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Abstract 

Exogenous oxytocin aids in the transcervical passage of an AI pipette into the uterus of 

ewes, and it may be an effective adjunct to sheep AI procedures. Experiments were 

conducted to evaluate the effects of oxytocin on variables that may affect fertility. The 

results of this study indicate clearly that oxytocin dilates the cervix in ewes (Exp. 1) 

without affecting the movement of sperm to the oviducts (Exp. 3) or fertilization rate 

(Exp. 9). Oxytocin probably binds to uterine and cervical receptors (Exp. 6) and 

stimulates uterine tetany (Exp. 2) and prostaglandin release (Exp. 5). Because of the 

irregular arrangement of smooth muscle in the sheep cervix (Exp. 4), uterine tetany may 

physically dilate the cervix. Also, prostaglandin synthesis, primarily PGF2,, may be 

involved in a chemical softening of the cervix. Most likely, a combination of uterine 

contractions and cervical softening allow dilation and transcervical passage of an AI 

pipette. Although oxytocin does not affect sperm transport (Exp. 3) or fertilization (Exp. 

9), fertility after transcervical AI is decreased (Exp. 8). Cervical manipulation seems to 

decrease fertility, but the mechanism is unclear. Therefore, a greater understanding of the 

physiology of the sheep cervix is necessary before oxytocin-induced cervical dilation can 

be implemented with nonsurgical AI procedures in sheep.
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Chapterfl 

Introduction 

Artificial insemination (AI) seems to be the key to the identification and successful 

use of genetically superior sires and to rapid genetic gains in the sheep industry. It has 

been demonstrated in the dairy cattle industry over the last 30 or so years that with AI and 

the use of frozen/thawed semen from performance-tested bulls, rapid genetic progress in 

milk production is possible. Similarly, with the use of estimates of expected progeny 

differences (EPD) and AI, superior sires can be selected and used to increase the rate of 

genetic progress in the sheep industry. The development of the National Sheep 

Improvement Program (NSIP) has made the technology for estimating EPD widely 

available; however, the development of a simple, inexpensive AI program for sheep has 

been a more difficult task. Because rectal palpation is not possible in sheep, the AI 

methods used for cattle are not appropriate. 

The anatomy of the sheep cervix prevents routine intrauterine AI, which yields 

greater pregnancy rates than cervical or vaginal AI methods. Currently, intrauterine AI in 

sheep is a surgical procedure that requires a reasonable amount of skill and equipment to 

perform. Clearly, surgical intrauterine AI is not a procedure that most sheep producers 

are prepared to perform. A method was recently developed in Canada at the University of 

Guelph to manipulate an AI pipette through the sheep cervix. This method has shown 

some promise for use with frozen/thawed semen; however, it requires special equipment 

and seems difficult to master. Until AI becomes routine in sheep, reliable progeny testing



for rams will not be possible, and the rate of genetic progress for production traits will 

remain slow. Thus, the purpose of this research was to determine the usefulness of 

oxytocin-induced cervical dilation with transcervical AI, and to develop an understanding 

of the mechanism of action of oxytocin on the cervix.



ChapterfII 

Reviewfo fLiterature 

Arti icialfInseminationfinfSheep 

Rapid genetic improvement in the sheep industry can only be accomplished 

through the use of AI. Artificial insemination has been a major factor in the improvement 

of milk production in the dairy cattle industry. This kind of improvement is essential for 

the long-term viability of the sheep industry in the United States. Artificial insemination 

has been practiced in sheep since 1907 (Maxwell, 1984); however, only in the last 25 yr 

has the demand for and use of AI increased (Ainsworth et al., 1984). Currently, AI is not 

routinely used on farms in the United States, but several million ewes are inseminated 

annually in Russia and at least than 200,000 ewes are inseminated annually in Australia 

(Maxwell, 1984). 

There are three common methods of AI in sheep: vaginal, cervical, and 

intrauterine (Maxwell and Hewitt, 1986). The vaginal, or shot-in-the-dark, method is the 

least expensive and easiest to perform. Generally, a ewe is restrained, and semen is 

deposited within the vagina without the aid of a speculum or light to locate the cervical os 

(Fairnie and Wales, 1982). However, variation in fertility has limited the use of this AI 

method (Kerton et al., 1984; Maxwell and Hewitt, 1986). 

