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ABSTRACT												
The present study was planned to check the effects of adding vitamin B12 and vitamin B complex (B1, B6 and B12) on post-thaw quality of buffalo bull semen in terms of sperm motility, liveability, liveability index, total sperm abnormalities percentage, percent head abnormalities, percent mid-piece abnormalities, percent tail abnormalities, live and dead sperm percentage and plasma membrane integrity percentage. Semen was collected from four Nili-Ravi buffalo bulls kept at Semen Production Unit, Qadirabad, district Sahiwal. From each bull semen was collected on six collection days and two ejaculates were collected at each collection day. After collection semen was shifted to semen processing lab as soon as possible. The initial sperm motility and sperm viability was analyzed. The cryoprotective extender routinely used at S.P.U was used for this study along with different concentrations of vitamin B12 and B complex (B1, B6 and B12). Each ejaculate was divided into nine aliquots A, B, C, D, E, F, G, H and I. The first aliquot was kept as control. Next four aliquots were treated with the cryoprotective extender plus four different concentrations of vitamin B12 (150, 300, 450 and 600µg/L). The last four aliquots were treated with the cryoprotective extender plus four different concentrations of vitamin B complex (B1, B6 and B12). The four concentrations of vitamin B complex were adjusted in such a way that concentration of vitamin B12 remained the same as used in first four aliquots. For post-thaw observations semen was preserved by straw method for 72 hours. Then frozen semen was examined for sperm motility and sperm viability immediately after thawing. The observations recorded were statistically analyzed by Analysis of variance. The results of extender C (containing 300 µg/L vitamin B12) and extender G (containing 300 µg/L vitamin B complex) were significantly (p<0.01) higher for all parameters among all extenders used. There was non-significant (p>0.01) variation between the results of extender C and extender G. It was thus concluded from the study that vitamin B12and vitamin B complex when added @ 300 µg/L of extender, maintained the post-thaw quality of Nili-Ravi buffalo bull semen, so this concentration of vitamin B12 and B complex is recommended for successful cryopreservation of Nili-Ravi buffalo bull semen at -196ºC. The quantity of vitamin B12or vitamin B complex if added in higher or lower doses than 300µg/L may deteriorate the post-thaw quality of buffalo bull semen or it may give poor results.
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Among major animal populations of Pakistan, there are 30.7 million buffalo heads which contribute 50% of Beef and 71% of Milk produced in the country (Anonymous, 2011). There are two main breeds of buffalo in Pakistan which includes Kundi and Nili-Ravi (Shah, 1991). The Nili-Ravi breed of buffalo is categorized as river type and it is included in the Murrah group (Camoens et al., 1996; Cockril 1974; Sarwar et al., 1957). Nili-Ravi is considered as the best dairy breed of Pakistan (Cockril et al., 1976; Sarwar et al., 1957) which is largely populated in the province of Punjab. The Nili-Ravi buffalo breed is included among the best milch breeds of buffalo in the world (Cockril, 1976). Beside these facts, there is still need of great improvement in buffalo production. Silent estrus, variability of estrus length, late attainment of puberty, long calving intervals, anestrous and delayed post-partum are some factors which negatively affect the reproductive efficiency of animals (Barlie, 2005). 
To meet the food requirements of the country, an animal must reproduce continuously and should produce off spring. Beside factors which are contributed from mother side, semen is of great importance to make the animal pregnant and give birth to off spring and hence give production. The characteristics and chemical composition of normal Nilli-Ravi buffalo bull semen include volume 4.70±1.51 ml, sperm motility 68.33±3.43%, sperm concentration 1.136±0.164 billion/ml, dead sperm 8.42±2.72%, vitamin C 6.2±0.8 mg/100 ml (Shukla et al., 2009; Banerjee et al., 1973; Andrabi, 2009) whereas cow bull semen exhibits volume 5-8 ml, sperm motility 40-75%, sperm concentration 0.8-2.0 billion/ml, sperms per ejaculate 5-15 billion, normal sperms per ejaculate 65-95% (Hafez et al., 2000) and vitamin B1: 0.89 µg/ml, vitamin B2: 2.09 µg/ml, vitamin B3: 3.63 µg/ml and vitamin B5: 3.71 µg/ml (VanDemark and Salisbury, 1944). 
