
196

REFERENCES

Bahrami, S. and Alborzi, A.R. (2013). Prevalence of subclinical 
coccidiosis in river buffalo calves of southwest of Iran. Acta 
Parasitol. 58(4): 527-530.

Cardim, S.T., Seixas, M., Tabacow, V.B.D., Taroda1, A., Carneiro, P.G., 
Martins, T.A., Barros, L.D.D., Minutti, A.F., Chryssafidis, A.L., 
Vidotto, O. and Garcia, J.L. (2018). Prevalence of Eimeria spp. 
in calves from dairy farms in northern Parana state, Brazil. Braz. 
J. Vet. Parasitol. 27(1):119-123.

Cruvinel, L.B., Nicaretta, J.E., Bastos, T.D.S.A., Couto, L.F.M., Santos, 
J.B.D., Zapa, D.M.B., Cavalcante, A.S.D.A., Cruz, B.C., 
Borges, D.G.L., Borges, F.D.A., Soares, V.E. and Lopes, W.D.Z. 
(2018). Eimeria species in dairy and beef cattle of different ages 
in Goias state, Brazil. Braz. J. Vet. Parasitol. 27(2): 169-176.

D.O.A., Govt. of Rajasthan (2016-17). www.agriculture.rajasthan.gov.in.

Das, M., Deka, D.K., Sarmah, P.C., Islam, S. and Sarma, S. (2015). 
Diversity of Eimeria spp. in dairy cattle of Guwahati, Assam, 
India. Vet. World. 8(8): 941-945.

Daugschies, A., and Najdrowski, M. (2005). Eimeriosis in cattle: 
current understanding. J. Vet. Med. 52(10): 417-427.

Farkas, R., Szeidemann, Z. and Majoros, G. (2007). Studies on 
coccidiosis of calves in Hungarian dairy farms. Parasitol. Res. 
101: S113-S120.

Gupta, A., Singh, N.K., Singh, H. and Rath, S.S. (2016). Assessment of 
risk factors associated with prevalence of coccidiosis in dairy 
animals of Punjab. J. Parasit. Dis.  40(4): 1359-1364.

Heidari, H. and Gharekhani, J. (2014). Detection of Eimeria species in 
Iranian native cattle. Int. J. Adv. Res. 2(7): 731-734.

Marskole, P., Verma, Y., Dixit, A.K., and Swamy, M. (2016). Prevalence 
and burden of gastrointestinal parasitesin cattle and buffaloes in 

Jabalpur, India. Vet. World. 9(11): 1214-1217.

Monika, Gupta, A., Pilania, P.K., Kumar, N., Parmar, K.P. and Manohar, 
G.S. (2017). Studies on prevalence of gastrointestinal helminth 
infections and their associated risk factors in dairy animals of 
semi-arid eastern plains of Rajasthan. Rumin. Sci. 6(1): 55-62.

Murthy, C.K. and D’Souza, P.E. (2016). Prevalence of gastrointestinal 
parasites in bovines in Bangalore district, Karnataka. J. Parasit. 
Dis. 40(3): 630-632.

Nain, N., Gupta, S.K., Sangwan, A.K. and Gupta, S. (2017). Prevalence 
of Eimeria species in buffalo calves of Haryana. Haryana Vet. 
56(1): 5-8.

Nalbantoglu, S., Sari, B., Cicek, H. and Karaer, Z. (2008). Prevalence of 
coccidian species in the water buffalo (Bubalus bubalis) in the 
province of Afyon, Turkey. Acta Veterinaria Brno. 77: 111-116.

Renwal, K.K., Gupta, A. and Kumar, N. (2017). Prevalence and risk 
assessment of gastrointestinal helminthoses in dairy animals of 
Bikaner, Rajasthan. J. Parasit. Dis. 41(2): 557-561.

Soulsby, E.J.L. (1986). Helminths, Arthropods and Protozoa of 
thDomestic Animals, (7  Edn.), Bailliere, Tindall and Cassell, 

London.

Squire, S.A., Amafu-Dey, H. and Beyuo, J. (2013). Epidemiology of 
gastrointestinal parasites of cattle from selected locations in 
Southern Ghana. Livest. Res. Rural Dev. 25(7): 117.

Taylor, M.A., Coop, R.L. and Wall, R.L. (2007). Veterinary 
rdParasitology, (3  Edn.), Blackwell Publishing Ltd. 9600 

Garsington Road, Oxford ox4 2DQ, UK. pp. 838-839.

