
https://protect.checkpoint.com/v2/r02/___http://www.niemeyer.org.br/___.YzJlOnJlbmVjbzF4dWFlMTpjOm86OTgzYzJkMjgzODkzZTllYWRkNTlhNTg0MzE2NWY0YWM6Nzo3MDlhOjIwMDA0Zjg3YjkzNzE4OGExNTMxOTAwZGZhM2Q1Zjg0NTZmNmEzMTEzZjFkYWE4ODlkMzhlZjBkYmQwMzQ4Njk6cDpUOkY


https://protect.checkpoint.com/v2/r02/___http://www.niemeyer.org.br/___.YzJlOnJlbmVjbzF4dWFlMTpjOm86OTgzYzJkMjgzODkzZTllYWRkNTlhNTg0MzE2NWY0YWM6NzpkNTg0OmY0ODg3NjM2Y2NkNjYzNDYwMzI4ZTJlNjBlMGRhM2JjODFiYTg5YjM1YjAzMWI3M2VhY2I0NTRjOTBiZmUyY2Q6cDpUOkY


© Todos os direitos estão reservados a Universidade Federal Rural do Semi-Árido. O conteúdo desta obra é de inteira
responsabilidade do (a) autor (a), sendo o mesmo, passível de sanções administrativas ou penais, caso sejam infringidas as leis
que regulamentam a Propriedade Intelectual, respectivamente, Patentes: Lei n° 9.279/1996 e Direitos Autorais: Lei n°
9.610/1998. O conteúdo desta obra tomar-se-á de domínio público após a data de defesa e homologação da sua respectiva
ata. A mesma poderá servir de base literária para novas pesquisas, desde que a obra e seu (a) respectivo (a) autor (a)
sejam devidamente citados e mencionados os seus créditos bibliográficos.

Ficha catalográfica elaborada por sistema gerador automático em conformidade  
 com AACR2 e os dados fornecidos pelo) autor(a).

Biblioteca Campus Mossoró / Setor de Informação e Referência
Bibliotecária: Keina Cristina Santos Sousa e Silva

CRB: 15/120

O serviço de Geração Automática de Ficha Catalográfica para Trabalhos de Conclusão de Curso (TCC´s)  foi desenvolvido pelo Instituto
de Ciências Matemáticas e de Computação da Universidade de São Paulo (USP) e gentilmente cedido para o Sistema de Bibliotecas
da Universidade Federal Rural do Semi-Árido (SISBI-UFERSA), sendo customizado pela Superintendência de Tecnologia da Informação
e Comunicação (SUTIC) sob orientação dos bibliotecários da instituição para ser adaptado às necessidades dos alunos dos Cursos de
Graduação e Programas de Pós-Graduação da Universidade.

M425a Matos, Yuri Gonçalves.
   Aspectos morfofuncionais da maturação
espermática durante o trânsito epididimário no
rato-do-nariz-vermelho Wiedomys pyrrhorhinos
(Cricetidae: Sigmodontinae) / Yuri Gonçalves
Matos. - 2026.
   77 f. : il.

   Orientador: Alexandre Rodrigues Silva.
   Coorientadora: Andreia Maria Silva.
   Dissertação (Mestrado) - Universidade Federal
Rural do Semi-árido,  Programa de Pós-graduação em 
Ciência Animal, 2026.

   1. roedor. 2. Caatinga. 3. epidídimo. I. Silva,
Alexandre Rodrigues, orient. II. Silva, Andreia
Maria, co-orient. III. Título. 



Romário Parente 

dos Santos

Assinado de forma digital por 

Romário Parente dos Santos 

Dados: 2026.04.15 11:11:33 -03'00'

Alexandre 

Rodrigues Silva

Assinado de forma digital por 

Alexandre Rodrigues Silva 

Dados: 2026.04.16 13:49:57 

-03'00'

https://protect.checkpoint.com/v2/r02/___http://www.niemeyer.org.br/___.YzJlOnJlbmVjbzF4dWFlMTpjOm86OTgzYzJkMjgzODkzZTllYWRkNTlhNTg0MzE2NWY0YWM6NzpiNWMxOjJlYzYyYTEyNDMwNDQxYWNhYjZhYzViMjk1NTE5MjVkYjU2NzgwYmYxMTg0NTE4ODY3NGJmNTI1Y2ZhZWE1NDk6cDpUOkY






±

ρ



ρ



–

–

–

–

–

– A) Red-nosed-mouse (Wiedomys pyrrhorhinos). B) Red-nosed-mouse testis-

epididymis complexes………………………………………………………...

– Photomicroscopy of red-nosed-mouse (Wiedomys pyrrhorhinos) epididymal 

sperm. A) Morphologically normal sperm; B) Folded tail; C) Coiled tail; D) 

Fusiform head); E) Detached acrosome……………………………………….

– Electron micrograph of sperm morphology of red-nosed-mouse (Wiedomys 

pyrrhorhinos). A. Highlight the head of the spermatozoon, visualizing A – 

Acrosome; H – Head; N – spermatic Neck; and M – Midpiece. B. Epididymal 

spermatozoa of red-nosed-mouse with cytoplasmic droplets (CD) in SEM, also 

visualizing the Annulus (An) of the spermatozoon. C. Visualization of sperm 

segments, in H – Head; M – Midpiece; and T – Tail……………………...…

–

………………………………………………………..



– Mean (± SE) of sperm parameters from spermatozoa recovered from different 

epididymal regions of red-nosed-mouse (Wiedomys pyrrhorhinos; n=7)…….

– Mean (± SE) of kinetic parameters of spermatozoa recovered from different 

epididymal regions of red-nosed-mouse (Wiedomys pyrrhorhinos; n=7)….… 

– Mean (± SE) of sperm morphology in spermatozoa recovered from different 

epididymal regions of red-nosed-mouse (Wiedomys pyrrhorhinos; n=7)…….

– Mean (± SE) of morphometric parameters of spermatozoa recovered from 

different epididymal regions of red-nosed-mouse (Wiedomys pyrrhorhinos; 

n=7)…………………………………………………………………………..

–

……

–

…… 

– ρ

………………………………..





μm/s

μm

�



–

–

–

–

–









como “Men

” 





–

– –









μm/s), 

μm/s), sendo a velocidade média entre a 

μm/s); Amplit μm); Freqüência de 

















BONVÍCIO, C.R.; OLIVEIRA, J.A.; D’ANDREA, P.S. Guia dos Roedores do Brasil, com 









Neill’s Physiology of Reproduction, Third Edition, 2006.

