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ABSTRACT 

 

Sperm selection is of significance for cryopreservation procedures, in vitro 

fertilization and for production of desired sex of the offspring. Present study was 

planned to evaluate sperm separation methods (swim-up (SU), sephadex filtration 

(S-G15) and glass wool filtration (GWF)) for freezability (Objective 1) plus in 

vitro fertilization rate of buffalo semen (Objective 2); and to evaluate pre-freeze 

selection methods (modified swim up and sucrose density gradient techniques) for 

production of X and Y bearing sperm (SYBR green rt-PCR, Objective 3) 

confirmed through in-vivo fertility trials (objective 4). For this purpose semen was 

collected from five mąture Nilį Ravį buffąlo buļls kept at Semen Production Unit 

(SPU), Qadirabad District Sahiwal, Pakistan with artificial vagina (40 ˚C). For 

Objective 1, qualifying ejaculates from each bull were pooled and divided into 

aliquots and processed by swim-up, Sephadex filtration, glass wool filtration and 

routine procedure (control). After separation, semen was cryopreserved and 

evaluated in terms of post-thaw quality and in vitro fertility rate. The results 

indicate that total and motile sperm recovery rate was higher in samples processed 

through GWF, while post-thaw quality were improved (P < 0.05) in sperm selected 

by S-G15 and GWF (some parameters) compared to control. The sperm selected 

through S-G15 prior to cryopreservation showed highest (P < 0.05) embryo 

cleavage rate (%) compared to control. Methods of sperm preparation were 

evaluated for in vitro fertility rate (of cryopreserved semen (Objective 2). In vitro 

matured buffalo oocytes were fertilized by semen processed by routine procedure 

(control) or selected through swim-up, Sephadex filtration and glass wool filtration. 

Highest total and motile sperm recovery rate achieved through Glass wool filtration 
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while improved (P < 0.05) sperm quality (progressive motility, membrane integrity, 

viability, livability) was achieved by sephadex filtration. Sperm selection by S-G15 

yielded higher in vitro fertility rate (in terms of cleavage rate) compared to glass 

wool filtration and swim-up (control). For objective 3, two separate experiments 

(modified Swim up and Sucrose density gradient) were conducted for sex sorting 

(X and Y bearing spermatozoa). In each experiment, semen was collected; 

qualifying ejaculates were pooled and processed by routine procedure (control) or 

sperm sexing techniques (modified swim-up and Sucrose density gradient). After 

separation, semen was diluted in trįs-cįtric acįd extendėr and cryopreserved usįng 

stąndąrd techniquės. Cryopreserved samples were analyzed for relative expression 

of presumptive X and Y bearing sperm in respective sexed doses by SYBR Green 

rt-PCR using SRY and PLP gene primers and post thaw semen quality. Using swim 

up technique, X chromosome bearing sperm fraction showed significantly higher 

sperm recovery rates, pre-freeze and post-thaw sperm quality than Y chromosome 

bearing fraction and control. X bearing sperm showed significantly higher (4–5 

fold) mean fold relative expression in presumptive X bearing sperm fraction of 

supernatant than Y bearing fraction (0.06 fold), similarly Y bearing sperm was also 

showed significantly higher mean fold relative expression in Y bearing fraction (4 

fold) of supernatant than X bearing fraction (0.15 fold) compared to control (1.00). 

For sucrose density gradient, X sorted sperm fractions showed significantly higher 

sperm recovery rates, pre-freeze and post-thaw sperm quality than Y sorted sperm 

fraction and control. X sorted fraction has comparable (1.6 fold) mean fold relative 

expression of X bearing sperm than Y sorted fractions (0.3 fold) whereas Y bearing 

sperm fraction showed significantly higher mean fold relative expression in Y 
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sorted sperm (2.66 fold) fraction of supernatant than X sorted fractions (0.69 fold) 

compared to control (1.00). Sexed semen doses were evaluated for field fertility 

trials during peak breeding season to check the accuracy of method (Objective 4). 

From results it is concluded that sperm selection by sephadex filtration prior to and 

after cryopreservation showed improved quality and yielded better fertilization 

rates (in term of cleavage rate) of in vitro matured/ fertilized oocytes. Validation of 

modified swim up method by real time PCR and in vivo fertility trial (significantly 

higher production of female calf i.e. ~ 78%) proved that this method would be 

effective for Nili-Ravi buffalo sperm sexing for production of female calf. A 

sucrose density gradient method may be useful for production of male Nili-Ravi 

buffalo male calf.  
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Chapter 1 

 

GENERAL INTRODUCTION 

 

Livestock has crucial and important position in rural economy and rural 

socio economic development of Pakistan. During 2016-17, 58.3 percent of the 

agriculture value added and 11.4 percent of the overall GDP was contributed by 

livestock. Gross vaŀue addįtion of lįvestock at cŏnstant cŏst fąctor of 2005-06 hąs 

increasꬲd from Rs. 1288 billion (2015-16) to Rs. 1333 billion (2016-17), showing 

an increꜹse of 3.4 pėrcėnt ovėr the year. About 35 percent income of 8 million 

families is associated with livestock, having a great impact on the livelihood of the 

rural people. For the rural and most marginal people livestock is providing a vital 

and often the only source of income.  

 

Among livestock, buffalo is the main dairy animal of Pakistan contributing 

sixty one percent in milk production and has contributed sixty percent in meat yield 

for 2016-17. Pakistan has the top ranked riverine buffalo breeds viz., Nili Ravi and 

Kundi (Garcia et al., 2003) mainly present in the feeding areas near waterways 

where sufficient forage and crops by products are accessible. Nili Ravi Buffalo is 

considered the “Black Gold of Pakistan” and best livestock species due to its high 

milk production, wide adoptability to different climatic conditions, parasite 

resistance and long life span (Bilal et al., 2006). Bodily, Nili Ravi Buffaloes are 

heavy, wedge shaped, mostly black with white markings on the forehead, face, and 

muzzle, lower parts of the legs and tail. Other distinguishing characters include 

wall eyes, curly horns and a big and strong udder.  

 

1 
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Buffalo milk is in high demand due to good taste, higher content of mono 

and poly unsaturated fats and lower level of cholesterol and phospholipid and is 

considered best milk for consumption to improve heart/ bone health, growth, 

development, boost immunity and regulate blood pressure. Along with these, 

Casein contents are higher in buffalo milk which is considered best for cheese 

industry (Storry and Ford, 1982). Average milk production of Nili-Ravi buffalo is 

4-8 liters/ day whereas the total potential of this breed is 30 liters/ day. This breed 

has incredible potential of producing 5,000 liters/ lactation but due to lack of 

proper management, screening of elite animals, improper nutrition and health 

problems of farm animals, averages milk yields is 2,430 liters/ lactation (Bilal et 

al., 2006). This difference in production potential of milk is largely based on 

reproductive performance, which is low due to many factors such as delayed 

puberty, week symptoms of estrous, short duration of seasonal breeding, long 

calving interval, lower conception rate and poor management practices (Yendraliza 

et al., 2011). This condition becomes worst when world top ranked breed ends up 

when it becomes dry and quality genetic material is demolished. 

 

Reproductive biotechnologies have the ability to increase genetic gain of 

dairy animals through maximum utilization of superior genetic material (Mahfouz, 

2007). One of these techniques i.e. the Artificial insemination (AI), is used to 

distribute the elite genes more efficiently compared to natural mating (Cavalieri et 

al., 2005). Unfortunately, only 5% buffaloes are bred through AI in Pakistan 

because of poor conception rate (50%) with cryopreserved semen. There are a 

number of factors that impair the motility and fertility of spermatozoa e.g. 

mishandling of semen before cryopreservation, prolonged contact with seminal 
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plasma and physical changes occurring during freezing/ thawing. Fresh ejaculates 

are also mixed with dead, moribund and abnormal cells that are sources of reactive 

oxygen species (ROS), which is damaging to sperm viability (Hallap et al., 2004; 

Suarez, 2007). These damaging effects are further accelerated by the freeze thaw 

cycle and it is generally accepted that 50% of viability is reduced during freeze 

thaw stages (Lessard et al., 2000).  

 

Buffalo spermatozoa are even more prone to oxidative damage due to 

increased proportion of poly unsaturated fatty acids (PUFAs) in outer membrane 

(Kankofer et al., 2005). Numerous efforts have been made for improvement in post 

thaw sperm quality of buffalo through supplementation of cryoprotectants, 

antibiotics, antioxidants, membrane stabilizing agents, antifreeze proteins (Rasul et 

al., 2007; Qadeer et al., 2014; Ejaz et al., 2014), thawing and freezing protocol 

(Andrabi et al., 2008) and packaging (Ansari et al., 2011) but there is still a 

possibility to improve the quality of cryopreserved semen. One prospect that is 

ignored according to available information is pre-freeze selection to select viable 

and fertile sperm.  The routinely used methods are based solely on sperm motility 

and concentration, while other parameters such as morphology, viability and live/ 

dead ratio are of immense importance. Previously, sperm selection before 

cryopreservation has improved post-thaw motility, overall sperm quality and 

viability in boar (Saravia et al., 2010), stallion (Hoogewijs et al., 2011) and cattle 

(Somfai et al., 2002). It was therefore hypothesized that sperm selection in Nili 

Ravi buffalo by removal of dead, moribund, and abnormal spermatozoa before 

cryopreservation will improve freezability and cryosurvivability. 
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To improve genetic potential through maternal and paternal contribution 

simultaneously, in vitro embryo production (IVEP) played an important role 

(Barakat et al., 2012). In buffaloes IVEP is one way of genetic improvement 

through utilization of superior male and female germplasm simultaneously (Kumar 

and Anand, 2012). Although IVEP has been tried in buffalo but is not as successful 

as in cattle since the in vitro fertilization (IVF) rate is low compared to cattle (65 vs 

84% (Neglia et al., 2001)). For successful fertilization, sperm should be intact, 

viable, motile, and able to undergo capacitation and subsequent acrosome reaction 

when in contact with the oocyte (Henkel, 2013). The natural selection of such 

sperm occurs in the female genital tract most probably on the basis of motility, 

morphology, intactness of plasma membrane and DNA integrity (Henkel, 2013). 

However, in case of IVF, sperm are selected using laboratory methods of which 

“swim up” is the mostly used procedure (Parrish et al., 1995). Although, using this 

technique, sperm with good motility are selected but it is difficult to recover their 

adequate numbers (Parrish et al., 1995). The alternative sperm separation 

techniques are filtrations that involve a combination of factors like sperm motility, 

membrane integrity and their adherence to filtration matrices (Henkel, 2005). It is 

considered that non-viable sperm reside in the surface of filtration matrices by 

sticking and adherence while motile/ viable cells moves easily. These sperm 

selection procedures that are normally used to remove infective agents, freezing 

diluents and decapacitating factors include percoll gradient technique based on 

sperm shape (Totey et al., 1996) whereas swim up (Nandi et al., 1998), sephadex 

filtration (Mogas et al., 1998) and glass wool filtration, select sperm on the basis of 

motility and morphology (Lee et al., 2009) in cattle. We hypothesized that sperm 
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preparation through filtration (sephadex™ or glass wool) will improve the quality 

of selected sperm population and ultimately IVF rate of buffalo oocytes. 

 

Sex selection has a significant economic impact by improving the quality 

and quantity of buffalo milk and meat in order to meet demand of increasing 

human population (De Vries et al., 2008). Flow cytometry technology was 

standardized, patented and commercialized in 2001 in the United States with a 

license granted to Sėxing Tėchnologįes (ST), Texas, and now distributing sexed 

doses worldwide, viz., Europe, Mexico, Canada, Brazil, Japan, China etc. including 

USA. In buffalo, sperm sexing has been conducted in China using flow cytometry 

since 2002 and showed feasibility of this technique in buffalo dairy industry. 

However, using advance techniques mean higher cost for small commercial dairy 

farmers, which is difficult to implement in developing countries like Pakistan. 

Packagings of sexed semen is available in 0.25 mL with 2.1 million sperm at 

approximately US $25 to $45 per straw. When imported to Pakistan they are 

usually available at Pak Rs. 2500 to 4500 per straw whereas unsexed semen is 

available at Rs. 100 to Rs. 150/ straw (Fetrow et al., 2007). Other limitations with 

flow sorting include damages to sperm, low sperm number per dose, changed 

expression of mRNA, difficulty in selection of fluorochrome conjugates and 

greater potential for errors in compensation. Consequently, most of farmers do not 

go for sexed semen due to its higher cost and lower conception rate though some 

use this technology for cows and heifers (De Vries et al., 2008). 

 

 Sperm sexing techniques sort out X bearing and Y bearing sperm based on 

size and weight (Bhattacharya et al., 1996), electrical surface charge (Shirai et al., 
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1974), immunological properties (Hendriksen et al., 1993; Blecher et al., 1999; 

Sang et al., 2011) and swimming (Madrid-Bury et al., 2003) of spermatozoa 

bearing X  or Y chromosome. Further, different mammalian species have 3.8% - 

4.2% differential DNA content in X and Y bearing sperm (Resende et al., 2009). It 

has therefore become possible to isolate X/ Y bearing sperm (Yan et al., 2006; 

Srinivasa-Parasad et al., 2010; Jain et al., 2011) based on above mentioned 

differential properties by using differential gradients separation through percoll 

(Machado et al., 2009), or albumin (Machado et al., 2009; Wolf et al., 2008) and 

modified swim up (Azizeddin et al., 2014). 

 

 The swim up methods works on the principle that spermatozoa having Y 

chromosome swim faster due to smaller size than X spermatozoa, so supposed to 

go in the upper layers while, X spermatozoa tend to reside in the lower layer of the 

tube (Azizeddin et al., 2014). Sperm sexing through conventional swim up 

technique, has been done in human with 81% success rate (Check et al., 1989; 

Khatamee et al., 1999). Recently, modified vertical swim-up method has been used 

for fractionation of sperm in cattle (Azizeddin et al., 2014). 

 

Sucrose is a low cost and easily accessible reagent used for separation of 

large biomolecules such as DNA, RNA and proteins (Raschke et al., 2009) in 

different species. In this technique, the sample is gently poured on upper less dense 

layer of gradient. Sedimentation rate depends on the centrifugation time, speed and 

properties of isolating contents like size/ shape/ density (cells, DNA or RNA) along 

with gradient’s concentration and viscosity (Raschke et al., 2009). Thus, 

macromolecules are isolated with assumption that high density molecule deposit 
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towards the bottom (denser) layers and molecules with low density remain close to 

the upper (lighter) layer of gradient. This procedure proved effective in the size 

fractionation of cells having more DNA content (Sureka et al., 2013). It was 

proposed that, sucrose density gradient will enable heavier X-sperm to sediment in 

a bottom layer of a gradient whereas lighter Y-sperm will remain at the top layer 

(Kanesharatnam et al., 2012). Sperm sexing through sucrose density-gradient in 

Srilankan goat for separation of Y bearing spermatozoa was done with 62% 

success rate (Sureka et al., 2013). It was hypothesized that modified vertical swim 

up and sucrose density gradient separation will effectively fractionate buffalo 

sperm to acquire the desired sex of the offspring’s.  

 

Development of a sexing technique requires the determining of the 

accuracy of fractionated sperm prior to the investment in terms of money that is 

associated with livestock field trials (Maleki et al., 2013). There are different 

approaches in cell and molecular biology which provided procedures such as PCR 

and FISH for assessing the proportion of fractionated sperm. Real Time-PCR (rt-

PCR) is simple, easy and accurate approach for validation of sexed semen 

(Resende et al., 2011). SYBR green rt-PCR offers intensification of the gene of 

interest and its expression measurement through reaction cycles. Through the 

amplification of the signal with rt- PCR, it is promising to quantitate the X- and Y- 

bearing sperm in given fraction. SYBR-Green qPCR method is established to be a 

dependable and economical way to validate sexing procedure with 98.2 % 

precision in bovine semen samples (Maleki et al., 2013).  

 

Keeping in view the significance of sperm selection for assisted 

reproduction in buffalo, present study was planned with the following objectives: 
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• Evaluation of pre-freeze sperm separation methods (swim-up, Sephadex filtration 

and glass wool filtration) for selection of most robust spermatozoa to improve the 

freezability and in vitro fertility rate of buffalo bull semen. 

• Evaluation of sperm separation (swim up, sephadex filtration and glass wool 

filtration) procedures for in vitro fertilization rate in buffalo 

• Evaluation of pre-freeze selected (modified swim up and sucrose density gradient) 

X and Y bearing sperm for production of desired sex and its validation by 

quantitative SYBR green Real Time PCR 

•  Fertility rate of sex selected semen through in-vivo fertility trials 
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Chapter 2 

 

SPERM SELECTION FOR CRYOPRESERVATION 

 

2.1. INTRODUCTION 

 

Sperm selection mechanisms occur throughout nature, some of which 

depend on self-selective sperm qualities, while others involve a selection imposed 

by the female reproductive tract (Holt and Van Look, 2004). Sperm parameters 

involved in this selection are motility, morphology, chromatin integrity, ability to 

undergo capacitation and acrosome reaction (Henkel, 2012). Based on such 

selection, about 10% of the ejaculated spermatozoa enter the cervix, 1% enter the 

uterus and only 0.1% enter the Fallopian tube (Henkel, 2012). However, for 

artificial insemination programs, pre-freeze sperm selection is solely based on 

sperm motility and concentration in the ejaculate that still contains dead and 

abnormal sperm cells, an inevitable source of oxidative stress by ROS production, 

which destabilizes the sperm plasma membrane through lipid peroxidation. Such 

oxidative stress is detrimental to sperm viability, plasma membrane, acrosomal 

(Hallap et al., 2004; Suarez, 2007) and DNA (Chatterjee et al., 2001) integrity, 

which ultimately impairs sperm fertilizing ability (Said et al., 2005). Therefore, it 

has become imperative to remove deformed/damaged and dead spermatozoa; the 

additional source of ROS before processing of semen ejaculate for 

cryopreservation. It is relevant to mention that removal of these ROS sources 

results in improved bovine post-thaw quality and fertility (Lee et al., 2009; 

Arzondo et al., 2012). 

 

9 
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Based on natural sperm selection in the reproductive tract of female, 

various biomimetic techniques have been developed that select good quality 

spermatozoa and reduce the number of dead, moribund and weakly motile sperm 

from the cell suspension. Among these procedures, the swim up method selects 

spermatozoa based on morphology and sperm motility, while, basis of filtration is 

interaction between sperm and the filter substrates (glass fibers, Sephadex™ beads 

or membrane pores) along with the ability of the sperm to move (Mogas et al., 

1998). It is considered that non-viable sperm are more likely attached to the matrix 

than motile sperm. Sephadex™ either permit agglomeration of immotile and dead 

sperm due to changes in surface charges whereas motile or live sperm easily pass 

through the column (Ahmad et al., 2003) or binding of sephadex™ particles with 

protein present on impaired spermatozoa (Samper et al., 1995). Similarly, glass 

wool filtration separates dead sperm cells that attaches to the glass, whereas motile 

spermatozoa due to their progressive movement easily pass through glass wool 

fibers (Henkel and Schill, 2003). Some studies have reported that filtration 

eliminates leukocytes and dead or dying sperm that are the source of ROS and 

selects morphologically normal (Anzar et al., 1997), viable and acrosome-intact 

sperm (Januskauskas et al., 2005). 

 

Selection of functionally intact spermatozoa from a fresh ejaculate has been 

successfully demonstrated in cattle before processing for cryopreservation using 

glass wool filtration (Arzondo et al., 2012), swim up (Somfai et al., 2002) and 

sephadex™ filtration (Januskauskas et al., 2005). Upto our information, studies 

about the efficiency of aforementioned methods to select motile sperm from 

buffalo semen, and simultaneous impact of these procedures on sperm functional 
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status after freeze-thawing is lacking. Keeping in view these gaps objective of 

present study was to evaluate the effect of different sperm selection methods 

(Swim Up, Sephadex-G15 Filtration and Glass Wool Filtration) on efficacy of total 

and motile sperm recovery, and to select functionally intact spermatozoa of Nili-

Ravi buffalo fresh semen ejaculate. The study also assessed the impact of these 

pre-freeze sperm selection procedures on sperm quality parameters, viz; 

progressive motility, intactness of plasma membrane, acrosomal integrity (normal 

apical ridge), live/ dead ratio, viability (live sperm with intact acrosome), 

chromatin integrity and in vitro fertilizing ability of cryopreserved semen. 

 

2.2. REVIEW OF THE LITERATURE 

 

Animal breeding industry has been revolutionized by modern reproductive 

technologies such as semen cryopreservation and artificial insemination (AI) of this 

cryopreserved semen. However, full potential of these effective advancement 

should be exploited by using the mechanisms that mimic with the natural process 

for AI and successful fertilization, so that normal physiological processes are not 

inadvertently hindered, or counteracted (Suarez et al., 2007; Rath et al., 2008). 

Naturally, in female reproductive tract after deposition of seminal plasma, 

spermatozoa itself find their way to the fertilization site by rapid migration in 

limited time period, during which they undergo a series of changes i.e. capacitation 

and eventually the acrosome reaction to makes the  membrane ready for ultimate 

attachment of  oocyte’s zona pellucida layer (Bedford, 2008). Only a few thousand 

sperm reached the oviducts out of billions of spermatozoa that are discharged into 

the cervix and only one sperm will eventually reach site and fertilize the oocyte. 
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During this journey of spermatozoa along the female reproductive tract several 

selection mechanisms take place at different site for cleaning to remove abnormal 

or dead and damaged spermatozoa (Suarez et al., 2007), simultaneously selected 

spermatozoa acquire fertilizing ability.  

 

The cervix plays an important role in natural sperm selection mechanism 

inside female reproductive system. After semen deposition in the vagina, sperm 

moves to the cervix that acts as a reservoir (upto 24 hr) and also serves as filtration 

system. In cervical lumen presence of viscous or sticky mucous plays important 

role to remove immotile or morphologically abnormal sperm by trapping and 

propelling in a retrograde direction (Barros et al., 1984) and normal motile sperm 

position towards the long axis of mucosal threads (with sialic acid composition) for 

antigrade movement (Mullins and Saacke, 1989). It is reported that cervical 

mucous becomes so viscous, nearly impenetrable to spermatozoa during 

progesterone dominance of oestrus cycle stages (Morrell and Martinez, 2011). 

 

The natural sperm selection processes are, of course, completely absent 

when the semen is processed for cryopreservation (Hunter and Rodriguez-

Martinez, 2002). At Sꬲmꬲn Production Uňits, fresh ejaculates are usually selected 

solely on the basis of sperm progressive motility (evaluated subjectively) and 

concentration (Malmgren, 1997) but use of this assessment as the only factor for 

calculating sperm fertilizing ability is not perfect or even reliable. Apart from 

sperm motility, many other quality factors are important such as morphology and 

membrane intactness that influence fertility (Andrabi, 2009). Presence of abnormal, 

moribund, dead sperm and freeze thaw process produce reactive oxygen species 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Morrell%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=20814435
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez-Martinez%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20814435
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(ROS) leads  to oxidative stress that  structurally and functionally  damage the 

sperm (Guthrie  and  Welch,  2006). Additionally,  high proportion  PUFAs  in  

buffalo sperm membrane along with the presence of dead/ damaged sperm in 

ejaculates prompts  the  oxidative stress  which in  turn  reduces  the  sperm quality 

parameters viz, motility,  viability and DNA  integrity (Nair et al., 2006; Andrabi, 

2009). 

 

Introduction of sperm selection methods prior to cryopreservation would be 

a best way to separate high quality spermatozoa from fresh ejaculates. It is reported 

that removal of dead and moribund spermatozoa before cryopreservation improves 

cryo-survivability and post-thawed sperm quality in stallion (Samper et al., 1995), 

human (Brugnon et al., 2013) and bulls (Gloria et al., 2016). Previous studies 

suggest that sperm fertility is also improved in stallion spermatozoa by such sperm 

selection procedures (Samper et al., 1995). There is a solid correlation between 

post thaw sperm quality and in vivo fertility in buffalo (Ahmed et al., 2003) and 

cattle (Al-Makhzoomi et al., 2008), pregnancy rates by AI in porcine (Lopez-

Fernandez et al., 2008) and equine (Love and Kenney, 1998; Morrell et al., 2008) 

and in vitro fertility (Tanghe et al., 2002). However, there are lower challenges 

faced by spermatozoa before fertilization in vivo than in vitro (Thys et al., 2008).  

 

Previous studies showed damaging effect of seminal plasma and removal of 

seminal plasma and dead/ damaged or abnormal sperm, improves sperm survival 

during liquid storage and cryopreservation in equine (Aurich, 2005; Moore et al., 

2005) and porcine (Roca et al., 2006). Seminal plasma has damaging effects on 

spermatozoa of ruminant (Maxwell et al., 2007) and boar spermatozoa (De Graaf 
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et al., 2008). Several biomimetic selection mechanisms based on filtration method 

for selection of good quality spermatozoa from seminal plasma mimicking with the 

in vivo selection mechanism of the better quality spermatozoa from deposited 

ejaculate. A variety of biomimetic techniques select spermatozoa with good 

motility and morphology, capable of fertilizing the oocyte. Among them, the glass 

wool filtration, sephadex filtration and swim-up procedure reported to provide 

filtrate of sperm with improved recovery rates and quality parameters viz., motility, 

morphology and fertilizing capacity (Holmgren and Jeyendran, 1993; Johnson et 

al., 1996; Van Den et al., 1997; Henkel and Schill, 2003;). These sperm selection 

techniques can be categorized into filtration and migration.  