The cervical AI method is the most commonly used method. For the cervical AI 

method, the ewe’s hindquarters are suspended over an elevated rail, and semen is



deposited with a plastic pipette in the first fold of the cervix (Salamon, 1976). A vaginal 

speculum and a light aid in locating and entering the cervix. Fertility with the cervical 

method is greater than with the vaginal method (Maxwell and Hewitt, 1986). 

For many years, it was thought that ram semen could not be successfully frozen 

and thawed for use in AI, because fertility was poor after AI with frozen/thawed semen. 

Ewes inseminated cervically with fresh semen had greater fertilization rates than those 

inseminated with frozen/thawed semen (Lightfoot and Salamon, 1970a). Maxwell and 

Hewitt (1986) reported that fertility was not different between vaginal and cervical AI 

using fresh semen. The same was true with frozen/thawed semen, but fertility after AI 

with frozen/thawed semen using either AI method was less than with fresh semen. 

Vaginal or cervical deposition of frozen/thawed semen usually results in conception rates 

of less than 20% (Maxwell and Hewitt, 1986). 

Thus, investigators attempted to determine the causes of the problem and develop 

corrective measures. Salamon and Lightfoot (1970) recovered a greater concentration of 

spermatozoa from the oviducts 24 h after ewes were inseminated cervically with fresh than 

with frozen/thawed semen. In addition, two cervical inseminations with frozen/thawed 

semen improved fertilization rate, and sperm remained viable in the reproductive tract for 

18 to 35 h after AI (Lightfoot and Salamon, 1970a). Frozen/thawed semen seemed to 

have the ability to fertilize (Lightfoot and Salamon, 1970a), but most frozen/thawed semen 

was unable to pass through the cervix and reach the oviducts (Lightfoot and Salamon, 

1970b; Mattner et al., 1969).



The breakthrough was determining that frozen/thawed semen must be deposited 

into the uterus to achieve acceptable pregnancy rates ‘Lightfoot and Salamon, 1970a,b). 

This method originally required a major surgical procedure, laparotomy, and was too 

expensive and difficult for sheep producers to use effectively. So, even though it was 

determined that frozen/thawed semen could be used in an AI program, the AI method was 

not overwhelmingly accepted by the sheep industry. The development of laparoscopic AI, 

permitting insemination directly into the uterus, bypassed the cervical barrier and restored 

conception rates (Killeen and Caffery, 1982; Armstrong and Evans, 1984; Maxwell et al., 

1984; McKelvey et al., 1985), and it was simpler and faster than laparotomy. This method 

has not been used much by the sheep industry in the United States, but other countries use 

laparoscopic AI techniques very effectively. 

When using frozen/thawed semen, the intrauterine AI method results in greater 

pregnancy rates than either the vaginal or cervical AI methods (Lightfoot and Salamon, 

1970b; Maxwell and Hewitt, 1986). Use of frozen/thawed semen with cervical AI 

resulted in lesser fertilization rates than did intrauterine AI: 45.8 vs 91.3%, respectively 

(Lightfoot and Salamon, 1970b). In two experiments with synchronized, superovulated 

ewes, Armstrong and Evans (1984) reported that cervical and intrauterine deposition of 

fresh semen resulted in approximately 80% fertilization, whereas results with 

frozen/thawed semen were less: 50% fertilization using laparoscopy and only 10% 

fertilization after cervical AI. However, a lesser percentage of ewes lambed after 

intrauterine AI with either frozen/thawed or fresh semen than of ewes inseminated



cervically (Lightfoot and Salamon, 1970b). This reduction in lambing percentage seems to 

be due to a greater rate of embryonal mortality with intrauterine AI: 13.0 vs 47.2% for 

cervical and intrauterine, respectively (Lightfoot and Salamon, 1970b). After induced 

estrus, using progestogenated pessaries and PMSG in the spring of the year, fertilization 

rate after intrauterine AI was unaffected by type of inseminate (1e., fresh vs 

frozen/thawed; Lightfoot and Salamon, 1970a). However, fertilization rate seems to be 

greater when ewes are inseminated during the normal breeding season (Lightfoot and 

Salamon, 1970a). Overall, the literature indicates clearly that bypassing the cervix 

improves fertility with frozen/thawed semen. The cervix per se seems to be a barrier to 

the use of frozen/thawed semen. 