Highly fertile and sub-fertile bulls are reliably identified by breeding soundness evaluations (BSE). For a good potential breeder bull should be physically sound, produce good quality of semen and have a reasonable circumference of scrotum. Sperm morphology, sperm motility and sperm concentration are considered as determinants of semen quality (Barth, 2000). Sperm motility evaluation is a very important component of the bull breeding soundness evaluation (Spitzer et al., 1988; Barth, 2000). Due to reduced fertility levels achieved in cervical artificial insemination by using cryopreserved semen as compared to fresh semen fertility levels, AI applications are limited (Bailey et al., 2000). Semen preservation is a beneficial tool for discovering new genes, repopulating breeds and extending the genetic usefulness of superior bulls (Waberski et al., 1994; Purdy et al., 2008). This is done by increasing the semen doses from available ejaculate and increasing the fertile life of spermatozoa for effective breeding purpose (Foote, 1974; Saacke, 1983). In many species of mammals, the functional, biochemical and ultrastructural damage to spermatozoa is caused during cryopreservation and thawing process of the semen (Watson, 2000). Previous studies have proved that the antioxidants supplementation to the dilutor increases sperm viability and sperm motility in equines (Baumber et al., 2002), bovines (Krzyzosiak et al., 2000; Bilodeau et al., 2002) and ovine semen (Maxwell and Stojanov, 1996; Maia et al., 2007). The capacity of in vitro fertilization also increases by the addition of antioxidants (Maxwell and Stojanov, 1996; Sarlos et al., 2002). Vitamin E and vitamin C are considered as very powerful antioxidants and vitamin E significantly increases rates of fertilization whereas vitamin C inhibits agglutination of spermatozoa and improves quality of sperm so as to make them further motile with greater forward progression (Glenville, 2008; Geva, et al., 1996).
 For normal sperm formation, sperm motility and adequate hormone levels of male reproductive system, vitamin B complex and zinc are very important components in this regard. A lot of dietary therapies have been proved beneficial in enhancing sperm motility and sperm counts. These include arginine, carnitine, selenium, zinc and vitamin B12 and some antioxidants such as glutathione, coenzyme Q-10, vitamin C and vitamin E (Sinclair, 2000). Intake of large quantities of vitamin B12 improves spermatogenesis in humans suffering with oligospermia (Goodhope, 1961; Tomaszewski et al., 1963). In rats, deficiency of vitamin B12 induces atrophic changes and causes inhibition of spermatogenesis (Watanabe et al., 2003). As DNA synthesis is an important step in spermatogenesis, vitamin B12 plays a vital role in DNA synthesis (Ames, 1998; VanPelt et al., 1991; Ciereszko et al., 1995). Vitamin B12 helps methionine synthetase enzyme to produce methionine and tetrahydrofolate by transferring methyl group from N-Methyltetrahydrofolate to amino acid homocysteine. Deficiency of vitamin B12 restricts methionine synthetase activity which further inhibits the incorporation of methyltetrahydrofolate from blood to the cells, resulting in unavailability of cellular folate pools which are important components of nucleotide biosynthesis (Banerjee and Mathews, 1990). Post-thaw motility can be improved and sperm membrane integrity can be protected by vitamin B complex. Vitamin B12 supplementation can improve spermatozoa count and sperm motility (Ha and Zhao, 2003). 
Several crucial factors like oxidative stress, cold shock and osmotic stress adversely affect the post-thaw quality of semen (Luvoni, 2006; Watson, 2000). The process of cryopreservation and thawing decreases the sperm motility, fertilizing capacity and sperm viability (Evans and Maxwell, 1987; Holt, 1997). Furthermore, quality of semen used, concentration of cryoprotective medium, composition of extender, rates of cooling, freezing and thawing are some important factors which negatively affect the sperm viability (Salamon and Maxwell, 1995, 2000). For ideal semen preservation a good extender fulfills all nutritional requirements of spermatozoa and protects them from stress during conditions like low temperature, dilution and storage (Johnson et al., 1988). In Pakistan, no work has been reported so far on the addition of B vitamins in the extender with respect to their effects on semen quality. Therefore, the present study was planned with the following objectives:
1. To investigate the possible effects of vitamin B12 and vitamin B complex (B1, B6 and B12) on post-thaw quality of buffalo bull semen.
2. To find out suitable concentrations of vitamin B12 and vitamin B complex (B1, B6 and B12) supplementation in the extender which may maintain the sperm motility and sperm liveability, liveability index, total sperm abnormalities percentage, percent head abnormalities, percent mid-piece abnormalities, percent tail abnormalities, live and dead sperm percentage and plasma membrane integrity percentage of post-thaw buffalo bull semen.
MATERIALS AND METHODS

The semen of four buffalo bulls of Nili-Ravi breed those were maintained at the Semen Production Unit Qadirabad, Dist. Sahiwal. These bulls were of similar age, with normal reproductive tract and were donating semen of acceptable quality for freezing. They were stall fed; each bull was offered ample quantity of seasonal green fodder and water ad libitum.