 

Sperm migration technique is based on the ability of fresh, extended or 

washed spermatozoa to move from one medium to another medium of varying 

composition (Mortimer, 2000). The viable spermatozoa effectively move out from 

the original sperm population regardless of the position of sample and buffer i.e. 

underneath, top, or to one side (Mortimer, 2000). Thus for all migration methods, 

the isolation is based on the self-propelled movement of spermatozoa, and when 

the sample placed underneath the high motile sperm with normal morphology 

swims up on overlaying media that’s why known as “swim-up” method (Taylor et 

al., 2009). In addition this technique has two more advantages; screening of 

spermatozoa with tail abnormalities which hamper their move out ability from 

suspension and selection of spermatozoa with better mid piece morphology to 

effectively swim up on upper layer (Ibrahim et al., 2001). 

 

Swim-up is the most frequently used sperm separation method (Azam et al., 

2017) in IVF units with good fertilization rates. This method is economical, easy, 
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does not require complicated apparatus and skills. Normally, the fraction obtained 

after this method is clean containing quality sperm that are able to be directly used 

for assisted reproduction. The conventional swim-up method is however, limited to 

good quality ejaculates having good progressive motility and high sperm 

concentration. Improved quality of sperm and neat sperm suspension after the 

swim up method was observed for IVF in ram (Marti et al., 2006; Grasa et al., 

2004), boar (Fraser et al., 2007), bull (Hallap et al., 2004; Somfai et al., 2002; 

Cesari et al., 2006; Correa et al., 1996) and buffalo (Goyal et al., 1996) but no 

study has been reported on sperm prior to cryopreservation through swim up that 

describes impact on in vitro fertilization  rate. 

 

The filtration technique selects sperm based on interaction of the sperm and 

filtration matrices (glass fibers, sephadex and membrane pores), ability to swim, 

their retention and adherence at phase borders (Mogas et al., 1998). Successful 

separation of the motile sperm population from semen samples by using densely 

packed glass wool fibers was observed by Paulson and Polakoski (1977). Filtration 

through glass wool fibers not only relies on the filtration effect of the glass wool 

fibers but also on sperm’s self-propelled movement e.g. mechanical 

retention/adhesion of the bigger particles to the surface of the glass fibers (Ahmed 

et al., 2003). Filtration mainly depends on the type of glass wool which plays 

important role in selection of spermatozoa with condensed chromatin 

(Januskauskas et al., 2005; Samper et al., 1995). 

 

 

Sephadex are synthetic, organic compound derived from polysaccharide 

dextran. Sephadex filtration is effective to select high quality sperm as it is reported 
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that nonviable spermatozoa stick to the matrix whereas motile and functional 

spermatozoa pass through the column (Bussallou et al., 2008). Non-motile and 

dead sperm may agglomerate due to shift in surface charges (Ahmed et al., 2003) 

or changes in the sperm protein structure after capacitation (Samper et al., 1995). 

Sephadex G-15 filtered sperm showed increase percentage of viable spermatozoa 

in canine and bovine; and decrease percentage of damaged acrosomes in bovine 

compared to the unfiltered sample (Mogas et al., 1998). This method is widely 

used to improve the cryo-survivability and post thawed quality of ram (Marti et al., 

2006), boar (Bussallou et al., 2008) stallion (Rodriguez-Martinez et al., 1997; 

Casey et al., 1993; Klinc et al., 2005; Pagl et al., 2006) cattle (Januskauskas et al., 

2005; Anzar et al., 1997; Graham and Graham, 1990) and buffalo (Ahmed et al., 

2003; Goyal et al., 1996) sperm. 

 

To our understanding, no study has yet reported the ability of these 

procedures to select motile sperm from buffalo bull semen as well as the impact of 

applying these sperm selection procedures before cryopreservation of buffalo 

spermatozoa and their impact on in vitro fertilization rate. In this context, we 

hypothesize that the selection and recovery of higher proportion of good quality 

sperm from fresh ejaculates is required for successful cryopreservation, which 

could improve fertility rates through AI and IVF. The aim of the present study was 

to evaluate the efficiency of pre-freeze sperm selection by swim-up (SU), 

sephadex™ filtration (S-G15) and glass wool filtration (GWF) techniques on 

recovery rates, post thawed sperm quality and fertilizing potential of Nili-Ravi 

buffalo bull (Bubalus bubalis) sperm. 

 

2.3. MATERIALS AND METHODS 
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2.3.1. Experimental Design 

 

Mature buffalo bulls of Nili Ravi (n=5) of same cohart kept at the Sꬲmꬲn 

Production Uňit (SPU), Qꜹdirꜹbad, District Sꜹhiwal, Pꜹkistꜹn, were used for 

semen collection. By using artificial vagina (42˚C), 2 consėcutive ejąculates per 

week were collected for thrꬲꬲ wꬲꬲks (three replicate; six ejaculates per bull; total 

ejaculate = thirty). At least one ejaculate from each bull met the set criteria (volume 

> 1 mL, sperm concentration > 1.5 billion/ mL, motility > 60%, abnormalities < 

20%) for further processing in experiment. The qualifying ejaculates were equally 

distributed into four tubes; the one tube remained untreated (control), the other 

three tubes were subjected to three sperm selection methods i.e. swim-up (SU), 

sephadex™ filtration (S-G15) and glass wool filtration (GWF). 

 

2.3.2. Extender Preparation 

 

Egg Yolk Tris (EYT) based expėrimental extėnder was preparėd using 

buffer of tris-citric acid (pH 7.0; osmotic pressure 320 mOsmol kg-1) that contained 

of 3.00 g tris-(hydroxymethyl)-aminomethane and 1.56 g citric acid dissolvėd in 73 

mL distillėd watėr, then supplemented with 20 mL egg yolk; 0.20 g fructose; 7 mL 

glycerol and antibiotics, streptomycin sulphate (1000 ugmL-1), benzyl penicillin 

(1000 IU mL-1). 

 

2.3.3. Sperm Selection 

 

2.3.3.1. Swim - Up (SU) 

 

Swim up method was done as described by Parrish et al. (1988). Semen 

sample 250 µL was placed at the bottom of 3 mL of incubated sperm wash medium 
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(sp-TALP). Tubes were placed in CO2 incubator for 30 minutes at angle of 45°, 

and live sperm allowed to swim up in the TALP media. Supernatant was collected 

and shifted to other pre-warmed tube which was centrifuged at 25 °C, 1600 rpm 

(300 g) for 10 minutes. The supernatant removed after centrifugation and pellėt 

was re-suspended in sperm wash media and centrifuged again under same 

condition to obtain sperm pellet. 

 

2.3.3.2.Sephadex™ gel filtration  

 

2.3.3.2.1. Preparation of slurries 

 

Sephadex™ G-15 was soaked in tris-citric acid buffer without egg yolk 

(citric acid 1.5% w/v, Tris 3.3% w/v, pH 7.0) that was used to prepare sephadex G-

15 slurries 20% (w/v) and kept at 4˚C to swell overnight for column preparation 

(Ahmad et al., 2003). 

 

2.3.3.2.2. Columns preparation 

 

Disposable plastic syringe (10 mL) was used for filtration column. In order to 

prevent loss of sephadex from the barrel of syringe, 15 mg glass wool was packed 

down with the plunger. At the end of syringe plastic tubing was attached and fixed. 

The free end was placed into the 15 mL falcon tube for filtrate collection.  

 

2.3.3.2.3. Filtration of the extended semen 

 

Fresh semen was extended (1:4) with EYT extender at 37 ˚C and then 

filtered at room temperature (28-30 ˚C) by placing the column in vertical position.  
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Plate 2.1. Descriptive picture of sephadex column 

 

 

Plate 2.2. Descriptive picture of glass wool filtration column 
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Column was equilibrated with the buffer and then buffer part of slurries was 

removed from the syringe. The extėnded semėn was gently placed on upper part of 

column with a 20-guage needle fitted with 5 ml disposable plastic syringe and 

filterėd at a ratė of 1.5 ml/ min. 

 

2.3.3.3.Glass wool filtration (GWF) 

 

Sėmen samplė was filtered by a modifiėd protocol of Arzondo et al. (2013). 

Firstly, glass wool (30 mg; microfiber code 112; John Manville, USA) was 

compressed into a barrel of 5 mL disposable syringe to make 3 mm thick. The 

column was then equilibrated with Modified Ca+2 free Sp-TALP (Mustafa et al., 

1998) until filtrate had no particles of glass wool. Semen sample was diluted with 

sperm wash medium (SWM: sp-TALP) (2X) and then mixed, centrifugėd for 6 min 

at 300 g and pellėt was re-suspendėd in SWM. The washed sperm sample was 

placed on surface of equilibrated column and filtration allowed under gravity. After 

discarding 3-4 drops and remaining filtrate was collected in another tube. 

 

2.3.4. Assessment of Sperm Recovery after Sperm Selection procedures 

 

The sperm recovery after passing through selection procedures was 

assessed by calculating total and motile sperm recovery rates as; 

 

                                                                     [Spėrm concėntration (x 106/mL) x volumė (mL)] aftėr selėction 

Total spėrm recovėry rate (%) =            ___________________________________________________      x 100 

             [Spėrm concėntration (x 106/mL) x volumė (mL)] bėfore sėlction 

 

                                          [Spėrm concėntration (x 106/mL) x progressivė motile sperm (%) x volumė (mL)] after selection 

Total motilė spėrm recovėry ratė (%) =___________________________________________________________        x 100 

                         [Sperm concėntration (x 106/mL) x progressivė motilė sperm (%) x volume (mL)] before selection 
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2.3.5. Sperm Freezing and Thawing Procedures 

 

Diluted suspensions were cryopreserved and thawed using standard 

techniques following Qadeer et al. (2014). For dilution tris-citric acid extender (37 

˚C), spėrm concėntration was adjustėd to 60 x 106/ mL. The sample was cooled and 

equilibrated to 4 ˚C for 4 hr, filled in French straws (0.5 mL) with a suction pump 

at 4˚C in a cold cabinet unit, 10 minutes on liquid nitrogen vapors and lastly straws 

were plunged and stored in liquid nitrogen and transported to the Buffꜹlo Rꬲsꬲarch 

Institutꬲ (BRI; Pꜹttoki, Kꜹsur, Pꜹkistan), where sperm post-thaw quality was 

evaluated. After 24 hr, straws were thawed in a water bath at 37 ˚C for 30 sec and 

incubated in a water bath for assessment of post-thaw semen quality. 

 

2.3.6. Post-Thaw Semen Analysis 

 

 Percentage progressive motility of sperm was evaluated by placing 10 μL of 

semen on a microscopic slide (37 ˚C) at magnification of 400X of phase contrast 

microscope. Hypo-osmotic swelling (HOS) test was used to assess plasma 

membrane integrity following Jayendran et al. (1984). Semen sample (50 μL) was 

taken in 500 μL of working solution (0.73 g sodium citrate and 1.35 g fructose for 

100 mL) and kept in water bath (37 ˚C) for 40 min. Incubated sample (10 μL) was 

taken with micropipette on a pre-warm (37 ˚C) microscopic slide, cover slipped 

and observed through phase contrast microscope at 400X. The observation was 

taken on at least five different fields of each microscopic slide. The sperm having 

functional cell membranes showed swollen and bent tails; while the sperm having 

non-functional cell membranes showed straight and unswollen tails (Qadeer et al., 

2014).  
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The viability of live sperm was studied by dual staining procedure (Kovac 

and Foote, 1992). Smears were prepared by mixing drop of trypan-blue with semen 

sample on a microscopic slide (37 ˚C). After air drying, microscopic slides were 

fixed with formaldehyde-neutral red for 5 minute followed by washing with 

distilled water and then kept in Giemsa stain (7.5%) for 4 hr. Slides were then 

rinsed in dis. water, air dried and mounted with mounting media. Two hundred 

spermatozoa were studied for each slide under a light microscope at 100X 

magnification. Viable sperm remain unstained or lightly stained, while non-viable 

sperm appeared as clear dark blue demarcation and blunt ended acrosome. The 

sperm stained on the lower portion of the head were categorized as non-viable and 

non-intact acrosome. Sperm viability was expressed as the live sperm + intact 

acrosome and sperm livability as the ratio of live/dead sperm expressed as 

percentiles. Sperm DNA damage was studied by DNA fragmentation test following 

Mello (1982). Semen samples smears were made, air dried and fixed in 96% 

ethanol-acetone (1:1) at 4 ºC for 30 min. Acid hydrolysis (4N HCl) was carried out 

for 10-30 min at 25º C. The smears were then rapidly rinsed in distilled water 

thrice, each for two minutes, and later stained with toluidine blue stain for 10 

minutes, the semen smears were evaluated under a light microscope by placing oil 

immersion drop on a microscopic slide under 100X. 200 spermatozoa were 

assessed for each experimental extender. The evaluation was done based on the 

stains taken in by the sperm. Lightly stained sperm were considered as having 

functional DNA, while sperm stained dark as having non-functional DNA.  

 

For evaluation of sperm morphology was evaluated by formaldehyde-citrate 

solution (Tri-Sodium Citrate dihydrate 2.9 g, 37% solution of formaldehyde 1 mL 



23 
 

 
 

in 99 mL distilled water). Briefly, sample (100 μL) was mixed with 500 μL of 

formaldehyde-citrate solution and two hundred sperm were evaluated at 1000X of 

phase contrast microscope using oil immersion (Andrabi et al., 2008). The number 

of sperm with abnormalities of the head, mid-piece and tail were scored. In 

addition, the normal sperm apical ridge was evaluated in these samples. Sperm 

with an intact acrosome and a clear shinning head were considered as having 

normal apical ridge, while blunt ended cells were considered to have a disrupted 

apical ridge. 

 

2.3.7. Assessment of Sperm Performance after Sperm Selection Procedures 

Through In-Vitro Fertilization (IVF)  

 

The IVF protocol of Mehmood et al. (2007) was followed to check sperm 

performance after sperm selection. Buffalo (Bubalus babalis) ovaries were taken 

from nearby slaughter house (Punjab Agriculture and Meat company, Multan 

Road, Lahore) immediately after slaughter of animals and shifted to the laboratory 

(Buffalo Research Institute, Pattoki, Lahore) within 2-3 hours in a thermos 

containing sterilized normal saline (PBS; pH 7.0). Ovaries were aspired on their 

arrival in laboratory with fresh PBS from 2-8 mm follicles using an 18-gauge 

needle and cumulus-oocyte complexes (COCs) were selected based on 

compactness and presence of cumulus layers and homogeneity of ooplasm. After 

selection oocytes were rinsed twice in PBS and once with maturation media. A 

volume of 100 μL of maturation medium [TCM 199 containing 10% FCS, 0.5 

μg/mL FSH (sheep pituitary), 0.5 μg/mL LH (sheep pituitary) and 1 μg/mL β-
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estradiol] was used for 10-15 oocytes under mineral oil and kept in CO2 incubator 

at 38.5 oC for 24 hr.  

 

Selected frozen thawed sperm were used for in vitro fertilization (IVF). For 

this purpose, three straws from SU, S-G15, and GWF processed sperm and control 

were thawed at 37 °C for 30 seconds. Good quality sperm having extreme motility 

were collected by swim up technique (Parrish et al., 1986). Swim up method was 

done as described by Parrish et al. (1988), briefly, 250 µL of thawed semen sample 

was placed at the bottom of 3ml of incubated sperm wash medium (sp-TALP). 

Tubes were placed in CO2 incubator for 30 minutes at angle of 45°. For the period 

of this incubation, live sperm swim up in the TALP media. Supernatant was 

collected and shifted to other pre-warmed tube and centrifugation was done at 25 

°C, 1600 rpm for 10 minutes. After centrifugation the supernatant removed and 

pellet was re-suspended in sperm wash media and centrifuged again to obtain 

sperm pellet. Concentration adjusted to 2 x 106 sperm/ mL using Neubauer 

counting chamber by dilution with pre-warmed fertilization TALP. In vitro 

matured buffalo oocytes were washed with fertilization media containing 

capacitation agents (heparin (H3149), penicillamine (P4875), hypotaurine (H1384) 

and epinephrine (E4250)) and co-incubated with sperm in fertilization droplet (5 

COCs / 50 µL droplet) in CO2 incubator at 38.5 °C under 5 % CO2 with 95% 

humidity for 20 hr. 

 

After 20 hr of fertilization time, presumptive zygotes were washed with 

TCM 199 having fetal calf serum and place in cultured medium (100-μL) of TCM 

199 containing 10% FCS at 38.5oC and 5% CO2 in air. During culture, the rate of 
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fertilization and embryo development were recorded in terms of cleavage rates of 

early embryos at 48 hr post-insemination.  

 

2.3.8. Statistical Analysis 

 

All semen parameters and additional characteristics were expressed as mean 

± standard error of the mean (SEM). Data on the effect of recovery rates were 

analyzed by t-test whereas, pre-freeze and post-thaw sperm functional parameters 

were analyzed by ANOVA and significance judged at 0.05 significance level. LSD 

test were applied when values were found significant. General linear model was 

used on data of cleavage rate and when values were found significant (P < 0.05) 

Duncan Multiple Range Test were applied. The SPSS-20 Software was used for 

analysis. 

 

2.4. RESULTS  

 

2.4.1.  Sperm Recovery after Selection Procedures  

 

Buffalo bull semen samples when subjected to the selection procedures, 

sperm concentration (million spermatozoa/ mL) and motility (%) were comparable 

in sperm selected through sephadex (824.5±53.7; 76.67±3.33), GWF 

(1175.86±11.32; 76.67±3.33), SU (927±196.71; 73.33±3.33) and control 

(866.2±362.8; 68.33±2.0) (Figure 2.1). As a result of these studies, a higher (P < 

0.05) recovery of total and motile sperm was obtained in the order; GWF > S-G15 

> SU (Figure 2.2). 
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2.4.2. Sperm Progressive Motility (%) Before and After Selection  

 

Sperm progressive motility (mean %) was analyzed before and after 

selection and after cryopreservation is presented in Figure 2.1. Sperm progressive 

motility were comparable (P > 0.05) among treatments before and after selection; 

however, after freeze- thawing, improvement in sperm motility (P < 0.05) in sperm 

selected by different procedures compared to the control, in the order: S-G15= 

GWF > SU > control. 

 

2.4.3. Post-Thaw Sperm Parameters 

 

The effect of different sperm separation procedures on post-freeze 

progressive motility, integrity of plasma membrane and acrosomal integrity of 

buffalo bull spermatozoa are showed in Figure 2.1 and 2.3. Post-thaw sperm 

progressive motility was significantly higher (P < 0.05) in S-G15 (68.33±1.05) and 

GWF (65.83±1.54) compared with SU (55.83±1.53) and control samples 

(45.8±2.01). A similar pattern was recorded for integrity of sperm plasma 

membrane and acrosomal integrity (the percentage of cells depicting sperm 

acrosome integrity). Post-thaw integrity of sperm plasma membrane was 

significantly higher (P < 0.05) in S-G15 (71.5±1.17) and GWF (67.33±1.08) than 

in SU (61.16±1.47) and control samples (47.3±2.56). Similarly, the values for post-

thaw sperm normal apical ridge were significantly higher (P < 0.05) in S-G15 

(77.83±0.65) and GWF (75.67±0.96) than in SU (71.50±0.56) and control samples 

(50.83±2.56). 
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Figure 2.1. Effect of different sperm selection techniques on sperm progressive 

motility (Mean ± SE) at different stages of cryopreservation, before 

and after filtration and after freezing of buffalo bull spermatozoa. The 

control bars indicate before and after dilution and freezing. Bars 

showing different letters differ significantly (P < 0.05). Letters a, b 

and c on different bars shows significant difference among treatments. 

(Appendix VI) 
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Figure 2.2. Effect of different sperm selection techniques on total and motile 

sperm recovery rates (Mean ± SE) of buffalo bull spermatozoa after 

filtration. Bars showing different letters differ significantly (P < 0.05). 

Letters a, b and c on different bars shows significant difference among 

treatments. 
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Figure 2.3. Effect of different sperm selection techniques on post thaw sperm 

plasma membrane integrity and normal apical ridge (Mean ± SE) in 

buffalo bull spermatozoa. Bars showing different letters differ 

significantly (P < 0.05). Letters a, b and c on different bars shows 

significant difference among treatments. (Appendix VII) 
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Figure 2.4. Effect of different sperm selection techniques on post thaw sperm 

viability, livability and chromatin integrity (Mean ± SE) in buffalo bull 

spermatozoa. Bars showing different letters differ significantly (P < 

0.05). Letters a, b and c on different bars shows significant difference 

among treatments. (Appendix VII) 
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Figure 2.5. Effect of different sperm selection techniques on post thaw sperm 

abnormality (Mean ± SE) in buffalo bull spermatozoa. Bars showing 

different letters differ significantly (P < 0.05). Letters a, b and c on 

different bars shows significant difference among treatments. 

(Appendix VIII) 
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Figure 2.6. Effect of sperm selection techniques on early embryo cleavage rate 

(mean±SEM) of buffalo bull sperm. Bars showing different letters 

differ significantly (p < 0.05). Letters a, b and c on different bars 

shows significant difference among treatments. (Appendix IX) 
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The percentage of sperm viability was found significantly higher (P < 0.05) 

in spermatozoa selected by S-G15 (66.5±1.40), GWF (61.17±3.73) and SU 

(60.17±2.08) compared to the controls (46.0±1.46) (Figure 2.4). Percent sperm 

chromatin integrity showed similar trend and remained similar using S-G15 

(98.5±0.22), GWF (98.0±0.25) and SU (98.0±0.36) filtration procedure prior to 

sperm freezing, however these values were higher (P < 0.05) compared to the 

controls (96.7±0.42) (Figure 2.4). Sperm livability (%) was higher (P < 0.05) in 

samples processed using S-G15 (86.66±2.71) and GWF (80.16±3.69) compared to 

SU (76±2.60) and control (67.5±1.70) (Figure 2.4). Post-thaw percentage of total 

abnormal sperm, as well as head and mid-piece abnormalities were found 

significantly lower (P < 0.05) in sperm processed through S-G15, GWF and SU 

compared to control whereas tail abnormalities did not differ (P > 0.05) in SU, S-

G15, GWF and control samples (Figure 2.5). 

 

2.4.4. In vitro Fertilizing Rate (%) 

 

A significantly higher (P < 0.05) cleavage rate (%) was found in embryos 

generated after oocyte insemination with spermatozoa selected using S-G15 

(43.6±4.18) than GWF (29.5±4.07), SU (21.0±1.94) and control (21.0±3.00). The 

cleavage rate observed in embryos from spermatozoa selected by GWF was higher 

(P < 0.05) than SU and control whereas SU samples prior to cryopreservation were 

comparable to control samples (P > 0.05). 

 

2.5. DISCUSSION 

 

Several selection mechanisms are confronted by sperm while passing 

through the female reproductive tract (Suarez, 2007) and ultimately, 
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morphologically normal sperm with progressive motility and normal DNA are 

selected for successful fertilization (Henkel, 2012). Ejaculates selected for 

cryopreservation using routine procedures contain dead/ abnormal spermatozoa 

which are also cryopreserved along with normal sperm that are inevitable source of 

the lipid peroxidation and reactive oxygen species (ROS) production (Shamsi et al., 

2008;  Zini and Sigman, 2009; Agarwal and Sekhon, 2010). Since, oxygen radicals 

are readily exported from the sperm cells; they can disrupt the plasma membrane of 

normal companion cells (Aitken, 1989). Removal of such detrimental sperm 

population from the ejaculates through sephadex and glass wool filtration  resulted 

in improved semen quality in cattle (Ajeet et al., 2003; Januskauskas et al., 2005) 

and buffalo (Murrah) bulls (Panghal et al., 2002; Maurya and Tuli, 2003). Relevant 

to the swim up technique, higher expression of the mRNA encoding the P450 

aromatase (a molecular marker of sperm motility in other species) has been 

reported in motile sperm compared to non-motile sperm in buffalo (Tiwari et al., 

2008).  

 

The concentration of motile sperm after selection procedures is directly 

associates with rate of fertilization (Horvath et al., 1989; Rurangwa et al., 2004). In 

the present study, sperm selection by GWF was found to be the best for recovery of 

total and motile sperm, followed by S-G15 filtration compared to SU. The high 

recovery of motile sperm after GWF and S-G15 filtration indicates the trapping of 

dead, abnormal and moribund spermatozoa in an effective way by physico-

chemical reaction (Graham et al., 1976) or the appearance and bonding of specific 

protein on surface of capacitated spermatozoa (Samper et al., 1995) with the 

sephadex particles. On the other hand, glass wool filtration separates motile sperm 

http://www.intechopen.com/books/artificial-insemination-in-farm-animals/sperm-preparation-techniques-for-artificial-insemination-comparison-of-sperm-washing-swim-up-and-den#B21
http://www.intechopen.com/books/artificial-insemination-in-farm-animals/sperm-preparation-techniques-for-artificial-insemination-comparison-of-sperm-washing-swim-up-and-den#B21
http://www.intechopen.com/books/artificial-insemination-in-farm-animals/sperm-preparation-techniques-for-artificial-insemination-comparison-of-sperm-washing-swim-up-and-den#B31
http://www.intechopen.com/books/artificial-insemination-in-farm-animals/sperm-preparation-techniques-for-artificial-insemination-comparison-of-sperm-washing-swim-up-and-den#B1
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cells through densely packed glass wool fibers (Mortimer and Mortimer, 1992). 

Mustafa et al. (1998) harvested the maximum number of motile spermatozoa from 

cryopreserved buffalo semen using filtration method compared to swim-up 

procedure. Our results on sperm recovery rate are in agreement with those reported 

by Marc et al. (1997) who reported higher sperm recovery using glass wool 

filtration in human. 