Waruiru, R.M., Kyvsgaard, N.C., Thamsborg, S.M., Nansen, P., Bogh, 
H.O., Munyua, W.K. and Gathuma, J.M. (2000). The prevalence 
and intensity of helminth and coccidial infections in dairy cattle 
in central Kenya. Vet. Res. Commun. 24(1): 39-53.

197

ABSTRACT

 The study was conducted on corpus epididymis of twelve buffaloes collected from abattoir during four seasons of year;Group-I Spring season 
(February-April), Group-II Summer season (May-July), Group-III Autumn season (August-October) and Group-IV Winter season (November-
January). The cryostat sections of 10 µm thickness were cut at -20 °C and incubated in different substrates for demonstration of phosphatases, 
oxidoreductases and esterases. The study revealed a higher activity of phosphatases (AKPase, G-6-Pase), oxidoreductases (SDH, LDH, G-6-PD), 
diaphorase (NADH, NADPH) and esterases (NSE) in body of epididymis during winter season, followed by autumn, spring and summer. The 
increased activity of these enzymes may be correlated with increased reproductive activity of buffalo bulls during winter season.

Keywords: Buffalo, Epididymis, Histoenzyme, Seasonal study
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 The epididymidis provides a favorable milieu for the 
morphologic and physiologic maturation of the 
spermatozoa. It is the site where re-absorption of the 
testicular fluid and secretory activities occur, benefiting 
the maturational process of the spermatozoa (Cooper, 
2007). The morphology and function of the epididymis in 
seasonally reproducing animals change analogue to the 
testicular tissue (Aguilera-Merlo et al., 2005). Seasonal 
variations of genitalia could represent an interesting aspect 
affecting fertility, which might influence the quality of 
semen and, in turn, the chance of cryopreservation (Yasuo 
et al., 2006). In literature histoenzymic distribution of 
phosphatases and oxidoreductases in epididymis have 
been reported in buffalo (Singh and Dhingra, 1971; Goyal 
and Dhingra, 1974 and Singh, 1989), goat (Karmore et al., 
2015), donkey (Uppal et al., 2002 and Bansal et al., 2003), 
ram (Kishore et al., 2012) and camel (Ahmed et al., 2013) 
but very few reports (Kaur et al., 2018) could be traced out 
regarding seasonal variation in histoenzymic activity in 
epididymis, so the present work was planned.

MATERIALS AND METHODS

 The study was conducted on corpus epididymis of 
twelve adult buffalo bulls collected from slaughter house 
during different seasons of the year divided into four 
groups i.e. Group-I Spring season (February-April), 
Group-II Summer season (May-July), Group-III Autumn 
season (August-October) and Group-IV Winter season 
(November-January). The tissues were collected 
immediately after slaughter and cryostat sections of 10 µm 
thickness of fresh tissues were cut at -20 °C. The sections 
were incubated in different substrates for demonstration of 
enzymes viz; alkaline phosphatase (AKPase), glucose-6-
phosphatase (G-6-Pase) by coupling azodye method 

(Barka and Anderson, 1963), succinate dehydrogenase 
(SDH), lactate dehydrogenase (LDH), glucose-6-
phosphate  dehydrogenase  (G-6-PD) ,  reduced 
nicotinamide adenine dinucleotide diaphorase (NADH-
diaphorase), reduced nicotinamide adenine dinucleotide 
phosphate diaphorase (NADPHdiaphorase) (Pearse, 
1972) and non-speciûc esterase (NSE) by naphthol acetate 
method (Barka and Anderson, 1963).

RESULTS AND DISCUSSION

 The histoenzymic activity of different phosphatases, 
oxidoreductases and esterases in corpus epididymis during 
spring, summer, autumn and winter season has been 
summarized in Table 1.

