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ABSTRACT 
 
This study investigated age-related changes in the testicular and epididymal sperm  
characteristics and spermiogram profiles in fifteen African greater cane rats (Thryonomys 
swinderianus) of different age-groups; pubertal: 5 – 11 months, adult: 12 – 30 months 
and aged: > 30 months, obtained from commercial cane rat farm, Badagry, Lagos State, 
Nigeria. Following a ventral abdominal incision of anaesthetisized cane rats, testes and 
epididymides were exteriorized for the determination of spermatozoa morphology, 
motility, concentration, live-dead ratio and morphometry. Spermatozoa head from 
pubertal cane rat onwards were ovoid in shape and lack visible acrosomal hook. From 
pubertal to aged cane rat, percentage abnormal sperm cell was not significantly different 
(p>0.05). Sperm morphometric parameters (sperm length and width or diameter, mid-
piece length, tail length and complete spermatozoa length) were not significantly 
(p>0.05) different with age. There was consistent remarkable increased epididymal 
sperm motility in the adult cane rat relative to other groups. Testicular and epididymal 
sperm counts were markedly elevated in the adult relative to other age groups. However, 
both the testicular and epididymal spermatozoa live-dead ratio were not significantly 
different (p>0.05) from pubertal to aged cane rat. This study has demonstrated that 
sperm motility and concentration were remarkably elevated in adult cane rat. Therefore, 
cane rat breeders are advised to utilize adult rat in breeding. 
 
Keywords: Sperm characteristics, Spermiogram, Testis, Epididymis, Cane rat, Thryonomys 
swinderianus 
 
INTRODUCTION 
 
The African greater cane rat (AGCR) 
(Thryonomys swinderianus Temminck, 1827) 
also known as grasscutter is a wild 
hystricomorphic herbivorous rodent found 
majorly in several savanna biotic zones as well 
as areas on the fringes of the rainforest of sub-
Saharan Africa (Happold, 1987; Monadjem et 
al., 2015). Cane rat is a recognized excellent 
source of protein which accounts for its vigorous 

exploitation for meat through aggressive 
hunting and bush burning (Jori et al., 1995; 
Juste et al., 1995; Fayenuwo et al., 2003). It is 
known to contribute to both local and foreign 
earnings of most West African countries where 
its meats are expensively sold and preferentially 
demanded over other wild rodents (Baptist and 
Mensah, 1986; Ntiamoa-Baidu, 1998; Asibey 
and Addo, 2000). The comprehensive insight 
into the adaptive significance of the sperm 
morphophysiology has been a challenge to 
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biologists, because of the highly specialized 
nature of spermatozoa and coupled with their 
operations at a microscopic level in a complex 
environment (Gage, 1998). The important 
parameters considered when evaluating sperm 
qualities in a reproductively active mammalian 
male subject include: sperm morphology, 
motility and concentration (Malmgren, 1997; 
Tabatabaei et al., 2009). Sperm morphological 
features are reliable indicators in predicting the 
fertilizing capacity of sperm and could also 
reflect certain spermatogenetic disorders (Barth 
and Oko, 1989). The presence of abnormal 
shaped spermatozoa in the ejaculate of 
mammals at a normal acceptable range of up 20 
% in cat and less than that in rodents is 
normally encountered (Moss et al., 1979; Wilde 
et al., 1999). It might be associated with 
impairment of fertility when they are present in 
large numbers (Moss et al., 1979). The 
significance of the usage of sperm morphology 
in determining reproductive success has been 
documented in humans (Menkveld et al., 1991; 
Zamboni, 1992) and domesticated animals such 
as the bull (Barth and Oko, 1989; Freneau et 
al., 2010), stallion (Brito, 2007), boar (Briz et 
al., 1996) and dog (Martínez, 2004). It has 
equally been reported that ageing is an 
important factor in semen quality and is usually 
impaired in the aged animal due to 
morphological alteration in the epididymal 
epithelium most especially in the caudal region 
of the duct with probable consequential effect of 
disrupted sperm maturation (Calvo et al., 1999). 

Sperm morphometry refers to some 
linear dimensions of the head, mid-piece and 
the tail of a typical spermatozoon (Banaszewska 
et al., 2011). There is a strong relationship 
between sperm function and morphometry and 
has been empirically validated in different 
mammalian species (Immler et al., 2010). For 
instance in bulls, sperm head morphometric pa-
rameters have been regarded as excellent 
indicators of semen quality (Phillips et al., 
2004). Also, the age of a male animal has 
equally been identified as an essential factor in 
causing variation in spermatozoa morphology 
and morphometric dimensions (Gregor and 
Hardge, 1995; Kondracki et al., 2005; Quintero-
Moreno et al. 2009). In majority of the 

mammalian species, sperm morphometric 
analysis revealed that the tail was the longest 
portion and represents about 89 % of the total 
sperm length (Ogbuegbu et al., 1985; Meisner 
et al., 2005; Batalha and Oba, 2006; Brito et al., 
2010). 