SANTIAGO‑MORENO, J.; ESTESO, M. C.; VILLAVERDE‑MORCILLO, S.; 
TOLEDANO‑DIAZ, A.; CASTAÑO, C.; VELÁZQUEZ, R.; LOPEZ‑SEBASTIAN, A.; 

–



–

–







[Original research paper]: Reproduction, Fertility and Development

Regional morphofunctional features of sperm maturation in the epididymis of the red-
nosed-mouse (Wiedomys pyrrhorhinos)

Yuri Gonçalves Matos1, Romário Parente dos Santos1, Andreia Maria da Silva1, Luana Grasiele 
Pereira Bezerra1, Pedro Augusto Pinheiro Brito1, Gabriel Santos Costa Bezerra1, Radan Elvis 
Matias de Oliveira2, Moacir Franco de Oliveira2, Alexandre Rodrigues Silva1*

1Laboratory of Animal Germplasm Conservation (LCGA), Federal Rural University of the 
Semi-Arid (UFERSA), 59625-900, Mossoró, Rio Grande do Norte, Brazil.

2Laboratory of Applied Animal Morphophysiology (LABMORFA), Federal Rural University 
of Semi-Arid (UFERSA), 59625-900, Mossoró, Rio Grande do Norte, Brazil.

*Corresponding author: alexrs@ufersa.edu.br (AR Silva). Laboratory of Animal Germplasm 
Conservation (LCGA), Department of Animal Sciences, Federal Rural University of the Semi-
Arid (UFERSA), 59625-900, Mossoró, Rio Grande do Norte, Brazil.



Abstract 

The red-nosed-mouse (Wiedomys pyrrhorhinos) is a small rodent of the Caatinga, but the 
accelerated degradation caused by ecologically unsustainable anthropogenic activities threatens 
the mammalian fauna of this biome. Therefore, this study aimed to characterize the 
morphofunctional parameters of epididymal spermatozoa of W. pyrrhorhinos during 
epididymal transit. Seven adult male specimens were used, weighing 43.7±4.3g and aged 
7.0±0.6 months. For use in several simultaneous experiments, the animals were euthanized by 
cervical dislocation and testis-epididymis complexes were collected for sperm recovery from 
the different segments of the epididymis (caput, corpus and cauda) by slicing technique. 
Samples were immediately assessed for sperm concentration, kinetic patterns (CASA), 
chromatin integrity, structural integrity of the plasma membrane, sperm morphology, and 
ultrastructural evaluation by scanning electron microscopy. Data were compared using Kruskal-
Wallis test or ANOVA followed by Tukey’s post-hoc test (P<0.05). All results were expressed 
as mean ± standard error. As epididymal transit occurred, a significant increase (P<0.05) in 
sperm concentration was observed towards the cauda region (138.8±31.8×106 sperm/mL). 
Chromatin integrity increased progressively along epididymal transit, with highest percentages 
in corpus (84.9±3.9%) and cauda (92.1±2.2%). Sperm viability and kinetic parameters did not 
differ significantly between the different regions. Normal spermatozoa were significantly 
higher in cauda (93.8±0.9%), characterized by SEM as an elongated smooth oval head, hook-
shaped acrosome, asymmetric head-midpiece implantation and filamentous tail. Patterns was 
consistent with phylogenetically related rodents, such as the domestic hamster. Therefore, we 
contributed by providing data that deepens the knowledge of reproductive biology in W. 
pyrrhorhinos.

Keywords: Caatinga, cricetid, reproductive biology, rodent.



1. Introduction

Among the small rodents of the Caatinga, the Wiedomys pyrrhorhinos (Wied-Neuwied, 

1821), commonly known as red-nosed-mouse, is a sigmodontine cricetid with distribution 

restricted to this morphoclimatic domain (Cunha-Filho, 2019). It is considered an endemic 

species of the Caatinga, however, its distribution is not homogeneous, and its population density 

is sensitive to different biogeographical patterns of this biome, such as vegetation, geological 

formations, rainfall variations, and food availability (Sobral and Oliveira, 2014). Additionally, 

habitat fragmentation within the biome results in discontinuities in the geographic distribution 

of the red-nosed-mouse (Cunha-Filho, 2019). These small mammals influence environmental 

dynamics through the predation and dispersal of seeds, seedlings and mycorrhizal fungi 

(Mangan and Adler, 2000), and contribute to maintaining predator-prey balance within food 

chain. Furthermore, given their sensitivity to environmental factors, their demography may 

serve as an ecological bioindicator of habitat alterations (Faria and Kaizer, 2020).

As a consequence of accelerated degradation caused by ecologically unsustainable 

anthropogenic activities, the mammalian fauna of the Caatinga faces constant threats from 

habitat exploitation, destruction, and the resulting climate changes (Moura et al., 2023). 

Consequently, population decline, species migration, and habitat homogenization may lead to 

ecosystem collapse, a scenario already predicted for small rodents of the genus Wiedomys 

(Moura et al., 2023). In addition, the region is notoriously neglected from scientific perspective, 

with a scarcity of consistent information regarding the ecology and physiology of its biota, 

including the red-nosed-mouse, which hinders the development of effective conservation 

policies (Leal et al., 2005).

Although still incipient, some researchers have sought to prioritize studies in this region, 

aiming to fill the gaps in knowledge of Caatinga biodiversity (Barbosa and Filho, 2022). In 

agoutis (Dasyprocta spp.), as a rodent native from the same biome, Dantas et al. (2022) applied 

the slicing technique for collection of epididymal spermatozoa when semen collection was not 

viable. This approach was useful for the characterization of morphophysiological features 

throughout epididymal maturation, when sequential biochemical changes occurs and sperm 

undergo alterations in size, morphology and functional properties (Soler et al., 1994; Reilly et 

al., 2016). Such knowledge was fundamental to support the subsequent application of advanced 

reproductive biotechnologies, such as semen cryopreservation, later developed in the species 

by Castelo et al. (2023).



Similarly, the understanding of physiology in W. pyrrhorhinos is essential for 

establishing effective conservation strategies in future. Nevertheless, studies on this rodent 

remain insufficient to fully elucidate its reproductive physiology, and since the sperm 

morphology of the genus Wiedomys remains unknown, describing these features may provide 

biological information that contributes to scientific development (León-Tapia and Cervantes, 

2019). Therefore, this study aims to address these gaps by characterizing the morphofunctional 

parameters of W. pyrrhorhinos spermatozoa during epididymal transit.

2. Material and methods

2.1. Animals

This study was approved by the Animal Ethics Committee of the Federal Rural 

University of the Semi-Arid (CEUA/UFERSA: No. 37/2025), and conducted in accordance 

with current international animal welfare guidelines. In addition, authorization was obtained 

from the Brazilian Institute for Biodiversity Conservation (ICMBio/SISBIO No. 84083-1).

The animals were obtained from the Center of Wild Animals Multiplication 

(CEMAS/UFERSA, Mossoró, RN, Brazil, 5º10’S 37º10’W). CEMAS is registered with 

IBAMA as a scientific breeding (No. 1478912), where programmed slaughter is conducted 

annually to population control, and the specimens are provided for use in different experiments. 

For this project, seven adult male animals were used, weighing 43.7 ± 4.3 g and aged 7.0 ± 0.6 

months, intended for morphofunctional characterization of spermatozoa during epididymal 

transit. The animals were fed daily with a diet consisting of specific rodent chow, fruit, 

soybeans, mature corn and water ad libitum. Experimental collections were carried out between 

June and August 2023 (dry season in the Caatinga) and April to August 2025 (transition from 

rainy to dry seasons in the Caatinga). 

