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ABSTRACT 

The cryopreservation of embryos has been tried with variable success. Embryos 

are often damaged during the cryopreservation process and/or thawing, either by the 

formation of large ice crystals or by increased intracellular concentration of solutes and 

accompanying changes that result from dehydration of cells during cryopreservation. 

Freezing damage decreases the pregnancy rate when embryos are transferred into 

recipients. Fast freezing minimizes damage from solution effects; however, it leads to 

the formation of large ice crystals that cause severe mechanical damage. In contrast, 

slow freezing prevents large ice crystal formation, but it leads to increased damage from 

solution effects. Therefore, further experiments are needed to improve the pregnancy 

rates following embryo cryopreservation and transfer. 

Recently, a new unique freezing technology (UFT) has been developed for the 

freezing of foodstuffs and other products. Two studies were conducted in order to 

determine if this UFT can be used in the cryopreservation of cattle embryos for the 

improvement of embryo survival and pregnancy rates. Preliminary studies in embryo 

survival using the UFT were conducted with in vitro matured/fertilized bovine embryos. 

These studies were followed by experiments with embryos flushed from superovulated 

cattle, frozen using the UFT, and then compared to development of both fresh (control) 

embryos and embryos traditionally frozen in Liquid Nitrogen (LN). 

Data analysis for the comparison of the Control group (never frozen). Liquid 

Nitrogen group (direct plunge into LN) and UFT at all percentage levels (2%, 4%, 6%, 
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8% and 10%) of Dimethyl Sulphoxide (DMSO) revealed a difference in expansion rates 

(P > 0.018) and for hatching rates (P > 0.009). The comparison of LN with all the levels 

of DMSO using the UFT failed to reveal a difference for expansion rates (P > 0.44); 

however, a difference was observed for the hatching rates (P > 0.06). Comparison of the 

8% DMSO group, which gave the highest overall expansion and hatching rates, using the 

UFT versus LN did not reveal a difference for expansion (TP > 0.21) or for hatching rates 

(P > 0.29); however, a fold increase was observed. All DMSO groups using the UFT did 

not differ for expansion rates (P > 0.56), but differences were noted for hatching rates 

(P > 0.03), with the 8% DMSO group yielding the highest hatching percentage rate. Data 

analysis was not conducted for the superovulation studies due to less than expected 

numbers of embryos recovered from the donor cows. 

The data suggest the UFT can be used in the cryopreservation of bovine embryos, 

and of the techniques used, the methods similar to standard vitrification seemed to work 

best. These data suggest the UFT is a viable alternative to current cryopreservation 

techniques; however, future studies are needed to define the optimum techniques, 

cryoprotectants, and thawing procedures for use with the UFT. 

vn 



LIST OF TABLES 

2.1 Age and Weight of Various Breeds of Heifers at Puberty 7 

2.2 Primary Characteristics of the Estrous Cycle Phases in the Cow 9 

2.3 Gestational Length Differences in Breeds of Beef and Dairy Cattle 33 

2.4 Rate of Cleavage (Days after Ovulation) 34 

2.5 Time of Implantation (Days after Ovulation) 35 

2.6 Sexual Differentiation 40 

2.7 Average Time Required for the Stages of Parturition for Different Species 43 

2.8 First Records of Successful Embryo Transfers 50 

2.9 Developmental Embryonic Stage 59 

2.10 The First Successful Cryopreservation of Mammalian Embryos 65 

4.1 Freezing Media for Blastocysts 79 

4.2 Embryo Dish Content 79 

4.3 Daily Superovulation Injections of Follitropin 82 

4.4 Daily Injections of the Superovulatory Dmg Follitropin 84 

viu 



LIST OF FIGURES 

5.1 Expansion to Blastocyst Comparison for All Groups 86 

5.2 Hatching Blastocyst Comparison for All Groups 87 

5.3 Expansion to Blastocyst Comparison for LN versus All Levels of DMSO 

Using UFT 88 

5.4 Hatching Blastocysts Comparison for LN versus All Levels of DMSO Using UFT.89 

5.5 Expansion to Blastocyst Comparison for LN versus 8% DMSO Using UFT 90 

5.6 Hatching Blastocysts Comparison for LN versus 8% DMSO Using UFT 91 

5.7 Expansion to Blastocyst Comparison between All DMSO Groups 92 

5.8 Hatching Blastocysts Comparison between All DMSO Groups 93 

5.9 Expansion to Blastocyst and Hatching Blastocyst Data Results 95 

ix 



CHAPTER I 

INTRODUCTION 

There is an increasing interest in the freezing of cattle embryos for research 

purposes as well as industry uses. The improvement of/« vitro produced (IVP) 

cryopreservation techniques for bovine embryos is an important goal for both 

experimental reproduction studies and the livestock industry. During the last 20 years, 

there has not been a significant improvement in methods for the freezing of bovine 

embryos. Current methods offreezing are very similar to those first developed. The 

purpose of the present experiments was to assess a freezing procedure using a new 

technology to cryopreserve cattle embryos. The goal was to assess whether this "Unique 

Freezing Technique" (UFT) could be used as an alternative method to current 

cryopreservation techniques such as vitrification. 

To evaluate the usefulness of the UFT in the freezing of cattle embryos for the 

improvement in embryo survival and pregnancy rates, two studies were conducted. 

Preliminary studies in embryo survival using this new technology were conducted with in 

vitro matured///! vitro fertilized bovine embryos. These studies were followed by 

experiments with embryos flushed from cattle, frozen in the UFT, and then compared to 

of both fresh and traditionally frozen embryos. 



CHAPTER II 

LITERATURE REVIEW 

Bovine Reproduction 

Reproduction has three main purposes: continuation of the species, to provide 

food, and improvement in genetics. To understand the science of reproduction, it is 

necessary to study anatomy, physiology, endocrinology, embryology, microbiology and 

some nutrition. Much of the existing knowledge of reproduction has been generated in 

the last 60 yrs; however, Aristotle (383 to 322 B.C.) wrote the first scientific papers on 

embryology (Bearden and Fuquay, 2000). The following is a brief review of the 

literature on bovine reproduction, focusing particularly on the new assisted reproductive 

techniques and cryopreservation. 

Anatomy of the Bovine Reproduction Tract 

The female reproductive organs lie in the pelvic cavity and are composed of the 

ovaries, oviducts, utems, cervix, vagina, vulva and supporting stmctures. The broad 

ligament supports ovaries, oviducts, utems, and cervix. This ligament consists of the 

mesovarium, which supports the ovary. The mesosalpinx supports the oviduct and the 

mesometrium supports the utems. In cattle and sheep, the attachment of the broad 

ligament is dorsolateral in the region of the ilium, and the autonomic nerves primarily 

supply the utems (Hafez, 1987). 

The Ovaries. Unlike the testes, the ovaries remain in the abdominal cavity. The 

ovary performs both an exocrine (egg release) and endocrine fimction (steroidogenesis). 



The two ovaries lie slightly medially to the tips of the uterine horns to which they are 

joined directly by part of the broad ligaments referred to as the ovarian ligament. The 

ovaries are oval in shape and vary in size from about 1.5 to 5 cm in length and 1-3 cm in 

diameter, depending on the stage of estrous cycle (Peters and Ball, 1995). The part of the 

ovary that is not attached to the mesovarium is exposed and bulges into the abdominal 

cavity. 

The ovary, composed of the medulla and cortex, is surrounded by the superficial 

epithelium, commonly known as the germinal epithelium (Hafez, 1993). The medulla 

consists of irregularly arranged fibro-elastic connective tissue, and extensive nervous and 

vascular systems reach the ovary through the hilus (attachment between the ovary and 

mesovarium) (Hafez, 1993). At various stages of development or regression, the ovarian 

cortex contains ovarian follicles and/or corpora lutea. After the collapse of the follicle at 

ovulation, the corpus luteum develops. 

The increase in the weight of the corpus luteum is initially rapid. In general, the 

period of growth is slightly longer than half the estrous cycle. In the cow, the weight and 

progesterone content of the corpus luteum increase rapidly between d 3 and 12 of the 

cycle and remain relatively constant until d 16, when regression begins (Hafez, 1987, 

1993). If fertilization does not occur, the corpus luteum regresses, allowing other larger 

ovarian follicles to mature. As these cells degenerate, the whole organ decreases in size, 

becomes white or pale brown, and is known as the corpus albicans. 

The Oviducts. The oviducts or fallopian tubes serve to transport ova or 

unfertilized eggs from the ovary to the utems and pursue a convoluted course through a 



section of the broad ligament, the mesosalpinx. Each oviduct is 20 to 30 cm long and 

approximately 2 to 3 mm in diameter and can be considered as consisting of three 

segments: isthmus, ampulla, and inflindibulum (Hafez, 1993). The narrow isthmus 

extends from the tip of the uterine horn for approximately half the length of the oviduct. 

The ampulla is a slightly wider section eventually opening into the peritoneal cavity via 

the funnel-like portion of the oviduct, the inflindibulum (Hafez, 1993). 

The Utems. The utems is a hollow muscular organ consisting of the body, which 

divides anteriorly into two comua or horns. The size of the utems depends on several 

factors, such as age and parity, but the uterine body is approximately 5 cm in length and 

the horns are 20 to 40 cm in length and 1.5 to 4 cm in external diameter in the non

pregnant cow (Hafez, 1993). During pregnancy, the utems increases in size. The utems 

is suspended in the pelvic cavity by the broad uterine ligaments on either side, which 

carry blood and nerve supply to the tract (Hafez, 1993). Blood is supplied to the tract by 

the utero-ovarian and uterine arteries, of which the middle uterine artery is the largest. 

The uterine wall varies from 3 to 10 mm in thickness and consists of three layers: the 

endometrium, or inner lining; the myometrium, or muscular layer; and the outer "serosa" 

layer (Meredith, 1995). These are characteristics of the uteri of mminants, and are the 

points of attachment of the placenta during pregnancy (Hafez, 1993). 

The Cervix. The cervix or commonly known as the neck of the womb, forms a 

barrier between the vagina and the utems (Hafez, 1993). It varies in length from 2 to 3 

cm in the heifer to approximately 10 cm in the mature cow, and it has a very thick fibrous 

wall (Peters and Ball, 1995). The lumen or cervical canal is convoluted and normally 



tightly closed except at parturition, although it dilates slightly at estms (Peters and Ball, 

1995), A plug of thick brown mucus is usually present in the canal during the luteal 

phase of the estrous cycle and during pregnancy (Hafez, 1993). 

The Vagina The vagina extends posteriorly from the cervix to the outside 

opening of the vulva and is variable in length depending on whether the animal is 

pregnant or non-pregnant (Peters and Ball, 1995). The urethra opens into the floor of the 

vagina approximately 10 cm anterior to the vulva and just posterior to this is a blind 

pouch, the sub-urethral diverticulum (Hafez, 1987). The vagina wall is tough and elastic 

and the lining or epithelium changes with the stage of the estrous cycle. The cells near 

the cervix produce mucus and are particularly active around the time of estms (Bearden 

and Fuquay, 2000). 

External Genitalia The external genitalia consist of the vestibule, which is the 

common pathway for reproductive and urinary systems; the vulva (or labia), which is 

comprised of the Labia minora (the inner lips of the vulva) and the Labia majora (the 

outer lips of the vulva); and the clitoris, which consists of erectile tissue and sensory 

nerves, and is homologous to the glans penis in the male (Bearden and Fuquay, 2000). 

Puberty 

Puberty is defined as the time at which a young animal acquires the ability to 

reproduce offspring (Meredith, 1995). A heifer is considered to have reached puberty 

when she experiences the first spontaneous ovulation that is accompanied by obvious 

signs of estms (Bearden and Fuquay, 2000). Age at puberty is affected by both genetic 



and environmental factors, while weight at puberty is affected more dramatically by 

genetic factors. In all cattle breeds, the onset of puberty is subject to suppression by 

factors such as season of birth, level of nutrition, growth rate, body size, and high 

ambient temperature (Hafez, 1993). 

Age at Puberty. The age of onset of puberty is clearly important because this 

could possibly prevent an animal's availability for breeding at the desired time. Although 

there are few direct comparisons of breed type in the literature, dairy breeds seem to 

reach puberty earlier than beef breeds. Dairy heifers reach puberty at 30% to 45% of the 

mature their mature BW, with breeding not recommended until they are approximately 

55% of their mature weight (Bearden and Fuquay, 2000; Hafez, 1993). Dairy heifers of 

the Jersey, Guernsey, Holstein, and Ayshire breeds reared under United States condhions 

reached puberty between the ages of 8 and 13 months of age (Eckels, 1965). Beef heifers 

reach puberty at 45% to 55% of their aduh BW, and their age at puberty is most 

frequently between 9 and 15 mo. of age, but they have not reached full sexual maturity 

(Hafez, 1993; Meredith, 1995). Sexual maturity or reproductive maturity is defined as 

that point at which the animal has reached its maximum reproductive potential, and is not 

to be confused with puberty (Meredith, 1995). 

There also are average age and weight differences at which heifers of various 

breed types reach puberty (Table 2.1). Generally speaking, larger type heifers (e.g., 

Simmental) are younger and heavier at puberty than smaller type heifers (e.g., Angus). 



Angus 
Hereford 
Red Poll 
Brown Swiss 
Charolais 
Simmental 

410 
429 
355 
317 
388 
348 

Table 2.1 Age and weight of various breeds of heifers at puberty. 

Breed Age at Puberty (days) Weight at Puberty (kg) 
309 
302 
270 
305 
355 
328 

Adapted from Ferrell (1982). 

Although breed type may affect the age at puberty, it is clear that environment 

also can exert strong effects on prepubertal development, In general, any factor that 

slows growth rate, thereby preventing expression of fiill genetic potential, will delay 

puberty. Nutritional status is very important in relation to the onset of puberty. The level 

of feeding has a curvilinear relationship with the onset of puberty, with an optimal level 

somewhere between overfeeding and underfeeding (Hafez, 1962). Under adequate 

conditions of nutrition, the onset of puberty in heifers is unlikely to be a limrting factor m 

the achievement of calving at 2 yrs of age as commonly practiced in many countries 

(Ferrell, 1982). 

There are many reports indicating that season of birth may influence the onset of 

puberty in heifers (Bearden and Fuquay, 2000; Hafez, 1993; Meredith, 1995). Heifers 

bom in the spring attain puberty at younger ages than those bom in autumn; however, the 

effects of season of birth and of seasonal changes are complex and, in general, their 



overall influence is to increase the probability that heifers will give birth to offspring in 

the spring or summer, regardless of their birth date. Photoperiod seems to be a major 

seasonal factor although temperature, particularly when extreme, might also be involved 

(Peters and Ball, 1995). 

Dale et al. (1959) studied the effect of constant temperature on the indication of 

puberty in Zebu (Brahman), Santa Gertmdis, and Shorthorn heifers. The calves were 

raised from 1 mo. of age at constant temperatures with equal periods of light and dark, 

and a relative humidity of 50 to 70%. Puberty was reached at an average age of 398 d of 

age in the 80° F temperature, compared with 300 d at the lower temperature of 50° F. 

The age of puberty was 320 d in heifers maintained in an open shed exposed to outside 

weather conditions. The delay of puberty at high temperature was attributed to a much 

slower growth rate. 

Management of beef heifers should focus on factors that enhance physiological 

processes that promote puberty. Age at puberty is important as a production trait when 

most heifers are bred to calve as 2-yr-olds and in systems that impose restricted breeding 

periods (Bearden and Fuquay, 2000). Calving by 24 months of age is necessary to obtain 

maximum lifetime productivity (Meredith, 1995). Because the reproductive system is the 

last major organ system to mature, factors that influence puberty are critical. Timing of 

puberty is highly variable and depends on a number of genetic and environmental factors 

(Hafez, 1993). The influence of environment on the sequence of events leading to 

puberty in the heifer is dictated largely by the nutritional status of the animal and related 

effects on growth rate and development (Hafez, 1993). 



The Estrous Cycle 

Once puberty has been reached and the breeding season has been initiated, the 

estrous cycle occurs in the non-pregnant female. There is a close relationship between 

ovarian and behavioral events, ensuring that the female is sexually receptive at the fertile 

period, i.e., approximately the time ovulation takes place. The cow is a polyestrous 

animal; therefore, under normal conditions, once estrous cycles are established they 

continue indefinitely unless intermpted by pregnancy. 

In the non-pregnant cow, ovulation occurs at approximately 21-d intervals. A 

short period before ovulation, the cow normally exhibits estms behavior, or sexual 

receptivity, to the bull. The estrous cycle is classically divided into four phases: estms, 

metestms, diestms, and proestms, which occur in a cyclic and sequential manner, except 

during periods of anestms (Table 2.2). 

Table 2.2 Primary characteristics of the estrous cycle phases in the cow. 

Period Day(s) Principal features 
Estms 
Metestms 
Diestms 
Proestms 

1 
2-4 
5-16 
17-21 

Behavioral signs of heat 
Ovulation 
Corpus luteum formation 
Rapid follicle growth 

Bearden and Fuquay (2000). 