With the exception of reports of Olukole 
et al. (2014) on semen characteristic and 
spermiogram, and Olukole et al. (2010) on 
gonadal and extragonadal sperm reserves in the 
sexually matured adult of this rodent, there is 
dearth of information on age-related changes in 
the testicular and epididymal sperm 
characteristics and spermiogram profiles in 
AGCR. Hence, this study seeks to investigate 
age-related changes in testicular and epididymal 
spermatozoa of the AGCR. 
 
MATERIALS AND METHODS 
 
Animals and Experimental Design: Fifteen 
(15) cane rats of different age groups were 
obtained from a commercial farm, Badagry, 
Lagos State, Nigeria. Records relating to the 
ages of the rats were obtained at the point of 
purchase. They were stabilized for seven days in 
the Experimental Animal Unit, Faculty of 
Veterinary Medicine, University of Ibadan, 
Nigeria. During the period, the animals were fed 
with dry corn feed daily and water ad libitum. 
The cane rat grouping reported by Soro et al. 
(2014) in a similar age-related study was 
modified and used for sorting the AGCR into 
three (3) groups of five (5) animals each; 
pubertal (5 – 8 months), adult (12 – 30 months) 
and aged (>30 months) and their average body 
weights recorded as 1.95 ± 0.08 kg, 3.08 ± 
0.15 kg and 4.63 ± 0.24 kg respectively. 
 
Anaesthesia and Organ Excision: The rats 
were anaesthetized using intramuscular 
injection of xylazine and ketamine combination 
(20 : 80 mg/kg body weight respectively). 
Thereafter, the abdominal wall of each rat was 
dissected through a ventral midline incision on 
the linea alba using the method of Olukole et al. 
(2010). The testes together with their attached 
epididymis were removed via the incision site on 
the tunica vaginalis and then placed in Petri 
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dishes containing normal saline to prevent 
organ desiccation.  
 
Morphological Characteristics: Morphological 
characteristics of the spermatozoa architecture 
was observed from a total of 400 sperm cells 
using the method of Wells and Awa (1970). 
Briefly, a drop each of Wells and Awa stain (0.2 
g of Eosin and 0.6 g of Fast green dissolved in 
distilled water and ethanol in ratio 2:1) and 
semen were placed on a warm slide mixed and 
smeared with another slide. The stained smear 
was then air dried and viewed under the light 
microscope. Normal spermatozoa and site of 
defects in the abnormal spermatozoa (head, 
neck/mid-piece, tail) were recorded and 
classified as described by Bloom (1973) and 
Parkinson (2001).  
 
Sperm Morphometrics: Spermatozoa 
histomorphometry was carried out using the 
method of Sousa et al. (2013). Parameters 
measured were; sperm head length (SHL, the 
vertical distance between the tip of the 
acrosome and the boundary with the neck of 
spermatozoa), sperm head diameter (SHD, 
longest horizontal  distance between the two 
edges of sperm head), sperm mid-piece length 
(SML , distance between the commencement 
and the end of the mid-piece), sperm tail length 
(STL, distance between the proximal end of the 
neck and the tip of the tail), sperm whole length 
(SWL, the distance between  rostral tip of the 
sperm head and the tip of the spermatozoa tail). 
Sperm morphometric analysis of sections 
captured for morphological study was 
performed using GIMP2 Software. For each of 
the five animals per group, 10 spermatozoa 
devoid of any morphological defects were 
selected totalling 50 spermatozoa per group of 
AGCR. 
 
Determination of Sperm Motility, 
Concentrations and Live-Dead Ratio: The 
percentage of spermatozoa in a unidirectional 
progressive movement over a field on a slide 
was observed with a light microscope fitted with 
camera using the method of Zemjanis (1977). 
Briefly, the excised testis and epididymal 
segments (caput, corpus and cauda) from each 

of the different groups of AGCR were incised on 
the surface and a small drop of semen was 
taken and mixed with 2.9 % warm sodium 
citrate buffer on a warm clean slide. The 
percentage of motile spermatozoa moving in a 
straight forward unidirectional rectilinear motion 
were counted by quick observation at x10 low 
power microscope objective; while, sperm cells 
moving in circular, backward directions or those 
showing pendulous movement pattern were 
ignored.   

