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Abstract 
The cytomorphological changes occurred in the testicles of Xenentodon cancila (Hamilton) were 
elaborated during different reproductive phases. The testicular lobules were synchronously arranged with 
various stages of germ cells such as spermatogonia, primary and secondary spermatocytes, spermatids 
and spermatozoa. The seminiferous tubules were made up of spermatogenic cells located within cysts 
during growth phase. However, the seminiferous tubules were dominated by cysts of spermatocytes, 
spermatids and spermatozoa during maturation phase. Pubertal seminiferous tubules were packed with 
spermatids and spermatozoa. In the post spawning phase the tubules contained remnants of spermatozoa 
and spermatogonial cysts. The Leydig cells were close to the blood vessels in the interstitium. The 
sequential proliferative pattern of various germ cells in the tubular spaces was correlated with 
gonadosomatic index during different reproductive phases. 
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1. Introduction 
The biological process, especially the reproductive biology is the most important factor 
concerning the successful management of fisheries and mobilization of seed resources. 
Teleosts exhibit variations in testicular structure and spermatogenic patterns [1, 2, 3]. The fish 
testis parenchyma is formed from two main compartments, seminiferous lobules and 
interstitial tissue [4]. The anastomosing tubular testis formed compartments which undergo 
cyclic changes. Histological studies offer a scope to understand the cellular kinetics of gonad, 
recruitment, development and readsorption of gonadal cells and finally in staging the maturity 
state of the gonads. For a proper sustainability of a fish species, a thorough study of maturation 
cycles and alterations of gonads are important since such a study is aimed in understanding 
and predicting the annual changes of the population [5, 6, 7, 8]. Therefore, the objective of the 
present study is to investigate the event of spermatogenesis and the annual cyclical changes in 
the testis of Xenentodon cancila (Hamilton). Hopefully, such study will be useful in the 
development of spawning and population dynamics as well as management of this endemic 
fish species.  
 
2. Materials and Methods 
A total number of ten (10) adult male specimens of X. cancila (approximately 15 to 20 cm in 
length and 18 to 42 g weight) were collected from river Damodar, Burdwan, West Bengal, 
India during December 2012 to November 2013. After sacrificing the fish, the testicles were 
dissected out and the data on total body weight and testes weight were taken to the nearest 
milligram to calculate the mean gonadosomatic index (GSI) from the following formula: 
 

GSI = Weight of the testes   x 100 
Weight of the testes 

 
For histological studies immediately after collection the testes were quickly removed, cut into 
small pieces and were fixed in aqueous Bouin’s fluid for 18 hrs. After fixation the tissues were 
washed repeatedly in 70% ethanol, dehydrated properly through ascending series of ethanol, 
cleared in xylene and embedded in paraffin wax of 56-58 °C under a thermostat 
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vacuum paraffin embedding bath for a period of 1 hr. After 
routine histological procedure the deparaffinised sections were 
brought to water through descending series of ethanol and 
stained with Delafield’s haematoxylin-eosin and iron alum 
haematoxylin stain sections were dehydrated through upgraded 
ethanol series, cleared in xylene, mounted permanently with 
DPX and then examined and photographed under Olympus-
Tokyo PM 6 compound microscope. The diameter of various 
spermatogenic cells were measured with the help of reticulo-
micrometer and ocular micrometer. 
 
3. Results 
The testes of X. cancila remain attached to the body wall by 
means of mesenteries. Each testis is enclosed by an outer thin 
peritoneum beneath which there is an inner thick tunica 
albuginea made up of dense connective tissue. 
 
 

3.1. Gonadosomatic index (GSI) 
In the present study it has been observed that the values of GSI 
in X. cancila follow a regular cyclical change during growth, 
maturation, spawning and post-spawning phases. The lowest 
GSI value was noticed during the end of post spawning phase 
in November. During December i.e. early growth phase the 
mean GSI value increased subsequently. During the growth 
phase i.e. in January and February the GSI value recorded is 
gradually higher. However, from March onwards when the 
testes enter into the maturation phase GSI is gradually 
increased and in June GSI rises sharply. In July the testes are 
constituted with full of spermatids and spermatozoa and the 
GSI rises up to peak value and in August the GSI value shows 
a declining trend. In the post spawning period i.e. in 
September and October the GSI value is significantly declined 
as the testes suffered from a regression state (Table 1) (Fig. 
11). 
 