Estms. Estms (Day 1) or heat, is known as the period of sexual receptivity and is 

the stage in which mating occurs (Bearden and Fuquay, 2000). The duration of estms is 



typically 12 to 30 h in the cow; however, as is the case with the estrous cycle, 

considerable variation is seen between individuals (Peters and Ball, 1995; Bearden and 

Fuquay, 2000; Meredith, 1995). The duration of estrous depends on several factors, 

including age and season of the year, and there also seems to be a diurnal pattern such 

that cows seem to show heat mostly at night. Cows in hot environments have shorter 

periods of estms (10 to 12 h) than the average 18-h period for cows in cooler climates 

(Bearden and Fuquay, 2000). Estms is the second stage of the Follicular phase, in which 

the Graafian follicle has been formed. There are surges of follicle stimulating hormone 

(FSH) and lutenizing hormone (LH), accompanied by increased estrogen (estradiol) 

concentrations during estms and collapsing estrogen concentrations at ovulation (Hafez, 

1993). 

Estms Detectioa Detecting heat in cows is more critical than it is with other 

species because the estms phase is shorter and varies in length (Bearden and Fuquay, 

2000). There are many signs and different methods of detecting signs of estms in heifers 

and cows. Behavioral changes associated with estms are a result of changes in the 

concentrations of circulating hormones, particularly estradiol from the developing follicle 

(Hafez, 1993). These changes may begin 1 or 2 d before standing heat. During estms, 

the cow demonstrates restlessness, bellowing, aggressiveness, the "Flehmen Lip Curl," 

and departures from daily routine activities such as grazing or an aUeration of feeding 

patterns (Meredith, 1995). There is an increased amount of mucus secretion in the cervix 

and vagina during estms. This leads to another common sign of heat, a clear string of 

mucus hanging from the vulva and often adhering to the tail (Meredith, 1995). It is 
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important to note that when the mucus is cloudy or discolored, the vagina may be 

infected and the cow might not be in estms (Meredith, 1995). 

In cold weather, vapors can be seen rising from the backs of cows in heat because 

of an increase in body temperature associated with increased activity or physiological 

changes of estms (Bearden and Fuquay, 2000). The lips of the vulva are parted and are 

noticeably swollen with a deeper red color in an estrus cow compared with a non-estms 

cow. The cow will be more likely to mount other cows, which are in heat, and other 

cows within the herd will begin to take interest in her by sniffing her and resting their 

chins on her back or hips (Meredith, 1995). There are observational signs to look for that 

a particular cow has been mounted, such as a dirty mmp and flanks, mffled hair on the 

tail-head (sometimes patches of hair are completely removed and the skin may be raw or 

bleeding), and (or) streaks of saliva or signs of licking on her flanks from interested herd 

mates (Meredith, 1995). 

During late proestms and estms, high estrogen concentrations increase the 

vascularity of the endometrium, reaching its peak approximately 1 d after the end of 

estms. With decreasing concentrations of estrogen, some breakage of the capillaries can 

occur, causing a small loss of blood. There can be a small patch of blood on the tail 

approximately 35 to 45 h after the end of estms (Bearden and Fuquay, 2000). This 

should not be confused with menstmal bleeding, which occurs in humans. 

Behavioral signs are probably the most obvious signs of heat in the cow. 

However, most cattle producers are not able to watch cattle that closely for long periods 

of time, therefore, alternative methods of estms detection are necessary (Bearden and 
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Fuquay, 2000; Hafez, 1993). A number of methods are available that will decrease the 

number of "missed" estms in cows. Heat mount detectors give the cattle producer a 

visual indication that one or more other cows have ridden a cow suspected of being in 

heat (Bearden and Fuquay, 2000). The heat mount detector consists of a cylindrical 

plastic container of red dye inside a clear plastic capsule. An opaque cover under the 

capsule hides the cylinder so that the red color is only seen after the dye has been 

squeezed out of the cylinder by pressure from a mounting cow (Bearden and Fuquay, 

2000). The whole unit is mounted on a canvas patch, which is glued to the cow's tail-

head or slightly above. Once triggered, the device must to be replaced to aid detection of 

subsequent estrous events. 

Teaser animals also are used as method of detecting heat in cows, and they mostly 

consist of androgenized heifers, cows or bulls, which are sexually aggressive so that they 

are inclined to mount estms cows (Taylor, 1995). However, they are more effective 

when they are equipped with a device for marking the estms cow such as a chin ball 

marker. 

Metestms. Metestms begins with the cessation of estms, lasting for 2 to 4 d, and 

is the first stage of the Luteal phase (Bearden and Fuquay, 2000), Metestms is when 

fertilization occurs and is primarily the period of the corpus luteum formation or corpora 

lutea with multiple ovulations. The cow ovulates during metestms, and the recently 

mptured follicle is reorganizing into a corpus luteum (Bearden and Fuquay, 2000). There 

is a short transitional phase after ovulation with decreasing concentrations of estrogen, 

LH and FSH, and an increase in progesterone concentration. 
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Diestms. Diestms (the second phase of Luteal Phase) occurs between d 5 to 16 of 

the estrous cycle, and is the period of the cycle when the corpus luteum is fiilly functional 

(Bearden and Fuquay, 2000), Progesterone exerts a dominant influence on the oviducts, 

utems, vagina, pituitary and hypothalamus. In early to mid-diestms, implantation occurs 

between d 7 and 12. The corpus luteum remains functional for approximately 15 to 17 d 

and regresses at the end of diestms (Bearden and Fuquay, 2000; Peters and Ball, 1995). 

This phase of the estrous cycle has been called the period of preparing the utems for 

pregnancy. However, if the animal does not become pregnant, progesta'one 

concentrations drop, and PGFaa is released to the ovary, causing the corpus luteum to 

degenerate (Bearden and Fuquay, 2000). 

Proestms. Proestms begins with the regression of the corpus luteum and drop in 

progesterone and extends to the start of estms. Proestms occurs between d 17 and 21 of 

the estrous cycle of the cow (Bearden and Fuquay, 2000; Meredith, 1995). The principal 

distinguishing feature of proestms is the occurrence of rapid follicle growth. Late during 

this period, the effects of estrogen on the duct system and behavioral symptoms of 

approaching estms or heat can be observed. 

Anestms. Postpartum anestms is the prolonged period of sexual rest during 

which ovarian ftinction is largely in abeyance (Hafez, 1993). The development of the 

follicle is absent, or very slight, and the utems is smaller compared to the utems during 

pregnancy. The cervix is constricted and the mucus of the vagina is scarce and pale in 

color (Arthur, 1975). In beef cows, normal ovarian cycles resume later after calving than 

in dairy cows because of the influence of frequent suckling. Most suckled beef cows 
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have a postpartum anestms period of 6 to 8 wk, whenever dairy cows resume regular 

estrous cycles within the first 3 to 4 wk after calving (Laing et al., 1988). Energy 

deficiencies prolong anestms in beef cows, because nutrition of the cow influences these 

periods of anestms and can severely affect the reproductive performance of a cow and 

(or) the entire herd. Cows that are nutritionally fit are more likely to have regular estrous 

cycles and conceive compared with cows that are in poor nutrition (Hafez, 1993). 

FolHcular Development 

The ovary performs two major fimctions: (1) the cyclic production of fertilizable 

ova and (2) the production of a balanced ratio of steroid hormones that maintain the 

development of the genital tract, facilitate the migration of the early embryo(s), and 

secure its successful implantation and development in the utems (Hafez, 1993). The 

follicle is the ovarian compartment that enables the ovary to fiilfill its dual fimction of 

gametogenesis and steriodogensis (Hafez, 1987, 1993). 

Folliculogenesis. As the female's reproductive tract is formed, one layer of 

follicular (granulosa) cells surrounds the germ cell (ovum) (Bearden and Fuquay, 2000). 

In the primordial follicle reserve, formed during fetal life or soon after birth, some 

primordial follicles begin to grow continuously throughout life or at least until the reserve 

is depleted (Bearden and Fuquay, 2000). The highest number of primary follicles is 

found at 110 to 130 d in the fetal cows, and the maximum number is approximately 

75,000 (Hafez, 1993). When any follicle is released from this reserve, it continues to 

grow until ovulation or until the follicle degenerates, which is the case with many 
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follicles (Hafez, 1993). The secondary follicle is characterized as the ovum with two or 

more layers of granulosa cells, and the tertiary follicle is the ovum with many layers of 

granulosa cells plus an antmm (a cavity within the follicle) (Bearden and Fuquay, 2000). 

The Graafian follicle is a mature tertiary follicle and consists of (1) the theca 

externa; (2) theca intema; (3) basement membrane; (4) granulosa cells (which eventually 

form the zona pellucida); (5) cumulus oophoms; (6) corona radiata; and, (7) an antmm 

containing follicular fluid (Hafez, 1993, 1987). The largest follicle is responsible for the 

most estrogen secretion by the ovary at estms (Bearden and Fuquay, 2000). Estrogen 

secretion by the largest follicle decreases rapidly at the time of the LH peak (Bearden and 

Fuquay, 2000). Cattle ovulate a single follicle that can be identified by its size 

approximately 3 d before the onset of estms, when there are one or two large follicles on 

the ovaries (Bearden and Fuquay, 2000). Androgen availability, rather than low 

granulosa cells or aromatase activity might limit estrogen production, which itself may be 

functionally related to the binding of LH to granulosa cells (Hafez, 1993). 

The final growth of follicles in cows, as well as ewes and sows, ranges between 

12 and 34 d; the total duration of follicular growth from activation to ovulation is longer 

than 20 d and presumably approximately 6 mo (Hafez, 1987). The growth of the follicle 

up to the stage of the antmm formation is not strictly gonadotropin-dq)endent (Hafez, 

1993). Antmm formation and the final growth are entirely FSH and LH dependent 

(Hafez, 1993). 

Follicle Growth Follicle growth, as well as maturation, represents a series of 

chronological subcellular and molecular transformations of various components of the 
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follicle such as the oocyte, granulosa, and theca (Hafez, 1993). These are controlled by 

several intraovarian factors, intrafollicular factors, and hormonal signals, which lead to 

the secretion of androgens and estrogens (mainly estradiol). Follicle growth involves 

hormonally induced proliferation and differentiation of both theca and granulosa cells, 

leading ultimately to the increased ability of follicles to produce estradiol and to respond 

to gonadotropins (Hafez, 1993). 

Production of estradiol determines which follicle will gain the LH receptors 

necessary for ovulation and luteinization (Hafez, 1993). Disturbances in the 

responsiveness of the granulosa and theca to the gonadotropin signals, which stimulate as 

well as maintain maximal rates of estrogen and androgen biosynthesis, lead to cessation 

of follicle growth and initiation of atresia (Hafez, 1987). The ovarian follicle is a 

balanced physiological unit whose stmcture and function of which depends not only on 

extracellular factors, such as gonadotropins, but also on a complex system of 

intrafollicular relationships (Hafez, 1993). 

Follicular fluid originates mainly from the peripheral plasma by transudation 

across the follicle basement lamina and accumulates in the antmm formed by the 

coalescence of small pockets of fluid (Hafez, 1993). Follicular fluid, a semm transudate 

modified by follicular metabolic activities, contains specific constituents such as steroids 

and glycoproteins synthesized by the cell of the follicle wall. During follicular growth, 

equilibrium is established between the semm and the follicular fluid (Hafez, 1993). 

In large antral follicles, the follicular fluid contains remarkably high levels of 

estradiol-np in the follicular phase and progesterone as ovulation approaches. The 
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follicular fluid plays a major role in the physiologic biochemical and metabolic aspects of 

the nuclear and cytoplasmic maturation of the oocyte, the release of the egg from the 

mptured follicle, and sperm hyperactivation (Hafez, 1993). The follicular fluid 

undergoes significant changes throughout the estrous cycle and performs several 

functions including: (1) regulation of granulosa fimctions; (2) follicular grovilh initiation; 

(3) maturation of the oocyte; (4) ovulation; (5) egg transport to the oviduct; and (6) 

follicle preparation for the formation of the corpus luteum (Hafez, 1993). 

Endocrinology of Follicular Growth Growth, maturation, ovulation and 

luteinization of the Graafian follicle depend on appropriate pattems of secretion, 

sufficient concentrations, and adequate ratios of FSH and LH in the semm. These 

hormones involved in follicular growth include steroids, prostaglandins, and 

glycoproteins, which is a combination of sialic acid and a bi-chained polypeptide (Hafez, 

1993). 

Follicle stimulating hormone plays a major role in the initiation of antmm 

formation, stimulating granulosa cell mitosis and follicular fluid formation (Hafez, 1993). 

Estradiol enhances the mitotic effect of FSH. Follicle stimulating hormone stimulates 

granulosa cells through membrane receptors whose number per cell remains constant 

during follicular growth (Hafez, 1993). Moreover, FSH induces granulosa cell sensitivity 

to LH by increasing the number of LH receptors (Hafez, 1993). The increase in LH 

receptors prepares the luteinization of granulosa cells in response to the LH ovulatory 

surge (Hafez, 1987). Only LH stimulates theca cells, and LH receptors are present from 

the beginning of theca cell formation (Hafez, 1987). 
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Steroidogenesis. Steroidogenic activity of the follicle also depends on FSH and 

LH acting on granulosa and theca cells. The primary steroid secreted is estradiol-17P; 

however, progestins and androgens are also produced (Bearden and Fuquay, 2000). 

Follicular androgens are important in the female, and the androgen-estrogen ratio in the 

follicular fluid reflects the physiologic integrity and viability of the follicle (Bearden and 

Fuquay, 2000). During follicular growth, estradiol production resuhs from the 

coordinated steroidogenic activity of the theca intema and the granulosa cells (Hafez, 

1993). Studies have shown that theca cells secrete testosterone, whereas granulosa cells 

convert testosterone into estradiol as a result of high aromatase activity (Hafez, 1987). 

Theca cells from large follicles synthesize testosterone because FSH mainly stimulates 

testosterone production by granulosa cells; the FSH-LH ratio is an important endocrine 

measurement to evaluate ovarian steroid production (Hafez, 1993). 

Growth during Follicular and Luteal Phases. Active corpus lutea are present in 

the ovaries during a large part of the estrous cycle referred to as the luteal phase (Hafez, 

1993). In contrast, the follicular phase, the period from corpus luteum regression to the 

following regression, is 4 to 5 d in length in the cow (Bearden and Fuquay, 2000). 

During the follicular phase, the granulosa cells increase in number, and the layers of the 

theca cells grow and encompass the periphery of the follicle (Hafez, 1993). The theca 

cells differentiate into the theca externa, which is connective tissue surrounding the entire 

follicle, and the theca intema, the inner layer of theca cells lying beside the basement 

membrane (Hafez, 1993). The theca cells synthesizes testosterone, under the influence of 
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LH, and the testosterone passes across the basement membrane to granulosa cells, to 

where they will be converted to estradiol under the influence of FSH (Hafez, 1993). 

Follicles undergo rapid maturation just before the onset of estms, with estradiol 

concentrations increasing during the follicular phase, and the highest level of estrogen 

occurring at the beginning of estms (Meredith, 1995). Because of the local effect of 

estradiol on the central nervous system, estms behavior occurs (Meredith, 1995). 

Progesterone has a synergistic action with estradiol, inducing sexual receptivity. 

Increasing concentrations of estradiol exert a positive feedback on the hypothalamo-

hypophyseal axis to cause a surge of LH and FSH during estms (Meredith, 1995). GnRH 

(gonadotropin releasing hormone) causes surges of LH and FSH, and LH activates 

enzymes that digest connective tissue in the wall of the follicle resulting in ovulation 

(Hafez, 1993). 

During the luteal phase, the granulosa and theca cells differentiate into luteal 

cells, and the corpus luteum secretes progesterone under the influence of LH (a 

luteotropic effect) (Meredith, 1995). The corpus luteum reaches its maximum function 

(progesterone secretion) and size during mid-luteal phase at approximately the time of 

implantation (Peters and Ball, 1995). Thirteen to 17 days after ovulation secretion of 

progesterone decreases, and the corpus luteum regresses to become a corpus albicans 

(Bearden and Fuquay, 2000). Corpus luteum regression is a resuh of increased 

concentrations of prostaglandin F2a produced by endometrium during the late luteal 

phase (Bearden and Fuquay, 2000; Peters and Ball, 1995). 
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Oogenesis. When a primordial follicle is released from the reserve, the oocyte 

and its follicle begin to grow. Oogenesis is the formation and maturation of the female 

gamete. The potential gamete in a primary follicle is known as an oogonium, and mitotic 

division of the oogonia yield primary oocytes (Bearden and Fuquay, 2000). Oogonia 

originate from an extension of the yolk sac, which forms from the hindgut of the embryo 

(Hafez, 1993). Following the initial formation, proliferation of oogonia by mitotic 

division occurs within the parenchyma of the ovary (Hafez, 1993). This proliferation 

ceases after birth, so that the ovaries, at birth, contain a fixed number of potential ova, or 

oocytes (Hafez, 1993; Meredith, 1995). Oocytes enter prophase of the first meiotic 

division during the fetal period with meiosis I, being arrested in the late prophase shortly 

after birth. These oocytes are referred to as dictyate oocytes because they are in a state of 

dormancy (Hafez, 1993). 

A cyclic pattern in oocyte growth and maturation has been reported during the 

prenatal period and continuing postnatally (Hafez, 1993). Until the female reaches 

puberty no oocytes will reach full maturity. Those oocytes that start development before 

puberty and most that start development after puberty, become atretic and are lost as 

potential ova (Hafez, 1987, 1993). Growth and maturation of oocytes continue in a 

cyclic manner after puberty. During the waves of follicular growth that occur during 

each estrous cycle, groups of oocytes associated with these follicles start growth and 

maturation (most becoming atretic), while others remain dormant (Hafez, 1993). At the 

time of luteal regression, the oocytes associated with the dominant follicle reach maturity 
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and are released through ovulation to the duct system for possible fertilization (Bearden 

and Fuquay, 2000). 