Phosphatases

Alkaline phosphatase

 Tunica albuginea of corpus epididymis was weak to 
moderately positive in all the seasons. Activity in 
epithelium of corpus epididymis was moderate to strong in 
summer (Fig.1) but strong during autumn and winter 
seasons (Fig. 2). While the blood vessels showed strong 
activity during winter season. Singh and Dhingra (1971) 
observed that AKPase activity was more intense in the 
head and body than in tail region of the epididymis. The 
activity was more pronounced during the winter season 
followed by autumn, spring and summer season which 
suggested the high reproductive activity in the winter 
months when the epithelium of epididymis was actively 
involved in the process of fluid reabsorption and transport 
across membranes. Connective tissue was weakly positive 
in all the seasons as reported by Goyal and Dhingra (1974) 
in buffalo epididymis. Earlier Tingari and Moniem (1979) 
reported that sub epithelial tissue, blood vessels, 
stereocilia and luminal contents showed highest activity of 
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AKPase in the proximal part of the middle segment of the 
camel epididymis. In the present study, luminal 
spermatozoa were weakly positive in all the seasons 
whereas Alsum and Hunter (1978) reported that luminal 
contents of the ductuli efferentes and epididymis of rhesus 
monkey had a high alkaline phosphatase activity.

Glucose -6- phosphatase

 A weak activity of G-6-Pase in the tunica albuginea 
was observed in all seasons. The activity was slightly more 
in epithelium during winter season. Whereas connective 
tissue, blood vessels, peritubular muscle layer and luminal 
contents in all the seasons were weakly positive as reported 
earlier by Singh (1989) in buffalo epididymis whereas 
Kanai et al. (1981) reported a moderate activity in 
principal cells of mouse epididymis and Rajani et al. 
(2008) observed higher activity in basal cells of rat 
epididymis.

Oxidoreductases

Succinate Dehydrogenase

 The activity of SDH was increased in epithelium 

during winter season which suggested the active role of the 

epithelium during the period of highest epididymal 

activity (Figs. 3, 4). SDH is a mitochondrial enzyme and is 

involved in kreb’s cycle. It functions not only in 

mitochondrial cell respiration and energy generation, but 

also plays a role in oxygen level sensing and tumor 

suppression. All other structural components were weakly 

positive as earlier reported by Blackshaw and Samisoni 

(1967), Erkman (1971) and Singh (1989) in buffalo 

epididymis.

Lactate Dehydrogenase

 LDH is an enzyme of glycolysis and its variation in 

different components of epididymis is concerned with the 

conversion of pyruvate to lactate in those particular 

regions. During winter season activity was increased in 

epithelium as compared to summer, spring and autumn 

seasons (Fig. 5) whereas connective tissue, muscle layer 

and blood vessels were weakly positive. Singh (1989) also 

observed a weak activity of LDH in buffalo epididymis. 

Earlier it had been reported in rats that chronic exposure to 

constant light promotes a reduction of fertilizing ability 

and indicates that continuous lighting reduces the total 

LDH activity possibly due to moderate aging of 

spermatozoa with LDH activity of rat epididymis and 

spermatozoa in the duct by lengthening of the sperm transit 

through the epididymis (Ponce et al., 2001).

Glucose-6- phosphate dehydrogenase

 Intertubular connective tissue, blood vessels, 

muscle layer and tunica albuginea were weakly positive 

for G-6-PD while weak to moderate activity was observed 

in the epithelium during all seasons as observed by Singh 

(1989) in buffalo epididymis. The epithelium was weak to 

moderately positive during all the season. The tunica 

albuginea, inter tubular connective tissue and blood 

vessels exhibited a weak activity during all the seasons. 

Luminal contents of corpus and cauda were weakly 

positive in summer season and moderately positive in 

spring, autumn and winter season. Singh (1989) also 

observed a weak activity of G-6-PD in buffalo bull 

epididymis. G-6-PD controls the flux into the pentose 

phosphate pathway and is the main cytoplasmic source of 

reduced nicotinamide adenine dinucleotide phosphate 

(NADPH). Generation of NADPH by G-6-PD fuels 

antioxidant systems, and thus decreases reactive oxygen 

species (ROS) (Jain et al., 2004).

Fig. 1-8. Photomicrographs of cryostat sections of corpus epididymis 
showing epithelium (EP), peritubular muscle layer (PTML) and 
blood vessel (BV) : 1. AKPase activity during summer season x 
100; 2. AKPase activity during winter season x 100; 3. SDH 
activity during summer season x 100; 4. SDH activity during 
winter season x 100; 5. LDH activity during autumn season x 
100; 6. NADH activity during summer season x 100; 7. NADH 
activity during winter season x 100; 8. NADPH activity during 
winter season x 100
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NADH diaphorase

 In the corpus epididymis, the activity was weak to 

moderate in tunica albuginea in all the seasons. The 

epithelium showed a weak to moderate activity in summer, 

a moderate to strong activity in spring and autumn but a 

strong to intense activity in winter (Figs 6,7). Blood 

vessels also exhibited a strong activity in autumn and 

winter seasons. These finding corroborates well with the 

earlier findings of Erkman (1971), Singh (1989) and Scala 

et al. (2007) in animals. NADH is a coenzyme which plays 

critical roles not only in energy metabolism, but also in cell 

death and various cellular functions including regulation 

of calcium homeostasis and gene expression (Ying, 2006).