Semen was collected from each experimental bull at weekly intervals by artificial vagina, adopting optimum hygienic measures to avoid contaminations in the ejaculates. The artificial vagina was prepared to provide temperature ranged from 41-44ºC using warm water, heated between 50-56ºC. Suitable air pressure was provided to inflate the inner liner, which was also lubricated by K-Y jelly for easy penetration and for obtaining reasonable volume of ejaculate (Sharma et al., 1957). To obtain complete ejaculates of good quality, each bull was given enough time for sexual stimulation and was allowed to make 1-2 false mounts before the collection of semen. Two ejaculates were collected from each bull on each collection day. After collection the ejaculates were transferred to the laboratory and were kept in the water bath at 37ºC for examination of its physical characteristics. 
Two ejaculates were collected from each bull on each collection day and a total of 48 ejaculates were obtained. The following observations were recorded from each ejaculate:
i. Color
ii. pH 
iii. Volume
iv. Mass activity
v. Sperm motility percentage
vi. Sperm concentration
Semen ejaculates having acceptable color (creamy white), pH (6.4-7.2), volume >2.0 ml, mass activity >2+, sperm motility percentage >60% and having sperm concentration >500 x 106/ml of semen, were used for this study. During the study each bull donated two ejaculates of acceptable quality those were pooled and were splitted in to nine aliquots and were diluted with the experimental extenders (Salisbury et al., 1978).
The required amount of tris, citric acid and fructose were weighed with the help of analytical balance. Egg yolk was separated by complete removal of albumin using sterilized filter paper and then procured in a graduated cylinder by puncturing the yolk membrane. All nine experimental dilutors were prepared by mixing required quantities of tris, citric acid, fructose, egg yolk and antibiotics (streptomycin, procaine penicillin and benzyl penicillin) along with glycerol @ of 7% and de-ionized water @ 73% were added in each of the nine dilutors A, B, C, D, E, F, G, H and I. Vitamin B12 was added @ 150, 300, 450 and 600 µg/L of dilutors B, C, D and E, respectively. Similarly vitamin B complex (B1, B6 and B12) was added @ 150, 300, 450 and 600µg/L of dilutors F, G, H and I respectively. Dilutor A was kept as control which was prepared without the addition of vitamins (Table 3.1). The dilutors were placed in a water bath at 37ºC before collection of semen and were then utilized for dilution of semen.
On each collection day, the pooled ejaculates of each bull were diluted with the experimental dilutors to keep the sperm concentration @ 30x106 per 0.5ml semen straw. From the diluted semen at least 27 ml volume was taken and splitted into 9 aliquots. Eight aliquots were treated with different concentrations of vitamin B12 and B complex (B1, B6, B12) i.e. 150, 300, 450 and 600 µg/L of dilutor as (table 3.1). Dilution was made by placing both the semen and dilutors in a water bath at 37ºC. 
Extended semen with experimental dilutors was filled in the French straws of nine different colors corresponding to nine extenders for easy identification. The filling of straws was carried out with the help of automatic suction machine. Sealing of open end of the straws was done with polyvinyl chloride powder.
Semen filled straws were kept at 4ºC in the refrigerator up to six hours before freezing to complete the equilibration period. Thereafter freezing was performed in a wide mouth freezing chamber containing liquid nitrogen. Semen filled straws were placed in the straw racks and these racks were then shifted in the freezing tanks kept 5cm above the surface of liquid nitrogen for 8 minutes (Ahmad and Chaudhry, 1980). Vapor pressure of the liquid nitrogen was increased by increasing heat in the freezing tank to reduce the temperature of semen straws up to -96ºC for completion of freezing. Freezing process was completed within 9 minutes. This is a rapid method of freezing as the spermatozoa were cooled rapidly to pass on the critical temperature which is between 4ºC and -70ºC, so that spermatozoa should avoid the deleterious effects of freezing (Nagase et al., 1968).
Small plastic goblets filled with liquid nitrogen were used to collect the straws from freezing chamber by holding the goblet in one hand with the help of long forceps and gathering the straws with other hand. Immediately after plunging into plastic goblets, the straws were transferred to bigger steel goblet, having sieve at the lowered end and held vertically in the storage container filled with liquid nitrogen. Then the straws remained dipped in liquid nitrogen for at least 72 hours at -196°C till thawing.
Thawing of straws was carried out in a water bath at 37ºC. The process of thawing was completed within 30 second. Post-thaw motility percentage was recorded for all extenders as initial rate of motility.