Once meiotic development continues, maturation resumes with the growth of the 

oocyte and formation of the zona pellucida (a gel-like outer membrane) around the 

oocyte (Hafez, 1993). Follicle stimulating hormone stimulates proliferation of the 

granulosa cells that surround the oocyte, with the follicle progressing from a primary to a 

secondary follicle (Bearden and Fuquay, 2000). Continued stimulation of FSH results in 

the continued proliferation of granulosa cells and formation of an antmm (Hafez, 1993). 

Less pronounced proliferation of the thecal cells outside the basement membrane occurs 

under the influence of LH. Oocyte growth is almost complete at the time of antmm 

formation. Through cellular processes, the inner cumulus cells actively cooperate to 

achieve oocyte growth, as they establish close contact with the oocyte cell membrane 

(Hafez, 1993). During the formation of the external membrane of the oocyte (the zona 

pellucida), the cumulus cell processes are strengthened and the membrane junctions are 

retained (Hafez, 1993). 

During the oocyte development, the follicle or follicles destined to ovulate 

become dominant, and when the dominant follicle (and other antral follicles) secretes 

enough estrogen, the preovulatory surge of LH is triggered (Bearden and Fuquay, 2000). 

High LH concentrations release the associated oocyte into the follicular fluid and from its 

arrested state, and the first stage of meiosis is complete (Hafez, 1993). The products of 

the first meiotic division are the secondary oocyte and the first polar body, which is 

trapped between the vitelline membrane and the zona pellucida in the perivitelline space 
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(Peters and Ball, 1995). With this division, the chromosome numbers in the oocyte 

change from the diploid (2n) to the haploid (n) state (Bearden and Fuquay, 2000). The 

secondary oocyte retains all the cytoplasm and half of the nuclear material 

(chromosomes) of the primary oocyte (Bearden and Fuquay, 2000). The other half the 

nuclear material is extmded as the first polar body. The first meiotic division occurs just 

before ovulation in the cow (Hafez, 1993). 

The second meiotic division (meiosis II) begins immediately after the completion 

of the first division. This division is artested metaphase II. The second meiotic arrest 

will be released and meiosis II initiated during the process of fertilization (Hafez, 1993). 

The second division cannot be completed without the interaction of the oocyte with the 

fertilizing sperm (Hafez, 1993). With fertilization, the products of the second meiotic 

division are the zygote (fertilized egg) and the second polar body. 

Ovulation and Early Embryonic Development 

Preovulatory follicles undergo three major changes during the ovulatory process: 

(1) cytoplasmic and nuclear maturation of oocytes; (2) dismption of the cumulus cells 

cohesiveness among the cells of the granulosa layer; and (3) the thinning and mpture of 

the extemal follicular wall (Bearden and Fuquay, 2000). 

Site of Ovulatioa The ovary is normally arranged so that ovulation can occur at 

any point on it surface, except the hilus. Ovulation in cattle occurs at random with 

respect to which ovary contains the previous corpus luteum (Bearden and Fuquay, 2000). 
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Ovulatioa All livestock species are spontaneous ovulators (Bearden and Fuquay, 

2000). With maturation of the oocytes and follicle, the preovulatory surge of LH initiates 

a sequence of events that leads to ovulation (Peters and Ball, 1995). Following the surge 

of LH the concentration of progesterone in the follicular fluid increases immediately, 

followed hours later by estradiol and prostaglandins (Bearden and Fuquay, 2000). 

Ovulation v^ll be blocked when either ovarian steroid or prostaglandin is inhibhed. In 

ovulation, prostaglandin causes the mpture of lysosome-like vesicles, which contain 

proteolytic enzymes that are located just outside the follicle between the surface 

epithelium and tunica albuginea, theca extema, and theca interna, whereas plamin acts on 

the basement membrane (Hafez, 1993). The walls of the follicle become thin and 

weakened, and a bulge (the stigma) appears at the apex of the follicle, which is the point 

where the follicle will mpture (Hafez, 1993). The weakening of the walls of the follicle 

allows plasma to escape into the spaces between the thecal cells, causing edema, and 

eventually the capillaries penetrate beyond the basement membrane into the granulosa 

layer (Hafez, 1993). 

When the follicle mptures, follicular fluid, the secondary oocytes, and loosened 

granulosa cells are extmded into the peritoneal cavity near the infundibulum (Hafez, 

1993). Prostaglandins stimulate contractions of the ovary, as well as the walls of the 

follicle, contributing to both the mpture of the follicle and expulsion of the oocytes 

(Hafez, 1993). As time of ovulation approaches, spontaneous contractions of the ovary 

increase and ovulation can occur anywhere on the surface of the ovary in most species, 

with the exception of the mare (Bearden and Fuquay, 2000). The oocyte will be 
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embedded in the cumulus mass, which is a sticky loose matrix of cumulus cells around 

the more tightly packed corona radiata cells that surround the oocyte (Bearden and 

Fuquay, 2000), In some species, such as cattie, these granulosa cells (cumulus and 

corona radiata) are shed quickly and are not shown to be present at the time of 

fertilization (Peters and Ball, 1995). The granulosa cells seem to be a factor in capturing 

of the oocyte by the infundibulum, as well as its movement into the ampulla (Hafez, 

1993). 

Ovulation causes the formation of the corpus luteum, as a result of the surge in 

LH. Ovulation in the cow occurs 30 h after the surge in LH (Hafez, 1993). After the 

surge of ovulatory gonadotropins, blood flow increases to all classes of follicles. The 

follicle destined to ovulate not only receives the largest volume of blood, but also has 

capillaries that are more permeable than those in other follicles (Hafez, 1993). 

Corpus Luteum Formation After ovulatioa the first stmcture formed from the 

follicle is the corpus hemorrfiagicum, a blood clot formed after follicle capillaries mpture 

and cells undergo luteinization (Bearden and Fuquay, 2000). The cells change 

stmcturally, as well as functionally, becoming the corpus luteum. As mentioned, there 

are two cell types found in the corpus luteum: small (theca) and large (granulosa). The 

corpus luteum will regress unless the female becomes pregnant (Bearden and Fuquay, 

2000). The time of regression in the cow is 18 to 19 d after estms; however, an injection 

of prostaglandin F2a can cause an earlier luteal regression (Bearden and Fuquay, 2000). 

Regression will not occur when the PGF2a is given before d 4 to 5, as the stmcture lacks 

receptors for PGF2a. 
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Follicular Artesia The ovarian follicles undergo degenerative changes during 

which the follicles lose their integrity (Bearden and Fuquay, 2000). Most oocytes are lost 

at variable stages of their growth, as well as during stages of the ovarian cycle. This loss 

occurs more frequently in the advanced stages of follicular growth (Hafez, 1993). 

Artesia is associated with several morphologic, biochemical, and histological changes 

that vary greatly with the stage of follicle growth (Hafez, 1993). These changes may be 

related to an altered role of granulosa cells and also to an ahered passage of nutritive 

substances from the plasma into the follicles. Degeneration is accompanied by loss of the 

oocyte, granulosa cells, and receptors for various hormones, leaving behind the thecal 

cells, which form ovarian interstitial gland cells possessing the features of steroidogenic 

tissues (Hafez, 1993). 

Several factors regulate follicular atresia including, age, the stage of the 

reproductive cycle, pregnancy, lactation, the balance between estrogen and androgen of 

extraovarian or intraovarian sources, a genetic "program," and nutrition (Bearden and 

Fuquay, 2000). There can be several processes and mechanisms of atresia depending on 

the stage of follicular growth and, different hormonal treatments influence the rate at 

which the follicles become atretic (Hafez, 1993). The ability of a developing follicle to 

release high concentrations of estrogens that stimulate growth and differentiation of 

granulosa cells is central to selection of a given follicle for maturation and ovulation 

(Hafez, 1993). Intermption of estrogen at any of these steps will result in atresia of the 

follicles. The type of follicle and the stage of pregnancy determine the effect of the 

corpus luteum on the ovarian follicle (Peters and Ball, 1995). The decrease in the 
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diameter of the largest follicle and the accumulation of the medium-sized follicles is a 

resuh of the effect of the corpus luteum on decreasing the rate of the growth and atresia 

of the follicle (Hafez, 1993). 

Transport and Survival of Gametes 

An essential part of successful reproduction is the movement of viable gametes to 

the site of fertilization. Whereas the male discharges massive amounts of spermatozoa at 

copulatioa the female normally sheds only 1 or 2 ova (Hafez, 1993). Fertilization 

depends primarily on the synchronous transport of the gametes in the female reproductive 

tract, since survival time of the ova and spermatozoa is relatively short: 20 to 48 h 

(Hafez, 1993). As a result of the inherent contractility of the female reproductive tract, 

which is modified by the central nervous system and hormonal activity, the gamete can 

be successfully transported (Peters and Ball, 1995). The contractility of the female 

reproductive tract is stimulated and modulated by the pharmacologically active 

substances in the semen (Hafez, 1993). The oviductal cilia and fluids, the cervix, the 

uterotubal junction (or UTS), and the ampullary-isthmic junction (or AU) aid the gamete 

in successful transport (Bearden and Fuquay, 2000). From the ovary, the oocyte moves 

through the infundibulum and ampulla, whereas spermatozoa move from the vagina or 

cervix through the uterine horn and isthmus to the ampullary-isthmic junction, where 

fertilization occurs (Bearden and Fuquay, 2000). 

The Oocyte Movement. Along with its associated cumulus mass, ciliated 

epithelial cells of the infimdibulum following ovulation pick up the oocyte (Bearden and 
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Fuquay, 2000). Most of the epithelial cells in the infundibulum and ampulla are ciliated, 

and these cilia beat in the direction of the utems, creating a directional flow in oviductal 

fluids that assists in transportation. Segmented, peristahic contractions of the ampulla 

also aid in the directional movement of the oocyte toward the utems (Bearden and 

Fuquay, 2000). For normal transportation of the oocyte through the ampulla to the site of 

fertilization, these contractions are likely the most important mechanism. The passage 

through the ampulla to the AU is rapid, remaining at that point for 2 to 3 d before moving 

through the isthmus to the utems (Bearden and Fuquay, 2000). Fertilization occurs at the 

ampullary-isthmic junction, which is a physiological point and not an anatomical point. 

The Spermatozoa Movement After semen is deposited in the female 

reproductive tract, some spermatozoa reach the AU within several minutes 

(approximately 15 to 30 min) (Bearden and Fuquay, 2000). A series of copulation-

induced peristahic contractions involving the smooth muscle in the cervix, utems and 

oviduct, is a rapid phase of sperm transport (Hafez, 1993). Both prostaglandin released 

from the semen and oxytocin, which is released after stimulation of sensory nerves near 

the cervix during copulation, are involved in stimulating these contractions (Bearden and 

Fuquay, 2000). During this rapid transit phase, both dead and motile sperm reach the 

oviduct; however, the uncapacitated sperm are not involved in fertilization and likely 

pass on through the oviduct into the peritoneal cavity (Bearden and Fuquay, 2000). The 

rapid transport phase is followed by a slower, sustained transport of sperm to the oviduct. 

Bartiers to transportation, which include the cervix, the utems and the oviduct, and 
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mechanisms of transportation, must be considered for the continuation of the transport 

phase (Bearden and Fuquay, 2000). 

The cervix is the greatest barrier to spermatozoan transport in cattle with the 

deposit of semen being in the vagina (Bearden and Fuquay, 2000). Spermatozoa by the 

billions, deposited into the vagina are reduced to thousands when they reach the utems. 

During estms, the cervix has a biophysical configuration that assists in channeling 

spermatozoa along the cervical folds through the cervix into the utems (Peters and Ball, 

1995), For the movement of the spermatozoa through the cervical mucus, an interaction 

between spermatozoa and the cervical mucus is required, with sperm motility apparently 

necessary (Hafez, 1993). Cervical mucus also helps fiher out dead and abnormal sperm, 

along whh the channeling of the spermatozoa. Even though the cervical mucus during 

estms is identified as providing a favorable environment for sperm, the filtering process 

is necessary because of high concentrations of abnormal or dead sperm found in the 

cervix a few hours after copulation (Bearden and Fuquay, 2000). 

With both sperm motility and tonic contractions of the utems aiding in transport, 

an interaction of spermatozoa with the utems is necessary. It is not known whether 

spermatozoa are preferentially routed toward the oviduct containing the oocyte; therefore, 

equal quantities of sperm may move up each uterine horn and oviduct (Peters and Ball, 

1995). Preferential routing is possible because spontaneous contractility has been 

observed in the oviduct adjacent to the ovulating ovary in cows (Bearden and Fuquay, 

2000). 
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The uterotubal junction is another barrier for spermatozoa in their transit to the 

site of fertilization (Bearden and Fuquay, 2000). The lower isthmus and (or) the 

uterotubal junction also seem to serve as a fiher, because higher concentrations of 

nonviable sperm are found in this particular region than in the utems or near the 

ampullary-isthmic junction (Bearden and Fuquay, 2000). The isthmus also has been 

identified as a secondary reservoir for the pooling of spermatozoa. The binding of viable 

sperm to the epithelium may be created by this isthmic reservoir, because sperm retain 

their viability longer when in contact the epithelium of the oviduct (Peters and Ball, 

1995). Allowing only a few sperm to move to the site of fertilization at a time, the 

release of sperm seems to be regulated by the isthmic epithelium (Bearden and Fuquay, 

2000). 

Interaction of motile sperm in oviductal fluid with spontaneous contracting of the 

oviduct seems to facilitate movement of sperm through the uterotubal junction and finally 

from the isthmic reservoir to the AU (site of fertilization) (Bearden and Fuquay, 2000). 

Around the time of estms, the pattems of oviductal motility change and low-amplitude 

but high-frequency activity associated with contraction of the longitudinal muscles is 

dominant (Hafez, 1993). The precise relationship of these contractions to movement of 

gametes or the zygote has not been established. Approximately 8 h after natural mating, 

the slower sustained phase of transport provides viable sperm at the site of fertilization 

(Hafez, 1993; Bearden and Fuquay, 2000). When animals are bred at the recommended 

time estms, this timing seems compatible with providing viable and recently capacity 
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sperm at the time of fertilization at the approximate time of the arrival of a receptor 

oocyte (Bearden and Fuquay, 2000). 

Fertilization 

Fertilization is the process by which the oocyte and a single spermatozoa fiise and 

merge nuclear materials (syngamy) to form a single cell embryo called a zygote (Bearden 

and Fuquay, 2000). The ovum does not normally begin to cleave and no embryological 

development occurs, without the stimulus of fertilization. Fertilization involves the 

introduction into the ovum of hereditary material from the sire; it is possible, by this 

means, for beneficial characters arising far apart in space and time to eventually become 

a single individual (Hafez, 1993). 

Fertilization occurs at the ampullary-isthmic junction (Bevden and Fuquay, 

2000). Before spermatozoa can to fertilize the ovum, they must undergo a maturation 

process known as capacitation and the acrosome reactioa which are stimulated by 

follicular fluid and uterine secretions. Capacitation and the acrosome reaction typically 

last approximately 4 to 6 h in the cow (Peters and Ball, 1995; Noakes, 1997). Although 

sperm are fertile for up to 30 to 48 h, there is a decrease in fertility after 15 to 20 h; sperm 

retain thek motility for 15 to 56 h (Noakes, 1997). 

The first step of fertilization involves the spermatozoa penetrating through the 

corona radiata cells, with the head of the sperm sticking to the zona pellucida (Bearden 

and Fuquay, 2000). Spermatozoa can penetrate the zona pellucida and pass through into 

the perivitelline space (Hafez, 1993). Hyaluronidase and corona-penetrating enzymes aid 
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in this passage, both are associated with the head of the sperm, by digesting collagen 

fibers between cells to aid in the movement toward the zona pellucida (Bearden and 

Fuquay, 2000). Capacitation and the acrosome reaction make it possible for the release 

of these enzymes. 

During the second step of fertilization the spermatozoa penetrate the zona 

pellucida, and the plasma membrane of the sperm head fiises to the vhelline membrane 

(Hafez, 1993). A trypsin-like enzyme, acrosin associated with the head of the sperm 

assists in this penetration, and a slit remains in the zona pellucida at the point of entry 

(Bearden and Fuquay, 2000). Other sperm are generally prevented from penetrating the 

zona pellucida after one sperm has penetrated by what is known as the vitelline block 

(Hafez, 1993). The cortical granules harden the vitelline membrane and the zona 

pellucida by spilling their contents into the perivitelline space, giving rise to the zona 

reaction and the vhelline block (Hafez, 1993). The zona reaction guards against zona 

pellucida penetration by other spermatozoa and is the most important protection in cattle, 

as well as sheep and swine. After fertilizatioa a number of accessory sperm can be 

trapped within the zona pellucida, which has been positively associated with fertility and 

embryo quality in cattle (Bearden and Fuquay, 2000). Polyspermy is the condition when 

muhiple sperm penetrate the oocyte causing the developing embryo to die because of a 

genetic defect (Bearden and Fuquay, 2000). The incidence of polyspermy is 1 to 2%, and 

it increases with aging of the ovum (Hafez, 1993). 

