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INTRODUCTION 

 

The Buffalo in the world 
 

 

Buffalo is an important livestock resource, which occupies a critical niche in many 

ecologically disadvantaged agricultural systems, providing milk, meat, and work power 

(Gasparrini 2002). 

 

In the zoological scale the water buffalo is in the class Mammalia, order Artiodactyla, 

Ruminantia subordinate, family Bovidae, sub-family Bovinae, gender Bubalus, species 

Bubalus bubalis. This species is divided into two groups (Macgregor, 1939): 

 

 Bubalus bubalis sp. known as ―Water or River buffalo‖ with 50 pairs of 

chromosomes bred in India and in western countries (live weight of adults: 

500 and 1000 kg for females and males, respectively); 

 

 Bubalus bubalis var. kerebau called ―Carabao or Swamp buffalo‖ with 48 

pairs of chromosomes, present in the countries of Southeast Asia (live 

weight of adults: 350 and 650 kg for females and males, respectively). 

 

The different breeding conditions between the groups (more intensive for river buffalo and 

more extensive for the swamp buffalo) have contributed to increase the morphological and 

productive differences between groups (Figure 1). 
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Figure 1: River Buffaloes and Swamp buffalo 

 

   

 

     River Buffaloes                                                   Swamp Buffaloes 

                           

 

The Water Buffalo is sourced from the Asian buffalo, which is phylogenetically separated 

from the African buffalo (Syncerus caffer). The Asian buffalo originally included three 

different wild species: the Anoa of Sulawesi, the island of Mindoro and Arni Tamarai or 

Indian wild buffalo. Archaeological excavations in India evidences the presence of water 

buffalo 60,000 years B.C., but it is around 2000 B.C. that the domestication of the Arno 
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(Bubalus arne) began in the Indus Valley (India) and through the centuries has given rise to 

the Water Buffalo (Bubalus bubalis). 

The River buffalo breeds in the world are located mainly in the Asian continent (Murrah, 

Nili-Ravi, Kundi, Surte, Meshana, Jafarabadi, Nagpur, Pandharpur, Manda, Jerangi, 

Kalahandi, Sambalpur, Bhadawari, Tharai, Toda and South Kanara). The newest breed is 

the Bufalypso or Trinitarian breed, bred in Trinidad and Tobago islands. It is cross breeding 

of four Indian breeds and it has been primarily bred for meat production; however, in recent 

years dairy production has also improved.  

The Italian Mediterranean Buffalo, originated from India, is mainly bred in the south of 

Italy and selected for milk production. 

The world buffalo population amounts to about 190 million of heads distributed as follows: 

96.4% in Asia (mainly concentrated in India, China and Pakistan), 2.9%  in Africa (with 

greater consistency in Egypt) and the rest in Europe (especially Italy, Romania, Georgia, 

Bulgaria and Turkey) and Latin America (Brazil, Venezuela, Colombia and Argentina). In 

the past 10 years, the buffalo population was around 20 million of heads, representing a 

growth of 12.5% (FAOSTAT, 2010).  

 

Buffalo milk production in 2009 amounts to 92 tons FAOSTAT (2011), 8.5 more tons than 

in 2007 (10.17%); without consider statistical data, it is known that, in the last years several 

important countries had substantially increased dairy production (i.e. Brazil, Argentina and 

Venezuela).  

Buffalo livestock in Italy is a small reality in comparison with the large population numbers 

of many east Asian countries, but it is an important reality in economic terms, both for 

workers‘occupation and as an example of typical Italian product in the world (Borghese 

2011) 

In certain developing countries, such as India, Pakistan, Egypt and Nepal buffalo milk 

accounts for over 50% of drinking milk, while in Italy buffalo milk is mainly used for 

mozzarella cheese production (Zicarelli, 2004). Today there are several products that are 

made from buffalo milk, among which we mention smoked provola, ricotta, caciocavallo, 

mascarpone, caciottina, stracchino, butter, yogurt and ice cream. 
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The Italian Mediterranean Buffalo.  

 

The buffalo‘s presence in Italy has very ancient roots, as evidenced by the discovery of 

fossil remains in the Lazio region and in of Pianosa island (Tuscan Archipelago), probably 

dating back to pre-Roman period. Subsequently, buffalo seems to be absent at the time of 

the Roman Empire, to reappear again in the sixth and seventh centuries BC. 

Until now it is unclear the period when buffalo was introduced in Italy, although it was 

probably introduced during the Longobards period, with the barbarian invasions of the sixth 

century in 596 BC. According to other authors, the king of Normans spread buffalo 

throughout southern Italy, around the year 1000, as it was already present in Sicily by the 

Arabs. However, evidence shows that the buffalo has been in Italy since the XII-XIII 

century. In particular, the buffalo was bred in Campania Region in the wetlands of the 

Volturno and Sele plains due to the inability to assign these lands for agricultural purposes. 

The buffalo bred in Italy is part of a large family of River type. Until few years ago it was 

called Mediterranean type buffalo, while in 2001 the Ministry of Agriculture and Forestry 

gave it the name of "Mediterranean Italian buffalo" (Decree Ministerial 201992 of 

05/07/2001). This milestone was reached thanks to long isolation and lack of cross-

breeding with other strains. Therefore, the buffalo bred in Italy can boast a degree of 

"purity" and characteristics of hardiness and productivity of all details, the result of obvious 

morphological and functional differentiation. 

Unofficial estimates, indeed, report that at the beginning of ‗900s the number of buffalo  

was between 15.000 and 20.000 heads and decreased after the II World War to 12.000 

heads, decimated by the Germans in retreat after the landing at Salerno (Infascelli, 2009). 

According to the data reported by the National Livestock Register established by the 

Ministry of Health (www.statistiche.izs.it), in recent years, the Italian patrimony of 

buffaloes highly increased: from 81,684 heads in 2003 to 374,034 heads in October 2011, 

(Figure 2); most of which mainly concentrated in Campania Region (72.5 %) and 
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distributed as showed in Figure 3,105 farms with an average of 229, 5 animals per farm, 

and Lazio, 121 farms with an average of 127, 6 animals per farm. 

                              

 

 

Figure 2: Trend of buffalo heads bred in Italy 

  

Source: www.statistiche.izs.it 

 

Figure 3: Buffaloes distribution in Italy 
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In Campania the buffalo‘s farms are located mainly in the province of Caserta, in the lower 

Garigliano-Volturno, while in Salerno they extend from the middle and lower valley of the 

Sele to Alburni and mountains of Cilento. Naples farms are mostly in the vicinity of the 

lake of Licola and Regi Lagni. 
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It is possible to affirm that the buffalo population increment in Italy occurred as a result of 

increased consumption of mozzarella obtained from buffalo milk, i.e. the "Mozzarella di 

Bufala di Campania DOP" a high quality product with a characteristic taste well recognized 

by consumers (De Stefano, 1999).  

                    

Mozzarella is a fresh cheese of spun paste native of southern Italy, made with buffalo milk 

and is considered the quintessential product of the Campania Region. In 1570 the term 

mozzarella was used for the first time in a cookbook by Scappi, one of the cooks of the 

papal court (Guadagno, 1990). Mozzarella has roots in remote past, its tradition has been 

passed down from the cheese maker to cheese maker, in families up to the present day and 

received the POD protection mark that is the patent that at this time offers guarantee about 

origin, traceability and typicity of the product named ―Mozzarella di Bufala Campana‖.  

 

Very interesting is the information presented by the Consortium for the Protection of 

Mozzarella di Bufala Campana POD in 2008: in 2007, about 84% of ―Mozzarella di Bufala 

Campana‖ (MBC) produced was for the domestic market and 16% for the foreign market. 

An interesting fact is that in Italy only 38% of MBC was sold in the POD area, with the 

remaining 62% sold in the various Italian Regions. About the international market, 51% of 

exports went to the European Union (EU) Countries, the remaining 49% to countries 

outside the EU. 

In Italy, the type of farming has changed over time and the scheme with extensive use of 

meadows and pastures of the past has given way to an intensive farming, with free housing 

of the animals, modeled on that used for dairy cattle. Dairy buffaloes are kept loose in 

paddocks close to the milking room, where the cows are submitted to a rigorous control and 

cleaning of the udder, then mechanically milked twice a day. 

The selection and genetic improvement in Italy is controlled by the ANASB (Italian 

Buffalo Breeders Association) and at the present time 26 % of the total population of dairy 

buffaloes is recorded, both in the morning and in the evening, each month.  Therefore, 

many buffalo cows, producing more than 5 000 kg/lactation 270 days, have been identified. 

Many bulls are submitted to performance and progeny tests and many millions of semen 
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doses from bulls of proven high genetic value are available for artificial insemination in 

Italy and in the world.  

The importance and the competitiveness of the buffalo‘s farm in Italy, compared the other 

consolidated zootechnical realities, is demonstrated by the increment of the national 

patrimony that has been recorded in the past few years. The growth trend in milk demand 

and the need to reduce the fixed costs of production make essential to adopt a company-

wide planning geared to improving production. In this scenario, the biotechnologies of 

reproduction are extremely important as they allow to address selective targets and their 

achievement in a short time. 

The use of these technologies is also critical to meet the growing demands of Italian genetic 

material from several developing countries, in order to perform crosses with local 

populations, to replace the prevailing attitude to work with the high production 

performance of the Mediterranean breed. 

It is important to note that Italian Mediterranean buffalo breeders should take special 

attention when selecting animals for breeding and adequate replacement, due to the high 

probability of consanguinity. 

Characteristics of Reproduction in the Water Buffalo 

a. Ovarian function and follicle development 

 

Ovaries in the buffalo species are smaller compared with their bovine counterparts and 

contain roughly a 10-fold lower number of primordial follicles (Danell 1987). 

Due to their smaller size compared with cattle, palpation per rectum and the identification 

of the ovarian structures can be more challenging, especially for corpora lutea which are 

often found deeply embedded in the ovarian stroma (Vittoria 1997). Ultrasound technology 

and hormone analysis have greatly improved the understanding of the ovarian function in 

cattle and equine (Sirois and Fortune 1988; McKinnon et al. 1993). In adult buffaloes 
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studies performed by Taneja et al., (1996) and Presicce et al. (2004), have revealed a 

similar qualitative and quantitative follicular turnover. 

About two (2) oestrous cycles would be required for a follicle to grow from antrum 

formation to pre-ovulatory size in cattle (Lussier et al., 1987). During this period, the 

oocyte acquires the competence to undergo meiotic maturation  by an interaction between 

the oocyte and the theca and granulosa cells (Miyano, 2003) and accumulates transcripts 

and proteins that will guide the maturation, fertilization, and initiate embryo development 

(Kruip et al., 2000). The oocyte quality is, therefore, related to its follicular environment. In 

cattle, several studies have established a relationship between follicle size and oocyte 

competence; the competence increases as the follicle enlarges (Lonergan et al., 1994; Kruip 

et al., 2000). Moreover, some studies have found higher embryonic development rates in 

cow using oocytes aspirated from follicles greater than 2-3 mm in diameter (Yang et al., 

1998). Hendriksen et al. (2000) reported that bovine oocyte competence increases in 

follicles greater than 8 mm. The low developmental rates of oocytes from small follicles 

may be because they still do not reach complete meiotic and/or cytoplasmic competence, or 

because they are from follicles already undergoing atresia. Therefore, follicle health seems 

to be important in this process since oocytes from follicles in the advanced stage of atresia 

are more compromised than oocytes from follicles in the early stage of atresia (Hendriksen 

et al., 2000; Nicholas et al., 2005). Indeed, bovine follicles with the same diameter can be 

found at diverse stages of the estrous cycle and can be either undergoing growth or atresia. 

Therefore, the health of follicles in cow may be more important for the competence of 

oocyte than their diameter.  

 

 

 

b. Puberty 

 

The onset of puberty occurs later than in cattle. The age at first estrus is difficult to 

determine, due to the difficulty of estrus detection. First estrus occurs at 15– 18 and 21–24 
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months in River buffalo and Swamp buffalo, respectively; it varies considerably with the 

level of nutrition and body condition score (Jainudeen MR,1986). 

According to the majority of authors, the buffalo, apart from a delayed puberty, has silent 

estrus, long post-partum ovarian inactivity and, on the whole, poor fertility (Madan 

ML,1988;  Singh G. 1988;  Singla SK et al.,1996). However, in Italy most of these 

problems result from the use of the ―out of breeding season‖ mating technique, carried out 

to meet the market demand (Gasparrini 2002). In fact, if buffalo are bred without 

modification of their natural seasonality and without controlled breeding, an inter-calving 

period of less than 400 d and a culling rate of less than 12% has been observed in Italy, 

Brazil, Venezuela, and Argentina (Zicarelli L et al., 1993).  

 

c. Estrous cycle 

 

Water buffalo are seasonally polyestrous with an average cycle length of 21 days (range 

18–24 days), and an average duration of estrus of 18 h (range 5–36 h). Compared to cattle, 

estrous behavior in water buffalo is much more subtle, and homosexual behavior, i.e. 

females mounting females, is rare. Secondary signs such as swollen vulva, reddening of the 

vulvar mucosa, mucous vaginal discharge, and frequent urination are not reliable indicators 

of estrus. Ovulation occur ~30 h after the onset of estrus (range 18–45 h).The diameter of 

an ovulatory follicle is ~10 mm. The diameter of the mature buffalo CL ranges from 10 to 

15 mm versus 12.5 to 25.0 mm of the bovine CL. (Drost, 2007a) 

The growth, selection, regression and ovulation of follicles have been monitored by 

ultrasound in 30 river buffaloes throughout a spontaneous estrous cycle during the breeding 

season, (Baruselli PS et al., 1997). As in cattle, follicular growth occurred in waves in 

buffaloes. Two-wave cycles were most common (63.3%) followed by three wave cycles 

(33.3%) and a single wave cycle (3.3%). The number of waves influenced the length of the 

luteal phase and the estrous cycle. 

The average maximum size of the dominant follicle (DF) of the second wave is similar to 

that of the DF of the first wave (approximately l5 mm). Thus, at least one large follicle 

(approximately l2 mm) is normally present from day 4 of each estrous cycle. Buffaloes that 



16 

 

exhibit three waves of follicular growth also show a longer luteal phase (12.6 ± 2.9 versus 

10.4 ± 2.1 days; P < 0.05), inter-ovulatory interval (24.5 ± 1.8 versus 22.2 ± 0.8 days; P < 

0.01) and estrous cycle (24.0 ± 2.2 versus 21.8 ± 1.01 days; P < 0.01) (Baruselli et al., 

1997). 

 

d. Estrus detection 

 

Covert or ―silent‖ estrus is the single largest factor responsible for poor reproductive 

efficiency in buffalo (Singh J et al., 2000). Estrus detection is a prerequisite for efficient 

reproductive management. Accurate estrus detection is essential when hand-mating to 

selected sires is practiced.  

The identification of estrus in buffaloes requires two or more daily uninterrupted 

observations, throughout the breeding season, to detect the beginning and the end of heat in 

order to perform the artificial insemination (AI) at the more appropriate time (Baruselli et 

al., 1994; Barnabe et al., 1995a,b; Baruselli et al., 1995; 1997; Baruselli, 1997b; 1998; 

Baruselli et al., 1999a, b, 2000; Baruselli, 2002). 

To compensate for the lack of overt estrous behavior among females, estrus can be detected 

with the aid of teaser animals, or pedometers, or it can be induced with hormonal 

treatments. Teaser animals can be bulls with a lateral deviation of the penis (Vale WG et 

al.,1994) and an epididymectomy, or androgenized females (Drost M et al.,1985) 

Vasectomized bulls per se are less desirable due to the risk of spreading venereal diseases. 

Teaser animals should be fitted with a chin-ball marking device to identify the animals in 

estrus. 

 

e. Seasonality of reproduction  

 

Reproductive seasonality in mammals is the consequence of numerous complex elements 

based on the underlying physiological mechanisms of the adaptation of animals to local 

environment. In fact, seasonal breeding is a survival strategy adopted by many wild 
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mammals to ensure that their progeny are born at the most favorable time of the year. This 

biological programming of births, or synchronization of reproductive response to 

appropriate environmental conditions, clearly leads to distinct advantages for the offspring 

being born at the time of mildest weather and maximal food availability during the early 

part of the offspring‘s life (Wood et al., 2006). 

In Italy (latitude between 47°05'29 N and 35°29'24 N), because of the model of farming, in 

which forage is always available, buffalo is a seasonally polyestrous species, in which the 

increase of ovarian cyclic activity and, subsequently fertility, coincide with decreasing day-

light hours. It follows that it is a short-day-length species and its reproductive efficiency 

improves with a negative photoperiod; this demonstrates that the trend towards 

reproductive seasonality has only been partly influenced by moving into new areas of 

domestication and breeding. 

The influence of photoperiod means that, without intervention, buffaloes have seasonal 

cycles in conception, calving and milk production (Campanile et al., 2010). 

 In Italian Mediterranean buffalo a trial carried out to evaluate the effect of season on the 

follicular population and the oocyte quality showed a decrease of both follicles and COCs 

in spring–summer (end of March–end of July) compared to winter–spring (end of 

November–beginning of April; Di Palo et al., 2001). 

 

In a recent trial the influence of the season was evaluated on buffalo oocyte recovery rate, 

oocyte quality, and developmental competence after in vitro fertilization, using abattoir-

derived oocytes over 3-years (Di Francesco S, et al., 2011). No differences were found in 

terms of oocyte recovery per ovary among seasons, but interestingly, the percentage of 

small oocytes was higher (P < 0.05) during spring and summer (0.9±0.1 and 0.9±0.2) 

compared to autumn and winter (0.3±0.1 and 0.2±0.1). Both cleavage (2-cell division) and 

embryo rates increased during the period from October to December (71.7±3.1 and 

26.5±2.1, respectively) compared to the period from April to June (58.0±2.4 and 18.8±1.6, 

respectively), thus reflecting the in vivo reproductive behavior. Transferrable embryos were 

produced in vitro, even during the unfavorable season, but with decreased efficiency, 

suggesting to avoid the oocyte collection during spring when planning ovum pick-up 

(OPU) trials in order to save resources and improve the benefits/costs ratio.  
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Reproductive biotechnologies 

Biotechnology of reproduction is the most emblematic products of applied research in the 

field of life sciences and animal husbandry. These new technologies had a great influence 

on the evolution of breeding in the last 60 years, leading to a radical transformation of 

animal husbandry and production systems. To propagate superior germplasm rapidly, 

traditional reproductive technologies have been performed in this species. A modern farm, 

to be competitive on the market, must be able to obtain a genetic improvement in a short 

time, without neglecting the needs of the consumer, who has become more attentive to the 

quality of the product and animal welfare. 

Many researchers have focused their attention on reproductive biotechnology, and in 

particular the use of various technologies such as the Artificial Insemination (AI), Multiple 

Ovulation (MO), Embryo Transfer (ET), Ovum pick-up (OPU), In vitro embryo production 

(IVEP). 

a. Artificial Insemination (AI) in buffalo 

 

The use of AI in cattle has been widely studied and successfully applied in rural areas of 

the world, allowing a faster and more efficient genetic improvement of livestock. However, 

in buffaloes, this biotechnology has been little used by farmers, due to difficulties in 

identification of estrous manifestation and hence of the appropriate time for performing AI. 

(Baruselli PS and Carvalho NA., 2005). 

The AI is a tool of choice for introducing desired genotypes in the animal population in a 

short time. It is now a routine technique used in cattle, and it would be desirable even in the 

breeding programs of the buffalo. The availability of genetic material from buffalo bulls 
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tested provides a necessary starting point to continue in a more effective selection process 

began in an empirical way by farmers. 

The AI employs frozen semen following a process that involves several steps (sampling, 

dilution, packaging, freezing, storage). The collection of semen from the buffalo bull is 

made using the artificial vagina, consisting of a rubber tube containing a rigid sheath that 

forms a cavity with a tube containing hot water and in the end part is connected to a 

collection tube. 

Through the use AI with visual detection of estrus, the results obtained are an average of 

51.8% for conception rate to first insemination, and 57.9%, for the second insemination, to 

giving at the end of the breeding season 75% to 80% pregnancy rate . It was observed that 

these rates vary greatly according to the general management of the farm (Baruselli PS and 

Carvalho NA 2005). 

The correct management for heat detection requires continuous observations of the herd 

and skilled labor, with great responsibility and expertise. Herds with heat detection 

inefficiency present a decrease in reproductive performance, with an increase in service 

period and calving interval, causing serious damage to the farmers. 

The application of protocols that do not require identification of estrus, contributes to 

increase the use of AI in herds of buffaloes, mainly due to its ease of implementation. 

These protocols aim to synchronize the AI and use it in all animal‘s farm, even those that 

are not expressing estrous signs, thereby increasing the spread of this biotechnology in 

buffalo herds and enabling faster and more efficient breeding and growth productivity of 

meat and milk. 

AI was mostly applied in buffaloes at fixed time following the ovulation synchronization 

programs which used several sexual hormones such as GnRH, progesterone, PGF2-alpha, 

PMSG, LH and estradiol-17 beta. The conception rates of water buffaloes were reported to 

range from 22.2% to 37.5% when PRID (contained progesterone and estradiol-17beta) and 

PMSG were used (Zicarelli et al. 1997b, Barile et al. 2001, Pacelli et al, 2001). Neglia et al. 
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(2003) found that the fertility rate of buffaloes induced estrus by GnRH and PMSG was 

from 28.2% to 36%. 

The Ovsynch protocol (administration of GnRH, followed by PGF2α 7 days later and a 

second GnRH 2 day after PGF2α) is easier and less expensive than protocols based on 

exogenous progesterone, i.e. PRID + PGF2α +PMSG (Neglia et al., 2003). Synchronization 

of ovulation occurred in 78.8–93.3% of cyclic buffalo cows following use of Ovsynch 

protocol and the conception rate ranged from 42.8% to 60% after single-timed A.I. during 

high breeding season when daylight hours decrease (de Araujo Berber et al., 2002; 

Baruselli et al., 2003; Presicce et al., 2005; Ali and Fahmy, 2007). There is only one report 

evaluating the efficacy of Ovsynch protocol in cyclic buffalo heifers (Presicce et al., 2005). 