Several investigators have described the cervical anatomy in sheep (Fukui and 

Roberts, 1978; Bunch and Ellsworth, 1981; More, 1984; Halbert et al., 1990a). Fukui and 

Roberts (1978) estimated that the cervical canal was 6.5 cm in length and contained 

approximately six cervical folds. Using silicone moldings of the cervical canal, Halbert and 

coworkers (1990a) reported that the average cervical length was 6.7 cm and contained 

approximately five cervical rings. Halbert et al. (1990a) also determined that the width at 

the narrowest point was 2.7 mm, which was commonly at the third cervical ring. The 

width of the widest point was 6.0 mm, and the distance from the external os to the most 

eccentric ring was 9.8 mm, which was also commonly at the third cervical ring. However, 

other investigators reported that the second ring is consistently eccentric to the rest 

(Bunch and Ellsworth, 1981; More, 1984). Contrast imaging indicated that cervical rings



are funnel-shaped, with the opening pointed caudally, the rings closer to the vagina were 

larger than those nearer to the uterus, the spacing was irregular, and one or more rings 

was eccentrically aligned with the rest of the canal (Halbert et al., 1990a). Folds in vaginal 

tissue around the cervical os were described by Dun (1955). The four classifications of os 

types are the following: 1) duckbill, with two opposing folds; 2) flap, with one fold; 3) 

rosette, with multiple opposing folds; and 4) spiral, with a spiral-shaped fold pattern (Dun, 

1955; Halbert et al., 1990a). The rosette and flap os types are the most common in 

Suffolk ewes (Halbert et al., 1990a). Although individual ewe variability is great, the ewe 

cervix seems to be approximately 6.5 cm long, have one or more eccentric rings in the 

second or third position, and the rings limits transcervical passage of AI pipettes. 

Previous attempts at developing a nonsurgical intrauterine AI procedure have had 

limited success (Andersen, et al., 1973; Fukui and Roberts, 1976; Coonrod et al., 1986). 

Salamon and Lightfoot (1970) reported that a conventional AI pipette could be inserted 

greater than 2 cm into the cervix of only 13% of the ewes. Passage of an AI pipette 

through the cervix is restricted by the small openings of funnel-shaped cervical rings, 

which are often eccentrically positioned within the canal (Halbert et al., 1990a). Passage 

of an AI pipette may be difficult for a number of reasons: 1) identification of the cervical 

opening and blind spots; 2) the pipette must enter the narrow end of the funnel-shaped 

cervical rings first; 3) the cervical rings are eccentrically aligned; and 4) the number, size, 

and spacing of the rings is variable (Halbert et al., 1990a). Fukui and Roberts (1978) 

reported that cervical os structure, not cervical length or number of rings prevents



transcervical passage of an AI pipette. However, there seems to be little difference among 

os types with respect to mean cervical length, number of cervical rings, or width of the 

nafrowest and widest points (Halbert et al., 1990a). Therefore, Halbert and coworkers 

(1990a) suggested that the inseminator cannot use os type as an indicator of cervical 

characteristics during passage of an AI pipette. 

Anderson and coworkers (1973) were able to obtain an 89% pregnancy rate using 

their nonsurgical intrauterine AI technique with frozen/thawed semen, whereas Maxwell 

and Hewitt (1986) reported 65% using a laparoscopic intrauterine technique. Fukui and 

Roberts (1976, 1977a,b, 1978), using a modified version of Anderson’s method, reported 

successful AI with fresh or frozen/thawed semen. In addition, Fukui and Roberts (1978) 

attempted to improve cervical techniques by using pressurized CO, to force a dye into the 

uterus. The dye inseminations seemed somewhat successful if dye deposition was deep in 

the cervix, but not at shallow penetrations. Despite the apparent success of these 

methods, they were often quite forceful, and were not generally accepted by the sheep 

industry. 

In recent years, investigators at the University of Guelph have developed a 

transcervical AI procedure that seems to be less forceful than previous methods; the 

method is called the Guelph System for Transcervical Artificial Insemination (GST-AI). 

