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ABSTRACT

 The present study was conducted on testes of 24 buffaloes during summer, autumn, winter and spring seasons. The tissue samples were fixed 
in 10% neutral buffered formalin (NBF) and processed as per acetone benzene schedule. The present study revealed moderate morphological 
alterations in the spermatogenic cells during different seasons. In summer season, there was decrease in the spermatogenesis with few Leydig cells in 
the interstitial tissue. The elongated spermatids were deeply stained and remained attached to the Sertoli cells during summer and showed 
morphological deformities. During autumn and spring season, the seminiferous tubules showed moderate proliferation in the process of 
spermatogenesis, whereas in winter, the seminiferous tubules were larger in size and contained all types of spermatogenic cells and deeply stained 
spermatids in their lumen.  All the stages of seminiferous epithelial cycle were differentiated and different cell types were seen during winter season 
but there was reduction in different spermatogenic cells in other seasons. The difference in the morphological status of active spermatogenesis during 
different seasons may be correlated with the production of spermatozoa, semen plasma and testosterone during different seasons. 

Keywords: Buffalo testis, Morphology, Seasons
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 Testis is the main organ responsible for production 

of testosterone and spermatozoa, hence performing both 

endocrine and exocrine functions. The testicular 

parenchyma is composed of seminiferous tubules from 

which spermatozoa are  produced to  maintain 

spermatogenesis and Leydig cells for production of 

testosterone required for male sexuality (Hafez and Hafez, 

2000). In available literature, most of the studies have been 

made on the histomorphology and histochemistry of testis 

in buffalo (Singh, 1996) and in cattle bull (Gofur et al., 

2008), the earlier studies indicated that the testicular 

morphology changed with respect to the season of the year 

in Ram (Colas et al., 1986), Buck (Bitto and Egbunike, 

2006), Gaddi goat and Gaddi sheep (Sudhakar et al., 2010) 

and Brahman and Hereford bull (Godfrey et al., 1990). But 

scanty information is available on the seasonal effect on 

the morphological and histomorphometric aspects on 

testis of buffalo bull (Arrighi et al., 2010). So the present 

study was conducted to study the effect of season on 

testicular morphology in buffalo bulls to improve the male 

fertility.

MATERIALS AND METHODS

 The present study was conducted on right and left 

testes from 24 buffaloes slaughtered at slaughter house 

Dera Bassi. Depending upon the season of the year, the 

animals were divided into four groups with six animals in 

each group viz. Group I: Spring season (from March to 

May), Group II: Summer seasons (from June to August), 

Group III: Autumn season (from September to November) 

and Group IV: Winter (from December to February). 

Immediately after collection, the samples were fixed in 

10% neutral buffered formalin (10% NBF) and were 

processed for paraffin blocks preparation by acetone 

benzene schedule (Luna, 1968). The paraffin sections of 

5-6 µm were obtained on glass slides with the help of 

rotary microtome and were stained with Hematoxylin and 

eosin to observe the routine histomorphology, Masson’s 

Trichrome for collagen fibres, Gridley’s for reticular 

fibres, Verhoeff’s for elastic fibres and Holmes’s for 

neuronal elements. Micrometrical parameters were 

recorded on Hematoxylin and eosin stained sections by 

means of standard method of micrometry using Nikon 80i 

camera mounted microscope with the help of image J 

software

RESULTS AND DISCUSSION

 Seminiferous tubules were lined by stratified 

germinal epithelium surrounded by lamina propria. The 

seminiferous tubules consisted of two types of cells: (i) 

Sustentacular cells/Sertoli cells (ii) Spermatogenic cells

Sustentacular cells: The sustentacular cells were 

irregularly columnar cells that extended from the basal 

lamina to the lumen of tubules. The oval or spherical 

nucleus was located near the base. The recesses on their 

cell membrane were occupied with the spermatogenic 

cells of different shapes. At the apical region of their 

cytoplasm many sperms were embedded as recorded by 

Banks (1993) in domestic animals, while Bacha and Bacha 

(2000) mentioned that the nucleus of the Sertoli cells was 

triangular or oval with prominent nucleolus. Kishore et al. 