For the estimation of testicular and 
epididymal sperm counts, the method described 
by Olukole et al. (2010) was used. Briefly, 
testicular and epididymal sections (cauda, 
corpus, caput) were minced separately using 
scissors, washed out with 10 ml of saline and 
homogenized at 6000 rpm for two minutes. 
Eosin was then added to stain the sperm heads 
in the obtained homogenate. The gonadal and 
extragonadal sperm reserves were then 
estimated as the total number of late 
spermatids and spermatozoa in the epididymal 
and testicular sperm samples. All samples were 
finally made up to 1:20 before counting on the 
improved Neubauer haemocytometer counter. 

The live-dead ratio was estimated in 
accordance to Zemjanis (1977). Briefly, from 
each of the incised testicular and epididymal 
tissues, a drop of semen was placed on a well 
labelled warm slide, mixed with a drop of warm 
Eosin-Nigrosin stain and then observed under 
the microscope at x40 objective. It was 
performed immediately to avoid wrong results. 
Live sperm cells fail to pick up the stain and 
appeared as clear cells, while dead sperm cells 
picked up the stain and are seen to be purplish 
in colour.  The live and the dead sperm cells 
were separately counted from a total of 600 
spermatozoa in smears stained with Eosin-
Nigrosin and the ratio was determined according 
to the method of Zemjanis (1977).   
 
Statistical Analysis: Data obtained from this 
study were analyzed using GraphPad Prism 
Statistical Package, Version 4.00 for Window 
(GraphPad Software Incorporated, California, 
USA). The variations in sperm parameters in 
pubertal cane rat onwards were compared using 
one-way analysis of variance (ANOVA). Results 
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Table 1: Age-related changes in the frequency of morphological abnormalities in the testicular and epididymal spermatozoa of African 
greater cane rat 
Organs Groups Percentage Abnormal Cell (%) 

Head Mid-Piece  Tail  Total 
 TH  HT  CMP  BMP  CT  RT  BT  LT  TAC  TNC 

 
Te

st
es

 

Pub 1.35 ± 0.11 1.03 ± 0.09 3.21 ± 0.16 2.55 ± 0.14 2.54 ± 0.06 0.43 ± 0.13 2.71  ± 
0.24 

0.41 ± 0.13 14.42 ± 0.76 85.58 ± 0.24 

Adult 1.43 ± 0.06 1.12 ± 0.12 2.74 ± 0.10 2.49 ± 0.14 2.68 ± 0.06 0.50 ± 0.10 2.68  ± 
0.16 

0.38 ± 0.07 14.02 ± 0.44 85.98 ± 0.66 

Aged 1.48 ± 0.17 1.07 ± 0.16 2.97 ± 0.24 2.84 ± 0.23 2.75 ± 0.15 0.67 ± 0.08 3.00  ± 
0.14 

0.33 ± 0.05 15.11 ± 0.97 84.89 ± 0.03 

P-value 0.7673 0.8877 0.2318 0.3765 0.3753 0.3054 0.3054 0.8368 0.6088 0.5033 

            

 
C

ap
ut

 

Pub 1.48 ± 0.10 1.30 ± 0.08 3.06 ± 0.20 2.62 ± 0.13 2.38 ± 0.47 0.79 ± 0.03 2.79 ± 0.03 0.70 ± 0.08 15.86 ± 0.32 84.14 ± 0.70 

Adult 1.35 ± 0.12 1.23 ± 0.19 2.85 ± 0.24 2.46 ± 0.15 2.58 ± 0.19 0.53 ± 0.12 2.45 ± 0.16 0.57 ± 0.06 14.03 ± 1.00 85.97 ± 0.91 

Aged 1.41 ± 0.06 1.08 ± 0.06 2.57 ± 0.06 2.30 ± 0.04 2.39 ± 0.12 0.68 ± 0.06 2.86 ± 0.06 1.40 ± 0.87 13.60 ± 0.32 86.42 ± 0.68 

P-value 0.6627 0.4935 0.2372 0.2041 0.5786 0.1286 0.347 0.4894 0.0734 0.082 

            

 
C

or
pu

s 

Pub 1.15 ± 0.08 1.49 ± 0.10 2.45 ± 0.04 2.56 ± 0.11 3.21 ± 0.19 0.53 ± 0.02 2.65 ± 0.08 0.45 ± 0.07 14.21 ± 0.33 85.79 ± 0.67 