Table 1: Monthly variation of gonadosomatic index (GSI) of testis of Xenentodon cancila with average value of fish weight and testis weight.
  

Phase Month Fish weight (mean value in g) Testis weight (mean value in g) GSI (mean value) 

Post-Spawning 

September 17.250 0.036 0.210 ± 0.0105 
October 17.125 0.033 0.189 ± 0.0095 

November 17.777 0.033 0.187 ± 0.0094 
December 18.333 0.047 0.256 ± 0.0128 

Growth 
January 18.500 0.053 0.290 ± 0.0145 

February 36.667 0.147 0.399 ± 0.0199 
March 40.166 0.175 0.436 ± 0.0218 

Maturation 
April 37.400 0.182 0.486 ± 0.0243 
May 32.500 0.240 0.738 ± 0.0369 

Spawning 
June 23.750 0.247 1.042 ± 0.0521 
July 33.000 0.443 1.342 ± 0.0530 

August 18.600 0.187 1.007 ± 0.0504 
 

 
 
3.2. Histological architecture of the testicle 
Testis of X. cancila is composed of anastomosing network of 
different shaped seminiferous tubules, characterized with 
germinal epithelium and central lumen. Five types of germ 
cells viz, spermatogonia, primary spermatocytes, secondary 
spermatocytes, spermatids and spermatozoa are identified in 
the seminiferous tubules during different reproductive phases 
(Figs. 1, 3, 5 and 7). 
 
3.2.1 Spermatogonia 
These are the largest of all the spermatogenic cells, forming 
nest and attached to the inner margin of the lobule boundary 
wall. Each spermatogonium contains prominent cytoplasm and 
centrally placed nucleus. The diameter range of these cells 
varies from 15.3 × 11.60 µm to 20.5 × 17.03 µm (Figs. 1 and 
2). 
 
3.2.2 Primary spermatocyte  
The primary spermatocytes contain relatively lesser amount of 
cytoplasm and the nucleus is deeply stained with 
haematoxylin. These cells are almost oval or rounded and 
diameter varies from 9.32 × 8.2 µm (Figs. 1, 3 and 4). 
 
3.2.3 Secondary spermatocyte 
The secondary spermatocytes arising from the division of the 
primary spermatocytes are smaller and nearly spherical in 
shape. The cytoplasms of these cells are difficult to distinguish 
but the nucleus is condensed. The size of these cells 
approximately measure 3.61 × 4.23 µm (Figs. 1, 3 and 4). 

3.2.4 Spermatids 
The spermatids are further reduced in magnitude (2.91 × 2 
µm). These cells are deeply stained with iron alum 
haematoxylin (Figs. 3, 4 and 5). They are characterized with 
extremely compact and intense basophilic elliptical nuclei. 
 
3.2.5 Spermatozoa 
These are the eventual consequence of spermatogenesis and 
smallest one of all the spermatogenic cells with an average 
diameter of 1.90 ×1.72 µm. It has strong affinity to 
haematoxylin (Figs. 4, 7 and 8). 
 
3.2.6 Interstitial cells  
The interstitial cells are round or oval in shape and reside 
singly or in small groups between the lobular spaces and 
associated with the blood vessels (Figs. 3, 4, 5 and 8). The 
interstitial cells undergo changes in morphology in different 
seasons. 
 
3.3. Cyclical changes during spermatogenesis 
On the basis of gonadosomatic index (GSI) and the occurrence 
of various spermatogenic cells the reproductive phases of X. 
cancila can be dissevered in four phases: growth (December to 
February), maturation (March to May), spawning (June to 
August), post spawning (September to November). 
 
3.3.1. Growth phase (December to February) 
During early growth phase the predominant spermatogonia are 
arranged in a definite pattern and few spermatocytes and 
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spermatids are also present in between them (Figs. 1 and 2). In 
the late growth phase, the testis is characterized by the 
presence of all stages of the spermatogenic cells. The primary 
and secondary spermatocytes are gradually increased in 
number and cluster of spermatozoa can be seen inside the 
lumen (Fig. 3).    
 