(2007) in ram reported that the Sertoli cells were elongated 

with ellipsoidal shaped nuclei. The number and size of *Corresponding author: bansal.neelam@rediffmail.com
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Sertoli cells was more during spring (Fig. 1), autumn 

(Fig. 3) and winter (Fig. 4) than summer season (Fig. 2).

Spermatogenic cells: The spermatogenic cells were 

situated between the Sertoli cells in an orderly manner with 

four to eight layers occupying the space between the basal 

lamina and lumen of seminiferous tubules. These findings 

are similar to the observation of Gofur et al. (2008) in bull 

and Archana et al. (2014) in goat testis. The primitive germ 

cells or spermatogonia, from which all of the spermatozoa 

were ultimately derived, were located directly inside the 

basement membrane. They were spherical or cuboidal in 

shape and had spherical nuclei. The primary spermatocytes 

were next to the spermatogonia on their inner side. These 

were large cells with round or spherical nuclei. They had 

the biggest nuclei than the nuclei of other spermatogenic 

cells. The meiotic phase of primary spermatocytes was 

well recognized in different stages of the tubules. The 

secondary spermatocytes were internal to the primary 

spermatocytes and smaller than the primary spermatocytes 

but larger than the round spermatids. They were rounded in 

shape and their nuclei were spherical with centrally 

located small dot like of chromatin. The cytoplasm was 

scanty and eosinophillic. The spermatids adjoined the 

lumen of the tubules were easily recognized by their small 

size which were of round and elongated type. The round 

spermatids were smallest cells of the spermatogenic series. 

Which was in agreement with the findings reported by 

Bordalai (1979) in goat, Kaur (2006) in buffalo fetus, 

Kishore (2006) in sheep and Lambate (2012) in pigs. The 

location of spermatozoa was found in the lumen of the 

tubules. These findings were similar to the observations of 

Hafez and Hafez (2000) in domestic animals and Gofur et 

al. (2008) in bull.

 The present study revealed moderate morphological 

alterations in the spermatogenic cells during different 

seasons. In summer season there was decline in the 

spermatogenesis with few Leydig cells in the interstitial 

tissue (Fig. 2). The elongated spermatids were deeply 

stained and remained attached to the Sertoli cells during 

summer and showed morphological deformities. During 

autumn and spring season the seminiferous tubules 

showed moderate proliferation in the process of 

spermatogenesis (Figs. 1 and 3) whereas in winter season 

normal spermatogenesis was observed (Fig. 4). The 

seminiferous tubules were larger in size and contained all 

types of spermatogenic cells and deeply stained spermatids 

in their lumen during this season as reported in Iraqi 

buffalo bull (Ibrahim et al., 2013).

