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Abstract 
 
Conserving the mithun (Bos frontalis), a rare bovine of south-east 
Asia, could benefit from effective ex situ genetic management and 
breeding programmes including the use of assisted reproduction. Long-
term storage of epididymal sperm collected from dead mithun bulls by 
cryopreservation, with high survival rate, is essential for the 
establishment of genetic resource banks of this rare species. A study 
was therefore conducted to i) characterize the epididymal sperm 
collected from dead mithun bulls, ii) investigate the effectiveness of 
epididymal sperm for cryopreservation and iii) to study the expression 
pattern of genes related to motility (TSSK6 and ADAM5P ) and 
fertility (PRM1, PRM2, PRM3, Tnp1 and Tnp2) in mithun epididymal 
sperm. For the purpose, sperm collected from caudal epididymis of 
eight dead mithun bulls were evaluated for concentration, progressive 
motility, morphological abnormalities, live sperm counts, acrosome 
integrity, membrane stability (hypo-osmotic swelling test; HOST) and 
DNA integrity. Epididymal sperm were cryopreserved using tris-egg 
yolk-glycerol diluent in liquid nitrogen. Post-thaw quality of the 
cryopreserved sperm in terms of progressive motility, morphological 
abnormalities, live cell counts, acrosome integrity, membrane stability 
and DNA integrity were assessed. The RNA extracted from fresh and 
post-thawed cryopreserved epididymal sperm was reverse transcribed 
to cDNA and expressions of the genes related to motility and fertility 
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were determined by RT-PCR. The progressive motility, live cell 
counts, morphological abnormalities and acrosome integrity (normal) 
of fresh sperm were 89.9±2.7, 88.7±6.7, 7.8±1.07 and 95.3±7.8%, 
respectively. Fresh sperm that responded to HOST were 88.3±7.2%, 
and 89.5±6.4% fresh sperm had intact DNA. Following 
cryopreservation, the percentage of progressive motility (fresh vs 
frozen-thawed), live cell counts, morphological abnormalities, 
acrosome integrity, membrane stability and DNA integrity were found 
to decrease significantly (P<0.01) with a motility recovery rate of 
75±8.5%. Transcripts encoding a serine/threonine testis-specific 
protein kinase (TSSK6) and a metalloproteinase non coding RNA 
(ADAM5P ) were found to be associated with high-motility status 
(P<0.01) and their relative expressions were higher in fresh than 
frozen-thawed sperm. There were no differences in relative 
expressions for the transcripts related to fertility (PRM1, PRM2, 
PRM3, Tnp1 and Tnp2) between fresh and frozen-thawed sperm 
indicating no change of fertility of mithun epididymal sperm after 
cryopreservation. Taken together, results of our study provide a 
foundation of collection and cryopreservation of epididymal sperm 
from dead mithun bulls. Furthermore, the post-thaw quality in terms of 
percentage of progressive motility, live cell counts, morphological 
abnormalities, acrosome integrity, membrane stability and DNA 
integrity were sufficient for genetic improvement of this rare species 
through AI and conservation of the valuable germplasm for future.  
 
Keywords: Epididymal sperm; Mithun (Bos frontalis); 
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1. Introduction 
Mithun (Bos frontalis), a semi-wild rare ruminant species, is believed to have 
originated more than 8000 years ago and considered to be descendents from wild 
Indian gaur (Simoons, 1984). This animal is found mainly in four different States of the 
North-Eastern Hills region (NEHR) of India viz., Arunachal Pradesh, Nagaland, 
Manipur and Mizoram, and also in some locations of Bhutan, Myanmar, Bangladesh 
and China. At present, mithun farmers rear this animal at an altitude of 1000 to 3000 
meters above mean sea level under free grazing condition in its natural habitat. Due to 
gradual denudation of forests (natural habitat of mithun) and tremendous socio-
economic and cultural importance of mithun in the life of the local tribal population, 
initiatives are being taken to popularise economic mithun farming under semi-
intensive condition with controlled breeding. Mithuns are not yet endangered but are 
subject to severe non-cyclical population decrease and local-regional contractions. 
With a declining population, inbreeding can occur which, in turn, can reduce 
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reproductive fitness (Nei et al., 1975), including fecundity and survivability (Ralls and 
Ballon, 1986). Very recently, slaughtering of mithun on regular basis in Arunachal 
Pradesh State imposed further threat on the future population of this species. In this 
context, one of the best solutions to these management challenges may be the use of 
assisted reproductive techniques like sperm preservation combined with artificial 
insemination (AI). Preservation of epididymal sperms from quality mithun bulls even 
after dead would further strengthen the programmes for conservation of this species. 