3.3.2. Maturation phase (March to May) 
The lobule boundary wall of the testis has become 
considerably thin and spermatogonia cells are reduced in 
number and restricted along the boundary wall of the lobules. 
The spermatocytes are reduced considerably and gradually 
transformed into the spermatids and spermatozoa (Figs. 4 and 
5). The active interstitial cells are noticed in between the 
lobules (Fig. 5). 
 
3.3.3. Spawning phase (June to August) 
The lobule boundary wall is extremely thin and the 
spermatogenic activity within the lobules is at their peak. The 
spermatogonia are reduced in number (Fig. 6). The testicular 
lobules are full of spermatozoa (Fig. 7) and the maximum 
activity of interstitial cells can be seen in this stage adjacent to 
blood vessels as they increase in size (Fig. 8). 
 
3.3.4. Post spawning phase (September to November) 
The diameter of lobules decreases due to release of sperms and 
boundary wall gradually becomes thicker. The spermatogonial 
cells are present in clusters. The testicular lobules contain 
residual spermatozoa and few cysts of spermatids (Figs. 9 and 
10). The interstitial cells are considerably smaller in size (Figs. 9 
and 10). 
 

 
 
Fig 1: Arrangement of spermatogonial cells (SPG) around blood 
vessels (BV) during growth phase. Note prominent nucleus of SPG, 
cysts of primary spermatocytes (PSP), secondary spermatocytes 
(SSP), nest of spermatids (STD) and few spermatozoa (SPZ) (solid 
arrow); (HE) × 400X. 
 

 
 
Fig 2: Enlarge view of SPG around BV during growth phase with 
centrally placed nuclei (N) and STD. Note the presence of interstitial 
cell (IC) (solid arrow) in between the lobular space. Broken arrow 
indicates SPZ; (HE) × 1000X. 

 

 
 

Fig 3: Increased number of SSP, STD in between PSP and also cysts 
of SPZ (solid arrows) in the lumen of seminiferous lobules in the late 
growth phase. Broken arrow indicates IC in between the lobules; 
(IAH) × 400X. 
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Fig 4: Showing reduced number of SPG, PSP, SSP and increased 
number of STD and SPZ (broken arrows) in the lobules during 
maturation phase. Note active IC (solid arrows) in interlobular spaces; 
(IAH) × 400X. 
 
 

 
 

Fig 5: Showing packed STD and cysts of SPZ (solid arrows0 in the 
seminiferous tubules during late maturation phase. Broken arrows 
indicate active IC in between lobules; (IAH) × 400X. 
 

 
 

Fig 6: Showing cysts of SPZ (solid arrows) in between STD. Note 
few SPG and PSP in the testicular lobule during spawning phase. 
Broken arrows mark hyperactive IC; (HE) × 400X. 

 
 
 

 
 

Fig 7: Showing dense aggregation of SPZ (solid arrows) within the 
testicular lobules during spawning phase; (IAH) × 200X. 
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Fig 8: Maximum population of SPZ (solid arrows) with deeply 
stained sperm head during spawning phase. Note the presence of new 
crops of SPG and hypertrophied IC adjacent to BV; (HE) × 400X. 

 
 
 

 
 

Fig 9: Showing residual SPZ (solid arrows) along with few STD 
within the lobules during post-spawning phase. Note the cysts of SPG 
and IC along the lobule boundary wall; (IAH) × 400X. 

 

 
 

Fig 10: Testicular lobule with residual SPZ (solid arrows) and few 
STD during post-spawning phase. Note the presence of clusters of 
SPG adjacent to lobule boundary wall. Broken arrows mark IC; (HE) 
× 400X. 

 
 

 
 

Fig 11: Variations of gonadosomatic index (GSI) of male Xenentodon 
cancila during different months. 