Adult 1.12 ± 0.13 1.09 ± 0.18 2.43 ± 0.08 2.49 ± 0.05 2.75 ± 0.21 0.64 ± 0.07 2.75 ± 0.14 0.51 ± 0.14 13.69 ± 0.39 86.31 ± 0.62 

Aged 1.47 ±  0.04 1.15 ± 0.09 2.73 ± 0.10 2.45 ± 0.06 2.65 ± 0.13 0.68 ± 0.06 2.89 ± 0.29 0.53 ± 0.12 14.55 ± 0.36 85.45 ± 0.70 

P-value 0.1101 0.1197 0.0682 0.5857 0.1135 0.2055 0.6849 0.8840 0.2849 0.4012 

            

 
C

au
da

 

Pub 1.25 ± 0.10 1.05 ± 0.12 2.48 ± 0.17 2.88 ± 0.15 2.29 ± 0.25 0.64 ± 0.06 2.46 ± 0.26 0.58 ± 0.11 13.90 ± 0.88 86.12 ± 0.91 

Adult 1.32 ± 0.06 1.14 ± 0.18 2.52 ± 0.07 2.39 ± 0.18 2.52 ± 0.14 0.82 ± 0.06 2.39 ± 0.11 0.32 ± 0.07 13.41 ± 0.46 86.59 ± 0.54 

Aged 1.09 ± 0.11 1.23 ± 0.07 2.16 ± 0.16 2.62 ± 0.13 2.37 ± 0.12 0.81 ± 0.11 2.68 ± 0.35 0.58 ± 0.16 13.53 ± 0.94 86.57 ± 0.11 

P-value 0.0733 0.6878 0.1913 0.1406 0.6695 0.2732 0.7212 0.2564 0.9026 0.3020 

TH – Tailless head, HT- Headless tail, RT- Rudimentary tail, BT- Bent tail, CT- Curved tail, CMP- Curved mid-piece, BMP- Bent mid-piece, LT- Looped tail, TAC- Total abnormal cell, TNC- Total 
normal cell, Pub- Pubertal 
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Table 2: Age-related changes in the sperm parameters of African greater cane rat  
Organs Pubertal Adult Aged 

 Sperm Motility (%) 
Testes Nm Nm Nm 
Caput 55.00  ± 5.00a 65.00  ±  0.89a 37.50  ± 2.50b 

Corpus 60.00  ± 7.07a 65.00  ±  2.89a 37.50  ± 4.79b 

Cauda 62.50  ±  4.79a 80.00  ± 4.08b 55.00  ± 5.00a 

 Sperm Count (x109 ml) 
Testes 37.25  ±  2.49a 37.75  ±  2.02a 28.50  ±  1.04b 

Caput 43.25  ±  0.85 44.25  ± 1.11 42.50  ± 1.04 
Corpus 48.00  ±  1.08 50.00  ± 0.71 46.50  ±  0.96 
Cauda 101.5  ±  7.96a 135.3  ± 6.42b 91.25  ±  2.56c 

 Live Dead Ratio 
Testes 92.75  ± 1.03 94.25  ± 0.85 96.75 ± 0.75 
Caput 97.25 ± 0.75 98.00  ± 0.25 96.25 ± 063 
Corpus 97.25 ± 0.75 98.00  ± 0.00 96.00 ± 0.71 
Cauda 97.50 ± 0.50 97.25  ±  0.75 97.30 ± 0.75 
Values with different superscripts on a row are significantly different. Nm – Not motile 

 
Table 3: Age-related changes in the sperm morphometric parameters of African greater 
cane rat 
Age Sperm Morphometrics (μm) 

SHL SHD MPL STL SWL 
Pubertal   9.52 ± 0.40 5.04  ±  0.23 12.82 ± 0.33 45.22 ± 1.14 55.92  ± 1.39 
Adult 10.26 ± 0.45 5.18  ±  0.18 13.21 ± 0.27 46.16 ± 0.84 57.06  ± 0.95 
Aged 10.46 ± 0.50 5.63  ±  0.19 13.86 ± 0.35 48.47 ± 1.08 58.41  ± 0.67 
SHL- Sperm head length, SHD- Sperm head diameter, MPL- Mid-piece length, STL-Sperm tail length, SWL-Sperm whole length 

 
Both the spermatozoa mean length and width 
linear measurements were comparatively 
shorter when compared to their tail counterpart 
and also increased insignificantly with age.  
 