To the best of our knowledge, no information is yet available on cryopreservation 
of mithun epididymal sperm and their subsequent fertility in molecular terms. In 
addition to the characteristics of fresh and frozen-thawed epididymal mithun sperm, 
expression patterns of some key regulatory genes related to motility (TSSK6 and 
ADAM5P ) and fertility (PRM1, PRM2, PRM3, Tnp1 and Tnp2) in mithun epididymal 
sperm would provide us better understanding in terms of fertility in this species.The 
aim of the present study was therefore to i) characterize the epididymal sperm 
collected from dead mithun bulls, ii) investigate the effectiveness of epididymal sperm 
for cryopreservation and iii) to study the expression pattern of few selected genes 
related to motility (TSSK6 and ADAM5P ) and fertility (PRM1, PRM2, PRM3, Tnp1 
and Tnp2) in mithun epididymal sperm. 

 
 

2. Materials and Methods 
2.1. Sample collection and evaluation 
Testes including the epididymis were collected from eight mithun bulls immediately 
after death. Immediately after collection, intrascrotal testes were placed in a well-
insulated flask maintained at a warm condition (370C). These were brought to the 
laboratory located at 2.5kms from the farm within 20 min of collection. The right and 
left epididymis were trimmed off from the body of the testes and semen samples were 
collected from the cauda part of the epididymis through a 1.0 cm incision made (with a 
scalpel blade). Sperm cells were sucked into a Pasteur pipette from the caudal 
epididymis. Concentration of spermatozoa in cauda epididymis was determined by 
hemocytometer method using bright field optics (x400). 

 
2.2. Determination of mass and progressive motility 
Fresh undiluted semen samples were used for mass activity using a 5+ scale (0 to 5+; 
0+= no motility and 5+= vigorous motility in a wave like pattern) by analyzing 5 to 6 
fields of view of neat semen drop placed on a prewarmed slide (370C) using bright 
field optics (Dewinter binocular microscope, magnification 100X). Semen samples 
diluted with 0.5ml of 2.9% buffered sodium citrate were used for progressive motility 
under microscopy (Dewinter binocular microscope, magnification 400X). Progressive 
motility was estimated on a continuous scale of 0 to 100%.  
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2.3. Count of live spermatozoa 
Percentage of live spermatozoa was determined using eosine-nigrosine stain (5% w/v 
nigrosine water soluble, 0.6% w/v eosine yellow water soluble and 3% sodium citrate 
dehydrate; filtered and pH adjusted to 7.0) according to a previously described method 
of Robeck and O’Brien (2004) using bright-field optics (Dewinter binocular 
microscope, magnification 1000X).  

 
2.4. Tests for morphological abnormalities 
For all the samples collected from the epididymis, abnormalities were determined 
using Rose Bengal staining. Immediately after the evaluation of sperm motility, a drop 
of semen was placed on a clean slide and fine smear was prepared. The slides were air-
dried and stained with Rose-Bengal staining solution (3% powdered Rose-Bengal 
stain, 1.0% Formalin, and 96.0% distilled water). Spermatozoa (250 per sample) were 
evaluated under bright-field optics (Dewinter binocular microscope, magnification 
1000X) for gross morphological abnormalities. The total morphological abnormality 
was determined by adding up the proportion of head (abnormal shape, bicephalic, 
missing, abaxial), midpiece (bent, degenerated) and tail (bent, coiled, double) 
abnormalities.  
 
2.5. Test for acrosomal integrity 
For evaluation of acrosome integrity, trypan blue staining technique was used. Briefly, 
one drop of 0.2% trypan blue (0.4% trypan blue diluted 1:1 with 0.9% NaCl) and one 
drop of diluted semen (1:100) were mixed on a glass slide and smeared. The slides 
were air-dried and fixed for 2 min with fixative (86ml of 1N HCl, 14 ml of 37% 
formaldehyde solution and 0.2g Neutral red). Slides were then rinsed with tap water 
followed by distilled water and stained with Giemsa solution (7.5%) at room 
temperature overnight. Thereafter, the slides were rinsed with tap followed by distilled 
water and differentiated in distilled water for 2 min and air-dried. 

Following mounting with DPX and putting cover slip, stained smears were 
evaluated for acrosome integrity using bright-field optics (Dewinter binocular 
microscope, magnification 1000X). Three hundred spermatozoa per slide were 
counted.  

All morphological abnormalities were recorded as the percentage of the total 
number of counted spermatozoa. Pigs with >60% progressive motility, >70% live 
spermatozoa, <15% total morphological abnormalities and <10% abnormal acrosomes 
(Althouse, 1997) were judged as having a mature spermiogram. 
All experimental protocols and animal care met the regulations of Institutional Animal Care and Use 
Committee (IACUC). 

 
2.6. Total RNA extraction, reverse transcription to cDNA and Reverse 
Transcriptase PCR 
Total RNA was isolated from each sample using commercially available kits following 
manufacturer’s instructions. Total RNA was reverse transcribed to cDNA using 
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suitable primers. Abundance for transcripts encoding different genes related to motility 
and fertility were quantified through RT-PCR.  
 
2.7. Statistical analysis 
Mean values and their standard errors of the mean (SEM) for each parameters were 
calculated for each group. Difference between sperm cell concentration in cauda 
epididymis, percentage mass and progressive motility, percentage live spermatozoa, 
morphological abnormalities including acrosomal integrity within and between groups 
were examined by ANOVA, after testing the data for normality using GraphPad Prism 
4.01 software (San Diego, USA). Gene expression patterns of the molity- and fertility-
related genes were compared using Student t-test. The p-values of P<0.05 were 
considered significant.  
 