In that study, the Ovsynch protocol was efficient (80%) in synchronizing ovulation and a 

pregnancy rate of 40% was reported. 

b. Multiple ovulation and embryo transfer (MOET) in 

buffalo 

The multiple ovulation and embryo transfer (MOET) allows enhancing the intensity of 

genetic selection, increasing the number of births from donors of particular value by 

ovarian stimulation with gonadotropins (porcine pituitary extract). It consists in an 

hormonal treatment of the donor, usually starting 9-11 days after the heat (9- 11d of the 

cycle), with gonadotropins to induce ovulation of multiple follicles simultaneously (the 

total dose is divided into 5 days according to a decreasing dose, similar to that used in 

cattle), combined with induced luteolysis with a prostaglandin analogue on day 4 after 

initiation of treatment. The heat, detected by the bull, is longer than normal and the donor is 

generally subjected to double inseminations. Six or seven days after insemination, the 

donor undergoes uterine flushing for the collection of the embryos that are developing in 

the uterus. After careful evaluation, good quality embryos can be transferred fresh or frozen 

later transfer. 

Much attention has been focused on developing the most appropriate treatment for 

induction of multiple ovulations in water buffaloes. Trials have included tests on the kind 
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of ovulatory hormone, hormone dosage, time of hormone administration and mode or 

pattern of administration. Results from such trials were not very consistent, while ovulatory 

responses were found to be lower than those achieved in cattle. 

It has been observed (L. Zicarelli, 1996, L. Zicarelli, 1997a) that the season influences the 

superovulatory response; in particular, the period from November to December-January, 

favorable to reproductive activity, was the worst in terms of the number of embryos 

recovered, while the superovulation treatments carried out in February, March and June to 

September provided higher number of embryos transferred. It was speculated that these 

unexpected results were accounted for by a sort of natural selection of the best donors 

occurring during the unfavorable season, as during the breeding season all animals are 

cycling.  

The aim of MOET is to obtain the maximum number of transferrable embryos, with greater 

possibility of producing pregnancies; however, the variability in the response to 

superovulation is one of the factors that limit the use of this technique in this species. 

It has been observed that the average recovery of embryos per MOET session is lower than 

that observed in the bovine: less than two embryos in buffalo (Zicarelli L., 2001), and 

between seven and ten in the bovine depending on the breed and MO treatment used 

(Halser JF et al. 2003; Baruselli PS et al., 2006). This shows that the response to MO is 

very low in buffalo (Misra AK., 1997; L. Zicarelli, 1997b), and this is due to the 

physiological characteristics of this species, as the small population of primordial follicles 

present in ovary at birth and the poor quality of oocytes in buffalo compared to cow. 

The low response to superovulation treatments observed in buffalo species (less than 2 

embryos/animal; Zicarelli, 1997b) has increased the interest of several scientists in the in 

vitro embryo production (IVEP), since a non-invasive procedure for recovering oocytes has 

been developed. 

c. Ovum pick-up (OPU)  
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The technique of Ovum Pick-up in buffalo, as in cattle, consists in the transvaginal 

recovery of the oocytes by follicular aspiration under ultrasound guide followed by in vitro 

maturation, fertilization and culture of the fertilized oocytes. The application of OPU 

technology (Pieterse et al., 1988; Boni et al., 1993) is currently carried out in donors of 

different ages, from 2 months old calves (Armstrong et al., 1992) to elderly subjects, as 

well as in different physiological conditions (Galli et al., 2001). In fact, OPU does not 

interfere with the physiological status of the donor and is simply feasible and repeatable 

(Boni et al., 1997a). Furthermore, it allows the visualization and the aspiration of all 

follicles with diameter >2mm, which resets the estrous cycle and avoids the dominance of 

one follicle over the subordinates. It has previously been shown in several species that the 

optimal interval between aspiration sessions is 3–4 days (Galli et al., 2001; Boni, 1997). 

The advantages of the technique are due to the wider range of donors that can be used, 

including cases where MOET is not applicable, such as in subjects who are not in perfect 

health conditions of the genital tract, up to 4 months pregnant, acyclic, and prepubertal. 

Furthermore, it is a technique that does not interfere with the physiological state of the 

donor, as it requires no hormonal stimulation; it is easily performed, repeatable, without 

negative impact on animal reproduction (Janssen-Caspers HAB et al., 1988). Another 

advantage is the fact that every aspiration of follicles, results in a reset of the cycle, which 

enables the development of a new wave, thus avoiding the phenomenon of dominance of a 

follicle on the others which would undergo follicular atresia. The follicular waves, 

therefore, increase from 2-3 for estrous cycle to 6, in the same period of time, resulting in 

the production of a greater number of oocytes used for in vitro embryo production. 

Following successful trials of ultrasound guided oocyte aspiration from living cattle,, 

efforts were made to duplicate the same technique in buffalo (Boni et al. 1994). The 

technique was used for the first time on deep anoestrous buffaloes under ovarian 

hypotrophic conditions (Boni et al., 1996). Subsequently, it was performed in donors of 

different ages, reproductive status and with or without hormonal treatments. 

Considering the low number of recovered oocytes in buffalo, the possibility to carry out 

OPU for long period of time, is of a great importance to exploit the germplasm of the best 
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donors. With this approach, it would be in fact possible to rescue the genetic material of 

highly producing cows at the end of their productive and reproductive career, before they 

are slaughtered. In particular, these subjects may represent an important genetic source for 

buffalo species (Neglia G, et al., 2011). 

 

d. In vitro embryo production (IVEP) 

The association of Ovum Pick-up and in vitro embryo production demonstrates be 

promising and viable in cattle. However, in buffaloes, even with several studies being 

performed (Boni et al., 1994; Galli et al., 1998; Boni et al., 1999; Gasparrini, 2002; 

Campanile et al 2003), blastocyst rates are still inconsistent among different laboratories, 

varying between 9.5% to 30.0% (Gasparrini, 2002; Sá Filho et al, 2009).  

The use of IVEP system in buffalo was originally based solely on information acquired in 

cattle, with the consequent result of low IVEP efficiency. In fact, in the last decades 

improvements in IVEP have been achieved through the optimization of each procedural 

step, especially when taking into account species-specific differences, as shown by the 

higher blastocyst rates reported over recent years (Gasparrini et al., 2006). 

 In buffalo species, the optimization of the IVEP system efficiency is essential for the 

valorization of this unique animal resource; nowadays, although the IVEP efficiency has 

significantly enhanced in the last years in terms of embryo production, (Neglia et al., 2003; 

Gasparrini et al., 2006), pregnancies to term obtained by cryopreserved embryos are not 

high enough to allow the diffusion of this technology in the field (Neglia et al., 2004; Sá 

Filho et al., 2005; Hufana-Duran et al., 2004) and so unfortunately it is still far from being 

commercially viable (Gasparrini, 2010). 

The competitiveness of OPU-IVEP might become overwhelming if donors could be 

selected on the basis of their folliculogenetic potentials. Indeed, the limitation due to the 

high variability of follicular recruitment, oocyte retrieval, and hence, blastocyst production 

(the best buffalo in a 6-months OPU trial gave 37 TE with the worst yielding only 1 TE; 
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Gasparrini, 2002), can be overcome, thus resulting in a further increase of the embryo yield. 

The IVEP technology involves several steps. The first step is the recovery of oocytes from 

slaughterhouse ovaries or from live animals through transvaginal aspiration, followed by 

the IVM of the selected oocytes. The next step is IVF, and the final step is IVC of the 

embryos up to the morula or blastocyst stage. The in vitro-produced embryos can be then 

transferred to synchronized recipients or cryopreserved and stored. 

 

i. Recovery and oocyte quality 

A major limiting factor of IVEP in buffalo species is the very poor recovery rate of 

immature oocytes from slaughterhouse ovaries. When the method of oocyte retrieval 

employed is the aspiration of 2 to 8 mm follicles, the average recovery of total oocytes per 

ovary varies: 0.7 (Totey SM et al., 1992), 1.7 (Das GK et al., 1996), and 2.4 (Kumar A et 

al., 1997). Because of the high incidence of atresia, the mean recovery of good quality 

oocytes per ovary is further reduced: 0.4 (Totey SM et al., 1992; Madan ML et al., 1994), 

0.9 (Das GK et al 1996), 1.76 (Samad HA et al., 1998), and 2.4 (Gasparini B et al., 2000). 

In our experience, controlled follicular aspiration of abattoir-collected ovaries allows the 

retrieval of 2.4 good quality oocytes per ovary on average (Gasparrini, 2000). The slightly 

lower oocyte recovery (0.4-1.9) reported in other studies (Totey et al., 1992; Madan et.al., 

1994; Das et al., 1996; Kumar et al., 1997; Samad et al., 1998; Mishra et al.,2008) may be 

due to differences in breed, older age at slaughter, management and nutritional status 

(Goswami et al., 1992).  

The recovery rate is therefore much lower than in cattle, in which 10 good quality oocytes 

are obtained on average per ovary (Gordon, 1994). Similarly, a low number of oocytes are 

recovered when OPU is performed in buffalo compared to cattle (4.5 vs. approximately 10 

respectively; Galli et al., 2000). Several factors may also affect the follicular and oocyte 

population. Trials carried out on buffalo cows at different days in milk (Boni et al., 1995, 

1996, 1997) suggest that at increasing postpartum period (>500 d) ,the number of follicles 

and oocytes decreases. It has also been reported that various biometeorological factors (day 
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length, ambient temperature, relative humidity and rainfall) influence the endocrine system 

of buffaloes (Shah, 1988); therefore the oocyte recovery rate can vary according to those 

parameters. However, this difference in the number of recovered oocytes is expected if we 

take into account the physiological characteristics of buffalo: the lower number of 

primordial follicles present in the ovary of buffalo compared to cattle, the reduced number 

of antral follicles at all stages of the estrous cycle (Kumar A. et al., 1997), as well as the 

high incidence of follicular atresia found in slaughtered buffalo ovaries, ranging between 

82% (Ocampo MB, et al. 1994) and 92% (Palta P et al. 1998). 

The oocyte morphology can be used, with a certain reliability, to predict the gamete 

developmental competence; according to our classification, a progressive decrease of 

efficiency is recorded from Grade A to Grade D oocytes (Neglia et al., 2003), with Grade A 

and B considered suitable for IVEP. This classification has been recently revised and 

completed (Di Francesco et al., 2011) as follows:  

 Grade A: oocytes with homogeneous cytoplasm and the entire surface surrounded by 

multiple layers of cumulus cells;  

 Grade B: oocytes with homogeneous cytoplasm and with at least 70% of the surface 

surrounded by multiple layers of cumulus cells;  

 Grade C: oocytes with few cumulus cells;  

 Grade D: oocytes with obvious signs of cytoplasmic degeneration;  

 Naked: oocytes completely free of cumulus cells;  

 Expanded: oocytes surrounded by expanded and clustered cumulus cells 

 Small: oocytes with a diameter smaller than 120 m;  

 Misshapen: oocytes with an abnormal shape;  

 ZP: zonae pellucidae. 
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It follows that the IVEP efficiency would be higher by only processing Grade A oocytes 

but, this is not practical, if the final goal is to produce the greatest number of embryos 

because the limited availability of oocytes often imposes the utilization of all the oocytes 

recruited, including Grade C.  

Therefore the quality of oocyte, that is known to affect the IVEP efficiency in most species, 

plays a determining role in buffalo, further reducing the availability of the oocytes suitable 

for IVEP. It is worth pointing out that the percentage of good quality oocytes (Grade A and 

B according to the classification of Neglia et al., 2003) is lower in this species compared to 

others. An analysis of the data collected over a 4 year period in our lab showed that from a 

total number of 35.286 abattoir derived oocytes (over 158 replicates) 47.8% were Grade A 

+ B, 6.2 % were Grade C and 46.7 % were unsuitable for IVEP (unpublished data). A 

recent trial has shown an even lower proportion of good quality oocytes (33.7 % of Grade 

A+B), together with a higher incidence (37.9 %) of Grade C (Mishra et al, 2007a). 

Oocyte quality affects early embryonic survival, the establishment and maintenance of 

pregnancy, fetal development, and even adult disease. The oocyte quality may be affected 

by several factors, such as the aspiration pressure during collection, the source of gametes, 

the time between collection and processing, the temperature during transportation, season, 

etc. In our experience, the oocyte morphology varies with the source of gametes, with an 

apparent worse quality of OPU-derived oocytes, characterized by fewer layers of granulosa 

cells, compared to abattoir-derived ones. A different distribution of COCs classes in 

relation to the oocyte source was also shown in cattle, with a higher incidence of better 

quality oocytes for abattoir-derived compared to OPU-derived COCs (Merton et al., 2003).  

 

ii. In vitro maturation (IVM) 

An adequate system of in vitro maturation is crucial for in vitro embryo production. An 

interesting feature of the mammalian oocyte is that, after a long period of meiotic arrest, the 

oocyte resumes meiosis before ovulation. During the process of maturation, as the follicle 

reaches the antrum stage, the oocyte acquires the capability of progressing through the 
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meiotic division, but still meiotic arrest persists because of inhibitory influences operating 

within the follicle. Resumption of maturation and ovulation, both induced in vivo by the 

gonadotrophin surge, is tightly coordinated in a way that the expulsion of the oocyte from 

the follicle does not occur until maturation is accomplished.  

During oocyte maturation, nuclear events are accompanied by cytoplasmic and membrane 

changes that prepare the oocyte for fertilization. Nuclear maturation is completed when 

oocytes reach metaphase II and can be easily assessed after fixation and staining with 

aceto-orcein (Gasparrini, 2002). The presence of the chromosomes in MII stage is 

important at the time of incubation of oocytes with sperm during IVF. 

During in vitro maturation, the oocytes must have a culture medium that allows the 

accomplishment of the nuclear and cytoplasmic maturation, because the aspirated follicles, 

either by OPU or aspiration of slaughterhouse ovaries contain immature oocytes. 

To better understand the importance of this step is worth reminding, at least in general 

terms, how these events happen in the live animal. The development of antral follicles is 

characterized by two phases: the first is not strictly dependent on gonadotropic hormones 

(LH and FSH), and the second where the role of gonadotropins is essential in order to 

obtain a correct maturation. In addition to gonadrotopins, in the process of folliculogenesis 

several growth factors are very important to regulate the proliferation, differentiation and 

survival of follicular cell. 

Buffalo oocytes can be matured in vitro in complex media, such as Tissue Culture Medium 

199 (the most widely employed) and Ham‘s F-10, supplemented with sera, hormones and 

other additives, such as growth factors and/or follicular fluid (Gasparrini 2002). To support 

the development of oocytes, the medium used for IVM must be supplemented with, serum, 

that contains nutrients, proteins and growth factors and prevents the hardening of the zona 

pellucida. 

Although in vitro maturation can be obtained without the use of hormones, (Madan et al, 

1994a; Madan et al, 1994b) higher maturation and fertilization rates have been recorded 

when oocytes are matured in the presence of gonadotropins and 17-estradiol (Totey et al., 
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1992; 1993). It is known that hormones interact with receptors located on the follicular 

cells, and that the signals are transduced into the oocyte through gap junctions or 

extracellular mechanisms. It results that the presence of cumulus cells is critical for the 

acquisition of developmental competence during IVM, as confirmed by the significantly 

reduced cleavage and embryo development of denuded vs. cumulus-enclosed oocytes 

following IVF (Pawshe et al., 1993; Gasparrini et al., 2007). This aspect is particularly 

important in buffalo because of the high proportion of totally or partially denuded oocytes 

usually recovered in this species.  

Satisfactory results were obtained by Chauhan et al. (1997), by replacing hormones with 20 

% buffalo follicular fluid, in the medium of maturation. The follicular fluid may be a 

valuable supplement for in vitro maturation as it contains gonadotropins, estradiol, 

progesterone (Totey et al., 1993), transforming growth factors (TGF-) and inhibin peptide 

(Palta et al, 1996). 

It is known that in vitro mammalian embryo development is negatively affected by the 

increased oxidative stress occurring under culture conditions. The oxidative damage of cell 

components via reactive oxygen species interferes with proper cell function. Most 

mammalian cells possess efficient antioxidant systems such as catalase or superoxide 

dismutase, as well as thiol compounds that act as metabolic buffers which scavenge active 

oxygen species (Del Corso A et al.,1994). Glutathione (GSH) is a tripeptide thiol 

compound that has many important functions in intracellular physiology and metabolism. 

One of the most important roles of GSH is to maintain the redox state in cells, protecting 

them against harmful effects caused by oxidative injuries. (Gasparrini et al., 2006a). 

During in vivo maturation of the oocyte the GSH content increases as the time of ovulation 

is approached (Perreault SD et al., 1988) creating a reservoir pool which will protect the 

cell in the later stages of post-fertilization development (Telford NA et al., 1990). It has 

also been proven that oocytes are capable of synthesizing GSH during in vitro maturation in 

several species, such as mouse (Calvin HI et al.,1986) hamster (Perreault SD et al.,1988), 

pig (Yoshida M.,1993), cattle (Miyamura M et al.,1995), sheep (de Matos DG et al.,2002), 

goat (Rodriguez-Gonzalez E et al.,2003), and buffalo (Gasparrini et al.,2003). 
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Low molecular weight thiol compounds, such as cysteamine and b-mercaptoethanol, added 

during bovine in vitro maturation (IVM), improve embryo development and quality, by 

increasing GSH synthesis (de Matos DG et al.,1996; de Matos DG, Furnus CC 2000). It 

was previously demonstrated that cysteamine supplementation during IVM improves 

blastocyst yield in buffalo (Gasparrini et al., 2000), by increasing intracytoplasmic GSH 

concentration (Gasparrini et al., 2003), without nevertheless affecting cleavage rate. The 

addition of cystine, in the presence of cysteamine, to the IVM medium (Gasparrini et al., 

2006) has further increased the GSH reservoir of the oocytes and has significantly 

improved the proportion of oocytes showing normal synchronous pronuclei post 

fertilization (81 %), cleavage rate (78 %) and blastocyst yield (30 %). 

Among factors affecting mammalian embryo development in vitro, the duration of IVM 

plays a critical role, since an inappropriate timing of maturation results in abnormal 

chromatin (Dominko and First, 1997), oocyte aging (Hunter and Greve, 1997) and reduced 

development (Marston and Chang, 1964). Although large variations in the timing of oocyte 

maturation have been reported in buffalo, with the highest proportion of MII oocytes 

observed between 16 and 24 h (Neglia et al., 2001; Yadav et al., 1997, Gasparrini et al., 

2007b).  

 

iii. In vitro fertilization (IVF) 

Fertilization has often been considered the most critical step of the IVEP procedures in 

buffalo, as cleavage rates lower than those obtained in other domestic species have been 

widely reported (Neglia et al., 2003, Gasparrini et al., 2004b, Galli et al., 2000). In an 

earlier work, the lower blastocyst yield recorded in buffalo compared to cattle (26 vs 34 %, 

respectively) was mainly related to the poor cleavage rate (65% vs 84%); in fact similar 

blastocyst yields were obtained in buffalo and cattle (40 %) when the percentages were 

calculated in relation to the zygotes (Neglia et al., 2003). 
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The optimal time for in vitro fertilization (IVF) coincides with the completion of nuclear 

maturation of the oocyte, which occurs at different times in different species, ranging from 

18-24 hours in cattle (Sirard et al., 1989, Neglia et al., 2001), 36-48 hours in pigs (Prather 

and Day, 1998). While we have shown large variations in the time of maturation of buffalo 

oocytes, with the highest percentage of MII oocytes between 16 and 24 hours (Neglia et al., 

2001, Yadav et al., 1997, Gasparrini et al., 2007b), most authors make in vitro fertilization 

24 hours after the start of IVM. It has been recently demonstrated that the duration of IVM 

affects buffalo oocyte developmental competence, with a progressive decrease of 

fertilization capability and embryo development as the IVM duration increases from 18 to 

30 h (Gasparrini et al., 2007b). So the optimal time for fertilization in vitro in Buffalo is 18 

hours post-IVM and in vitro fertilization should not be done after 24 hours post-IVM. 

The most commonly used media for IVF are ―Tyrode‘s Albumin Lactate Pyruvate‖ (TALP; 

Totey et al., 1992; Totey et al., 1996; Gasparrini et al., 2000; Boni et al., 1994) or ―Brackett 

Olifant‖ (BO) (Totey et al., 1992; Madan et al., 1994a; Chauhan et al., 1997a; Chauhan et 

al., 1997b; Chauhan et al., 1997c; Nandi et al., 1998; Bacci et al., 1991). 

In earlier times the quality of the frozen semen was considered the major factor impairing 

IVF, based on the demonstration of several damages of the male gamete occurring 

following cryopreservation (Meur et al., 1988), together with the drastic reduction of 

cleavage rate reported with frozen compared to fresh semen (Totey et al., 1992). Currently, 

the quality of frozen semen has improved, as indicated by similar fertility parameters, 

recorded for fresh compared to frozen semen (Wilding et al., 2003), suggesting that other 

factors may negatively affect fertilization. However, the overall improvement of the quality 

of cryopreserved sperm has not eliminated another serious impediment, the so-called ―bull 

effect‖, consisting in the high degree of variation among buffalo bulls in the fertilizing 

capability in vitro (Totey et al. 1993). 

When using frozen semen it is important to select sperm with high motility and it has been 

shown that substances such as caffeine (Totey et al, 1992, Madan et al, 1994b, Madan et al, 

1994a, 1997b Chauhan et al, Chauhan et al, 1997c, Bacci et al. 1991) and theophylline 

(Jainudeen et al., 1993), improve the motility and fertilizing ability.  
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In addition, another critical step of IVF may be sperm capacitation. Several agents have 

been used to induce in vitro capacitation of sperm, and heparin is the most efficient method 

in most domestic species. The semen can be pre-incubated with heparin (Madan et al. 

