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Introduction: The African straw-coloured fruit bat plays important roles as pollinators, seed dispersers and          
important carrier of zoonotic diseases. It is a non-hibernating seasonal breeder whose reproductive biology had 

received little attention. The aim was to study the histomorphology of the efferent ductules of Eidolon helvum 

using 10 adult male bats.  
Methods: The efferent ductules were obtained from the adult bats, fixed by immersion in neutral-buffered            

formalin and prepared for histology and histochemistry.  

Results: The result showed that the entire epididymis was enclosed by the thick dense regular connective tissue, 
tunica albuginea. Within the connective tissue, tubules of efferent ductules occurred in lobules. These lobules 

were separated from each other by connective tissue trabeculae. The efferent ductules are tiny tubules that connect 

the rete testis to the initial segments of the epididymis. Each efferent ductule was lined by a simple columnar 
epithelium of two cell types, containing the ciliated and the non-ciliated cells. The non-ciliated cells were more 

numerous exhibiting oval shapes, basally located euchromatic nuclei with prominent nucleoli. The ciliated cells 
were fewer and appeared as dark cells with oval to elongated, centrally or apically located heterochromatic nuclei. 

Cilia projected from the apical surfaces of the ciliated cells into the lumen. PAS/Alcian blue staining showed 

presence of PAS positive secretions in the apical cytoplasm of the non-ciliated cells.  
Significance: These findings indicate that the morphology of efferent ductules of the African       straw-coloured 

fruit bat have similar morphology with most mammals but differ from those of insectivorous bats. 
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Introduction 

Studies on the reproductive tract of mammalian males had       

revealed a group of convoluted tubules, efferent ductules,      

connecting the rete testis with the epididymis. The efferent 

ductules formed a very important segment of the male                  

reproductive tract and together with the initial segment of the 

epididymis makes up the head of the epididymis (Hess, 2002; 

Ross and Pawlina, 2011). It is one of the components of the 

excurrent duct system of the testis responsible for sperm 

transport, while also providing a microenvironment osmotically 

balanced for the survival of the spermatozoa (Wrobel and    

Bergmann, 2006). Furthermore, most of the fluid secreted in the 

seminiferous tubules and rete testis is reabsorbed                        

(approximately 98%) in the efferent ductules (Hess, 2002; Ross 

and Pawlina, 2011). In severe cases of abnormalities in the 

structure and function of the efferent ductules, reabsorption 

failure had been reported (Hess et al., 1997; Oliveira et al., 

2001, 2002) with local fluid accumulation that flows back to 

the testis as a consequence, thereby leading to testicular atrophy  

 

and infertility (Oliveira et al., 2012). The efferent ductules      

originated from the mesonephric tubules and exhibits                 

considerable species variations even within same species,       

ranging from one in the opossum (Maruchi et al., 1989) to thirty-

three in the donkey (Hess, 2002). The efferent ductules in the bat 

species showed variations in number as 12-15 tubules have been 

recorded for the Artibeus lituratus species of bats (Oliveira et al., 

2012), while fewer number, 4-6 tubules was recorded for the   

Vesperugo savi and the Vesperugo piccolo species of bats        

(Azzali et al., 1983). 

The African straw-coloured fruit bat, Eidolon helvum, primary 

habitat is the tropical rainforest, however, it embarks on seasonal 

migration to the savannah region due to rainfalls and associated 

changes in food abundance (Defrees and Wilson, 1988; Richter 

and Cunnings 2008; Mickleburgh et al., 2011). The African 

straw-coloured fruit bat also plays important roles as pollinators, 

seed dispersers and important carrier of zoonotic diseases        

(Medellin and Gaona, 1999; Henryi and Jouard, 2007; Hayman 

et al. 2008a, b, 2010, 2012). Despite the extensive distribution in 

Africa, popularity and immense contributions to the ecosystem, 
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little information is available about the reproductive biology of 

Eidolon helvum (Abiaezute et al., 2020a, b; 2021). Although the 

morphology of the epididymis of few bats have been studied 

(Krutzsch, 2000; Krutzsch and Nellis, 2006; Beguelini et al., 

2010; Fard and Ghassemi, 2017), none was on the efferent      

ductules. The aim of this study is to investigate the histology and 

histochemistry of the efferent ductules of Eidolon helvum.        

Obtaining information on the morphology of the reproductive 

system of this species of bat will help in understanding their    

ecological and reproductive behaviours. It will also help to       

formulate conservative strategies needed as this species of bat 

has been declared by the IUCN as near threatened due to heavy 

harvesting for bush-meat and traditional medicinal purposes 

(Mickleburgh et al., 2011). 

Materials and methods 

Animal care and use 

The bats were used in compliance and under the guidance of the 

Institutional Animal Care and Use Committee                          

(FVM-UNN-IACUC-2019-0710) of the University of Nigeria, 

Nsukka care and guidelines for the care and use of laboratory 

animals by National Research Council (ILAR, 2011). 