 

In the present study, sperm selected through S-G15 and GWF, prior to 

freezing retained a significantly higher post-thaw sperm quality viz., sperm 

progressive motility, integrity of plasma membrane, normal apical ridge (acrosomal 

integrity), viability, livability, morphology and chromatin integrity compared to SU 

and sperm processed through routine procedure (control). It has been reported that 

sperm selection by S-G15 is done depending on interaction of plasma membrane, 

buffer used for dilution and particles of sephadex™ (Graham et al., 1976). The 

GWF is mainly based on the fact that due to their sticky nature of dead and dying 

sperm they easily get attached to fiber (Mortimer and Mortimer, 1992). The results 

on sperm motility, acrosome integrity, viability and livability of sperm processed 

through sephadex filtration procedure in present study were comparable to that of 

previous studies on bovine (Vyas et al., 1992; Anzar and Graham, 1993; Anzar and 

Graham, 1995; Anzar and Graham, 1996). Ahmad et al. (2003) reported improved 

semen functional parameters as well as cryo-survivability of low quality ejaculates 

whereas Kumar et al. (1999) showed improved cryo-survivability and sperm 

penetration into homologous cervical mucus after sephadex filtration in buffalo. 

Filtration through glass wool has been reported to improve sperm quality in dog 
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(Mogas et al., 1998), cattle (Vyas et al., 1992; Anzar and Graham, 1996; Mustafa 

et al., 1998) and human (Engel et al., 2001).  

 

Morphology is the important parameter most consistently related to in vitro 

fertilization success rate (Kobayashi et al., 1991) and has reliably been utilized as 

the good indicator to check fertility of male. In the present study, head, mid-piece 

and total abnormalities were found lower in sperm suspension filtered by sephadex 

compared control, an indication of efficient removal of immotile or dead 

spermatozoa. Elimination of abnormal spermatozoa by sephadex may have 

minimized the oxidative stress which resulted when exposed to enzymes found in 

dead sperm (Gomez et al., 1996) which concomitantly improved the post thaw 

quality. 

 

Fertilization capability of sperm is highly correlated with sperm 

concentration (Biljan et al., 1994; Calvo et al., 1994; Robinson et al., 1994), 

progressive motility (Alper et al., 1985; Ron-El et al., 1991; Robinson et al., 1994), 

intact acrosome, plasma membrane integrity, chromatin integrity (Evenson et al., 

1994; Saacke and White, 1972; Garner and Hafez, 1987; Saacke et al., 1980; 

Osinowo et al., 1982;) and morphology (Kruger et al., 1986; Enginsu et al., 1992; 

Grow et al., 1994). In our study, spermatozoa selected through sephadex filtration 

showed improved post-thaw quality and ultimately yielded significantly higher 

fertilization rates as assessed by cleavage rate. After sephadex, GWF showed 

higher fertilization rates compared to SU and control. The lower cleavage rate after 

oocyte insemination with sperm processed through SU procedure in present study 

might be due to the stress associated with longer time period required for the SU 
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process that have compromised post-thaw semen quality (Somfai et al., 2002) and 

ultimately yielded lower cleavage rates as has been reported earlier in human (Ron-

El et al., 1991).  

 

The processing time required for pre freeze sperm selection is of relevance 

as cryopreservation process further reduces the viability and longevity of the sperm 

(Zavos, 1992). Sephadex and glass wool filtration take less processing time for pre 

freeze sperm selection which is important for sperm longevity and viability. Along 

with these, swim up method yield 5- 10% recovery of motile sperm and also 

require sophisticated handling of equipment as compared to simple and easy 

handling of GWF and S-15. That is why the Parrish Lab and just about everyone in 

bovine IVF world uses Percoll to separate sperm for IVF as it is much easier to use 

and teach. 

 

Present research illustrate the filtration of Nili Ravi buffalo bull semen prior 

to cryopreservation through sephadex-G15 or glass wool is efficient in improving 

post-thaw sperm functional parameters by removing dead/ dying and abnormal 

spermatozoa. Further, on the basis of in vitro fertilization rate, sephadex-G15 

filtered cryopreserved sperm yielded higher rate of cleaved embryos. Keeping in 

view of the ever expanding requests of semen for breed enhancement program, the 

sephadex or glass wool filtration techniques, can be used as a regularly schedule  

method to yield high quality semen. Also, this procedure can be used to minimize 

seasonal deterioration of semen quality. In conclusion, post thaw sperm quality and 

fertility rate (cleavage rate) of buffalo bull semen was improved with S-G15 

filtration method. 
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Chapter 3 

 

COMPARISON OF DIFFERENT SPERM PREPARATION 

METHODS TO IMPROVE IN VITRO FERTILIZATION RATE 

 

3.1. INTRODUCTION 

 

Buffalo is an important dairy animal in south East Asia (Purohit et al., 

2003). In spite of the fact, this breed has the potential to yield > 5000 liters/ 

lactation (Bilal et al., 2006), the average milk yield is quite low (around 2000 liters 

per lactation) that raises the opportunities of genetic improvement through assisted 

reproductive technologies.  In-vitro embryo production (IVEP) and transfer is one 

way of genetic improvement in buffaloes through utilization of superior male and 

female germplasm simultaneously (Kumar and Anand, 2012). Although IVEP has 

been tried in buffalo yet it didn’t prove as successful as in cattle since the in vitro 

fertilization (IVF) rate is low compared to cattle (65 vs 84%, respectively (Neglia 

et al., 2001). Among various factors that affect the IVF rate, the post thaw quality 

of buffalo sperm is of enormous significance (Barandi et al., 1993; Chauhan et al., 

1998). It is reported that freezing and thawing process reduces 50% sperm motility 

and viability (Andrabi, 2009). Moreover, premature acrosomal reaction is induced 

due to thermal, osmotic, mechanical and chemical stresses at different steps of 

freezing and thawing (Andrabi, 2009). 

 

For successful fertilization, sperm should be intact, viable, motile, able to 

undergo capacitation and subsequent acrosome reaction when in contact with the 
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oocyte (Henkel, 2013).The natural selection of such sperm occurs in the female 

genital tract most probably on the basis of motility, morphology, intactness of 

plasma membrane and DNA integrity (Henkel, 2013). However, in case of IVF, 

sperm are selected using different laboratory methods, of which “swim up” 

remained commonly used procedure (Parrish et al., 1995), however due to lower 

recovery yield (5-10%) of motile sperm, swim up method is now being replaced 

with gradient separation. Moreover, cellular damage due to oxidation reduction 

reaction is prompted by reactive oxygen species (ROS) generation during 

centrifugation step of the technique (Henkel, 2013). It is important to mention that 

buffalo sperm already have high content of PUFA in their plasma membrane and 

hence more vulnerable to ROS by lipid peroxidation compared to cattle bull sperm 

(Nair et al., 2006). It is also imperative to mention that the swim up selects the 

sperm solely on the basis of motility while other factors like membrane integrity 

and viability are of immense significance.  

 

The alternative sperm separation techniques are filtrations that involve a 

combination of factors like sperm motility, membrane integrity and their adherence 

to filtration matrices (Henkel, 2005). It is considered that non-viable sperm tend to 

stick to the matrix more than motile/ viable cells. Such filtration methods include 

sephadex™ and glass wool filtration that have previously been reported to select 

the cattle bull sperm having good motility, livability, normal morphology, 

freezability and fertility (Vyas et al., 1992; Anzar and Garaham, 1995; Anzar et al., 

1997; Lee et al., 2009).  The sephadex™ and glass wool filtration has been 

attempted for pre-freeze selection of buffalo bull sperm (Husna et al., 2016), 

however, these have not been evaluated for cryopreserved buffalo sperm intended 
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for use in IVF. We hypothesized that sperm preparation through filtration 

(sephadex™ or glass wool) improves the quality of selected sperm population and 

ultimately results in improved IVF rate of buffalo oocytes. The objective was to 

compare the methods of selecting cryopreserved sperm through filtration 

(sephadex™ or glass wool) with routinely used swim up (control) method for 

sperm recovery (total and motile), quality (motility, plasma membrane integrity, 

livability and viability) and in-vitro fertilization (IVF) rate of buffalo oocytes 

matured in vitro. 

 

3.2. REVIEW OF THE LITERATURE 

 

Buffalo is the major dairy animal in Pakistan by contributing beef 

production (50%) and milk production (65%) in the country (Anonymous, 2005), 

irrespective of many reproductive problems e.g. inherent delayed maturity, silent 

oestrus, different seasonality of breeding and long calving interval (Madan and 

Raina, 1984; Madan, 1988). To overcome these problems and for improvement of 

reproductive efficiency ART have been introduced viz., semen cryopreservation, 

artificial insemination (AI), in vitro fertilization (IVF), multiple ovulation and 

embryo transfer (MOET) in this species (Madan et al., 1994; Nandi et al., 2002). 

However these techniques remain unsuccessful to enhance the reproductive 

efficiency of buffalo as compared to cattle. 

 

The rate of in vitro fertilization and embryo production is still very low in 

buffalo compared to cattle (Lu et al., 1987) due to unstandardized cultural media/ 

conditions (Madan et al., 1996), lower recovery rates of oocytes (Totey et al., 
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1992), individual bull differences (Misra et al., 1999) and preparation methods for 

sperm (Parrish et al., 1995). It is relevant to mention that the post-thaw sperm 

quality of buffalo bulls is relatively low compared to cattle (Dhami et al., 1995) 

due to increased concentration of PUFAs in the sperm plasma membrane (Husna et 

al., 2017). Production of ROS causes lipid peroxidation leads to oxidative stress 

which ultimately declines sperm quality. Along with these facts high percentage of 

moribund and dead sperm adversely affect fertilization potential of post thawed 

buffalo bull semen (Heuer and Tahir, 1982). Along with this, toxic and lytic effect 

is also produced by dead and abnormal spermatozoa on companion normal motile 

sperm cells (Shannon and Curson, 1972) that ultimately results in low fertility rate 

in IVF settings.  

 

Swim up is method used to remove the dead sperm and debris in order to 

enhance sperm quality (Parrish et al., 1986) in bubaline and bovine IVF system. 

However, this method has some disadvantages viz., require high quality sample 

(high sperm concentration with good motility), low yield and sperm damage by 

ROS during centrifugation (Henkel and Schill, 2003). It has also been reported that 

swim-up method lowers the percentage of normally chromatin-condensed 

spermatozoa (Henkel et al., 1994). Another main weakness of this method is close 

cell-to-cell contact of spermatozoa when they are pelleted and produce reactive 

oxygen species (ROS) (Ford, 1990).  

 

Sephadex filtration was reported to be an efficient technique which removes 

abnormal and dead sperm through the columns of sephadex (Maurya et al., 2003). 

More dead sperm attached to the matrix in high number than motile and functional 

spermatozoa (Bussalleu et al., 2008). Non-motile and moribund sperm stick to 
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sephadex particles due to transformed surface charges (Bussalleu et al., 2008), or 

protein modifications after capacitation (Samper et al., 1995). In this process sperm 

with progressive motility are selected due to counter-current positioning by 

intricate hydrodynamic phenomenon. These phenomenon could be explained as 

motile cells unable to reach the sephadex spheres having limiting layer area, so the 

flow of buffer with sperm cells get to be insignificant and they swim counter-

current, while dead/ non motile sperm cells are dragged so they haphazardly take 

off movement area and stick when become near to the sephadex beads (Ahmed et 

al., 2003).  

 

Increased concentration of sperm with increased motility/ viability and 

decreased proportion of damaged acrosome (Henkel and Schill, 2003) were 

observed in filtrate after sephadex filtration compared to the unfiltered sample of 

canine (Mogas et al., 1998) and bovine (Januskauskas et al., 2005). In contrast, 

some studies showed contradictory results i.e. no difference between sperm quality 

parameters of filtered and unfiltered sperm. Januskauskas et al. (2005) by 

explaining the fact that sephadex filtrate didn’t gave clean filtrate as compared to 

other sperm selection procedure (Graham and Graham, 1990), due to presence of 

some seminal plasma (SP) and debris in the sample, on the other hand recovery rate 

is approximately 63% with this filtration method (Januskauskas et al., 2005). Using 

sephadex columns, the effective removal of abnormal spermatozoa has also been 

reported in dog (Mogas et al., 1998), cattle (Graham and Graham, 1990) and 

buffalo (Goyal et al., 1996) semen in fresh ejaculates based on loose contact of 

intact sperm and adherence of sperm with damaged acrosome in column of 

sephadex.  
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Glass wool filtration is considered to create physical barrier through 

mechanical trap for dead sperm (Samper and Crabo, 1993), separates motile sperm 

cells through densely packed glass wool fibers. It considerably improved sperm 

motility, chromatin integrity and viability in humans (Engel et al., 2001) and 

bovine (Lee et al., 2009) as compared to the unfiltered sample which ultimately 

improves in vitro production of cleaved embryo (Lee et al., 2009). There are 

several sperm selection techniques which increase the quality parameters of sperm 

(Henkel et al., 1994) but very few literature are available about IVF results (Lee et 

al., 2009). Therefore, present study was designed to access the efficacy of sperm 

preparation techniques viz., sephadex filtration, glass wool filtration and swim up 

for in vitro fertilization rate in buffalo. 

 

3.3. MATERIALS AND METHODS 

 

3.3.1. Experimental Design 

 

Six straws of cryopreserved buffalo semen were thawed at 37 ˚C for 30 sec 

in a water bath. Thawed semen having motility > 40% was processed further for 

sperm preparation for IVF in experiment. The qualifying semen were pooled and 

then divided into three aliquots. The first aliquot was subjected to the swim-up 

(SU), 2nd to sephadex™ filtration (S-G15) and 3rd to glass wool filtration (GWF). 

After sperm preparation through aforementioned methods, collected sperm were 

divided into two equal aliquots. One aliquot was used for post filtration sperm 

quality assessment i.e. progressive motility, plasma membrane integrity, viability 

and livability while other aliquot was processed for IVF. Each experiment was 

repeated six times (replicates).  
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3.3.2. Extender Preparation 

 

Egg Yolk Tris (EYT) based expėrimental extėnder was preparėd using 

buffer of tris-citric acid (pH 7.0; osmotic pressure 320 mOsmol kg-1) that contained 

of 3.00 g tris-(hydroxymethyl)-aminomethane and 1.56 g citric acid dissolvėd in 73 

mL distillėd watėr, then supplemented with 20 mL egg yolk; 0.20 g fructose; 7 mL 

glycerol and antibiotics, streptomycin sulphate (1000 ugmL-1), benzyl penicillin 

(1000 IU mL-1). 

 

3.3.3. Semen Collection, Extension and Cryopreservation 

 

Mature Nili Ravi buffalo bulls (n=5) of same cohart kept at the Sꬲmꬲn 

Production Uňit SPU, Qꜹdirꜹbad District Sꜹhiwal, Pꜹkistꜹn were used for semen 

collection. By using artificial vagina (42 ˚C), 2 consecutive ejaculates per week 

were collected for thrꬲꬲ wꬲꬲks (three replicate; six ejaculates per bull; total ejaculate 

= thirty). At least one ejaculate from each bull met the criteria of (volume > 1mL, 

sperm concentration > 1.5 billion/ mL, motility > 60%, abnormalities < 20%) for 

further processing in experiment. Diluted suspensions were cryopreserved and 

thawed using standard techniques as previously reported by Qadeer et al., 2014. 

For dilution tris-citric acid extender (37 ˚C), sperm concentration was adjusted to 

60 x 106/ mL. The sample was cooled and equilibrated to 4 ˚C for 4 hr, filled in 

French straws (0.5 mL) with a suction pump at 4 ˚C in a cold cabinet unit, 10 

minutes on liquid nitrogen vapors and lastly straws were plunged and stored in 

liquid nitrogen and transported to the Buffꜹlo Rꬲsꬲarch Institutꬲ (BRI; Pꜹttoki, 

Kꜹsur, Pꜹkistan), where samples were analyzed for post-thaw quality and in vitro 

fertility rate of buffalo oocytes.  
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3.3.4. Collection of Ovaries 

 

Buffalo ovaries (484) were collected from a nearby slaughter house (Punjab 

Agriculture and Meat Company, Multan Road, Lahore) and brought to the 

laboratory (Buffalo Research Institute, Pattoki, Lahore) in sterilized normal saline 

(0.9%) at 32-37 °C. The ovaries were washed with fresh saline having 50 µg/ mL 

gentamycin in sterile conditions. 

 

3.3.5. Oocytes Recovery 

 

Aspiration was done from visible follicles of 3-8 mm diameter from ovaries 

using 18-gauge needle attached to a 10 mL plastic syringe. The follicular fluid was 

collected in 50 mL falcon tube and allowed to settle down for about 15 min at 37 

°C. The sediment was collected in a petri dish and cumulus oocyte complexes 

(COCs) were harvested in PBS under a stereomicroscope (M5A, wild, 

Switzerland). The COCs were classified under stereomicroscope on the based on 

ooplasm homogeneity and cumulus layers compactness. In grade A oocytes, 

homogenized ooplasm with compact layers of cumulus (4 and more), grade B had 

homogenous ooplasm and 2-3 layers of compact cumulus, Grade C had irregular 

ooplasm and only one layer of cumulus, Grade D had totally expanded or denuded 

oocytes and irregular dark ooplasm (Sabasthin et al., 2013). Only grade A and B 

oocytes were selected for in vitro maturation (IVM). 

 

3.3.6. In Vitro Maturation  

 

The selected oocytes (318) were washed twice in oocyte wash media (PBS) 

and finally in maturation media (MM) Medium-199 having NaHCO3, Na- 
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Plate 3.1. Buffalo ovaries for aspiration of oocytes 

 

Plate 3.2. Stereomicroscopes for oocytes searching 

Antral Follicles 

Graffian Follicle 

Corpus Luteum 
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Pyruvate and supplemented with, Estradiol-17β (1µg/ml), FSH (0.02 

IU/ml), 0.5 μg/mL LH, 50 µg/mL Gentamycin and 10% (v/v) fetal calf serum 

(FCS). About 8-10 oocytes were introduced into 100 µl droplet of maturation 

medium covered with sterilized mineral oil (Sigma, St.  Louis, MO, USA). The 

oocytes were incubated at 38.5 °C for 24 hr in an atmosphere of 5% CO2 with 95% 

relative humidity. Prepared media and culture plates were equilibrated at 38.5 ºC 

for at least 1-2 hours before experiment. 

 

3.3.7. Sperm Preparation for In Vitro Fertilization  

 

The frozen-thawed buffalo semen (sperm concentration: 60 x 106 sperm/ 

mL; sperm motility: 60%; volume: 0.5 mL;) was aliquoted and subjected to the 

swim up (SU), sephadex filtration (S-G15) and glass wool filtration (GWF) sperm 

preparation procedures as described by (Husna et al., 2016).  

 

3.3.7.1. Swim- up (SU) 

 

Swim up method was done as described by Parrish et al. (1988), briefly, 

250 µL of thawed semen sample was placed at the bottom of 3ml of incubated 

sperm wash medium (sp-TALP). Tubes were placed in CO2 incubator for 30 

minutes at angle of 45°. For the period of this incubation, live sperm swim up in 

the TALP media. Supernatant was collected and shifted to other pre-warmed tube 

and centrifugation was done at 25 °C, 1600 rpm (300 g) for 10 minutes. After 

centrifugation the supernatant removed and pellet was re-suspended in sperm wash 

media and centrifuged again to obtain sperm pellet. 
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3.3.7.2. Sephadex™ Gel Filtration  

 

3.3.7.2.1. Preparation of slurries 

 

Sephadex™ G-15 was soaked in tris-citric acid buffer (Tris 3.3% w/v, citric 

acid 1.5% w/v, pH 7.0) without egg yolk was used to prepare 20% (w/v) slurries of 

sephadex G-15 and kept at 4 ˚C to swell overnight for column preparation (Ahmad 

et al., 2003) 

 

3.3.7.2.2. Columns preparation 

 

10 mL disposable plastic syringe was used for filtration column. In order to 

prevent loss of sephadex from the barrel of syringe, 15 mg glass wool was packed 

down with the plunger. At the end of syringe plastic tubing was attached and fixed. 

The free end was placed into the 15 mL falcon tube for filtrate collection.  

 

3.3.7.2.3. Filtration of the thawed semen 

 

Filtration of thawed semen was done at room temperature (28-30 ˚C) by 

placing the column in vertical position. Column was equilibrated with the buffer 

and then buffer part of slurries was removed from the syringe. The thawed semen 

was gently placed on upper part of column with a 20-guage needle fitted with 5 mL 

disposable plastic syringe and filtration take place at a rate of 1.5 mL/ min. 

 

3.3.7.2.4. Glass wool filtration (GWF) 

 

Semen sample was filtered by a modified protocol based on Arzondo et al. 

(2013). Firstly, glass wool (30 mg; microfiber code 112; John Manville, USA)  
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Plate 3.3. Sperm sample filtrate after sephadex filtration  

 

Plate 3.4. Sperm sample filtrate after glass wool filtration 
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compressed into a barrel of 5 mL disposable syringe to make 3 mm thick column. 

The column was then equilibrated with Modified Ca+2 free Sp-TALP (Mustafa et 

al., 1998) until filtrate had no particles of glass wool. Before filtration, semen 

sample was diluted with sperm wash medium (sp-TALP) (2X) and then mixed, 

centrifuged for 6 min at 300 g and pellet was re-suspended in SWM. Now this 

washed sperm sample placed on surface of equilibrated column and filtration take 

place by effect of gravity, after discarding 3-4 drops and remaining filtrate 

collected into another tube. 

 

3.3.8. Assessment of Sperm Recovery after Sperm Preparation Procedures 

 

For all procedures, total sperm recovery and total motile sperm recovery 

rate (%) was estimated (Husna et al., 2016). 

 

3.3.9. Post-Filtration Sperm Assessment 

 

The percentage progressive motility of sperm was evaluated by placing 10 

μL of semen on a microscopic slide (37˚C) at 400X of phase contrast microscope.  

Hypo-osmotic swelling (HOS) test was used assess plasma membrane integrity 

explained by Jayendran et al. (1984). For the assessment; semen sample (50 μL) 

was taken in 500 μL of working solution (0.73 g sodium citrate and 1.35 g fructose 

for 100 mL) and kept in water bath (37 ˚C) for 40 min. Incubated sample (10 μL) 

was taken with micropipette on a warm (37 ˚C) microscopic slide, cover slipped 

and observed through phase contrast microscope at 400X. The observation was 

taken on at least five different fields of a microscopic slide. The sperm having 

functional cell membranes showed swollen and bent tails; while the sperm having 

non-functional cell membranes showed straight and unswollen tails (Qadeer et al., 
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2014). The viability of live sperm was studied by dual staining procedure according 

to description by Kovac and Foote, (1992). Smear preparation was done by mixing 

a drop of Trypan-blue with semen sample on a microscopic slide (37 ˚C). After 

drying, microscopic slides were fixed with formaldehyde-neutral red for 5 min 

followed by washing with distilled water and then kept in Giemsa stain (7.5%) for 

4 hours. Lastly, slides were rinsed, air dried and mounted with mounting media. 

Two hundred spermatozoa were studied for each slide under a light microscope at 

100X. Viable sperm appeared as unstained or lightly stained; while non-viable 

sperm appeared as clear dark blue demarcation and blunt ended acrosome. The 

sperm stained on the lower portion of the head were categorized as non-viable and 

non-intact acrosome. Sperm viability was expressed as the live sperm + intact 

acrosome and sperm livability as the ratio of live/ dead sperm expressed in term of 

percentage. 

 

3.3.10. In Vitro Fertilization  

 

Sperm population, selected using different methods, was assessed for sperm 

motility and concentration. For sperm concentration, 5 µL of recovered sperm was 

diluted with 95 µL of water and slightly vortexed. 10 µL of this diluted suspension 

was loaded onto Neubauer chamber after 2 min, sperm were then counted and 

concentration was adjusted to 2x106 live sperm by adding pre-warmed fertilization 

TALP, containing capacitation agents (heparin, penicillamine, hypotaurine and 

epinephrine). Incubation for 15-20 minutes was done for capacitation in the 

incubator.  
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Plate 3.5. Collected oocytes through aspiration 

 

Plate 3.6. In vitro matured oocytes  
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After 24 hours of maturation, washing of in vitro matured buffalo oocytes 

were done with fertilization media and then fertilization was done by sperm 

prepared by each method i.e. SU, S-G15, GWF, in fertilization droplet (10 COCs / 

100 µL droplet) of pre-warmed fertilization media under mineral oil. The oocyte 

and spermatozoa were co-incubated at 38.5 °C under 5 % CO2 with maximum 

humidity for 20 hr (Gasparrini et al., 2008). 