That procedure requires the use of special instruments and restraints to manipulate a 

pipette through the cervix without damaging the cervix (Halbert et al., 1990b). Restraint 

in a dorsal recumbent position, with the hindquarters elevated, allowed for greater and



more controlled cervical manipulation (Halbert et al., 1990b). The overall pregnancy rate 

for GST-AI was 26%, greater that cervical AI (9%), but less than laparoscopic AI at 48% 

(Windsor et al., 1994). In a field trial performed in Canada using the GST-AI method, 

88% of the ewes were successfully inseminated intrauterine; the lambing rate was 32%, 

calculated as the percentage of the ewes inseminated intrauterine (Buckrell et al., 1994). 

The GST-AI transcervical insemination procedure was successfully performed in 76% of 

Australian Merino ewes (Windsor et al., 1994). Cervical penetration using GST-AI was 

affected by the experience level of the inseminator (Windsor et al., 1994). Although this 

method has been widely tested in the sheep industry, it has been criticized for variable 

results, the need for special equipment, and the time needed for an inseminator to become 

proficient at manipulating the cervix. 

Some studies indicate that manipulation of or passage of an AI pipette through the 

cervix may have a detrimental effect on fertility. Salamon and Lightfoot (1970) reported 

that fertilization rate decreased after cervical insemination at a depth of penetration greater 

than 2 cm. Transcervical AI of goat does with frozen/thawed semen seems to result in 

lesser fertility than does laparoscopic AI (Ritar et al., 1990). Development of an 

inexpensive, easy to learn, noninjurious AI procedure is still needed for genetic 

improvements in sheep. 

Ideas and methods for improving reproductive management usually develop from a 

thorough understanding of the reproductive biology of a livestock species. The same 

should be true for improving AI procedures in sheep. So, the purpose of the following



sections is to review literature relevant to an understanding of cervical physiology and the 

development of a nonsurgical, transcervical AI procedure. 

Parturition 

Parturition is the prepartum period beginning with the initiation of uterine 

contractions and continuing through delivery of the young. Hormonal changes mediate 

the physiological changes during parturition. In sheep, progesterone peaks on 

approximately d 125 to 130 of pregnancy at approximately 20 ng/mL, then it decreases 

quickly near parturition (Bassett et al., 1969; Fylling, 1970; Stabenfeldt et al., 1972; 

Thompson and Wagner, 1974). Estrogen is approximately 50 pg/mL throughout most of 

pregnancy, but it increases rapidly on the day of parturition (400 pg/mL; Challis, 1971; 

Thompson and Wagner, 1974). Hormonal profiles are similar in cows (Short, 1968; Pope 

et al., 1969; Stabenfeldt et al., 1970) and goats (Challis and Linzell, 1971); however, the 

timing of the changes and hormonal concentrations are species specific. Thus, during 

parturition, progesterone decreases, estrogen increases, and the estrogen/progesterone 

ratio increases. Indeed, the hormonal environment at parturition is similar in many 

respects to the hormonal environment in the estrous cycle before the onset of estrus 

(Echternkamp et al., 1976). 

At parturition, estrogen causes hypertrophy of smooth muscle cells, synthesis of 

contractile proteins, synthesis of DNA and RNA, and glycogen deposition in muscle cells 

of the uterus and blood vessels (Catchpole, 1977), whereas a decrease in progesterone 

removes a “block” to myometrial contractions (Csapo, 1956). These hormonal changes 
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allow the primary events of parturition, uterine contractions and cervical dilation, to occur. 

Oxytocin initiates parturition in rabbits, and it is increased in goats during the second stage 

of parturition (Cross, 1958). Oxytocin may be involved in the induction of labor in goats, 

ewes, and cows, but it may not be essential (Catchpole, 1977). The cervix dilates during 

parturition, and dilation accompanies uterine contractions. Oxytocin, a stimulator of 

uterine contractions, can induce cervical dilation under specific conditions (Arulkumaran 

et al., 1989). 

Oxytocin may initiate cervical dilation at parturition and possibly at estrus. Based 

on data from animals in labor, Khalifa et al. (1992) hypothesized that oxytocin would 

dilate the cervix in estrus ewes and allow easy passage of an AI catheter into the uterus. 

In a study to test their hypothesis, Khalifa et al. (1992) found that doses of 200, 400 and 

600 USP units of oxytocin would dilate the cervix in 92% of estrus ewes. In addition, 

oxytocin treatment was effective during midcycle, around the time of traditional embryo 

transfer procedures, and the effectiveness was improved with estradiol treatment 12 h 

before oxytocin. Their study indicated that the use of oxytocin to dilate the cervix may 

improve AI procedures. However, two major questions remained: 1) How does 

oxytocin initiate cervical dilation in estrus ewes?; and 2) Does oxytocin treatment affect 

fertility? 