2.2. Recovery of epididymal sperm

Initially, the selected animals were subjected to anesthesia using xylazine hydrochloride 

(Xilazin� 2%, Syntec, 1mg/kg) and ketamine hydrochloride (Quetamina� 10%, Vetnil, 

15mg/kg) administered intramuscularly as pre-anesthetic medication, followed by thiopental 

(Tiopental sódico� 1g, Richmond, División Veterinaria S.A., 30mg/kg) as a general anesthetic. 

Once the surgical plane of anesthesia was achieved, euthanasia was performed by cervical 



dislocation, in accordance with the Brazilian Guidelines for Good Practices in Animal 

Euthanasia (CFMV, 2013).

After euthanasia and weighing on an analytical precision balance (Bel M214-AI, Bel 

Engineering, SP, Brazil), a midline laparotomy was performed to expose and remove the testis-

epididymis complexes (Figure 1), which were rinsed in saline solution (0.9% NaCl) and placed 

in beakers containing gauze moistened with saline solution for transport to the laboratory. The 

testis-epididymis complexes were dissected to remove surrounding tissues, and the ducts were 

isolated and separated into the different regions: caput, corpus and cauda of the epididymis.

Figure 1. A) Red-nosed-mouse (Wiedomys pyrrhorhinos). B) Red-nosed-mouse testis-

epididymis complexes.

Spermatozoa from each epididymal region were recovered using the slicing technique, 

as described by Tourmente et al. (2022). Each region was placed in a Petri dish containing 200 

µL of Tris-based medium [3.028g of Tris(hydroxymethyl)-aminomethane, 1.78g of citric acid 

monohydrate, and 1.25g of D-fructose dissolved in 100mL ultrapure water; 295mOsm/L, pH 

6.8)] (Silva et al., 2018), pre-warmed to 37ºC. The immersed tissues were incised, allowing 

spermatozoa to be released into the medium. After 5 minutes, sperm suspensions were collected 

using micropipettes, and the recovered volume was transferred to labeled microtubes. The 

samples were immediately assessed for sperm concentration, kinetic patterns using computer-

assisted sperm analysis (CASA), chromatin integrity, structural integrity of the plasma 

membrane, sperm morphology, and ultrastructural evaluation by scanning electron microscopy.



2.3. Sperm evaluation

Immediately after recovery, the samples were submitted to evaluation. The volume 

recovered from each epididymal segment was measured using a single-channel adjustable-

volume micropipette (20-200µL, LabMate Pro). Epididymal sperm concentration (sperm/mL) 

was measured after dilution (1:200) of the samples in buffered formalin-saline solution and 

assessed using a standard Neubauer counting chamber (Buranaamnuay et al., 2022). To obtain 

the total number of sperm recovered, volume was multiplied by the respective sperm 

concentration (Dantas et al., 2022).

Chromatin integrity was evaluated using toluidine blue staining, according to 

Krzanowska (1982). An aliquot (10µL) of each sample was smeared on a microscope slide and 

fixed in ethanol-acetic acid solution (3:1) for 1 min, followed by fixation in 70% ethanol for 3 

min. Subsequently, the slides were immersed in 4 M HCl solution for 25 min, rinsed in distilled 

water, and air-dried at room temperature. Then, 5uL of toluidine blue solutions was applied, 

coverslips were placed, and the slides were examined under a bright-field optical microscope 

at 1000× magnification. A total of 500 cells were counted, and spermatozoa lightly stained in 

pale blue were classified as normal, whereas those sained dark blue/purple were classified as 

abnormal or with altered chromatin.

Sperm viability was determined by assessing plasma membrane integrity using a 

combination of the fluorescent probes Hoechst 33342 and propidium iodide. An aliquot of each 

sample (5µL) was incubated with 2µL of Hoechst 33342 (40µg/mL in DPBS) for 10 min at 

37ºC, followed by addition of 3µL of propidium iodide (0,5mg/mL in DPBS). After 8 min, 

preparations were mounted on glass slides, covered with coverslips and evaluated under 

epifluorescence microscopy at 1000× magnification (Balbach et al., 2020). A total of 200 

spermatozoa were analyzed, classifying those stained with propidium iodide (red) as non-viable 

due to plasma membrane degeneration, and those sained only with Hoechst (blue) as viable 

with intact membranes.

2.4. Sperm kinetics parameters

Kinetic patterns were evaluated using computer-assisted sperm analysis (CASA; IVOS 

12.0, Hamilton-Thorne, Beverly, MA, USA). An aliquot (3µL) of each sample was placed in a 

pre-warmed microscope chamber (37ºC) and examined under a phase-contrast microscope 

equipped with a digital capture camera. The software was configured according to a predefined 



setup for mouse spermatozoa, as reported in the HTM- IVOs Installation and Getting Started 

Guide Version 14.0 (2011). The following settings were used: frame rate (Hz): 60; minimum 

contrast: 30; minimum cell size (pixels): 4; straightness (%): 50; VAP cutoff (µ/s): 10; VSL 

cutoff (µ/s): 0; slide warmer temperature: 37; field selection mode: manual. Five microscopic 

fields were randomly selected for evaluation of total motility (MOT, %) and progressive 

motility (MOP, %), as well as trajectory parameters: average path velocity (VAP, µm/s), 

straight-line velocity (VSL, µm/s), curvilinear velocity (VCL, µm/s), amplitude of lateral head 

displacement (ALH, µm), beat cross frequency (BCF, Hz), straightness (STR, %) and linearity 

(LIN, %).

2.5. Morphological and morphometric analysis

Sperm morphology was evaluated using wet preparations, in which 5µL of each sample 

was mixed with 45µL of Rose Bengal solution between a slide and coverslip, and examined 

under bright-field light microscopy at 1000×. A total of 200 spermatozoa were counted and 

classified as morphologically normal or defective (Silva et al., 2018). Sperm morphometry was 

assessed by capturing images of morphologically normal cells at 1000× magnification under 

light microscopy coupled to a digital camera. Measurements were performed using ImageJ 

software, according to Rossi et al. (2018). The following dimensions were analyzed: head 

length and width (longitudinal and transverse axes of maximum diameter), midpiece length 

(from the base of the head to annulus), tail length (from the annulus to the end of flagellum) 

and total length (from the acrosomal apex to the end of flagellum).

2.6. Ultrastructural analysis by scanning electron microscopy (SEM)

For ultrastructural analysis by scanning electron microscopy, the methodology 

described by Cong et al. (2021) was used. Sperm suspensions from the cauda epididymis were 

fixed in 2.5% phosphate-buffered glutaraldehyde pH 7.2. For processing, the samples were 

initially centrifuged at 800×g for 10 minutes to obtain a cell pellet. The pellet was subjected to 

three washes with 0.2 M phosphate buffer and post-fixed in 1% osmium tetroxide. 