Penetration of the vitelline membrane is accomplished by phagocytosis, allowing 

entrance into the cytoplasm (Hafez, 1993). This action, the vitelline block, activates the 

31 



oocyte and triggers the spermatozoan, the second reaction to safeguard against 

polyspermy (Hafez, 1993; Bearden and Fuquay, 2000). The tail of the spermatozoa 

separates from the head upon entrance into the cytoplasm. The activated ovum completes 

meiosis and expels the first and/or second polar body into the perivitelline space (Hafez, 

1993). The remaining maternal haploid chromosomes are enclosed by a pronucleus. As 

the cytoplasm shrinks, the second polar body is extmded, and both male and female 

pronuclei unite (Hafez, 1993). The chromosomes from each gamete then unfold and a 

merging of pronuclei occurs, which is known as syngamy (Hafez, 1993). Fertilization is 

complete when syngamy is finished and the zygote has been formed. 

Embryonic Development 

The period of pregnancy is known as gestation length, which begins whh 

fertilization and ends with parturition (birth). The average gestation length in cattle is 

283 d or approximately 10 mo, with differences existing between breeds as well as 

individuals (Table 2.3) (Hafez, 1993; Bearden and Fuquay, 2000). Gestation is longer in 

the cow carrying a bull calf than when carrying a heifer calf and twinning resuHs in a 

shorter gestation length (Bearden and Fuquay, 2000). The embryo, or zygote, remains 

free during the early part of gestatioa first in the oviduct and then in the utems. 
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Table 2.3 Gestational length differences in breeds of beef and dairy cattle. 

Breed Average Length (Days) 
Dairy 

Ayshire 278 
Brown Swiss 290 
Dairy Shorthorn 282 
Friesian 276 
Guernsey 284 
Holstein 279 
Jersey 279 
Swedish 282 

Beef 
Angus 279 
Brahman 292 
Hereford 285 
Beef Shorthorn 283 

Adapted from Hafez (1993). 

Cleavage. Immediately after fertilization, the zygote begins to divide and 

redivide mitotically many times without any increase in cytoplasm. Because of water 

absorptioa the overall size of the zygote may increase, but the total amount of non-

soluble cellular material will decrease; therefore, this process of cellular division without 

growth is known as cleavage, with each division doubling the number of daughter cells 

(blastomeres) (Bearden and Fuquay, 2000). The first cleav^e will result in a two-cell 

embryo and is followed by additional cleavages resuhing in four-cell, eight-cell, sixteen-

cell, thirty-two-cell, and so on (Table 2.4). Before the embryo enters the utems, h spends 

3 to 4 d in the oviduct (Meredith, 1995). 
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Table 2.4 Rate of cleavage (days after ovulation). 

Species 2-cell 8-cell Reach uterus Blastocyst 
Bovine 1 3 3'/z 7 to 12 
Equine 1 3 5 6 
Ovine 1 2'/a 3 6 to 7 
Porcine <1 2 2 5 to 6 

Adapted from Bearden and Fuquay (2000). 

Once the embryo has formed eight to 32 blastomeres, it is referred to as a momla 

(Bearden and Fuquay, 2000). By the 32- to 64-cell stage, the momla will compact 

between gap junctions forming between interior cells and tight junctions forming 

between cells on the outside of the embryo, which is a necessary step in the formation of 

the blastocyst (Bearden and Fuquay, 2000). Fluid collecting in the intercellular spaces 

will push to the center forming the blastocyst, which is a stmcture with a fluid-filled 

cavity (blastocele) surrounded by a layer of trophoblast cells (Hafez, 1993). The 

blastocyst consists of a single spherical layer of cells, the trophoblast, with a hollow 

center and also a group of cells known as the inner cell mass (Peters and Ball, 1995). The 

trophoblast whereas eventually become the placenta, will the inner cell mass is destined 

to become the embryo (Bearden and Fuquay, 2000). 

Implantation 

The attachment process begins between d 14 or 16 when the embryo becomes 

fixed in position, and physical contact of the placenta with the maternal orguiism is 

estabhshed (Table 2.5) (Hafez, 1962, 1993; Meredith, 1995). 
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Table 2.5 Time of implantation (days after ovulation). 

Species 
Bovine 
Equine 
Ovine 
Porcine 

Beginning 
14 to 16 
28 to 32 
12 to 13 
35 to 40 

Completion 
28 to 35 
40 to 45 
25 to 26 
95 to 105 

Adapted from Hafez (1962 and 1993); Meredith (1995). 

Specialized areas of both the endometrium and the chorioallantois are involved in 

placental attachment. The endometrium has approximately 120 camncles arranged in 

rows on the maternal side (Hafez, 1993). The luminal surface of the camncles is convex; 

however, during gestation h develops a large number of crypts that give the camncle a 

sponge-like appearance (Meredith, 1995). Special areas on the chorioallantois develop 

opposite the camncles at approximately d 30 (Meredith, 1995). These areas are known as 

cotyledons and are formed by proliferation of the cones of the trophoblast cells (the 

chronic villi). These two specialized stmctures come together to form the functional unit 

of attachment called the placentome at implantation, in which the chronic villi fit into the 

camncular crypts (Hafez, 1993). The primary villi of the cotyledons give rise to the 

secondary villi and the tertiary villi that project into corresponding crypts of the caruncle 

as gestation proceeds (Meredith, 1995). 

Differentiation 

Differentiation is the period in which the cells are in the process of forming 

specific organs in the body of the embryo (Bearden and Fuquay, 2000). During 
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differentiation, there are several notable events that occur such as the formation of the 

germ layers, extraembryonic membrane, and organs (Hafez, 1993). Also during 

differentiation, rapid changes in relative size occur. Differentiation of two distinct cell 

populations occurs after formation of the blastocyst, the inner cell mass and the 

trophoblast (Hafez, 1993). 

The blastocyst stage is a transitory stage, which prepares the embryo for 

formation of the germ layers (Hafez, 1993). As a group of cells congregate at the polar 

end of the blastocyst forming the inner cell mass, there is some differentiation; however, 

cells in this mound are still indeterminate and cannot be associated with specific organ 

formation (Bearden and Fuquay, 2000). The remaining cells form a wall, the trophoblast, 

around the blastocele. The blastocyst, when formed, is contained within the zona 

pellucida, and as it expands, it will press against the zona pellucida causing it to thin 

(Peters and Ball, 1995). Cracks will appear in the zona pellucida, and the blastocyst will 

hatch from the zona around d 12 (Bearden and Fuquay, 2000). After loss of the zona 

pellucida the blastocyst will begin a very rapid process of elongating and increasing in 

size and weight (Hafez, 1993). 

Germ Layers. The appearance of the germ layers begins tme differentiatioa and 

these germ layers start the formation of organs and extraembryonic membranes (Hafez, 

1993). The innermost layer is the endoderm, which first appears when a single layer of 

cells pushes out from the inner cell mass and begins to grow around the blastocele 

(Bearden and Fuquay, 2000). The endoderm is the origin of the digestive system, liver, 

lungs, and most other internal organs. The middle germ layer is the mesoderm, which 
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arises from the inner cell mass, pushing between the endoderm and the ectoderm and is 

the origin of the skeletal system, muscles, circulatory system, and reproductive system 

(with the exception of gametes) (Bearden and Fuquay, 2000). The ectoderm, or the outer 

germ layer, is the origin of the nervous system, sense organs, hair, skin, mammary 

glands, and hooves (Bearden and Fuquay, 2000). 

Extraembryonic Membranes. Formation of the extraembryonic membranes will 

begin soon after the appearance of germ layers. The amnion and the allanto-chorioa two 

extraembryonic membranes, will form during this period and remain functional 

throughout the remainder of gestation (Bearden and Fuquay, 2000). The yolk sac, a third 

extraembryonic membrane, is seen early during differentiation; however, the yolk sac 

disappears by the end of this developmental stage (Hafez, 1993). Mesodermal and 

ectodermal layers form the amnion and chorioa whereas endodermal and mesodermal 

layers form the yolk sac and the allantois (Hafez, 1993). An early source of nutrients for 

the developing embryo is contained within the yolk sac forming a primitive gut (Bearden 

and Fuquay, 2000). 

The amnion, which is the inner extraembryonic membrane, forms as the 

trophoderm (the outer layer formed from the fusion of the ectoderm and the mesoderm) 

begins to fold arotmd the embryo, leaving an ectodermal layer on the inside of the 

amnion (Hafez, 1993). The amnion contains fluids that suspend the embryo, protecting it 

and permitting free growth. The fluid in the amnion will make it turgid during the period 

of differentiation (Peters and Ball, 1995). Between d 30 and 45, the amnion can be 

palpated by way of the rectum in cows; however, its turgidity will not permit palpation of 
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the embryo (Peters and Ball, 1995). The turgidity helps maintain the embryo's shape and 

prevents injury during rectal palpation for pregnancy because the embryo is very fragile 

during this early period of growth. The amnion becomes less turgid as h enlarges and by 

60 d post-fertilization and it will be softened enough to allow the fetus to be palpated 

(Bearden and Fuquay, 2000). The amnionic fluid will continue to bathe and suspend the 

fetus throughout the length of gestation (Hafez, 1993), 

Once the amnion has been formed, the outer layer of the extraembryonic 

membranes is called the chorion rather than the trophoderm (Hafez, 1993). As the 

chorion enlarges, a fusion is formed between the chorion and the allantois called the 

allanto-chorion (Hafez, 1993). This allanto-chorion attaches to the endometrium during 

the process of implantation and becomes the placenta during placentation (Bearden and 

Fuquay, 2000). Oxygen and nutrients from the maternal blood pass through the placental 

attachment into the embryonic circulation, which transports them to the developing 

embryo (Hafez, 1993). 

The allantois is a vascular membrane, first seen as a out-pouching of the hindgut, 

and h connects to the embryonic bladder which contains fluids high in waste products 

(Hafez, 1993). Ammonia and carbon dioxide, which are waste products from the 

embryo, are transported from the embryonic blood through the placental attachments to 

matemal blood for elimination through the maternal system (Hafez, 1993). The embryo 

will die from deprivation of oxygen and nutrients and/or build up of toxic waste iM ôducts 

if the allanto-chorion does not develop properly (Hafez, 1993). 
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Organ Formation. Cells wrthin the inner cell mass differentiate as the formation 

of extraembryonic membranes progress. The central nervous system is the first organ to 

begin development and the last organ to complete its development (Bearden and Fuquay, 

2000). From the ectodermal cells, a neural plate forms as the beginning of the central 

nervous system, and the spinal cord and primitive brain are quickly visible. The 

circulatory system develops rapidly from the mesodermal cells, and by d 22 in the cow an 

embryonic heartbeat can be detected (Hafez, 1993; Bearden and Fuquay, 2000). The 

digestive system, the liver, pancreas, and lungs can be identified as they differentiate 

from the endodermal cells. Limb buds, which will form legs, a tail bud and lens of the 

eye, can be identified within a few days (Hafez, 1993). Embryos at this stage of 

development are so similar in appearance that they cannot be distinguished as to species 

(Hafez, 1993). 

The reproductive system will form during the period when other organs are 

developing. The Mullerian ducts and the Wolffian ducts, a dual duct system, will appear 

in all embryos. Sexual differentiation will not occur until later (d 45) (Table 2.6); 

however, if the embryo is genetic female, the pair of Miillerian ducts will develop into the 

female duct system, including the oviducts, utems, cervix, and vagina, and the Wolffian 

ducts will regress and disappear (Bearden and Fuquay, 2000). The pair of Wolffian ducts 

will develop into the male duct system if the embryo is genetically male, including vasa 

efferentia, epididymis, vas deferens, and the urethra, whereas the MUllerian ducts will 

regress and disappear (Bearden and Fuquay, 2000). 
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Table 2.6 Sexual differentiation. 

Species Day of (yestation 
Bovine 45 
Equine 45 
Ovine 35 
Porcine 30 

Adapted from Bearden and Fuquay (2000), 

The embryonic gonads arise on either side of the dorsal wall of the abdomea and 

first appear as gemtal ridges, which are slight thickenings near the kidneys (Hafez, 1993). 

The indifferent gonad soon differentiates into the inner medulla and the outer cortex. 

Primary sex cords arise and extend into the medulla, which develops into the testes as the 

cortex regresses in the genetic male (Hafez, 1993). From the hindgut of the embryo, the 

primordial germ cells migrate into the primary sex cords, which will later differentiate 

into the seminiferous tubules and the rete testis (Hafez, 1993). In the fetal testis, the 

primordial germ cells undergo mitotic divisions, and they form gonocytes, which 

differentiate into spermatogonia just before puberty (Hafez, 1993). 

In the female, appearance of the primary sex cords will be followed by secondary 

sex cords that arise from the surface epithelium and remain in the cortex, which develops 

into the ovaries in the genetic female (Bearden and Fuquay, 2000). Primordial germ cells 

from the hindgut are incorporated into the secondary sex cords, and these cords later 

break up into clusters of cells called primary follicles, which consist of an oogonium 

surrounded by a single layer of granulosa cells (Hafez, 1993). Following the fetal period, 

a period of mitosis occurs during which thousands of primary follicles are formed. The 

ovaries form later and have a slower rate of development compared with the testis 
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(Hafez, 1993). The primary sex cords and the medulla regress in the female, and the 

appearance of the secondary sex cords is an early distinguishing feature in the female 

(Hafez, 1993). 

Formation of organs and relative rate of growth proceed rapidly during 

differentiation (Bearden and Fuquay, 2000). Primitive organs appearing early in the 

period of differentiation will reach completion at the end of the period (Hafez, 1993). 

The period of differentiation is very critical, and anything that interferes with normal 

differentiation will not be corrected later in gestation after differentiation is complete 

(Hafez, 1993). 

Matemal Recognhion 

The presence of the embryo in the utems must be signaled before implantation 

begins to prevent regression of the corpus luteum (Bearden and Fuquay, 2000). The 

mechanism of maternal recognition is species-dependent, and in cattle the conceptus (or 

zygote) secretes a protein called bovine bTP-1 (bovine trophoblastic protein-1), which 

binds to its receptor in the endometrium (Bearden and Fuquay, 2000). This mechanism 

stimulates the release of endometrial prostaglandin synthetase Inhibitor (EPSI), which 

acts with arachidonic acid and prostaglandin synthetase to prevent formation and 

secretion of prostaglandin F2a, which can cause the termination of pregnancy (Bearden 

and Fuquay, 2000). 
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Embrvonic Mortality 

Embryonic mortality denotes the death of a fertilized ova and embryos up to the 

end of implantation (Hafez, 1993). It is regarded as a normal process to eliminate 

muhiple pregnancies in cattle and is termed embryo wastage. Approximately 25 to 40% 

of cattle embryos are lost between the time of sperm penetration of the ovum and the end 

of implantation (Bearden and Fuquay, 2000). Most losses occur before or immediately 

following implantation, resulting in complete absorption of the conceptus. After 

breeding failures (caused either by natural breeding or artificial insemination), embryonic 

mortality accounts for the majority of the reproductive failures in cattle whh a mortality 

rate of up 40% of all fertilized ova (Hafez, 1993). Most embryonic deaths occur in cattie 

between d 8 and 16 during the hatching of the blastocyst and implantatioa so cycle 

lengths are not affected (Hafez, 1993). 

Embryonic losses have changed very little since the initial research in the area of 

embryonic loss, despite some lessening of embryonic loss through managing genetics, 

nutritioa parity, stress and animal heahh (Bearden and Fuquay, 2000). Embryonic 

mortality can be due to matemal factors, embryonic factors, or embryonic-maternal 

interactions (Hafez, 1993). 

Parturition 

The process of birth is known as parturition, and it begins with the softening and 

initial dilation of the cervix, along whh the start of uterine contractions. The time 

required for parturition varies among individuals, as well as among species (Table 2.7). 
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Table 2.7 Average time (hrs) required for the stages of parturition for different species. 

Specie 
Bovine 
Ovine 
Porcine 
Equine 

Stage 1 
2-6 
2-6 
2-12 
1-4 

Stage 2 
•/a-2 
'/2-2 
1-4 

VA- VI 

Stage 3 
4-5 
'/2-8 
1-4 
•/2-3 

Adapted from Bearden and Fuquay (2000). 

Parturition can be divided into three stages. The first stage of parturition ends 

with complete dilation of the cervix and the entry of the fetus into the cervix (Bearden 

and Fuquay, 2000). The second stage ends with expulsion of the fetus, and the third 

stage ends with the expulsion of the placenta. Dystocia is common in cattle that have 

small pelvic area, and are carrying a large fetus (Meredith, 1995). Dystocia is defined as 

prolonged and difficuU parturition, with assistance frequently being required (Meredith, 

1995). Calving difficuhy is much more common in heifers and young cows than in older 

cows; therefore, it is important for the producer not to breed heifers to bulls with large 

birth weights (Bearden and Fuquay, 2000). Dystocia is a major cause of a decreased calf 

crop, as well as retained placenta and postpartum reproductive problems such as prolapse 

of the reproductive tract (Meredith, 1995). These problems cause delayed fertility, estms, 

extended calving interval and an increase in calf loss. 
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Assisted Reproductive Technologies (ART) 

Artificial Insemination 

Artificial insemination is one of the most valuable management practices 

available to cattle producers. The A.I. procedure makes efficient use of the generous 

supply of sperm available from an individual male in a manner that greatly increases 

genetic progress, as well as improving reproductive efficiency in many different 

situations (Bearden and Fuquay, 2000). In one year, a bull can produce sufficient semen 

to provide enough sperm for 40,000 breeding umts (Bearden and Fuquay, 2000). In 

cattle, the development of successfiil methods, together with the demand for A. I. as a 

means of livestock improvement and disease control have resulted in A.I. becoming a 

common method of breeding (Melrose, 1970). 

