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Development of epididymis and vas deferens in Galea spixii:  
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Abstract

The study aimed to characterize the ultrastructure of components of the sperm pathway in Galea spixii 
(Spix’s yellow-toothed cavy) at different stages of sexual development. Segments of the epididymis and vas 
deferens of 10 Galea spixii were studied using scanning and transmission electron microscopy. Principal and basal 
cells with similar characteristics were seen in the epididymis and vas deferens. Both cell types are responsible for 
maturation of sperm as well as the ability to fertilize and reabsorption. The post natal morphological development 
of the epididymis and vas deferens was similar to testicular development of the species. 
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1 Introduction

Morphology of the male genital organs is important in 
determining sexual behavior, selection of breeding animals, and 
fertility (SHORT, 1979; EBERHARD, 1985). Gametogenesis 
occurs within the testis and is a synchronous process that 
regulates cellular differentiation within the seminiferous tubules 
and involves different classes of germ cells (COSTA, HENRY 
and PAULA, 2004) up to and including the formation of 
sperm. Once formed, sperm are directed to the epididymis. 
However, these sperm are neither motile nor fertile. During 
the passage through the epididymis, immature sperm undergo 
continuous and progressive changes in their composition to 
become fertile. The vas deferens reabsorbs sperm not expelled 
(HAFEZ and HAFEZ, 2000).

Study of the ultrastructure of the seminiferous tubule, 
epididymis, and vas deferens provides knowledge about reproductive 
biology. It also assists in clinical, surgical, pathological, and 
biological management (MENEZES, CARVALHO, ASSIS 
NETO  et  al., 2003) of endangered species (International 
Union for Conservation of Nature and Natural Resources, 
IUCN, 2013) to ensure their preservation and improvement.

Recently, we reported on the ultrastructure of spermatogenesis, 
sexual development, and testicular development in Galea spixii 
(SANTOS, OLIVEIRA, ARROYO et al., 2014; SANTOS, 
OLIVEIRA, SILVA et al., 2012). The aim of this study was 
to add new information about male genital organs of G. spixii 
with a focus on the ultrastructure of the epididymis and vas 
deferens.

2 Material and Methods

2.1 Animals and tissue collection
The Ethics Committee for the Use of Animals at the University 

of São Paulo (FMVZ/USP) authorized all experimental 
procedures (Protocol: 2486/2011). Capture and captivity 

of the cavies were authorized by the Brazilian institution 
responsible for wild animal care (Instituto Brasileiro do Meio 
Ambiente, IBAMA, Protocol: 2028236/2008).

Ten animals were collected at Mossoró, Rio Grande do 
Norte, Brazil (37°20’39”W, 6°12’43”S), and were held in the 
histology laboratory at the Veterinary Medicine and Animal 
Science School (FMVZ - University of São Paulo). Cavies were 
divided into the following groups based on stage of sexual 
development, as previously established (SANTOS, OLIVEIRA, 
SILVA et  al., 2012): immature (n=2), pre-pubertal (n=2), 
pubertal (n=4) and post pubertal (n=2).

Tissues of the epididymis and vas deferens of cavies in all 
groups were collected by orchiectomy. During the procedure, 
animals were anesthetised with 0.025 mg mL–1 of atropine 
sulphate (Laboratórios Sintofarma S.A., São Paulo, São Paulo, 
Brazil - subcutaneous) and 0.2mLkg–1 of Zoletil (Virbac Saúde 
Animal©, São Paulo, São Paulo, Brazil - intramuscular).

2.2 Scanning Electron Microscopy (SEM)

After collection, tissues were fixed in 2.5% glutaraldehyde in 
0.1 M buffer, pH 7.4, and postfixed in 1% osmium tetroxide 
(SEMVR, Hatfield, Pennsylvania, PA). Then tissues were 
dehydrated in increasing concentrations of ethanol (70-100%) 
and dried in a critical point dryer (Balzers UnionVR Critical 
Point CPD 020, Liechtenstein, Germany). Subsequently, 
fragments were placed in stubs and covered with gold in a 
sputter coater (EmitechVR K500, Ashford, Kent, England). 
Finally, samples were analysed under a scanning electron 
microscope (LEO 435 VP-Zeiss, Cambridge, England).