 

3.3.11. Embryo Culture 

 

After 20 hr of sperm-oocyte incubation, the presumptive zygotes were 

washed 3-5 times in the culture media, M-199 supplemented by 10 % fetal calf 

serum (Purohit et al., 2005). Presumptive zygotes were freed of cumulus cells by 

repetitive pipetting and placed for culture for 48 hr in 100 μL droplets of culture 

media. The zygotes were categorized as cleaved if they had two or more 

blastomeres (Purohit et al., 2005). Cleavage rate was calculated for estimating in 

vitro fertilizing rate by using formula (Qadeer et al., 2016); 

Cleavage rate (CR) = No. of oocytes at 2 or > 2 cell stage/ total oocytes 

inseminated × 100  

 

3.3.12. Statistical Analysis 

 

The data on post-filtration sperm quality were analyzed by ANOVA 

through a statistical software SPSS-20. When F ratio was regarded significant at P 

< 0.05 further comparisons were made through least significant difference LSD test 

while, Chi-square test was used to analyze the effect of different sperm preparation 

techniques on in vitro fertilizing rate. 
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Plate 3.7. In vitro cleaved embryo 

  

Plate 3.7. In vitro cleaved embryo 
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3.4. RESULTS 

 

3.4.1. Post-Filtration Sperm Assessment 

 

3.4.1.1. Sperm recovery  

 

The data on recovered sperm concentration, motility and recovery (total and 

motile) assessed at the end of each sperm preparation procedure are presented in 

Table 3.1. Sperm suspensions processed through S-G15 and GWF had a higher (P 

< 0.05) percentage of sperm motility, concentration and recovery of total/ motile 

sperm compared to the SU (control) procedure. When S-G15 procedure is 

compared with GWF, the motility and concentration did not differ significantly, 

while a higher (P < 0.05) recovery rate for total and motile sperm cells was 

observed in sperm prepared through S-G15. 

 

3.4.1.2. Sperm quality assessment 

 

The data on the effect of different sperm preparation procedures on post 

filtration progressive motility, plasma membrane integrity, viability and livability 

of buffalo bull sperm are presented in Table 3.2. The percentage of progressively 

motile sperm was improved (P < 0.05) in sperm suspension processed through S-

G15 and GWF compared to swim up (control). The percentage of sperm with intact 

plasma membrane, viability and livability was significantly improved by S-G15 

filtration compared to GWF and control whereas GWF procedure did not differ 

significantly compared to control. The results indicate that S-G15 filtration is more 

effective for separation of progressively motile, intact, viable and live sperm 

compared to GWF and control. 
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Table 3.1. Recovery rate of frozen-thawed Nili Ravi buffalo bull sperm separated 

through different techniques 

Sperm preparation 

techniques 

Concentration 

(X 106 /ml) 

Total sperm 

recovery rate 

 (%) 

Total motile sperm 

recovery rate 

 (%) 

Control (Swim-up) 

 

7.50±0.40 b 

 

6.29±0.97c 5.95±0.85 c 

Sephadex G-15 

Filtration 

 

47.30±1.45 a 63.00±1.53 b 73.63±1.87 b 

Glass Wool Filtration 49.60±1.45 a 79.67±1.67 a 88.72±1.94 a 

Values (mean ± S.E) with different superscripts differ significantly (P<0.05). Letters a, b and c on 

different values shows significant difference among treatments. 
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Table 3.2. Quality of frozen-thawed Nili Ravi buffalo bull sperm separated through 

different techniques (Appendix X) 

Sperm 

preparation 

techniques 

Progressive 

Motility  

(%) 

Plasma 

Membrane 

Integrity  

(%) 

Viability 

(%) 

Livability 

(%) 

Control (Swim-

up) 

 

57±1.22b 65.6±1.17b 49.6±1.80b 67.4±1.28b 

Sephadex-G15 

Filtration 

 

70±2.23a 75.6±1.21a 67.6±1.50a 80.4±3.45a 

Glass Wool 

Filtration 

67±1.22a 69.2±1.39b 51.2±2.76b 64.8±1.46b 

Values (mean ± S.E) with different superscripts differ significantly (P<0.05). Letters a and b  on 

different values shows significant difference among treatments. 
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Table 3.3. In vitro fertilization (cleavage) rate (%) of buffalo sperm prepared 

through different techniques 

Sperm 

preparation 

techniques 

Oocytes  

Inseminat

ed 

(n=303) 

Oocytes  

Cleave

d 

In vitro Cleavage Rate 

(%) 

 

 

Chi 

Squa

re 

value 

P- 

value 

    Expected Observed   

Sephadex G-

15 Filtration 

 

101 45  32.00 44.50±1.65 a  

10.73 

 

 

0.002 

Glass Wool 

Filtration 

101 28  32.00 27.70±1.78b  

0.056 

Control 

(Swim-up) 

 

101 23  32.00 22.70±1.67 b   

Values (mean±S.E) with different superscripts within a column differ significantly (P<0.05). Letters 

a and b on different values shows significant difference among treatments. 
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3.4.2. In-Vitro Fertilization 

 

The data on the effect of different sperm preparation techniques on in vitro 

fertilizing rate (cleavage rate) of buffalo oocytes are given in Table 3.3. The 

percentage cleavage rate of in vitro matured, in vitro fertilized buffalo oocytes was 

significantly improved (P < 0.05) when inseminated with sperm selected by S-G15. 

Glass wool filtration method was comparable with routinely used swim up 

(control) in terms of cleavage rate. 

 

3.5. DISSCUSSION 

 

The In vitro embryo production system relies upon the use of cryopreserved 

semen. However, freezing and thawing process significantly decrease the 

individual sperm motility and live sperm count (Sahu et al., 1997; Singh et al., 

1997). This lethal effect of freeze-thawing is further worsened by ROS production 

from these dead sperm in cryopreserved semen (Shannon and Curson, 1972). It is 

therefore imperative to retrieve clean and progressively motile sperm from frozen 

semen for in vitro fertilization.  

 

Naturally in the female reproductive system, active migration of 

spermatozoa through the cervical mucus is responsible for separation of potentially 

fertile and viable spermatozoa from dead/damaged spermatozoa, debris and 

seminal plasma (Mortimer, 1989). This process selects spermatozoa on the basis of 

capacitation status as well that is essential requirement for the sperm's capacity to 

undergo acrosome reaction (Bedford, 1983; Yanagimachi, 1988). For in-vitro 

fertilization, usually, the motile sperm are separated from rest of sperm population 
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using swim up method that is based merely on sperm motility and morphology 

(Henkel, 2013; Vyas et al., 1992; Anzar and Garaham, 1995; Anzar et al., 1997). 

The swim up involves long incubation period followed by centrifugation step that 

renders the sperm population extremely susceptible to oxidative stress (Henkel, 

2013), the mediator of plasma membrane damage (Henkel et al., 2004). Damaged 

sperm membrane has compromised proteasome activity/ receptors indispensable 

for sperm ZP3 binding and acrosome reaction (Henkel et al., 2004: Pasten et al., 

2005). Conversely, sperm preparation through filtration depends upon many factors 

such as motility, membrane intactness, their retention or adherence at phase borders 

of filtration matrices (Henkel et al., 2004). It is relevant to mention that sperm 

preparation through sephadex (Scholkamy et al., 2009) and glass wool filtration 

(Lee et al., 2009) yielded better IVF rates in bovine.  

 

Glass wool filtration separates selects motile cells because of their self-

propelled movement through glass wool fibers while dead, damaged and abnormal 

sperm by means of their sticky nature, different adherence capacity to fibers 

(Garaham et al., 1976). In the present study sperm separation through glass wool 

filtration yielded many-fold higher percentage of total and motile sperm compared 

to swim up (control).  These sperm were found functionally competent as those 

separated through swim up (control) in terms of in vitro semen quality assays 

(progressive motility, plasma membrane integrity, viability, livability). Finally, the 

sperm were capable of fertilizing buffalo oocytes in vitro, displaying cleavage rates 

similar to those processed through swim up method. Our results are in line with 

those of previous studies where improvement in sperm quality was using GWF was 

reported in dog, human and bovine (Coetzee et al., 1994; Gunay et al., 2004; Vyas 
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et al., 1992; Anzar and Garaham, 1995; Anzar et al., 1997) while, fertilization rates 

were found comparable in bovine sperm selected by glass wool filtration and swim 

up (Stubbings and Wosik, 1991). 

 

Sephadex™ filtration involves interaction of sperm plasma membrane, the 

buffers and the charges on the sephadex™ particles and sperm membrane (Samper 

et al., 1995). In present study, sephadex filtration yielded higher total/ motile sperm 

recovery rates compared to swim up (control) and better post filtration quality 

(progressive motility, plasma membrane integrity, viability, livability and cleavage 

rate)  compared both to swim up and glass wool filtration. Our findings are in line 

with previous reports in which it has been explicitly described that sephadex 

filtration increases progressively motile sperm in bovine (Garaham et al., 1976), 

boar (Fayami et al., 1979) and improved livability in bovine (Kanakraj et al., 

1996). The improvement of post filtration quality of semen filtered by sephadex is 

indicative of the probability that dead and immotile sperm have been effectively 

trapped due either to physical and chemical reaction of sephadex™ particle with 

immotile or dead sperm leading to agglomeration (Hammerstedt et al., 1979) or 

leakage of certain macromolecules present on capacitated or dead sperm that may 

have bound with the sephadex™ particles (Holt, 1980). It is pertinent to mention 

that mammalian sperm usually have negative charge on surface of membrane 

(Farooqui, 1983; Veres et al., 1985), and when they get capacitated followed by 

acrosome reaction, their charge is altered i.e. negatively charged components 

change to positively charged components (Van Gestel et al., 2013; Pasten et al., 

2005). It is guessed that positively charged components which showed up on the 

sperm surface after their death, interact with the sephadex™ particles (negatively 
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charged) and are stuck between sephadex matrices. Further, in comparison with 

swim-up and glass wool filtration, sephadex™ filtration does not involve 

centrifugation which provides additional advantage of reducing oxidative stress 

damages to the sperm. It is relevant to mention that filtration yielded sperm with 

higher acrosin activity in human (Sofikitis et al., 1992). Sephadex filtered semen in 

our study showed increased fertilization rate that could be explained in term of 

good recovery rate with better amount of viable sperm having higher acrosin 

concentration thus giving competent sperm for fertilization.  

 

From results of present study it could be concluded that the filtration of 

cryopreserved Nili Ravi buffalo bull semen through sephadex-G15 was efficient to 

improve post-filtration semen quality and fertilizing ability in term of cleavage rate 

through effective removal of dead/ dying and abnormal spermatozoa. 
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Chapter 4 

 

SPERM SEXING: MODIFIED SWIM UP 

 

4.1.1. INTRODUCTION 

 

Sex pre-selection plays an important role in economic development of 

animal production industries where females are required for the milk production 

and males are chosen for beef production (Seidel, 2007). To achieve this, the 

technique for fractionation of sperm has been developed and is used on commercial 

scale for cattle in many countries. The technique relies on separation of X and Y 

bearing chromosome by flow cytometry (based on DNA difference) and accuracy 

is more than 90% (Morrell et al., 1988: Garner et al., 1983). In addition to being 

expensive, challenging, and time-consuming, the techniques itself is damaging to 

sperm (Seidel, 2003) and induce alterations in expression of genes by mRNA in 

embryos (Morton et al., 2007). This is the reason that the sperm sexed sorted 

through flow-cytometry yielded lower fertility rates in vitro (Cran et al., 1993, 

1994; Merton et al., 1997; Lu et al., 1999; Xu et al., 2009) in vivo (Schenk et al., 

1999; Maxwell et al., 2003; Bodmer et al., 2005) and even the abnormal embryonic 

development if the fertilization is successful (Maxwell et al., 2004). 

 

Buffąló is considered as main dairy animal of South Asia; Pakistan and 

India holds the largest buffalo populations of the world where it is kept as different 

sized herds. Unfortunately, only few attempts have been made for sperm sexing in 

buffalo that were based on flow-cytometric separation for subsequent use in IVF 
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(Lu et al., 2006; Lu et al., 2007). For artificial insemination in buffaloes, the sex 

selection of spermatozoa has been compromised due to higher cost of flow-

cytometric sex sorted semen doses to poor dairy farmers (Mota et al., 2013). 

Alternative sperm sexing methods could therefore be of relevance for the 

benediction of small dairy farmers both in biological and economic terms (Mota et 

al., 2013). These sperm sexing techniques are based on size and weight 

(Bhattacharya et al., 1996), electrical surface charge (Shirai et al., 1974), 

immunological properties (Hendriksen et al., 1993; Blecher et al., 1999; Sang et 

al., 2011) and swimming (Madrid-Bury et al., 2003) of X  or Y bearing 

spermatozoa. These techniques include differential separation through percoll 

(Machado et al., 2009), albumin gradients (Machado et al., 2009; Wolf et al., 

2008) and modified swim up (Azizeddin et al., 2014). Swim-up technique, 

routinely used to prepare sperm for in vitro fertilization, when modified as having 

vertical swim-up in a long slender glass tube, the swimming ability of bull 

spermatozoa was challenged. Owing to their larger size, X spermatozoa swim 

slower than Y spermatozoa therefore tend to remain in the lower fraction of tube 

and Y bearing spermatozoa move faster to higher portion of the tube (Azizeddin et 

al., 2014). Sperm sexing through conventional swim up technique, has been done 

in human with 81% success rate (Check et al., 1989; Khatamee et al., 1999).  

 

Once the spermatozoa are sex sorted, the presumptive X or Y chromosome 

bearing sperm population are evaluated for sex ratio to avoid any carry-over errors 

of sexing method (Colley et al., 2008). These probable techniques include sex 

determination by PCR (Reynolds and Varlaro, 1996; Tan et al., 2006), quincarine 

staining (Ogawa et al., 1988), DNA quantification of sex sorted sperm (Welch and 
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Johnson, 1999), fluorescence in situ hybridisation (FISH) (Rens et al., 2001) and 

real-time quantitative PCR (qPCR) (Jorge et al., 2004). Among these, FISH and 

qPCR are most reliable, however, FISH is exceptionally complicated, difficult, 

time taking and experts are required, which are major limitation in its use. Real-

Time PCR assay is of relevance due to its simplicity and sensitivity. The 

preliminary study on sexed semen by using PLP and SRY genes were validated by 

qPCR technique (Joerg et al., 2001; Parati et al., 2006). Validation of sexed sperm 

by qPCR is based on synchronized amplification and measurement of the resultant 

DNA molecules of gene of interest through reaction cycles. Through the 

amplification of the signal with real time PCR, it is possible to quantify the 

fractionated spermatozoa. Further, the SYBR® Green is more economical 

compared to Taqman probe and provides an equally accurate approach to qPCR, 

due to its high specificity and artifacts such as minimal primer dimers (Granfer et 

al., 2005). SYBR® Green dye tends to bind to all double-stranded nucleic acid 

molecules (Whittwer et al., 1997)  and  non-specific PCR products  and primer 

dimers can be detected by SYBR® Green (Deprez et al., 2002). 

 

Development of alternative, less deleterious and feasible sperm sexing 

procedures are highly desirable for domestic animals and specifically for buffalo.  

Hence, the present study was planned with following objectives: 

• To separate X and Y bearing spermatozoa by the modified swim- up 

technique,  

▪ Assessment of sperm recovery rate (progressive motility, 

volume, concentration were recorded before and after 
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sexing), progressive motility, integrity of plasma membrane 

and acrosome  

• Cryopreservation of these X and Y bearing fractions of spermatozoa in tris 

citric acid extender,  

▪ Assessment of post-thaw sperm progressive motility, plasma 

membrane integrity, acrosome integrity, viability and 

live/dead ratio of buffalo bull spermatozoa.  

▪ Validation of modified swim up sexing technique by 

quantitative SYBR® green Real Time-PCR.  

 

4.2. REVIEW OF THE LITERATURE 

 

Sex predetermination is the genetic tool of economic significance for 

building up and drawing the outlines of a certain management strategy within 

livestock. It permits the animal breeders to produce sex specific progeny that helps 

in profitability and genetic gain in livestock industry. A higher percentage of 

female calf is preferable for dairy production, whereas an increased percentage of 

male calf preferable in beef production (Madalena, 2004). Production of male 

calves is also desired for their use in progeny testing program and conservation of 

rare breeds (Rath et al., 2013). Considering these particularities breeders who 

interested with bull sales, breeding with Y-bearing sperm samples is practical 

management decision. Thus, to enhance the production and to fulfill the demand of 

dairy and meat products, modern technologies assumes to have paramount 

importance. 
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In the earliest report on sperm sexing in rabbits, 50 rabbits of expected sex 

were born successfully (Johnson et al., 1989). After that, semen sexed by Beltsville 

or flow cytometry was used to produce about 40,000 animals and the major portion 

of birth belongs to cattle species in which these technologies were practiced for the 

first time and are used on commercial scale. In species like sheep, cattle, elk and 

horses the cryopreservation of sexed spermatozoa practically implemented the 

sexed semen technology (Maxwell et al., 2004) as reported in many studies 

(Johnson et al., 1989; Johnson, 1991; Cran et al., 1993, 1995; Rath et al., 1997; 

Seidel et al., 1997; Johnson and Welch, 1999; Welch and Johnson, 1999; Garner, 

2001; Seidel and Garner, 2002). The flow cytometry separates Y-chromosome 

bearing spermatozoa from X-chromosome bearing sperm on the basis of DNA 

content which is 3.6% less in Y spermatozoa (Weigel 2004; Seidel 2007) with 90% 

accuracy (Garner and Seidel 2003; DeJarnette et al., 2008)  using Hoechst stain 

which is DNA-binding fluorescent stain. The stain penetrates the sperm membrane 

and binds to A-T region of nucleic acids and detected, measured and analyzed by 

aspecific software (Seidel 2007).  

 

Despite these efficiencies, the time required for sorting of a single AI straw 

is major limitation in commercialization of this technology i.e. bull (8 min), sheep 

(1 hr), boar (3 hr) and stallion (1 hr and 40 min) required for one insemination 

dose. There are many other disadvantages of the technique that includes; slow 

processing and lower number of sperm / straw i.e. two millions approximately. 

These effects include structural (Schenk and Seidel, 2007) and functional damages 

(Suh and Schenk 2003; Suh et al., 2005; Mocé et al., 2006; Hollinshead et al., 

2003) to sexed sperm. These damages ultimately resulted in reduced fertility of 
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sexed sperm (Karabinus 2009; Johnson and Schulman 1994; McNutt and Johnson 

1996; Merton et al., 1997) as compared to unsexed spermatozoa (Garner and Seidel 

2003; DeJarnette et al., 2008). After successful semen sexing by flow cytometry in 

rabbits (Johnson et al., 1989) the techniques was introduced in many livestock 

species including buffalo (Johnson, 2000; Seidel Jr & Garner, 2002; Maxwell et 

al., 2004; Lu et al., 2007; Liang et al., 2008). Major concerns with the 

implementation of flow cytometrically sexed semen in developing countries like 

Pakistan is its higher cost per dose of semen (approximately $30 per straw) (Fetrow 

et al., 2007; Anonymous, 2008), combined with a reduced conception risk.  

 

The conventional swim up method is based on the intrinsic inclination of 

sperm cells through a medium in contact and isolates the sperm into motile and 

non-motile divisions (Mortimer, 1994). This technique depends on the point that 

motile spermatozoa will move to upper layer of medium by moving away from 

seminal plasma. Modified swim up technique selects sperm, not only based on 

difference in motility but also on difference in sperm size (X and Y; Van Munster 

et al., 1999: Ollero et al., 2000). In fact, due to more content of DNA in the X 

sperm than Y sperm this results in fast movement of Y sperm than X sperm (Yan et 

al., 2006). On the basis of this confirmation, it is reported that after swim-up 

procedure supernatant contained more Y sperm (Check et al., 1994). These finding 

suggest that swim up technique can be used to alter the proportion of X- to Y-

bearing spermatozoa and is suggested for pre-selection of sex in species (Flaherty 

and Mathews, 1996). In modified swim up method, separation of X and Y-bearing 

spermatozoa is done on the basis of density and motility, without damages to sperm 

viability (Azizeddin et al., 2014). Sperm sexing by modified swim up reported 
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60.6% accuracy in cattle compared to 45.2% in control (Lucio et al., 2012). 

Further, the technique is very simple and only routinely used equipment such as 

incubator and water bath is required (Morrell, 2006). 

 

Previous studies on human sperm sexing by modified swim up method 

reported 81% -88.5% male offspring, 50% success after using Percoll (Check et al., 

1989; Check and Katsoff, 1993). In contrast, Han et al. (1993b) separated sperm by 

swim-up procedure and evaluated by double label FISH, reported no difference in 

presumptive X- or Y- bearing sperm fractions. The conflict in findings may be due 

to differences in the procedure followed, such as difference between swim up and 

modified swim up procedure, incubation time (Claassens et al., 1989) or 

centrifugation timings (Check and Katsoff, 1993) and species specificity. So, 

modified swim up method has ability to fractionate the sperm sample by slight 

modification and validation through advanced molecular techniques such as real 

time PCR. 

 

Development of a sexing technique requires the monitoring of the degree of 

precision for X- and Y-fractions prior to the investment in terms of money that is 

associated with livestock field trials. SYBR green rt-PCR offers intensification of 

the gene of interest and its expression measurement through reaction cycles. 

Through the amplification of the signal with real time PCR, it is promising to 

quantitate the X- and Y- chromosome bearing spermatozoa. The present study is 

based on the hypothesis that sex ratio in buffalo semen will be altered in different 

fractions by modified swim up method and can be validated through quantitative 

SYBR® Green Real-Time PCR method.  
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4.3.  MATERIALS AND METHODS 

 

4.3.1. Experimental Design 

 

Mature Nili-Ravi buffalo bulls (n=5) of same cohart kept at the sꬲmꬲn 

ꝑroduction unit, Qꜹdirꜹbad District Sꜹhiwal, Pꜹkistꜹn, were used for semen 

collection. By using artificial vagina (42˚C), 2 consecutive ejaculates per week 

were collected for thrꬲꬲ wꬲꬲks (three replicate; six ejaculates per bull; total ejaculate 

= thirty). At least one ejaculate from each bull met the criteria of (volume > 1mL, 

sperm concentration > 1.5 billion/ mL, motility > 60%, abnormalities < 20%) for 

further processing in experiment. The qualifying ejaculates were divided into two 

aliquots; the first aliquot was untreated (control) and processed for 

cryopreservation using routine procedure, while the other was processed for sperm 

sexing using modified swim-up.  On the average each bull produced 44 straws of 

unsorted sperm samples from first aliquot, 7 straws of X sorted sperm samples and 

2 straws of Y bearing sperm samples per ejaculate from second aliquot. After 

sorting, semen was assessed for recovery rates and then diluted in tris citric acid 

extender, checked for sperm quality (progressive motility, plasma membrane and 

acrosomal integrity) and cryopreserved using standard techniques. Cryopreserved 

treated (sexed) and untreated (control) semen samples were analyzed for post thaw 

sperm motility, plasma membrane integrity, acrosomal integrity, viability and 

live/dead ratio.  

 

4.3.2. Extender Preparation 

 

Egg Yolk Tris (EYT) based expėrimental extėnder was preparėd using 

buffer of tris-citric acid (pH 7.0; osmotic pressure 320 mOsmol kg-1) that contained 
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of 3.00 g tris-(hydroxymethyl)-aminomethane and 1.56 g citric acid dissolvėd in 73 

mL distillėd watėr, then supplemented with 20 mL egg yolk; 0.20 g fructose; 7 mL 

glycerol and antibiotics, streptomycin sulphate (1000 ugmL-1), benzyl penicillin 

(1000 IU mL-1). 

 

4.3.3. Sperm Selection Through Modified Swim Up Method (SU) 

 

Modified-swim-up was carried out in 5 mL (30 cm long) glass pipette filled 

with equilibrated sperm-TALP and 0.25 mL semen was carefully injected by 

micropipette controller and incubated in CO2 incubator at 38.5 ◦C for 45 min with 

maximum humidity. The bottom content (0.25 mL) of the pipette was discarded, 

and the remaining first 1 mL fraction was emptied from the bottom of the pipette 

into a X labeled tube, while second 3 ml fraction into Y labeled tube and 

centrifuged at 244 g for 10 min. The sperm pellet was re-suspended in tris-citric 

acid extender and cryopreserved using standard procedure. Semen volume, sperm 

motility and concentration were assessed before and after the selection procedure, 

and recovery rate was estimated (Husna et al., 2016). 

           [Spėrm concėntration (x 106/mL) x progressivė motile sperm (%) x volumė (mL)] after selection 

Total motilė spėrm recovėry ratė (%) =___________________________________________________________        x 100 

                    [Sperm concėntration (x 106/mL) x progressivė motilė sperm (%) x volume (mL)] before selection 

 

4.3.4. Sperm Freezing and Thawing Procedures 

 

Diluted suspensions were cryopreserved and thawed using standard 

techniques as reported by Husna and colleagues (2016). After dilution with tris-

citric acid extender (37 ˚C), sperm concentration was adjusted to 60 x 106/ mL. The 

sample was cooled and equilibrated to 4 ˚C for 4 hr, filled in French straws (0.5 
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Plate 4.1. Descriptive diagram of modified swim-up method  

Glass pipette 

 

Sp-Talp media 

Fresh semen sample 

TCA extender 
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 mL) with a suction pump at 4˚ C in a cold cabinet unit, kept for 10 minutes on 

liquid nitrogen vapors and lastly straws were plunged and stored in liquid nitrogen 

After 24 hr, straws were thawed in a water bath at 37 ˚C for 30 sec and incubated in 

a water bath for assessment of post-thaw semen quality. 

 

4.3.5. Post-Thaw Semen Analysis 

 

The percentage progressive motility of sperm was evaluated by placing 10 

μL of semen on a microscopic slide (37˚C) at 400X of phase contrast microscope. 