History of A. L The Arab chieftains may have used the method centuries ago as a 

means of acquiring germ plasm from the best stallions of the enemy chieftains (ABS, 

1996). In Italy in 1780, Spallanzani, working with dogs, conducted the first reported 

scientific experiments with this technique. The Russians, after several decades of 

experimentatioa began using the technique widely in the 1930's to breed millions of 

sheep and cattle (ABS, 1996). The procedure was fu-st reported in use in the United 

States in the mid- to late-1930. The idea began to spread rapidly. With the enthusiasm 

and growth of the general economy following World War H, nearly 100 recognized A.I. 

units were operating in 1950; most were cooperatives that were formed at county and 

district levels (ABS, 1996). 
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During the early days of the industry, there was no means of preserving semen 

other than in a liquid form for a few days at 35** to 38°F (ABS, 1996). Thus, semen had 

to be shipped usually on an every-other-day basis to the field technicians scattered across 

the country where the cows were located. Semen not used within 2 to 3 d had to be 

discarded because of a decrease in fertility (ABS, 1996). 

In 1947, the American Foundation for Biological Research was founded to work 

toward improving techniques for preserving semen, and to study the possibility of 

transplanting fertilized ova from one cow to several others (ABS, 1996). In January 

1951, the first calf was bom from semen that had been frozen in England by D.L. Stewart 

using procedures that included the addition of glycerin to the extender described by AU. 

Smith and Chris Polge in 1950 (ABS, 1996). By 1952, Polge and Tim Rowson at 

Cambridge University had advanced the semen freezing technique, and 30 cows were 

impregnated through their research (Peters and Ball, 1995; ABS, 1996). The discovery of 

using glycerol to protect bovine spermatozoa from damage during freezing was a cmcial 

factor (Bearden and Fuquay, 2000). By, 1963, the use of liquid nitrogen for even lower 

temperature storage was being evaluated (Peters and Ball, 1995). Frozen semen was 

originally stored m glass ampules, or sometimes pellets; however, the 0.25 ML plastic 

straw, which was invented in Belgium and developed in France, was brought into general 

use for the freezing and handling of semen in 1973 (Peters and Ball, 1995). 

Seqien Collectioa Semen can be collected with an artificial vagina or by 

electroejaculation. The artificial vagina consists of a sfrong mbber cylinder and a thin 

inner latex liner and is tied to form a water-weight (Peters and Ball, 1995). A collection 
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flannel that drains into a graduated cylinder tube is fitted to one end of the artificial 

vi^ina. When prepared for use the jacket is filled whh warm water and the inner lining is 

lubricated. For collection the bull is allowed to mount a 'teaser' cow or a 'dummy' cow. 

If the temperature, pressure and lubrication are appropriate, the bull will thmst and 

ejaculate into the artificial vagina (Bearden and Fuquay, 2000). 

Electroejaculation is useftil for bulls with physical disabilities that inhibit or 

prevent mounting activhy. Seminal collection by electroejaculation is often employed in 

clinical settings for purposes of breeding soundness evaluations (Howard and Pace, 

1988). Electric current is applied to a rectal probe causing electrodes that are located 

over the ampulla and seminal vesicles so as to stimulate both the nerves that control 

ejaculation of semen from the urethra. The ejaculate is collected into a graduated tube 

through a funnel held below the prepuce (Howard and Pace, 1988). 

Semen Evaluation Semen must be maintained at 30 to 35° C while it is 

examined grossly and microscopically after collection (Meredith, 1995; Peters and Ball, 

1995). An initial assessment is conducted on the quality, volume, and color of the semen. 

If the semen appears fairly clear, the concentration of spermatozoa will be unacceptably 

low. The normal color of semen is a creamy white, and the consistency should be fairly 

uniform (Howard and Pace, 1988). The semen should also be checked for contaminants 

such as hair, blood, feces, urine, and (or) pus. The volume can vary from 3 to 15 ML, 

with averages of approximately 4 ML for beef bulls and 6 ML for dairy bulls (Meredith, 

1995). 
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A small sample of semen is placed on a microscopic stage to estimate the 

proportion of live spermatozoa. At least 60 to 70% of the spermatozoa should be 

swimming with normal wave motion (Meredith, 1995). If the spermatozoa are swimming 

backward or in circles, they might have been damaged by cold, heat or osmotic shock 

(Howard and Pace, 1988). 

Semen Processing and Storage Almost all semen used in artificial insemination 

is frozen to preserve it during storage and distribution. Before freezing semea it is 

diluted in an extender that sustains and protects the spermatozoa during storage 

(Meredith, 1995). The extent to which the original ejaculate can be diluted depends on 

the concentration of spermatozoa. While satisfkctory conception rates can be achieved at 

dose rates of 6 to 12 million motile spermatozoa per inseminatioa A. I. services 

commonly use 20 million spermatozoa or more at each insemination (Meredhh, 1995). If 

the ejaculate yields 6 ML of semen containing 1000 million spermatozoa/ml and the 

standard inseminates required 20 million spermatozoa in a plastic straw of 0.25 ML 

capacity, the required dilution rate would be 12-fold (Meredith. 1995). Bull semen can 

be extended between 10 and 75 times (Meredith, 1995; Peters and Ball, 1995). 

The common extenders contain egg yolk or milk to protect against cold shock and 

glycerol and (or) dimethyl sulphoxide (DMSO) as cryoprotectants. Citrate, phosphate 

and Tris buffers are used to counteract the lactic acid produced by sperm metabolism. 

Simple sugars, such as glucose or fructose, can supply energy without upsetting the 

osmotic balance between the extender and the spermatozoa (Meredith, 1995; Peters and 

Ball, 1995; Bearden and Fuquay, 2000). 
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A plastic straw of 0.25 ML capacity is the standard packaging system, containing 

20 million spermatozoa in extender and is stored at -196°C in liquid nitrogen (Meredith, 

1995). Once the straws have been filled, they are cooled to 5°C and then allowed to 

equilibrate before freezing (Meredith, 1995). The straws are then brought down to -110 

to 130°C at a controlled rate (Meredith, 1995). Cooling too fast can cause thermal shock 

and cooling too slow can resuU in increased osmotic pressure as water freezes out. 

Inseminatioa The procedure most widely used for thawing semen on the farm is 

to immerse the straw at 35°C for 7 sec (Meredith, 1995; Peters and Ball, 1995; ABS, 

1996; Bearden and Fuquay, 2000). After thawing, the plug is cut off and the straw is 

inserted into the A.I. gun, which is used to propel the contents of the straw into the cow's 

reproductive tract. The A.I. technician or inseminator grasps the cervix per rectum, 

pushes it forward to straighten and extend the vagina, and then inserts the gun as far as 

the intemal os of the cervix before injecting the semen into the utems (ABS, 1996). The 

optimum time to insemmate is 12 to 24 h after the beginning of standing heat (estms) 

(ABS, 1996). This ensures that sperm arrive at the she of fertilization a few hours before 

ovulatioa which normally occurs around 30 h after the onset of estms (Pet«-s and Ball, 

1995). 

Embryo Transfer 

Embryo transfer in cattle has become one of the most progressive and exciting 

procedures available to producers. Embryo transfer is occasionally referred to as ova 

transplant or embryo transplant (Taylor, 1995). Embryo transfer is a procedure in which 
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embryos are recovered from superovulated donors and transferred into the reproductive 

tracts of the recipient females that will serve as surrogate mothers. The purpose of 

embryo transfer is to generate the highest quahty cattle herds and to increase the 

reproductive efficiency of superior cows and/or heifers (Bearden and Fuquay, 2000). 

With conventional production, the average cow produces six to seven calves in her 

lifetime (Bearden and Fuquay, 2000). Embryo transfer can increase her reproduction 

efficiency to numerous calves per year, thus increasing selection opportunities many 

times. The process is comparable to artificial insemination, which uses superior bull 

sperm to reproduce quality cattle. By combining the two processes, a quality cattle herd 

can be achieved in a short and efficient period of time (Bearden and Fuquay, 2000). 

History. Waher Heape accomplished the first embryo transfer in 1890, when 

rabbrt embryos were transferred from donor rabbits to surrogate/recipient rabbits (Hafez, 

1993). The experiments demonstrated that the surrogate's genetics would not influence 

the transferred embryo's genetic make-up during development. However, it was not until 

1929 that the first successful rabbit embryos were transferred to recipient does, at 

Harvard University, and by 1930, the first bovine embryo was successfiilly collected 

(Howard and Pace, 1988; Wright, 1988). 
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Table 2.8 First records of successful embryo transfers. 

Date 
1891 
1933 
1934 
1942 
1949 
1949 
1951 
1951 
1951 
1964 

Species 
Rabbit 
Rat 
Sheep 
Goat* 
Mouse 
Cow** 
Goat 
Cowtt 
Pig 
Cow (cervical) 

Date 
1968 
1974 
1976 
1978 
1978 
1979 
1981 
1984 
1984 
1984 

Species 
Ferret 
Horse 
Baboon 
Humant 
Cat 
Dog 
Gaurtt 
Marmoset 
Zebra 
Przewalskis Horsett 

*Reinsertion 
** Aborted 
iln Vitro fertilized and reinsertion 
t t Interspecies recipient 

Adapted from Howard and Pace (1988); 
Wright (1988). 

The inhial method of collection was a surgical retrieval procedure that removed 

the oviducts of a slaughtered cow (Bearden and Fuquay, 2000). This procedure defeated 

the purpose of extracting a continuous supply of embryos from a superior cow. Another 

method was developed that surgically removed the embryos of a live cow 72 h after 

ovulatioa but this method defeated the purpose of superovulation. Another surgical 

method was developed that allowed for the recovery of a high percentage of fiwtilized 

embryos from a live cow. Dr. Elwin Willett used this methodology to produce a viable 

calf in 1950 (ABS, 1996). 

By 1951, successful bovine embryo transfer was accomplished, but h was not 

until 1964 that a non-surgical method of embryo collection succeeded (Howard and Pace, 

1988; Wright, 1988). The current technology allows large numbers of embryos to be 

flushed from a superovulated cow with little stress to the donor animal and with a 
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promising success rate. In the past several decades, successful embryo transfers have 

been reported in sheep, goats, swine, cattle, and horses (Taylor, 1995). 

Superovulation Superovulatory treatments are widely used in embryo transfer 

programs to increase the supply of embryos from animals of superior genetic merh. 

Superovulation is a procedure in which the female is treated with hormones to cause her 

to produce several ova instead of one that she normally produces at each estms (Hafez, 

1993; Peters and Ball, 1995; Bearden and Fuquay, 2000). The ovarian response and the 

yield of viable embryos following superovulation remain highly variable, and when 

retarded or abnormal embryos are recovered, it is difficuh to determine whether the 

primary defect occurred before or after the time of ovulation (Hafez, 1993). 

Before describing with the technique of superovulatioa a short review of the 

hormones of estms will be presented. There are five major hormones involved in 

reproduction related to embryo transfer: FSH, LH, estrogea progesterone, and 

prostaglandin (Hafez, 1993). Follicle stimulating hormone is released by the pituitary 

gland and promotes the growth of follicles on the mature ovary, as well as playing a role 

in the production of estrogen. Lutenizing hormone is also released by the pituitary gland, 

and causes the release of the ovum contained in the Graafian follicle (ovulation) thereby 

initiating the formation of the corpus luteum (Hafez, 1993). 

When the Graafian follicle breaks open and releases the ovum, it also releases the 

hormone estrogen. Estrogen promotes the onset of heat, the physical signs of estms. 

Estrogen also stimulates the vascular tissue that lines the walls of the utems, causing the 

"fold curtain" effect (Hafez, 1993). The fold curtain effect increases the tissue size and 
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creates wrinkles in the tissue to catch the fertilized zygote after conception. The vascular 

tissue also is the immediate nutritional source for the fertilized zygote (Hafez, 1993). 

The corpus luteum releases the fourth hormone, progesterone, which is 

responsible for the maintenance of pregnancy. The corpus luteum releases this hormone 

10 to 15 d after its formation, and if the zygote is not present by the 10 to 15 d period 

after estrus, the utems will secrete the estms-ending hormone prostaglandin (Hafez, 

1993). Prostaglandin causes the regression of the corpus luteum and the estrous cycle 

restarts. 

Superovulation can be done anytime from d 6 to 15 of the estrous cycle. One of 

the two following methods can be used in order to superovulate donors. In the fû st 

method, the female is injected twice daily with 5 mg of FSH for 4 to 5 d. Estms is then 

induced on the thh-d day by injecting 25 mg of prostaglandin at the same time as the sixth 

injection of FSH. Estms should occur on the fifth day, if not, the injections should 

continue through d 5. The ovaries should be palpated rectally every day to ensure that 

over-stimulation does not occur; over-stimulation can lead to ureversible damage to the 

ovaries (Hafez, 1993). The second method also includes FSH injection twice daily, 

starting at 5 mg and decreasing in dosage by 1 mg per day. On d 3, a 25-mg injection of 

prostaglandin accompanies the sixth injection of FSH. Estms should occur on d 5 

(Hafez, 1993). 

Synchronizatioa Estrous synchronization is the procedure of controlling or 

manipulating the estrous so that females express estms at approximately the same time. 

Estrous synchronization is a critical part of an embryo transfer program because of the 
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time and expense of checking heat and breeding animals under extensive management 

conditions (Hafez, 1993). Estrous synchronization of the recipient cows should be 

performed while superovulating the donor cows. 

To artificially control the estrous cycle, the female must reach puberty and be 

undergoing normal cyclic activity (Hafez, 1993). The techniques either: (1) shorten the 

lifespan of the corpus luteum or (2) use an exogenous source of progesterone to replace 

the function of the corpus luteum, to artificially control the estrous cycle (Hafez, 1993). 

Prostaglandin F2a. Prostaglandin F2a is responsible for the demise of the corpus 

luteum before the next estms because of its natural lutelysin effects in the cow. The cow 

must have a functional corpus luteum for prostaglandin to be effective; therefore, it is 

ineffective when the corpus luteum is immature or has already begun to regress (Hafez, 

1993). If PG F2a or hs analogues are administered to a cow with a receptive corpus 

luteum, it will cause premature regression and an early retum to estms (Hafez, 1993). 

However, the corpus luteum is unresponsive for the first 4 to 5 d after ovulation and once 

the corpus luteum has began to regress spontaneously at d 16 or 17, this process cannot 

be accelerated (Noakes, 1997). In heifers and cows, prostaglandin is only effective from 

d 5 to 18 of their estrous cycles; therefore, PGF2ais given on either a one-injection or a 

two-injection system. On average, the cows will begin to exhibit signs of estms 

approximately 3 d after the prostaglandin injection (Taylor, 1995). 

MGA Melengestrol acetate, MGA, is a feed additive that suppresses estms in 

heifers and is widely used in the feedlot industry (Taylor, 1995). In highly successful 

estrous synchronization programs, MGA and prostaglandin have been used in 
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combination. Melengestrol acetate is fed at 5 mg per head per day for 14 d, in one such 

program. A single injection of prostaglandin is administered 17 d after the last MGA 

feeding. Approximately 48 to 72 h after the prostaglandin injection, most heifers will 

show heat. More than 80% of the heifers usually conceive in a 30-day breeding program 

(Taylor, 1995). 

Progesterone. By secreting the hormone progesterone, the corpus luteum controls 

the estrous cycle in the cow. A synthetic progestagen or an exogenous source of 

progesterone functions as an artificial corpus luteum by exerting a negative feedback 

effect on the hypothalamic/pituitary axis and thereby suppressmg cyclic activity (Hafez, 

1993). If progestagens are removed at the same time, in a group of animals, good 

synchronization is provided, and there is no residual endogenous progestagen derived 

from the corpus luteum; therefore, h is unnecessary to induce luteolysis or suppression of 

corpus luteum formation (Hafez, 1993). 

PRID. The progesterone-releasing intravaginal device, PRID, is a stainless steel, 

flat coil covered with an inert elastomer that incorporates 1.55 g of progesterone plus a 

10-mg estradiol capsule (Noakes, 1997). To use the PRID, the cow or heifer must be in 

good body condhion, and must not be pregnant, or have calved within the last 20 d 

(Noakes, 1997). The PRID is inserted into the anterior of the vagina using a gentle and 

clean technique. The PRID is removed after 12 d and estms should occur 1 to 3 d later 

(Noakes, 1997). Estradiol benzoate is a poor luteolytic and antiluteotrophic agent; 

therefore, the degree of synchronization with the PRID can be variable. If PG F2a is 
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administered 24 h before to the PRID removal, better results can be obtained with a 

shorter period of retention such as 8 d (Noakes, 1997). 