Subsequently, the samples were dehydrated in increasing concentrations of ethanol (50%, 70%, 

90% and 100%). Finally, the material was coated with gold by sputtering for observation under 

a scanning electron microscope (Tescan�, Type VEGA 3 LMU, Nº VG13671479, 50/60 Hz; 



Brno, Czech Republic). The samples were then processed for evaluation by SEM in the 

laboratory of the Center for Research in Plant Sciences of the Semiarid (CPVSA/UFERSA).

2.7. Statistical analysis

All results were expressed as mean ± standard error. Statistical analysis was performed 

using GraphPad 8.0.2 (Dotmatics, Boston, MA, USA), considering a significance level of P < 

0.05. Data normality was assessed using Shapiro-Wilk test, and homoscedasticity was evaluated 

with Bartlett’s test. Parameters for chromatin integrity, total motility, progressive motility, 

curvilinear velocity, rapid and slow subpopulations, and sperm morphology across different 

epididymal regions (caput, corpus and cauda) were compared using Kruskal-Wallis test, while 

all other parameters were analyzed by ANOVA followed by Tukey’s post-hoc test.

3. Results

3.1. Sperm evaluation

Parameters of spermatozoa recovered from each epididymal region are presented in 

Table 1. Significant differences were observed between regions for volume, concentration and 

total number of sperm. The epidydimal corpus yielded a lower volume compared to caput and 

cauda (P < 0.05), and the highest sperm concentration was observed in cauda, with 31.4 ± 9.9 

× 106 total sperm recovered (150.0 ± 34.3 × 106 sperm/mL). Regarding functional parameters, 

the chromatin integrity increased progressively along epididymal transit, with highest 

percentages in corpus (84.7 ± 4.4%) and cauda (92.5 ± 2.5%). However, sperm viability did not 

differ significantly between the different regions.

The kinetic analysis of red-nosed-mouse sperm showed that, although the descriptive 

values indicated a tendency toward higher means of total and progressive motility in the cauda 

(87.6 ± 2.5 and 32.3 ± 4.2, respectively) compared to the caput and corpus, no statistically 

significant differences were observed between the epididymal regions (P > 0.05; Table 2). 

Similarly, trajectory parameters (VAP, VSL, VCL, ALH, BCF, STR and LIN) did not differ 

between regions. Regarding subpopulations, there was a tendency toward a higher proportion 

of rapid sperm and a lower percentage of static cells in the cauda, although without statistical 

significance.



Table 1. Mean (± SE) of sperm parameters from spermatozoa recovered from different 

epididymal regions of red-nosed-mouse (Wiedomys pyrrhorhinos; n=7).

a,b Different uppercase letters indicate statistically significant differences between epididymal regions (caput, 
corpus and cauda) during ductal transit for each parameter (P < 0.05).

Table 2. Mean (± SE) of kinetic parameters of spermatozoa recovered from different 

epididymal regions of red-nosed-mouse (Wiedomys pyrrhorhinos; n=7).

* No statistical difference was observed in evaluated parameters between the epididymal regions (P > 0.05).

3.2. Morphological and morphometric analysis

The spermatozoa of red-nosed-mouse were described as an elongated head with a hook-

shaped acrosome, with a clear demarcation of the post-acrosomal region, and a filamentous tail 

that thins distally. Morphological evaluation revealed an increase in percentage of normal 

spermatozoa along the epididymal duct, with a significantly higher percentage (P < 0.05) 

observed in the cauda region (94.2 ± 0.9%) (Table 3). The most frequent abnormalities found 

were detached heads, folded tail and cytoplasmic droplets. Figure 2 shows morphologically 

normal spermatozoon and some of the sperm defects found.



Table 3. Mean (± SE) of sperm morphology in spermatozoa recovered from different 

epididymal regions of red-nosed-mouse (Wiedomys pyrrhorhinos; n=7).

a,b Different uppercase letters indicate statistically significant differences between epididymal regions (caput, 
corpus and cauda) for each parameter (P < 0.05).

Sperm morphometry (Table 4) revealed significant differences among the epididymal 

regions (P < 0.05). Head length and width showed a progressive reduction in caput-corpus-

cauda direction (7.93 ± 0.04 µm and 4.13 ± 0.02 µm in caput; 7.47 ± 0.06 µm and 3.88 ± 0.03 

µm in corpus; 7.34 ± 0.02 µm and 3.65 ± 0.01 µm in cauda). Midpiece length remained 

similar between caput and corpus, but was significantly reduced in the cauda (18.76 ± 0.03 

µm). Tail length remained constant between caput and cauda, and total sperm length showed a 

significant reduction in the cauda (94.11 ± 0.15 µm).

1.1. Ultrastructural analysis by scanning electron microscopy (SEM)

Scanning electron microscopy (SEM) provided a detailed visualization of sperm 

morphology, revealing a hook-shaped acrosome and an oval head with a smooth surface. The 

sperm head-midpiece coupling apparatus was also observed, along with a narrowing of the 

sperm neck, implanted slightly laterally to the head, and a midpiece surrounded by a fibrous 

sheath (Figure 3A). In addition, imagens of spermatozoa with cytoplasmic droplets in midpiece 



were captured (Figure 3B). Figure 3C provides an overview of the spermatozoon, highlighting 

the head, midpiece and tail segments.

Figure 2. Photomicroscopy of red-nosed-mouse (Wiedomys pyrrhorhinos) epididymal sperm. 

A) Morphologically normal sperm; B) Folded tail; C) Coiled tail; D) Fusiform head); E) 
Detached acrosome.

Table 4. Mean (± SE) of morphometric parameters of spermatozoa recovered from different 

epididymal regions of red-nosed-mouse (Wiedomys pyrrhorhinos; n=7).

a,b Different uppercase letters indicate statistically significant differences between epididymal regions (caput, 
corpus and cauda) for each measurement.



Figure 3. Electron micrograph of sperm morphology of red-nosed-mouse (Wiedomys 

pyrrhorhinos). A. Highlight the head of the spermatozoon, visualizing A – Acrosome; H – Head; 

N – spermatic Neck; and M – Midpiece. B. Epididymal spermatozoa of red-nosed-mouse with 

cytoplasmic droplets (CD) in SEM, also visualizing the Annulus (An) of the spermatozoon. C. 

Visualization of sperm segments, in H – Head; M – Midpiece; and T – Tail.

2. Discussion

To our knowledge, this is the first study to provide a detailed description of the 

morphofunctional parameters and regional-specific characteristics during epididymal transit of 

red-nosed-mouse (Wiedomys pyrrhorhinos) sperm. Our findings demonstrate that spermatozoa 

undergo progressive maturation as they move through the epididymal duct, with structural and 



functional improvements. Moreover, we provide unprecedented information regarding the 

characterization of sperm parameters of the species, whose natural habitat is under continuous 

anthropogenic threats, and may support future conservation strategies.