1994b; Madan et al., 1994a, Chauhan et al. 1997b, Chauhan et al., 1997c; Chauhan et al., 

1997a; Boni et al. 1994b, Boni 1994, Bacci et al., 1991, Boni et al., 1999) or heparin can be 

directly added to the IVF medium. (Totey et al. 1992; Totey et al., 1993a; Totey et al. 1996; 

Gasparrini et al. 2000; Neglia et al, 2001). In order to investigate whether the capacitation 

process in vitro can be improved by agents different than heparin, buffalo sperm have been 

incubated under different conditions. It has been recently demonstrated that progesterone 

induces buffalo sperm capacitation in vitro and may be considered as an alternative 

capacitating agent for IVF buffalo (Boccia et al., 2006a). Furthermore, it has been 

demonstrated that sperm treatment for 2 or 3 h with sodium nitroprusside, a well known 

generator of nitric oxide in vitro, improves the efficiency of buffalo sperm capacitation in 

vitro compared to heparin (Boccia et al., 2007). The most promising results have been 

obtained by incubating buffalo sperm with biological fluids, such as buffalo estrus serum 

(BES) and the follicular fluid (FF) recovered from a pool of dominant follicles (Boccia et 

al., 2005). In fact, significantly higher incidences of acrosome-reacted sperm (after 

incubation with lysophosphatidilcholine) were recorded following sperm treatment with 

both BES and FF than with heparin treatment (84.3, 94.5 vs 50.1 % respectively). These 

results show the possibility of significantly improving the efficiency of sperm capacitation 

in vitro in buffalo species and strongly suggest to investigate the effects of BES and FF also 

on the fertilizing capability of buffalo spermatozoa. Subsequently we investigated whether 

mimicking the oviduct environment could improve the IVF efficiency in this species. In 

order to do so, we incubated buffalo sperm on a 6-day bovine oviduct epithelial cells 

(BOEC) monolayer and then we evaluated the capacitation status as well as the fertilizing 

capability, the latter assessed as penetration rate of bovine oocytes. It was demonstrated 

that both the capacitation process (Siniscalchi et al., 2010) and the oocyte penetration rate 

after heterologous IVF (Mariotti et al., 2010a), is enhanced by incubating buffalo sperm in 

the presence of BOEC. This suggests to carry out IVF of buffalo oocytes on BOEC 

monolayer to improve the IVF efficiency in buffalo. The higher incidence of advanced 

embryos obtained when sperm was preincubated for 6 h both in the presence or absence of 
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BOEC may be accounted for by an earlier accomplishment of capacitation, leading to 

anticipated oocyte penetration. However, in these cases the penetration rate was not 

improved compared to the control, suggesting that sperm viability may have decreased and 

hence that shorter times should be tested in further studies. 

The efficiency of in vitro fertilization is also influenced by the proportion of sperm-oocyte 

incubation. The best results were obtained with a concentration of 2 x 10
6
 sperm per ml. 

This will get satisfactory rates of cleavage (65%), without increasing the incidence of 

polyspermy that is known to be higher in the presence of a high concentration of sperm 

(Gasparini et al 2002). 

Another factor that may influence embryonic development is the duration of gamete co-

incubation during IVF. It is known that prolonged co-incubation of gametes during IVF, 

where high concentrations of sperm are incubated in small volumes of medium, determines 

the production of high levels of hydrolytic enzymes (Rehman et al., 1994) and free radicals 

(Aitken, 1994), that may damage the oocytes and have adverse effects on embryonic 

development. It was also reported that the incidence of polyspermy increases with gametes 

co-incubation time during IVF (Sumantri et al 1997). 

The effects of reducing the time of gametes co-incubation on in vitro development of 

embryos have been studied in several species.  In cattle it has been shown that cleavage rate 

is significantly reduced by decreasing the co-incubation to 5 hours (Ward et al 2002, 

Sumantri et al 1997, Kochhar et al 2003) while a period of co-incubation of 10 hours is 

sufficient to obtain good rates of cleavage and blastocyst (Ward et al 2002).  

It has been shown that the optimal duration of co-incubation of sperm-oocyte to achieve an 

increase in the percentage of blastocysts in buffalo species is 16 hours (Gasparrini et al., 

2007b). In fact, in a previous study, the effect of a reduction of co-incubation time from 20 

to 8 hours on cleavage and blastocyst development was evaluated in buffalo (Gasparrini et 

al 2004). Even if the cleavage was significantly lower at the shorter co-incubation time, the 

percentage of blastocysts, assessed on the total divided oocytes were not different among 

times. In fact, a higher proportion of oocytes developed to blastocyst in the 8 hours group 

compared to the 20 hours group. It is worth pointing out that the above reported results 
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were obtained using semen from one bull previously tested for IVF. Subsequently it was 

demonstrated that marked differences in the kinetics of sperm penetration exist among 

buffalo bulls (Di Fenza et al., 2008) and that this parameter is correlated to the blastocyst 

rate (Rubessa et al., 2009), and hence can be a useful marker to predict the in vitro 

fertilizing ability of buffalo bulls. The great variability in the speed of oocyte penetration 

suggests to insert this assessment in the preliminary screening of bulls before their 

utilization in IVF programs. Furthermore, this finding suggests to adapt the gametes co-

incubation time during IVF in relation to the bull used. Another approach to mimic the 

oviduct environment for optimizing fertilization is the identification of key molecules and 

their subsequent incorporation in the in vitro system. Osteopontin (OPN), an acidic single-

chain phosphorylated glycoprotein, is one of the proteins present in both the oviductal fluid 

and epithelium in cattle, proven to improve IVEP efficiency and facilitate sperm 

capacitation. In cattle expression of osteopontin was highly correlated with bull fertility and 

it was proposed to be a marker to predict male fertility (Monaco et al., 2009). Osteopontin 

was also detected in buffalo semen, at greater concentration in the seminal plasma than in 

sperm cells (Pero et al., 2007), suggesting that OPN is produced by the ampulla and 

seminal vesicles, similar to what was reported for cattle (Cancel et al., 1999). Interestingly, 

buffalo semen frozen by standard procedures showed a reduction in amount of OPN by up 

to 50% (Pero et al., 2007). Recently we demonstrated that the supplementation of IVF 

medium with OPN significantly enhances cleavage rate (71.6 vs. 59%) and blastocyst 

yields (29.9 vs. 17.4%) (Di Francesco et al., 2009). It was also recently shown the 

possibility to significantly improve the efficiency of capacitation in vitro in buffalo species 

by incubating sperm in the presence of OPN (Mariotti et al., 2010b). 

 

iv. In vitro culture (IVC) 

After about 24 hours of IVF, the presumed zygotes should be removed from fertilization 

medium and transferred to a specific culture medium. The development of in vitro culture 

systems for buffalo embryos has imitated that for other ruminant species. Buffalo embryos 

have been co-cultured with cumulus and oviductal cells (Totey et al., 1992; Madan et al., 
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1994) or with established cell lines such as BRL (Boni et al., 1999). Although many 

authors still prefer the co-culture system for embryo production in this species, the 

utilization of defined media for embryo culture has become necessary to comprehend the 

requirements of buffalo embryos in vitro which, in turn, would allow the formulation of an 

optimal species-specific culture system. 

 In cattle a recent trial (Senatore et al., 2010) cow with low rate of oocyte recovery by OPU 

technique, can be implemented embryos "helper" (slaughterhouse embryos) in the IVC 

phase to increase embryonic development, it would be helpful to improve the rate of 

embryos in vitro culture phase. 

 A defined medium, such as the Synthetic Oviduct Fluid (SOF) has been utilized for 

embryo culture in this species since 1999 (Boni et al., 1999). Subsequently, buffalo 

zygotes/embryos have been successfully cultured either in SOF or in another defined cell-

free system, known as Potassium Simplex Optimized Medium (KSOM) with similar 

embryo development (Caracciolo di Brienza et al., 2001). The great improvement of 

blastocyst yields (35-40%) achieved in the following years is, according to our experience, 

due to the optimization of the IVM and, in part of the IVF systems rather than to 

modifications applied to the IVC system. In fact, despite attempts to modify its original 

composition, at present the original version of SOF remains the most suitable medium for 

embryo culture in buffalo. It has been demonstrated (Monaco et al., 2006) that, in contrast 

to sheep and cattle, the presence of glucose is absolutely required for in vitro culture of 

buffalo embryos, particularly during the early embryonic development (up to Day 4). In 

order to reduce the accumulation of free radicals, ammonium and other catabolites that may 

affect embryo development, it has been suggested to use the easy expedient to change the 

medium more times during culture. However, no significant differences in buffalo embryo 

development have been recorded by changing the IVC medium 3 (Day 1, 3 and 5) or 2 

(Day 1 and 5) times during culture, with a tendency of improvement in the latter case 

(Boccia et al., 2006b). 

Buffalo embryos in vitro develop approximately 12-24 h earlier than cattle embryos (Galli 

et al., 2000) and this pattern of development reflects that observed in vivo, with most of the 
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blastocysts collected by uterine flushing in the hatched stage at 6.5 days after the onset of 

estrus (Drost and Elsden, 1985). On Day 6 (Day 0 = IVF) it is possible to find embryos in 

advanced stages of development, including hatched blastocysts but most embryos reach the 

blastocyst stage on Day 7. A small proportion of embryos are delayed, reaching the 

blastocyst stage on Day 8 but their quality and viability is poor, as demonstrated by their 

lower resistance to cryopreservation (Gasparrini et al., 2001). 

The evaluation of cleavage in buffalo, is usually performed on day 5 of culture (day 0 =IVF 

day), when the embryos are transferred to fresh medium for further 2 days. At 7 days 

embryo yield is evaluated, defined as the percentage of compact morula, early blastocyst, 

blastocyst, expanded blastocyst and hatched blastocysts. IVEP efficiency is 

originally reduced by the low cleavage that normally has this species (Neglia et al 2003).  

The poor viability of slower-developing buffalo embryos has been recently confirmed by 

their reduced total cell number and by the altered expression profile of developmentally 

important genes such as HSP-70.1 and GLUT-1 (Rajhans et al., 2010). The quality of in 

vitro-produced blastocysts continually lags behind that of blastocysts produced in vivo and 

this can be linked to differences which exist between them. Compared with their in vivo 

counterparts, in vitro produced embryos tend to have darker cytoplasm and a lower buoyant 

density (Pollard and Leibo 1994) as a consequence of their higher lipid content (Abd El 

Razeket al. 2000), a more fragile zona pellucida (Duby et al. 1997), reduced expression of 

intercellular communicative devices (Boni et al. 1999a), differences in metabolism 

(Khurana and Niemann 2000; Thompson 2000) and a higher incidence of chromosome 

abnormalities (Viuff et al. 1999; Slimane et al. 2000). In addition, many differences at the 

ultrastructural level have been reported (Crosier et al. 2000; Crosier et al. 2001; Fair et al. 

2001; Crosier et al. 2002; Rizos et al., 2002a). 

 

e. Embryo cryopreservation 

Embryo cryopreservation is the best tool to overcome the major problem affecting the 

commercial application of embryo transfer (ET) procedures, i.e. the limited number of 
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suitable recipients, that is particularly accentuated in buffalo because of the lower response 

to hormonal stimulation and hence to synchronization treatments. Furthermore, because of 

the seasonality of the species, it is advisable to carry out the transfers in the most favorable 

period for reproductive activity. Unfortunately, buffalo IVP embryos seem very sensitive to 

cryopreservation, probably due to their high lipid content. The tolerance to cryoprotectants 

may be increased by in vivo culture of the cleaved embryos in surrogate sheep oviducts 

(Galli et al., 1998), as demonstrated by improved development to term following transfers 

of embryos, which were frozen in 10 % glycerol with the slow-freezing method. Buffalo 

embryos that were entirely produced in vitro have been successfully cryopreserved by 

vitrification, as demonstrated by their survival following in vitro culture (Gasparrini et al., 

2001) and development to term after ET (Neglia et al.,2004, Sà Filho et al., 2005). 

Although development to term has been obtained, efficiency still needs to be improved for 

the diffusion of OPU-IVEP technologies in the field. A significant improvement of embryo 

survival rate following IVC of vitrified-warmed buffalo IVP embryos has been recently 

obtained by using minimum volume vitrification methods, such as Open Pulled Straw (De 

Rosa et al.,2006) and Cryotop vitrification (De Rosa et al., 2007). It has also been 

demonstrated that the stage of development affects freezability of IVP embryos, with 

increased in vitro survival for the advanced embryo stages (De Rosa 2006, 2007), such as 

the expanded blastocysts, which are, in any case, better quality embryos since they develop 

faster in vitro. Unfortunately, no data are as yet available regarding the pregnancy rate and 

the development to term following ET of embryos vitrified in such ways. 

 

 

f.  Current limitations of the OPU and IVEP system. 

In buffalo species, the optimization of the OPU and IVEP efficiency is essential for the 

valorization of this unique animal resource. Nowadays, although the IVEP efficiency has 

significantly enhanced in the last years in terms of embryo production, (Neglia et al., 2003; 

Gasparrini et al., 2006), pregnancies to term obtained by vitrified embryos are not high 
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enough to allow the diffusion of this technology in the field (Neglia et al., 2004; Sá Filho et 

al., 2005; Hufana-Duran et al., 2004) and so unfortunately it is still far from being 

commercially viable (Gasparrini, 2010). 

The major intrinsic limitation of IVEP technology in buffalo lies in the low number of 

immature oocytes that can be recovered per donor. This limitation is currently the most 

insurmountable impediment for the diffusion of IVEP in the field, arising from 

physiological peculiarities of the species, such as the low number of primordial (Danell, 

1987) and antral (Kumar et al., 1997) follicles present on the buffalo ovary, as well as the 

high incidence of follicular atresia (Palta et al., 1998), and as such, it is not easily 

improvable.  

Another limiting factor is the quality of oocyte, that is known to affect the IVEP efficiency 

in most species, and that plays a determining role in buffalo, further reducing the 

availability of the oocytes suitable for IVEP. As previously stated, several factors  affect the 

oocyte quality , such as the aspiration pressure during collection, the source of gametes, the 

time between collection and processing, the temperature during transportation, season, etc. 

In particular, buffalo oocytes are very sensitive to shock temperature so it is important to 

monitor the temperature carefully during collection as fluctuations can easily occur. It has 

been recently observed, that oocyte developmental competence is improved by lowering the 

temperature range during ovary transportation to 25-29.5°C (Di Francesco et al., 2007).  

Another factor that may impair the IVEP efficiency in buffalo is the reproductive 

seasonality. Buffaloes are seasonally polyestrus and are more affected by reproductive 

seasonality with distance from the equator (Zicarelli et al., 1997a); in particular, females 

that calve during the non-breeding season have an extended postpartum anoestrous period 

with a proportion not resuming ovulation until the following breeding season (Zicarelli, 

1997a). At Italian latitudes, buffalo is a seasonally polyestrous species, showing an 

improved reproductive efficiency when daylight decreases (autumn; Di Francesco S et al., 

2011), as day length increases in spring the cyclic activity decreases leading to seasonal 

anoestrus. Nevertheless, the follicular development does not cease and successive waves of 

follicles continue to develop throughout anoestrus (Boni et al., 1994). However, we 
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currently do not know whether season affects the developmental competence of the oocytes 

recovered during the unfavorable period and this is worth investigating.  

Finally, another limiting factor is the poor embryo quality, indicated by the low pregnancy 

rate after embryo transfer (ET) of cryopreserved IVP buffalo embryos. It is known that the 

reduced embryo viability is due to the suboptimal culture conditions and results in 

decreased cryotolerance. However, the evaluation of embryo quality on the basis of their 

morphology is not an absolute indicator of the viability, that is the capacity to establish and 

maintain pregnancy. It is, in our opinion, very important to identify reliable viability 

markers in order to select the best embryos to be transferred into recipients. At the same 

time investigations are needed to highlight at the molecular level differences between 

embryos of different quality, so that to develop corrective strategies to optimize the IVC 

system. 

 

 

 

 

 

 

 

 

Aim of the work 

The aim of this thesis was to evaluate the most critical factors affecting the IVEP efficiency 

in buffalo species. Up to now, the main limitations are: 1) the reproductive seasonality of 

the species, 2) the low oocyte recovery rate and the poor oocyte quality, (only 27.3% to 

31.3% of oocytes are classified as viable; Campanile et al., 2003) that weight upon the costs 
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and 3) the reduced embryo quality, indicated by low pregnancy rate after embryo transfer 

(ET) of cryopreserved IVP embryos.  

Therefore, the aim of Experiment 1 was to assess the effect of season on quality and 

developmental competence of OPU-derived oocytes. In order to do so, OPU was carried 

out during different seasons and the oocyte quality was evaluated in terms of morphology, 

whereas the developmental competence was assessed in terms of blastocyst rates after 

IVEP.  

As another major limitation in this species is the low number of oocytes recovered per 

animal, the objective of Experiment 2 was to evaluate the possibility of selecting the best 

donors on the basis of their folliculogenetic potentials. In order to do so a retrospective 

analysis of data of previous OPU trials, carried out in different periods and in different 

farms, was performed to study the correlations among the most important fertility-related 

parameters, in order to demonstrate the possibility to predict, with an easy and rapid 

screening, the donors that would provide high number of follicles and oocytes over a long 

term. On the basis of the results, a further objective was to evaluate whether a screening of 

the follicular population at the time of first OPU session could ensure to select the best 

donors in terms of not only the oocyte yield but, more importantly, the blastocyst 

production over the long term.  

The aim of Experiment 3 was to assess the influence of embryo quality, indicated by the in 

vitro developmental chronology, on the cryotolerance of IVP buffalo embryos. The 

objectives were to assess the cryotolerance of IVP buffalo embryos with different 

developmental speed by evaluating: 

1) Survival after 24 h in vitro culture post-warming, starting from abattoir-derived 

oocytes and 

2) Pregnancy rate after ET of vitrified-warmed IVP buffalo embryos produced from 

OPU-derived oocytes. 

On the basis of the results obtained in Experiment 3, the embryo quality of IVP buffalo 

embryos was better characterized by evaluating: 



40 

 

1) the oxidative stress by enzymatic determinations, i.e. MnSOD  

2)  The expression of key genes (connexin 43 and GLUT-1), known to be involved in 

embryo development.  

 

 

 

 

 

 

 

 

 

 

 

EXPERIMENTAL PART 

Experiment 1: Effect of season on morphological quality and 

developmental competence of OPU-derived oocytes. 
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The reproductive activity of buffalo benefits from decreasing day light length (autumn); as 

day length increases in spring the cyclic activity decreases leading to seasonal anoestrus. 

The effect of photoperiod is particularly evident at our latitudes, whereas in tropical 

countries is to some extent confounded by the heat stress (Ahmad et al., 1980; Madan, 

1988; Singh and Nanda, 1993). Indian authors reported that high environmental 

temperature have a detrimental effect on the oocyte yield, quality and developmental 

competence of buffalo oocytes collected from slaughterhouse ovaries (Nandi et al., 2001; 

Mishra et al., 2007).  

 

However, it is still not known whether the seasonal photoperiod may affect the capacity of 

the oocytes to be fertilized and to develop into viable embryos. This is very important 

because, on the basis of the current knowledge, it is not possible to rule out that immature 

oocytes recovered from antral follicles in the unfavorable season are as competent as those 

produced during the favorable season and hence, once removed from the follicular 

environment and the photoperiod influence, they can develop into viable embryos.  

In sub-tropical environments and at higher latitudes the reproductive function in buffaloes 

is similar to that of small ruminants (Zicarelli, 1994, 1997a, 2002; Zicarelli et al., 1997a; 

Vale, 1988; Vale et al., 1990, 1996). An earlier study in Italian Mediterranean buffalo 

showed a decrease of both follicles and COCs in spring–summer (end of March–end of 

July) compared to winter–spring (end of November–beginning of April; Di Palo et al., 

2001). The oocyte developmental competence after IVF was recently evaluated on abattoir-

derived oocytes collected in different seasons. It was observed that both cleavage and 

blastocyst rates increased during autumn compared to spring, thus reflecting the in vivo 

reproductive behavior (Di Francesco S et al., 2011). 

It is known that the oocyte source significantly affects the developmental competence of 

buffalo oocytes, with OPU-derived oocytes being more competent, as shown by higher 

blastocyst yields (Neglia et al., 2003; Manjunatha et al., 2008) and increased resistance to 

cryopreservation (De Rosa et al.,2006; De Rosa et al., 2007).  

Therefore, the objective of the present study was to compare the efficiency of OPU – IVEP 

on Mediterranean Italian buffalo in three different periods of the year: mid-winter, that is 
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transitional period to seasonal anestrus (January, February and March), spring – summer 

(May, June and July) and autumn (September, October and November). In particular, the 

effect of season was evaluated on the follicular and oocyte population, on the oocyte 

morphological quality, and on the developmental competence after IVF. 

 

Materials and methods 

Reagents and media 

All chemicals and reagents, if not otherwise stated, were purchased from Sigma (Sigma-

Aldrich, Milan, Italy). 

Oocyte collection  

The study was conducted in a farm located in Campania region in three different periods: 

transitional period, spring-summer and autumn. It was carried out respectively on 14, 9 and 

9 healthy, multiparous and lactating buffalo cows, over 18 puncture session per each 

period. Ovum pick-up was performed twice a week. The donors were under controlled 

nutrition, barnhoused and moved to and restrained in a chute at the moment of the oocyte 

retrieval session. During the study, the cows did not show any behavioral modification, and 

ovum pickup treatment did not cause any adverse effects.  

Ovum pick up setting consisted of a portable ultrasound unit (Aloka SSD-500) with a 5 

MHz sector scanner and a metal guide to fit 17G needles both allocated in a properly 

designed vaginal guide (WTA Ltda., Cravinhos/SP, Brazil). A vacuum pressure of 40 mm 

Hg was constantly maintained by using a suction unit (K-MAR-5100, Cook IVF Co., 

Australia) and the aspiration line was continuously rinsed with 25 mM hepes buffered TCM 

199 supplemented with 100 USP units ml–1 of heparin and 10% Fetal calf serum (FCS) 

and 1% antibiotic (penicillin and streptomycin complex, pen-strep) during follicular 

aspiration. The 15 ml Falcon tubes (Becton & Dickinson Co., Lincoln Park, NJ, USA) for 

oocytes collections were constantly maintained at 37°C. All visible antral follicles were 
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punctured and classified in three categories, according to their size: small (diameter < 0.5 

cm), medium (diameter between 0.5 and 1 cm) and large (diameter > 1 cm).  

The cumulus oocyte complexes (COCs) were searched immediately after follicular 

aspiration by using proper filters (Emcon Technologies, Columbus, IN , USA) and 

classified in 7 categories: Grade A (oocytes with more than three layers of cumulus cells 

and homogenous cytoplasm); Grade B (oocytes with at least 2 layers of cumulus cells and 

homogenous cytoplasm); Grade C (oocytes partially denuded, but still showing 

homogenous cytoplasm); degenerated oocytes (oocytes with irregular shrunken cytoplasm); 

expanded (expanded cumulus oocytes but with homogeneous cytoplasm, typical of the 

estrous phase); atretic (oocytes with particularly clustered cumulus cells) and naked (totally 

denuded oocytes). Recovery rate (calculated as percentage of the total number of COCs in 

relation to the total number of follicles) was also recorded. 

The COCs were washed twice in hepes-buffered TCM 199 (H 199) with 10% FCS and then 

allocated in the same medium supplemented with 50 µM cysteamine (Gasparrini et al., 

2000), 0.3 mM cysteine (Gasparrini et al., 2006),0.5 µgml
−1

 FSH, 5 µgml
−1

 LH, 1 µgml
−1

 

17-β-estradiol (Caracciolo di Brienza et al., 2001). Processed oocytes were stored in 15 ml 

Falcon tubes in a portable incubator at 38.5°C and moved to the lab within 4–6 h for in 

vitro embryo production (Gasparrini, 2002). 