Hypo-osmotic swelling (HOS) test was used to assess plasma membrane integrity 

explained by Jayendran et al. (1984). For the assessment; semen sample (50 μL) 

was taken in 500 μL of working solution (0.73 g sodium citrate and 1.35 g fructose 

for 100 mL) and kept in water bath (37 ˚C) for 40 min. Incubated sample (10 μL) 

was taken with micropipette on a warm (37 ˚C) microscopic slide, cover slipped 

and observed through phase contrast microscope at 400X. The observation was 

taken on at least five different fields of a microscopic slide. The sperm having 

functional cell membranes showed swollen and bent tails; while the sperm having 

non-functional cell membranes showed straight and unswollen tails (Qadeer et al., 

2014). The viability of live sperm was studied by dual staining procedure according 

to description by Kovac and Foote, (1992). Smear preparation was done by mixing 

a drop of Trypan-blue with semen sample on a microscopic slide (37˚C). After 

drying, microscopic slides were fixed with formaldehyde-neutral red for 5 min 

followed by washing with distilled water and then kept in Giemsa stain (7.5%) for 

4 hr. Lastly, slides were rinsed, air dried and mounted with mounting media. Two 

hundred spermatozoa were studied for each slide under a light microscope at 100X. 
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Viable sperm appeared as unstained or lightly stained; while non-viable sperm 

appeared as having clear dark blue demarcation and blunt ended acrosome. The 

sperm stained on the lower portion of the head were categorized as non-viable and 

non-intact acrosome. Sperm viability was expressed as the live sperm + intact 

acrosome and sperm livability as the ratio of live/dead sperm expressed in term of 

percentage. The sperm stained on the lower portion of the head were categorized as 

non-viable and non-intact acrosome. Sperm acrosomal integrity was evaluated by 

formaldehyde-citrate solution (2.9 g Tri-Sodium Citrate dihydrate and 1 mL of 

37% solution of formaldehyde in 99 mL distilled water). Briefly, 100 μL of sample 

was mixed with 500 μL of formaldehyde-citrate solution and two hundred sperm 

were evaluated under a phase contrast microscope at 1000X magnification using oil 

immersion (Ansari et al., 2011). Sperm with an intact acrosome and a clear 

shinning head were considered to have a normal acrosome, while blunt ended cells 

were considered to have a disrupted acrosome. 

 

4.3.6. Validation of Sexed Spermatozoa by SYBR® Green RT-PCR 

 

4.3.6.1. Primer design 

 

Specific primers for X sperm and Y sperm were designed using web site 

www.NCBI.com (Dorak, 2006). The 18S rRNA of the buffalo was chosen as the 

segment to amplify as an internal housekeeping gene (positive control). The SRY 

gene was selected for Y specific primers while PLP gene was used for X specific 

primers. Nucleotide sequences of the primers (forward and reverse), Tm and 

amplicon length are given in Table 4.1. A 5-µL aliquot of each PCR product was 



75 
 

 
 

separated by 2.5% agarose gel electrophoresis, stained with ethidium bromide, and 

observed under a UV transilluminator to check purity of amplification products of 

X and Y chromosome. 

 

4.3.6.2. Semen Samples 

 

For DNA extraction, two different sets of semen samples were analyzed. 

First set composed of 47 control straws (unsorted semen); the second set consisted 

of 12 straws of presumptive Y bearing chromosome sperm samples and 29 straws 

of presumptive X bearing chromosome sperm samples (Maleki et al., 2013). Out of 

these randomly 6 DNA samples were taken from each category (unsorted, X sorted 

and Y sorted) to validate PLP and SRY gene expression in sorted and unsorted 

samples through real time PCR,  

 

4.3.6.3. DNA Sample Preparation 

 

 The DNA extraction from each set of sorted and unsorted semen sample 

was extracted by optimization of protocol for buffalo sperm reported by Chandler 

et al., (2007). Before DNA extraction, fresh lysis (0.121 g Tris, 0.0293 g EDTA, 

0.584 g NaCl, 2 ml 2-mercaptoethanol, 0.5 g SDS and volume was brought to 100 

mL with distilled water) was prepared and stored at 2–8 ◦C. On first day, washing 

of semen samples (twice) were done by using 2.9% sodium citrate solution, pellet 

was re-suspended in lysis solution (pre-warmed at 50 ◦C) and incubation was done 

at 50 ◦C for 30 min. Overnight incubation with Proteinase K (5 µL; Fermentas, 

Vilnius, Lithuania; catalog  no. #EO0491) was next step at 50 ◦C. On second day, 

after addition of equal amount of phꬲnól: chlórófórm, tubes were agitated for 15 
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Plate 4.2. Gel documentation picture after DNA extraction from sex sorted samples 
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min, centrifuged (15,500 × g for 3 min) and phꬲnol: chlóroform step was repeated 

after aspiration of the organic phase. Ice-cold absolute ethanol (2X) was added in 

sample and gently shaken to precipitate the DNA. Precipitated DNA was pelleted 

by 1 min centrifugation at 15,500 × g, dried in a vacuum and re-suspended in TE 

buffer. Nanodrop (Avans cuvdrop AUVS-102) was used to determine nucleic acid 

concentration. 

 

4.3.6.4. Quantitative SYBR®  green real-time PCR 

 

 Line Gene K biore technology System (Line-Gene.K-FQD-48A(A4)/(M2)) 

using MąximąTM SYBR®  Grꬲꬲn qPCR Master Mix (cątąlog no.K0221; Fꬲrmꬲntąs, 

USA) was used to validate the expression level of specific genes in sexed samples. 

Randomly selected DNA samples from each category were run 6 times as a 

replicate along with control. Melting curve analysis was performed in order to 

confirm two important points; 1st specificity of amplification and 2nd lack of primer 

dimmers. 

 

 PCR mixture contained 1µL forward and reverse primers, 5µL qPCR 

Master Mix (qPCR Master Mix; Fermentas, USA), 2µL of template, and 4 µL 

nuclease free water. Amplification  for  genes  was  performed by an optimized 

protocol (10 min at 95◦C, 40  repeated cycles of two steps at 95 ºC for 15 sec, 55 

ºC X gene/56 ºC Y gene for 15 sec and 72 ºC for 30 sec). 

 

4.3.7. Statistical Analysis 

 

Data on the effect of sperm sexing technique were analyzed as; student t-

test for motile recovery rates, ANOVA (complete randomized design) for post 
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dilution and post-thaw sperm quality and validation of sexed semen through rt-PCR 

through a statistical software SPSS® 20.0. Tukey’s significance test was used to 

compare means at P < 0.05. 

 

4.4.  RESULTS 

 

4.4.1. Sperm Recovery and Quality after Sperm sexing 

 

The data on percent motile sperm recovery rate and quality after separation 

through modified swim up are shown in Table 4.2. The percent motile sperm 

recovery rate of presumptive X chromosome bearing sperm population in lower 

fraction of supernatant was 5.2±2.04, while that for presumptive Y chromosome 

bearing sperm population in upper fraction of supernatant was 0.7±0.15. Before 

sexing, percent sperm progressive motility, integrity of plasma membrane and 

acrosome were recorded as 85.0±0.57, 78.2±0.75 and 83.2±0.87, respectively. 

After processing through modified swim up technique, percent sperm plasma 

membrane integrity and acrosomal integrity for X chromosome bearing sperm was 

72.2±1.19 and 75.5±1.23 and these values were higher (P < 0.05) compared to 

those of Y chromosome bearing spermatozoa (67.8±1.51 and 71.5±1.33) and 

control (59.0±0.45 and 60.2±1.56). While, the trend for sperm motility was 

different; X chromosome (76.3±1.11) and Y chromosome (69.7±0.66) bearing 

fractions showed lower percent progressive motility compared to unsorted control 

(85.0±0.57). 

 

4.4.2. Sperm Quality after freezing  

 

The data on the effect of sperm sexing on post thaw quality of Nili-Ravi 

buffalo bull (Bubalus bubalis) sperm are presented in Table 4.3. The percentage 
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Table 4.1. Specific primers used to amplify SRY, PLP and 18s rRNA genes of 

Nili Ravi buffalo 

 

 

 

 

 

 

 

 

Gene Sequence  (5' → 3') Tm 

(ºC) 

Length 

(bp) 

Y chromosome 

specific primer, 

SRY forward   

SRY reverse 

 

 

GTTGTGCCAAGACCACATATTC 

 

 

56 

 

 

142 

ATAGGGTAACATTGGCTACACG 

X chromosome 

specific primer, 

PLP  forward   

PLP reverse 

 

 

GTTCTTCAGGTCACAGGGTAAG 

 

 

55 

 

 

104 

CTCTTTGTGACCCTATGGACTG 

Internal control 

primer, 

18s RNA  forward   

18s RNA reverse 

 

 

AGTTGGTGGAGCGATTTGT 

 

 

55-56 

 

 

114 

CTTGTCCCTCTAAGAAGTTGGG 
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Table 4.2. Recovery rate and quality (%) of Nili Ravi buffalo sperm after sex 

sorting through modified swim up 

 Recovery 

Rate (% 

motile) 

Progressive 

motility 

 

Plasma 

membrane 

integrity 

Acrosomal 

integrity 

Control _ 85.00±0.57a 59.00±0.45c 60.17±1.56b 

X-sorted 5.19±2.04a 76.33±1.11b 72.17±1.19a 75.50±1.23a 

Y-sorted 0.70±0.15b 69.67±0.66c 67.83±1.51b 71.50±1.33a 

Values are mean ± S.E. Superscripts differ significantly within each column (P<0.05). Letters a, b 

and c on different values shows significant difference among treatments. (Appendix XI-XII) 
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Table 4.3. Post thaw quality of Nili Ravi buffalo sperm after sex sorting through 

modified swim up 

 Progressive 

Motility 

(%) 

Plasma 

membrane 

Integrity 

(%) 

Acrosomal 

integrity 

(%) 

Viability 

(%) 

Live/dead 

ratio (%)  

Control 54.2±1.54b 51.83±0.87c 65.33±0.61b 45.2±1.08c 54.3±1.17c 

X-sorted 68.33±1.67a 71.17±1.08a 75.83±0.60a 60.17±2.08a 76.33±2.41a 

Y-sorted 70.83±1.54a 56.33±0.80b 73.17±1.58a 52.83±0.83b 67.67±0.92b 

Values are mean ± S.E. Superscripts differ significantly within each column (P<0.05). Letters a, b 

and c on different values shows significant difference among treatments. (Appendix XIII) 

 

 

 

 

 

 

 

 

 

 

 

 

 



82 
 

 
 

sperm progressive motility, plasma membrane integrity, acrosomal integrity, sperm 

viability and live/ dead ratio was higher in (P < 0.05) both X and Y chromosome 

bearing sperm fractions compared to control (unsorted), however, the X 

chromosome bearing sperm fraction were better (P < 0.05) in terms of sperm 

plasma membrane integrity, viability and live/ dead ratio compared to Y 

chromosome bearing sperm fractions. 

 

4.4.3. Validation of Sex Sorting Technique by Real-Time PCR 

 

The data on mean fold relative expression for X and Y chromosome bearing 

sperm content by rt-PCR analysis are shown in Fig. 4.1. Un- treated (control) 

sample was taken as the calibrator. Using the 2 delta CT method, the data are 

presented as the fold change in gene expression normalized to an endogenous 

reference gene i.e. 18S rRNA relative to the untreated control. For the un-treated 

control sample, delta CT equals to zero and 2 delta equals to one. For the treated 

samples, evaluation of 2 delta CT indicates the fold change in gene expression 

relative to the untreated control.  

 

Mean fold relative expression of X chromosome bearing sperm in lower fraction of 

supernatant sorted by modified swim up method remained significantly higher (P < 

0.05) for X primer and gave significantly higher (4-5 fold) average 2 delta ct value 

for X primers compared to control (1:00) whereas mean fold relative expression of 

Y chromosome bearing spermatozoa in lower fraction of supernatant remained 

lower (0.06 fold: P<0.05) for X primer and gave significantly lower average 2 delta 

ct value for X primers compared to control. 
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Figure. 4.1. Expression level of PLP and SRY genes in X sorted and Y sorted 

semen samples through rt-PCR to validate the modified swim up 

(SU) sperm sexing technique for buffalo bull semen. Letters a and b 

on different bars shows significant difference among treatments. 

(Appendix XIV) 
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The mean fold relative expression of Y chromosome bearing sperm in 

upper fraction of supernatant sorted by modified swim up method remained higher 

(P<0.05) for Y primer and gave significantly higher (4-fold) average 2 delta ct 

value for Y primers compared to control (1:00) whereas mean fold relative 

expression of X chromosome bearing spermatozoa in upper fraction of supernatant 

remained lower (0.15 fold: P<0.05) for Y primer and results were comparable to 

control. 

 

4.5. DISCUSSION 

 

Sexed semen has brought a revolution to the dairy industry and has 

successfully been used in cattle (Seidel, 1999). Due to biological and economic 

disadvantages of flow cytometry, some efforts have been made to develop alternate 

sperm sexing methods based on density and motility of X and Y chromosome 

bearing sperm. Among these, modified swim up method (Azizeddin et al., 2014) 

was capable to separate X and Y chromosome bearing sperm, as X chromosome 

bearing sperm has more DNA content than Y chromosome bearing sperm which 

results in faster migration velocity of Y chromosome bearing sperm than the X 

chromosome bearing sperm (Yan et al., 2006). Swim up selects the sperm with 

higher motility (Oehninger et al., 1990; Henkel and Schill, 2003) normal 

morphology (Younglai et al., 2001) viability (Lucio et al., 2012) and is effective in 

percentage recovery of motile sperm (Ren et al., 2004) which leads to fertilization 

success (Rurangawa et al., 2004). Results of the present study ensured that 

modified swim up method did not compromise the sperm quality parameters 

(plasma membrane and acrosomal integrity) at pre-freeze; rather it improved the 
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sperm quality (progressive motility, plasma membrane integrity, acrosomal 

integrity, viability and live/dead ratio) for X and Y chromosome sorted fractions 

compared to unsorted control at post thaw stage.  

 

Modified swim-up technique has previously been reported to yield sperm 

population which resulted in a high percentage of male births (Check et al., 1989). 

However, the present study reported higher recovery rates of motile sperm, pre 

freeze (sperm plasma membrane and acrosomal integrity) and post thaw sperm 

quality parameters (sperm progressive motility, plasma membrane integrity, 

acrosomal integrity, viability and live/dead ratio) for X chromosome bearing sperm 

compared to Y chromosome bearing sperm and control (unsorted). Improved 

recovery rates and quality of X chromosome bearing sperm might be due to 

location of X chromosome bearing sperm fractions in lower layers compared to 

upper layers of Y chromosome bearing sperm fractions. Results of our study are in 

line with Ericsson (1994) who reported that sperm recovery and quality in final 

fraction is affected by many factors including temperature, preparation of TALP 

solution, the isolated tube dimensions and the number of spermatozoa layered per 

tube. It might be speculated that X chromosome bearing sperm, owing to their 

higher density (due to size of the sperm head; Cui and Matthews, 1993) move out 

from semen sample in higher percentage (Hafez, 1991) and travel to upper (1 mL) 

layers compared to distant (4-5 mL) travel by Y chromosome bearing sperm in 

long narrow glass tube. It is also relevant to mention that Y chromosome bearing 

spermatozoa have higher forward velocity than X chromosome bearing 

spermatozoa (Ericsson et al., 1973). Here we can hypothesize that modified swim 
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up is more efficient for selection of X chromosome bearing sperm that might have 

further implications in the dairy industry if supported by extensive fertility trials.   

 

The rt-PCR is considered as a substantial and precise way to quantify 

relative expression of X and Y sperm in sexed and unsexed samples (Maleki et al., 

2013).  In present study, validation of Nili-Ravi buffalo semen sexed by modified 

swim up was done using SYBR® Green-based rt-PCR. Naturally it is believed that 

probability of X and Y sperm in semen samples is 50:50. Keeping in view this fact, 

in the present study the proportion of X/Y sperm in unsorted or control semen 

sample of buffalo was selected 1.00, as reported in the bovine samples (Schwerin et 

al., 1991; Piumi et al., 2007; Parati et al., 2006). There was significant difference 

in the 2 delta ct value of X and Y chromosome (4-5 fold) bearing sperm fractions 

(through X and Y primer respectively) by modified swim up method compared to 

control (1.00). Our results are in agreement with the previous study that lower 

fraction of the supernatant have significantly higher proportion of X chromosome 

bearing sperm and the upper fraction with significantly higher proportion of Y 

chromosome bearing spermatozoa in human (De Jonge et al., 1997). Modified 

swim up and modified swim up associated with density gradient was reported to 

have 61.8% and 60.6% success rate, respectively compared to control (45.2%) in 

bovine (Lucio et al., 2012). Few contradictory studies are also available where no 

difference of X and Y chromosome bearing sperm proportion of supernatant was 

reported after swim-up in human (De Jonge et al., 1997; Madrid-Bury, 2003; Yan 

et al., 2006; Caseri et al., 2006). The SYBR® green rt PCR technique as developed 

in this study yielded accurate assessment of the sperm sex ratio in term of fold 

increase both for sorted and unsorted semen. Although the accurate assessment of 
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the ratio can be obtained with other  techniques such as flow cytometry (Garner et 

al., 1983) and individual sperm PCR (Colley et al., 2008; Wang et al., 2011); the 

SYBR® green method as reported in this study is simpler, faster, and more cost-

effective to perform for each semen sample. Improvements in modified swim up 

protocol, especially in its precision by performing standard curve preparation 

(Maleki et al., 2013), may allow this system of sperm sexing to be used on a large 

scale in buffalo. 

 

In summary, modified swim-up method generated higher proportion of X 

chromosome bearing sperm in lower fractions and Y chromosome bearing sperm in 

upper fractions without compromising post thaw semen quality. Further, higher 

percentage of sperm recovery rate was observed in X bearing sperm fractions 

compared to Y bearing sperm fractions that may have future prospects for its 

implication in the dairy industry. This method has further advantages of being 

simple, inexpensive and less deleterious to the sperm quality. However, further 

studies are suggested to improve sexing ratio by modifying protocol and 

equipment’s. Moreover, extensive in-vivo fertility trials are suggested to check the 

accuracy, fertility, calving rate and resultant calf sex ratio in the field. In 

conclusion, modified swim up method proved to be effective by real time PCR for 

sperm sexing in Nili-Ravi buffalo, enabling researchers to work in a safe and 

effective way. 
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Chapter 5 

 

SPERM SEXING: SUCROSE DENSITY GRADIENT 

 

5.1. INTRODUCTION 

 

Sex predetermination is the genetic tool of economic significance for 

building up and drawing the outlines of a certain management strategy within 

livestock. It permits the breeders to raise their livestock production toward a 

particular sex to increase the hereditary advances and agriculturist productivity in 

meat and milk industry. For dairy farmers, the male calf has little economic value; 

while, for beef herds, the male calf is preferred due to faster growth, way better 

efficiency for feed conversion and lean-to-fat proportion. The production of male 

calves is also desired for their use in progeny testing program and conservation of 

rare breeds (Rath et al., 2013). Considering these particularities, for many 

producers, Y-bearing (male) semen could be good choice, which totally depends on 

bull deals for sale. 

 

The well-known sex sorting technique, flow-cytometric separation using 

DNA-binding fluorescent dye, Hoechst-33342, is based on amount of DNA present 

in sperm (Weigel 2004; Seidel 2007) that is less in Y-chromosome bearing sperm 

(3.6% less) than X-chromosome bearing sperm. Stain penetrates the sperm 

membrane and binds to A-T region of nucleic acids so X-sperm absorb more dye 

than Y-sperm showing more fluorescence (Seidel 2007). Although this techniques 

has accuracy rate more than 90% (Garner and Seidel 2003; DeJarnette et al., 2008), 

there are many disadvantages of the technique that includes; slow processing and 
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lower number of sperm / straw i.e. two millions approximately. In addition, 

structural (Schenk and Seidel 2007) and functional damages (Suh and Schenk  

2003;  Suh et al., 2005; Mocé et al., 2006; Hollinshead et al., 2003) to sexed sperm 

ultimately resulted in reduced fertility of sexed sperm (Karabinus 2009; Johnson 

and Schulman 1994; McNutt and Johnson 1996; Merton et al., 1997) compared to 

unsexed spermatozoa (Garner and Seidel 2003; DeJarnette et al., 2008). 

 

On the basis of differential physical properties of sexed sperm (sperm head 

volume, density or swimming speed) many alternative techniques have been 

proposed. Sperm density is the key factor that could be considered as major 

differential parameter to fractionate the semen into X/Y possibly due to DNA 

amount and head volume of spermatozoa. Therefore, the density gradient 

centrifugation could be a promising approach for sperm sexing (Blottner et al., 

1993; Lange et al., 1995; Hossepian de Lima et al., 2000; Hossepian de Lima 

2007; Cury et al., 2009; Aleahmad et al., 2009). Density gradient fractionation of 

semen has previously been attempted using different preparations and, the success 

rate for expected X/Y enriched fractions ranged from 70% using optiprep (Resende 

et al., 2009), 75% with albumin (Ericsson et al., 1973; Beernink et al., 1993) and 

86% to 94% using percoll density gradient (Lizuka et al., 1987; Van Kooij and van 

Oost 1992). It is relevant to mention that the without compromising the quality of 

sperm, density gradient is capable to produce enriched fractions of X/Y sperm with 

lower cost (Kanesharatnam et al., 2012).  

 

Sucrose density-gradient separation has been used in sexing of goat sperm 

due to; low cost, promptly accessible reagents (Raposo, 1996) and successful 
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isolation of large biomolecules such as DNA, RNA, proteins and cells (Raschke et 

al., 2009) in different species. In this technique, the sample is gently poured on 

upper layer of gradient in which concentration rises from top to bottom of the tube. 

Sedimentation rate depends on the centrifugation time/ speed, and properties of 

isolating contents like size/ shape/ density (cells, DNA or RNA) along with 

gradient’s concentration and viscosity (Raschke et al., 2009).  Thus, 

macromolecules are isolated with point that high density molecule depositing 

towards the bottom denser layers and molecules with low density remain close to 

the upper lighter layer of gradient. This procedure proved effective in the size 

fractionation of cells having more DNA content (Sureka et al., 2013). It is 

proposed that, sucrose density gradient sperm centrifugation will enable heavier X-

sperm to sediment in a bottom layer of a gradient whereas lighter Y-sperm will 

remain at the top layer (Kanesharatnam et al., 2012).  

 

Development of a sexing technique requires the monitoring of the degree of 

precision for X- and Y-fractions before investing a big amount in conducting field 

trials. SYBR green rt-PCR could amplify gene of interest and precisely measure the 

amount of amplified gene in a given sample, so could be used to measure the 

amplification of sexed specific genes in sexed samples to check accuracy of sexing 

techniques. This study is based on the hypothesis that sex ratio in buffalo semen 

will be altered by sucrose density gradient separation and can be validated through 

quantitative SYBR Green Real-Time PCR method. The objectives were  

 

▪ Separation of X and Y bearing spermatozoa by the sucrose density gradient 

technique 
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▪ Assessment of sperm recovery rate (Progressive motility, 

volume, concentration were recorded before and after sexing), 

progressive motility, integrity of plasma membrane and 

acrosome  

▪ Cryopreservation of these X and Y bearing fractions of spermatozoa in tris 

citric acid extender, 

▪  Assessment of post-thaw sperm progressive motility, integrity 

of plasma membrane and acrosome, viability and live/dead ratio 

of buffalo bull spermatozoa 

▪ Validation of sucrose density gradient sexing technique by 

quantitative SYBR® green Real Time-PCR.  

 

5.2. REVIEW OF THE LITERATURE 

 

In domestic species, viewpoints of farmers are focused on genetic selections 

to increase productivity by advanced DNA technologies (Garcia, 2001), one of 

these is planning production toward a sex specific determination of offspring 

(DeJarnette et al., 2009).The most efficient approach is fractionation of sperm 

(Cran and Johnson 1996) which is based on DNA content (Stap et al., 1998). Flow 

cytometry was commercially introduced for the first time in United Kingdom for 

sexing of bovine semen. The same technology was introduced in the buffalo, boar, 

sheep and horses within 10 years.  

 

Intrinsic differences in the DNA content of X- and Y- sperm is the basis of 

sperm separation by Flow cytometry (Weigel, 2004; Seidel, 2007). The Y-bearing 

spermatozoa has lower DNA contents (3.6%) and surface area (7%), swims faster, 
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and are compatible for specific fluorescence dyes than X sperm (Lu et al., 2006; 

Yan et al., 2006). In flow cytometry, sperm are separated by Hoechst 33342 stains 

in combination with the effect of an ultraviolet laser beam and these two are 

potentially mutagenic agents. Furthermore, the patency of this technology and the 

high cost of equipment restricted its accessibility (Prakash et al., 2014) for small 

dairy farmers in developing countries like Pakistan. 

 

Discontinuous density gradient is a well-known procedure that used to 

separate different cell types based on the fact that during centrifugation cells move 

toward iso-pycnic point and separate by moving to respective density layers 

(Morrell, 2006; Mortimer 1994). There is difference in density between X and Y 

sperm, so they orient themselves in respective gradient layers and therefore can be 

separated to produce two distinct sperm populations (Yan et al., 2006). 

Optimization of centrifugation time and speed plays an important role for this 

selection (Raschke et al., 2009). In previous studies, density gradient using Percoll 

and albumin reported success rate of 94% (Lizuka et al., 1987; Van Kooij and van 

Oost, 1992) and 75% respectively (Ericsson et al., 1973; Beernink et al., 1993). 