From sperm recovery, differences in volume and concentration were observed between 

the different epididymal segments, with lower volumes obtained from the corpus compared to 

caput and cauda, and the highest sperm concentrations in the cauda. Comparable patterns have 

been reported in other cricetid rodents such as the golden hamster (Mesocricetus auratus; Kann 

and Serres, 1980; Weissenberg et al. 1994; Sudarshani and Wegiriya, 2022), and also in wild 

species such as the dasiproctid red-rumped agouti (Dasyprocta leporina; Dantas et al., 2022). 

This feature is consistent with the primary function of the distal epididymal region as a sperm 

reservoir, and with the epididymal secretions, that provide an adequate luminal environment for 

maintaining sperm fertility during storage (Marchiani et al., 2017; Zhou et al., 2018).

Regarding functional parameters, sperm viability remained constant throughout 

epididymal transit, suggesting that the maturation process does not substantially compromise 

membrane integrity. In contrast, chromatin integrity improved progressively, with the highest 

values observed in corpus and cauda spermatozoa. These results corroborate with the nuclear 

stabilization that occurs during epididymal passage, due to the oxidation of thiol-groups of 

protamines and the DNA compaction (Bedford and Calvin, 1974; Hernández-Ochoa et al., 

2006; Champroux et al., 2016). Similar results have been reported in golden hamster by 

Weissenberg et al. (1994), where caudal sperm display superior DNA integrity compared to 

caput sperm. The improvement in chromatin quality has important implications for sperm 

survival and successful fertilization, as it ensures genomic stability, which is relevant for natural 

reproduction and particularly important for assisted reproduction efforts in wild species 

(Marchiani et al., 2017; Balder et al., 2024).

Although descriptive values of kinetic parameters indicated a tendency toward higher 

total and progressive motility in the cauda, no statistically significant differences were detected 

between regions. This finding may be related to sample variability or suggest that red-nosed-

mouse spermatozoa acquire motility competence early during maturation. In the golden 

hamster, spermatozoa remain largely immotile in proximal regions and only acquire the ability 

to swim progressively as they advance toward the cauda (Yeung et at., 1994; Weissenberg et 

al., 1994). But previous observations in mice (Mus musculus) and rat (Rattus norvegicus) 

spermatozoa show that they already reach motility levels above 60% in proximal epididymal 

segments (Yeung et al., 1992; Soler et al., 1994). Therefore, despite belonging to different 



families of rodents, the acquisition of sperm motility in W. pyrrhorhinos more closely resembles 

that of murine rodents than that of the cricetid model.

The proportion of morphologically normal sperm increased significantly toward the 

cauda, where more than 90% of cells were classified as normal, being similar to what is found 

in caudal epididymis of the domestic hamster, and reflects the epididymal role in eliminating 

defective sperm and remodeling cell structure to optimize fertilizing capacity (Sudarshani and 

Wegiriya, 2022). The most frequent defects observed were detached heads, folded tails and 

cytoplasmic droplets, that are often reported in epididymal spermatozoa of rodents 

(Weissenberg et al., 1994; Dantas et al., 2022). These abnormalities are usually associated with 

incomplete maturation and persistence of residual cytoplasmic material, which is shed 

throughout epididymal transit and upon ejaculation (Kirichok and Lishko, 2011; Sudarshani 

and Wegiriya, 2022). Additionally, the elevated proportion of detached heads in our samples 

may also result from mechanical stress caused by the slicing recovery technique, in which the 

epididymis is incised and potentially compromise sperm integrity.

Morphometric changes along the epididymal transit reflect a progressive structural 

remodeling, associated with sperm maturation. A gradual reduction in head length and width 

from the caput to the cauda suggests the phenomenon of chromatin condensation that occur 

during epididymal transit (Manfredi Romanini et al., 1986; Alves et al., 2018), and is associated 

with the increased chromatin integrity observed in functional sperm evaluation. Similar pattern 

in head and tail dimensions was also reported in agouti, with reduction of sperm measurements 

along the caput-corpus-cauda direction (Dantas et al., 2022). Overall, the measurements in red-

nosed-mouse were comparable to those of other rodent groups, such as Rhizomyinae and 

Zapodinae families (Breed et al. 2014), although the phylogenetically related Neotoma 

goldmani presents a greater total sperm length than Wiedomys (León-tapia and Cervantes, 

2019).

The W. pyrrhorhinos spermatozoa exhibit a morphology pattern consistent with that of 

other cricetid rodents, bearing the closest resemblance to domestic hamster (Cricetus cricetus 

and Mesocricetus auratus; Breed et al., 2014) and to Goldman's Diminutive Woodrat (Nelsonia 

goldmani; León-Tapia and Cervantes, 2019), with an elongated and smooth oval head, a hook-

shaped acrosome, an asymmetric head-midpiece implantation and a filamentous tail. These 

features were confirmed by SEM analysis, which provided detailed ultrastructural visualization 

of the segments. Comparable morphologies have also been described for Muridae and 

Nesomyidae families, although considerable diversity exists in head and acrosome shapes 

between the species (Breed et al., 2014; León-Tapia and Cervantes, 2019; Gu et al., 2019). In 



contrast, phylogenetically basal species in the Muroidea superfamily lineage, such as the 

Spalacidae, Dipodidae and Peditidae families, has a non-hooked sperm head, suggesting that 

the apical hook evolved after the divergence from a common ancestor of the Nesomyidae family 

(Breed et al., 2014).

Descriptions of sperm morphology have long been recognized as a useful tool for 

taxonomy and evolutionary research, as some genera and species exhibit highly distinctive 

sperm characteristics, which is particularly valuable in wild animals where biological samples 

are limited, and offers important insights into patterns of rodent diversity (León-Tapia and 

Cervantes, 2019). Our results support the idea that the study of sperm morphology in Muroidea 

is not only important for understanding reproductive biology, but also provide a valuable 

approach for investigating interspecies relationships and the evolution of this highly diverse 

superfamily.

3. Conclusion 

This study deepens the knowledge of reproductive biology in W. pyrrhorhinos by 

describing the sperm maturation in the species for the first time, with progressive structural and 

functional improvements along the epididymis. These findings are consistent with those 

reported for phylogenetically related species, such as the domestic hamster, but we also 

emphasize the differences and relationships with other Muroidea families, particularly 

regarding the acquisition of sperm motility similar to mice and rat, and the interspecies 

comparisons of sperm morphology. In this context, understanding species-specific reproductive 

physiology is relevant due to the ecological pressures in the Caatinga biome, where habitat loss 

and climate changes threaten wildlife populations. Therefore, we contributed by providing data 

that can support the development of reproductive biotechnologies in ex situ conservation 

strategies for the red-nosed-mouse and other small mammals of the Caatinga.
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Abstract 