Seminiferous epithelial cycle: The stages of seminiferous 

epithelial cycle in different seasons were recognized based 
on their morphology. The primitive germ cells or 
spermatogonia, from which all of the spermatozoa were 
ultimately derived, were located directly inside the 
basement membrane. They were spherical or cuboidal in 
shape and had spherical nuclei. The primary spermatocytes 
were next to the spermatogonia on their inner side. They 
were large cells and their nuclei were round or spherical. 
They had the biggest nuclei than the nuclei of other 
spermatogenic cells. The meiotic phase of primary 
spermatocytes was well recognized in different stages of 
the tubules. The leptotene primary spermatocytes were 
uniformly rounded cells with spherical nuclei. The 
cytoplasm was lightly stained and formed a thin periphery 
around the nucleus. The zygotene primary spermatocytes 
were marked by darkly stained nuclei and cytoplasm was 
pale stained. The pachytene primary spermatocytes were 
characterized by large spherical cells and their nuclei were 
uniformly spheroids. The nuclear envelope was indistinct 
and nucleoli were small and faintly stained. The diplotene 
primary spermatocytes were characterized by their largest 
size of the spermatogenic series. They were lightly stained 
than pachytene nuclei. The secondary spermatocytes were 
internal to the primary spermatocytes and smaller than the 
primary spermatocytes but larger than the round 
spermatids. They were rounded in shape and their nuclei 
were spherical with centrally located small dot like of 
chromatin. The cytoplasm was scanty and eosinophillic. 
The round and elongated type spermatids adjoined the 
lumen of the tubules were easily recognized by their small 
size. The round spermatids were smallest cells of the 
spermatogenic series with spherical nuclei and thin 
peripheral cytoplasm rim. The aggregated chromatin 
particles were stained much more intensely than the 
surrounding nuclear matter. The nuclear membrane was 
thin and prominent. The elongating spermatids were 
characterized by their elongating nuclei and the elongated 
spermatids were characterized by elongated nuclei with 
condensed chromatin. They stained more deeply and 
usually remain attached to the Sertoli cells. Thereafter, 
they migrated centripetally towards the lumen of the 
tubules. Before release as mature spermatozoa, they were 
seen in the lumen with detached acidophillic cytoplasmic 
masses. All the stages of seminiferous epithelial cycle 
were differentiated and different cell types were seen 
during winter season but there was reduction in different 
spermatogenic cells in other seasons (Figs 1, 2, 3 and 4). 
The lumen of seminiferous tubules showed less number of 
elongated spermatids during spring and autumn season. 
The difference in the morphological status of active 

203

Figs. 1. Folding of basement membrane (BM), moderate number of spermatogenic cells with primary spermatocytes (PS), round spermatids, Sertoli 
cells (S) and Leydig cells (L) during spring season. Hematoxylin and Eosin stain x 400;  2. Decrease in the spermatogenic cells with few deeply 
stained elongated spermatids (ES) in the seminiferous tubules and with few Leydig cells (L) in the interstitial tissue (IT) and Sertoli cells (S) during 
summer season. Hematoxylin and Eosin stain x 400;  3. Elongated seminiferous tubules (EST) with moderate proliferation of spermatogenic cells 
and sertoli cells (S) during autumn season. Hematoxylin and Eosin stain x 400;  4. Increase in the dividing stages of spermatogenic cells, deeply 
stained spermatozoa in lumen and  spermatogonia (SG) resting on smooth basement membrane (BM), more number of Leydig cells (L) in interstitial 
tissue (IT) and Sertoli cells (S) during winter season. Hematoxylin and Eosin stain x 400;  5. Leydig cells (L) present in small groups light or dark 
stained in the interstitial tissue (IT), 1-2 layers of peri-tubular cells (PT) and elongated spermatids (ES) during autumn season. Hematoxylin and 
Eosin stain x 400;  6. Increase in the number of Leydig cells (L), 2-3 layers of peri-tubular cells (PT) and deeply stained spermatids (SD) in 
seminiferous tubules during winter season. Hematoxylin and Eosin stain x 400;  7. Increase in amount of interstitial tissue (IT) and folding of 
basement membrane (BM) during spring season. Hematoxylin and Eosin stain x 400;  8. Decrease in number of Leydig cells (L) in interstitial tissue 
(IT) during summer season. Hematoxylin and Eosin stain x 400;  9. Presence of collagen fibres (CF) in the basement membrane of seminiferous 
tubules and interstitial tissue (IT) during winter season. Masson’s Trichrome stain x 100;  10. Reticular fibres (RF) surrounding the basement 
membrane (BM) of seminiferous tubules and in the interstitial tissue (IT) during spring season. Gridley’s stain x 100;  11. More amount of collagen 
fibres (CF) observed near blood vessels (BV) in the interstitial tissue during winter season. Masson’s Trichrome stain x 100;  12. Interstitial tissue 
comprised of smooth muscle fibres (SMF) and few elastic fibres (EF) in the tunica intima of blood vessels during spring season. Verhoeff’s stain x 400
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spermatogenesis during different seasons may be 
correlated with the production of spermatozoa, semen 
plasma and testosterone during different seasons.