 

 Sucrose gradient centrifugation has been used to separate sub cellular 

particles from raw cellular extracts. To establish sucrose density gradient, different 

gradients of sucrose are placed on one another gently by keeping sucrose solution 

with less density on sucrose solution with more density in a falcon tube. The 

particles will reach to the iso-pycnic point of gradient and then fraction can be 

removed and processed for validation (Raposo, 1996). Sucrose is most commonly 

used commercial medium for separation of goat sperm by density-gradient 

centrifugation (Sureka et al., 2013). 

http://www.sciencedirect.com/science/article/pii/S0301211506001916#bib16
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Real-Time PCR analysis is used to assess the purity of sexed sample by 

using fluorescent DNA dyes such as SYBR-Green (Parati et al., 2006). It is a 

reliable way to detect different population of X and Y sorted sperm (Maleki et al., 

2013). This study focused on the development of simple and cost effective sperm 

selection protocol, which is affordable for small dairy farm holder in buffalo dairy 

industry for predetermination of sex and tested with appropriate molecular tool 

before going for field trial such as artificial insemination (AI). In present study, 

performance of sucrose density gradient sexing method was validated by SYBR 

green real time PCR analysis to check relative expression of PLP and SRY genes 

for X and Y chromosome- bearing spermatozoa population of buffalo semen 

samples.  

 

5.3. MATERIALS AND METHODS 

 

5.3.1. Experimental Design 

 

Mature Nili-Ravi buffalo bulls (n=5) of same cohart kept at the Sꬲmꬲn 

Productión Uňit, Qꜹdirꜹbad District Sꜹhiwal, Pꜹkistꜹn, were used for semen 

collection. By using artificial vagina (42˚C), 2 consecutive ejaculates per week 

were collected for thrꬲꬲ wꬲꬲks (three replicate; six ejaculates per bull; total ejaculate 

= thirty). At least one ejaculate from each bull met the criteria of (volume > 1mL, 

sperm concentration > 1.5 billion/mL, motility > 60%, abnormalities < 20%) for 

further processing in experiment. The qualifying ejaculates were divided into two 

aliquots; the first aliquot was untreated (control), while the other aliquot was 

processed by sperm sexing through Sucrose density gradient. After sexing, semen 
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was checked for recovery rates, diluted in tris citric acid extender and checked for 

sperm progressive motility, plasma membrane and acrosomal integrity and 

cryopreserved using standard techniques. Cryopreserved samples were analyzed for 

post thaw sperm motility, plasma membrane integrity, acrosomal integrity, viability 

and live/dead ratio. Validation of these sperm separation techniques was assessed 

by SYBER Green rt-PCR. Each experiment was repeated six times (replicates).  

 

5.3.2. Extender Preparation 

 

Egg Yolk Tris (EYT) based expėrimental extėnder was preparėd using 

buffer of tris-citric acid (pH 7.0; osmotic pressure 320 mOsmol kg-1) that contained 

of 3.00 g tris-(hydroxymethyl)-aminomethane and 1.56 g citric acid dissolvėd in 73 

mL distillėd watėr, then supplemented with 20 mL egg yolk; 0.20 g fructose; 7 mL 

glycerol and antibiotics, streptomycin sulphate (1000 ugmL-1), benzyl penicillin 

(1000 IU mL-1). 

 

5.3.3. Sperm Sexing Through Sucrose Density Gradient (SDG) 

 

Sucrose was dissolved in 10 mL Sp-TALP solution to make 0.5%, 1.5%, 

2.5%, 3.5% and 4.5% sucrose gradients and 0.2 micron filter units were used to 

filter each fraction separately. A discontinuous sucrose density gradient was 

prepared by layering successively decreasing sucrose densities solution upon one 

another (4.5%, 3.5%, 2.5%, 1.5%, and 0.5%). Once the 4.5% solution has drained 

into the tube, the 3.5% solution was loaded into the blue tip and was flown down 

the inside of the tube and layered on top of the 4.5% solution. This procedure was 

continued with the 2.5%, 1.5% and 0.5% sucrose, respectively. Finally 20 µL 

semen sample was loaded on the top layer. Layered falcon tube was centrifuged at 
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2800 rpm for 12 min at room temperature 37 ºC to obtain the separation of X and Y 

bearing sperm. Immediately after centrifugation, the tubes were removed from the 

rotor without any disturbance of sucrose layers.  

 

The upper two layers were carefully aspirated by using micropipette for 

sperm bearing Y chromosome and lower two fractions were collected for sperm 

bearing X chromosome and centrifuged at 800 rpm for 5 min at 37 °C. Pellet was 

separated from each tube and re-suspended in extender. An aliquot of each 

suspension was evaluated for motility, volume and concentration. Motile sperm 

recovery rate was estimated as described by Husna et al., 2016.  

 

5.3.4. Sperm Freezing and Thawing Procedures 

 

The percentage progressive motility of sperm was evaluated by placing 10 

μL of semen on a microscopic slide (37 ˚C) at 400X of phase contrast microscope.  

Hypo-osmotic swelling (HOS) test was used to assess plasma membrane integrity 

explained by Jayendran et al. (1984). For the assessment; semen sample (50 μL) 

was taken in 500 μL of working solution (0.73 g sodium citrate and 1.35 g fructose 

for 100 mL) and kept in water bath (37 ˚C) for 40 min. Incubated sample (10 μL) 

was taken with micropipette on a warm (37 ˚C) microscopic slide, cover slipped 

and observed through phase contrast microscope at 400X. The observation was 

taken on at least five different fields of a microscopic slide. The sperm having 

functional cell membranes showed swollen and bent tails; while the sperm having 

non-functional cell membranes showed straight and unswollen tails (Qadeer et al., 

2014). The viability of live sperm was studied by dual staining procedure according 

to description by Kovac and Foote, (1992). Smear preparation was done by mixing 
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a drop of Trypan-blue with semen sample on a microscopic slide (37 ˚C). After 

drying, microscopic slides were fixed with formaldehyde-neutral red for 5 min 

followed by washing with distilled water and then kept in Giemsa stain (7.5%) for 

4 hr. Lastly, slides were rinsed, air dried and mounted with mounting media. Two 

hundred spermatozoa were studied for each slide under a light microscope at 100X. 

Viable sperm appeared as unstained or lightly stained; while non-viable sperm 

appeared as having clear dark blue demarcation and blunt ended acrosome. The 

sperm stained on the lower portion of the head were categorized as non-viable and 

non-intact acrosome.  

 

Sperm viability was expressed as the live sperm + intact acrosome and 

sperm livability as the ratio of live/dead sperm expressed in term of percentage. 

Sperm acrosomal integrity was evaluated by formaldehyde-citrate solution (2.9 g 

Tri-Sodium Citrate dihydrate and 1 mL of 37% solution of formaldehyde in 99 mL 

distilled water). Briefly, 100 μL of sample was mixed with 500 μL of 

formaldehyde-citrate solution and two hundred sperm were evaluated under a phase 

contrast microscope at 1000X magnification using oil immersion (Ansari et al., 

2011). Sperm with an intact acrosome and a clear shinning head were considered to 

have a normal acrosome, while blunt ended cells were considered to have a 

disrupted acrosome. 

 

5.3.5. Validation of Sexed Spermatozoa by SYBER-Green RT-PCR 

 

5.3.5.1. Primer design 

 

Specific primers for X sperm and Y sperm of buffalo were designed using 

web site www.NCBI.com (Dorak, 2006). The 18S rRNA of the buffalo was chosen 
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as the segment to amplify as an internal housekeeping gene (positive control). The 

SRY gene was selected for Y specific primers while PLP gene used for X specific 

primers. Y-specific primers pair (forward: GTTGTGCCAAGACCACATATTC 

and reverse: ATAGGGTAACATTGGCTACACG) were designed on a conserved 

region of the buffalo chromosome linked SRY gene. The Y-product amplicon 

length was 142 bp. The X-specific primers were designed with amplicon length 

104 bp DNA fragment on the buffalo proteolipid protein gene (PLP). The 

sequences of the forward and reverse primers were, respectively: 

GTTCTTCAGGTCACAGGGTAAG and CTCTTTGTGACCCTATGGACTG. A 

5-µL aliquot of each PCR product was separated by 2.5% agarose gel 

electrophoresis, stained with ethidium bromide, and observed under a UV 

transilluminator to check purity of amplification products of X and Y chromosome. 

 

5.3.5.2. Semen samples 

 

Three different sets of sorted and unsorted semen samples collected from 5 

different buffalo bulls having proven fertility were analyzed by rt-PCR. The first 

set was composed of 47 unsorted semen straws. The second set was composed of 

24 straws of semen sorted by sucrose density gradient for Y-chromosome. The 

third set was composed of 24 straws of sorted semen using sucrose density gradient 

for X-chromosome.  

 

5.3.5.3. DNA samples preparation 

 

The DNA extraction from each set of sorted and unsorted semen sample 

was extracted by optimization of protocol for buffalo sperm reported by Chandler 
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et al. (2007). Before DNA extraction, fresh lysis (0.121 g Tris, 0.0293 g EDTA, 

0.584 g NaCl, 2 ml 2-mercaptoethanol, 0.5 g SDS and volume was brought to 100 

mL with distilled water) was prepared and stored at 2–8 ◦C. On first day, washing 

of semen samples (twice) were done by using 2.9% sodium citrate solution and 

pellet was re-suspended in lysis solution (pre warmed at 50◦C) and incubation was 

done at 50 ◦C for 30 min. Overnight incubation with Proteinase K (5 µL; 

Fermentas, Vilnius, Lithuania; catalog  no. #EO0491) was next step at 50 ◦C. On 

second day, equal amount of phenol: chloroform was added at room temperature 

and the tubes were agitated for 15 min, centrifuged at 15,500 × g for 3 min, after 

aspiration of the organic phase, phenol: chloroform step was repeated. Ice-cold 

absolute ethanol (2X) was added in sample and gently shaken to precipitate the 

DNA. Precipitated DNA was pelleted by 1 min centrifugation at 15,500 × g, dried 

in a vacuum  and  re-suspended in TE buffer by incubating at 37 ◦C with gentle 

agitation until dissolved. Nanodrop (Avans cuvdrop AUVS-102) was used to 

determine nucleic acid concentration. 

 

5.3.5.4. Quantitative SYBR green real time  PCR 

 

Line Gene K biore technology System  (Line-Gene.K-FQD-48A(A4)/(M2)) 

using  MąximąTM SYBR®  Grꬲꬲn qPCR Master Mix (cątąlog no.K0221; Fꬲrmꬲntąs, 

USA) was used to validate the expression level of specific genes in sexed samples. 

Randomly selected DNA samples from each category were run 6 times as a 

replicate along with control. Melting curve analysis was performed in order to 

confirm two important points; 1st specificity of amplification and 2nd lack of primer 

dimmers. 
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The PCR mixture contained 1 µL forward and reverse primers, 5 µL qPCR 

Master Mix (qPCR Master Mix; Fermentas, USA), 2 µL of template and 4 µL 

nuclease free water. The information on gene amplification is shown in Table 5.1. 

 

5.3.5.5. Statistical analysis 

 

The data on the effect of sperm sexing technique on motile sperm recovery 

rates were analyzed by t-test, after sexing and post-thaw sperm quality and 

validation of sexed semen through rt-PCR were analyzed by ANOVA using 

statistical software SPSS-20. When F ratio was found significant (P<0.05), further 

comparisons were made through Least Significant Difference (LSD) test. 

 

5.4. RESULTS 

 

5.4.1. Sperm Recovery and Quality after Sperm Sexing 

 

The data on the effect of sperm recovery rate and quality after sexing 

buffalo semen using sucrose density gradient are shown in Table 5.2. The X sorted 

sperm population had higher motile sperm recovery rate (6.14±2.14) compared to 

Y-sorted sperm (0.48±0.09) after processing for separation. 

 

When compared with unprocessed semen (control) sample, the 

concentration and progressive motility was lower (P < 0.05) in Y sorted sperm 

population, while for X sorted sperm population the sperm concentration was 

similar (P > 0.05) to control. The percentage of sperm plasma membrane integrity 

and acrosome were higher (P < 0.05) in X sorted sperm compared to control and Y 

sorted sperm. 
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5.4.2. Sperm Post Thaw Assessment 

 

The data on the effect of sucrose density gradient sperm sexing method on post 

thaw quality of Nili-Ravi buffalo bull sperm is presented in Figure 5.1. According 

to results, highest (P < 0.05) sperm progressive motility was observed in X sorted 

sperm population (60.83±1.53) compared to control (54.2±1.53) and Y sorted 

(46.7±1.05) sperm population. Sperm plasma membrane integrity was highest (P < 

0.05) in X sorted (56.3±1.03) sperm population compared to control (51.8±0.87) 

and Y sorted (55.8±1.49) sperm population. Similarly, sperm livability was higher 

(P < 0.05) in X sorted (71.0±2.39) sperm population compared to Y sorted sperm 

population (58.0±2.16) and control (unsorted). Sperm acrosomal integrity was 

similar (P > 0.05) in control (65.3±0.61), X sorted (67.3±0.80) and Y sorted 

(64.5±1.03) sperm population. Sperm viability was also similar in control 

(45.2±1.08), X sorted (49.5±2.48) and Y sorted (47.2±1.40) sperm population. 

 

5.4.3. Validation of Sex Sorting Technique by Real-Time PCR 

 

The data on mean fold relative expression for X- and Y-sorted sperm 

content through real time PCR analysis are shown in Fig. 5. 2. Un- treated (control) 

sample was taken as the calibrator. Using the 2 delta CT method, the data are 

presented as the fold change in gene expression normalized to an endogenous 

reference gene i.e. 18S rRNA relative to the untreated control. For the un- treated 

control sample, delta CT equals to zero and 2 delta equals to one. For the treated 

samples, evaluation of 2 delta CT indicates the fold change in gene expression 

relative to the untreated control. 
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The mean fold relative expression of X-sorted sperm population retrieved 

from lower layers of sucrose density gradient remained similar (P > 0.05) to control 

and Y sorted sperm for X primer and gave comparable average 2 delta ct value for 

X sorted sperm (1.6 fold) compared to Y sorted sperm (0.3 fold) and control (1.00).  

 

The Mean fold relative expression of Y sorted sperm retrieved from upper 

layers of sucrose density gradient remained higher (P<0.05) for Y primer and gave 

significantly higher (2.66 fold) average 2 delta ct value for Y primers than control 

(1.00). Whereas, mean fold relative expression of X-sorted sperm in upper layer of 

sucrose density gradient was significantly lower (P<0.05) for Y primers and gave 

lower (0.69 fold; P<0.05) average 2 delta ct value for Y primers as compared to Y 

sorted sperm. Average 2 delta ct value for X sorted sperm (0.69 fold) and control 

(1.00) for Y primers were comparable (P>0.05). 

 

5.5. DISCUSSION 

 

 Sexed semen has brought a revolution to the dairy industry and has 

successfully been used in bovine (Seidel et al., 1999). At present, the flow 

cytometric sexing (Garner et al., 1983; Johnson and Welch 1999; Seidel and 

Garner, 2002) is the only reliable technique however, being much expensive, time 

consuming, damaging to sperm viability, it is not actually practicable in many 

counties (Prakash et al., 2014). Hence, alternative methods for sperm sexing have 

also been attempted with the purpose of economic feasibility and enhanced semen 

quality. Among these, density gradient centrifugation (Hossepian de Lima, 2007) is 

reported to have capability for semen fractionation into X fraction and Y fraction  
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Figure 5.1. Post thaw quality of Nili Ravi buffalo bull sperm after sucrose density 

gradient separation. Letters a, b and c on different bars shows 

significant difference among treatments. (Appendix XV) 
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Table 5.1. The SYBR green real time PCR program for SRY, PLP and 18s rRNA 

primers of Nili Ravi buffalo 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step Temperature Time cycle 

Initial denaturation 95ºC 10 min 1 

denaturation 95ºC 20 sec  

 

           

           40 

     

Annealing 55ºC for X primer 

56 ºC for Y primer 

40sec 

Elongation 72ºC 30 sec 

Extension 72-98ºC Every 0.2 ºC hold  

10 min 
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Table 5.2. Pre freeze quality and motile sperm recovery rate in buffalo sperm 

population sex separated through sucrose density gradient  

 

 Progressive 

motility  

 

 

 

Plasma 

Membrane 

integrity 

Acrosomal 

integrity 

Concentration 

(x 106) 

Recovery 

Rate (% 

motile) 

Control 85.00±0.57a 59.00±0.44b 60.20±1.55b 1323.33±32.29a       --- 

SDG-X 73.83±0.60b 63.83±1.68a 70.00±1.26a 1342.53±191.07a 6.14±2.14a 

SDG-Y 64.00±0.44c 57.17±1.37b 62.17±0.79b 223.57±19.57b 0.48±0.09b 

Values are mean ± S.E. Values with different superscripts differ significantly (P<0.05). Letters a, b 

and c on different values shows significant difference among treatments. (Appendix XVI-XVIII) 

 

 

SDG-X, X sorted sperm through Sucrose Density Gradient 

SDG-Y, Y sorted sperm through Sucrose Density Gradient 
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Figure. 5.2. Analysis of Expression level of SRY and PLP genes through rt-PCR to 

validate the accuracy of sucrose density gradients (SDG) as compared 

to control from buffalo bull semen. Letters a and b on different bars 

shows significant difference among treatments. (Appendix XIX)  

SDG-X, X sorted sperm  

SDG-Y, Y sorted sperm 
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based on difference in their DNA amount. In case of buffalo, this difference was 

found to be 3.6% that makes buffalo semen feasible to be processed by density 

gradient (Resende et al., 2009) for sperm sexing (Lu et al., 2007). Using density 

gradient separation, the success rate for expected X/Y enriched fractions ranged 

from 70% with optiprep (Resende et al., 2009), 75% with albumin (Ericsson et al., 

1973; Beernink et al., 1993) and 86% to 94% using percoll (Lizuka et al., 1987; 

Van Kooij and van Oost, 1992) in bovine. 

 

In discontinuous density gradient centrifugation, the extent of sperm 

penetration through layers depend upon sperm mass and motility (Wolf et al., 

2008) and the spermatozoa stay separated at the gradient level that matches their 

density. Consequently, the X bearing that have higher density form a pellet at the 

bottom denser layers of the tube (Hadi and Tamim, 2013) while, Y bearing sperm 

lie in upper less dense layers. Thus the fractions of semen isolated from upper layer 

are expected to be Y enriched, while the lower layer are expected to be X enriched. 

In this technique, the sample is gently poured on upper layer of gradient in which 

concentration rises from top to bottom of the tube. Sedimentation rate depends on 

the centrifugation time/ speed, and properties of isolating contents like size/ shape/ 

density (cells, DNA or RNA) along with gradient’s concentration and viscosity 

(Raschke et al., 2009). Sucrose density-gradient separation has previously been 

used as a low cost and readily available technique for sexing the goat (Sureka et al., 

2013) and bull sperm (Kanesharatnam et al., 2012). 

 

In this experiment, the sucrose density gradient separation yielded better 

motile sperm recovery rate (%) in X sorted sperm fraction than Y sorted sperm 
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fraction possibly due to faster sedimentation velocity of X-bearing sperm (Kaneko 

et al., 1983). Further, the centrifugation moves X-bearing sperm down the gradient 

by minimizing sperm motility and maximizing difference in mass which helps the 

heavier sperm settle down faster than lighter sperm (Hadi and Timimi, 2013). The 

fertilizing ability of sex sorted spermatozoa is highly co-related with sperm quality 

i.e. motility and membrane intactness. Prior to freezing, the values for plasma 

membrane and acrosomal integrity were higher in X sorted sperm than Y sorted 

sperm and control. After freeze-thawing, the X sorted spermatozoa retained 

significantly higher progressive motility, plasma membrane integrity and livability 

than Y sorted and unsorted spermatozoa. It has become apparent that highly motile 

and intact spermatozoa have moved actively in the direction of the density 

gradients and have penetrated the boundary quicker than poorly motile/ immotile 

cells with damaged acrosome as has previously been reported by Butt and Chohan 

(2016). Further, these results have clearly demonstrated that sucrose density 

gradient technique favors the separation of X bearing sperm with reduced risks of 

sperm damage.  

 

In present study, validation of Nili Ravi buffalo semen sexed by sucrose 

density gradient was done using SYBR Green-based Real-Time quantitative PCR. 

Naturally it is believed that probability of X and Y sperm in semen samples is 

50:50. Keeping in view this fact, in the present study the proportion of X/ Y sperm 

in unsorted or control semen sample of buffalo was selected 1.00, as reported in the 

bovine samples (Schwerin et al., 1991; Piumi et al., 2007; Parati et al., 2006). 

There was significant difference (P < 0.05) in the 2 delta ct value of Y sorted 

semen compared to control. Mean fold relative expression of X-sorted sperm in 
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upper layer of sucrose density gradient was significantly lower (0.69 fold: P < 0.05) 

for Y primers whereas mean fold relative expression of Y-sorted sperm in upper 

layer of sucrose density gradient was significantly higher (2.66 fold: P < 0.05) for 

Y primers.  

 

The sucrose density gradient separation led to a slight but non-significant 

enrichment in X-sperm in lower layers in our study. Mean fold relative expression 

of X-sorted sperm in lower layer of sucrose density gradient was comparable (1.6 

fold: P > 0.05) for X primers as compared to Y sorted sperm (0.3 fold) and control 

(1.00). The slight differences in the results may be explained by the fact that 

smaller volumes (0.5-4.5 mL) of the gradients might have been insufficient to 

promote separation of X bearing spermatozoa from lower layers (Wolf et al., 

2008). Further, the protein differences between X- and Y-sperm (Hendriksen et al., 

1999) and interactions of both types of sperm with materials (sucrose) in the 

gradients might have influenced the results with different mechanisms (Rose and 

Wang et al., 1998). Results of the present study revealed that sucrose density 

gradient separation of buffalo sperm numerically (not significantly) enriched X 

bearing spermatozoa in lower layers but appeared to be significantly efficacious for 

enrichment of Y bearing sperm from upper layers. Further studies are suggested for 

improvement of sucrose density gradient technique using larger volume gradients, 

in order to make Y bearing lighter sperm penetration more difficult in denser 

sucrose gradient layers, which will contribute successful X bearing spermatozoa 

sexing in buffalo. 
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Chapter 6 

 

PREGNANCY AND CALVING RATES FOLLOWING AI WITH 

SEXED SEMEN 

 

6.1. INTRODUCTION 

 

Artificial insemination is considered as important technology for the 

animal’s genetic improvement program and is widely used for breeding dairy cattle 

and buffalo. For AI, sperm from genetically elite male is collected, preserved and 

used in insemination. AI technique is also effective to prevent the transfer of 

venerable diseases which could be transferred through natural intercourse. 

Hypothetically, un-sexed cryopreserved sperm doses have equal chance to produce 

male or female offsprings (50:50). However, to increase production of milk in 

order to meet per capita requirement, increased proportion of female are required 

and for meat more male births are in demand. To achieve this goal in dairy and 

meat industry, predetermination of desired sex by the sexed semen could be a 

promising approach. 

 

Flow cytometry is the latest technology for gender preselection in animals 

based on differential DNA content (Seidel, 2007). However, the low fertility rate (~ 

45% in heifer, 28% in cows (De-Varies et al., 2008) and high cost of straws (£25-

45) are the major hurdles in successful implementation of sexed semen (Weigel, 

2004; Cabrera, 2009) in developing countries like Pakistan. High cost of sexed 

semen is due to high equipment cost and intellectual technology whereas, lower 

recovery rate, structural and functional damages of sperm during slow sorting 
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process and lower shelf life contribute towards low fertility rate (Holinshead et al., 

2003; Suh and Schenk, 2003; Suh et al., 2005; Schenk and Seidel., 2007; Boro et 

al., 2016). Actually, sperm processing steps such as handling ejaculates, Hoechst 

33342 staining, high-dilution and centrifugation, cryopreservation etc. are crucial 

that compromise the quality and fertility of sexed sperm (Rath et al., 2009; 

Burroughs et al., 2012; Leahy et al., 2011). Furthermore, this technology is patent 

which restricts its wide usage (Prakash et al., 2014) in developing countries like 

Pakistan. Keeping in view all above mentioned reasons, there is need to develop 

new techniques that should be simple, cheap and fast without compromising the 

quality and fertility of sperm (Garner and Seidel, 2008; Seidel and Garner, 2002). 

In previous experiments (Chapter 4-5), two different approaches viz., modified 

swim up and sucrose density gradient were investigated for sperm sexing in buffalo 

(Husna et al., 2017) and then validated at molecular level (chapter 4-5). The results 

showed that X and Y sorted fractions are significantly different in X and Y 

proportion using both methods of sperm sorting. So this study was planned to 

check the fertility rate and calving rate of semen sexed through modified swim up 

and sucrose density gradient.  

 

6.2. REVIEW OF THE LITERATURE 

 

Semen sexing is an emerging technology usually preferred for gender 

selection; as females are prerequisite for the dairy purpose while, males are chosen 

for beef production (Dejarnette et al., 2009). United Kingdom was the pioneer in 

introduction of bovine sexed semen commercially in 2000. After that, number of 

insemination centers was opened worldwide distributing sexed semen of a number 

of species including cattle (Rath and Johnson, 2008; Lu et al., 2010). In spite of 60 
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years of history of AI in Pakistan, sexed semen still not being practiced 

prominently in livestock sector and there is no official report available on 

conception rate with sexed semen. Since, buffalo is the main dairy breed of 

Pakistan, sexed sperm in buffalo breeding could play pivotal role both biologically 

and economically in production of replacement heifers to expand the yearly genetic 

gain (Sorensen et al., 2011; Khalajzadeh et al., 2012). 

 

Gledhill in 1976 first attempted to separate sex sperm by analytical flow 

cytometry and in 1988 first pre-sexed offspring was born (Morrell et al., 1988). 

Since then; Flow cytometric separation has become the popular technique to 

produce sexed sperm on the basis of DNA difference between X and Y sperm with 

90% accuracy in a number of species. This technology is standardized, patented 

and commercialized in United States in 2001 with a licėnsė grantėd to Sėxing 

Tėchnologiės (ST), Texas and now ST produces sex sorted semen commercially in 

many countries viz., Europe, Canada, Brazil, Japan, Mexico, China and USA. 