Semen procured in dry sterilized vials separately for each extender was transferred into an incubator, the temperature of which was maintained at 37ºC. The liveability (hours) was recorded for extenders by recording the percentage of motile spermatozoa at hourly intervals till the death of half spermatozoa. The initial rate of motility after thawing and liveability of spermatozoa at 37oC were used to compute absolute index of liveability by using following formula.
Ia = ∑ (T x R)
Where Ia = is the absolute index of liveability.
T = is the time interval between observation.
R = is the average percentage motility for every two consecutive percentage observation, staring from the time of incubation.
Morphological abnormalities (head, mid-piece and tail) of post-thawed spermatozoa were determined. From the each selected ejaculate a small drop was taken and was mixed with Eosin-Nigrosin solution to stain. The stained semen was spread on a clean microscopic glass slide and a thin smear was prepared. The smear was observed under phase contrast microscope. Number of live and dead sperms was recorded and was compared with percent motility observed. From the stained semen smear, spermatozoa were examined for their morphology and percentage of morphological abnormalities was recorded (Swanson and Bearden, 1951).
The hypo osmotic test was performed to check the sperm plasma membrane integrity which was based on swollen and curled tails. HOST was done by incubating 300 ml of 100mOsM hypo-osmotic solution along with 30 ml semen at 37°C for 60 mints. The hypo-osmotic solution was prepared by adding 9 g fructose and 4.9 g sodium citrate/L of distilled water as described by Revell and Mrode (1994). With the help of a cover slip 0.2 ml of mixture was spreads on warm slide after incubation. At least 400 sperms were observed for swollen and curled tails at 400x magnification under bright field microscope (Bucket et al., 1997).
Mean values (± SE) of various parameters like post-thawing motility, liveability, absolute index of liveability, percentage of sperm head, mid-piece, tail and total sperm abnormalities, live and dead sperm percentage and sperm plasma membrane integrity percentage were computed. In order to ascertain the magnitude of variation in the parameters among various treatments, the data was subjected to analysis of variance (ANOVA) technique following completely randomized design. Duncan’s multiple range tests will be applied for multiple means comparison were necessity. The level of probability was 0.05 or lower (Duncan, 1955; Steel et al., 1997).
    RESULTS AND DISCUSSION
In the present study, 48 semen ejaculates (24 pooled semen samples) from four Nili-Ravi buffalo bulls kept at Semen Production Unit, Qadirabad, district Sahiwal were used to study the effects of adding vitamin B12 and vitamin B complex on post-thaw quality of buffalo bull semen. The study was performed with respect to post-thaw motility, liveability, liveability index, percentage of total sperm abnormalities, percentage of sperm head, mid-piece and tail abnormalities and live and dead spermatozoa percentage and percentage of intact plasma membrane integrity at 37ºC after thawing. The semen extenders comprised of ( A: control) Tris, citric acid, fructose, glycerol, egg yolk, de-ionized water and antibiotics along with various concentrations of vitamin B12 (B) 150 µg/L, (C) 300 µg/L, (D) 450 µg/L and (E) 600 µg/L and vitamin B complex (F)150 µg/L, (G) 300 µg/L, (H) 450 µg/L and (I) 600 µg/L. The four bulls used in this study were identified as B41, B63, B76 and B79. The results have been discussed below.
The results of the present study were in agreement to those reported by (Ha and Zhao, 2003), (Hu et al., 2011) and (Asadpour et al., 2012). The results present study revealed that vitamin B12 and vitamin B complex when used 300 µg/L of extender improved the post-thaw quality of buffalo bull semen with respect to sperm motility, liveability, liveability index, sperm abnormalities (head, mid-piece and tail), live and dead sperm percentage and intact plasma membrane percentage. 
Ha and Zhao (2003) stated that vitamin B complex when used 3% v/v could guard the sperm plasma membrane integrity and enhanced the sperm motility. Similarly, Cai et al. (2004) proved that vitamin B12 addition @ 0.5% v/v protected the sperm plasma membrane integrity of post-thawed bull spermatozoa. 