Basement membrane: The seminiferous tubules were 

surrounded by peritubular tissue which was made up of 

basal lamella and cellular layer. Basal lamella was 

composed of mainly collagen and elastic fibres with few 

reticular and nerve fibres. These findings are in accordance 

with the reports of Hafez and Hafez (2000), Eurell and 

Frappier (2006) in domestic animals and Lambate (2012) 

in pigs.

 The amount of collagen and elastic fibres were more 

in basal lamina of winter, spring and autumn season (Fig. 

9), whereas the reticular fibres were comparatively more in 

summer and winter than other season (Fig. 10). Amount of 

nerve fibres were more in basal lamina of seminiferous 

tubules during spring than summer season. Skinner et al. 

(1985) suggested that basal lamina underlying seminiferous 

tubular epithelium was a shared product of Sertoli cells and 

peritubular cells in post natal life. The basement 

membrane showed folding separating each of the tubules 

from adjacent tissue in spring season, however no such 

folding was observed during any other seasons.

Peritubular tissue: Peritubular tissue consisted of inner 

non-cellular layer and outer layer of myoid and fibroblast 

cells. The myoid cells were elongated and situated as a 

single layer external to the seminiferous tubules during 

summer season (Fig. 2) but in other seasons double layer of 

myoid cells was observed (Figs. 3, 4 and 5).  Peritubular 

tissue was more in autumn and winter than spring and 

summer. Similar findings have been reported by Kishore 

(2006) in sheep. According to Kaur (2006) peritubular 

cells may be responsible for maintaining the structural 

integrity of seminiferous tubules.
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ultimately derived, were located directly inside the 
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shape and had spherical nuclei. The primary spermatocytes 
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seen in the lumen with detached acidophillic cytoplasmic 
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spermatogenic cells in other seasons (Figs 1, 2, 3 and 4). 
The lumen of seminiferous tubules showed less number of 
elongated spermatids during spring and autumn season. 
The difference in the morphological status of active 
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Figs. 1. Folding of basement membrane (BM), moderate number of spermatogenic cells with primary spermatocytes (PS), round spermatids, Sertoli 
cells (S) and Leydig cells (L) during spring season. Hematoxylin and Eosin stain x 400;  2. Decrease in the spermatogenic cells with few deeply 
stained elongated spermatids (ES) in the seminiferous tubules and with few Leydig cells (L) in the interstitial tissue (IT) and Sertoli cells (S) during 
summer season. Hematoxylin and Eosin stain x 400;  3. Elongated seminiferous tubules (EST) with moderate proliferation of spermatogenic cells 
and sertoli cells (S) during autumn season. Hematoxylin and Eosin stain x 400;  4. Increase in the dividing stages of spermatogenic cells, deeply 
stained spermatozoa in lumen and  spermatogonia (SG) resting on smooth basement membrane (BM), more number of Leydig cells (L) in interstitial 
tissue (IT) and Sertoli cells (S) during winter season. Hematoxylin and Eosin stain x 400;  5. Leydig cells (L) present in small groups light or dark 
stained in the interstitial tissue (IT), 1-2 layers of peri-tubular cells (PT) and elongated spermatids (ES) during autumn season. Hematoxylin and 
Eosin stain x 400;  6. Increase in the number of Leydig cells (L), 2-3 layers of peri-tubular cells (PT) and deeply stained spermatids (SD) in 
seminiferous tubules during winter season. Hematoxylin and Eosin stain x 400;  7. Increase in amount of interstitial tissue (IT) and folding of 
basement membrane (BM) during spring season. Hematoxylin and Eosin stain x 400;  8. Decrease in number of Leydig cells (L) in interstitial tissue 
(IT) during summer season. Hematoxylin and Eosin stain x 400;  9. Presence of collagen fibres (CF) in the basement membrane of seminiferous 
tubules and interstitial tissue (IT) during winter season. Masson’s Trichrome stain x 100;  10. Reticular fibres (RF) surrounding the basement 
membrane (BM) of seminiferous tubules and in the interstitial tissue (IT) during spring season. Gridley’s stain x 100;  11. More amount of collagen 
fibres (CF) observed near blood vessels (BV) in the interstitial tissue during winter season. Masson’s Trichrome stain x 100;  12. Interstitial tissue 
comprised of smooth muscle fibres (SMF) and few elastic fibres (EF) in the tunica intima of blood vessels during spring season. Verhoeff’s stain x 400
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plasma and testosterone during different seasons.
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from adjacent tissue in spring season, however no such 