2.3 Transmission Electron Microscopy (TEM)

Tissues were fixed in 2.5% glutaraldehyde for 24 hours and 
post-fixed in 1% osmium tetroxide solution for 2 h at 4 °C. 
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Then tissues were dehydrated in an increasing series of alcohol 
(70-100%), treated with propylene oxide, and infiltrated with 
a 1:1 mixture of pure resin and propylene oxide (Spurr’s 
kit-Electron Microscopy Sciences, Co., Applied Biosystems, 
Foster City, CA, USA). After embedding in Spurr resin, tissues 
were kept in an oven at 60 °C for 3-5 days until complete 
polymerization had occurred. For light microscopy, sections 
1 µm thick were stained with toluidine blue. For observations 
of ultrastructure, thin silver sections were cut with a Leica 
ultramicrotome (Leica Microsystems Inc., Buffalo Grove, IL, 
USA) using glass and diamond knives. Sections were then stained 
with lead citrate and examined with an electron microscope, 
and electron-micrographs were obtained (Morgagni 268D, 
FEI Company – PHILIPS; SIS DOCU TEM; digital camera 
268, Hillsboro, OR, USA).

3 Results

This is the one of few reports on Galea spixii male genital 
organs during sexual development. Our results revealed 
morphological changes in male sexual organs. Moreover, sperm 
were observed in the tubular lumen from puberty onward.

The epididymis underwent morphological changes during 
sexual development. It had a pseudostratified, columnar, 
and stereociliated epithelium in all sexual phases (Figure 1). 
The peritubular stroma was composed of connective tissue, 
collagen fibers and blood vessels. With aging, the stroma was 
reduced due to an increase in ducts. Was observed a luminal 
increase during sexual stages of Galea spixii: immature 
(18.05 ± 2.58 µm), pre-pubertal (34.01 ± 1.19 µm), pubertal 
(78.47 ± 0.56 µm) and post-pubertal (122.96 ± 3.57 µm). 

Figure 1. Epididymis, G. spixii, immature (A, B); prepubertal (C, D); pubertal (E, F) and post-pubertal (G, H). Note the evolution 
of the development of the epididymal duct (D). Note for the first time the presence of sperm at puberty (e). Interstitial space 
composed of loose connective tissue (c) and blood vessels (arrow). The epithelium (ep) varies from pseudostratified columnar cells 
to simple columnar cells with a predominance of principal cells (p) and basal cells (b). Scale bars: (A-C, E) 50 μm; (D, F, H) 10 μm, 
and (G) 100 μm. Toluidine blue.
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Scanning electron microscopy showed luminal development as 
well as the first presence of sperm in pubertal animals (Figure 2).

Two cell types could be identified in the epididymal epithelium. 
Basal cells had an ovoid-shaped nucleus that occupied most of 
the cytoplasm. These cells were near the basement membrane 
of the duct. Mitochondria, the endoplasmic reticulum, and 
the Golgi complex were rarely seen (Figure 3B). Principal cells 
dominated the epididymal epithelium. Their nuclei were circular, 
and an expanded cytoplasm was present. Higher organelles, 
such as mitochondria, the endoplasmic reticulum, the Golgi 
complex, and secretory vesicles, were also seen (Figure 3A).

Beyond the epididymis was the vas deferens, a sperm conduit. 
Cross sections of different segments of the vas deferens were 
studied. All segments were composed of a muscular layer, 

lamina propria, and epithelium lumen (Figure 4). The mucosa 
displayed variation in the creases of the epithelium, which 
was pseudostratified, columnar, and stereociliated, with cells 
of different shapes and sizes (Figure 4C,F,I). In all sexual 
phases, the epithelium was surrounded by two muscle layers, 
the innermost layer in a circular arrangement, and the distal 
layer in a longitudinal orientation (Figures 4 and 5).

Two cell types were observed in the vas deferens. Principal 
cells were elongated with clear cytoplasm whereas basal cells were 
rounded and had clear cytoplasm (Figure 6). The epithelium 
rested on a basal lamina followed by connective tissue, with a 
pleated appearance of the mucosa (Figures 4 and 7).