NADPH diaphorase

 Epithelium showed a weak to moderate activity in 

summer and spring but the activity increased during 

autumn and winter (Fig.8). Blood vessels also exhibited a 

strong activity in autumn and winter seasons. Luminal 

contents were moderately positive and the activity was 

weak to moderate in tunica albuginea in all the seasons. 

These finding corroborates well with the earlier findings of 

Singh (1989), Scala et al. (2007) and Scala and Maruccio 

(2012) in buffalo. The intertubular connective tissue 

exhibited a weak activity in all the seasons. NADP 

(including NADP+ and NADPH) could belong to the 

fundamental common mediators of various biological 

processes, including energy metabolism, mitochondrial 

functions, calcium homeostasis, antioxidation/generation 

of oxidative stress, gene expression, immunological 

functions, aging, and cell death (Ying, 2006). Luminal 

spermatozoa of corpus region exhibited a strong activity in 

spring, autumn and winter season while a negligible to 

weak activity was seen during summer season.

Non-specific esterases

 Non-specific esterases are a group of enzymes, of 

probably diverse, function in vivo. Tunica albuginea, 

peritubular muscle layer, connective tissue, blood vessels 

and luminal contents exhibited a weak activity of 

Nonspecific esterases but the epithelium was weak to 

moderately positive in all the seasons. Similar type of 

activity was reported earlier by Singh (1989) in buffalo 

epididymis, Moniem (1980) in mammalian epididymis 

and Sinowartz et al. (1979) in dog epididymis.
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AKPase in the proximal part of the middle segment of the 
camel epididymis. In the present study, luminal 
spermatozoa were weakly positive in all the seasons 
whereas Alsum and Hunter (1978) reported that luminal 
contents of the ductuli efferentes and epididymis of rhesus 
monkey had a high alkaline phosphatase activity.

Glucose -6- phosphatase

 A weak activity of G-6-Pase in the tunica albuginea 
was observed in all seasons. The activity was slightly more 
in epithelium during winter season. Whereas connective 
tissue, blood vessels, peritubular muscle layer and luminal 
contents in all the seasons were weakly positive as reported 
earlier by Singh (1989) in buffalo epididymis whereas 
Kanai et al. (1981) reported a moderate activity in 
principal cells of mouse epididymis and Rajani et al. 
(2008) observed higher activity in basal cells of rat 
epididymis.

Oxidoreductases

Succinate Dehydrogenase

 The activity of SDH was increased in epithelium 

during winter season which suggested the active role of the 

epithelium during the period of highest epididymal 

activity (Figs. 3, 4). SDH is a mitochondrial enzyme and is 

involved in kreb’s cycle. It functions not only in 

mitochondrial cell respiration and energy generation, but 

also plays a role in oxygen level sensing and tumor 

suppression. All other structural components were weakly 

positive as earlier reported by Blackshaw and Samisoni 

(1967), Erkman (1971) and Singh (1989) in buffalo 

epididymis.

Lactate Dehydrogenase

 LDH is an enzyme of glycolysis and its variation in 

different components of epididymis is concerned with the 

conversion of pyruvate to lactate in those particular 

regions. During winter season activity was increased in 

epithelium as compared to summer, spring and autumn 

seasons (Fig. 5) whereas connective tissue, muscle layer 

and blood vessels were weakly positive. Singh (1989) also 

observed a weak activity of LDH in buffalo epididymis. 

Earlier it had been reported in rats that chronic exposure to 

constant light promotes a reduction of fertilizing ability 

and indicates that continuous lighting reduces the total 

LDH activity possibly due to moderate aging of 

spermatozoa with LDH activity of rat epididymis and 

spermatozoa in the duct by lengthening of the sperm transit 

through the epididymis (Ponce et al., 2001).