folding was observed during any other seasons.

Peritubular tissue: Peritubular tissue consisted of inner 
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cells. The myoid cells were elongated and situated as a 

single layer external to the seminiferous tubules during 

summer season (Fig. 2) but in other seasons double layer of 

myoid cells was observed (Figs. 3, 4 and 5).  Peritubular 

tissue was more in autumn and winter than spring and 

summer. Similar findings have been reported by Kishore 

(2006) in sheep. According to Kaur (2006) peritubular 

cells may be responsible for maintaining the structural 

integrity of seminiferous tubules.
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Interstitial tissue: The interstitial tissue was observed in 

space present between the seminiferous tubules, which 

consisted of cellular and fibrous components and blood 

and lymph vessels in loose connective tissue. The cellular 

component consisted mainly of mesenchymal cells, 

fibroblasts and the interstitial cells or the Leydig cells. The 

Leydig cells of different shapes and size were either seen 

as clusters or randomly scattered. These cells were 

polymorphous with light or dark stained spherical and 

eccentric nuclei and granular cytoplasm located in small 

groups around the blood vessels in the interstitial space 

(Figs. 5, 6, 7 and 8). Similar findings were recorded by 

Banks (1993) in domestic animals, Bacha and Bacha 

(2000) and Eurell and Frappier (2006) in domestic 

animals. The presence of these cells in close proximity of 

blood vessels indicated their endocrine nature as described 

by Kaur (2006) in buffalo fetal testis. It was also observed 

that these Leydig cells were more in number and size in 

autumn and winter season than summer and spring season. 

As the Leydig cells were androgen producing cells so their 

number was increased in winter indicating more sexual 

activity in this season. The fibrous component consisted 

mainly of collagen fibres and a few elastic (Figs. 11 and 

12) and reticular fibres. The collagen fibres predominate 

over the reticular fibre in this network. The amount of 

collagen fibres were more in winter and spring but 

relatively less in autumn season. However, collagen fibres 

were not demonstrable in interstitial tissue during summer 

season. The elastic fibres were seen in abundance in tunica 

intima and tunica media of blood vessels during autumn 

and winter season than spring and summer. Blood vessels 

and lymphatics were also seen in the loose connective 

tissue. Similar findings have been reported by Kishore et 

al. (2007) in sheep that the intertubular area decreased as 

the age advances.
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ABSTRACT

 The monocytes were oval in outline in horse whereas irregularly spherical in dog. The cytoplasmic processes were few and comparatively 
smaller in size in horse however, comparatively numerous and longer in dog. The nucleus was comparatively smaller in size and more eccentrically 
placed, varied in shape and generally deeply indented in horse. The nuclear membrane was well distinct in horse and poorly visible in dog. The 
heterochromatin and euchromatin were distributed in patches in horse while heterochromatin was peripherally located and euchromatin was 
centrally located in dog. The cytoplasm showed very few large sized electron dense granules in horse however granules were smaller in size in dog. 
The mitochondria were comparatively larger in size in horse however, vacuoles were numerous in dog.