Figure 2. Epididymis, G. spixii, Immature (I); Prepubertal (pp); Pubertal (P) and Post-pubertal (PP). Note the increasing tubular 
development. Epididymal ducts (e) are lined with a simple columnar epithelium (ep). No sperm (s) are present at immature and 
prepubertal phases. SEM.
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4 Discussion

After birth, morphological and physiological changes occurred 
in the genital organs of G. spixii. Principal morphological 
changes observed in the epididymis and vas deferens of G. spixii 
were luminal increase and the presence of sperm at puberty.

The luminal increase, the pseudostratified columnar, 
and stereociliated epithelium of the G. spixii epididymal 
are similar to other rodents such as the agouti (ARROYO, 
OLIVEIRA, SANTOS et al., 2014), bandicoot rat (AMIYA 
and MAITI, 1982), hamster (NICANDER and GLOVER, 
1973), mexican rodent (LORENZANA, LOPEZ-WILCHIS, 

Figure 3. Epididymal epithelial cells, G. spixii. (A) principal cell; (B) basal cell. (G = Golgi complex; m = mitochondria; sRE = smooth 
ER; N = nucleus). Scale bar: 2 μm. TEM.

Figure 4. Vas deferens, G. spixii immature (A-C); prepubescent (D-F); and pubescent (G-I). Note the mucosa surrounded by an inner 
muscular layer (mi) and an outer longitudinal one (me). The epithelium (ep) is pseudostratified, columnar, and sterociliated. Principal 
cells (p) have clear cytoplasm, and basal cells (c) are circular, supported by the lamina propria. Scale bars: (A-C) (100 μm/50 μm/10 μm); 
(D-F) (100 μm/50 μm/10 μm); (G-I) (100 μm/50 μm/10 μm). Toluidine blue.
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Figure 5. Vas deferens, G. spixii, Immature (I); Prepubertal (pp); Pubertal (P) and Post-pubertal (PP). Inner muscular layer (mi) and 
an outer longitudinal one (ml). Note the undeveloped lumen in “I”. SEM.

Figure 6. Vas deferens, G. spixii, Pubertal (P). Evident are the 
inner (mi) muscle layers of the duct and the pseudostratified 
epithelium (ep). SEM.

GOMEZ et al., 2007), and mouse (ABE, TAKANO and ITO, 
1982). The luminal increase contributes to the maturation and 
storage of spermatozoa (LORENZANA, LOPEZ-WILCHIS, 
GOMEZ et al., 2007).

Two cell types are prevalent throughout the epididymal 
epithelium in G. spixii: principal and basal cells. However, 
halogen, apical and clear cells have also been reported in 
rodents (ARROYO, OLIVEIRA, SANTOS  et  al., 2014; 
ROBAIRE, HINTON and ORGEBIN-CRIST, 2006). In this 
study, principal cells are columnar with stereocilia extending 
from the basement membrane to the lumen. The presence 
of the Golgi apparatus, mitochondria, vesicular corpuscles 
and endoplasmic reticulum were observed in the supra and 
infra-nuclear regions, as in agoutis (ARROYO, OLIVEIRA, 
SANTOS et al., 2014). These cells are responsible for protein 
secretion and absorption into the lumen (ROBAIRE, HINTON 
and ORGEBIN-CRIST, 2006).

Basal cells of G.spixii had the same morphology as other 
mammals (KERR, LOVELAND, O’BRYAN et  al., 2006). 
Their basal membrane is associated with principal cells via 
cytoplasmic extensions for the regulation of electrolytes. Basal 
cells are also responsible for epithelial immunity and antioxidant 
production (ARROTÉIA, GARCIA and BARBIERI, 2012). 
Both basal and principal cells promote maturation and sperm 
motility. These observations have been reported in hamsters, 
rats, rabbits, and dogs (PRYOR, 1996)

During ejaculation, coordinated muscular contractions 
propel the sperm toward the urethra. (DIXON, JEN and 
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that seen in the seminiferous tubules of the Galea spixii testis 
development (SANTOS, OLIVEIRA, SILVA et al., 2012).
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