Glucose-6- phosphate dehydrogenase

 Intertubular connective tissue, blood vessels, 

muscle layer and tunica albuginea were weakly positive 

for G-6-PD while weak to moderate activity was observed 

in the epithelium during all seasons as observed by Singh 

(1989) in buffalo epididymis. The epithelium was weak to 

moderately positive during all the season. The tunica 

albuginea, inter tubular connective tissue and blood 

vessels exhibited a weak activity during all the seasons. 

Luminal contents of corpus and cauda were weakly 

positive in summer season and moderately positive in 

spring, autumn and winter season. Singh (1989) also 

observed a weak activity of G-6-PD in buffalo bull 

epididymis. G-6-PD controls the flux into the pentose 

phosphate pathway and is the main cytoplasmic source of 

reduced nicotinamide adenine dinucleotide phosphate 

(NADPH). Generation of NADPH by G-6-PD fuels 

antioxidant systems, and thus decreases reactive oxygen 

species (ROS) (Jain et al., 2004).

Fig. 1-8. Photomicrographs of cryostat sections of corpus epididymis 
showing epithelium (EP), peritubular muscle layer (PTML) and 
blood vessel (BV) : 1. AKPase activity during summer season x 
100; 2. AKPase activity during winter season x 100; 3. SDH 
activity during summer season x 100; 4. SDH activity during 
winter season x 100; 5. LDH activity during autumn season x 
100; 6. NADH activity during summer season x 100; 7. NADH 
activity during winter season x 100; 8. NADPH activity during 
winter season x 100

199

T
ab

le
 1

H
is

to
en

zy
m

ic
 l

oc
al

iz
at

io
n

 o
f 

p
h

os
p

h
at

as
es

 a
n

d
 o

xi
d

or
ed

u
ct

as
es

 i
n

 c
or

p
u

s 
ep

id
id

ym
is

 d
u

ri
n

g 
d

if
fe

re
n

t 
se

as
on

s

S
ea

so
n
 

S
pr

in
g 

S
um

m
er
 

A
ut

um
n 

W
in

te
r

P
ar

am
et

er
s 

T
. a

lb
 

E
P

I 
P

T
M

L
 C

T
 

B
V
 

L
U
 

T
. a

lb
 

E
P

I 
P

T
M

L
 C

T
 

B
V
 

L
U
 

T
. a

lb
 

E
P

I 
P

T
M

L
 

C
T
 

B
V
 

L
U
 

T
. a

lb
 

E
P

I 
P

T
M

L
 

C
T
 

B
V
 

L
C

E
nz

ym
es

P
ho

sp
ha

ta
se

s:

A
K

P
as

e 
+

/+
+
 

+
+

/+
+

+
 

+
/+

+
 

+
 

+
+
 

0/
+
 

+
/+

+
 

+
+

/+
+

+
 

+
/+

+
 

+
 

+
+
 

0/
+
 

+
/+

+
 

+
+

+
 

+
/+

+
 

+
 

+
+
 

0/
+
 

+
/+

+
 

+
+

+
 

+
/+

+
 

+
 

+
+

+
 

0/
+

G
-6

-P
as

e 
+
 

+
/+

+
 

+
 

+
 

+
 

+
 

+
 

+
/+

+
 

+
 

+
 

+
 

+
 

+
 

+
+
 

+
 

+
 

+
 

+
 

+
 

+
+
 

+
 

+
 

+
 

+

O
xi

do
re

du
ct

as
es

:

S
D

H
 

+
 

+
+
 

+
 

+
 

+
 

+
+
 

+
 

+
 

+
 

+
 

+
 

+
 

+
 

+
+
 

+
 

+
 

+
 

+
 

+
 

+
+

+
 

+
 

+
 

+
 

+

L
D

H
 

+
 

+
/+

+
 

+
 

+
 

+
 

+
+
 

+
 

+
 

+
 

+
 

+
 

+
 

+
 

+
/+

+
 

+
 

+
 

+
 

+
 

+
+
 

+
+

/+
+

+
 

+
 

+
 

+
+
 

+
/+

+

G
6P

D
 

+
 

+
/+

+
 

+
 

+
 

+
 

+
/+

+
 

+
 

+
 

+
 

+
 

+
 

+
 

+
 

+
/+

+
 

+
 

+
 

+
 

+
/+

+
 

+
 

+
/+

+
 

+
 

+
 

+
 

+
/+

+

N
A

D
P

H
 

+
/+

+
 

+
/+

+
 

+
/+

+
 

+
 

+
/+

+
 

+
/+

+
 

+
/+

+
 

+
/+

+
 

+
 

+
 

+
/+

+
 

0/
+
 

+
/+

+
 

+
+

/+
+

+
 

+
/+

+
 

+
 

+
+

/+
+

+
 

+
+
 

+
/+

+
 

+
+

+
 

+
+
 

+
 

+
+

/+
+

+
 

+
/+

+
di

ap
ho

ra
se

N
A

D
H
 

+
/+

+
 

+
/+

+
 

+
+
 

+
 

+
/+

+
 

+
/+

+
 

+
/+

+
 

+
/+

+
 

+
 

+
 

+
/+

+
 

0/
+
 

+
/+

+
 

+
+

/+
+

+
 

+
+
 

+
 

+
+

/+
+

+
 

0/
+
 

+
/+

+
 

+
+

+
 

+
+
 

+
 

+
+

/+
+

+
 

0/
+

di
ap

ho
ra

se

E
st

er
as

es
:

N
S

E
 

+
 

+
/+

+
 

+
 

+
 

+
 

+
 

+
 

+
/+

+
 

+
 

+
 

+
 

+
 

+
 

+
/+

+
 

+
 

+
 

+
 

+
 

+
 

+
/+

+
 

+
 

+
 

+
 

+

+
 W

ea
k,

 +
+

 m
od

er
at

e,
 +

+
+

 s
tr

on
g

T
 a

lb
 -

 T
un

ic
a 

al
bu

gi
ne

a,
 E

pi
 –

 e
pi

th
el

iu
m

, P
T

M
L

 -
 p

er
it

ub
ul

ar
 m

us
cl

e 
la

ye
r,

 C
T

- 
co

nn
ec

ti
ve

 t
is

su
e,

 B
V

 b
lo

od
 v

es
se

l,
 L

U
 –

 l
um

in
al

 c
on

te
nt

 

NADH diaphorase

 In the corpus epididymis, the activity was weak to 

moderate in tunica albuginea in all the seasons. The 

epithelium showed a weak to moderate activity in summer, 

a moderate to strong activity in spring and autumn but a 

strong to intense activity in winter (Figs 6,7). Blood 

vessels also exhibited a strong activity in autumn and 

winter seasons. These finding corroborates well with the 

earlier findings of Erkman (1971), Singh (1989) and Scala 

et al. (2007) in animals. NADH is a coenzyme which plays 

critical roles not only in energy metabolism, but also in cell 

death and various cellular functions including regulation 

of calcium homeostasis and gene expression (Ying, 2006).

NADPH diaphorase

 Epithelium showed a weak to moderate activity in 

summer and spring but the activity increased during 

autumn and winter (Fig.8). Blood vessels also exhibited a 

strong activity in autumn and winter seasons. Luminal 

contents were moderately positive and the activity was 

weak to moderate in tunica albuginea in all the seasons. 

These finding corroborates well with the earlier findings of 

Singh (1989), Scala et al. (2007) and Scala and Maruccio 

(2012) in buffalo. The intertubular connective tissue 

exhibited a weak activity in all the seasons. NADP 

(including NADP+ and NADPH) could belong to the 

fundamental common mediators of various biological 

processes, including energy metabolism, mitochondrial 

functions, calcium homeostasis, antioxidation/generation 

of oxidative stress, gene expression, immunological 

functions, aging, and cell death (Ying, 2006). Luminal 

spermatozoa of corpus region exhibited a strong activity in 

spring, autumn and winter season while a negligible to 

weak activity was seen during summer season.

Non-specific esterases

 Non-specific esterases are a group of enzymes, of 

probably diverse, function in vivo. Tunica albuginea, 

peritubular muscle layer, connective tissue, blood vessels 

and luminal contents exhibited a weak activity of 

Nonspecific esterases but the epithelium was weak to 

moderately positive in all the seasons. Similar type of 

activity was reported earlier by Singh (1989) in buffalo 

epididymis, Moniem (1980) in mammalian epididymis 

and Sinowartz et al. (1979) in dog epididymis.
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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 DURING DIFFERENT SEASONS

BEENISH ASLAM, NEELAM BANSAL*, VARINDER UPPAL and ANURADHA GUPTA
Department of Veterinary Anatomy, College of Veterinary Sciences,

Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana-141 004, India

Received: 10.11.2018; Accepted: 11.07.2019

 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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