The red-nosed-mouse (Wiedomys pyrrhorhinos) is a typical rodent of the Caatinga, whose 
density population is vulnerable to anthropogenic threatens. To date, sperm maturation in 
species have been analyzed based only on classic parameters, and the use of HOST has not yet 
been validated. Understanding how sperm acquire functional competence along the epididymal 
duct is crucial for characterizing its reproductive biology. Therefore, this study aims to establish 
the ideal osmolarity to validate the HOST in W. pyrrhorhinos and to evaluate sperm membrane 
functionality throughout the epididymal maturation. Eight adult males, weighing 41.7±4.2g and 
6.3±0.9 months old, were used for sperm recovery from caput, corpus and cauda of the 
epididymis. Samples were assessed for volume, concentration, kinetic patterns and viability, 
while membrane functionality was tested using distilled water (0mOsm/L) and fructose-based 
solutions (50 and 100mOsm/L). Statistical analysis was performed using GraphPad Prism 
(P<0.05). All results were expressed as mean ± standard error. Motility and viability showed no 
significant differences between epididymal regions, indicating that these parameters alone were 
insufficient to detect subtle changes during sperm maturation. However, HOST revealed 
pronounced increase in osmotic responsiveness, particularly with the incubation at 50mOsm/L 
(80.3±2.8% in epididymal cauda). Additionally, exhibited a strong positive correlation with 
total motility (ρ=0.82), indicating a tightly association between membrane osmotic capacity 
and the maturation of kinetic characteristics. Therefore, we suggest the 50mOsm/L fructose 
solution as the most meaningful for the HOST in W. pyrrhorhinos, which enabled the 
observation of a progressive increase in sperm membrane functional integrity throughout the 
epididymal maturation.

Keywords: rodent, Caatinga, epididymis, sperm maturation, plasma membrane.



1. Introduction

The red-nosed-mouse (Wiedomys pyrrhorhinos) is a sigmodontine rodent endemic to 

the Caatinga biome. As a species highly sensitive to habitat disturbance, its population 

dynamics reflects environmental changes, serving as a bioindicator of environmental health 

(Faria and Kaizer, 2020). Beyond their role in ecological monitoring, these small mammals 

perform as dispersal of seeds and mycorrhizal fungi, and contribute to stability of predator-prey 

balance in the food chain (Mangan and Adler, 2000). However, increasing anthropogenic threats 

and habitat fragmentation have led the species currently to suffers from geographic 

discontinuities and isolation of local groups (Sobral and Oliveira, 2014; Cunha-Filho, 2019). In 

this context, understanding the physiology of W. pyrrhorhinos is fundamental for developing 

effective conservation strategies, but despite this importance, knowledge regarding its 

reproductive biology remains remarkably scarce.

In mammals, the acquisition of fertilizing capacity is a complex process that occurs 

during epididymal transit. As spermatozoa travel through the caput, corpus and cauda of the 

epididymis, they undergo biochemical and structural remodeling, that involves changes in 

composition and reorganization of proteins, lipids and glycoproteins (Jones, 1998; Soler et al., 

2017). This maturation is essential for the plasma membrane to achieve the functional state 

required to mediate metabolic exchanges between intracellular medium and its surrounding 

environment. Consequently, assessing membrane functionality, when combined with 

conventional semen evaluation, provides a more accurate description of sperm maturation in 

species and enables a more precise estimation of the fertility potential (Lebouef et al., 2006; 

Oliveira et al., 2013). 

To date, semen analysis in W. pyrrhorhinos has been restricted to classical descriptive 

parameters, and assessment of plasma membrane have focused mainly on structural integrity 

(Brito et al., 2025). Functional assays, regarding osmotic functionality of sperm membrane, is 

still lacking, and the adoption of complementary techniques could enhance the evaluation of 

sperm quality in species and deeps the knowledge of the dynamic changes in membrane 

competence during sperm maturation. 

Although widely used in domestic species (Kumi-Diaka, 1993, Fonseca et al., 2001, 

Lechniak et al., 2002, Martins et al., 2011), the application of hypoosmotic swelling test 

(HOST) in wild mammals is still limited, largely because sperm osmotic behavior is species-

specific, and the reliable interpretation depends on determining the appropriate hypoosmotic 

solution, which is often unknown (Melo et al., 2003; Matson et al., 2009). In murine, sperm are 



typically assessed using distilled water (0 mOsm/L; Silva et al., 2011), while chinchillids and 

caviids respond better to HOST with a 100 mOsm/L solution (Ponce et al., 1998; Silva et al., 

2017), and dasyproctid show more reliable results with an intermediate osmolarity of 50 

mOsm/L, yelding over 80% reactivity in cauda epididymal sperm (Dantas et al., 2022). 

To our knowledge, the standardization of the HOST for Wiedomys species has not yet 

been established, and the dynamics of membrane functional integrity during epididymal transit 

remain uncharacterized. Therefore, this study aims to establish the ideal hypoosmotic solution 

to validate the HOST for W. pyrrhorhinos sperm, and to investigate the acquisition of membrane 

functionality along the epididymal maturation process, correlating these changes with other 

sperm metrics.

2. Material and methods

2.1. Animals

The experimental protocols were approved by the Animal Ethics Committee of the 

Federal Rural University of the Semi-Arid (CEUA/UFERSA: No. 37/2025) and authorized by 

the Brazilian Institute for Biodiversity Conservation (ICMBio/SISBIO No. 84083-1). The 

procedures were conducted in accordance with current international animal welfare guidelines. 

Animals were obtained from the Center of Wild Animals Multiplication (CEMAS/UFERSA, 

Mossoró, RN, Brazil, 5º10’S 37º10’W), registered with IBAMA as a scientific breeding (No. 

1478912), where programmed slaughter is conducted annually to population control and the 

specimens are destined for scientific purposes, as those provided in the present study.

Eight pubescent male animals were used, weighing 41.7 ± 4.2 g, with an average age of 

6.3 ± 0.9 months. Animals were fed daily with a diet consisting of specific rodent chow, fruit, 

soybeans, mature corn and water was available ad libitum. Experimental collections were 

carried out between June and August 2023, during dry season in the Caatinga, and April to 

August 2025, in transition from rainy to dry seasons.

2.2. Epididymal sperm recovery

The animals were medicated with an intramuscular administration of xylazine 

hydrochloride (Xilazin� 2%, Syntec, 1mg/kg) and ketamine hydrochloride (Quetamina� 10%, 

Vetnil, 15mg/kg) as pre-anesthetic medication, and after 15 min general anesthesia was induced 



with thiopental (Tiopental sódico� 1g, Richmond, División Veterinaria S.A., 30mg/kg). Once 

confirmed anesthetic plane, euthanasia was performed by cervical dislocation, as described in 

the Brazilian Guidelines for Good Practices in Animal Euthanasia (CFMV, 2013). Sequentially, 

a midline laparotomy was performed to expose and remove the pairs of testis-epididymis 

complexes. Briefly, the structures were rinsed in saline solution (0.9% NaCl) and transported 

to the laboratory in beakers containing gauze moistened with saline solution.