Syncro-Mate-B and CIDR Syncro-Mate-B has been available for beef and dairy 

cattle since 1983 as another estrous synchronization product (Taylor, 1995). Females are 

injected with 5 mg of estradiol valerate and 3 mg of norgestomet, and implanted with a 3-

or 6-mg (depending on preference) norgestomet implant, subcutaneously on top of the 

ear. Norgestomet is a potent synthetic progestagen, which is available as a subcutaneous 

polymer implant containing 3 mg of the active substance (Noakes, 1997). The implant is 

removed 9 d later, and cow will show heat approximately 24 to 48 h after the removal of 

the implant (Noakes, 1997). Many non-cycling heifers will show heat after treatment 

with Syncro-Mate-B; however, the conception rates in these heifers at estms are low, 

20%. In cycling heifers treated with Syncro-Mate-B, the conception rates are typically 

40 to 60% (Taylor, 1995). 

The CIDR, which is an intravaginal progesterone-releasing device, is a Y-shaped 

device comprised of a nylon spine covered with an elastomer containing 1.9 g of 

progesterone and a plastic tab that enables its withdrawal from the female (Noakes, 

1997). The CIDR is inserted into the vagina with the manufacturer's appUcator gim, 

using a clean and gentle technique. The CIDR should be removed by pulling gently on 

the plastic tab after 7 to 12 d (Noakes, 1997). A luteolytic dose of PG F2a should be 

administered on the day of withdrawal or at any time from 6 d after insertion, Estrous 

should occur 24 to 48 h after removal with cows inseminated at the normal time (Noakes, 

1997). 
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Estms Detection. Estms detection is an important aspect of an embryo transfer 

program, and failure to detect estms causes serious reductions in reproductive efficiency. 

A number of procedures and devices have been developed to aid in estms detection, such 

as chalk marks and pressure sensitive detectors (K-mar patches) on a cow's mmp that are 

used to determine mounting activity. Hormone-treated cows or steers and surgically 

ahered bulls can be fitted whh devices, such as the chin ball marker, to show indications 

of a cow that has been mounted (Kiddy, 1978), 

Flushing or Embryo Collectioa The removal of embryos from donor cows is one 

of the most critical aspects of a successful embryo transfer program. The original means 

of embryo removal involved surgery, which often meant the sacrifice of the valuable 

donor cow (Hafez, 1993). Flushing is a safer and more effective method of embryo 

removal. Flushing is a technique of removing the embryo with as little intmsion as 

possible. The popular method of flushing is the use of a French Foley catheter, which is 

a two-way flow catheter that simuhaneously allows flushing fluid to be passed into the 

utems and retum into a collecting receptacle (Hafez, 1993). Using flushing media either 

from the fimbria toward the utems or from the uterotubal junction toward the fimbria, 1 

to 5 d following estms, is the method of collecting one to eight-cell embryos (Hafez, 

1993). From intact, superovulated females, ova representing 40 to 80% of the corpora 

lutea can usually be recovered (Hafez, 1993). 

The catheter consists of two tubes. The first tube is responsible for pumping the 

flushing fluid into the utems and is located near the balloon of the catheter. The second 

tube extracts the flushing fluid from the utems and terminates at the end of the catheter 
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(Hafez, 1993). The actual process is performed by inserting the catheter into the utems 

through the cervix, inflating the balloon to prevent expulsioa and introduction of the 

fluid. The vacuum tube is then opened to allow the flushing fluid and embryos to pass 

out of the utems. The microscopic embryos are then filtered from the flushing fluid by 

the collecting receptacle (Hafez, 1993). After the completion of flushing, all donor cows 

are given prostaglandin injections to prevent pregnancy and antibiotics to prevent 

infection of the reproductive tract. The flushed embryos are then removed from the 

collecting receptacle for further processing. 

Embryo Evaluation An important determinant of successful embryo transfer 

procedures is embryo evaluation. In predicting pregnancy rates for groups of embryos, 

gross morphological evaluation has been shown usefiil; however, h is of limrted value in 

determining survival on an individual embryo basis (Howard and Pace, 1988; Wright, 

1988). Dye exclusion tests, measures of enzymatic activity, glucose uptake and live-dead 

stains seem to correlate well with morphology and embryo survival following transfer 

(Howard and Pace, 1988; Wright, 1988). Nonetheless, these methods are of little value 

for on &rm embryo transfer conditions because of complex equipment and/or lengthy in 

vitro culture period requirements (Howard and Pace, 1988; Wright, 1988). 

When compared with actual pregnancy rates, several schemes for evaluating 

embryos have been described and all seem reliable. Measurements commonly used in 

evaluating embryo quality include color, shape, size of the perivitelline space, number 

and compactness of cells, number of extmded and degenerated cells, and the size and 

number of vesicles. Categorization of embryos from the poorest to the most ideal varies 
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between operators; some use a simple two-way classification (good and poor), whereas 

others use a more complex system. The systems that classify embryos into good, fair and 

poor categories seem to be the simplest and most reliable (Howard and Pace, 1988; 

Wright, 1988). 

Evaluating embryos as to whether they have has attained an expected stage of 

development based on day of flush post-estms is a common criterion used. When 

compared to embryos at an expected stage of development, success seems to be less with 

embryos retarded 2 d or more (Howard and Pace, 1988; Wright, 1988). Embryo 

evaluation remains one of the most subjective and quahtative aspects of embryo transfer 

to date. 

Gross Morphology. The overall diameter of the bovine embryo is 150 to 190 pm, 

including the zona pellucida thickness of 12 to 15 ^m (Howard and Pace, 1988; Wright, 

1988). From the one-cell stage until blastocyst expansioa the overall diameter of the 

embryo remains vutually unchanged. The number of cells present in early cleavage, such 

as one-cell, two-cell, and so oa up to the 16-cell stage is commonly designated (Table 

2.9), 
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Table 2.9 Developmental embryonic stages. 

Stage Days of Age Description 
Momla 4 "Ball of cells"; cellular mass occupies 

most of perivhelline space. 
Compact Momla 5 Embryo occupies 60-70% of perivitelline space. 
Early Blastocyst 6 Fluid-filled cavity has formed; embryo occupies 

70-80% of perivitelline space; trophoblast 
and inner cell mass distinction. 

Blastocyst 7 Pronounced distinction between trophoblast and 
inner cell mass; darker more compact 
inner cell mass is evident. 

Expanded Blast 8 Overall diameter of embryo dramatically increased 
Complete or partial loss of blastocele. 

Hatched Blast. 9 Undergoing the process ofhatching or completely 
shed the zona; spherical in shape, whh a 
well defined blastocele or collapsed. 

Adapted from Howard and Pace (1988); Wright (1988). 

The quality of individual embryos can be determined using the following criteria: 

(1) excellent- an ideal embryo that is spherical in shape and symmetrical whh cells of 

uniform size, color, and texture; (2) good- trivial imperfections exist in the embryo such 

as a few extmded blastomeres, and the embryos are irregular in shape and contain a few 

vesicles; (3) fair- definite but not severe problems exist within the embryo such as 

extmsion of blastomeres, vesiculation, and a few degenerated cells; and (4) poor- severe 

problems exist, with the embryo contaming extmded blastomeres, degenerated cells, 

various sizes of cells, large numerous vesicles; however, the embryo seems to be viable 

(Howard and Pace, 1988; Wright, 1988). 
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A great deal of variability exists in the morphological development and embryo 

quality within and among donors. Embryo recovery in the superovulated cow commonly 

results in a range of embryonic cell stages differing in estimated developmental ages of 

24 to 48 h (Howard and Pace, 1988; Wright, 1988). The identification of embryonic cell 

stage of development and an assessment of quahty based on morphological 

characteristics are involved in embryo evaluation. There has been little difference 

observed in the pregnancy rates between embryos of good or excellent quahty; therefore, 

a system of good, fair, and poor categories seems to be the simplest and as equally 

reliable as more complex systems. 

Donor/Recipient Selectioa Donor selection should be based on several criteria 

including genetic superiorky in birth weight, milking ability, pre and post-weaning 

growth, and/or any characteristic that is of importance to a particular producer. Genetic 

superiority is probably the single most important trait donors are selected for; however, 

reproductive ability is also an important aspect. The donor should be at least two or more 

years of age; however, heifers can and have been used in successful embryo transfer 

programs (Bearden and Fuquay, 2000). The donor cows should be evaluated for regular 

estrous cycles and regular calving each year, with no history of problems such as retained 

placenta or cystic ovaries. Sire selection is based on the use of well-proven bulls that 

produce high-quality semen (Hafez, 1993). The producer can evaluate expected progeny 

differences (EPD) for birth weight, weaning weight, yearling weight, milk productioa 

and (or) any aspect that is of importance to the producer. 
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Heifers and young cows without reproductive problems are the best recipients 

because they tend to give the highest pregnancy rates (Hafez, 1993). Recipients should 

be healthy, medium-to-large-framed, on a poshive plane of nutrition, and cycling 

regularly (Bearden and Fuquay, 2000). The recipient cows should be examined by a 

veterinarian for reproductive soundness and should be on a herd vaccination program. 

Recipients are synchronized whh prostaglandins, or other means of synchronization, to 

be in the same stage of estrous as the donor cow (Hafez, 1993). Because there is no 

current method of predicting the number of embryos produced by the donor cow, a 

sufficient number of recipients should be synchronized to anticipate average collection. 

Around 10 to 15 recipients per donor cow is the usual estimate; however, the number of 

recipients also depends on whether the producer plans to freeze embryos for later 

transfers (Howard and Pace, 1988; Wright, 1988). 

Transfer of Embryos. Non-surgical embryo transfer techniques are very similar 

to the Artificial Insemination technique, with the exception that greater care is taken to 

avoid contamination of the inseminating gun in the vagina (Hafez, 1993). Embryos must 

be transferred to recipients that have had their estrous cycles synchronized with the 

donor. The embryo also is deposited further into the utems on 6 to 12 d following the first 

detection of estms (Hafez, 1993). The non-surgical technique under ideal condhions can 

be as successful as the more established surgical methods, which involve exposure of the 

uterine hom through an incision of the lateral body wall in which the embryo is injected 

into the lumen (Hafez, 1993). Current non-surgical embryo transfer conception rates are 
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less, between 30 to 50% on a national average, than surgical methods; however, most 

commercial embryo transfers are made by non-surgical means (Hafez, 1993). 

Successful embryo transfer depends on a variety of factors including 

superovulation, estms detection in the donor and recipients, insemination of the donor, 

recovery of embryos, and embryo transfer, as well as proper management of recipients 

through parturition, keeping the progeny heahhy until useable, and saleable and short-

term storage of embryos in vitro. 

In Vitro Fertilizatipn/ In Vitro Maturation 

During the past 30 yr, many highly effective methods to control and manipulate 

mammalian reproduction have been devised. One of these methods is the fertilization of 

eggs in vitro. Research on In Vitro Fertilization (IVF) is designed to understand the 

factors that influence the maturation of the oocyte, interactions of sperm and egg, and 

development of the zygote (Leibo and Loskutoff, 1993). Dauzier et al. (1954) and 

Thibault and Dauzier (1960, 1961) reported the first systematic studies of rabbh eggs 

fertilized in vitro by spermatozoa recovered whh the female reproductive tract, with the 

fu-st offspring bom in 1959 by M.C. Chang (Arav, 1992). Inhial success of Uve offspring 

following bovine IVF involved surgical procedures for ovum recovery and transfer. 

Improvement in this procedure resulted from laparoscopic recovery of follicular oocytes 

from hormonally treated animals just before ovulation without damaging the fertility of 

the donor (Brackett et al., 1982). 
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In vitro fertilization is of practical significance to obtain large numbers of 

embryos for scientific investigations or for subsequent transfer to recipient cows. 

Before fertilization in vitro could be made practical, sperm capacitation in vitro was 

necessary and scientists worked unsuccessfully for many years before this aspect was 

realized. Yangimachi and Chang in 1964 reported in vitro fertilization of ova from a 

golden hamster and demonstrated the ability of sperm to fertilize without exposure to the 

female reproductive tract (Arav, 1992). 

In the past few decades, there has been an acceleration of efforts to develop in 

vitro fertilization technology in farm animals. Following IVF, offspring have been 

produced m cattie, sheep, pigs, goats and horses, with the majority of work carried out in 

cattle. The IVF technology encompasses in vitro maturation (IVM), sperm capacitatioa 

ovum penetration, zygote development, and embryonic development through expanded 

and hatched blastocyst stages (Hafez, 1993). Bovine IVF is desirable for producing large 

numbers of embryos for commercial transfer in calf productioa especially for transfer of 

beef embryos into dairy cows. 

Bovine IVF provides a means to decrease the generation interval, to overcome 

infertility, to expand the reproductive potential of pregnant animals, to extend 

reproductive life, to assist in propagation of endangered cattle breeds, to produce large 

numbers of half siblings simultaneously, to extend valuable semea to access gamete 

performance, and to provide synchronously developing pro-nuclear-stage ova for gene 

injection (Bearden and Fuquay, 2000). 
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Collection and Fertilization of Oocytes. The relative ease of immature oocyte 

recovery at slaughter, inconsistent ovum quality found after various hormonal treatments 

(for superovulation), as well as economic considerations, has encouraged the 

development of w vitro oocyte maturation for providing mature ova for IVF in farm 

animals (Hafez, 1993). Shortly after ovulation, oocytes for in vitro fertilization are 

usually obtained from the oviducts; however, they also can be obtained from follicles or 

the surface of the ovary. 

Cryopreservation of Embryos 

The main advantages of embryo cryopreservation instead of just preserving the 

sperm or oocyte are: (1) that the embryo contains the complete genome, and (2) the 

embryo can be transferred to a surrogate mother without the risk of genetic change. 

Since the pioneering efforts of Audrey Smhh in 1952 concerning the effect of low 

temperature on further development of mammalian ova, much progress in embryo 

cryopreservation has occurred (Hafez, 1987, 1993). Cryopreservation of embryos of 

different mammalian species has been tried whh variable success (Table 2.10). Success 

is a fimction of the varied response of certain stages of embryonic development to 

different biophysical and physiochemical factors such as cooling media, the nature and 

concentration protocol of the cryoprotectant used, the type offreezing machine, the 

thawing rate, and the dilution protocol of the concentration of the cryoprotectant after 

thawing (Hafez, 1987, 1993). 
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Table 2.10 The first successful cryopreservation of mammalian embryos. 

Species Author 
Mouse Whittingham et al., 1972, 1979; Kassai et al, 

1980; Wood and Farrant, 1980. 
Rat Whittingham etal., 1975. 
Rabbh Bank and Maurer, 1974. 
Cattle Wilmut and Rowson, 1973; Willadsen et al., 

1978. 
Sheep Willadsen, et al,, 1976; Willadsea 1977. 
Goat Bilton and Moore, 1976, 1979. 
Human Trounson et al., 1982. 

From Hafez (1993). 

Using methods first developed for mouse embryos, Wilmut and Rowson (1973) 

reported the first bovine pregnancy from frozen-thawed embryos nearly 30 yr ago. Since 

then, more than 800 experimental reports and papers on various aspects of embryo 

cryobiology have been published (Leibo and Loskutoff, 1993). The biophysical 

principles that apply to cryopreservation of living cells and tissues also apply to the 

cryopreservation of embryos. Basically, embryo cryopreservation consists of four steps: 

(1) the embryos are suspended in a solution of cryoprotectant addhive; (2) the embryos 

are cooled under condhions such that little or none of theh cell water freezes 

intracellularly when they are plunged into liquid nitrogen for storage; (3) the embryos are 

warmed in physiological temperature to resume normal function; (4) the cryoprotwtant 

addhive is removed from the embryos by dilution (Leibo and Loskutoff̂  1993). 

Embryos can be damaged during cryopreservation and/or thawing either by the 

formation of large intracellular ice crystals or by the increased intracellular concentration 

of solutes and accompanying changes that resuh from dehydration of cells during 
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cryopreservation (Hafez, 1993). Whereas fast freezing minimizes damage from solution 

effects, it leads to the formation of large ice crystals that cause severe mechanical damage 

(Hafez, 1993). Conversely, slow freezing prevents large ice crystal formation; however, 

it leads to increased damage from solution effects (Hafez, 1993). Therefore, the optimum 

freezing rate for a given tissue depends on hs relative tolerance to damage from ice 

crystals and toxicUy from solution effects. 

When cell suspension is cooled below 0°C, extracellular ice crystals form 

resuhing in a concentration of the solutes in the remaining liquid water (Hafez, 1993). 

The cell membrane acts as barrier to prevent the spread ice crystals into the intracellular 

compartments (Hafez, 1993). The ease of water transport depends on the permeability of 

the membrane to water at any given temperature, the surface-to-volume ratio of the cell, 

and the freezing rate. If the cell is sufficiently permeable to water or the freezing rate is 

sufficiently low, pressure remains small and dehydration results as water moves out of 

the cell to freeze extracellularly (Hafez, 1993). Although extracellular ice crystals 

deform the cell, extracellular ice does not mpture the plasma membrane and cause 

irteversible damage (Hafez, 1993). Adding cryoprotectants such as glycerol or dimethyl 

sulfoxide to the freezing medium resuhs in freezing at lower temperatures. This effect is 

a resuh of the retardation of dehydration of cells and the resuhant harmful solution 

effects; therefore, the embryos can be cooled slowly enough to prevent the formation of 

large ice crystals (Hafez, 1993). 