 
 

4. Discussion 
The present histological studies have revealed the fact that X. 
cancila is a seasonal breeder and the testes exhibit remarkable 
variations in their size and volume. Prior to spawn the testes 
undergo preparatory stages during the remaining part of the 
season which includes various degrees of cytological changes 
in relation to spermatogenetic activity. Accordingly the GSI 
values vary greatly during the different months of the year. It  
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remains very low in post spawning phase when the 
spermatogenic activities are almost ceased. The testes 
gradually increase in volume and weight from the growth 
phase and the GSI value gradually increases in the late 
maturation and becomes highest during the spawning phase. 
This phenomenal variation in the testis is due to active 
proliferation of the later stages of spermatogenetic cells. 
Similar changes of the GSI values in relation to 
spermatogenetic activity in the testis of different teleosts have 
also been observed by Thakur [9], Jayaprakash and Nair [10], 
Mukhopadhyay and Sinha [11], Chakrabarti and Gupta [12], 
Rheman et al. [13], Chakrabarti and Bose [14]. On the basis of 
GSI value it has been observed that peak level of GSI in the 
month of June and July is closely related with the maturity and 
spermiation of the fish under study. Similar observations have 
been recorded by Llewellyn [15], Pollock [16]. According to 
Hoar [17] spermatozoa are formed from spermatogonia through 
a series of cytological changes known as spermatogenesis. In 
the present investigation the dormant nests of spermatogonia 
occur in the post spawning period.  Similar type of dormant 
spermatogonia has been reported in other teleosts by Htun-Han 
[18], Sinha and Mandal [19], E1-Boray [20]. In the present 
investigation, the seminiferous lobules of the testes of X. 
cancila are of cystic type. During the process of differentiation 
of spermatogonia to spermatozoa within the cyst the cytoplasm 
and nuclei of spermatogonia progressively decrease in size and 
volume and finally the spermatids are metamorphosed into 
spermatozoa. The cystic type testes have also been reported by 
Loir et al. [21], Chaves-Pozo et al. [22], Suwanjarat et al. [23] and 
Van Dyk and Pieterse [24]. 
On the basis of spermatogenic activity of testicular lobules and 
variations in GSI values obtained in the present study the 
entire reproductive cycle is divided into four distinct phases’ 
viz., growth, maturation, spawning and post spawning. Similar 
division has also been observed by some workers [18, 25, 26]. In 
the present study growth phase in characterized by maximum 
number of spermatogonial cells. However, gradual cellular 
activity is found to be associated with the testicular lobules 
during the late growth phase which in turn is characterized by 
an increased activity in the conversion of spermatogonia to 
primary and secondary spermatocytes, few spermatids and 
spermatozoa. The number of spermatocytes increases 
gradually reaching the maximum number in the maturation 
phase. However, during the end of this phase the secondary 
spermatocytes are rarely seen and enormous number of cysts 
of spermatids and spermatozoa are almost completely filled up 
the entire lumen of testicular lobules. Similar feature has also 
been reported by Dziewulska and Domagala [27] in salmonid 
testes. The early spawning phase characterized by the presence 
of maximum number of spermatozoa and spermatids in the 
testicular lobules of X. cancila. This is due to the rapid 
spermiogenesis, during this phase [27]. The spermatogenic 
activity is decreased sharply following the regressive period 
and the testes finally enter into the post spawning phase. This 
phase is characterized by almost empty follicles containing 
residual spermatozoa and few cysts of spermatids along with 
few dormant spermatogonial cells. Davis [28] and Dziewulska 
and Domagala [27] opined that the mature spermatozoa are 
released from gonads during spawning but some spermatozoa 
are always left in the testis. They are observed in the gonads 
for a long period until the beginning of a new spermatogenetic 
cycle. Similar testicular cycles have been reported in different 
teleosts [23, 29, 30, 31]. In the present study the variations of 
number and size of interstitial cells have been observed 

corresponding to the changes in the state of spermatogenesis. 
The number and size of the cells undergo enlargement during 
maturation and spawning period thus indicating their role in 
spermatogenesis. Chung et al. [32] opined that the interstitial 
Leydig cells are typical steroidogenic cells exhibiting several 
cytoplasmic characteristics and are actively involved in 
spermatogenesis in male.  
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