In vitro maturation (IVM), in vitro fertilization (IVF) and  

in vitro culture (IVC) 

 

For in vitro maturation (IVM) COCs (n= 516,  306 and 297 in the transition, spring-

summer and autumn periods, respectively) were transferred into 50 µl droplets (10 

COCs/droplet) under mineral oil of the final maturation medium, consisting of bicarbonate-

buffered TCM 199 (B199) with hormones, cystine and cysteamine in the same 

concentration previously described. The droplets were incubated at 38.5°C for 22 h under 

controlled gas atmosphere of 5% CO2 in humidified air. 
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In vitro fertilization (IVF) was carried out according to the method previously described by 

Parrish et al. (Parrish et al., 1986) the day after IVM. Frozen – thawed sperm were prepared 

by Percoll density gradient The pellet obtained after centrifugation was re-suspended to a 

final concentration of 2x10
6
 ml

-1
 in the fertilization medium, a modified TALP 

supplemented with 0.2 µM ml
-1

 penicillamine, 0.1 µM ml
-1

 hypotaurine and 0.01 µM ml
-1

 

heparin. Fifty µl fertilizing droplets (5 COCs/droplet) covered by mineral oil were 

incubated under the same gas atmosphere as for in vitro maturation.  

After 20-22 h of co-incubation with spermatozoa, presumptive zygotes were cultured (IVC) 

in 20 µl droplets (10 COCs/droplet) of SOFaa BSA (Tervit et al., 1972, Gardner et al., 

1994) for 7 days in modular chamber with a gas atmosphere of 5% CO2, 7% O2 and 88% 

N2. At day 5 (day 0= IVF day) cleavage rate was assessed and embryos were transferred 

into fresh droplets of the same medium for further 2 days of culture. Final embryo output, 

in terms of tight morulae-blastocysts (TM + BL) and blastocysts (BL) was evaluated at day 

7 of culture.  

 

 

Statistical Analysis 

Data were analyzed by one way ANOVA procedure of SPSS 17.0 statistical software 

(2009) and differences among means were compared by Tukey test: when the distribution 

of variances was not homogeneous, data were analyzed by the Kruskal-Wallis test (SPSS 

17.0, 2009). 

 

Results 
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Our results regarding the follicular population, the recovery rates and the morphological 

parameters of the oocytes are summarized in Table n 1.  

The average number of total follicles aspirated per animal per session did not vary among 

seasons, as shown in Table 1. Both the number and percentage of different size categories 

follicles were similar in the three periods. Similarly, the average number of total COCs 

recovered per animal per session did not show any variation between seasons. The recovery 

rate, i.e. the percentage of oocytes in relation to the total number of follicles, was affected 

by season: it increased (P <0.05) during autumn compared to spring-summer (Table 1), 

with intermediate values in the transition period (winter). 

In relation to the quality of oocytes, no significant differences were recorded in the number 

and incidence (relative to the total COCs) of different morphological categories among 

periods, with the exception of atretic oocytes that showed an unexpected increase (P<0.05) 

during autumn (Table 1). 

Interestingly, although oocyte categories were not much affected, the oocytes recovered 

during autumn showed a significant improvement of the developmental competence 

compared to both spring-summer and the transitional period. In fact, the percentages of TM 

+ BL significantly (P<0.05) improved during autumn (31.5 ± 17.0) compared to the 

transitional period (15.4 ± 10.0) and spring – summer (13.0 ± 9.6, Figure 4). 

Likewise, the percentages of BL differ significantly (P<0.05) over the three seasons, being 

higher during autumn than during the transitional period and spring – summer (24.9 ± 17.0, 

12.5 ± 7.8, and 10.7 ± 9.7, respectively, Figure 5) 

 

 

 

 

Table 1: Oocyte recovery and distribution of different oocyte categories (percentages 

on the total) among different seasons. 
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Jan-Mar                                May-Jul                            Sep-Dec 
Mean ± SD                          Mean ± SD                       Mean ± SD 

Large follicles (%) 0.8 ± 0.4 (17.6 ± 7.8) 0.6 ± 0.3 (18.1 ± 11,3) 0.6 ± 0.4 (18.6 ± 12.9) 

Medium follicles (%) 1.3 ± 0.5 (27.9 ± 7.6) 1.2 ± 0.5 (27.5 ± 12.1) 1.3 ± 0.4 (29.7 ± 12.3) 

Small follicles (%) 2.6 ± 0.8 (54.5 ± 11.2) 2.8 ± 1.0 (54.4 ± 16.2) 2.5 ± 0.9 (51.2 ± 16.0) 

Total follicles 
4.8 ± 1.1 

 
4.6 ± 1.0 4.4 ± 0.7 

Recovery rate % 62.2 ± 15.6ab 49.3 ± 15.0b 63.3 ± 18.3a 

Grade A (%) 0.3 ± 0.2 (12.6 ± 7.7) 0.2 ± 0.2 (7.4 ± 7.3) 0.3 ± 0.4 (7.7 ± 8.6) 

Grade B (%) 0.5 ± 0.3 (22.2 ± 14.0) 0.4 ± 0.3 (20.7 ± 16.3) 0.4 ± 0.5 (16.3 ± 11.8) 

Grade C (%) 0.8 ± 0.5 (32.9 ± 15.1) 0.7 ± 0.4 (32.1 ± 15.4) 0.8 ± 0.4 (30.4 ± 15.7) 

Degenerated ( %) 0.2 ± 0.1 (12.2 ± 7.6) 0.3 ± 0.2 (15.0 ± 12.5) 0.3 ± 0.3 (16.4 ± 9.9) 

Expanded (%) 0.1 ± 0.1 (3.4 ± 5.0 ) 0.1 ± 0.1 (3.9 ± 5,0) 0.1 ± 0.3 (3.9 ± 4.9) 

Atretic (%) 0.1 ± 0.1a (2.6 ± 4.9)a 0.1 ± 0.1a (1.9 ± 2.6)a 0.2 ± 0.2b (7.5 ± 7.1)b 

Naked (%) 0.4 ± 0.1 (14.9 ± 5.8) 0.5 ± 0.2 (19.1 ± 10.5) 0.5 ± 0.4 (17.8 ± 11.1) 

Total oocytes 
2.3 ± 0.5 

 
2.2 ± 0.5 2.3 ± 0.6 

Grade A+B COCs (%) 0.8 ± 0.4 (34.8 ± 16.8) 0.6 ± 0.3 (28.2 ± 17.0) 0.6 ± 0.5 (24.0 ± 16.7) 

 

    a,b Values with different superscripts within rows are different; P<0.05. Values are expressed as mean ± SD. 

 

 

 

Figure 4. Percentages of tight morulae-blastocysts (TM + BL) calculated out of total 

COCs, in different seasons in relation to day light hours. 
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                               a, b Values with different letters are significantly different; P<0.05 

 

Figure 5: Percentages of blastocysts BL calculated out of total COCs, in different 

seasons in relation to day light hours. 

            

                           a, b Values with different letters are significantly different; P<0.05. 

 

Although the percentage of cleavage did not vary significantly over the three seasons, it is 

worth to report that it was numerically higher during autumn (62.5 ± 16.1) compared to the 
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that recorded during the transitional period (53.0 ± 14.7), and spring-summer (57.6 ± 23.9; 

Figure 6). 

Figure 6. Cleavage rate in different seasons in relation to day light hours. 

            

Interestingly, both the percentages of TM + BL and BL calculated out of the Grade A+B 

COCs were significantly different over the three periods considered, being higher (P<0.05) 

during autumn (138.5 ± 35.4 and 111.8 ± 30.5, respectively) than the transitional period 

(57.2 ± 14.0 and 45.5 ± 9.5, respectively) and spring–summer (50.8 ± 9.7 and 41.9 ± 9.7, 

respectively). 

 

Discussion 

The objective of the present study was to evaluate  whether season could affect the 

follicular and oocyte population and, more importantly, the oocyte developmental 

competence, and hence the overall efficiency of ovum pick–up in Mediterranean Italian 

buffalo. The results of this study demonstrated  a strong seasonal effect, with a significant 

improvement of the OPU-IVEP efficiency, in terms of the final embryo yileds, during 

autumn, i.e. when the daily light hours decrease compared to both mid-winter and spring-

summer. 
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In this study the season did not affect the follicular population in buffaloes undergone 

OPU: in fact, the average number of total follicles, as well as the incidence of follicles of 

different size (i.e. large, medium and small) did not differ among the three seasonal periods. 

This result is in contrast with another study carried out in Italy (Di Palo et al., 2001) in 

which it was reported that both the number of follicles and that of oocytes was higher in 

autumn-winter than in spring-summer in buffaloes submitted to OPU (Di Palo et al., 2001). 

However, it is worth to point out that the earlier study was performed on the same animals 

for many sessions and this decline could be accounted for by a functional exhaustion of the 

ovary, resulting from repeated punctures.  

Our results in terms of number of follicles are in agreement with those reported in deep 

anoestrus buffaloes at the same latitude during 4 months-OPU carried out between autumn 

and the beginning of the transitional period (Boni et al. 1996). Furthermore, the average 

number of follicles we recorded was similar to that observed by other authors in Murrah 

buffaloes with reproductive problems (Manik et al., 2002), cyclic Murrah buffaloes (Gupta 

et al., 2006) and river buffaloes (Manjunatha et al., 2008). The average number of oocytes 

recovered per donor per session was also not affected by season. It is worth noting that the 

number of total oocytes collected was low (2.2-2.3), confirming that this is the major 

limitation of the OPU technology in this species. In fact, the majority of the authors 

reported similar or lower oocyte numbers (Gupta et al., 2006; Manjunatha et al., 2009). 

In contrast to these findings, Baruselli et al. (2010), recently reported an unexpectedly high 

number of aspirated follicles per session, and consequently, a greater number of oocytes, in 

an OPU trial carried out using an intersession interval of one-two weeks. We may speculate 

that the evident difference in the follicular population may be due to the genetics of the 

animal, the age (heifers vs adults), the type of breeding and environment, as well as the 

longer interval between sessions. The latter factor may account for both the greater number 

of follicles and the lower developmental competence of the oocytes, indicated by the poor 

blastocyst rate (9 %) recorded in that trial. Indeed, it is known that an extension of the 

interval increases the number of follicles but also the heterogeneity of the oocyte source, as 

the phenomena of dominance and atresia in this case occur. Interestingly, in the present 

study, although no differences were found in the number of follicles and oocytes, the 
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recovery rate increased significantly in autumn compared to spring–summer, with 

intermediate values in the transitional period. This result is difficult to explain as it is 

known that many factors may affect the recovery rate, such as the tractability of the 

animals, the skill of the operator, the efficiency of the aspiration set, etc. 

In the present study also the incidence of good quality oocytes (Grade A + B COCs) was 

also not affected by season. Interestingly, among all the oocyte morphological categories, 

only the atretic oocytes were influenced by season, being higher during autumn than during 

the other two periods. An increased incidence of abnormally expanded oocytes (atretic) was 

previously recorded during the last period of a 9 months-OPU trial (Neglia G, et al., 2011) 

that coincided with autumn months (September-December). It is worth specifying that in 

the previous work, however, repeated punctures were carried out for a long time on the 

same donors. We previously hypothesized that the higher incidence of atretic oocytes in 

autumn may be due to an acceleration of the follicular turn-over occurring in response to 

decreased light hours.  

However, in contrast with this hypothesis, no differences in the incidence of medium and 

large follicles were shown in autumn compared to the other periods in the present study. 

The increased incidence of atretic oocytes was unexpected because OPU carried out every 

3-4 days, by continuously resetting the follicular population, should avoid the dominance 

occurrence.  

The most interesting results of this study were obtained by comparing the oocyte 

developmental competence in relation to season. In fact, all the  parameters considered for 

assessing IVEP efficiency were improved in autumn. Although cleavage rate was not 

statistically different among periods, the higher values were recorded in autumn. More 

importantly, an increase of the percentages of the tight morulae-blastocyst (TM + BL) and 

of the more upgraded embryos (BL) was observed in autumn compared to the other two 

periods of the year (spring-summer and mid-winter): this pattern corresponds to the buffalo 

sensitivity to photoperiod at our latitudes (Zicarelli, 1997a). Figures 5 and 6 clearly indicate 

that the highest IVEP efficiency corresponds to the shortest day length while the worst 

efficiency is recorded when the number of daily light hours is the highest. These results 
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suggest that the beginning of decreasing daylight has actually improved the developmental 

competence of the oocytes recovered, despite of their apparent morphology. 

Interestingly, embryo production was higher in autumn, either if embryos were calculated 

on the total recovered oocytes and on grade A+B COCs, that are the two categories 

considered suitable for IVEP. It is worth reminding that in this study we processed all the 

oocytes recovered because an appropriate selection of the gametes would have resulted in a 

further decrease of the germinal material. Furthermore, one of the objectives was to assess 

the feasibility of OPU in the field that is strongly linked to the final embryo output. 

However, when we calculated the percentage of blastocysts on Grade A+B COCs the value 

in autumn exceeded 100% whereas it was around 50% in the other two periods. This 

attractive result suggests that the developmental competence improved at any level of 

oocytes during autumn. This also indicates  that the evaluation of oocyte quality, on the 

basis of the morphology, cannot be considered absolutely reliable for predicting the 

competence. This suggests to further investigate in research areas aimed to find molecular 

biomarkers, responsible for the development of oocytes up to the embryo stage. In fact, 

during the lifespan of the female, biochemical changes occur in the ovarian environment. 

These changes are brought by numerous endogenous and exogenous factors, including 

husbandry practices, production demands and disease, and can have a profound effect on 

ovarian oocyte quality and subsequent embryo development (Fair, 2010) 

Furthermore, it is worth comparing our results with those obtained in a recent trial carried 

out in India on six non-descriptive (local breed), Indian river buffaloes (Manjunatha et al., 

2009). These authors reported that oocyte developmental competence, indicated by 

blastocyst production rate, was not affected by season, although the numbers of follicles 

observed and punctured, oocytes recovered, blastocyst yield per animal per session was 

significantly affected by breeding season. They speculated that the reduction of follicles 

and COCs during the low season is due to the heat stress; however, temperatures were not 

so different between the two periods compared, whereas there was a difference in daily 

light hours, although less evident than at our latitudes. The results of this study agree with 

those reported in the sheep, another short-day breeder that shares many reproductive traits 

with buffalo (Zicarelli, 1994; 1997a; 2002), in which a significant decrease in efficiency 
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has been described in the unfavorable seasonal period after IVF (Stenbak et al., 2001). In a 

previous study we carried out on abattoir-derived oocytes, the number of oocytes recovered 

per ovary and the number and incidence of good quality oocytes were also not affected by 

season (Di Francesco S et al., 2011). Furthermore, in that study with abattoir-derived 

ovaries a lower incidence of small oocytes was observed in both autumn and winter and 

unexpectedly, an increased percentage of degenerated oocytes was found in autumn. In this 

work on OPU-derived oocytes we only observed an increased percentage of atretic oocytes 

in autumn. However, the variation in the oocyte morphological categories did not affect the 

IVEP efficiency. It is therefore more important to focus on the developmental competence 

that in both studies was improved in autumn compared to spring, as indicated by higher 

blastocyst yields. More interestingly, in the present study an evident difference in blastocyst 

rates was also shown between autumn and mid-winter. This is very important because 

during the transitional period a higher incidence of embryonic mortality is observed in 

buffalo after AI (Campanile et al., 2010). Therefore, we speculate that the oocyte 

competence may play a role in the AI failures usually observed when daylight hours start to 

increase (Campanile et al., 2010).  . In order to better elucidate this aspect, further trials are 

needed  to investigate the embryo viability and hence the ability to sustain development to 

term after transferring the embryos obtained in different periods of the year. 
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Experiment 2: Selection of the best donor buffaloes on the basis of 

their folliculogenetic potentials. 

The major intrinsic limitation of IVEP technology in buffalo lies in the low number of 

immature oocytes that can be recovered per donor. In our experience controlled follicular 

aspiration of abattoir-collected ovaries allows the retrieval of 2.4 good quality oocytes per 

ovary on average (Gasparrini et al., 2000) in comparison with 10 good quality oocytes 

recovered in cattle (Gordon, 1994). Similarly, a low number of oocytes is found when OPU 

is performed in buffalo compared to cattle (4.5 vs approximately 10 respectively; Galli et 

al., 2000). This limitation is currently the most insurmountable impediment for the 

diffusion of IVEP in the field, arising from physiological peculiarities of the species, such 

as the low number of primordial (Danell, 1987) and antral (Kumar et al., 1997) follicles 

present on the buffalo ovary, as well as the high incidence of follicular atresia (Palta et al., 

1998), and as such, it is not easily improvable. In short, biology can be manipulated for 

human purposes, but only to a limited extent. However, it has been suggested that the 

number of competent oocytes may be increased by selecting donors on the basis of their 

follicular population (Sà Filho et al.,2005). Furthermore, a pretreatment of buffalo donors 

with BST has been found (Sà Filho et al., 2005) to promote follicular growth (12.2 vs 8.7 

total follicles punctured; 9.1 vs 6.5 small follicles), without in parallel increasing the 

number of oocytes recovered (5.1 vs 4.5). 

Oocyte quality, that is known to affect the IVEP efficiency in most species, plays a 

determining role in buffalo, further reducing the availability of the oocytes suitable for 

IVEP. It is worth pointing out that the percentage of good quality oocytes (Grade A and B 

according to the classification of Neglia et al., 2003), is lower in this species compared to 

others, not exceeding, in our experience 50 % of the total oocytes recovered. 

The oocyte quality may be affected by several factors, such as the aspiration pressure 

during collection, the source of gametes, the time between collection and processing, the 

temperature during transportation, season, etc.  
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However, above all there is an overwhelming evidence of a donor effect that should be 

taken into consideration. In a large multiple ovulation embryo transfer retrospective study 

in cattle, the maternal genetic ability to respond to superovulation (Govignon et al., 2000), 

as well as the contribution of recipient cattle to fertility after embryo transfer (McMillan 

and Donnison, 1999) were demonstrated. Furthermore, the results obtained in a subsequent 

study suggested the evidence of a maternal influence also on oocyte and blastocyst 

production in vitro in cattle (Tamassia et al 2003). In an earlier work the follicular 

recruitment after repeated ovum pick-up showed a high repeatability (r = 0.576) and a  

model was developed showing good predictability of the potential of bovine donors to 

recruit follicles on the basis of the first 4 to 6 PS (Boni et al., 1997).  

In all previous OPU trials carried out in buffalo species an extremely high individual 

variability in follicular recruitment was recorded (Gasparrini, 2002). It derives the 

importance of identifying an easy and rapid selection method of the best donors, 

fundamental for the feasibility of the technology in this species. 

The aim of this study was to evaluate the influence of the donor on the number of follicles 

and oocytes recovered, as well as on blastocyst production. The main objective was to 

assess whether it is possible to select the best donors, on the basis of the folliculogenic 

potentials. In order to do so, a retrospective analysis of data produced in different trials by 

our research group was performed to verify if the prediction model developed in cattle 

could efficiently be applied in buffalo (Experiment 2a). Therefore, the first objective was 

to evaluate whether: 

 

 the average number of follicles of the first 4 puncture sessions (PS) is correlated to 

the average number of follicles and the COCs of subsequent sessions;  

 

 the number of follicles recorded during the first OPU session, is correlated to the 

average number of follicles and the COCs of subsequent sessions. 
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Finally, based on the results obtained in Experiment 2a, a further objective of this work was 

to evaluate whether a preliminary screening of donors made on the basis of the original 

follicular population can be predictive  not only of the number of oocytes recoverable but 

also of  their developmental, i.e. the ability to develop to the blastocyst stage. For this 

purpose, OPU was carried out on 8 adult buffaloes over a long term (28 PS) and the 

correlations between different reproductive parameters were analyzed (Experiment 2b). 

 

Materials and methods 

The OPU, IVM, IVF and IVC were performed as previously described. The study was 

conducted in three different periods: transitional period, spring-summer and autumn. It was 

carried out respectively on 14, 9 and 9 healthy, multiparous and lactating buffalo cows, over 

18 puncture session per each period. Ovum pick-up was performed twice a week. All the 

conditions were controlled during the study. Ovum pick up was performed similarly as 

described in experiment 1 for oocytes collections, all visible antral follicles were punctured 

and classified in three categories, according to their size: small (diameter < 0.5 cm), medium 

(diameter between 0.5 and 1 cm) and large (diameter > 1 cm). The COCs were searched 

immediately after follicular aspiration by filtering the aspirated follicular fluid and aspiration 

medium, and classified into 5 categories: Grade A, Grade B, Grade C; degenerated oocytes, 

expanded, atretic and naked (see experiment 1). It is worth specifying that grades A and B 

COCs are considered suitable for in vitro embryo production in this species. The recovery 

rate was also recorded for each donor. For in vitro maturation (IVM) COCs (n= 516, 306 and 

297 in the transition, spring-summer and autumn periods, respectively) were transferred into 

50 µl droplets (10 COCs/droplet) under mineral oil of the final maturation medium. The 

droplets were incubated at 38.5°C for 22 h under controlled gas atmosphere of 5% CO2 in 

humidified air. In vitro fertilization (IVF) was carried out according to the method previously 

described by Parrish et al. (Parrish et al., 1986) the day after IVM. Frozen – thawed sperm 

were prepared by Percoll density gradient concentration of 2x106 ml-1 in the fertilization 

medium. Fifty µl fertilizing droplets (5 COCs/droplet) covered by mineral oil were incubated 

under the same gas atmosphere as for in vitro maturation. After 20-22 h of co-incubation with 
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spermatozoa, presumptive zygotes were cultured (IVC) in 20 µl droplets (10 COCs/droplet) 

of SOFaa BSA (Tervit et al., 1972, Gardner et al., 1994) for 7 days in modular chamber with 

a gas atmosphere of 5% CO2, 7% O2 and 88% N2. At day 5 (day 0= IVF day) cleavage rate 

was assessed and embryos were transferred into fresh droplets of the same medium for further 

2 days of culture. Final embryo output, in terms of tight morulae-blastocysts (TM + BL) and 

blastocysts (BL) was evaluated at day 7 of culture. 

 

 In Experiment 2a, we retrospectively analyzed the parameters indicative of the 

folliculogenic and oogenic potentials of buffaloes submitted to OPU in several studies 

conducted by our research group in farms (n = 5) located in the province of Caserta at 

different times. For this analysis we selected the buffaloes (n = 34) who had been aspirated 

twice a week for at least two months (16 sessions),. In all these experiments the oocytes, after 

evaluation, were matured in a pool of 10 / drop of IVM medium and then fertilized and 

cultured in vitro, because it is known that the IVEP efficiency benefits from co-culture. 