The technology for freezing and thawing bovine embryos has improved. As with 

semen, cryoprotectants are needed for embryo survival after freezing. Until recently, 
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glycerol was the cryoprotectant used most frequently for freezing. Equilibration of the 

embryo in a holding medium containing glycerol permitted glycerol to replace water 

within the embryo (Bearden and Fuquay, 2000). As ice crystals started forming, the sahs 

in the liquid-holding medium became more concentrated, with the resulting change in 

osmotic pressure drawing more water out of the embryo as glycerol moved in; however, 

the problem came after thawing (Bearden and Fuquay, 2000). The embryo requires 

rehydration before being placed into a recipient, and since water diffuses through cell 

membranes more quickly than glycerol can diffiise out; rehydration had to be done in a 

step-wise manner (Bearden and Fuquay, 2000). Otherwise, excessive swelling frequently 

damages cell membranes, destroying the embryo. Rehydration was accomplished by 

transferring the embryo through several holding media, each whh a lower concentration 

of glycerol, until rehydration occurred. Adding sucrose to the medium as an osmotic 

buffer permitted more direct rehydration; however, this concept was not widely accepted 

by the industry (Bearden and Fuquay, 2000). 

More recently, ethylene glycol has been used as a cryoprotectant when freezing 

embryos. Because ethylene glycol diffuses as rapidly through cell membranes as water 

does, dhect rehydration of embryos whhin the straw is possible (Bearden and Fuquay, 

2000). The embryo is placed in 1.5 M ethylene glycol in the center column of a 0.25 ML 

straw, with a column of phospho-buffered saline on either end of the straw, and the 

columns are separated by an air bubble (Bearden and Fuquay, 2000). The recommended 

ratio of ethylene glycol to phospho-buffered saline in the straw is 1:3 (Bearden and 

Fuquay, 2000). 
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The freezing of embryos using ethylene glycol follows a step-wise procedure. 

The prepared straw is placed directly into an alcohol bath freezer (-7° C), after which the 

straw is seeded by touching a metal rod, cooled by immersion in liquid nitrogea to the 

straw at a location away from the embryo (Bearden and Fuquay, 2000). After a 5-min 

hold, the prepared straw is cooled at 0.5° C/ min to 35°C, held for 15 mia and then 

plunged into liquid nhrogen (Hafez, 1993; Bearden and Fuquay, 2000). 

Slow Contiolled Freezing. The practical application of in vitro produced embryos 

requires that they be cryopreserved to maintain their viability post-thaw, resuhing in 

acceptable pregnancy rates and healthy offspring (Agca et al., 1994). Conventional or 

controlled freezing previously used to cryopreserve the majority of bovine embryos 

produced m vivo or in vhro, uses a special computerized machine for cooling that takes a 

minimum of 2 h to freeze the embryos (Mahmoudzadeh et al., 1993). Embryos are 

exposed to a low concentration of cryoprotectant solution and cooled slowly (< 1° C/ 

min) below their physiological temperature before storage in liquid nitrogen 

(Mahmoudzadeh et al., 1994). However, controlled freezing of embryos, particularly the 

compact momla, yields unsatisfactory resuhs. The embryos exhibh an extreme 

senshivhy to slow cooling, referred to as "chilling senshivhy," when they are cooled 

from ambient temperature to the temperature of seeding at -6° C (Mahmoudzadeh et al., 

1994). 

Many factors contribute to the chilling senshivhy of w vivo-/in vitro-den\ed 

embryos. Research has already demonstrated the effects of factors like stmctural 

differences that exist between in vivo and in vitro produced embryos, culture condhions 
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in which the embryos are produced, the basic solution used for freezing, the age of the 

embryos, and the stage of embryonic development on the post-thaw survival rate of 

cryopreserved embryos (Mahmoudzadeh et al., 1994). Pollard and Leibo (1994) 

suggested that it might be possible to outrace chilling injury of w vitro derived embryos 

by sufficient rapid cooling. 

Freezing and Thawing Procedures Embryos are collected from the female 

reproductive tract or ovaries by a non-surgical method discussed previously. Embryos 

are then washed in sterile culture media, and a microscopic evaluation and classification 

of the embryos is performed. Embryos are transferred in a series of concentrations of 

cryoprotectants, and straws are then attached to a syringe using a mbber adapter to 

aspirate medium-air bubbles and embryo-ah bubbles. The slow cooling rate ranges from 

0.5 to 1.6° C/ min and rapid cooling rate ranges from 17 to 30° C/ min (Hafez, 1993). 

Embryos are cooled rapidly to 0°C and at a rate of 1°C/ min to -7°C, at which point 

freezing is initiated by adding a small crystal of ice to the medium, known as seeding 

(straws are seeded and placed into a programmable freezer), which minimizes 

temperature fluctuations resulting from the heat of fusion (Hafez, 1993). Embryos are 

then cooled to about -33°C and finally placed into liquid nitrogen at a temperature of 

-196°C (Hafez, 1993). 

Programmable Freezer. Electronically programmed machines are used to monitor 

the temperature over the critical phase of the cooling curve before the vials containing the 

embryos are plunged into liquid nitrogen. Several types are completely self-contained 

and capable of obtaining controlled rates of cryopreservation whh or without liquid 
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nitrogen and without mechanical refrigeration devices or the use of conventional 

refrigerants (Hafez, 1993). There are three major systems: (1) freezers with a cylindrical 

chamber whh circulating air cooled by micro-processor controlled thermoelectric cells; 

(2) freezers operated with liquid nitrogen; and (3) freezers operated with alcohol. 

To prevent enlargement of small ice crystals, embryos are thawed rapidly in a 

25°C water bath, and the cryoprotectant is then removed in a stepwise dilution at room 

temperature (Hafez, 1993). Pregnancy rates can be improved to some extent to some 

extent when embryos are cuhured for several hours before transfer; when any 

morphologically abnormal embryos exist, they can be discarded (Hafez, 1993). The 

optimum rate of thawing depends on the cryopreservation technique. A precise thawing 

curve must also be followed and the embryos rehydrated by bathing in progressively 

weaker solutions of the cryoprotectant. Using this technique, pregnancy rates of more 

than 50% can be obtained when freezing the best ova whh poorer quality ova being 

transferred fresh (Hafez, 1993). Embryos are sensitive to rapid warming, presumably as 

a resuh of the large transient osmotic stress that occurs during warming (Hafez, 1993). 

This stress occurs as the ice is converted into free water, resuhing in the transient 

exposure to a solution, which is hypertonic whh respect to the inside of the cells (Hafez, 

1993). Embryos must absorb water frcwn their environment to remain in osmotic 

equilibrium and to retum to their normal isotonic volume (Hafez, 1993; Peters and Ball, 

1995). 

Vitrificatioa Vitrification is a physical process whereby a liquid solution is 

transformed into a particular solid, called glass, when cooled to cryogenic temperatures 
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(Arav, 1992). A necessary and sufficient condition for vitrification is that the solution or 

cell suspension should be cooled rapidly to glass transhion temperature so that the 

arrangement of the water molecules to form ice crystals, and the subsequent growth of 

these crystals, cannot occur (Arav, 1992). The glass state has the ionic and molecular 

distribution of the liquid state, therefore avoiding both chemical and mechanical damage 

by the formation of ice crystals during freezing (Arav, 1992). This cryopreservation 

procedure seems to overcome all problems associated with the slow-freezing method; 

however, the most limhing factor in vhrification is the high concentration of 

cryoprotectants. The requhed concentrations are so high that theh osmotic or toxic effect 

is considerable (Arav, 1992). In addhion, although for some research scientists the 

cooling rate is not considered very important provided h is high enough to avoid 

crystallization, cooling and warming should be accurately controlled. 

In 1937, B.J. Luyet was first to introduce vitrification as a method of 

cryopreservation. Luyet reported high survival rates of frog semen vitrified by 

dehydration and very rapid cooling. The discovery of the first cryoprotectant by Polge et 

al. (1949) presented the opportunity for future researchers to introduce the method into 

vhrification. Rapatz and Luyet (1968) observed the vitrification of erythrocytes cooled 

rapidly in solution containing 67% glycerol. Boutron (1979) studied the stabilhy of the 

amorphous state and the potential for glass formation from the most commonly used 

cryoprotectants: glycer<M, DMSO, ethylene glycol, and propylene glycol. Boutron found 

that the amorphous state of the aqueous solution of propylene glycol was much more 

stable than any of the other cryoprotectants. Fahy and Kksh (1982) were the first to 
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propose vhrification for organ preservation, and later Fahy (1984) et al. found that the 

lowest concentrations required to vUrify 5 ML of solution containing propylene glycol, 

DMSO and glycerol were 44%, 49%, and 65%, respectively (Arav, 1992). 

The real breakthrough however, came whh successful vitrification of mouse 

embryos by Rail and Fahy (1985) showing that under some condhions h is possible to 

cryopreserve embryos without almost any loss of viabiHty (Arav, 1992). Rail and Fahy 

(1985) used a solution based on DMSO, propylene glycol, acetamide, and polyethylene 

glycol, which were known as VSl. Since then, vhrification has been used for the 

cryopreservation of oocytes and embryos of laboratory and domestic animals (Arav, 

1992). The first successful vitrification of bovine embryos was reported by Massip et al. 

(1986) using a mixture of glycerol and propanediol at high concentrations. Only late 

momla and very early blastocysts survived, blastocysts did not survive (Van Der 

Zwalmen et al., 1989). 

Cooling Rate. The cooling rate is very important variable because as the 

formation of ice crystals during cooling is a kinetic process and depends on the thermal 

history of the solution- the higher the cooling rate, the easier the glass formation (Arav, 

1992). The cooling rate permhs vitrification of pure water is estimated to be 

approximately 10* to 10̂  K s"' (Arav, 1992). Therefore, a practical approach to 

vitrification is to reach the fastest cooling rate technically possible. In contrast, when the 

freezing method is used, an optimum cooling rate can be found in order to avoid the 

damage caused ehher by prolonged exposure to the unfrozen fraction at very low cooling 
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rates or by the formation of intracellular ice crystals at higher cooling rates (Mazur, 

1972). 

Cryoprotectant Concentration The probability of vitrification increases relative 

to the increase in cryoprotectant concentration. MacFarlane (1987) observed that in bulk 

samples of cryoprotectant solutions, glass formation is usually observed when 

cryoprotectant concentrations were higher than 40%. 

The choice of the most appropriate cryoprotectant and of hs concentration is very 

important for several reasons. First, the permeating rate of oocytes and embryos by 

cryoprotectant is dependant strictly on the type of cryoprotectant used as well as on the 

species and on the development stage of the embryos. For a given type of cell, the 

greater the permeability of a certain cryoprotectant the smaller its osmotic effect. On the 

oth^ hand, h should be kept in mind that an excessive influx into the cell could enhance 

the toxic effect and (or) cause excessive swelling during dilution (Arav, 1992). Secondly, 

different cryoprotectants have different glass forming abilhies and therefore should be 

used in varying concentrations. 

Thawing Procedures. To thaw embryos foUov^ng vitrification, the straws are 

warmed for 10 sec in a 37°C water bath, and the straw contents are emptied into a Petri 

dish (Kaidi et al., 1998). The embryos are then washed in culture medium to remove the 

cryoprotectant solution (Kaidi et al., 1998). 

There are many factors that affect embryo survival rate after cryopreservation, 

and the influence of each factor must be considered individually and in relation to the 

other factors. Future research is needed to improve the pregnancy rates from the 
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cryopreserved embryos of domestic animals. Routinely approximately half of the 

embryos that are cryopreserved (for both slow-controlled freezing and vhrification) 

survive to be transferred; therefore lowering the national pregnancy rates to an average of 

15 to 30% (Leibo, 1986; Leibo and Loskutoff, 1986; Van Wagtendonk-Leeuw et al., 

1994; Agca et al, 1994 & 1996; Liu et al., 1996; Delval et al., 1996). Both conventional 

slow-freezing and vitrification have been extensively used in the cryopreservation of 

embryos. However, recent data indicates that rapid rather than slow, tradhional 

controlled cooling might be more beneficial for embryo survival, as well as better 

pregnancy rates (Donnay et al., 1998). 
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CHAPTER 111 

OBJECTIVES 

Research Hypotheses 

The research hypotheses for this study was: H (1) Embryo survival rates as well 

as pregnancy rates show major improvement when embryos are frozen using the "Unique 

Freezing Technique" compared whh the common vitrification procedures. H (0) Embryo 

survival rates as well as pregnancy rates fail to show a significance over the common 

vitrification procedures, when frozen using the "Unique Freezing Technique." 

Rationale for IVF Freezing Studies 

The rationale for these studies was based on the assessment of a new freezing 

procedure for the cryopreservation of cattle embryos using five different DMSO 

concentrations (2, 4, 6, 8, and 10%) as a comparison to development of both fresh and 

tradhionally frozen embryos. This freezing was designed to determine the concentration 

of DMSO that best matched the UFT in the freezing of bovine blastocysts measured by 

survival rates at the five different DMSO concentrations for the number of expanded 

blastocysts and the number of hatched blastocysts. 
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CHAPTER IV 

MATERIALS AND METHODS 

Subject Population For Freezing In Vitro Fertilized Blastocysts 

A total of 342 bovine (slaughter-house) oocytes purchased from OvaGenix, Inc., 

San Angelo, TX, were used in the In Vitro fertilization/maturation experiments. The 134 

embryos that reached the blastocyst stage were divided randomly to be frozen ehher in 

liquid nhrogen (LN) or using the "Unique Freezing Technique" (UFT). The Control 

group was cultured, but not frozen. Two different studies were conducted: 1) a freezing 

comparison of 10% dimethyl sulfoxide (DMSO) using UFT versus 10% DMSO using 

LN. The Control group included 22 embryos, LN at 10% DMSO contained 23 embryos 

and UFT at 10% DMSO included 23 embryos. 2) a freezing comparison of different 

concentration levels of DMSO (2%, 4%, 6%, 8% and 10%) using the UFT, with 11 

embryos for each DMSO level. 

Instmments and Data Collection for IVF Studies 

Day 1: The oocytes were divided randomly into 10 dishes, which contained 

media that had been prepared before transport of the embryos. The media consisted of 20 

ML of lOX Medium 199 (Irvine Scientific; Irvine, CA), 180 ML of H2O, 20 ML of 

Human albumin (Irvine Scientific; Irvine, CA), 15 ML of L-glutamine (Gibco; Carisbad, 

CA), and 1 ML of Penicillin streptomycin solution (Sigma; St. Louis, MO). Media were 

added to each of the 10 organ culture dishes (Falcon Plasticware; Cockeysville, MD), 
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whh the center well containing 0.5 ML and the outer well containing 1.5 ML. Each dish 

was rinsed with the media before adding the specific amounts for each well. The dishes 

were labeled whh the numbers 1 through 10. After the dishes had equilibrated in the 

incubator for 1.5 h, 20 randomly chosen oocytes were transferred into each of the 10 

dishes. The 10 dishes were replaced into the incubator for an addhional 1.5 h, and one 

13-ML Falcon tube of media was placed into the 37° C water bath until warm. The 

remaining media were placed into the incubator so as to be ready for later use. 

One straw of donated bull semen was removed from a liquid nhrogen tank and 

thawed in the 37° C water bath for 5 min. The semen was removed from the straw (-0.5 

ML) and combined into a 13-ML Falcon tube whh 1 ML of the warm prepared media. 

The tube containing the semen and the media was vortexed, and then placed into the 

centrifuge for 6 min at 325 g-force, to sq)arate the sperm in a button at the base of the 

tube. 

After centrifuging the semea the tube was pipetted to remove the excess media 

(supernatant fluid) and leave behind the button at the bottom of the tube. The supernatant 

fluid was transferred to a second 13-ML Falcon tube, vortexed, and then centrifuged for 

another 6 min at 325 g-force to isolate the remaining spermatozoa. Again the tube was 

pipetted to remove the supematant, and a few drops of media were added to the second 

button to cause the tube to become frothy. Next, the two buttons were combined, and 

were centrifuged for 3 min at 325 g-force. The supematant fluid was then pipetted 

leaving the last button. One milliliter of the media was added slowly so not to disturb the 

button. The button was placed into the Forma 3456 C02 incubator, which was mn at 37° 
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C and 95% relative humidity for 20 min, and then evaluated for mobility and viability. 

Dishes 1 through 9 were removed from the incubator and inseminated whh 

approximately 50,000 spermatozoa, then replaced into the incubator for overnight 

development. Dish #10 was not inseminated. 

Day 2: Ten new dishes were prepared using the equilibrated media. Two 

addhional dishes were prepared as rinsing dishes. Using two-28-gauge tubuculin 

needles, the remaining granulosa cells were teased away from the zona pellucida to allow 

future observation of fertilization. This operation was performed under magnification 

using Nikon SMZ-2 microscope (Nikon; NY, NY). After the granulosa cells were 

removed, oocytes/embryos were rinsed and placed in the new dishes and returned to the 

incubator. 

Day 3: Ten new dishes were prepared as on d 2 above. Oocytes/embryos were 

evaluated for development under magnification. Cleaving embryos were transferred to 

the new dishes whh fresh media. Oocytes/embryos whh questionable development were 

held in rinsing dishes. All dishes were returned to the incubator for culture. 

Day4& 5: Ten new dishes were prepared as on d 2, and developing embryos 

were transferred to fresh media. Oocytes/embryos that failed to develop were discarded. 