 

Experimental animals  

Ten adult male African straw-coloured fruit bats were used for 

this study. The bats were identified by the description given by 

Defrees and Wilson (1988) and Mickleburgh et al. (2011). The 

captured of the bats was with mist nets at their roosting sites in 

Obiagu community in Enugu state of Nigeria (Abiaezute et al., 

2020). Adult male bats were identified as described by Defrees 

and Wilson (1988) and by fusion of the epiphyseal plates in the 

finger bone joints of the fourth metacarpal-phalangeal bones 

(Kunz and Anthony 1982; Anthony, 1988; Abiaezute et al., 

2020). The bats were weighed with sensitive weighing balance 

and euthanized within 6 hours of capture by deep anaesthesia 

with ketamine hydrochloride at 13 mg/kg body weight              

(Rotexmedica, Trittau, Germany) administered intramuscularly 

(Abiaezute et al., 2020). Upon death, the head of the epididymis 

of each bat was harvested and trimmed. 

 

Histology and histochemistry 

Tissues from the caput epididymis of the bats were fixed by        

immersion in 10% neutral buffered formalin and thereafter        

dehydrated in increasing concentrations of ethanol (from 70%-

100%). The tissues were after cleared in xylene and embedded 

in paraffin wax. With a rotary microtome (Model 1512; Leitz®, 

Wetzlar, Germany), the paraffin embedded tissues were aligned 

to towards the most cranial section of the caput and 5μm thick 

sections were obtained and mounted on clean glass slides 

(Abiaezute et al., 2020). The tissue sections on the glass slides 

were stained with haematoxylin and eosin (H&E) and also with 

Alcian blue/periodic acid Schiff (AB/PAS) stain combinations 

as described by Bancroft and Stevens (1990). The stained slides 

were then examined with the binocular microscope (Olympus 

Optica®, Tokyo, Japan) and images taken with Moticam Images 

Plus 2.0 digital camera 1.3M pixel (Motic China group Ltd) 

which was attached to a microscope and a computer. With the 

image analyser and an ocular micrometer gauge calibrated with 

a stage micrometer gauge on a light microscope at x100           

magnification, the tubular diameter, luminal diameter and         

epithelial height of the efferent ductules were determined as     

described by Abiaezute et al. (2020). 

Statistical analysis 

The data generated were analysed by one way analysis of          

variance (ANOVA) version 15 for windows and the results were 

then presented as means ± SEM.  

Results 

The result showed the efferent ductules together with the initial 

segment of the epididymis make up the head (caput) of the          

epididymis in Eidolon helvum species. The whole epididymis 

was covered by the tunica albuginea, a thick fibrous dense           

irregular connective tissue (Fig. 1). Furthermore, the efferent 

ductules are enclosed within lobules by thinner connective tissue 

trabeculae radiating from the tunica albuginea, with each lobule 

containing numerous efferent ductules. The result showed that 

the efferent ductules were smaller when compared with the        

initial segment of the epididymis and the lumina are empty or 

contain sparse spermatozoa (Fig. 2). Histomorphometry showed 

the mean tubular diameter of the efferent ductules as 113.5 ±
3.11µm, while the mean luminal diameter and the mean height 

of the epithelium were 82.8±2.24µm and 22.9±0.77µm           

respectively. The ductules were lined by a simple columnar      

epithelium containing two different types of cells, ciliated and 

non-ciliated cells alternatively. The non-ciliated cells which     

appeared more abundant have basally located oval euchromatic 

nuclei with prominent nucleoli. Dispersed throughout the          

cytoplasm were numerous granules. These granules stained     

positively to PAS stain but negatively to Alcian blue stain (Fig. 

3). Within the supranuclear regions of these non-ciliated cells 

were numerous vacuoles of different sizes. The luminal surfaces 

of these cells appeared to have apical protrusions or blebs which 

are also found within the lumen of the ductules (Fig. 4). The     

ciliated cells contained more apically located heterochromatic 

nuclei with dark staining cytoplasm. The cytoplasm contained 

fewer vacuoles and granules while the luminal surface possessed 

numerous apical cilia. The epithelium sits on a thin basement 

membrane surrounded by one or two layers of smooth muscle 

cells (Fig. 5). 

 

Discussion 
The present study corroborates earlier reports that established the 

efferent ductules as that part of the excurrent duct of mammalian 

reproductive system that connects the rete testis to the                  

epididymal duct (Wrobel, 1998; Hess, 2002; Campolina-Silva et 

al., 2019). The discrepancies in classifying the epithelium as 

simple or pseudostratified columnar epithelium between and 

even within same species had generated heated debate among 

authors. However, the simple columnar epithelium observed in 

ciliated columnar cells was similar to other mammals       which  
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Figure 1: Photomicrograph of the caput epididymis of Eidolon helium showing the connective tissue capsule, tunica albuginea (TA) and the thinner connective tissue 

trabeculae (stars) dividing the efferent ductules (ED) and the initial segments (IS) of the epididymis into lobules. H&E. 
 