A first analysis has been finalized to highlight any correlations existing between the number 

of total follicles, different sizes follicles, COCs and Grade A + B COCs, i.e. those of good 

quality. Then, in order to verify if it possible to select the best donors on the basis of the first 

PS, correlation analyses were carried out between the average parameters of the first 4 

sessions and the subsequent 12 sessions. 

Finally we have studied the correlations between various parameters recorded during the first 

session and the subsequent 15 PS. 

The results of the analysis of Experiment 2a set the basis for a subsequent study aimed to 

verify whether the preliminary screening of donors made on the basis of the original follicular 

population can be predictive not only of the number of gametes obtainable but also of their 

developmental competence, indicated by  blastocyst production after IVF. Therefore, in 

Experiment 2b, OPU was performed twice a week on 8 adult multiparous buffaloes for 28 

sessions. In this case, the collection tube of each animal was marked and the oocytes 

recovered were matured, fertilized and cultured individually for each subject, in order to have 

data on blastocyst production. 
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Statistical analysis 

 

Both in Experiment 2a and Experiment 2b, the correlations among the different 

reproductive parameters were performed by the Pearson correlation coefficient. In 

Experiment 2b the differences in the various parameters considered among animals were 

analyzed by the nonparametric Kruskal-Wallis test. 

 

Results 

 

In the experiment 2a the analysis showed that the average number of total follicles (TFL) 

is highly correlated to the average number of small (SFL) follicles (r = 0.959, P <0.0001) 

and medium (MFL) follicles (r = 0.658, P <0.0001), whereas no correlation emerged with 

the large follicles (LFL). 

The average number of TFL was highly correlated with the average number of COCs (r = 

0.860, P <0.0001) and Grade A + B COCs (r = 0.790, P <0.0001). Similarly, a positive 

correlation was found between the average number of both SFL and MFL and the average 

number of COCs (r = 0.858, P <0.0001 and r = 0.633, P <0.0001, respectively) and Grade 

A + B COCs (r = 0.822, P <0.0001 and r = 0.533, P <0.01, respectively).  

More interesting for the potential future implications in the choice of donors, are the 

correlations that emerged between the mean values of the parameters considered in the first 

4 sessions and the subsequent 12 sessions that are shown in Table 2. 
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Table 2. Correlations between the means of parameters of the first 4 puncture sessions 

(PS) and those of the next 12 PS. 

 
 First 4 PSs 

Last 12 

PS 

 

TFL SFL MFL COCs A+B COCs 

TFL 
r=0.568 

P<0.001 

r=0.571 

P<0.001 

r=0.366 

P<0.05 
  

SFL 
r=0.561 

P< 0.001 

r=0.561 

P< 0.001 

r=0.388 

P<0.05 
  

COCs 
r=0.405 

P<0.05 

r=0.402 

P<0.05 

r=0.325 

P=0.06 

r=0.541 

P<0.001 
 

A+B 

COC 

r= 0.606; 

P<0.001 

r= 0.606 

P<0.001 

r=0.480 

P<0.01 

r=0.503 

P<0.01 

r=0.610 

P<0.001 

 

In particular, the analysis showed that the average number of TFL and SFL of the first 4 PS 

is positively correlated with the average number of TFL, SFL, COCs and Grade A + B 

COCs of the subsequent 12 PS. A similar trend was observed with the average number of 

MFL but in this case the values of the correlation coefficient were lower. Another 

significant correlation was reported between the average number of COCs of the first 4 PS 

and the average number of COCs and Grade A + B COCs of the next PS. Finally, the 

average number of Grade A + B COCs of the first 4 PS was highly correlated to the 

average number of Grade A + B COCs of the subsequent PS. These results suggest that it is 

possible to select the best donors based on a preliminary screening lasting 4 PS, equivalent, 

under a biweekly collection scheme, to 2 weeks of field work. 

 

Encouraged by this result we first checked if the follicular population recorded at the time 

of the first OPU session is related to that of the first 4 PSs and, then, whether the data 

recorded during the first session can be useful indicators of the germinal potentials of 

donors on medium to long-term basis. The results of the analyses showed a positive 

correlation for all parameters considered between the values recorded during the first PS 

and the average values of the first 4 PS. In fact, the number of TFL (r = 0.733, p <0.0001), 



59 

 

LFL (r = 0.532, P <0.01), MFL (r = 0.376, P <0.05), SFL (r = 0.636, P <0.0001), COCs (r = 

0.651, P <0.0001) and Grade A + B COCs (r = 0.532, P <0.01) of the first PS are correlated 

to the corresponding average numbers of the first 4 PS.  

 

These results led us to evaluate whether it possible on the basis of a single session to 

predict the folliculogenic and oogenic potentials of donors. The most interesting results of 

this analysis concern the correlations between the first and subsequent 15 PS for the 

parameters considered. As shown in Table 3, the numbers of both TFLT and SFL of the 

first PS are positively correlated with the average number of TFL, SFL, MFL, COCs and 

Grade A+B COCs of the subsequent 15 PS. Also the number of COCs recorded at the first 

session was correlated to the number of COCs and Grade A+B COCs of the subsequent 15 

PS. Finally, a positive correlation was found between the numbers of Grade A+B COCs of 

the first session and the average number of Grade A+B COCs of the subsequent sessions. 

These results suggest that it is possible to carry out a preliminary reliable screening of the 

best donors of viable oocytes, by means of a simple ultrasound examination performed 

before enrolling the animals in the trial. 

 

Table 3. Correlations between the parameters recorded at the first session (PS) and 

the means  of the next 15 PS. 

 

 

 

 

 

 

 

 

 

E 

 First PS 

Last 15 PS. TFL SFL COCs A+B COCs 

TFL 
r=0.484 

P<0.01 

r=0.487 

P<0.01 
  

SFL 
r=0.451 

P< 0.01 

r=0.490 

P< 0.01 
  

MFL 
r=0.467 

P<0.01 

r=0.410 

P<0.05 
  

COCs 
r=0.365 

P<0.05 

r=0.424 

P<0.05 

r=0.432 

P<0.05 
ns 

A+B COCs 
r= 0.641 

P<0.001 

r=0.747 

P<0.001 

r=0.540 

P<0.001 

r=0.446 

P<0.01 
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In the experiment 2b the observations set the basis for a subsequent study aimed to verify 

whether the preliminary screening of donors, made on the basis of the starting follicular 

population  may be predictive not only of the number of the gametes obtainable but also  of 

their developmental competence , indicated by the attainment of the blastocyst stage after 

IVF. 

 

General results 

 

In the course of 28 replicates, out of 8 buffaloes 1189 total follicles were aspirated, the   

recovery rate was 50%, allowing to collect 598 COCs, 352 of which were Grade A + B. 

During the 3.5 months of the trial a total of 71 blastocysts were produced. As shown in 

Table 4, there was a large variability for all parameters considered among replicates, 

indicated by the minimum and maximum values. 

 

 

 

Table 4. Variation of reproductive parameters among 28 OPU replicates in buffalo 

donors. 

 
 Mean ± SE min max 

TFL 5.3 ± 0.2 1 14 

LFL 0.6 ± 0.04 0 3 

MFL 1.2 ± 0.1 0 7 

SFL 3.6 ± 0.2 0 13 

COCs 2.7 ± 0.2 0 10 

A+B COCs 1.6 ± 0.1 0 7 

BL 0.3 ± 0.1 0 5 
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Individual results 

 

A high individual variability was recorded among animals, in the number of TFL and SFL 

(Table 5), as well as in the number of COCs, Grade A + B COCs and BLs (Table 6). The 

only parameters that did not differ among animals were the LFL and MFL. 

 

Correlations 

 

Regardless of the animal, the number of TFL was positively correlated with the number of 

COCs (r = 0.634; P <0.0001), Grade A + B COCs (r = 0.534; P <0.0001) and BLs (r = 0.2; 

P <0.01). Similarly, the number of SFL was correlated to the number of COCs (r = 0.565; P 

<0.0001), Grade A + B COCs (r = 0.494; P <0.0001) and BLs (r = 0.2, P <0.01). A positive 

correlation was found between the number of COCs and the Grade A + B COCs (r = 0.8, P 

<0.0001) and BLs (r = 0.4; P <0.0001). Finally, the number of Grade A + B COCs was 

highly correlated to the number of BL (r = 0.5; P <0.0001).  

The correlation analysis carried out within each animal has allowed to highlight that in all 

subjects the number of TFL was correlated to the number of COCs (r = 0.4-0.7; P <0.05). 

In all animals, except animals B5 and B6, the number of TFL was also correlated to the 

number of Grade A + B COCs (r = 0.4-0.6; P <0.05). In 5 out of 8 animals the number of 

Grade A + B COCs was correlated with the number of BLs (r = 0.4-0.6, P <0.05); 

interestingly, the correlation was not found in the animals with the worst embryo yields 

(B5, B6 and B8).  

 

The correlation analysis has also highlighted that the number of TFL of the first session can 

be considered a predictive parameter of the long-term embryo yields of an animal, because 

it was positively correlated to the average number of Grade A + B COCs (r = 0.684 P = 

0.06) and, more importantly, to that of BLs (r = 0.804; P <0.05) of the subsequent 27 

sessions. It was also observed that the number of SFL recorded in the first session is 

positively correlated with the average number of Grade A + B COCs (r = 0.733; P <0.05). 

Finally, the number of COCs recovered in the first session was positively correlated to the 
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average number of Grade A + B COCs (r = 0.761; P <0.05) and BLs (r = 0.735; P <0.05) of 

the next sessions. 

 

Table 5. Effect of donor on the follicular population, in terms of total follicles (TFL), 

large follicles (LFL), medium follicles (MFL) and small follicles (SFL). 

 

Animals TFL LFL MFL SFL 

 mean  SE mean  SE mean  SE mean  SE 

B1 3.6  0.3a 0.6  0.1 1.1  0.2 1.9  0.3a 

B2 7.7  0.5c 0.5  0.1 1.6  0.2 5.5  0.6b 

B3 5.4  0.4bc 0.5  0.1 1.2  0.3 3.6  0.4bc 

B4 5.3  0.4bc 0.4  0.1 1.2  0.3 3.7  0.4a 

B5 4.9  0.4abc 0.7  0.1 0.9  0.2 3.3  0.4a 

B6 4.3  0.4ab 0.5  0.1 0.9  0.2 2.9  0.4a 

B7 6.1  0.5bc 0.7  0.1 1.0  0.2 4.4  0.5bc 

B8 5.0  0.4a 0.5  0.1 1.2  0.2 3.4  0.3a 

Total 5.3  0.2 0.6  0.04 1.2  0.1 3.6  0.2 

                                    a, b, c Values with different superscipts are significantly different; P<0.05 
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Table 6. Effect of donor on the number of COCs, Grade A + B COCs and BLs, as well 

as on blastocyst rates, calculated out of the COCs and of the Grade A + B COCs 
 

animals COCs A+B COCs BLs % BL/COCs % BL/A+Bs 

 mean  SE mean  SE mean  SE mean  SE mean  SE 

B1 1.4  0.2a 0.8  0.2a 0.3  0.1ab 19.6  7.3ab 33.3  12.6 

B2 4.4  0.5b 3.1  0.4b 0.9  0.3b 22.8  6.5a 34.3  10.1a 

B3 3.4  0.4bc 2.2  0.3bc 0.5  0.2ab 10.7  3.3ab 20.6  6.5 

B4 2.9  0.5ab 1.7  0.3ab 0.4  0.1ab 19.2  7.4ab 26.3  8.9 

B5 1.8  0.4ac 1.1  0.2a 0.04 0.04a 4.8  4.8b 5.0  5.0b 

B6 1.8  0.2ac 0.9  0.2ac 0.040.04a 4.3  4.3b 0.1  0.1 

B7 3.2  0.5ab 1.6  0.3ab 0.2  0.1ab 4.8  2.5b 8.0  3.8 

B8 2.5  0.3b 1.3  0.2b 0.2  0.1ab 5.6  3.3ab 15.0  9.0 

Total 2.7  0.2 1.6  0.1 0.3  0.1 11.5  1.8 18.0  2.9 

                                a, b, c Values with different superscipts are significantly different; P<0.05 

 

Discussion 

 

Since the interest in reproductive biotechnologies that enhance the maternal contribution to 

the genetic improvement has increased, the potentials of OPU-IVEP technology have been 

widely demonstrated in the River buffalo. 

Several researchers have begun to pay attention to the optimization of IVEP system in 

buffalo in the last years, demonstrating species-specific differences, fundamental to 

effectively improve the in vitro system in this species. . In fact, at present the embryo yields 

obtained with the IVEP are similar to those reported in literature for the bovine species 

(Gasparrini et al., 2006; Di Francesco et al., 2010; Di Francesco et al.,2011). Nevertheless, 
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some issues remain unresolved, limiting the diffusion of this technology to the field . One 

of the limitations is given by the poor freezability of IVP buffalo embryos and, therefore, 

by the low percentage of pregnancies to term after transfer of cryopreserved embryos 

(Gasparrini, 2002).This problem, however, can be overcome in the perspective through 

studies aimed to improve the culture system and to identify a suitable protocol for 

cryopreservation. 

The main limiting factor is represented by the low number of oocytes recoverable per donor 

(Gasparrini, 2002; Di Francesco et al., 2011), as it makes the cost / benefit ratio very 

unfavorable. 

This limitation originates from an intrinsic characteristic of the species, i.e. the limited 

follicular reserve predetermined at birth. In fact, it is known that the number of primordial 

follicles (Danell 1987; Samad and Nasseri, 1979) and, consequently, of antral follicles 

(Kumar et al., 1997) is about a fifth compared to that recorded in the bovine species 

(Erikson, 1966). 

It follows that such a limitation, intrinsic to the species, is difficult to overcome, because it 

leaves us limited possibility of intervention. Several studies have been performed with the 

purpose to increase the number of follicles of buffalo donors, by means of pre-treatments 

with gonadotropins (Boni et al., 1994) and recombinant bovine somatotropin (Sá Filho et 

al., 2009), with unconvincing results. 

After years of intense experimentation in this field, the scientific academy wonders about 

the ability to translate this technology in the operating world in this species. 

It is interesting to note that the country with the higher number of private commercial 

embryo transfer companies in the world is Brazil. Without getting to the hearth of the 

political, economic and territorial choices that facilitated the diffusion of reproductive 

technologies in this country, it is worth pointing out that the majority of Brasilian bovine 

livestock is Bos indicus, species characterized by a follicular reserve far superior than that 

of Bos taurus. The high number of recovered oocytes is indeed a determining factor for the 

commercial success of IVEP, because it results in a great number of transferable embryos 

produced per session, allowing to amortize the high laboratory costs. 

This study was designed to assess the influence of the donor on the number of oocytes 

recovered and blastocyst production, using repeated follicular aspirations and subsequent 
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IVF in buffaloes from different genetic origins. The main objective of this study was to 

assess whether it is possible to select the best donors, on the basis of the folliculogenic and 

/ or oogenic potentials. 

The rationale of this study comes from the extreme individual variability in the number of 

follicles found in all OPU trails performed earlier in the Mediterranean Italian Buffalo 

(Boni et al., 1997; Gasparrini, 2002). This observation suggests the possibility of choosing 

the best donors to enroll in IVEP programs. In other words, if we cannot increase the 

number of oocytes recovered per session in buffalo, it is at least conceivable, in order to 

demonstrate the feasibility of technology in OPU-IVEP in this species, to identify reliable 

criteria for selecting the best donors.  

It is known; in fact that one of the main factors influencing the response of domestic females 

to superovulation and OPU treatments is the great individual variability in follicular 

recruitment. In a previous study performed in cattle a large variability in the number of 

recruited follicles has been observed, with the variability among animals by far higher than 

the variability among replicates within the animals (Tamassia et al., 2003). 

It has also been shown in numerous studies that the response to SO hormonal treatments 

depends on the number of small follicles present on the ovary at the start of treatment, 

while the success of the IVEP depends on the number of competent oocytes available at the 

time of the follicular aspiration (Monniaux et al., 1983, Romero et al. 1991). In large scale 

retrospective studies, a maternal genetic predisposition to respond to superovulation 

(Govignon et al., 2000), as well as the recipient contribution to fertility after embryo 

transfer (McMillan and Donnison, 1999) were demonstrated in cattle. 

In another study performed in cattle it was observed a high repeatability of follicular 

recruitment after repeated sessions of OPU and it was developed a reliable estimation 

model of the potentials of animals to recruit follicles, based on the first 4-6 sessions (Boni 

et al., 1997). In fact, despite the fact that OPU carried out twice a week results in a 

paraphysiological acyclic status of the animals, that, therefore, do not present estrous 

cycles, follicular waves that follow a cyclical pattern are observed. Then the variability in 

the number of follicles between subsequent follicular waves follow a sort of biorhythm that, 

is independent of the estrous cycle, but coincides with its normal length.  
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Starting from these observations, the first objective of this work was to evaluate the 

adaptability of the prediction model of follicular recruitment developed in cattle to the 

buffalo species. To this purpose, a retrospective analysis of data produced during several 

OPU trials on 34 buffaloes aspirated for 16 sessions was performed. 

The first results of the analysis demonstrated that the number of TFL and, in particular of 

the SFL (highly correlated), is highly correlated to the total number of COCs and superior 

quality (COC A + B) COCs, in agreement with the hypothesis. 

The strong correlation found between the number of aspirated follicles and oocytes 

recovered in the present study indicates that the variation in the quantity of oocytes 

recovered among animals is directly related to the variation in follicular recruitment. 

 The most interesting results, however,  regard the high correlation that was found between 

the mean number of SFL and TFL of the first 4 PS and the mean number of TFL, SFL, 

COCs and Grade A + B COCs of the following 12 sessions. In fact, this demonstrated that 

it is possible to select the best donors of good quality oocytes according to the first 4 PS, in 

a similar manner as described in cattle (Boni et al., 1997). An even more interesting result,  

concerns the correlations emerged between the parameters recorded on the first aspiration 

day and the average of the next 15 PS. The number of TFL, but especially that of the SFL 

recorded at the first PS, i.e. at the start of the trial, was highly correlated to the number of 

Grade A + B COCs of the following 15 PS. Likewise, the number of COCs and Grade A + 

B COCs of the first session were correlated to the number of Grade A + B COCs of the 

subsequent PS. 

In our opinion, this result is of considerable importance for the potential practical 

implications; in fact, we can claim that the number of SFL registered at the beginning is 

sufficient for predicting, not only the number of follicles , but, more importantly, the 

number of superior  quality oocytes that each animal will give in the next 2 months. From a 

practical point of view this is equivalent to strongly reduce the time required for the 

selection of the best donors, which may be simply carried out through an ultrasound 

examination, without even the need of follicular aspiration. 

Therefore, we demonstrated that  the animals showing a high number of SFL at the 

beginning  will tend to maintain a high number of SFL and, give a high number  of Grade 

A + B COCs for the next 2 months. These interesting results, however, do not allow us to 
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assert that the best donor oocytes are also the best embryo producers. Indeed, it is known 

that the evaluation of oocytes according to the universally adopted morphological criteria 

has not an absolute validity in predicting their developmental competence. 

In cattle a maternal influence on the production of oocytes and blastocysts has been 

demonstrated in a study in which animals from different genetic origins showed both a 

different ability to produce oocytes, and a different embryonic developmental competence 

(Tamassia et al., 2003). 

 

Therefore, we considered that it was appropriate to deepen this topic and perform a new 

OPU experiment (Experiment 2b), which was conducted on 8 buffaloes for a period of 3.5 

months, equivalent to 28 PS. In this case, the oocytes recovered from each animal were 

matured, fertilized and cultured individually, in order to obtain blastocyst production data 

per each subject. The results of Experiment 2b showed the existence of a large inter-

individual variability in the total number of follicles, small follicles, COCs, Grade A + B 

COCs and blastocysts. If we just consider the most interesting parameters, such as the good 

quality oocytes and blastocysts, it is worth highlighting that, against an average of 1.6 

Grade A + B COCs and 0.3 blastocysts, the maximum values were 7 and 5, respectively. It 

is appropriate to point out that the maximum values were recorded in the B2 animal that is 

the one giving the highest embryo yields. For practical purposes it is interesting to note that 

over the 3.5 months of the trial (28 replicates) 9 BL were produced on average per donor, 

but there was the B2 animal that gave 25, while B 5 and B6 only provided one blastocyst. A 

high individual variability was also observed in the blastocyst rates , both when calculated 

out of the total COCs (4.3-22.8%) and of the  good quality oocytes (0.1-34.5%). This 

finding indicates that in buffalo species the donor influences not only the number of 

recoverable oocytes but also the oocyte competence, i.e. the capacity to develop in vitro up 

to the BL stage , similar to what demonstrated in cattle (Tamassia et al ., 2003). 

The most interesting results of this work concern the relationships that allow us to a priori 

predict the potentials of an animal to produce blastocysts. The correlation analysis has, in 

fact, highlighted that the number of TFL registered at the beginning can be considered a 

predictive parameter of the embryo yields over a long-term. In fact this was positively 

correlated to the average number of Grade A + B COCs and, above all, to that of the BLs of 
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the subsequent 27 sessions. The number of COCs recovered at the first session was also 

positively correlated to the average number of Grade A + B COCs and BLs of the next 

sessions. It is also interesting to note that only in the animals with the worst embryo yields 

the number of Grade A + B COCs was not correlated to the number of Bls. 

Nevertheless, in this study it was observed that high oocyte production does not necessarily 

imply a higher blastocyst production rate but may result in a higher number of blastocysts. 

The lack of correlation between the number of retrieved oocytes and the blastocyst rates 

shows exactly the independence of the two factors measured.  

In this work, the best oocyte producer, i.e. the animal B2, had also high blastocyst rate, 

making it the most blastocyst productive cow.  The animal that ranked second in total 

number of blastocysts produced (B3), although showing a lower blastocyst rate, was also 

the second oocyte producer. The animal B1, however, despite high blastocyst rates, ranked 

only fourth as BL producer because it was a poor oocyte producer. Finally the B5 and B6 

animals, in addition to the low number of oocytes, were characterized by poor competence, 

indicated by the very low BL percentages. All this suggests that the best selection must 

consider not only the number of oocytes, but also the ability to develop into blastocysts. 

However, no correlation was found neither between the number of BL of the first session 

and that of the following 27 PS, nor between the average number of BL of the first 4 PS 

and the mean number of BL of the next 24 PS. On the contrary, the results suggest that the 

number of TFL and of COCs at the beginning is highly predictive of the number of BL 

obtainable in the long term. 