Hu et al. (2011) reported that 2.50 mg/ml gave best results in terms of post-thaw motility, plasma membrane integrity, curvilinear velocity, straight line velocity, velocity of average path and lateral head displacement of spermatozoa. The defensive effect of addition of vitamin B12 in the dilutor is probably due to the reality that it belongs to a water-soluble vitamin group and acts as a coenzyme required for normal cell function. In glucose formation enzyme methymalonyl coenzyme A mutase is assisted by coenzyme vitamin B12 (Bergman et al., 1996). Vitamin B12 helps methionine synthetase which further takes part in DNA synthesis (Kennedy et al., 1990).  Cai et al. (2004) stated that vitamin B12 could enhance the spermatozoa motility of sheep and bovine during the process of cryopreservation and post-thawing process, which is dependent on the coenzyme A activity of vitamin B12. Under the control of coenzyme of vitamin B12, the reduction of the oxidized form (-S-S-) of coenzyme A occurs and reduced form (-SH-) is formed which is further involved for enzyme reaction. Furthermore, the oxidized (-S-S-) homocysteine and glutathione were decreased to reduced (-SH-) homocysteine and glutathione under the effect of coenzyme of vitamin B12, respectively (Hu et al., 2011). Sperm cells metabolism is affected by the activities of reduced glutathione. Ha and Zhao, (2003) reported that emission of glutamic oxaloacetic transaminase (GOT) from ram seminal plasma was reduced significantly when addition of vitamin B12 was done in to the semen dilutor which may be a reason for improvement in the sperm motility during the process of  cryopreservation. The possibilities for the results of extender C and G in terms of motility might be due to the reduction in the GOT activity as described by (Ha and Zhao, 2003) or it may be the coenzymatic effect of vitamin B12 which may resulted in reduced glutathione and hence improved sperm metabolism. Vezina et al. (1996) stated that the improvement in the live sperm percentage, sperm motility and intact sperm plasma membrane might be due to higher glutathione peroxidase in seminal plasma which might be correlated with the result of the present study. Early researchers reported that highest level (3.75 mg/ml) of vitamin B12 had a noxious effect on spermatozoa of bull (Hu et al., 2011). Addition of vitamin B12 in excess neutralizes the adverse effects (oxidative stress) of reactive oxygen species, but on the other hand excess of vitamin B12 results in the stoppage of normal sperm function related with reactive oxygen species. This might be the reason for extender E and I had shown lower values for sperm motility, liveability and liveability index as compared to control and other extenders (B, C, D, F, G and I). The accurate mechanism for the adverse effects of higher levels of vitamin B12 on sperm parameters is unclear so far. In this study, the plasma membrane integrity was determined by performing hypo-osmotic swelling test (HOST). HOST was associated with those sperms which had gone through process of capacitation (Jeyendran et al., 1984). The reason for decreased post-thawed sperm motility, reduced plasma membrane integrity and fertilizing capacity of spermatozoa is due to the fact that sperm plasma membrane is made up of poly-unsaturated fatty acids which are very prone to peroxidative damage caused by reactive oxygen species during cryopreservation (Alvarez et al., 1987). Other reason for reduction in sperm motility and liveability might be the immediate lipid peroxidation which deprived the plasma membrane permeability and permitting the loss of cytosolic substrates and enzymes (Alvarez and Storey, 1984). In the present study, the results of extender C and G showed higher plasma membrane percentage as compared to control, which might be due to the neutralizing effect of vitamin B12 against the oxidative stress caused by ROS. There were variations in the results of different extenders on liveability and liveability index with maximum values for extender C and G and minimum values were recorded for extender E and I which might be due to the variations in the damage caused by the reactive oxygen species and neutralizing effects of various concentrations of vitamin B12. The variation in the results of extenders in terms of total abnormalities, abnormalities of head, mid-piece and tail may be due to the difference in the hypo-tonicity of the extender which may be greater for extender A, B, D, E, F and I and lower in case of extender C and G.
The results indicated that there was non-significant (p>0.01) effect of bulls on any parameters of study. Only extenders had the significant results on the parameters under study. The reason for the non-significant influence of bulls might be the similarity in age, climatic conditions, health status and nutrition. The interaction of the bulls and extenders were also non-significant (p>0.01).
                   CONCLUSION
The results of extender C (containing 300 µg/L vitamin B12) and extender G (containing 300 µg/L vitamin B complex) were best in all parameters i.e. post-thaw motility, liveability, liveability index, total sperm abnormalities percentage, percent head abnormalities, percent mid-piece abnormalities, percent tail abnormalities, live and dead sperm percentage and plasma membrane integrity percentage as compared to all extenders used. Between extender C and extender G there was non-significant (P>0.01) variation in results. It was thus concluded from the study that vitamin B12 and vitamin B complex when added @ 300 µg/L of extender, maintained the post-thaw quality of Nili-Ravi buffalo bull semen, so this concentration of vitamin B12 and B complex is recommended for successful cryopreservation of Nilli-Ravi buffalo bull semen at -196ºC. The quantity of vitamin B12 or vitamin B complex if added in higher or lower doses than 300µg/L may deteriorate the post-thaw quality of buffalo bull semen or it may give poor results.
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