 
Figure 2: Photomicrograph of the caput epididymis of Eidolon helium comparing the morphological features of the initial segment (IS) and the efferent ductules (ED). 

Note the trabeculae (star) dividing the epididymal parenchyma into lobules. H&E 
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Figure 3: Higher magnification of the efferent ductules of Eidolon helium showing the simple columnar epithelium with alternating ciliated cells (C) and non-ciliated 
cells (NC). Note the numerous PAS positive granules (arrows) in the cells and the sparse spermatozoa within the lumen (L). PAS/Alcian blue. 

 

 

Figure 4: Photomicrograph of the efferent ductules of Eidolon helium showing the ciliated cells (C) and non-ciliated cells (NC) of the epithelium. Note the numerous 
varying vacuoles within the cells and apical blebs on the luminal surfaces and within the lumen. H&E 
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Figure 5: Photomicrograph of the efferent ductules of Eidolon helium showing the features of the ciliated cells (C) with cilia (arrows) and non-ciliated cells (NC). Note 
the muscle layer (M) surrounding each efferent ductule. H&E.   
  

 

 

Discussion 

were classified as simple columnar or pseudostratified columnar 

depending on the researchers’ point of view. This is because they 

all contain alternating ciliated columnar cells with apical nuclei 

and non-ciliated columnar cells with basal nuclei as seen in all 

mammals (Hess, 2002; Oliveira et al., 2012; Kumar et al., 2016; 

Campolina-Silva et al., 2019). Even though basal cells were not 

observed in the efferent ductules of Eidolon helvum as reported 

in some mammals (Goyal and Hrudka, 1981; Goyal et al., 1992; 

Oliveira et al., 2012), it had been reported in some other species 

(Gray et al., 1983; Hess, 2002), which are probably due to       

species differences.  

Identification of the cells in this study was aided by the presence 

of luminal cilia, dark cytoplasm and apically located heterochro-

matic nuclei in ciliated cells when compared with absence of      

luminal cilia, light cytoplasm and basally located euchromatic 

nuclei of the non-ciliated cells. Similar morphological              

characteristics of these cells were observed in all other           

mammalian species (Goyal et al., 1992; Wrobel and Bergmann, 

2006; Ross and Pawlina, 2011) indicating that these cells are 

similar. The presence of numerous vacuoles within the                

cytoplasm of these cells probably indicates pinocytotic function 

of the cells. This shows that cells of the efferent ductules undergo 

resorptive processes which ultimately increased the luminal    

concentration of the sperm. This inference agrees with other     

authors that reported similar vacuoles within the cells of efferent 

ductules in different mammals (Clulow et at., 1998; Hess, 2002; 

Hess and Nakai, 2000). The observation of apical blebs on the 

apical surfaces of the non-ciliated cells and within the lumen of 

the ductules indicates an apocrine secretory activity. This shows 

that the cells are involved in secretions of materials into the        

lumen as observed also by other authors (Ilio and Hess, 1994; 

Aumuller et al., 1999). These PAS positive secretions probably 

aid in the survival and maturation of the spermatozoa. This may 

be related to the presence of glycogen moiety which may occur 

as glycoprotein or neutral mucin and sialomucins which are     

protective. Generally, PAS reaction shows magenta colour to 

identify 1,2-glycol or 1,2-amino-alcohol groups that are found in 

glycogen, mucus and glycoproteins in cells or tissues (Schatten, 

2007). The PAS positive reaction observed had been described 

in the epithelial cells of mammals secreting glycoprotein          

conjugates with sugar moieties synthesised and secreted by the 

Golgi complexes of these cells (Burkett et al., 1987a, b; Ilio and 

Hess, 1994). The Alcian blue negative reaction suggests absence 

of acid mucin which had been reported may be injurious to the 

spermatozoa and the organ, thus affecting reproductive health 

(Abiaezute et al., 2021).  
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The ductules provide a passageway for the sperm and fluid       

produced in the testis to the epididymis. The absence and      

sometimes sparse number of spermatozoa within the lumen     

suggests a fast transit of spermatozoa. It had been estimated that 

the transit time of spermatozoa within the efferent ductules of rat 

was approximately 45 minutes (English and Dym, 1982; Hess, 

2002). Similar reports have been observed in the hamster, dog 

and cat (Vicentini and Orsi 1987; Viotto et al. 1988; Schimming 

et al. 1997).   

Conclusion 

The efferent ductules of Eidolon helvum is typically mammalian 

and acts as a conduit for the spermatozoa and fluid produced 

within the testis to the epididymis. During this passage, the        

pinocytotic function concentrates the sperm while the secretory 

activities aid in the survival and maturation of the spermatozoa.  
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