

 

The ERβ, though immunolocalized throughout the 

epithelium and stroma of the entire epididymal 

regions, showed selective nuclear staining for some 

specific cells. In the initial segment, nuclear staining 

was observed in the narrow and basal cells while 

cytoplasmic and membrane staining was in the 

principal cells (Fig. 5). At the caput and corpus 

epididymis, there were nuclear staining of the apical, 

clear and basal cells with labeling of the cytoplasm and 

membrane in the principal cells (Fig. 6). In the cauda  

 
Fig. 6: Photomicrographs of the ERβ immunohistochemistry in 

the caput epididymis of the greater cane rat. Figure A shows 

the selective ERβ-positive nuclear staining of the apical cells 

(arrows) and the labeling of the epithelial cytoplasm. Figure B 

is the negative control. Scale bar: 50µm 
 

 
Fig. 7: Photomicrographs of the ERβ immunohistochemistry in 

the cauda epididymis of the greater cane rat. Figure A shows 

the ERβ-positive nuclear staining of the basal cells (thin long 

arrow), cytoplasmic and membrane labeling (thick long 

arrows) as well as the labeling of the midpiece of the sperm 

cells (short arrows). Figure B is the negative control. Scale bar: 

50µm 

 

Fig. 8: Photomicrographs of the cauda epididymis in the 

cane rat showing in (A) PR-positive nuclear staining of the 

principal cells (arrows) while (B) is the negative control. 

Scale bar: 50µm 

 

epididymis, nuclear staining was seen in the basal cells 

with intense membrane and cytoplasmic staining of the 

principal cells. Also, immunostaining was observed at 

the middle pieces of the sperm cells present in the 

cauda epididymis (Fig. 7). A significant finding in this 

study was the localization of nuclear progesterone 

receptor (PR) on the epithelium of the cauda 

epididymis (Fig. 8). While ERα and ERβ were 

localized in the epithelium as well as the stroma of the 

vas deferens of the cane rat, PR labeling was not 

detected in the vas deferens of this rodent.  

 

A B A B 

A B 

A B 

A B 
A B 
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DISCUSSION 
 

The observed immunolocalization of the estrogen 

receptors (ERα & ERβ) in the efferent duct of the 

greater cane rat is consistent with what has been 

observed across all mammalian species (Hess, 2003; 

Joseph et al., 2011), thereby identifying this duct as an 

estrogen responsive organ in the cane rat. Not only is 

the efferent duct a conduit pipe for sperm transport 

from the testis to the epididymis, it is also involved in 

the re-absorption of testicular fluids and proteins 

thereby influencing sperm concentration and seminal 

fluid composition (Hess and Carnes, 2004; Lazari et 

al., 2009). It has been established that estrogen, 

through its receptors, ERα and ERβ, plays a crucial 

role in the maintenance of the structure and function of 

the efferent duct (Lazari et al., 2009; Joseph et al., 

2011). The presence of these receptors in the cane rat 

efferent duct suggests that estrogen also regulates the 

structural and functional status of this duct in the 

greater cane rat. 

In the rat and mouse (Oliviera et al., 2004), ERα and 

ERβ are expressed in both the ciliated and non ciliated 

cells of the efferent duct epithelium. Whereas ERβ is 

sometimes found in the peritubular and stromal cells 

in the rat (Oliviera et al., 2003), there are cases in 

humans where the epithelial cells were stained 

negative for ERα but the stromal cells were stained 

positive (Hess, 2003). The observed 

immunolocalization pattern in the cane rat seems to 

follow that of the rat as well as the occasional human 

pattern. The significance of this pattern as well as the 

presence of positive staining in the ciliated cell 

cytoplasm of the cane rat efferent duct is yet to be 

elucidated. 

The immunoexpression of the three receptors, 

estrogen alpha and beta (ERα and ERβ) and 

progesterone (PR) receptors present unique pattern of 

distribution in various regions of the epididymis in the 

greater cane rat. The expression of ERα in the 

epididymis is highly variable among mammalian 

species (Joseph et al., 2011). While nuclear labeling of 

ERα is completely lacking in the epididymal 

epithelium of several species, it is present in mouse, 

cat and monkey (Nie et al., 2002; Hess, 2003; Lazari 

et al., 2009; Joseph et al., 2011). Where present, ERα 

is said to participate in the regulation of narrow cells 

in the initial segment and clear cells in the remaining 

epididymal segments (Hess et al., 2001; Lazari et al., 

2009). In some other species like Marmoset, ERα 

labeling has been shown in the cytoplasm (Lucas et al., 

2008; Schon et al., 2009), but its significance at this 

location is yet unknown. From this work, it can be said 

that the greater cane rat belongs to the class of 

mammals without nuclear labeling for ERα. Although 

the import of the cytoplasmic and stromal labeling for 

ERα particularly at the cauda epididymis of the cane 

rat is yet to be elucidated, such cytosol 

immunostaining for this receptor at the cauda 

epididymis has been reported in Marmoset monkey 

(Shayu et al., 2005). According to Joseph et al, (2011), 

these variations can sometimes be as a result of 

differences in antibodies and tissue processing 

techniques.  

The expression of estrogen beta (ERβ) throughout 

the epididymis in the cane rat is similar to that reported 

for most studied species (Nie et al., 2002; Zhou et al., 

2002). However, the pattern of labeling of ERβ in the 

cane rat is unique because of its selective nuclear 

staining for narrow and apical cells in the epididymal 

epithelium. Selective localization of the ERβ has been 

observed in boar where only the principal and basal 

cells of all three epididymal regions are labeled (Pearl 

et al., 2007). Although selective intense staining of the 

epididymal narrow, apical and clear cells for ERα has 

been associated with the involvement of this receptor 

in the regulation of these cells in mouse (Lazari et al., 

2009), the implication of selective labeling of these 

cells for ERβ in the cane rat is yet unknown. However, 

the ERβ localization in the stroma is consistent with 

that observed in the rat (Atanassova et al., 2001)   

The observed immunolocalization of the ERβ in the 

middle pieces of spermatozoa and the nuclear labeling 

for progesterone receptor (PR) in the cauda epididymis 

of the greater cane rat are unusual. According to 

Carreau et al, (2011) estrogen receptors have only 

been localized in the spermatozoa of primates and man 

but not rodent spermatozoa.  As reported by Solakidi 

et al, (2005) and Carreau et al, (2011), the localization 

of aromatase and estrogen receptors in the midpiece of 

the human spermatozoa could be related to a potential 

role for estrogen in mitochondria and energy 

production for motility, as well as for participation in 

capacitation and/or the acrosomal reaction of sperm. In 

the same vein, the presence of ERβ especially in the 

middle pieces of cane rat spermatozoa opens new 

considerations about the possible role of estrogen in 

mobility and fertilizing ability of spermatozoa not only 

in humans but also in this rodent. Similarly, with the 

localization of PR in the cauda epididymis of the cane 

rat, which has never been reported in any mammalian 

species, it is possible that progesterone might be 

involved in the modulation of epididymal function as 

it is with sperm hypermotility and fertilization (Baldi 

et al., 2011). 

In conclusion, while further studies are on-going on 

the gene expressions by these receptors, the 

distribution pattern of the ERα and ERβ as well as the 

presence of PR in the cauda epididymis presented in 

the work, suggest the possible involvement of not only 

estrogen but also progesterone in the modulation of 

excurrent duct functions in greater cane rat. 
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