Keywords: Dog, Horse, Monocytes, Transmission electron microscopy
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 Examination of blood is vital to assess the general 
health and diagnosis of haematological diseases. The 
monocytes are the second line of cellular defense and are at 
times also referred as scavenger cells. The ultrastructural 
studies of blood cells of different domestic animals and 
birds, viz. canine (Sonoda and Kobayashi, 1970), camel 
(Singh et al., 1997), buffalo calves (Singh, 2000), black 
bear (Salakij et al., 2005), fishing cat (Prihirunkit et al., 
2007), macaque (Sakulwira et al., 2008) and pig ( Mehta et 
al., 2013) have been documented. References on blood 
cells of horse and dog are meager. Hence, the present study 
was conducted to explore its application in various fields 
of veterinary sciences.

MATERIALS AND METHODS

 The study was conducted on 6 apparently healthy 
horses and dogs maintained at College of Veterinary 
Sciences and Animal Husbandry, Kanke, Ranchi as well as 
nearby villages. Five ml of blood was taken from the 
jugular vein in horse and sephanous vein in dog, in a 
sterilized and siliconized tube containing EDTA as 
anticoagulant and centrifuged at 3000 rpm for 30 minutes. 
The excess of plasma was drained off leaving a small 
amount over the buffy coat. Then 2–3 ml of modified 
Karnovsky’s fluid was poured along with the sides of test 
tube drop by drop without disturbing the buffy coat for 
fixation and formation of buffy coat plug. The buffy coat 
plug was taken out of the tube with the help of hooked 
needle or wire and placed in petri dish containing 
phosphate buffer. The plug was cut into thin and small 
slices of approximately 1 mm thickness. The samples were 
submitted in phosphate buffer at pH 7.2 to the electron 
microscopy facility at AIIMS, New Delhi for further 
processing and sectioning of the blood cells for the 

transmission electron microscopic studies. The samples 
were dehydrated in graded acetone solutions and 
embedded in beam capsule. Ultrathin sections of 60–80 
nm thickness were cut and stained in alcoholic uranyl 
acetate and lead citrate. These sections were then placed on 
grids and examined under JEOL electron microscope at 
College of Veterinary Sciences, G.B. Pant University of 
Agriculture and Technology, Pantnagar.

RESULTS AND DISCUSSION

 The monocytes were oval in outline in horse, whereas 
irregularly spherical in dog. Mehta et al. (2013) described 
that the monocytes of pig were spherical in out line with 
slight distortion. The cytoplasmic processes were few and 
comparatively smaller in size in horse (Fig. 1) however, 
comparatively numerous and longer in dog (Fig. 2). Mehta 
et al. (2013) described that the cytoplasmic processes were 
comparatively long which varied in shape, size and 
number in case of pig. The nucleus was comparatively 
smaller in size and more eccentrically placed, varied in 
shape and generally deeply indented in horse (Fig. 1). 
Yamada (1970) reported that horse shoe shaped nuclei in 
the sheep monocytes. Salakij et al. (2005) stated that black 
bear monocytes showed variable shaped nuclei. Gupta and 
Singh (2008) observed that the nucleus of guinea fowl 
monocyte was kidney shaped and indented. Sakulwira et 
al. (2008) reported that under electron microscope, the 
nucleus of monocytes of macaque appeared irregular. 
Mehta et al. (2013) described that the nucleus varied in 
shape and generally deeply indented in pig. The nuclear 
membrane was well distinct in horse (Fig. 1) and poorly 
visible in dog (Fig. 2). Mehta et al. (2013) described that 
in case of pig the nuclear membrane was distinct with 
distinct nuclear pores. The heterochromatin and 
euchromatin were distributed in patches in horse (Fig. 1) 
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