Although the sorting process is 90% accurate, it has slow speed and low yield. 

Along with these, high cost of equipment and specifically expert operators are 

major hurdles to compromise sorting accuracy. Approximately half of the sperm 

samples are wasted because machine could not determine X or Y and most of them 

get damaged; so, 50% of the ejaculate is thrown out. Packaging of sexed semen 

takes place in 0.25 mL straws having 2.1 million cells at $25 to $75 per straw 

(John, 2012).  

 

Unfortunately, only few attempts have been made for sperm sexing in 

buffalo that were based on flow-cytometric separation for subsequent use in in-
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vitro fertilization (Lu et al., 2006; 2007). Due to high price and patented 

technology, flow cytometrically sexed semen is not approachable to poor dairy 

farmers for AI (Mota et al., 2013). Alternative sperm sexing methods could 

therefore be of relevance for the benediction of small dairy farmers both in 

biological and economic terms (Mota et al., 2013). In past, various methods have 

been used for sorting of X and Y sperm which were based on principle of 

difference in mass, size, swimming pattern, immunological structure and surface 

charges etc. Some of them showed the encouraging results, however, these need 

further fine tuning for commercial viability after validation under field conditions 

(Bhalakia et al., 2018). These techniques include differential separation through 

albumin gradient (Machado et al., 2009; Wolf et al., 2008), percoll (Machado et 

al., 2009) and modified swim up (Azizuddin et al., 2014). Sperm sexing through 

conventional swim up technique, has been done in human with 81% success rate 

(Check et al., 1989; Khatamee et al., 1999). In our previous studies modified swim 

up method validated by SYBR green real time PCR showed significantly higher 

proportion of X and Y chromosome in X and Y sorted fractions respectively 

(Husna et al., 2017) as mentioned in chapter 4. 

 

Different cells types and cellular molecules are separated by density 

gradient centrifugation based on the fact that cells and molecules will move to the 

iso-pycnic point by moving towards respective density layers (Morrell, 2006; 

Mortimer, 1994).  The X sperm have a density different from Y spermatozoa, so 

they orient themselves in respective gradient layers and can therefore be separated 

to produce two distinct sperm populations (Yan et al., 2006). Optimization of 

centrifugation time and speed also plays an important role for this selection 



113 
 

 
 

(Raschke et al., 2009). In previous studies, density gradient using Percoll and 

albumin reported success rate of 94% (Lizuka et al., 1987; Van Kooij and van 

Oost, 1992) and 75% respectively in human (Ericsson et al., 1973; Beernink et al., 

1993). Sucrose has been used as a commercial medium in density gradient 

separation of goat spermatozoa with 60% accuracy (Sureka et al., 2013). In 

previous experiment (chapter 5), sperm sexing through sucrose density gradient as 

validated by SYBR green real time PCR showed significantly higher proportion of 

Y chromosome in Y sorted fractions It is therefore needed to evaluate these two 

methods (modified swim up and sucrose density gradient) in terms of in vivo 

fertility and calving rate to check the accuracy under field conditions. 

 

6.3. MATERIALS AND METHODS 

 

6.3.1. Experimental Design 

 

The procedure for semen collection and processing was same as mentioned 

in chapter 4 and 5. Briefly, mature Nili Ravi buffalo bulls (n=5) kept at the Sꬲmꬲn 

Production Uňit, Qꜹdirꜹbad District Sꜹhiwal, Pꜹkistꜹn, were used for semen 

collection. By using artificial vagina (42˚C), 2 consecutive ejaculates per week 

were collected for thrꬲꬲ wꬲꬲks (three replicate; six ejaculates per bull; total ejaculate 

= thirty). At least one ejaculate from each bull met the criteria of (volume > 1mL, 

sperm concentration > 1.5 billion/mL, motility > 60%) for further processing in 

experiment. The qualifying ejaculates were divided into two aliquots; the first 

aliquot was untreated (control) and processed for cryopreservation using routine 

procedure, while the other was processed by sperm sexing techniques using 

modified swim-up for experiment 1 and sucrose density gradient for experiment 2. 
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After sorting, semen was diluted in tris-citric acid extender and cryopreserved 

using standard techniques. 

 

6.3.2. Extender Preparation 

 

Egg Yolk Tris (EYT) based expėrimental extėnder was preparėd using 

buffer of tris-citric acid (pH 7.0; osmotic pressure 320 mOsmol kg-1) that contained 

of 3.00 g tris-(hydroxymethyl)-aminomethane and 1.56 g citric acid dissolvėd in 73 

mL distillėd watėr, then supplemented with 20 mL egg yolk; 0.20 g fructose; 7 mL 

glycerol and antibiotics, streptomycin sulphate (1000 ugmL-1), benzyl penicillin 

(1000 IU mL-1). 

 

6.3.3.  Sperm selection 

 

The procedure for sperm selection through modified swim up and sucrose 

density gradient, freezing and thawing was same as described in chapter 4 and 5.  

 

6.3.4. Artificial Insemination, Pregnancy and Calving Rates  

 

Each 0.5 mL straw used in this study contained 60×106 sexed sperm. A total 

of 300 inseminations performed with cryopreserved sexed sėmen werė recordėd, in 

Tėhsįl Pattokį, Dįstrįct Kąsur. The animals used in this study exhibited natural 

estrous and were inseminated by the same technician during 2014. The artificial 

inseminations were done in 3 month during peak season of breeding (October to 

December). After 24 hr of estrous detection, artificial insemination was performed, 

followed by trans-rectal palpation to check for the presence of the dominant 

follicle. These inseminated animals were observed for conception rate (pregnancy 

rate) by rectal palpation at a minimum of 3 month   
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Table 6.1.  In vivo fertility rate in buffaloes inseminated with sperm sexed by 

modified swim up method 

 Total 

inseminations 

No. of Pregnancies Pregnancy 

rate (%) 

Chi 

square 

value 

P-

value 

Observed Expected 

       

Control 95 45  54.80 47.40  

9.11 

 

0.00 

X-sorted 80 56  46.20 70.00 
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Table 6.2.  In vivo calving rate in buffaloes inseminated with sperm sexed by modified swim up method 

 

 Calving (Female) Calving (Male) Calving rate (%) Chi square value P-value 

Observed Expected Observed Expected Female Male 

Control 

(N=45) 

24 30.3 21 14.7 53.3 47  

7.22 

 

0.00 

X-sorted 

(N=56) 

44  37.7 12 18.3 78.58 21.42 
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Table 6.3. In vivo fertility rate in buffaloes inseminated with sperm sexed by 

sucrose density gradient method 

 

 Total 

inseminations 

No. of Pregnancies Pregnancy 

rate (%) 

Chi 

square 

value 

P-

value 

Observed Expected 

       

Control 95 45  54.80 47.40  

9.11 

 

0.00 

X-sorted 80 56  46.20 70.00 
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Table 6.4. In vivo calving rate in buffaloes inseminated with sperm sexed by sucrose density gradient method 

 Calving (Female) Calving (Male) Calving rate (%) Chi square 

value 

P-value 

Observed Expected Observed Expected Female Male 

Control 

(N=45) 

24 24.5 21 20.5 53.3 46.7  

0.041 

 

0.839 

X-sorted 

(N=56) 

31 30.5 25 25.5 55.4 46.6 
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period after insemination under field conditions. Calving rate in term of female and 

male calf birth were calculated after 10 months (Parturition). 

 

6.3.5. Statistical Analysis  

 

The data on conception rate and calving rate of the semen sexed by 

modified swim up and sucrose density gradient method were analyzed using chi-

square statistics; SPSS-20 Software. 

 

6.4. RESULTS 

 

The data on fertility rate of buffalo semen sexed through modified swim up 

method along with control are given in Table 6.1. The fertility rate record as 

pregnancy at 90 days post insemination was significantly higher (P < 0.05) in X 

sorted sperm (70%) as compared to control (47%), whereas, calving rate in term of 

female calf was significantly higher (P < 0.05) in X sorted sperm (78.58%) 

compared to control (53.3%) Table 6.2.  

 

The data of fertility of buffalo sperm sexed through sucrose density gradient 

along with control are given in Table 6.3. The fertility rate was higher (P < 0.05) in 

X sorted sperm (64%) compared to control (70%), whereas, calving rate in term of 

female calf was comparable (P > 0.05) in X sorted sperm (55%) and control (53%) 

Table 6.4.  

 

6.5. DISCUSSION 

 

Sexed semen is a technology which alters the sex ratio of the offspring 

towards a desired gender. The high cost and low conception rate of flow 
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cytometrically sexed semen are the two main factors which limit its use in 

developing countries. Data from various studies shows that sexed semen has lower 

fertility rate than unsexed semen adding to the difficulty in its field applications. In 

previous experiments (chapter 4 and 5), it has been reported that alternate sperm 

sexing methods based on swim up and density gradient separation are efficient in 

terms of fractionation of X and Y sperm as validated by  SYBR green RT-PCR. 

However, before practical application in the field it is very important to have 

results of artificial insemination of sexed doses to check efficiency of the proposed 

methods. In present study, the fertility rate of buffalo sperm sexed by modified 

swim up was higher (P < 0.05) compared to unsexed control. Calving rate in term 

of female calf production was significantly higher in doses sexed by modified 

swim up method compared to control. Our results confirmed the hypothesis that X 

sperm is heavier than Y sperm, so the lower fractions of swim up tube have higher 

proportion of X sperm and suggested that X and Y bull sperm has different 

swimming speed that could be fractionated into different layers (Azizeddin et al., 

2014). The present study also confirms our previous findings (chapter 4) that sperm 

separation by modified swim up method efficiently generates fractions of X 

chromosome bearing spermatozoa in lower layers of swim up tube. 

 

Buffalo semen sexed by sucrose density gradient showed improved (P < 

0.05) in vivo fertilization rate compared to control, whereas the calving rate in term 

of female calf production was similar (P > 0.05) in doses sexed by sucrose density 

gradient method and control. It may be explained by the fact that smaller volumes 

(0.5- 4.5 mL) of the gradients might have been insufficient to promote separation 

of X bearing spermatozoa from lower layers (Wolf et al., 2008). Further, the 



121 
 

 
 

protein differences between X- and Y-sperm (Hendriksen et al., 1999) and 

interactions of both types of sperm with materials (sucrose) in the gradients might 

have influenced the results with different mechanisms (Rose and Wang et al., 

1998). Further studies are suggested for improvement of sucrose density gradient 

technique using larger volume gradients, in order to make Y bearing lighter sperm 

penetration more difficult in denser sucrose gradient layers, which will contribute 

successful X bearing spermatozoa sexing in buffalo. Results of field trials are in 

line with results through rt-PCR as described in chapter 5. 

 

In conclusion, the use of modified swim up method for sexing in buffalo 

industry is cost effective and does not need much equipment to establish in Sꬲmꬲn 

Production Uňits. Results of present study in term of conception and calving rate 

will be a significant breakthrough for development of these alternative sexing 

methods in fields to fulfill requirements of small dairy farmers to produce offspring 

of desired sex in Pakistan at affordable price. 
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Chapter 7  

 

GENERAL DISSCUSSION 

 

Buffalo is the major livestock species for milk and meat production and 

playing a prominent role in the Pakistan’s economy. In overall milk production, 

68% is contributed by buffalo followed by cattle (27%) and sheep/goat/ camel (5 

%). Average milk production of Nili-Ravi buffalo is 4-8 liters/ day whereas the 

total potential of this breed is 30 liters/ day (Bilal et al., 2006). To achieve this 

potential, advanced reproductive technologies are being applied for the 

preservation and breeding of elite animals by innovative ways (Vishwanath and 

Shannon, 2000) such as AI, IVF and sexing of sperm/ embryo (Ruane and Sonnino, 

2006).  

 

Artificial insemination is most commonly used techniques (Vishwanath and 

Shannon, 2000) which use cryopreserved semen from genetically superior animals 

(Chaudhari and Mshelia, 2002). During cryopreservation sperm viability is 

significantly decreased and ultimately sperm functions are deteriorated because of 

the physical and chemical changes on the sperm membrane (Suarez et al., 2007) 

and production of ROS during cellular component and abnormal spermatozoa 

present in semen.  

 

Naturally, sperm selection is well-organized process achieved by variety of 

biochemical, mechanical and biophysical mechanisms that occur at different sites 

of reproductive tract. These selection mechanisms are responsible for filtering out 

122 

 



123 
 

 
 

immature or damaged spermatozoa (Suarez, 2007), at the same time as they are 

acquiring fertilizing ability. Thus, only structurally and functionally normal 

spermatozoa reach to the potential site of fertilization in the oviducts. For 

cryopreservation procedures, selection of ejaculates done only on the basis of 

sperm motility and concentration, while there is no mechanism in place for 

selection based on sperm migration, membrane integrity, morphology, viability and 

chromatin integrity that mimic with the biological conditions. Therefore a great 

proportion of dead, moribund and abnormal sperm cells are inevitably selected that 

are major source of reactive oxygen species, which ultimately affect the viability 

and fertility of companion normal cells (Shannon et al., 1972: Hallap et al., 2004). 

In addition, cryopreservation itself has damaging effects by producing oxidative 

stress (Gilmore et al., 2000). This oxidative stress cause structural changes in 

sperm plasma membrane which leads to impaired motility, viability and fertilizing 

ability of sperm (Said et al., 2010). Therefore, elimination of dead, abnormal, non-

viable sperm and other cellular components from seminal plasma is of significance 

to reduce the oxidative stress on normal viable sperm during the freeze/thaw 

process (Zorn et al., 2010). 

 

Sperm migration or swim-up separates the motile and non-motile fractions 

based on difference in motility whereas density gradient separates sperm of varying 

densities (Sakkas et al., 2000). Several other techniques like glass wool filtration 

(Vyas et al., 1992), sephadex gel filtration (Graham and Graham, 1990), Glass 

bead filtration (Daya and Gwatkin, 1987), sephadex ion exchange filtration (Anzar 

and Graham, 1993), and magnetic activated cell sorting (Chan et al., 2006) has 

been used to get high quality sperm by eliminating the dead/damaged sperm from 



124 
 

 
 

whole sample. Previous studies reported improvement in post thaw quality of 

spermatozoa selected through sephadex filtration before cryopreservation in 

Holstein (Graham and Graham, 1990) and crossbred (Vyas et al., 1992) bulls. 

Glass wool filtration was used to select human (Sterzik et al., 1998), stallion 

(Casey et al., 1993), boar (Bussalleu et al., 2009), dogs (Kim et al., 2010) and 

cattle semen (Lee et al., 2009: Arzondo et al., 2012). Improved freezability of 

human sperm was reported after sperm selection through swim-up method prior to 

freezing (Esteves et al., 2000). 

 

Rėsults of the prėsent stųdy showed thąt recovery rates of total sperm and 

motile sperm was higher in samples processed by GWF while all post-thawed 

parameters were better in S-G15-selected buffalo sperm. The freezability was 

improved in sperm selection by S-G15 and GWF procedures prior to 

cryopreservation whereas, in vitro fertilizing ability (in term of cleavage rate) was 

higher in embryos produced after oocyte insemination with spermatozoa from 

samples selected with S-G15. These differences could be explained by the fact that 

swim up method is solely based on sperm motility and normal tail morphology and 

does not select sperm based on DNA integrity, viability and acrosome integrity 

(Somfai et al., 2002). Further, processing time required for pre-freeze sperm 

selection is of relevance (Zavos, 1992), that is less using sephadex and glass wool 

filtration compared to swim up which affect sperm longevity and viability. 

Sephadex filtration is based on complex interaction between sperm plasma 

membrane and the buffers composition used to dilute the sperm and to make 

slurries. Improvement in post thaw quality of sephadex filtered sperm is indicative 

of the fact that dead and immotile spermatozoa have effectively been trapped due 
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either to physical and chemical interaction of dead spermatozoa with sephadex 

particle (Graham et al., 1976) or proteins prėsent on capącitatėd spermatozoa 

(Samper, 1990). It is pertinent to mention that mammalian spermatozoa usually 

have a negative charge on sperm membranes (Hamerstedt et al., 1979; Holt, 1980), 

and when they get capacitated followed by acrosome reaction, their negative charge 

is reduced and altered with positively charged components (Farooqui, 1983; Veres 

et al., 1985; Koehler, 1986). While filtration through sephadex column shows 

interaction of positively charged components on dead sperm membranes with the 

negatively charged sephadex particles and are get stuck there whereas live sperm 

pass through the column. Glass wool filtration is based on the fact that extremely 

sticky immotile/ poorly motile sperm are agglutinated and debris and leukocytes 

also stick to fibers surface leaving filtrate with high concentration of normal live 

sperm (Engel et al., 2001; Mortimer and Mortimer, 1992). Elimination of these 

damaged spermatozoa might have lowered the production of ROS and contributed 

towards improved sperm quality (Gomes et al., 1996). Results of the post thawed 

sperm quality are confirmed by in vitro fertilization rates of buffalo oocytes that 

were higher using sephadex filtration prior to cryopreservation compared to glass 

wool filtration and swim-up.  

 

For in vitro fertilization, usually, the motile sperm are separated from rest 

of sperm population using swim up method that is based merely on sperm motility 

and morphology (Henkel, 2013; Vyas et al., 1992; Anzar and Garaham, 1995; 

Anzar et al., 1997). The swim up involves long incubation period followed by 

centrifugation step that renders the sperm population extremely susceptible to 

oxidative stress (Henkel, 2013), the mediator of plasma membrane damage (Henkel 
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et al., 2004). Conversely, sperm preparation through filtration depends upon many 

factors such as motility, membrane intactness and their retention or adherence at 

phase borders of filtration matrices (Henkel et al., 2004). It is pertinent to declare 

that sperm preparation through sephadex (Scholkamy et al., 2009) and glass wool 

filtration (Lee et al., 2009) yielded better IVF rates in bovine. In the present study 

sperm separation through glass wool filtration yielded many-fold higher percentage 

of total and motile sperm compared to swim up (control). These sperm were found 

functionally as competent as those separated through swim up (control) in terms of 

in vitro semen quality assays (plasma membrane integrity, viability, livability).  

 

Sperm filtration through sephadex, involves not only the interaction with 

sperm membrane and buffers, but the charges on the sephadex™ particles also 

plays important role (Samper et al., 1995). In present study, sephadex filtration 

yielded higher recovery rates of total/motile sperm compared to swim up (control) 

and better post filtration quality (progressive motility, plasma membrane integrity, 

viability, livability and cleavage rate) compared to swim up and glass wool 

filtration. Our findings are in line with previous reports in which it has explicitly 

been described that sephadex filtration increases progressively motile sperm in 

bovine (Garaham et al., 1976), boar (Fayami et al., 1979) and improved sperm 

livability in bovine (Kanakraj et al., 1996). The improvement in quality of semen 

filtered by sephadex is indicative of the probability that dead and immotile sperm 

have been effectively trapped due either to physical and chemical reaction of 

immotile or dead sperm with sephadex™ particle which leads to agglomeration 

(Hammerstedt et al., 1979) or leakage of certain macromolecules present on 

capacitated or dead sperm that may have bound with the sephadex™ particles 
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(Holt, 1980). It is concluded from results of this study that the filtration of 

cryopreserved Nili Ravi buffalo bull semen through sephadex-G15 was efficient to 

improve post-filtration semen quality and fertilizing ability in term of cleavage rate 

through effective removal of dead/ dying and abnormal spermatozoa. 

 

Sperm sexing arouses great concern due to extensive application in animal 

breeding (Garner, 2006). sexed sperm (X and Y) could be separated on basis of H-

Y antigen, sex-specific antibody binding, swimming ability and density through 

techniques such as electrophoresis, sephadex gel filtration, albumin centrifugation, 

sedimentation and flow fractionation (Jr et al., 1999). Out of these, flow cytometry 

separates X and Y bearing sperms on the basis of difference in DNA content with 

90% accuracy (Garner, 2006). However it has some limitation such as damages to 

sperm during sexing (Jr et al., 1999), altered mRNA expression of embryos 

(Morton et al., 2007) and specifically the non-availability of technique, equipment 

costs/maintenance in developing countries like Pakistan. Some simple practices 

like density gradient and modified swim up separation of X and Y-bearing sperm 

that cause least damages to sperm and have an acceptable accuracy of 70% - 80% 

could be the alternate option (Resende et al., 2009; Azizuddin et al., 2014).  

 

In present study, we attempted simple sperm sexing methods, validated 

their accuracy using SYBR green rt-PCR and confirmed the results using field 

fertility trials. All results were calculated in term of mean relative expression of 

respective genes in fractionated samples in both modified swim up method and 

sucrose density gradient method. It is of immense significance to report that 

modified swim up method resulted in significantly higher (4 - 5 fold) expression of 
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X bearing sperm in presumptive X sperm fraction than presumptive Y sperm 

fraction (0.06 fold), similarly expression of presumptive Y sperm fraction was 

significantly higher in presumptive Y fraction (4 fold) of supernatant than 

presumptive X fraction (0.15 fold) compared to control (1.00). Further, modified 

swim up method yielded significantly higher pre-freeze and post-thaw sperm 

quality and sperm recovery rates in X bearing sperm fraction than Y bearing 

fraction and control. Our results on sperm recovery rates are in line with Butt and 

Chohan, (2016), who reported that the swim up technique is effective in percentage 

recovery of motile sperm count in human.  

 

Improved recovery rates and quality of X sorted sperm might be due to 

location of X sorted fractions in lower layers compared to upper layers of Y 

fractions. Apparently, it is easy for X bearing sperm to move out from semen 

sample and travel to upper (1 mL) layers as compared to distant travel to upper 

layer (4-5 mL) that is easy for light weight Y sperm in long narrow glass tube 

(Hafez, 1991). Our results of field fertility are in line with those of molecular 

approach i.e. conception rate (in term of pregnancy rate) and female calving rate 

was high in doses sexed through modified swim up compared to control. 

 

Sucrose density gradient separation was also investigated for sex sorting of 

buffalo spermatozoa. It is believed that the extent of sperm penetration through 

density gradients depend upon sperm mass, motility and density (Wolf et al., 

2008). Consequently, the X bearing sperm that have higher density are 

concentrated in the form of pellet at the bottom layers of the tube (Hadi and 

Tamimi, 2013) while, Y bearing sperm lie in upper less dense layers. Thus, the 
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fractions of semen isolated from upper layer are expected to be Y enriched, while 

the lower layer are expected to be X enriched.  In present study, relative expression 

of presumptive X bearing sperm samples sexed through sucrose density gradient 

showed comparable (1.6 fold) expression level in presumptive X bearing fraction 

of supernatant than presumptive Y sorted fractions (0.3 fold), whereas relative 

expression of presumptive Y bearing sperm was significantly higher in Y sorted 

fraction (2.66 fold) of supernatant than X sorted fractions (0.69 fold) compared to 

control (1.00). Sperm pre freeze and post thaw quality and recovery rates were 

found significantly higher in presumptive X fractions than presumptive Y fractions 

and control. Results of field fertility trial support our results as the conception rate 

was higher with sexed dosses through sucrose density gradient method compared to 

control whereas female calving rate was comparable to the control.  