In conclusion, the results of this work have shown that also in river buffalo the follicular 

recruitment is predetermined within each individual, allowing to distinguish good and bad 

donors. Therefore, a maternal influence on the oocytes and blastocysts production in vitro 

exists. The most interesting finding is that a preliminary screening, performed through a 

simple ultrasound examination of the animals, allows to select the animals that have the 

potentials to give constantly a greater number of good quality oocytes and blastocysts. This 

aspect is particularly important in buffalo species, in which the major limitation is 

represented precisely by the low number of oocytes recoverable. It follows that, in order for 

the OPU-IVEP technology to spread into the field, it is important to know that there are 

good and bad donors and that, by selecting the good ones before enrolling them into 
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programs, it is possible to obtain a number of embryos sufficient to offset the laboratory 

costs. 

In fact, if we had selected all the animals with a greater number of TFL at the beginning, as 

buffalo B2, over the work we would have obtained 200 embryos instead of the 71 actually 

produced. Obviously the selection of donors cannot prescind from the genetic value and 

production, and it is well known in cattle that  the high-producing cows have more fertility 

problems. 

At present the selection process operated so far in buffalo species, despite allowing 

valuable improvements in productivity, is still delayed compared to that carried out in 

bovine and this is paradoxically an advantage. In other words, the discrepancy between 

production and reproduction that is evident in cattle is not yet observed in buffalo. In light 

of these results it is therefore necessary to conduct further studies to identify the genetic 

basis of this maternal effect that in perspective could be a key point for future breeding 

programs of buffalo species. 
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Experiment 3: Evaluation the influence of embryo quality indicated 

by the in vitro developmental chronology, on the cryotolerance of 

IVP buffalo embryos. 

In buffalo the OPU and IVEP technology is the best tool to improve the genetic merit 

through the maternal lineage. However, despite the high efficiency in blastocyst rate 

(Gasparrini et al. 2006) a major limitation for the diffusion of IVEP technology in the field 

is the low pregnancy rate after transfer of cryopreserved in vitro produced (IVP) embryos 

(Gasparrini, 2002).  

Buffalo IVP embryos are very sensitive to cryopreservation, likely due to their high lipid 

content (Gasparrini, 2002). Nevertheless, they have been successfully cryopreserved by 

vitrification, as demonstrated by their survival following in vitro culture (Gasparrini et al. 

2001) and development to term after ET (Neglia et al. 2004; Hufana-Duran et al. 2004). 

Although development to term has been obtained, efficiency still needs to be improved for 

the diffusion of OPU-IVEP technologies in the field.  

Over the years the efficiency of vitrification has improved by developing innovative 

methods based on the utilization of very small sample volumes and direct contact with 

liquid nitrogen. Buffalo IVP embryos have been successfully vitrified in pointed-shaped 

open straw (Hufana-Duran et al. 2004) and in open pulled straws (De Rosa et al. 2006). The 

cryotop vitrification (CTV) method, that allows to reach very high cooling and warming 

rates, was proven feasible to cryopreserve nuclear transfer hatched buffalo blastocysts 

(Laowtammathron et al. 2005) but it has not yet been evaluated on IVP buffalo embryos.  

Furthermore, it is known that the embryo quality is a major factor affecting the resistance to 

cryopreservation and that the chronology of development is a reliable indicator of embryo 

quality (Bavister, 1995). Buffalo embryos in vitro develop approximately 12-24 h earlier 

than cattle embryos (Galli et al. 2000). On Day 6 of culture it is possible to find embryos in 

advanced stages of development, including hatched blastocysts but most embryos reach the 

blastocyst stage on Day 7 (Gasparrini, 2002). A certain proportion of embryos are delayed, 

reaching the blastocyst stage on Day 8 and later but their quality and viability is poor 
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(Gasparrini et al. 2001). Interestingly, also within day 7, that is the end of culture in our 

laboratory, we observe transferable embryos at various stages of development, indicating a 

different developmental speed. 

It is worth reminding that the other major factor limiting the feasibility of the IVEP 

technology in buffalo is the low number of oocytes and hence of embryos that can be 

produced per donor/session (Gasparrini, 2002). This avoids to operate a strict selection of 

the best quality embryos prior to cryopreservation, as currently occurs for other species.  

Therefore, the aim of this study was to evaluate to which extent the chronology of 

development affects the cryotolerance of IVP buffalo embryos vitrified by CTV 

(Kuwayama et al. 2005). In particular, this was evaluated by assessing survival rates after 

in vitro culture of vitrified-warmed embryos (Experiment 3a) and pregnancy rates after 

transfer of vitrified-warmed embryos into synchronized recipients (Experiment 3b).  

 

Materials and methods 

In Experiment 3a, abattoir-derived oocytes (n = 1193; over 12 replicates) were used to 

produce 358 transferable embryos that were vitrified-warmed and cultured to evaluate the 

survival and the development rates after 24h in vitro culture post-warming. In order to 

verify whether the developmental speed affects the resistance to cryopreservation, embryos 

that reached by the end of culture (Day 7) different stages of development (TM=49; 

EBL=55; BL=51; XBL =106; HBL=97) were compared. 

In Experiment 3b, OPU-derived oocytes (n = 189) were used to produce 38 embryos, that 

were vitrified-warmed and transferred into synchronized recipients to assess pregnancy 

rates. In this case the in vivo survivals of slow developing embryos, i.e TM EBL and BL 

(n=4, n=10 and 8, respectively) and fast developing embryos, i.e. XBL (N=6) and HBL 

(n=10) were compared. 

 



72 

 

Reagents and media 

Unless otherwise stated, reagents were purchased from Sigma Chemical Company (Milano, 

Italy).  

 

Oocyte source and in vitro maturation 

In Experiment 3a, buffalo ovaries were collected from a local abattoir, transported to the 

lab within 3–4 h after slaughter at 30-35°C in physiological saline supplemented with 150 

mg/L kanamycin. Cumulus–oocyte complexes (COCs) were recovered by aspiration of 2–8 

mm follicles using an 18G needle under vacuum (40–50 mmHg). The COCs were 

evaluated on the basis of their morphology and Grades A and B COCs, that are considered 

suitable for IVEP (Di Francesco et al. 2011), were selected, washed in Hepes-buffered 

TCM199+ 10% fetal calf serum (FCS), and allocated to 50 µL drops under mineral oil (10 

per drop) of the in vitro maturation (IVM) medium, i.e. TCM199 buffered with 25 mM 

sodium bicarbonate (B199) and supplemented with 10% FCS, 0.2 mM sodium pyruvate, 

0.5 µg/mL FSH, 5 µg/mL LH, 1 µg/mL 17β-estradiol, 50 µg/mL kanamycin, 50 µM 

cysteamine and 0.3 mM cystine (Gasparrini et al. 2006).  

In Experiment 3b, Ovum pick-up was performed twice/week on 10 lactating pluriparous 

buffalo cows, over 10 sessions, as previously described (Neglia et al. 2004). Cumulus-

oocytes complexes were searched immediately after follicular aspiration by using proper 

filters (Emcon Technologies, Columbus, IN, USA), and Grade A, B and C COCs were 

placed in 25 mM HEPES-buffered TCM 199 supplemented with 0.5 mg/mL FSH, 5 mg/mL 

LH, 1 mg/mL 17β-estradiol, 0.3 mM cystine and 50 µM cysteamine in a portable incubator 

at 38.5°C and moved to the lab within 4 to 6 h, where they were transferred into 50 µl 

droplets of the final IVM medium. 

The IVM was carried out at 38.5°C for 22 h in a controlled gas atmosphere of 5% CO2 in 

humidified air. 
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In vitro fertilization (IVF) and culture (IVC) 

Spermatozoa were prepared from frozen-thawed semen, obtained from a bull previously 

tested for IVF in our laboratory. Sperm were treated by swim-up procedure in Hams F-10 

medium for 1 h and the pellet obtained after centrifugation of the supernatant, was re-

suspended to a final concentration of 2×10
6
 mL

−1
 in the IVF medium, that was Tyrode 

albumin lactate pyruvate (Lu et al. 1987) supplemented with 0.2 mM penicillamine, 0.1 

mM hypotaurine and 0.01 mM heparin. Insemination was performed in 50 µL drops of IVF 

medium under mineral oil (5 oocytes/drop) at 38.5°C under humidified 5% CO2 in air. 

Twenty hours after IVF zygotes were stripped of cumulus cells by gentle pipetting, washed 

in HEPES-buffered synthetic oviduct fluid (SOF) and allocated to 20 µL drops of IVC 

medium, that was SOF including essential and non-essential amino acids and 8 mg/mL 

bovine serum albumin (Tervit et al. 1972). Culture was carried out under humidified 5% 

CO2, 7% O2 and 88% N2 at 38.5°C. On day 5 (Day 0=IVF) cleavage rate was assessed and 

the embryos were transferred into fresh medium for further 2 days.  

The embryos obtained by the end of culture (day 7) were scored for quality on the basis of 

morphological criteria (Robertson and Nelson, 1998) and the stage of development was 

assessed. Embryos were categorized as slow developing embryos, i.e. the tight morulae 

(TM), early blastocysts (EBL), blastocysts (BL), and as fast developing embryos, i.e. those 

that reached the stages of expanded blastocysts (XBL) and hatched blastocysts (HBL) by 

the end of culture.  

 

Vitrification and warming 

After washing in HEPES-buffered SOF, the embryos were incubated in 200 μl drops of 

equilibration solution, consisting in 7.5% DMSO and 7.5% of EG in H199 + 20% FCS  for 

3 minutes. Subsequently, the embryos were transferred in 20 µl drops of the final 

vitrification solution, consisting of 16.5% DMSO, 16.5% of EG and 0.5 M sucrose in H199 
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+ 20% FCS. Embryos were then placed in <0.1 µL of the solution on the end of a cryotop 

that was immersed in LN2 within 20-25 sec. For warming, the cryotop was taken from LN2 

and the tip was immediately immersed in 1 mL of a 0.5 M solution of sucrose in H199 + 

20% FCS for 1 minute. The embryos recovered were moved in 0.25 M sucrose solution for 

5 minutes, washed in HEPES-buffered SOF and either cultured for 24 h as previously 

described (Experiment 3a) or loaded in straws for embryo transfer (ET, Experiment 3b).  

 

In vitro assessment of embryo survival  

After 24 h culture, post-warming survival rates were evaluated with morphological criteria, 

on the basis of the integrity of the embryo membrane and the zona pellucida (with the 

exception of hatched blastocysts), and re-expansion of the blastocoele. Furthermore, the 

percentages of surviving embryos that resumed their development and reached a more 

advanced developmental stage after 24 h culture were recorded (development rate). 

Obviously, this parameter was not considered in case of HBL as they had already reached 

the most advanced stage before vitrification. 

 

Embryo transfer and pregnancy diagnosis 

The recipient animals were synchronized by Ovsynch program, consisting in the 

administration of a GnRH agonist (buserelin acetate, 12 g; Receptal
®
, Intervet) on Day 0, 

a PGF2α analogue (luprostiol, 15 mg; Prosolvin
®
, Intervet) on Day 7, and GnRH agonist (12 

g) again on Day 9. The day 7 embryos were transferred on Day 15 recipients, 

corresponding to 6.5 days after the last GnRH treatment. Embryonic development was 

assessed at 25 days by trans-rectal ultrasonography, with an Aloka SSD-500 unit equipped 

with a 5.0 MHz linear array probe (Aloka CO., Tokyo, Japan). Pregnancy diagnosis was 

confirmed on Day 45 and 70 by rectal palpation. Buffaloes pregnant on Day 25 but not on 

Day 45 were considered to have undergone late embryonic mortality (LEM).  
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Statistical Analysis 

 

Differences in survival and developmental rates after vitrification-warming among the 

stages of development were analyzed by Chi Square test. Differences in pregnancy rates 

between slow and fast developing embryos were also analyzed by Chi Square test.  

 

Results 

 

In Experiment 3a, the average cleavage and TMBL rates were 65.4% and 30.0%, 

respectively. Regardless of the stage of development, the survival and developmental rates 

of buffalo embryos vitrified by CTV after 24 h culture were 63.7 and 31.3%, respectively. 

However, differences in both parameters were recorded among the stages of development. 

As shown in Figure 6, the lowest (P<0.01) survival rates were recorded with TM (22.4%) 

and the highest (P<0.01) with HBL (84.5%), whereas intermediate results were observed 

with EBL, BL and XBL (54.5, 64.7, 67.9 %, respectively). A similar pattern was found 

when we considered the development rate, i.e. the percentage of embryos that over 24 h 

culture developed to a further stage of development (Figure 6). Similar development rates 

were recorded with TM (9.1%) and EBL (20.0%), that were lower than those obtained with 

BL (42.4%; P<0.05) and XBL (62.5%; P<0.01). 

Also if we compare the slow developing embryos (TM+EBL+BL) with the fast developing 

counterparts (XBL+HBL), the latter show a clear improvement of both survival rates 

(75.9% vs 47.7%; P<0.01) and development rates (59.1% vs 28.4%; P<0.01). 
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Figure 6. Survival (■) and development (□) rates of vitrified-warmed embryos with 

different developmental speed 

                

                           Bars with different letters are significantly different (A,B:P<0.01; a,b: P<0.05) 

 

*The development rate was not considered for HBL as they had already reached the most 

advanced stage before vitrification. 

 

In Experiment 3b, the average number of follicles, oocytes and viable oocytes observed 

per buffalo per session were 6.9±0.3, 2.8±0.2 and 1.2±0.1. Cleavage and TMBL rates were 

59.7 and 31.6%, respectively. 

Results on pregnancy rates after ET of vitrified-warmed embryos with different 

developmental speed are shown in Table 6.  
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Table 6. Pregnancy rates after embryo transfer of IVP buffalo embryos with different 

developmental speed. 

                                   A, B Values with different superscripts are significantly different; P<0.01 

                                    a, b Values with different superscripts are significantly different; P<0.05 

 

Discussion 

 

The results of Experiment 3a demonstrated that CTV is an efficient method to 

cryopreserve advanced IVP embryos in buffalo species, as indicated by the higher survival 

rates compared to those previously reported employing the traditional straws (Gasparrini et 

al. 2001) and OPS (De Rosa et al. 2006). Similar survival rates were also reported for 

buffalo nuclear transfer HBL cryopreserved by CTV in an earlier work (Laowtammathron 

et al. 2005).  

In cattle and other domestic species it is current practice to operate a strict selection of the 

embryos prior to cryopreservation, this is not possible in buffalo due the low number of 

oocytes and, hence of the embryos produced (Gasparrini, 2002), that imposes the 

cryopreservation of all the embryos obtained, regardless of their quality. The results of the 

present study show that the resistance to cryopreservation improves in faster developing 

IVP buffalo embryos, as observed in cattle (Nedambale et al. 2004). In fact, the highest 

survival rates were recorded with the HBL and the lowest with the TM, whereas no 

differences were found among EBL, BL and XBL. However, if we consider the percentage 

Developmental speed n. 
Pregnancy 

at day25 

Pregnancy 

at day 45 

Embryonic 

mortality 

Pregnancy 

to term 

Slow (TM, EBL, BL) 22 8 (36.4)
a
 0 (0.0)

A
 8 (100.0)

A
 0

a
 

Fast  (XBL, HBL) 16 12 (75.0)
b
 10 (62.5)

B
 2 (16.6)

B
 2 (12.5)

b
 

Total 38 20 (52.6) 10 (26.3) 10 (50.0) 2 (5.3) 



78 

 

of embryos that after 24 h culture resumed development to reach a more advanced stage, 

the TM and EBL gave poorer results than the BL and XBL. 

Our results are in contrast with those reported in an earlier study (Hufana-Duran et al. 

2004) in which high hatching rates were recorded after 72 h culture for all developmental 

stages, including morulae. It is not clear; however, whether in that study the embryos of 

different stages had the same age of culture.  

In Experiment 3b, we evaluated the in vivo survival after ET of OPU-derived IVP 

embryos. Due to the limited number of cases, we compared the slow (TM, EBL and BL) 

and the fast (XBL and HBL) developing embryos. Also in this case a clear difference in 

pregnancy rate at 25 days was shown between fast and slow developing embryos. 

Furthermore, in case of slow embryos the incidence of LEM, evaluated on day 45, was 

100%, whereas in case of fast embryos embryonic loss was only 16.6%. This temporal 

window is particularly critical in buffalo because in this species, especially during the 

unfavorable reproductive season, a high rate of embryonic mortality is observed between 

25 and 45 days, also after natural mating and AI (Campanile et al. 2010). It is worth 

pointing out that in this trial the embryos were transferred during the unfavorable season 

just in order to meet the farmer requests. 

Interestingly, pregnancy rate at 25 days was higher than in all previous trials; in fact, 

regardless of the stage of the transferred embryos, it was over 50%, to reach 75% in the 

case of fast developing embryos. Furthermore, in this latter case, pregnancies were 

maintained at high levels (62.5%) also at 45 days. The high rates of pregnancy recorded at 

25 and at 45 days indicate that the CTV method is suitable for cryopreserving buffalo IVP 

embryos. However, pregnancy to term was only 5.3%. Nevertheless, it was similar to that 

previously reported in another study after ET of vitrified embryos (Hufana-Duran et al. 

2004). On the contrary, it was lower than that we previously obtained in buffalo heifers 

synchronized by double injections of PGF2α in an earlier study, in which embryos were 

vitrified with 3.4 M glycerol and 4.6 M EG in French straws (Neglia et al. 2004). 

It is worth noting that both pregnancies to term were obtained in this trial from the transfer 

of most advanced stage embryos, i.e. the HBL. It is worth pointing out that, as in this study 
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the endpoint of culture for all the embryos that were cryopreserved was day 7, it is likely 

that the better freezability of the advanced stages here reported was due to their quality, 

indicated by the faster developmental speed; however, we cannot rule out that stage-related 

ultrastructural/physico-chemical properties also played a role. 

Indeed, many studies demonstrated in different species that earlier developmental stages are 

less resistant to cryopreservation due to intrinsic structural differences (Vajta et al. 1996), 

such as the higher lipid content (Dobrinsky et al. 1994), the lower resistance of cell 

membranes to osmotic and toxic effects due to the larger size of the blastomeres 

(Tachikawa et al. 1993), and the greater damages to the cytoskeleton (Overstrom et al. 

1993). Despite the evidence in other species of a stage-specific response to 

cryopreservation, we cannot attribute the lower freezability of TM and EBL to 

characteristics intrinsic to the stage because in this study the earlier stages considered were 

delayed and hence less viable. It is, therefore, necessary to compare embryos of different 

stages showing a normal growth pattern in vitro to rule out an additional stage effect. The 

results of an earlier trial suggest that additional days of culture will not improve the 

freezability of delayed embryos. Indeed, the survival after vitrification was lower for 

buffalo IVP embryos that reached the blastocyst stage at 8 days rather than at 6 or 7 days, 

confirming that embryos that develop later to the blastocyst stage are less viable 

(Gasparrini et al. 2001). The importance of the developmental speed is confirmed by the 

observation that early cleaving buffalo embryos give higher blastocyst production along 

with a higher cell number (Totey et al. 1996). Furthermore, an altered expression profile of 

developmentally important genes has been recently reported in slower-developing buffalo 

embryos (Rajhans et al. 2010). 

 

In conclusion, it was demonstrated that CTV is a reliable method for cryopreserving buffalo 

IVP embryos, as indicated by the high in vitro survival rates and by the establishment of 

pregnancy. It was also proven that fast developing embryos are less sensitive to the 

cryopreservation injuries. The results of this study suggest that it is advisable to select the 

IVP buffalo embryos to be cryopreserved and transferred, also on the basis of their 
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developmental speed. In fact, if we only consider the HBL, the in vitro survival rate was 

84.5%, whereas pregnancy rates at 25, 45 and to term were 75%, 62.5% and 20%, 

respectively. 

On the other hand, a strict selection of the embryos, while improving cryopreservation 

efficiency, will limit the number of embryos, rendering the cost-benefit ratio of IVEP more 

unfavorable. Therefore, as the embryo quality is in part due to the oocyte quality but is 

mainly affected by the culture conditions, the optimization of the culture system is 

compulsory to improve the efficiency of embryo cryopreservation in buffalo species.  
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Experiment 4. Molecular characterization of buffalo IVP embryos 

with different developmental speed by:  

 

 Assessment of an oxidative stress biomarker, such as manganese-superoxide 

dismutase  (Experiment 4a) and  

 Determination of the expression of genes involved in gap junction formation, such 

as connexin 43 and glucose transport and metabolism, such as GLUT1 

(Experiment 4b)  

 

It is evident that a major factor impairing the IVEP efficiency in buffalo lies in the poor 

embryo quality, leading to poor cryotolerance and overall in the low pregnancy rates after 

ET. Therefore, it is critically important to focus on the factors determining the final embryo 

quality, in order to identify corrective strategies.  

 

Embryogenesis, the period from fertilization to implantation, involves various 

morphological, cellular, and biochemical changes finely tuned at genomic and epigenomic 

level. Embryonic cells undergo both proliferation and differentiation processes to form the 

fetus and placental tissues throughout early embryogenesis. After fertilization, embryonic 

development involves protein synthesis, proliferation, differentiation, and the formation of 

fetal and extra-embryonic tissues. Such events lead to morphologic elongation of 

embryonic tissues, cell-cell contact between the mother and the embryo/fetus, and 

placentation (Ushizawa et al., 2004). Biological phenomena, such as genomic imprinting 

and specific epigenetic regulative mechanisms, such as DNA methylation and the complex 

of histone post-translational modification, finely regulate the ordered temporal and spatial 

expression of the genes involved in these pivotal molecular processes (Reik W et 

al.,2001;Weaver JR et al.,2009). 

In vitro embryo development is dependent on oocyte maturation, fertilization and 

subsequent culture. Although cleavage of the embryo is an indicator of development, the 

very early stages of development are largely supported by the cytoplasm of the oocyte. In 
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particular, the 5 to 6 day post fertilization period of in vitro production (IVP) of embryos is 

the time when various developmentally important events occur including the first cleavage 

division, which is critical in determining the subsequent development of the embryo 

(Lonergan et al., 1999). 

Blastocyst development is only one step along the road to the production of a live 

offspring. As pointed out by McEvoy et al. (2000), attainment of the blastocyst stage is 

more a reflection of past achievement than a guarantee of future fitness. Therefore, in order 

to increase the success rate of in vitro embryo production (i.e. the number of oocytes 

developing to blastocysts) it is essential that the embryos that do reach this stage in vitro are 

of the highest quality possible in order to ensure optimal pregnancy rates following transfer. 