 
3. Results & Discussion 
3.1. Characteristics of fresh and frozen-thawed epididymal mithun sperm 
The progressive motility, live cell counts, morphological abnormalities and acrosome 
integrity (normal) of fresh sperm were 89.9±2.7, 88.7±6.7, 7.8±1.07 and 95.3±7.8%, 
respectively. Fresh sperm that responded to HOST were 88.3±7.2%, and 89.5±6.4% 
fresh sperm had intact DNA. Following cryopreservation, the percentage of 
progressive motility (fresh vs frozen-thawed), live cell counts, morphological 
abnormalities, acrosome integrity, membrane stability and DNA integrity were found 
to decrease significantly (P<0.01) with a motility recovery rate of 75±8.5%.  
 
3.2. Abundance of transcripts encoding various motility- and fertility related 
genes in mithun epididymal sperms 
Transcripts encoding a serine/threonine testis-specific protein kinase (TSSK6) and a 
metalloproteinase non coding RNA (ADAM5P ) were found to be associated with 
high-motility status (P<0.01) and their relative expressions were higher in fresh than 
frozen-thawed sperm (Figure 1).  

There were no differences in relative expressions for the transcripts related to 
fertility (PRM1, PRM2, PRM3, Tnp1 and Tnp2) between fresh and frozen-thawed 
sperm indicating no change of fertility of mithun epididymal sperm after 
cryopreservation. Taken together, results of our study provide a foundation of 
collection and cryopreservation of epididymal sperm from dead mithun bulls. 

The basic aim of cryopreservation of any type of cells including sperm is indefinite 
storage of the cells without deterioration over a time scale of at least several thousands 
of years (Mazur, 1985). It has been reported that sperm collected from the gaur, the 
ancestor of mithun, can retain their fertilizing capabilities after cryopreservation when 
Tris-egg yolk-glycerol was used as diluent (Hopskin et al., 1988). Glycerol is a 
commonly used cryoprotectant used for cryopreservation of bovine sperm for the last 
50 years. Several reports indicate that bull sperm can be successfully cryopreserved 
using 4 to 8% glycerol and acceptable post-thaw quality sperm have been reported 
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after using glycerol within this range for cryopreservation of semen in wild ruminants 
(Holt, 2000; Leibo and Songsasen, 2002).  
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Figure 1: Relative abundance of TSSK6 and ADAM5P genes in  

high vs low motile epididymal sperm of mithun. 
 

Following cryopreservation, percentage of progressive motile and live sperm 
decreased (P<0.01) and morphologically abnormal counts of mithun sperm increased 
(P<0.01). Previous studies on cattle, buffalo and gaur sperm also indicate similar 
results (Bhavsar et al., 1990). Processing and storage inevitably cause changes to the 
sperm membranes that are associated with loss of sperm motility and fertility (Watson, 
1995). In the present study, total abnormal acrosome viz., damaged, detaching and lost, 
increased significantly from 2.3% in fresh to 13.6% in cryopreserved sperm. 
Cryopreservation of sperm was reported to reduce acrosomal integrity in different 
species of animals (Rasul et al., 2001, Mondal et al., 2010).  

Sperm react to hypo-osmomolality by developing bent or coiled tails. In this classic 
HOST, this property is used to characterize membrane integrity (Jeyendran et al., 
1984). Swollen sperm with coiled tails are considered as intact. Our results indicate 
that around 25% of the total sperm that were cryopreserved lost their membrane 
integrity as assessed by HOST. These results of the present experiments are consistent 
with the previous reports on post-thaw membrane integrity of cattle and buffalo sperm 
(Shukla and Misra, 2007). An approximate 77% of the total mithun sperm 
cryopreserved exhibited post-thaw DNA integrity (normal DNA). A similar decrease 
in DNA integrity has also been reported in other species (Gandini et al., 2006).  
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4. Conclusion 
Our study clearly indicates that the percentage of progressive motility (fresh vs frozen-
thawed), live cell counts, morphological abnormalities, acrosome integrity, membrane 
stability and DNA integrity decrease significantly (P<0.01) following 
cryopreservation, with a compromizable recovery rate of motility. Transcripts 
encoding TSSK6 and ADAM5P were associated with high-motility status. No 
differences in relative expressions for the transcripts related to fertility (PRM1, PRM2, 
PRM3, Tnp1 and Tnp2) between fresh and frozen-thawed sperm was observed. Taken 
together, results of our study provide a foundation of collection and cryopreservation 
of epididymal sperm from dead mithun bulls. Furthermore, the post-thaw quality in 
terms of percentage of progressive motility, live cell counts, morphological 
abnormalities, acrosome integrity, membrane stability and DNA integrity were 
sufficient for genetic improvement of this rare species through AI and conservation of 
the valuable germplasm for future.  
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