Oxytocin 

Oxytocin is a nine amino acid peptide that contains two cystines, which form a 

disulfide bridge. The bridge formation gives oxytocin a ring structure of five amino acids 
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and a side chain. The amino acid content, sequence, and synthesis was first reported by du 

Vigneaud and coworkers (Pierce and du Vigneaud, 1950; du Vigneaud et al., 19532,b). 

Oxytocin is synthesized in the supraoptic and parventricular nuclei of the hypothalamus 

and is transferred along axons to the posterior pituitary, where it is stored (Sachs, 1963). 

During movement in the axon, oxytocin is associated with a binding protein called 

neurophysin. When the posterior pituitary is properly stimulated, oxytocin and the 

associated neurophysin are secreted, but, because of the pH of blood, oxytocin does not 

appear bound to the neurophysin in circulation. The half-life of oxytocin in the circulation 

is only, approximately 3 to 5 min (Fabian et al., 1969; Chard et al., 1970), and the major 

sites for oxytocin inactivation are the liver and kidneys. 

Oxytocin stimulates the smooth muscle cells of the reproductive tract and the 

myoepithelial cells of the mammary gland. Oxytocin is the most potent stimulator of 

uterine contractions known, but it does not affect smooth muscle cells within the 

remainder of the body, except in the mammary gland. Because these responses were quite 

specific, biological assays were developed for determination of oxytocin, based on uterine 

constriction or expulsion of milk from the mammary gland. 

The corpus luteum as a source of oxytocin was first reported by Ott and Scott in 

1910 (1910a,b; referenced in Wathes, 1984). They injected extracts of various tissues and 

measured milk let down from the mammary gland as their bioassay. Extracts from the 

pituitary infundibulum increased milk release by 100 fold within 5 min (Ott and Scott, 

1910a). Extracts from the ovary with a corpus luteum increased milk release by 5 fold in 

12



5 min (Ott and Scott, 1910a), whereas extracts from an ovary minus the corpus luteum 

had no effect (Ott and Scott, 1910b). In addition, Ott and Scott reported that extracts 

from the ovary minus the corpus luteum could inhibit the oxytocic effect of the pituitary 

infundibulum (Ott and Scott, 1912). 

This work was confirmed by Schafer and Mackenzie (1911) and Mackenzie (1911) 

using a lactating cat and injection of ovine corpus luteum extracts. The ovine corpus 

luteum extract would induce milk let down in the cat, but it did not induce milk let down 

from women (Schafer, 1913) or cows (Gavin, 1913). Unfortunately, this work was 

discontinued until recently (Wathes, 1984). 

In 1980, Fields and coworkers reported that a factor from the bovine corpus 

luteum would stimulate contractions in a mouse uterine bioassay. Wathes and Swann 

(1982) found similar results with ovine corpora lutea, the factor could be measured with 

an oxytocin radioimmunoassay, and it eluted at the same position as the oxytocin standard 

in a high-performance liquid chromatography profile. We know now that the gonads of 

several species can produce large quantities of oxytocin and vasopressin (Wathes and 

Swann, 1982; Wathes et al., 1982, 1983a,b; Flint and Sheldrick, 1982, 1983). 

Cloprostenol (a PGF,, analogue) increased oxytocin concentration in the ovarian vein, 

but not in the jugular vein (Flint and Sheldrick, 1982, 1983), and after ovariectomy 

oxytocin concentrations decreased to less than the detection limits of an assay (Schams et 

al., 1982a). 
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The oxytocic effect on the uterus, using posterior pituitary extracts, was first 

described by Dale (1906, 1909). Oxytocin increases uterine contractions (Hays and 

VanDemark, 1953b) and stimulates the mammary gland for milk let down (Fuchs and 

Wagner, 1963). Oxytocin doses from 20 to 200 mU increase the frequency and amplitude 

of uterine contractions, whereas greater doses result in tetanic spasms of the myometrium 

(Harris, 1947; Cross, 1958; 1959). 