 

It is concluded that Sephadex filtration could be a promising technique both 

for pre-freeze sperm selection and sperm preparation for in vitro fertilization (IVF) 

in buffalo. It is proved that modified swim up method is an effective method for 

Nili-Ravi buffalo sperm sexing as validated by real time PCR and in vivo fertility 

trial for production of female calf. Sucrose density gradient method was efficient 

for Y-sperm sorting as validated by real time PCR for production of male calf. In 

the light of valuable findings, further research is being suggested to improve 

methodologies for larger volumes in order to get higher enrichment of X and Y 

fractions and in vivo validation by increasing samples size of inseminated 

buffaloes. According to available literature, this study was the first effort in which 

accuracy of sperm sexing methods through modified swim up method and sucrose 

density gradient was assessed in both way i.e. molecular level in lab through rt-
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PCR and in vivo fertilizing and calving rate of X sorted sperm under field 

condition. These efforts could play important role for development of simple, 

economic, adaptable and impact oriented approaches for production of buffalo 

progeny of desired sex in developing countries like Pakistan. 
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SUMMARY 

 

Sperm selection is of significance for cryopreservation procedures, in vitro 

fertilization and for production of desired sex of the offspring. Routinely, semen 

ejaculates are selected for cryopreservation based on sperm motility and 

concentration and, swim up (motility) is used to select sperm for in vitro 

fertilization, while other factors like membrane integrity are of significance. Sex 

separation of spermatozoa is being practiced using flow cytometry, which is highly 

expansive, damaging to sperm and produce low sperm number per dose. It was 

hypothesized that sperm selection may be improved using biomimetic techniques 

based on sperm migration (related to sperm motility), filtration (related to 

membrane integrity), and centrifugation (related to sperm motility, viability, 

morphology and DNA integrity) for assisted reproduction in buffalo. Present study 

was planned to assess pre-freeze sperm separation methods (swim-up, sephadex 

filtration and glass wool filtration) for freezability (Objective 1) plus in vitro 

fertilization rate of buffalo semen (Objective 2); and to evaluate pre-freeze 

selection methods (modified swim up and sucrose density gradient techniques) for 

production of X and Y bearing sperm as validated by SYBR green rt-PCR, 

Objective 3) and confirmed through in-vivo fertility trials (objective 4). To assess 

these, five mature Nili Rꜹvi buffꜹlo bulls were used to collect semen kept at SPU, 

Qądirąbad, Đistrict Sąhiwal, Pąkistan, with ąrtificiąl vąginą (40 ˚C). Semen 

ejaculates having more than 60% motility were used for further processing. For 

Objective 1, qualifying ejaculates from each bull were pooled and divided into four 

aliquots. The first aliquot were processed by routine procedure (control), while the 
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second, third and fourth aliquots were processed by sperm separation methods; 

swim-up, sephadex filtration, glass wool filtration respectively. After separation, 

semen samples were diluted in trįs-cįtric acįd extėnder and cryopreserved using 

standard techniques. Cryopreserved samples were transported to Buffąlo Rꬲsꬲąrch 

Institute, Pattóki, Kꜹsur, where post-thaw quality (progressive motility, plasma 

membrane integrity, acrosomal integrity, livability, viability and chromatin 

integrity) were assessed and these doses were subjected for in vitro fertilization to 

check the fertility rate. After sperm selection, GWF samples showed highest total 

and motile sperm recovery rates. S-G15 selected sperm showed improvement (P < 

0.05) in all post-thaw parameters while some parameters in GWF-filtered sperm 

suspensions showed improvement compared to control. The embryo cleavage rate 

(%) was highest (P < 0.05) with S-G15 selected sperm compared to control. To 

fulfill objective 2, experiment was conducted to evaluate sperm separation 

procedures viz., swim-up, sephadex filtration and glass wool filtration for in vitro 

fertilization rate of cryopreserved buffąlo bull sperm. The in vitro matured buffalo 

oocytes were fertilized by semen processed by swim-up, sephadex filtration and 

glass wool filtration. Sperm quality, recovery rate and in vitro fertilization rates (in 

term of cleavage rate) were assessed. Higher total and motile sperm recovery rates 

were yielded by glass wool filtration while, sephadex filtration improved (p < .05) 

sperm quality (progressive motility, membrane integrity, viability, livability) as 

compared to control. Sperm preparation through sephadex filtration yielded higher 

in vitro fertilization rate in terms of cleavage rate compared to glass wool filtration 

and swim-up (control). For objective 3, two separate experiments (Exp. 1-2; 

modified swim up technique and sucrose density gradient technique) were 
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conducted for separation of X and Y bearing spermatozoa. In each experiment, 

semen was collected and qualifying ejaculates were pooled and divided into two 

aliquots. The first aliquot was processed by routine procedure (control), while the 

second aliquot was processed by sperm sexing techniques, viz., modified swim-up 

and sucrose density gradient, respectively in each experiment. After separation, 

semen was diluted in tris-citric acid extender and cryopreserved using standard 

techniques. Semen quality of cryopreserved semen doses was assessed at pre- 

dilution, post-dilution and post-thawing stages. Validation of technique was done 

by using SYBR® green rt-PCR using two sets of primers, PLP and SRY for X and 

Y chromosome of buffalo genes, respectively. Using swim up technique, X 

chromosome bearing sperm fraction showed significantly higher sperm recovery 

rates, pre-freeze and post-thaw sperm quality than Y chromosome bearing fraction 

and control. X bearing sperm showed significantly higher (4–5 fold) mean fold 

relative expression in presumptive X bearing sperm fraction of supernatant than Y 

bearing fraction (0.06 fold), similarly Y bearing sperm was also showed 

significantly higher mean fold relative expression in Y bearing fraction (4 fold) of 

supernatant than X bearing fraction (0.15 fold) compared to control (1.00). For 

sucrose density gradient, X sorted sperm fractions showed significantly higher 

sperm recovery rates, pre-freeze and post-thaw sperm quality than Y sorted sperm 

fraction and control. X sorted fraction has comparable (1.6 fold) mean fold relative 

expression of X bearing sperm than Y sorted fractions (0.3 fold) whereas Y bearing 

sperm fraction showed significantly higher mean fold relative expression in Y 

sorted sperm (2.66 fold) fraction of supernatant than X sorted fractions (0.69 fold) 

compared to control (1.00). Sexed semen doses were evaluated for field fertility 
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trials during peak breeding season to check the accuracy of method (Objective 4). 

From results of objective 1, it is concluded that sperm selection by sephadex 

filtration prior to cryopreservation improved the post thaw quality and in vitro 

fertility rates, while objective 2 showed improved post filtration sperm quality and 

better fertilization rates (cleavage rate) of in vitro matured/ fertilized oocytes 

through sephadex filtration method. Results of objective 3 showed that modified 

swim up method is effective method for both X and Y sorting of buffalo sperm 

whereas sucrose density gradients is effective for only Y sorting of buffalo sperm. 

These results of objective 3 were validated by in vivo fertility trials in objective 4 

which showed significantly higher conception rate and higher production of female 

buffalo calf (~78%) through modified swim up method whereas sucrose density 

method improved the conception rate as compared to control.  Overall, sephadex 

filtration could be a promising practice for use in sperm selection for fresh semen 

prior to cryopreservation and sperm preparation for in vitro fertilization in buffalo. 

A modified swim up method proved to be an effective method for Nili-Ravi buffalo 

sperm sexing as validated by rt-PCR and in vivo fertility trial for production of 

female calf, while sucrose density gradient gave valuable results through rt-PCR 

for production of male calf of Nili-Ravi buffalo. 
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                                   APPENDICES 

 

Appendix I:  

Preparation of phosphate buffered saline (PBS) for collection of ovaries. 

• 10 Phosphate buffered saline tablets (Bioworld Co. Cat No. 41620016-1) 

• Dissolve in 1000 mL of milliQ water 

• Autoclave and cool to room temperature 

• pH must be between 7.2-7.4 
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Appendix II:  

Composition of Phosphate Buffered Saline (PBS) for processing of oocytes 

A. 

     Mg/litre 

NaCl 8000 

KCl 200 

KH2PO4 200 

Na2HPO4.2H2O 1430 

                             Dissolve in 500mL of sterile milliQ water 

B. 

  Mg/litre 

CaCl2.2H2O 140 

MgCl2.6H2O 200 

                             Dissolve in 100mL of sterile milliQ water 

Add A and B 

 Mg/litre 

D-glucose 1000 

Sodium Pyruvate  36 

Gentamycine 5mL 

 

Add sterile milliQ water up to 1 litre  

Add 0.5 gr BSA/litre (dissolve well)  

Osmolarity = 280 mOsm 

PH = 7.2-7.4, Filtered and stored (4°C) for two weeks. 
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Appendix III: 

Sperm wash media consist of: 

➢ T yrode’s Albumin Lactate Pyruvate (TALP) medium 

• BSA-------------5mg/mL 

• Caffeine--------10mM 

 

Fertilization media consist of: 

➢ T yrode’s Albumin Lactate Pyruvate (TALP) medium 

• FAF-BSA-----------6mg/mL 

• Heparin-------------10µg/mL 

• Hypotaurine------- 0.1mM  

• Penicillamine------ 0.2mM 

• Epinephrine-------- 0.01mM  

 

Sperm- Tyrode’s Albumin Lactate Pyruvate (Sp-TALP) medium (PH = 7.3-7.4) 2 

week of Storage 

                            g/100mL   Ca++ free TALP (g/100mL) 

• NaCl-----------------0.666  0.53 

• KCl------------------0.024  0.022 

• NaH2PO4-----------0.0062  0.004   

• MgCl2.6H20--------0.01  0.03 

• Na Pyruvate------0.011  0.1 

• Na Lactate--------200 µL  370 µL 

• HEPES------------0.12   ---- 
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• Gentamycin-------- ---   500µL 

• BSA-----------------0.6   0.6 

• Glucose-------------0.25  ---- 

• NaHCO3------------0.21  0.21 

Aspiration Media 

• M-199--------- 25ml 

• BSA----------- 0.0012g 

• L-Glutamine----0.0025g 

• Gentamycin----100ml 

Wash Media 

• M-199---------4.5ml 

• 10% FCS---- 0.5ml 

Maturation Media 

• M-199------- 1.8ml 

• 10% FCS---- 200µL 

• FSH---------- 2µL 

• Estradiol----- 2µL 

• EGF---------- 2µL 

 

Fertilization- Tyrode’s Albumin Lactate Pyruvate (Fert-TALP) medium (PH = 7.6-

7.8) 1 week of Storage 

                            g/100mL    

• NaCl-----------------0.666   

• KCl------------------0.024   

• NaH2PO4-----------0.0062     

• MgCl2.6H20--------0.01   

• Na Pyruvate------0.0055   
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• CaCl2--------------0.029 

• Phenol Red-----------0.001 

• Na Lactate--------200 µL   

• HEPES------------0.24    

• Gentamycin--------500µL 

• BSA-----------------0.6    

• NaHCO3------------0.21   

In fertilization drop prior to use add; 

• Epinephrine--------50 µL of stock having 0.001/mL 

• Heparine ---------- 100 µL of stock having 0.01/mL 

• Hypoturine--------50 µL of stock having 0.001/mL 

Synthetic Oviductal Fluid (SOF) Medium 

Stock A (for 3months) add: 

i. 6.29 g NaCL  

ii. 0.534 g KCl  

iii. 0.162 g KH2PO4  

iv. 0.182 g MgSO4  

v. 0.5 mL gentamycin  

vi. 99.4 mL Water  

vii. 0.6 mL Na lactate  

 

Stock B (for 2 weeks) 

a) 0.42 g NaHCO3  

 

b) 3 grains phenol red  

c) 20 mL Water  

 

Stock C (for 2 weeks) 
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a) 0.102 g sodium pyruvate  

b) 20 mL water  

 

Stock D (for 3 months) 

a) 0.262 mL CaCL22H2O  

b) 10 mL water  

 

Add 4 mL of stock A + 4 mL of stock B + 0.28 mL Stock C + 0.4 mL Stock D + 

31.32 mL water 

Check osmolarity (265-290 mOsm) 

Add 0.820 mL FCS 

Filter all media through 0.2 µm filter 
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Appendix IV:  

Lysis Solution 

Tris     0.121 g    (pH = 8.0, 10 mM),  

EDTA     0.0293 g    (pH = 8.0, 10 mM),   

distilled water   80  ml  pH  =  8.0  using  NaOH 

NaCl     0.584 g, and  

2-mercaptoethanol  2 ml   

SDS    0.5 g     

Volume was  brought  to  100  ml  with  distilled  water,  and  stored  at  2–8◦C.   

20% SDS 

Sodium Dodesyl Sulfate     20gms  

Dissolved in 100 ml of dist. H2O 

 

3M SODIUM ACETATE 

Sodium acetate      246g  

Dissolved and made upto 1000 ml with  dist. H2O. 

 

Phenol:Chloroform (1:1) 

20 ml of phenol is added in 20ml of chloroform to make 40 ml solution in fume 

hood. 

 

TE buffer 

Tris-HCl       10mM 

EDTA        1mM 
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Dissolved and made up-to 1000 ml with dist. H2O. 

 

Tris Buffer 

Tris        10mM 

Prepared from 1M Tris stock. 121g Tris added in 800 ml of dist. H2O, after getting 

a clear solution the pH was balanced at 8.2 using HCl for preparing 1 M stock 

solution of TrisHCl. 

10X TBE buffer 

Tris        108g  

EDTA        9.31g 

Boric acid       58g 

Dissolved in 1000 ml of dist. H2O to prepare stock solution of 10x strength, 

pH=8.3. Working solutions are prepared using dilution factor  

10x TAE buffer 

Tris base       48.4g 

Glacial acetic acid      11.42ml 

EDTA (1M EDTA)      10ml  

Dissolved in 1000 ml of dist. H2O, pH=8 
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Appendix V: 

 

HOS Recipe: 

Weigh out 0.73g sodium citrate and 1.35g fructose separately. 

Add them in 100ml of Distilled water placed in dilution bottle. 

Stir solution by using magnet and stirrer machine. 

 

Eosin stain Recipe: 

Distilled water 25 ml + Sodium citrate 0.725g + eosin 0.125g   

 

Trypan blue solution: 

Distilled water 25ml + NaCl 0.225g +Trypan blue 0.05g 

 

Formaldehyde-neutral red (fixative): 

1M HCl= 8.4ml 37% HCl + D.water 100ml 

HCl 1M 84ml + Formaldehyde 14ml + neutral red 0.2g 

Giemsa stain: 

Distilled water 100ml + Giemsa 7.5g 

 

0.05% Toluidine blue for (DNA Fragmentation test)  

96% ethanol-acetone (1:1) at 4◦c for 30 mints 

For 50ml 

96% ethanol = 48 ml ethanol + 2 ml dil.water 

96% acetone = 48 ml acetone + 2 ml dil.water 
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(1:1) = 25ml 96% ethanol + 25ml 96% acetone 

Hydrolyzed 

4.0 N HCl at 25 c for 10- 30 mints (stock 37%) 

32.8ml of 37% HCl + 67.2ml of dil.water 

 

0.05% toluidine blue 

Mcilvaine buffer 

A = make a stock solution of 0.1M citric acid 

     0.48gm citric acid + 25ml dis.water 

B = make a stock solution of 0.2M Na2HPO4. 2 

  0.89gm + 25ml dil.water 

Staining buffer 

At 4 PH take 30.7ml from stock A + 19.3ml of stock B 

Dilution 

25ml of staining buffer + 25ml of dis. water 

Now dissolve 0.025g of TB in 50ml of diluted staining buffer 
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Appendix VI:  

  

Figure 2.1. Effect of different sperm selection techniques on sperm progressive 

motility (Mean ± SE) at different stages of cryopreservation, before and after 

filtration and after freezing of buffalo bull spermatozoa. 

 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Before Selection 

Between 

Groups 
.000 3 .000 .000 1.000 

Within 

Groups 
200.000 8 25.000 

  

Total 200.000 11    

After Selection 

Between 

Groups 
139.583 3 46.528 1.718 .240 

Within 

Groups 
216.667 8 27.083 

  

Total 356.250 11    

After 

Cryopreservation 

Between 

Groups 
1106.250 3 368.750 59.000 .000 

Within 

Groups 
50.000 8 6.250 

  

Total 1156.250 11    
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Appendix VII: 

Figure 2.3 -2.4. Effect of different sperm selection techniques on post thaw sperm 

plasma membrane integrity, normal apical ridge, sperm viability, livability and 

chromatin integrity (Mean ± SE) in buffalo bull spermatozoa. 

ANOVA 2 (Figure 2.3-2.4) 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Sperm 

Progressive 

motility 

Between 

Groups 

(Combined) 1837.500 3 612.500 37.692 .000 

Linear 

Term 

Contrast 213.333 1 213.333 13.128 .002 

Deviation 1624.167 2 812.083 49.974 .000 

Within Groups 325.000 20 16.250   

Total 2162.500 23    

Sperm 

Plasma 

Membrane 

Integrity 

Between 

Groups 

(Combined) 2006.333 3 668.778 39.456 .000 

Linear 

Term 

Contrast 418.133 1 418.133 24.669 .000 

Deviation 1588.200 2 794.100 46.850 .000 

Within Groups 339.000 20 16.950   

Total 2345.333 23    

Sperm 

Normal 

Apical 

Ridge 

Between 

Groups 

(Combined) 2752.458 3 917.486 74.441 .000 

Linear 

Term 

Contrast 1074.008 1 1074.008 87.141 .000 

Deviation 1678.450 2 839.225 68.091 .000 

Within Groups 246.500 20 12.325   

Total 2998.958 23    

sperm 

Viability 

Between 

Groups 

(Combined) 1380.792 3 460.264 13.675 .000 

Linear 

Term 

Contrast 414.408 1 414.408 12.312 .002 

Deviation 966.383 2 483.192 14.356 .000 

Within Groups 673.167 20 33.658   

Total 2053.958 23    

Sperm 

Liveability 

Between 

Groups 

(Combined) 1160.167 3 386.722 8.392 .001 

Linear 

Term 

Contrast 108.300 1 108.300 2.350 .141 

Deviation 1051.867 2 525.933 11.413 .000 

Within Groups 921.667 20 46.083   

Total 2081.833 23    

Sperm 

DNA 

Integrity 

Between 

Groups 

(Combined) 11.125 3 3.708 5.779 .005 

Linear 

Term 

Contrast 3.675 1 3.675 5.727 .027 

Deviation 7.450 2 3.725 5.805 .010 

Within Groups 12.833 20 .642   

Total 23.958 23    
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Appendix VIII:  

 

Figure 2.5. Effect of different sperm selection techniques on post thaw sperm 

abnormality (Mean ± SE) in buffalo bull spermatozoa. 

 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Total 

abnormal 

sperms 

Between 

Groups 
292.792 3 97.597 2.578 .082 

Within Groups 757.167 20 37.858   

Total 1049.958 23    

head 

abnormality 

Between 

Groups 
12.458 3 4.153 2.362 .102 

Within Groups 35.167 20 1.758   

Total 47.625 23    

mid piece 

abnormality 

Between 

Groups 
35.000 3 11.667 4.828 .011 

Within Groups 48.333 20 2.417   

Total 83.333 23    

tail 

abnormality 

Between 

Groups 
76.500 3 25.500 .825 .495 

Within Groups 618.000 20 30.900   

Total 694.500 23    
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Appendix IX:  

 

Figure 2.6. Effect of sperm selection techniques on early embryo cleavage rate 

(mean±SEM) of buffalo bull sperm. Bars showing different letters 

differ significantly (p<0.05). a, b and c on different bars shows 

significant difference among treatments. 

 

Sperm 

preparation 

techniques 

Oocytes  

Inseminated 

(n=288) 

Oocytes  

Cleaved 

In vitro Cleavage 

Rate (%) 

 

 

Chi 

Square 

value 

P- 

value 

Expected Observed  

 

 

 

11.74 

 

 

 

 

0.008 

Sephadex 

G-15 

Filtration 

 

71 31  20.5 43.6a 

Glass Wool 

Filtration 

75 22 

 

21.6 29.3b 

Swim-up 70 15 

 

20.2 21.4c 

Control 72 15 

 

20.8 21.0c 
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Appendix X: 

 

Table 3.2. Quality of frozen-thawed Nili Ravi buffalo bull sperm separated through 

different techniques 

 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

 motiity 

Between Groups 463.333 2 231.667 17.595 .000 

Within Groups 158.000 12 13.167   

Total 621.333 14    

plasma 

membrane 

integrity 

Between Groups 256.533 2 128.267 16.877 .000 

Within Groups 91.200 12 7.600   

Total 347.733 14    

viability 

Between Groups 992.533 2 496.267 22.626 .000 

Within Groups 263.200 12 21.933   

Total 1255.733 14    

livability 

Between Groups 698.533 2 349.267 13.643 .001 

Within Groups 307.200 12 25.600   

Total 1005.733 14    
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Appendix XI:  

 

Table 4.2. Sperm Quality (%) of Nili Ravi buffalo sperm after sex sorting through 

modified swim up 

 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

progressive 

motility 

Between 

Groups 
709.333 2 354.667 87.692 .000 

Within 

Groups 
60.667 15 4.044 

  

Total 770.000 17    

plasma membrane 

integrity 

Between 

Groups 
540.333 2 270.167 34.441 .000 

Within 

Groups 
117.667 15 7.844 

  

Total 658.000 17    

acrosomal 

integrity 

Between 

Groups 
759.111 2 379.556 33.133 .000 

Within 

Groups 
171.833 15 11.456 

  

Total 930.944 17    
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Appendix XII:  

 

Table 4.2. Recovery rate of Nili Ravi buffalo sperm after sex sorting through 

modified swim up 

 

Recovery rate 

 t-test for Equality of Means 

t df Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

data 

Equal 

variances 

assumed 

2.542 10 .029 4.82050 1.89645 .59494 9.04606 

Equal 

variances 

not 

assumed 

2.542 5.060 .051 4.82050 1.89645 -.03704 9.67804 

 

 

 

 

 

 

 

 

 

 

Appendix XIII:  
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Table 4.3. Post thaw quality of Nili Ravi buffalo sperm after sex sorting through 

modified swim up 

 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

post thaw 

progressive motility 

Between 

Groups 
969.444 2 484.722 32.315 .000 

Within 

Groups 
225.000 15 15.000 

  

Total 1194.444 17    

post thaw plasma 

membrane integrity 

Between 

Groups 
1228.111 2 614.056 119.621 .000 

Within 

Groups 
77.000 15 5.133 

  

Total 1305.111 17    

post thaw nar 

Between 

Groups 
357.444 2 178.722 27.637 .000 

Within 

Groups 
97.000 15 6.467 

  

Total 454.444 17    

post viability 

Between 

Groups 
675.111 2 337.556 27.149 .000 

Within 

Groups 
186.500 15 12.433 

  

Total 861.611 17    

post live dead ratio 

Between 

Groups 
1473.778 2 736.889 45.675 .000 

Within 

Groups 
242.000 15 16.133 

  

Total 1715.778 17    
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Appendix XIV:  

 

Figure. 4.1. Expression level of PLP and SRY genes in X sorted and Y sorted 

semen samples through rt-PCR to validate the modified swim up (SU) sperm 

sexing technique for buffalo bull semen. 

 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

X 

primer 

Between 

Groups 

73.230 2 36.615 15.329 .000 

Within 

Groups 

35.829 15 2.389   

Total 109.059 17    

Y 

primer 

Between 

Groups 

41.367 2 20.684 12.535 .001 

Within 

Groups 

24.751 15 1.650   

Total 66.118 17    
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Appendix XV:  

 

Figure 5.1. Post thaw quality of Nili Ravi buffalo bull sperm after sucrose density 

gradient separation 

 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

motility 

Between 

Groups 
602.778 2 301.389 25.833 .000 

Within 

Groups 
175.000 15 11.667 

  

Total 777.778 17    

plasma membrane 

integrity 

Between 

Groups 
314.778 2 157.389 19.404 .000 

Within 

Groups 
121.667 15 8.111 

  

Total 436.444 17    

acrosomal integrity 

Between 

Groups 
25.444 2 12.722 3.070 .076 

Within 

Groups 
62.167 15 4.144 

  

Total 87.611 17    

viability 

Between 

Groups 
56.444 2 28.222 1.516 .251 

Within 

Groups 
279.167 15 18.611 

  

Total 335.611 17    

livability 

Between 

Groups 
920.444 2 460.222 19.538 .000 

Within 

Groups 
353.333 15 23.556 

  

Total 1273.778 17    
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Appendix XVI:  

 

Table 5.2. Pre freeze quality and motile sperm recovery rate in buffalo sperm 

population sex separated through sucrose density gradient 

 

ANOVA  

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

motility before 

freezing 

Between 

Groups 
1324.778 2 662.389 370.280 .000 

Within 

Groups 
26.833 15 1.789 

  

Total 1351.611 17    

concentration 

Between 

Groups 
4923853.941 2 2461926.971 32.451 .000 

Within 

Groups 
1137993.934 15 75866.262 

  

Total 6061847.875 17    
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Appendix XVII:  

Table 5.2. Pre freeze quality and motile sperm recovery rate in buffalo sperm 

population sex separated through sucrose density gradient 

 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

plasma membrane 

integrity 

Between 

Groups 
142.333 2 71.167 7.229 .006 

Within 

Groups 
147.667 15 9.844 

  

Total 290.000 17    

acrosomal integrity 

Between 

Groups 
324.111 2 162.056 17.405 .000 

Within 

Groups 
139.667 15 9.311 

  

Total 463.778 17    
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Appendix XVIII:  

 

Table 5.2. Pre freeze quality and motile sperm recovery rate in buffalo sperm 

population sex separated through sucrose density gradient 

 

 

Recovery rate 

 t-test for Equality of Means 

t df Sig. 

(2-

tailed) 

Mean 

Differen

ce 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

SDG-

RR 

Equal 

variances 

assumed 

2.638 10 .025 5.65833 2.14494 .87910 10.437 

Equal 

variances 

not 

assumed 

2.638 5.01

7 

.046 5.65833 2.14494 .15015 11.166 
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Appendix XIX:  

 

Figure. 5.2. Analysis of Expression level of SRY and PLP genes through rt-PCR to 

validate the accuracy of sucrose density gradients (SDG) as compared to control 

from buffalo bull semen. 

 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

SDG for X 

primer 

Between Groups 5.214 2 2.607 1.926 .180 

Within Groups 20.305 15 1.354   

Total 25.519 17    

SDG for Y 

primer 

Between Groups 20.227 2 10.114 5.613 .015 

Within Groups 27.027 15 1.802   

Total 47.254 17    
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CRYOPRESERVATION 

 

          

a. b. 

 

         

c.               d. 

 

 

Plate 1. Cryopreservation of semen before and after selection 
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Sperm Plasma Membrane Integrity (%) 

 

Sperm Acrosomal Integrity (%) 

 

Sperm Morphology (%) 
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Sperm Viability and Livability (%) 

 

DNA Fragmentation Test (%) 

 

 

Plate 2: Sperm Post Thaw quality parameters 

 

 

 



208 
 

 
 

SPERM SELECTION 

 

     

a.        b. 

    

       

     

c.      d. 

   

 

Plate 3. Sperm selection procedure for AI and IVF 
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IN-VITRO FERTILIZATION 

Aspiration 

      

a         b. 

     

c.        d. 

    

e.       f.  

 

Plate 4. In vitro Fertilization Aspiration Method 
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a.       b. 

     

c.         d. 

          

e.        f. 

 

Plate 5. Searching and grading of buffalo Oocytes 
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a) Fully expanded oocytes 

    

b) Partially expanded Oocytes 

        

c) Not expanded Oocytes 

Plate 6. Maturation stages of Oocytes 
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a) Denuded matured Oocytes 

 

        

b) Fertilized Oocytes/ cleaved embryo 

   

Plate 7. In vitro fertilization stages 
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     a.                      b.  

   

c.            d.  

   

e.          f.  

 

Plate 8. DNA Extraction, PCR of genomic DNA and rt-PCR 

 