The quality of in vitro-produced blastocysts continually lags behind that of blastocysts 

produced in vivo and this can be linked to differences which exist between them. Compared 

with their in vivo counterparts, in vitro produced embryos tend to have darker cytoplasm 

and a lower buoyant density (Pollard and Leibo 1994) as a consequence of their higher lipid 

content (Abd El Razeket al. 2000), a more fragile zona pellucida (Duby et al. 1997), 

reduced expression of intercellular communicative devices (Boni et al. 1999a), differences 

in metabolism (Khurana and Niemann 2000; Thompson 2000) and a higher incidence of 

chromosome abnormalities (Viuff et al. 1999; Slimane et al. 2000). In addition, many 

differences at the ultrastructural level have been reported (Crosier et al. 2000; Crosier et al. 

2001; Fair et al. 2001; Crosier et al. 2002; Rizos et al., 2002a).  

It was demonstrated in bovine that whereas the intrinsic quality of the oocyte determines 

the blastocyst yield, it is the post-fertilization culture system that defines the blastocyst 

quality, assessed following cryopreservation, irrespective of the source of the zygote  

(Rizos D et al.,2002c). 

Moreover it is known that a major factor impairing in vitro mammalian embryo 

development is the increased oxidative stress. In an health organism reactive oxygen 

species (ROS) and antioxidants remain in balance. When the balance is disrupted towards 

an overabundance of ROS, oxidative stress occurs. Free radical species are unstable and 

highly reactive. They become stable by acquiring electrons from nucleic acids, lipids, 
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proteins, carbohydrates or any nearby molecule causing a cascade of chain reactions 

resulting in cellular damage and disease (Pierce JD et al.,2004; Szczepanska M et al.,2003; 

Van Langendonckt A et al.,2002; Attaran M et al., 2000). There are two major types of free 

radical species: reactive oxygen species (ROS) and reactive nitrogen species (NOS). Cells 

have developed a wide range of antioxidants systems to limit production of ROS, 

inactivating them and by repairing cell damage (Agarwal A, et al 2004). 

Under normal conditions, scavenging molecules known as antioxidants convert ROS to 

H2O to prevent overproduction of ROS. Enzymatic antioxidants are also known as natural 

antioxidants; they neutralize excessive ROS and prevent them from damaging the cellular 

structure. Non-enzymatic antioxidants, also known as synthetic antioxidants or dietary 

supplements, are vitamin C, vitamin E, selenium, zinc, taurine, hypotaurine, glutathione, 

beta carotene, and carotene. Enzymatic antioxidants are composed of superoxide dismutase, 

catalase, glutathione peroxidase and glutathione reductase, which also cause reduction of 

hydrogen peroxide to water and alcohol. Superoxide dismutase (SOD) is one of the major 

antioxidant enzymes that catalyzes the conversion of superoxide radicals to hydrogen 

peroxide (Wallace DC and Melov S., 1998).  The SOD consists of three isozymes: 

copper/zinc SOD (CuZn-SOD, SOD1), which is localized in the cytosol, nucleus, and 

intermembrane space of mitochondria (Okado-Matsumoto A and Fridovich I., 2001); 

manganese SOD (Mn-SOD, SOD2), which occurs in the mitochondrial matrix, and 

extracellular SOD (EC-SOD, SOD3). Since the balance is maintained by the presence of 

adequate amounts of antioxidants, the measuring of the antioxidants levels, individually or 

as total antioxidant capacity (TAC), has been proposed (Jozwik M et al., 1999; Ishikawa M 

(1993); Paszkowski T.,et al 1995; Garcia-Pardo L et al., 1999). Therefore, the 

measurements of Mn-SOD activity in the embryos can be a reliable marker of oxidative 

stress.   

Another factor affecting in vitro mammalian embryo development is the disruption of 

metabolic pathways that may occur under suboptimal culture conditions, leading to poor 

embryo quality. It is known that the pre-implantation bovine embryo before compaction 

utilizes pyruvate and lactate as primary energy sources and that glucose uptake and 

utilization is low until compaction begins (Reiger D et al., 1992; Thompson J. G et al., 
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1996). However, although not an absolute requirement until post-compaction, glucose 

uptake is present at all stages of development. Therefore, glucose metabolism is low during 

early embryonic development to increase dramatically around compaction. However, 

glycolytic metabolism increases continuously to blastulation (Reiger D et al., 1992; 

Thompson J. G et al., 1996), whereas little increase is observed in glucose oxidation 

through the tricarboxylic acid cycle. Indeed the major metabolic fate of glucose in post-

compaction bovine embryos was demonstrated to be lactate production. Glucose, in 

addition to be an energy source, plays other roles including ribose and NADPH production 

through the pentose-phosphate pathway. In particular, ribose synthesis is important for the 

embryo, as this molecule is a precursor for DNA and RNA synthesis, which is essential for 

embryonic development. The transport of glucose into cells is mediated by facilitative 

carriers known as glucose transporters (GLUTs). Pre-implantation embryos express a 

variety of facilitative glucose transporters (GLUTs). In the mouse GLUT1 is present 

throughout embryonic development and after compaction, is localized on the apical and 

predominantly basolateral plasma membrane of the trophoblast and the plasma membrane 

of the inner cell mass (ICM) (Pantaleon M et al., 2001; Aghayan M et al., 1992). It 

probably transports glucose into the blastocoel cavity and into the ICM.  

The expression of GLUT-1 is frequently used when testing different culture systems (de 

Oliveira ATD et al., 2006; Wrenzycki C et al.,2001; Lazzari G et al.,2002;Lonergan P et 

al.,2003), Furthermore, a recent study demonstrated differences in the expression of GLUT-

1 in IVP buffalo embryos with different chronology of development (Rajib Rajhans, G et 

al.,2010) 

Another key event during pre-implantation embryo development is the gap junction 

formation. Indeed, gap junctional communication plays a central role in the maintenance of 

cellular homeostasis by allowing the passage of small molecules between adjacent cells. 

During murine pre-implantation development functional gap junctions are first observed at 

compaction at the eight-cell stage (Lo CW and Gilula NB.,1979; McLachlin JR et al.,1983; 

Goodall H and Johnson MH.,1984)  and are necessary for the maintenance of compaction, 

and thus for subsequent blastocyst formation (Lee S et al.,1987;Bevilacqua A et al.,1989). 

It is likely that these junctions are essential for the transport of cryoprotectant and fluids 
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during freezing and thawing. Gap junctions are composed of a family of proteins termed 

connexins: at least four connexins contribute to gap junctions formation in pre-implantation 

development.  

As well stated above, in vitro produced embryos are less viable than their in vivo 

counterparts because they grow and develop in suboptimal environments. However, within 

the in vitro produced embryos, we distinguish embryos with different quality, with the 

developmental speed recognized as a reliable marker of embryo viability. In Experiment 3, 

it was demonstrated that fast developing IVP buffalo embryos are less sensitive to the 

cryopreservation injuries, as indicated by higher survival rates after 24 h in vitro post-

warming culture and by higher pregnancy outcomes following embryo transfer (ET). As a 

drastic selection of the superior quality embryos in this species is not compatible with cost-

benefit ratio, due to the low number of oocytes recovered, the improvement of embryo 

quality through the optimization of culture systems is fundamental. The question that arose 

from the previous Experiment is ―Which are the differences between slow and fast 

developing IVP buffalo embryos?‖. This because the identification of these differences, in 

addition to provide further markers of embryo viability, may represent a starting point to 

modify the culture environment with the aim to improve the overall embryo quality.  

Most experiments determine developmental competence of embryos simply by utilizing 

morphological evaluations such as cleavage rates, blastocyst rates, or less frequently cell 

number data. While these endpoints are useful, they fail to accurately determine viability of 

the embryo post transfer into a recipient. The only true measure of viability is evident by 

the production of a healthy offspring. More quantitative measurements such as polymerase 

chain reaction (PCR) that assesses gene expression levels in embryos should allow a more 

detailed picture of developmental competence than simple morphological assessments. 

Numerous studies have detected aberrant expression levels attributed to suboptimal culture 

conditions (Wrenzycki et al., 1996, 1999, 2001, 2004; Eckert and Niemann, 1998; Lazzari 

et al., 2002; Rizos et al., 2002, 2003; Lonergan et al., 2003). In addition, the measurements 

of antioxidant capacity of the embryos can be a reliable marker of viability.  
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Different developmental speeds observed among embryos obtained under same culture 

conditions suggest the existence of different molecular responses to microenviromental 

conditions. In order to clarify the molecular features associated to these differences, 

molecular markers of the main biological pathways involved in this complex phenomenon 

were investigated at transcriptional and/or enzymatic level.  

 

Therefore, the aim of the study was to evaluate in buffalo in IVP embryos with different 

developmental speed: 

 

1) oxidative stress, by determining Manganese-superoxide dismutase (Mn-SOD)  

2) the expression of genes known to be involved in embryo development, such as 

connexin 43 and GLUT1 

 

Materials and methods 

 

Unless otherwise stated, reagents were purchased from Sigma-Aldrich
® 

(Milano, Italy).  

The in vitro maturation (IVM) medium consisted of TCM199 buffered with 25mM sodium 

bicarbonate and supplemented with 10% fetal calf serum (FCS), 0.2mM sodium pyruvate, 

0.5 µg/mL FSH (from ovine pituitary), 5 µg/mL LH (from ovine pituitary), 1 µg/mL 17β-

estradiol, 50 µg/mL kanamycin, 0.3 mM cystine, and 50 µM cysteamine (Gasparrini et al., 

2000; Gasparrini et al. 2006). Oocytes were handled on a warm bench in TCM199 with 

10% FCS, buffered with 15mM HEPES and 5mM sodium bicarbonate (H199). The in vitro 

fertilization (IVF) medium was Tyrode albumin lactate pyruvate (Lu et al., 1987) 

supplemented with 0.2mM penicillamine, 0.1mM hypotaurine and 0.01mM heparin. The in 

vitro culture (IVC) medium was synthetic oviduct fluid (SOF) including essential and non-

essential amino acids and 8 mg/mL bovine serum albumin (Tervit et al., 1972). Both 

fertilization and culture media were buffered with 25mM sodium bicarbonate, which was 

replaced by 20mM HEPES, and 5mM sodium bicarbonate when oocytes and embryos were 

handled outside the incubator. 
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Oocyte collection and in vitro maturation 

 

Buffalo ovaries were collected from a local abattoir, transported to the lab within 3–4 h 

after slaughter at approximately 35°C in physiological saline supplemented with 150 mg/L 

kanamycin. Cumulus–oocyte complexes (COCs) were recovered by aspiration of 2–8mm 

follicles using an 18-G needle under vacuum (40–50 mmHg).  

The COCs were selected on the basis of their morphology and only Grade A and B COCs 

were washed thoroughly in H199, once in the final maturation medium and allocated to 

50µL drops (10 per drop) of the same medium under mineral oil. IVM was carried out at 

38.5°C for 21 h in a controlled gas atmosphere of 5% CO2 in humidified air.  

 

In vitro fertilization and culture 

 

Spermatozoa were prepared from frozen-thawed semen, obtained from a bull, which was 

previously tested for IVF in our laboratory Frozen sperm were thawed at 37°C for 40 

seconds and the semen was prepared by Percoll density gradient (45 and 80%) through a 

centrifuge for 25 minutes at 300 x g. After centrifugation, the pellet was reconstituted in 2 

ml of modified Tyrode's balanced salt solution and centrifuged twice at 160 and 108 x g. 

The pellet obtained after centrifugation was re-suspended to a final concentration of 2x10
6
 

ml
-1

 in the IVF medium and oocytes were fertilized. Insemination was performed in 50 µL 

drops of fertilization medium under mineral oil (five oocytes per drop) at 38.5°C under 

humidified 5% CO2 in air. Twenty hours after IVF putative zygotes were removed from the 

fertilization medium, stripped of cumulus cells by gentle pipetting, washed twice in 

HEPES-buffered SOF and allocated to 20 µL drops of sodium bicarbonate-buffered SOF. 

Culture was carried out under humidified 5% CO2, 7% O2 and 88% N2 at 38.5°C. On day 5 

post-insemination (pi) the proportion of oocytes cleaving was assessed, unfertilized and 

degenerated oocytes were discarded and the embryos transferred into fresh medium for 

further 2 days of IVC. Final embryo yield, in terms of tight morulae-blastocysts (TM + BL) 
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and Grade 1 and 2 blastocysts (G 1&2 BL), was evaluated on Day 7 pi.  In order to verify 

whether the developmental speed affects the antioxidant embryonic capacity, at the end of 

culture embryos were assessed according to the stage of development as: tight morulae 

(TM), early blastocysts (eBL), blastocysts (BL), expanded blastocysts (XBL) and hatched 

blastocysts (HBL). Then, for each stage of development a pool of 5 embryos was allocated 

in 5 µl physiological saline and stored at -80°C up to the determination of manganese 

superoxide dismutase (MnSOD) activity (on average 20 embryos/group). The embryos of 

different categories were individually put in 2 µl of RNA later and stored at -80°C (on 

average 20 embryos for each developmental stage) up to the quantification of connexin 43 

(Cx43) and glucose transporter 1 (GLUT1) transcripts.  

 

Superoxide dismutase  assay.  

 

SOD are metalloenzymes that catalyze the dismutation of superoxide radical into hydrogen 

peroxide (H2O2) + molecular oxygen (O2) and consequently provide an important 

protection mechanism against superoxide radical toxicity. The SOD activity was 

determined by a colorimetric method previously used (Caraglia M et al., 2011). Briefly, 

embryos were re-suspended in lysis buffer (25 mM Hepes, pH 7.5, 150 mM NaCl, 1% 

Igepal CA-630, 1mM EDTA, 2% glycerol, EDTA 1 mM, PMSF, 1 mM, Leupeptin 1 

μg/ml, Pepstatin 1 μg/ml, Aprotinin 1 μg/ml, NaF 1 mM, Na3VO4 1mM), kept on ice for 30 

min, and then centrifuged at 13.000 rpm for 5 min at 4°C. The supernatant was transferred 

and, approximately 10 μg of protein extract was used to determine the SOD activity. The 

colorimetric method used to determine the SOD activity uses the xanthine/xanthine oxidase 

(XOD) system to generate superoxide anions and a chromogen to produce a water-soluble 

formazan dye upon reduction by superoxide anions. The rate of the reduction with O2
-
 is 

linearly related to the xanthine oxidase (XO) activity, and is inhibited by SOD. Therefore, 

the IC50 (50% inhibition activity of SOD) can be determined by this colorimetric method. 
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Absorbance can be measured at 440 nm. Results are expressed as SOD Units/ microgram of 

protein. 

 

RNA extraction and reverse transcription 

 

In order to analyse the expression of GLUT 1 in our condition, a comparison of GLUT 1 

expression in the different developmental stage at 7d was performed using a SYBR Green 

qPCR method approach (VanGuilder HD et al., 2008). For each stage about twenty 

blastocysts were pooled and the RNA extracted. The RNA extraction from each pool was 

performed according to the RNeasy Plus Micro kit (Qiagen) protocol. This kit includes a 

specific step, involving a gDNA eliminator column, to eliminate genomic DNA 

contamination. Total RNA extracted was used as template for the cDNA production 

according to the protocol of the QuantiTect Reverse Transcription kit (Qiagen). This kit 

includes another step to eliminate genomic DNA contamination. The cDNA quality and the 

presence of a genomic DNA contamination were tested through the PCR amplification for 

the housekeeping gene GAPDH. To obtain specific and efficient primers, the Bubalus 

bubalis specific GLUT 1 sequence (GenBank ID: HQ434959.1) was analysed with Primer 

3 and NCBI primer-blast to obtain a PCR product deriving only from the transcript without 

genomic contamination, the GLUT 1 locus exon-intron boundary was inferred from the 

BLAT algorithm analysis of the bovine homolog gene and only not co-linear primers were 

chosen. A similar procedure was used to obtain primers for the housekeeping GAPDH, 

used as reference gene.  

The sequence of the primers used were: GAPDHF 5‘TCACTGGCATGGCCTTCCGC3‘ 

and GAPDHR 5‘GCCCTCTGACGCCTGCTTCAC3‘. The product size is 126 bp. The 

presence of a short intron (about 98bp) in the corresponding genomic region amplified, 

allowed to differentiate between products deriving from cDNA and from genomic DNA. 

The PCR thermal protocol for GAPDH was: 5‘ at 95°C; then 30‖ at 95°C, 45‖ at 60°C and 

45‖ at 72°C for 35 cycles and a final step at 72°C for 5‘. For each stage, the GLUT1 and 
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GAPDH amplifications were performed in triplicate. To calculate the relative abundance of 

GLUT1 in the different stages, the average value obtained from each triplicate was 

calculated and 2
-Ct

 method was applied considering that corresponding to the intermediate 

stage, as the reference sample. Each set of experiments was repeated three times. To 

analyse the expression of connexin 43 in our condition, a procedure similar to that used for 

GLUT1 was performed. The buffalo specific sequence was obtained from GenBank 

(JN039301) and specific primers were designed. The qPCR experiments were performed in 

triplicate for each sample and repeated three times. Also in this case, the reference gene 

was the housekeeping GAPDH.  

 

Bioinformatic web tools for sequence analyses and primer  

design 
 

NCBI Genbank (http://www.ncbi.nlm.nih.gov/sites/entrez) to obtain specific sequence; 

UCSC BLAT (http://genome.ucsc.edu/cgi-bin/hgBlat) to infer the exon-intron structure 

from the bovine homolog sequence; Primer3 (http://primer3.sourceforge.net/) and NCBI 

primer-blast (http://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi) to design PCR 

primers. BLAST algorithm (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to check the primer 

quality. 

 

Quantitative RT- PCR 

 

For each transcript, specific primers were designed referring to sequences present in NCBI 

Genbank. The primer sequences respectively were: Glut1F   

5‘TGCAGTGCATCCTGCTGCCC3‘ and Glut1R 5‘ATCTCCTGCAGGTCGCGGGT3‘ 

http://www.ncbi.nlm.nih.gov/sites/entrez
http://primer3.sourceforge.net/
http://blast.ncbi.nlm.nih.gov/Blast.cgi
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for GLUT1 and Cnx43F 5‘GCAGGCAGGCAGCACCATCT3‘ and Cnx43R 

5‘ATCTCCTGCAGGTCGCGGGT3‘ for Cnx43. The GLUT1 product size was 136 bp; 

Cnx43 product was 125 bp. Each qPCR was performed in triplicate for each sample, using 

the CFX96™ Real-Time PCR Detection System (Biorad). The reactions were performed in 

a final volume of 20 µl with the 2x Master mix iQ SYBR Green Supermix (Biorad), 125 µl 

of each primer and 1µl of cDNA. The qPCR protocol, designed on the basis of instrument 

and mastermix features, includes the annealing temperature at 60°C and 64°C for GLUT1 

and Cnx43 respectively, and 40 amplification cycles. The expression level of each 

transcript in each blastocyst step was normalised to GAPDH levels. The experiments were 

repeated three times. The relative expression levels were obtained using the 2
-Ct

  method 

(Livak and Schmittgen, 2001) and expressed as fold change of the transcript expression in 

each developmental step in respect to the intermediate state (BL), considered as reference 

step.  

 

Statistical analysis 

 

In Experiment 4a, data were analyzed by the nonparametric Kruskal-Wallis ANOVA on 

Ranks test as variances were not homogeneous. Differences of the means among groups 

were tested by Tukey Test. 

In Experiment 4b, One-way repeated measures ANOVA (followed by multiple pairwise 

comparisons using Student-Newman-Keuls method) was used for the analysis of 

differences in mRNA expression assayed by quantitative RT-PCR.  

Differences of P<0.05 were considered significant. 
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Results 

 

As shown in Figure 7 the levels of enzymatic activity of Mn-SOD significantly (P<0.01) 

increased in the most advanced-stage embryos, i.e. the HBL, compared to all other stages. 

The MnSOD activity in the HBL was 18 times higher than in eBL, 5 times higher than in 

TM and XBL and a 2.6 times higher than in eBL. 

 

Figure 7 Mn-SOD levels in buffalo IVP embryos with different developmental speed. 

             

                                    a,b Values with different letters are significantly different; P<0.05 
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Figure 8. Relative abundance of transcripts for Cx43 in buffalo IVP embryos with 

different developmental speed. 

               

                                   a,b Values with different letters are significantly different; P<0.05 

 

The differences in mRNA expression for Cx43 among embryos with different 

developmental kinetics are shown in Figure 8, in which all developmental stages are 

included and in Figure 9, in which TM are omitted, to allow a better visualization of 

differences among other stages. The strongest expression of Cx43 was observed in TM, 

followed by eBL, whereas no significant differences were detected among BL, XBL and 

HBL. It is worth noting that, despite the high variability recorded at the TM stage, CX43 

expression showed an increase higher by 10-fold compared to the eBL and even greater  

with respect to the most advanced embryos.  
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Figure 9 Relative abundance of transcripts for Cx43 in buffalo IVP embryos with 

different developmental speed. 

             

                                a,b Values with different letters are significantly different; P<0.05 

Figure 10. Relative abundance of transcripts for GLUT1 in buffalo IVP embryos with 

different developmental speed. 

             

                              a,b Values with different letters are significantly different; P<0.05 
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With regard to GLUT1, the triplicate analysis in TM showed high variability and so, the 

corresponding results were not considered reliable and, for the moment, were excluded 

from the analysis.  

However, we could compare the relative abundance of GLUT1 among the other embryonic 

stages, as reported in Figure 10. The results demonstrated that the faster developing 

embryos, i.e. those that reached the XBL and HBL stage at the end of culture, show a 

higher (P<0.05) expression of GLUT 1 than the slower developing embryos, i.e. the eBL, 

with an intermediate expression recorded for the intermediate stage considered (BL).  

 

Discussion 

 

The results of Experiment 4a demonstrated that the expression of transcripts for some key 

genes involved in embryonic development, such as GLUT1 and Cx43, as well as the 

antioxidant capacity, of IVP buffalo embryos, measured by determining the MnSOD levels, 

are different in relation to their quality, judged on the basis of the chronology of 

development. We have previously demonstrated that fast developing embryos show an 

improved cryotolerance, indicated by higher in vitro survival rates and, above all, by higher 

pregnancy rates after ET (Experiment 3b). In the present study it was demonstrated that 

the better viability of faster embryos correspond to changes in the antioxidant machinery, as 

well as in glucose transport/metabolism and gap junction formation.  