Epididymal ducts were isolated, separated into the three different regions (caput, corpus 

and cauda) and placed in a Petri dish containing 200 µL of Tris-based medium [3.028g of 

Tris(hydroxymethyl)-aminomethane, 1.78g of citric acid monohydrate, and 1.25g of D-fructose 

dissolved in 100mL ultrapure water; 295mOsm/L, pH 6.8)] pre-warmed to 37ºC, as established 

for cavies rodents (Galea spixii; Silva et al., 2017). Spermatozoa from each epididymal segment 

were recovered by the slicing technique, as described by Tourmente et al. (2022) for hamsters. 

The immersed tissues were incised, and after 5 minutes sperm suspensions were recovered 

using micropipettes for evaluation. 

2.3. Sperm evaluation

From each epididymal region, volume recovered (µL) was measured using a single-

channel adjustable-volume micropipette (20-200µL, LabMate Pro) and transferred to labeled 

microtubes placed in a water bath at 37ºC. The number of sperm collected (×106 sperm) was 

obtained by multiplying the volume recovered and the respective sperm concentration, 

measured using a Neubauer chamber (Buranaamnuay et al., 2022; Dantas et al., 2022).

For sperm viability, plasma membrane integrity was assessed using the association of 

Hoechst 33342 and propidium iodide as fluorescent probes. An aliquot (5µL) of each sample 

was incubated with Hoechst 33342 (2µL, 40µg/mL in DPBS) for 10 min at 37ºC and 

sequentially was added 3µL of propidium iodide (0,5mg/mL in DPBS). After 8 min, 

preparations were mounted on glass slides and 200 cells were analyzed through epifluorescence 

microscopy at 400× magnification (Balbach et al., 2020). Sperm stained in red (propidium 

iodide) were classified as having plasma membrane degeneration (non-viable), and those 

stained only with Hoechst (blue, viable), with intact membranes.



2.4. Sperm kinetics parameters

An aliquot (3µL) of each sample was used for sperm kinetic evaluation using computer-

assisted sperm analysis (CASA; IVOS 12.0, Hamilton-Thorne, Beverly, MA, USA). Previously, 

software was configured according to a predefined setup established for mouse spermatozoa, 

as reported in the HTM- IVOs Installation and Getting Started Guide Version 14.0 (2011): frame 

rate (Hz): 60; minimum contrast: 30; minimum cell size (pixels): 4; straightness (%): 50; VAP 

cutoff (µ/s): 10; VSL cutoff (µ/s): 0; slide warmer temperature: 37; field selection mode: 

manual. Samples were placed in a pre-warmed microscope chamber (37ºC) and submitted to 

evaluation, where five independent microscopic fields were randomly selected for the scan. The 

patterns determined were: total motility (MOT, %), progressive motility (MOP, %), average 

path velocity (VAP, µm/s), straight-line velocity (VSL, µm/s), curvilinear velocity (VCL, 

µm/s), amplitude of lateral head displacement (ALH, µm), beat cross frequency (BCF, Hz), 

straightness (STR, %) and linearity (LIN, %).

2.5. Hypoosmotic swelling test (HOST)

To evaluate sperm membrane functionality, aliquots (10µL) containing epididymal 

sperm were incubated in dry bath for 40min at 37ºC with 90µL of different hypoosmotic 

solutions: Solution I (Distilled water, 0 mOsm/L), Solution II (Fructose, 50 mOsm/L) and 

Solution III (Fructose, 100 mOsm/L). Then, 10µL of each sample were evaluated under a phase-

contrast microscope (×400 magnification). A total of 200 spermatozoa were counted per 

sample, and those exhibiting coiled tail were classified as swollen sperm and having functional 

membrane (Dantas et al., 2022). The result was subjected to correction for the number of 

spermatozoa with morphological defect of coiled tail, based on the evaluation with rose Bengal. 

For this, an aliquot of each fresh sample (5µL) was also used for a wet preparation with 45µL 

of rose Bengal solution, and sperm morphology was examined under bright-field light 

microscopy at 1000× (Silva et al., 2018). A total of 200 spermatozoa were counted, and the 

percentage of coiled tails was subtracted from the percentage of swollen sperm in HOS test.

2.6. Statistical analysis

All results were expressed as mean ± standard error. Statiscal analysis were performed 

using GraphPad 8.0.2 (Dotmatics, Boston, MA, USA) considering a significance level of P < 



0.05. Data normality was assessed using Shapiro-Wilk test, and homoscedasticity was evaluated 

with Bartlett’s test. ANOVA followed by Tukey’s post-hoc test was used to compare the sperm 

parameters among the different epididymal segments (caput, corpus and cauda), and to compare 

the sperm response to different hypoosmotic solutions (0 mOsm/L, 50 mOsm/L, 100 mOsm/L) 

in each sample; except for the parameters of volume, progressive motility (MOP), curvilinear 

velocity (VCL) and linearity (LIN), which were analyzed using Kruskal-Wallis test. The 

correlation between the sperm parameters of each epididymal region and the response to each 

hypoosmotic solution was analyzed using Pearson’s correlation test; and for the parameters of 

MOP, VCL and LIN, Spearman’s correlation test was used.

3. Results

3.1. Sperm evaluation

After sperm recovery, significant differences were observed in the volume and number 

of sperm recovered among the different epididymal segments (Table 1). The caput and cauda 

showed higher volumes (P < 0.05), whereas the cauda also yielded a greater number of 

spermatozoa (28.5 ± 9.0 × 106 sperm). Regarding sperm viability, no statistically significant 

differences were observed among segments.

Table 1. Mean (± SE) of sperm parameters from spermatozoa recovered from different 

epididymal regions of red-nosed-mouse (Wiedomys pyrrhorhinos; n=8).

a,b Different uppercase letters indicate statistically significant differences between epididymal regions (caput, 
corpus and cauda) during ductal transit for each parameter (P < 0.05).

Relating to CASA analysis, kinetic parameters of total and progressive motility 

remained consistent throughout epididymal transit (P > 0.05; Table 2). Similarly, trajectory 

parameters (VAP, VSL, VCL, ALH, BCF, STR and LIN) and the proportion of sperm 

subpopulations did not differ between regions.



Table 2. Mean (± SE) of kinetic parameters of spermatozoa recovered from different 

epididymal regions of red-nosed-mouse (Wiedomys pyrrhorhinos; n=8).

* No statistical difference was observed in evaluated parameters between the epididymal regions (P > 0.05).

3.2. Sperm functional membrane integrity

The percentage of reactivity of red-nosed-mouse epididymal spermatozoa in 

hypoosmotic swelling test under different osmolarities is shown in Figure 1, where a 

statistically significant difference was observed in samples incubated at 50 mOsm/L (P < 0.05). 

The highest osmotic response was observed in spermatozoa recovered from the cauda region 

(80.3 ± 2.8%), whereas samples from the caput and corpus under the same conditions did not 

differ statistically (50.9 ± 1.7% e 45.4 ± 4.4%, respectively).