DISCUSSION 
 
Sperm morphological characteristics are 
essential parameters that reveal the extent of 
normality and maturity of the sperm population 
in the ejaculate and could as well correlate with 
fertility status of a mammalian species (Memon 
et al., 1986). The shape of spermatozoon head 
in the different age groups of AGCR observed in 
this study is in agreement with the report of 
Olukole et al. (2014) and also concurs with 
spermatozoa head of mammals (Villalpando et 
al., 2000; Breed, 2005; Oyeyemi  and Babalola, 
2006). The absence of acrosomal hook on the 
sperm head in all the age groups also confirmed 
earlier report of Olukole et al. (2014). This 
observation distinguished it from the other 
rodents in which sperm head folds back onto 
itself to give a hook-like appearance (Blandau, 
1951; Leblond and Clermont, 2000; Breed, 

2005). The non-significant difference in the 
linear dimensions; sperm head length and 
width, mid-piece length, tail length and the 
complete spermatozoa lengths observed among 
the three age-groups of this rodent were similar 
to the sperm morphometric data reported in 
age-related study conducted in boar (Quintero-
Moreno et al., 2009; Banaszewska et al., 2011). 
Although insignificant increment occurred in the 
sperm dimensions with increasing age, this was 
not enough to conclude that there was an age-
related alteration in sperm morphometrics, in 
spite of the fact that age of male animal has 
been identified as an important cause of 
variation in spermatozoa morphometric 
dimensions (Gregor and Hardge, 1995; 
Kondracki et al., 2005; Quintero-Moreno et al., 
2009). 

The observed uniformly low percentage 
(roughly 15 %) of abnormal sperm cells in both 
testes and epididymis of the different age 
groups of cane rat concurred with the normal 
acceptable range reported for mammals (Moss 
et al., 1979; Wilde et al., 1999). Bearing this in 
mind, the level of these abnormalities might not 
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affect the breeding soundness of all the age 
category of cane rats. Also, the higher 
proportions of the curved and bent mid-pieces 
as well as bent tail defects displayed across all 
age groups has been suggested to be due to 
the disorganization of structural components of 
the sperm tail with resultant weakness of the 
structure and folding of the flagellum (Briz et 
al., 1996). The finding on the percentage 
abnormal spermatozoa was similar to the report 
of Olukole et al. (2014) on matured adult of this 
rodent species and also agreed partially with the 
report of Varesi et al. (2013) on canine 
spermatozoa. 

The percentage motility of live 
spermatozoa has been reported to positively 
correlate with the fertilizing capability of sperm 
cells (Oyeyemi and Ubiogoro, 2005). Therefore, 
the significant increased motility observed in the 
epididymis of the pubertal and adult cane rats 
more remarkably in the adult could be 
suggested to reflect the excellent fertilizing 
ability of this age group. Conversely, the 
reduced percentage sperm motility displayed by 
the aged AGCR could be linked to the 
progressive ageing process within the 
epididymal segments more particularly the 
cauda segment and may as well account for 
most of the reduction in the fertility potential of 
most aged animals. The profile of sperm motility 
seen in this study was consistent with the 
pattern documented in similar age-related study 
in hamster rat (Calvo et al., 1999) and in 
humans (Kidd et al., 2001; Jung et al., 2002).   

The non-significant difference in the 
gonadal and extragonadal percentage sperm 
livability from the pubertal to aged AGCR implies 
that the ratio of the live spermatozoa to dead 
counterparts in the ejaculate of each group was 
uniformly higher across the groups. This is 
expected because the groups of the cane rat 
studied were not exposed to toxicant that could 
have markedly disrupted the balance in the 
livability ratio.  

Furthermore, the marked increased 
testicular and gonadal sperm concentrations 
observed in the pubertal and adult cane rat 
more particularly in the latter age group may be 
attributed to the morphophysiological activeness 
of this group. However, the markedly decreased 

gonadal and extragonadal sperm concentrations 
observed in aged AGCR was consistent with the 
widely documented decline profile of sperm 
concentration in aged animals (Humphrey and 
Ladds, 1975; Carvalho et al., 1988; Calvo et al., 
1999) and in men (Neaves et al., 1985). 
 
Conclusion: This study has demonstrated that 
the profiles of sperm morphology, morphometry 
and livability parameters were not different 
across the entire cane rat investigated. 
However, sperm motility and concentration were 
remarkably elevated in the adult cane rat. 
Owing to the significance of the two parameters 
in determining the fertilizing ability, cane rat 
farmers are encouraged to make use of adult 
rat in breeding programme.  
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