In particular, embryos that reached by the end of culture (Day 7) the hatched stage, had the 

highest MnSOD activity, whereas the lowest antioxidant levels were found in both the 

slower categories embryo, i.e. those that on Day 7 were still at the tight morula or early 

blastocyst stages. The higher MnSOD activity in faster developing embryos well reflect 

their better viability, indicating that they are well protected against oxidative stress.  
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Increased oxidative stress is indeed a major factor affecting in vitro mammalian embryo 

development. In fact, several studies indicate that the rise in embryonic hydrogen peroxide 

levels attributable to in vitro culture may be a cause of species-specific blocks to embryo 

development (Legge M and Sellens MH., 1991;Takahashi M et al., 1993).  ROS are a 

double-edged sword, they serve as key signal molecules in physiological processes but also 

have a role in pathological processes involving the female reproductive tract. ROS affect 

multiple physiological processes from oocyte maturation to fertilization, embryo 

development and pregnancy (Suzuki T et al.,1999; Jozwik M et al.,1999;Ishikawa 

M.,1993;Vega M et al.,1998; Sugino N et al.,2000). In most cells the effect of oxidative 

stress can be attenuated by efficient antioxidant systems such as catalase or superoxide 

dismutase, as well as thiol compounds acting as metabolic buffers which scavenge active 

oxygen species (Del Corso A et al., 1994). Therefore, the measurement of embryonic 

MnSOD provides an indication on how the embryos are protected against the increase in 

ROS normally associated with in vitro culture. Indeed, MnSOD, the mitochondrial isozyme 

of SOD, is one of the major antioxidant enzymes, involved in the first defense against ROS, 

as it catalyzes the conversion of superoxide radicals to hydrogen peroxide and oxygen. 

Then the hydrogen peroxide is detoxified by catalase and glutathione peroxidase.  

In bovine embryos MnSOD expression was detected in blastocysts produced in different 

culture conditions but the expression was highest in in vivo-produced blastocysts and in 

those cultured in the ewe oviduct while it is lower in those produced by in vitro culture 

(Rizos D et al.,2002b). Interestingly, this pattern was consistent with the results previously 

obtained by the same authors on the cryotolerance of embryos produced under various 

culture systems (Rizos D et al.,2001; Rizos D et al.,2002c). Furthermore, a culture 

environment-dependent expression of MnSOD was demonstrated in cattle by Lequarre et 

al., (2001)In that study, no expression was detected at the 5 to 8-cell, 9 to 16-cell and 

morula stages when culture took place in the absence of serum, while it was detected in 

almost 80% of blastocysts. In contrast, in the presence of 5% serum, or in vivo-produced 

embryos, mRNA expression was detectable in 58% of morulae and 74% of blastocysts. The 

low level of expression of MnSOD in in vitro-produced blastocysts may be indicative of 

low mitochondrial activity, according to Farin et al. They reported that the mitochondrial 
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population in embryos produced using in vitro culture systems is compromised (Farin PW 

et al., 2001).  

Despite few studies about the MnSOD expression in embryos of several species, no data 

are available in literature regarding the actual measurement of the enzymatic activity, that 

provides an even better marker of oxidative stress. In fact, a high expression of the 

transcript is a good indicator but it does not necessarily mean that translation occurred and 

the relative enzyme is present. In this study we measured the MnSOD activity that 

increased in faster developing buffalo embryos, reaching the highest levels in HBL, i.e. the 

embryos that in our experience gave the higher pregnancy rates. However, it is interesting 

to note that, the MnSOD activity of buffalo HBL was 15 times lower than that we 

previously measured in bovine counterparts (unpublished data), suggesting that buffalo 

embryos are in any case highly sensitive to oxidative stress.  

 

In Experiment 4b we chose to analyze a set of gene transcripts known to play important 

roles in pre-implantation embryonic development. The results of this experiment 

demonstrated that faster developing embryos show a stronger expression of transcripts for a 

gene involved in transport and metabolism of glucose, such as GLUT1, but a decreased 

expression of the transcripts for CX43, known to play a role in gap junction formation, 

compared to slower developing embryos.  

Glucose is a critical energy source required for the early embryonic development, 

compaction and blastulation. The transport of glucose into system is mediated by 

facilitative carriers known as glucose transporters (GLUTs). Glut-1 mediates cellular 

glucose incorporation into embryonic cells and its expression has been detected during the 

whole pre-implantation period (Lequarre AS et al., 1997; Navarrete-Santos A et al., 2000; 

Augustin R et al., 2001; Bertolini M et al.,2002). The expression of the glucose transporter 

1 (Glut-1) gene is frequently used to describe differences among culture systems 

(Wrenzycki C et al.,1999; Wrenzycki C et al.,2001; Lazzari G et al .,2002).  It has been 

shown that the expression of GLUT-1 is altered in bovine embryos in response to changes 

in oxygen concentrations and environmental stress (Lonergan P et al., 2003b; Camargo 
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L.S.A et al., 2007). However, in another study no differences were found in the relative 

abundance of GLUT 1 transcripts in bovine IVP embryos cultured in media supplemented 

with BSA or different sources of serum (Oliveira et al., 2006). The relative transcription of 

Glut-1 was shown to be higher in bovine in vivo-derived embryos than that shown by in 

vitro produced embryos (Niemann H and Wrenzycki C.,2000). On the contrary, the relative 

Glut-1 mRNA abundance was identical in compact morulae obtained in vivo or in vitro 

with serum and BSA supplementation (Oliveira et al., 2006).  

Messenger RNA of the glucose transporter isoform-1 (Glut-l) was diminished by more than 

50% by in vitro blastocysts versus those grown in vivo and was virtually abolished after 

freezing and thawing of murine 2-cell and blastocyst stages. While expression by in vivo 

embryos was increased 15 fold from the 2 cell to the blastocyst stage, in vitro-generated 2-

cells expressed no Glut-l and blastocysts grown in vitro expressed only marginal mRNA for 

Glut-l. Interestingly, the Glut-l transcript levels corresponded with levels of glucose uptake 

(Morita Y et al.,1994; Uechi H et al.,1997) 

 

It has been previously suggested that embryo metabolism, and particularly glucose uptake, 

can be used for assessment of embryo viability (Thompson  Jeremy G,1997). Our results 

are in line with these observations, with the superior quality embryos, i.e. the faster 

developing ones, indeed showing the strongest expression of GLUT 1, reflecting higher 

glucose consumption. 

In a recent study carried out on IVP buffalo embryos, the expression of GLUT-1 was found 

in immature and mature oocytes and in all embryonic development stages in the case of fast 

cleaving embryos whereas, in slow cleaving embryos the expression of GLUT-1 was found 

only in immature, mature oocytes and 8-16 cell stages embryos (Rajib Rajhans, G et al., 

2010). They also reported an improved developmental competence and higher cell number 

for faster developing embryos, confirming that the chronology of development is an 

important marker of embryo viability in buffalo.  
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The criteria chosen by these authors to divide embryos in relation to the chronology of 

development was different from that we here employed. In particular, they considered 

―fast‖ the embryos that reached any developmental stage at the expected time, and ―slow‖ 

all embryos lagging behind. However, in our opinion they were less strict in the selection, 

as they considered fast embryos that reached the morula stage at both 5 and 6 days and the 

blastocyst stage at both 7 and 8 days, whereas we strongly believe that embryos reaching 

the morula stage at day 7 and the blastocyst stage at day 8 are delayed. Furthermore, in that 

study a qualitative assay was performed to simply detect the presence or absence of the 

transcripts in embryos of different developmental stages. Although a real comparison 

cannot be made, it was demonstrated that in the case of slow developing embryos in both 

morulae and blastocysts GLUT 1 was not detected. On the contrary, in the present study 

where we actually quantified the expression of the transcript, we detected GLUT1 also in 

slower embryos, such as those that reached eBL stage by day 7, but the expression was 

significantly lower than that observed for the XBL and HBL. Therefore, both studies 

suggest that GLUT1 expression varies in relation to quality and developmental speed and 

hence can be considered a reliable marker of viability for IVP buffalo embryos.  

 

The other transcript we analyzed in Experiment 4b was Cx43. Connexin43 (Cx43) and 

Connexin32 (Cx32) are the two most abundant connexins and are expressed in numerous 

tissues including ovaries, placenta and decidua in several species (Risek BS et al.,1990; 

Wiesen JF and Midgley AR.,1994; Mayerhofer A and Garfield RE.,1995; Pauken CM and 

Lo CW.,1995). In rodents, Cx43 and Cx32 expression changes during oocyte growth and 

maturation and pre-implantation embryo development (Barron DJ et al.,1989; Nishi M et 

al.,1991; Valdimarsson G et al.,1991; Valdimarsson G et al.,1993; De Sousa PA et 

al.,1993). It is known that at least four connexins contribute to gap junctions formation in 

pre-implantation embryo development (De Sousa PA et al., 1997).  These junctions 

represent a major conduit for the exchange of metabolism within the pre-implantation 

embryo and, hence it is likely that they are fundamental for the transport of cryoprotectants 

and fluids during freezing and thawing.  
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The results of the present study demonstrated that the expression of CX43 in IVP buffalo 

embryos varies in relation to the developmental speed, with the strongest expression in the 

delayed embryos. 

In the mouse pre-implantation embryo, the development of functional gap junctions occurs 

at compaction (Lo CW and Gilula NB ,1979; McLachlin JR et al.,1983;Goodall H and 

Johnson MH.,1984) and they are fundamental for the maintenance of compaction, and thus 

for subsequent blastocyst formation (Lee S et al.,1987; Bevilacqua A et al.,1989). Many 

authors reported that Cx43 mRNA was detectable in in vitro-produced bovine embryos 

from the oocyte to the morula stage, but not in blastocysts or hatched blastocysts, in 

contrast to its presence found in the in vivo-derived blastocysts. It was speculated that the 

inappropriate compaction, frequently observed in bovine embryos produced in vitro, leads 

to the absence or strong reduction of the perivitelline space in the morula (Greve et 

al.,1994; Avery and Greve.,1995) that could be the result of absent or altered expression of 

gap junction genes. 

The differences in CX43 expression between in vitro and in vivo bovine derived embryos, 

evident at the blastocyst stage, may also be accounted for by the role of the maternal 

environment, that is obviously absent in vitro. It is likely that embryo–maternal signaling 

will occur during pre-implantation development and that maternally derived molecules will 

need to  be distributed rapidly and evenly between the cells of the early embryo to ensure a 

consistent response. This homeostatic mechanism would be facilitated by the presence of 

gap junctions and may contribute to the superiority of in vivo over in vitro development in 

terms of blastocyst formation rate and cell number (Bowman P and McLaren A ,1970).  

The same authors reported that the expression pattern for Cx43 in vitro was altered in the 

presence of serum, disappearing at the 8- to 16-cell stage, and reappearing at the hatched 

blastocyst stage (Wrenzycki C et al.,1999). 

In a recent study the expression pattern of Cx43 gene in buffalo (Bubalus bubalis) oocytes 

and in vitro produced embryos at different stages was evaluated (Mishra, A et al., 2010).  In 

particular, they observed that Cx43 was expressed in immature and in vitro matured 

oocytes, in 2–4 cell embryos, 8–16 cell embryos and morula but CX43 was not detected in 
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blastocysts, similar to what described in cattle (Wrenzycki C et al.,1996; Wrenzycki C et 

al.,1998). 

In the present study in which we compared the expression of CX43 in IVP buffalo embryos 

with different developmental speed, the strongest expression of CX43 was found in the TM 

followed by the eBL, whereas it significantly diminished in BL, XBL and HBL. Unlike the 

above cited qualitative studies in bovine and buffalo, we detected CX43 also in blastocysts 

up to the hatched stage. However, in the more advanced stages (from BL to HBL) the 

transcript was down-regulated. These results were unexpected as in our study the more 

advanced embryos were those showing a faster developmental speed, indicator of superior 

quality. However, the pattern we observed could be accounted for by characteristics 

intrinsic to the embryonic stage rather than to the quality. It has been shown in the mouse 

that once cell adhesion between blastomeres has occurred at the eight-cell stage, in the 

process of compaction (Fleming TP et al.,2001), Cx43 begins to traffic to the plasma 

membrane for assembly into gap junctions (De Sousa PA et al.,1993). It has been also 

reported that although compaction and gap-junction formation in embryos are independent 

events, they are temporally correlated (Kidder GM et al., 1997). It is speculated therefore 

that the higher expression recorded in the present study in embryos at the TM and then at 

the eBL stage reflect the major role played by gap junctions at compaction and has nothing 

to do with quality. It has been proposed that multiple connexins are expressed in the 

preimplantation embryo to ensure their coordinated and rapid segregation at implantation 

(Houghton FD et al., 2002). For example, Cx31 and Cx43 are expressed abundantly in both 

cell lineages of the blastocyst, the inner cell mass and trophectoderm, but upon 

implantation Cx31 is restricted to the ectoplacental cone and extraembryonic ectoderm, 

while Cx43 is found in the embryo and visceral endoderm (Dahl E et al., 1996; Grummer R 

et al.,1996). 

Therefore, we cannot rule out that in the more advanced buffalo IVP blastocysts the lower 

expression of CX43 may be compensated by the increase of other connexins. It is also 

possible that as the embryo dynamically interacts with its surroundings, differences in the 

media employed may influence the expression of different connexins. In agreement with 
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this hypothesis, in a previous study, Cx43 was strongly expressed in bovine blastocysts 

derived from co-culture, culture in the ewe oviduct, or in vivo (Rizos D et al., 2002b) 

whereas a low expression was recorded for embryos cultured in the defined SOF medium. 

In contrast, Cx31 mRNA was expressed strongly in SOF-derived blastocysts, was 

intermediate in co-culture and ewe oviduct-derived blastocysts, with very low expression in 

in vivo-derived blastocysts. 

For completeness, we cannot conclude this dissertation by citing an intriguing study that 

demonstrated that using the inhibitor 18α-glycyrehetic acid, to completely abolish die 

coupling in pre-implantation murine embryos, did not affect blastocyst development, or cell 

allocation to the trophectoderm or inner cell mass (Vance MM et al., 1999). These 

surprising results suggest that gap-junctional intercellular communication is not required 

for successful development of the preimplantation embryo. Nevertheless, mice lacking 

Cx43 survive to term, but die shortly afterwards due to a morphological defect in the right-

ventricular outflow tract of the heart (Reaume AG et al., 1995). However, the lack of 

abnormalities in other tissues is often used as evidence that compensation occurs among 

connexins, or that there is redundant expression. All these findings indicate that controversy 

still surrounds the functional requirement of gap junctional intercellular communication in 

the pre-implantation embryo.  

Therefore, these preliminary results, although providing a first characterization of the CX43 

profile in IVP buffalo embryos of different quality, do not suggest to use CX43 as a reliable 

marker for embryo quality/viability.   

In conclusion, the observed alterations in oxidative stress biomarkers and in mRNA 

expression of GLUT1 seem directly linked with the quality of these blastocysts. The 

challenge for the future is to modify the conditions of in vitro culture during this critical 

window of development in order to try and mimic these patterns as they occur in vivo or at 

least in the in vitro-derived superior embryos, and in that way, produce embryos of higher 

quality. 

The approach we followed gave encouraging results highlighting differences between fast 

and slow developing embryos that provide the basis for the optimization of the system. In 
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particular, these preliminary results suggest to modify the culture system by improving the 

antioxidant machinery of the embryos, via the supplementation of various antioxidant 

agents, and to identify the most appropriate energy source, and/or to create a micro 

environment that allows embryos to increase glucose consumption, as it is known that 

manipulating the metabolic profile of the embryos may lead to improve competence. 

However, further studies are needed to analyze other transcripts of genes involved in 

critical events during pre-implantation development.  
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CONCLUSIONS 

In buffalo species, the optimization of the OPU and IVEP efficiency is essential for the 

valorization of this unique animal resource. Nowadays, although the IVEP efficiency has 

significantly enhanced in the last years in terms of embryo production, (Neglia et al., 2003; 

Gasparrini et al., 2006), pregnancies to term obtained by vitrified embryos are not high 

enough to allow the diffusion of this technology in the field (Neglia et al., 2004; Sá Filho et 

al., 2005; Hufana-Duran et al., 2004) and so unfortunately it is still far from being 

commercially viable (Gasparrini, 2010).  

The aim of this thesis was to evaluate the most critical factors affecting the IVEP efficiency 

in buffalo species. Up to now, the main limitations are: 1) the reproductive seasonality of 

the species, 2) the low oocyte recovery rate and the poor oocyte quality, (only 27.3% to 

31.3% of oocytes are classified as viable; Campanile et al., 2003) that weight upon the costs 

and 3) the reduced embryo quality, indicated by low pregnancy rate after embryo transfer 

(ET) of cryopreserved IVP embryos.  

Therefore, the aim of Experiment 1 was to assess the effect of season on quality and 

developmental competence of OPU-derived oocytes. In order to do so, OPU was carried 

out during different seasons and the oocyte quality was evaluated in terms of morphology, 

whereas the developmental competence was assessed in terms of blastocyst rates after 

IVEP. 

The results of Experiment 1 demonstrated that, although oocyte quality assessed by 

morphological criteria was not much affected, the oocyte developmental competence, i.e. 

cleavage and blastocyst yields was greatly improved in autumn compared to both the mid-

winter and spring- summer periods. These results suggest to restrict the period of gametes 

collection to the autumn months a, when planning OPU trials, in order to save resources 

and make the benefit/costs ratio more favorable. 

In the Experiment 2 the influence of the donor on the number of follicles, oocytes 

recovered and the production of blastocysts was evaluated. It was demonstrated that a high 

individual variability in both oocyte and blastocyst production is recorded in this species 
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and that it is possible to select the best donors conducting a preliminary screening by 

ultrasound examination of the follicular population before the start of the trial. The data 

recorded during the first session can be useful indicators of the germinal potentials of 

donors in medium to long-term. In other words it is possible to carry out a preliminary 

reliable screening, by means of a simple ultrasound examination performed at time 0, of the 

best donors of viable oocytes.Therefore, the results of this work demonstrated a maternal 

influence on follicular recruitment, as well as on the production of oocytes and blastocysts 

in vitro in River buffalo. This basically means that there are good and bad donors. More 

importantly, it was demonstrated that a rapid and non- invasive preliminary screening of the 

donors on the basis of the follicular population can reliably predict the best blastocyst 

producers that is fundamental in this species in order to offset the laboratory costs and 

render the technology feasible.  

In Experiment 3 it was demonstrated that CTV is a reliable method for cryopreserving 

buffalo IVP embryos, as indicated by the high in vitro survival rates and by the 

establishment of pregnancy. It was also proven that fast developing embryos are less 

sensitive to the cryopreservation injuries; in fact, the highest survival rates were recorded 

with the HBL and the lowest with the TM. In experiment 3b, we evaluated the in vivo 

survival after ET of OPU-derived IVP embryos. We compared the slow (TM, EBL and BL) 

and the fast (XBL and HBL) developing embryos. A clear difference in pregnancy rate at 

25 days was shown between fast and slow developing embryos. The high rates of 

pregnancy recorded at 25 and at 45 days indicate that the CTV method is suitable for 

cryopreserving buffalo IVP embryos. In this study the endpoint of culture for all the 

embryos that were cryopreserved was day 7, it is likely that the better freezability of the 

advanced stages here reported was due to their quality, indicated by the faster 

developmental speed. In conclusion, it was demonstrated that CTV is a reliable method for 

cryopreserving buffalo IVP embryos, as indicated by the high in vitro survival rates and by 

the establishment of pregnancy. It was also proven that fast developing embryos are less 

sensitive to the cryopreservation injuries. The results of this study taken together suggest 

that it is advisable to select the IVP buffalo embryos to be cryopreserved and transferred, 

also on the basis of their developmental speed.  On the other hand, a strict selection of the 
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embryos, while improving cryopreservation efficiency, will limit the number of embryos 

and hence, render the cost-benefit ratio of IVEP more unfavorable. 

These results suggested to investigate by enzymatic and transcriptional methods the 

differences among embryos of different developmental speed, in order to hypothesize 

corrective strategies to improve the embryo quality. 

The results of Experiment 4 demonstrated that the expression of transcripts for some key 

genes involved in embryonic development, such as GLUT1 and Cx43, as well as the 

antioxidant capacity, of IVP buffalo embryos, measured by determining the MnSOD levels,  

are  different in relation to their quality, judged on the basis of the chronology of 

development. In the present study it was demonstrated that the better viability of faster 

embryos correspond to changes in the antioxidant machinery, as well as in glucose 

transport/metabolism and gap junction formation. The higher MnSOD activity in faster 

developing embryos well reflects their better viability, indicating that they are well 

protected against oxidative stress. In this study the MnSOD activity increased in faster 

developing buffalo embryos, reaching the highest levels in HBL, i.e. the embryos that in 

our experience gave the higher pregnancy rates. 

In Experiment 4 we chose to analyze a set of gene transcripts known to play important 

roles in pre-implantation embryonic development. The results of this experiment 

demonstrated that faster developing embryos show a stronger expression of transcripts for a 

gene involved in transport and metabolism of glucose, such as  GLUT1, but a decreased 

expression of the transcripts for CX43, known to play a role in gap junction formation, 

compared to slower developing embryos.  

The observed alterations in oxidative stress biomarkers and in mRNA expression of GLU1 

seem directly linked with the quality of the blastocysts. The challenge for the future is to 

modify the conditions of in vitro culture during this critical window of development in 

order to try and mimic these patterns as they occur in vivo or at least in the in vitro-derived 

superior embryos, and in that way, produce embryos of higher quality. The approach we 

followed gave encouraging results highlighting differences between fast and slow 

developing embryos that provide the basis for the optimization of the system.  
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In conclusion our results suggest few key aspects to take into consideration for applying 

IVEP technology in the field in buffalo species. First of all we demonstrated that  in order 

to improve IVEP efficiency in buffalo, it is advisable to carry out the oocyte collection and 

the embryo transfer into synchronized recipients during autumn months. Furthermore, it is 

compulsory to select the best donors based on the follicular population before enrolling 

them into IVEP programs, to optimize benefit-cost ratio. It was also demonstrated that it is 

critically important to select the superior quality  IVP embryos to be crypreserved and 

transferred on the basis of their developmental speed. Finally, the results suggest that it is 

fundamental the optimization of the IVEP system by improving the antioxidant machinery 

of the embryos, via the supplementation of various antioxidant agents, and to identify the 

most appropriate energy source, and/or to create a micro environment that allow embryos to 

increase glucose consumption, as it is known that manipulating the metabolic profile of the 

embryos may lead to improved competence. However, further studies are needed to analyze 

transcripts of other genes involved in critical events during pre-implantation development. 
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