3.3. Correlations between functional membrane integrity and other sperm parameters

There were significant correlations between cauda spermatozoa reacted to hypoosmotic 

solution at 50mOsm/L and the percentage of total motility (ρ = 0.82; P < 0.05). In addition, 

other correlations with trajectory parameters were observed in different samples, as shown in 

Table 3. No significant correlations were found between the incubated samples and sperm 

viability, VSL, VCL, BCF, or the proportions of rapid, medium and static sperm subpopulations.



Figure 1. Mean (± SE) of swollen spermatozoa (%) reactive to hypoosmotic solutions in each 

epididymal region. A,B Different uppercase letters indicate statistically significant differences 

among epididymal regions (caput, corpus and cauda) incubated under the same osmolarity 

conditions (P < 0.05); and a,b Different lowercase letters indicate statistically significant 

differences among the different osmolarities (0, 50 and 100 mOsm/L) for each epididymal 

region (P < 0.05).

Table 3. Correlation (ρ) between the osmotic response to different hypoosmotic solutions and 

sperm parameters from different epididymal regions of the red-nosed-mouse (Wiedomys 

pyrrhorhinos; n=8).

ρ
ρ

ρ
ρ
ρ
ρ
ρ
ρ

ρ
*Only sperm parameters that showed significant correlations were expressed in the table (P < 0.05).
n.s. = non-significant



Discussion

Through the hypoosmotic swelling test (HOST), we demonstrated that a 50 mOsm/L 

fructose solution is a reliable and sensitive method for assessing functional competence of the 

plasma membrane in red-nosed-mouse (Wiedomys pyrrhorhinos) spermatozoa. Although 

HOST has been extensively applied in domestic species as an indicator of functional membrane 

integrity, no data were previously available for Wiedomys spp. sperm. This test allowed for the 

differentiation of sperm maturation stages, revealing the transition from immature to 

functionally stable membranes.

Along the epididymal segments, we observed a progressive increase in 

morphofunctional parameters from caput to cauda, particularly those related to sperm 

concentration. Similar patterns have been reported for cricetid and dasiproctid rodents, such as 

the golden hamster (Mesocricetus auratus; Kann and Serres, 1980; Weissenberg et al. 1994; 

Sudarshani and Wegiriya, 2022) and red-rumped agouti (Dasyprocta leporina; Dantas et al., 

2022), in which the distal epididymis functions as a storage site for sperm cells. Conversely, no 

statistical differences were observed in viability or kinetic parameters, suggesting that the 

maturational changes in this species may involve more subtle modifications not detectable 

through conventional assessments alone.

Since supravital staining and fluorescent probes mainly reflect only structural integrity 

of sperm cells, other assessment methods can complement sperm evaluation and detect more 

nuanced physiological variations. HOST is based on the premise that only functionally intact 

cells swell under hypoosmotic conditions, due to the membrane semi-permeability and fluid 

influx (Drevius e Eriksson, 1996; Lechniak et al., 2002; Hecht e Jeyendran, 2022). However, 

markedly interspecific variation in osmotic responsiveness has been documented even within 

phylogenetically close groups of species, requiring methodological adjustments to achieve 

consistent and meaningful assessment for each taxon. In murine rodents, distilled water (0 

mOsm/L) is widely used to evaluate sperm membrane function (Sliwa, 1993), while in 

chinchillids and caviids, is commonly employed an osmolarity of 100 mOsm/L (Ponce et al., 

1998; Silva et al., 2017). In contrast, in the present study, both 0 and 100 mOsm/L solutions 

maintained reactive sperm counts fewer than 40% for Wiedomys sperm, reinforcing the 

variation in osmotic tolerance during sperm evaluation for different species.

The intermediate solution (50 mOsm/L, fructose) proved to be the most suitable osmotic 

stimulus for evaluating red-nosed-mouse epididymal spermatozoa independently from the 

epididymal region, in comparison to the extreme ones (0 and 100 mOsm/L), indicating that the 



osmotic pressure generates sufficient swelling response, but without causing membrane rupture 

and lysis (Jeyendran et al., 1984; Santos et al., 2013). A comparable pattern has been described 

for Dasyprocta leporine (Dasiproctid) sperm, in which the incubation of mature spermatozoa 

in 50 mOsm/L resulted in more than 80% reactive sperm (Dantas et al., 2022). Such 

interspecific variation in the response of sperm to different osmolarities reflects from species-

specific membrane composition and permeability characteristics (Zubair et al., 2015). 

Spermatozoa recovered from the epididymal cauda and incubated in the 50 mOsm/L 

solution exhibited a significantly higher proportion of functional membranes (80.3 ± 2.8%) 

compared to those from the caput and corpus submitted to the same conditions (50.9 ± 1.7% e 

45.4 ± 4.4%, respectively). This marked increase in reactivity along the duct provides evidence 

of the physiological maturation and increased osmotic resistance acquired during transit. As 

sperm travel through the epididymis, their membranes undergo remodeling and biochemical 

maturation, driven by concentration gradients of specific enzymes and molecules that are 

carefully coordinated at different zones of the epididymis (Jones et al., 1998; James et al., 

2020). These modifications in the cell surface indirectly affect intracellular metabolism, 

enhancing motility, membrane stability and fertilizing ability, since the membrane is the 

structure that meets the zona pellucida of the oocyte, and therefore its structure and functionality 

is essential for the success of the fertilization process (Jones, 1989; Jones, 1998; James et al., 

2020). Thus, our finding confirms that W. pyrrhorhinos follows the mammalian pattern of 

epididymal maturation, where the storage of gametes in epididymal cauda typically occurs to 

cells with increased structural and functional competence.

Beyond eliciting the highest percentage of reacted cells in cauda, incubation in 50 

mOsm/L showed a strong positive correlation with total motility (ρ = 0.82), which also has been 

reported in humans, goats, bulls, stallions and dogs (Jeyendran et al., 1984; Nur et al., 2005; 

Siqueira et al., 2007; Melo and Henry, 1999; Kumi-Diaka, 1993). Although the axonemal 

apparatus is present even in testicular and immature spermatozoa, the development of 

functional motility depends partly on the reorganization of membrane composition and 

permeability during epididymal transit, which ensures efficient regulation of ion and fluid 

exchange (Jeyendran et al., 1984; Jones, 1989; Dantas et al., 2022). In this context, the 

correlation observed reinforces that the response at 50 mOsm/L is the most physiologically 

meaningful, and highlights that the membrane functionality in red-nosed-mouse is tightly 

integrated with the maturation of kinetic characteristics.



1. Conclusion 

From the discussed results, we suggest that the HOST using a 50 mOsm/L fructose 

solution represents a reliable and sensitive method for assessing membrane functionality in the 

red-nosed-mouse sperm, in comparison to 0 and 100 mOsm/L solutions. This protocol enabled 

the characterization of physiological sperm maturation in species, demonstrating a significant 

increase in membrane functional competence as spermatozoa transit throughout epididymis. 

Given the absence of previous reports, our findings contribute with fundamental basis for 

understanding reproductive physiology in species, and provide methodological insight for the 

incorporation of this approach into future reproductive assessments.
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