Day 6: The media in which the blastocysts were to be frozen was prepared. Five 

tubes were prepared with the media (20 ML of lOX Medium 199 (Irvine; Irvine, CA), 

180 ML of H20, 20 ML of Human albumin (Irvine; Irvine, CA), 15 ML of L-glutamine 

(Gibco, Carlsbad, CA), and 1 ML of Penicillin streptomycin solution (Sigma; St. Louis, 
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MO)) and the different levels (2 tolO%) of DMSO (Sigma; St. Louis, MO) cryoprotectant 

as follows: 

Table 4.1 Freezing Media for Blastocysts. 

Tube 
#22 
#42 
#62 
#82 
#102 

ML Media % 
9.8 
9.6 
9.4 
9.2 
9.0 

ML DMSO % 
02 
04 
06 
0.8 
1.0 

Embryos determined to be in the blastocyst stage were transferred to a 

"Combined" dish containing the same amount of media (0.5 ML and 1.5 ML), totaling 

four "Combined" dishes. The "Combined" dishes were labeled d 6, 1 through 4 and 

contained the following number of embryos: 

Table 4.2 Embryo Dish Content. 

Dish# 
1 
2 
3 
4 

No. of Embryos 
11 
22 
22 
11 

The total number of embryos that developed to the blastocyst stage was 66 (out of 

200 oocytes). The four dishes were placed into the incubator for 8 min to prevent 

embryo stress. Two addhional dishes were prepared as above, and labeled 5 and 6. 

Dishes 2 and 3 were removed from the incubator, and 11 embryos from each dish were 

transferred into Dishes 5 and 6, leavuig each dish with 11 embryos. 
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Organ culture dishes were prepared with the concentrations of DMSO shown in 

Table 4.1. The embryos were then prepared for freezing by the following steps: 

Step 1: Five cryo-vials were labeled whh the numbers 22, 42, 62, 82, and 102. 

Step 2: Eleven embryos were transferred into the organ culture dishes containing the 

cryoprotectant (-0.5 ML). 

Step 3: The embryos remained in the organ culture dishes for approximately 2 min. 

Step 4: The embryos were then transferred into the cryo-vials whh 0.2 ML of the 

cryoprotectant. 

Step 5: The cryo-vials containing the embryos were placed on a cane. 

Step 6: The cane was placed into the SupaChill (a system that is based on a super-cooled, 

non-toxic water based solution and its associated cooling plant) unit for 30 min. 

Step 7: The vials were transferred into the liquid nitrogen tank. 

The seven steps were completed for five out of the six total dishes. The sixth dish 

was used as a control and remained in the incubator to be evaluated for hatching. The 

five cryo-vials containing the embryos remained frozen for 3 d. 

Thawing and retum to culture Five new dishes were prepared for examining the 

thawed embryos, whh the same amounts of media: 0.5 ML in the center well and 1.5 ML 

in the outer well. The cryo-vials were removed from the liquid nitrogen tank, one at a 

time, and thawed in the open air for 1 min. The cryo-vials were then placed into the 37°C 

water bath for 2 min. Embryos were transferred into the outer well of the prepared 

dishes, then into the center well in order to eliminate the DMSO cryoprotectant from 

contaminating the embryos. All embryos from each cryo-vial (numbered vials 22 
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through 102) were transferred into clean dishes containing the appropriate amount of 

media. The dishes were labeled Day 9, 1 through 5, along with the percentage of DMSO 

the embryos were frozen with. The dishes containing the thawed embryos were placed 

into the incubator for 3 d. 

Day 12: The embryos were evaluated and transferred into new dishes as prepared 

ond2. 

Superovulation Studies 

As the previously described study used embryos of questionable viabilhy, a 

second series of experiments was designed to use embryos from superovulatory cattle. 

By desiga the study required 200 fi-esh embryos at the blastocysts stage for freezing. 

Calculating an average of 10 to 30 embryos per animal stimulated, it was estimated a 

minimum of 10 tol5 animals would be required. After obtaining protocol approval from 

the Animal Care and Use Committee, 13 cattle were recruited from donors for 

superovulation. 

The cattle were transferted to the Texas Tech Univershy Research Farm Facilhies 

located at New Deal, TX. An Embryo Transfer schedule, donor superovulation and 

breeding protocol was provided by BovaGen of San Antonio, TX. BovaGen 

veterinarians performed the embryo flushing techniques. The Texas Tech Univershy Beef 

Center Manager and the author of this thesis conducted all other procedures. 

The first study consisted of 10 head of donor cows: five Red Angus (pasture 

cattle), two Red Brangus (pasture cattle), and three Brahman (show cattle) were provided 
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for this study. The donor cows arrived at the Beef Center on November 13, 2001. One 

week before arrival (d 1), the cattle received 8cc of prostaglandin intramuscularly in the 

rear hip with a l-'/2 inch needle, administered by the owners of the donor cattle. On the 

morning of arrival, the donor cows received CIDR implants, a vaginal implant designed 

to suppress estms or heat in the donor cow, in order to synchronize their estrous cycles. 

On d 9, the donor cows received 2cc of Cystorelin, intramuscularly in the rear hip to 

prevent the growth of cysts on their ovaries and/or to eliminate a dominant follicle. The 

presence of a dominant follicle will suppress the growth of muhiple oocytes, and in the 

superovulation of cows, muhiple oocytes is the main purpose. On November 18, 2001, 

the donor cows began their FSH injections of Follitropm, a follicle stimulating hormone 

dmg. The following table illustrates the approximate dosages the donor cows received 

according to breed. 

Table 4.3 Daily superovulation injections of Follitropin: 

Date 
11-18 am 
11-18 pm 
11-19 am 
ll-19pm 
11-20 am 
11-20 pm 
11.21am 
11-21 pm 
Total 

Red Angus 
2.5 cc 
2.5 cc 
2.0 cc 
2.0 cc 
1.5 cc 
1.5 cc 
1.0 cc 
1.0 cc 
14 cc 

Red Brangus 
2.0 cc 
2.0 cc 
1.5 cc 
1.5 cc 
07 cc 
07 cc 
0.3 cc 
03 cc 
9cc 

Brahman 
2.5 cc 
2.5 cc 
1.5 cc 
1.5 cc 
1.0 cc 
1.0 cc 
0.5 cc 
0.5 cc 
11 cc 

Total 
26.5 cc 
26.5 cc 
19.0 cc 
19.0 cc 
12.9 cc 
12.9 cc 
7.6 cc 
7.6 cc 
132 cc 
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Depending on cattle breed, the donors will experience different reactions to 

different concentrations of the follicle stimulating hormone (FSH) injections. The donor 

cows received these injections twice daily, in the morning and evening for 4 d. On the 

fourth injection day, the donors also received two injections of prostaglandin 

(approximately 8cc). After 6:00 p.m., the CIDR implants were removed and the donor 

cows are expected to be in heat after 24 h 

The cows were bred at standing heat whh one unh (or straw) of frozen-thawed 

semen, 12 h later with 2 units of semen, and another 12 h later with one unit of semen. 

After removal of the CIDR implants, K-mar heat detection patches were applied to the 

tail-head of each donor cow. Heat watch began on the following, approximately 24 h 

after CIDR removal. No standing heats were observed, and no K-mar patches were 

busted. Heat watch resumed on the following day, and h was determined that seven cows 

were either in standing heat or had busted K-mar patches. These seven donors were bred 

with one unh of semen each. According to the breeding protocol, regardless of standing 

heat, all cows were to be bred by the evening of the first breeding day. The purpose of 

this protocol was to keep on the schedule for the animals to be flushed in accordance with 

BovaGen procedures. 

The remaining three donors failed to show standing heat or any signs of estms, 

which might have been a resuh of poor nutrition, time of year, or the presence of young 

calves at their side. All donor cattle were bred according to the protocol, whh frozen 

semen provided by the owners of the cattle. 
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The second study consisted of 13 head of donor cows: two Red Brangus, eight 

Red Angus, and three Brahman. Nine of the cows were used in the previous study, and 

four cows were transferred to the Texas Tech University Research Farm, following the 

protocol approval from the Animal Care and Use Committee. All procedures were 

repeated as in the first study; however, the donor cattle received different levels of 

Follitropin (Table 4.4). 

Table 4.4 Daily injections of Superovulatory dmg Follitropin. 

Date 
1-10 am 
1-10 pm 
1-11 am 
1-11 pm 
1-12 am 
1-12 pm 
1-13 am 
1-13 pm 
Total 

Red Angus 
2.5 cc 
2.5 cc 
2.0 cc 
2.0 cc 
1.5 cc 
1.5 cc 
l.Occ 
1.0 cc 

14cc 

Red Brangus 
2.0 cc 
2.0 cc 
1.5/1.0 cc 
1.5/1.0 cc 
l.Occ 
l.Occ 
0.5 cc 
0.5 cc 
10/9CC 

Brahman 
2.5 cc 
2.5 CC 
1.5 cc 
1.5 CC 
l.Occ 
l.Occ 
0.5 cc 
0.5 cc 
lice 

1 Red Angus 
3.0CC 
3.0CC 
2.0cc 
2.0CC 
1.5CC 
1.5CC 
l.Occ 
l.Occ 
15cc 

Total 
32.0 cc 
32.0 cc 
23.0 cc 
23.0 cc 
17.0 cc 
17.0 cc 
10.5CC 
10.5 cc 
184.5CC 

On d 26, BovaGen veterinarians flushed the donor cows. After the embryos were 

evaluated by BovaGen technicians for viability and quality, they transported to the 

laboratory for freezing. Forty-two total embryos were randomly divided between two 

cryoprotectant groups: 10% DMSO and/or 10% Glycerol. The embryos were frozen whh 

the same media used in the IVF studies, and frozen using the same procedures as with the 

rVF studies with the exception of using 0.25 ML straws for storage. After the embryos 

remained frozen for 60 d, 26 embryos (half of each cryoprotectant group) were thawed in 

the 37° C water and the cryoprotectants were removed in a step-wise manner. The 

embryos were then transferred into prepared dishes (as prepared in the IVF studies) and 
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examined at 24, 48, and 72 h post-thaw for expansion and hatching rates. The embryos 

were stained after 72 h post-thaw for embryonic cell viability. 

Experiment Design for IVF Studies 

The studies were designed as splh-plots. As end-point data were non-parametric, 

the data were analyzed using a series of Chi-Square distributions. 

Sample Numbers 

A total of 342 bovine oocytes were used in the In Vitro fertilization/maturation 

experiments. The one hundred thirty-four embryos that reached the blastocyst stage were 

randomly assigned to be frozen either in Liquid Nitrogen (LN), the "Unique Freezing 

Technique" (UFT) or a Control group cultured but not frozen. Two different studies 

were conducted: 1) Freezing comparison of 10% Dimethyl Sulphoxide (DMSO) using 

UFT versus 10% DMSO using LN. The Comrol group contained 22 embryos, UFT 

contained 23 embryos and LN contained 23 embryos. 2) Freezing comparison of 

different percentage levels of DMSO using the UFT, n=l 1 embryos for each DMSO 

percentage level group. 

Data Analysis 

All data were analyzed using the Statistical Program for the Social Sciences 

(SPSS) version 8.0 on a Gateway laptop computer. Comparisons between control and 

treatment groups for expansion to the blastocyst stage and hatching blastocysts were 

analyzed using Chi-square distribution analysis. 
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CHAPTER V 

RESULTS 

Data analysis for comparison of the Control group, LN, and UFT at all levels of 

DMSO revealed a difference among groups for expansion to blastocyst stage in Figure 

5.1 (P < 0.018). The Control group at 100% expansion rate, LN expansion rate of 50%, 

and UFT embryos expanding at rates of 63.6, 63.6,45.5%, 72.7%, and 72.7% for DMSO 

concentrations of 2, 4, 6, 8 and 10%, respectively. 

120 
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DMSO Concentration 
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Figure 5.1 Expansion to blastocyst comparison for all groups. 
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There was also difference (P< 0.009) among the Control, LN and UFT at all 

levels of DMSO for hatching blastocysts in Figure 5.2. The hatching rate for the Control 

group was 50%, LN hatching rate was 27.2 and UFT hatching rates were as follows 2% 

DMSO - 9.1, 4% DMSO = 9.1, 6% DMSO = 0, 8% DMSO = 45.5 and 10% DMSO = 

36.4. 

2% 4% 6% 8% 10% In control 

DMSO Concentration 

Figure 5.2 Hatching blastocysts comparison for all groups. 
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Comparison of LN whh all levels of DMSO using the UFT revealed no difference 

(P < 0.44) for expansion to blastocyst stage in Figure 5.3. However, a trend toward a 

difference (P < 0.06) was observed for hatching blastocysts in Figure 5.4, with higher 

hatching rate for UFT than for LN. 

2% 4% 6% 8% 10% 

DMSO Concentration 

In 

Figure 5.3 Expansion to blastocyst comparison for LN versus all levels of DMSO using 

UFT. 
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Figure 5.4 Hatching blastocysts comparison for LN versus all levels of DMSO using 

UFT. 

Although the 8% DMSO treatment showed a two-fold increase in hatching over 

the LN group, data analysis for comparison of LN versus 8% DMSO using UFT was not 

different (P < 0.21) for expansion to blastocyst (Figure 5.5) or for hatching blastocysts in 

Figure 5.6 (P < 0.29). 
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Figure 5.5 Expansion to blastocyst comparison for LN versus 8% DMSO using UFT, 
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8% In 

DMSO Concentration 

Figure 5.6 Hatching blastocysts comparison for LN versus 8% DMSO using UFT. 

Data analysis between all DMSO concentrations (2 through 10%) showed no 

difference (P < 0.56) for expansion to blastocyst stage (Figure 5.7). However, a 

difference (P < 0.03) was observed for hatching blastocysts in Figure 5.8. 
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Figure 5.7 Expansion to blastocyst comparison between all DMSO percentage groups. 
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Figure 5.8 Hatching blastocysts comparison between all DMSO percentage groups. 
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Data Results for Superovulation Studies 

The superovulation studies conducted failed to produce enough data for analysis 

because of less than expected numbers embryo recovered from the donor cows. By 

design, the study required 200 fresh embryos at the blastocyst stage for freezing. 

Calculating an average of 10 to 30 embryos per animal stimulated, h was estimated a 

minimum of 10 tol5 animals would be required. A total of 21 flushed embryos were 

frozen using UFT with 10% DMSO and 21 flushed embryos were frozen using UFT whh 

10% Glycerol as the cryoprotectant. Twenty-six embryos (half Glycerol and half 

DMSO) were thawed for analysis. Ten embryos were considered good or excellent in 

quality and 16 were considered fair in quality. Live-dead stains were conducted to 

determine embryonic cell viability. 

Preliminary data on the superovulated embryos compiled from two separate 

freezing and thawing experiments were frozen using UFT at either 10% Glycerol or 10% 

DMSO as ilhistrated m Figure 5.9. Again, data analysis was not conducted on the 

superovulated embryos because of low numbers of flushed embryos; therefore, no 

probability values are provided. 
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Figure 5.9 Expansion to blastocyst and Hatching blastocysts data results. 
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CHAPTER VT 

SUMMARY 

Embryo cryopreservation dates to the pioneering efforts of Audrey Smhh in 1952 

who examined the effect of low temperature on the development of mammalian ova 

(Hafez, 1993). Since then, technology for freezing and thawing embryos has undergone 

marked improvement; however, recovery of embryos, post-thaw, remains less than 50% 

(Hafez, 1993). 

There are many factors that affect embryo survival rate after cryopreservation, 

and the influence of each factor must be considered individually and in relation to the 

other factors. The nature and concentration protocol of the cryoprotectant used, the 

thawing rate, the dilution protocol of the concentration of the cryoprotectant after 

thawing, and the type offreezing machine are just a few important aspects involved in the 

cryopreservation techniques (Hafez, 1993; Bearden and Fuquay, 2000). 

Embryos are susceptible to damage during cryopreservation and/or thawing eith^ 

by the formation of large ice crystals or by the increased intracellular concentration of 

solutes and accompanying changes that resuh from dehydration of cells during 

cryopreservation. Fast freezing of embryos minimizes solution effects; however, it leads 

to an increase of ice crystal formation. In contrast, slow freezing prevents large ice 

crystal formation, but it leads to increased damage from solution effects. Thus, the 

optimum rate offreezing for a given tissue depends on its relative tolerance to damage 

from ice crystals and toxicity from solution effects. Improvements in cryopreservation 
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techniques are still needed to improve pregnancy rates following embryo 

cryopreservation and transfer. 

Recently, a new unique freezing technique (UFT) was developed for the freezing 

of foodstuffs and other products. Two studies were conducted in order to determine 

whether this UFT could be useful for the cryopreservation of bovine embryos by 

enhancing survival and pregnancy rates. Preliminary studies in embryo survival using 

the UFT were conducted with in vitro matured/ in vitro fertilized bovine embryos. The 

studies were followed by experiments with embryos flushed from superovulated cattle, 

frozen using the UFT, and then compared to the development of both fresh and 

traditionally frozen embryos. 

These data are interpreted to suggest that the UFT can be used in the 

cryopreservation of bovine embryos, and of the techniques used, the method most similar 

to standard vitrification seemed to work the best. Thus the UFT might be a usefiil 

alternative to current cryopreservation techniques. However, further studies are needed 

to define the techniques, cryoprotectants, and thawing procedures to be used with this 

UFT. 
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