The greatest uterine activity in ewes occurs during proestrus and estrus, whereas 

there is minimal uterine activity during the luteal phase (Croker and Shelton, 1973; 

Naaktgeboren et al., 1973; Ruckebusch and Bueno, 1976; Harding et al., 1982). In fact, 

the myometrium of ewes is not responsive to oxytocin during parts of the luteal phase 

(Roberts and McCracken, 1976). Similar effects of oxytocin on the myometrium have 

been reported for cows (Evans and Miller, 1936; Hays and VanDemark, 1953b,c; 

Ruckebusch and Baynard, 1975; Fitzpatrick, 1960), rabbits (Harris, 1947; Nissenson et 

al., 1978), and rats (Chan et al., 1963; Follett and Bentley, 1964; Soloff, 1975b). In 

addition, oxytocin stimulates the ovine oviduct to increase in tone and in frequency and 

amplitude of contractions (Edqvist et al., 1975). Oxytocin binding sites have been located 

in the oviductal smooth muscle with autoradiography (Soloff, 1975a; Soloff et al., 1975). 

Stimulation of the vaginas of cows (DeBackere and Peeters, 1960) and ewes 

(DeBackere et al., 1961) and the vulva and cervix of cows (Hays and VanDemark, 1953a) 

can induce an oxytocin release of 40 to 100 mU. Some evidence indicates that oxytocin is 

released in women (Fox and Knaggs, 1969) and goats (McNeilly and Ducker, 1972) 
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during coitus, but the response seems to be individual specific. Ferguson (1941) reported 

that stretching of the cervix will initiate uterine contractions and can be prevented by a 

pituitary stalk section. Stretching of the cervix or vagina caused milk release in ewes, 

cows, and goats (Andersson, 1951; Hays and VanDemark, 1953a; Debackere and Peeters, 

1960; Debackere et al., 1961). In addition, bioassay and radioimmunoassay data indicate 

that oxytocin is released after vaginal distention in ewes (Roberts and Share, 1968; Flint et 

al., 1975), cows (Fitzpatrick, 1957; Schams et al., 1982), and goats (Roberts and Share, 

1970; Blank and DeBias, 1977). The oxytocin release was enhanced by concurrent 

administration of estradiol dipropionate (Roberts and Share, 1969), and it decreased with 

administration of progesterone (Roberts and Share, 1969, 1970; Blank and DeBias, 1977). 

Oxytocin increases uterine release of prostaglandins in ewes (Sharma and 

Fitzpatrick, 1974; Mitchell et al., 1975; Roberts et al., 1975; Sheldrick and Flint, 1986; 

Homanics and Silvia, 1988), heifers (Silvia and Taylor, 1989), mares (Goff et al., 1987), 

and human beings (Fuchs et al., 1982). The stimulation of uterine release of 

prostaglandins by oxytocin is suggested to be under the influence of ovarian hormones. 

Progesterone pretreatment of the uterus may be necessary for estrogen and oxytocin to 

stimulate PGF,,, release (Homanics and Silvia, 1988). In addition, oxytocin-stimulated 

release of prostaglandins from the uterus may be controlled by the changes in the ratio of 

progesterone to estrogen during the estrous cycle (Silvia and Taylor, 1989). Fuchs et al. 

(1982) reported the production of PGF,,, and PGE, by the human uterus after oxytocin 
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treatment. One could assume that oxytocin may increase uterine release of PGE, in other 

species. 

Uterine response and oxytocin-stimulated release of prostaglandins in response to 

oxytocin varies throughout the estrous cycle. Uterine responsiveness to oxytocin is 

mediated by the presence and concentration of specific membrane-bound receptors. 

Recently, Matthews and Ayad (1994) reported that the cervix of ewes contains oxytocin 

receptors, and that receptor concentrations varied with day of the estrous cycle. Uterine 

oxytocin receptor concentrations are greatest at approximately the day of estrus in ewes 

and are least at d 12 of the cycle (Roberts et al., 1976). Changes in uterine receptor 

concentrations are thought to be a result of changing ovarian hormone concentrations 

(Nissenson et al., 1978; Alexandrova and Soloff, 1980; Sheldrick and Flint, 1984; Hixon 

and Flint, 1987). Uterine oxytocin receptor concentrations increase in response to 

estrogens (Soloff, 1975a; Nissenson et al., 1978) and decrease in response to progesterone 

(Nissenson et al., 1978). Soloff (1975a) reported increased affinity of uterine binding sites 

for oxytocin after a single injection of diethylstilbestrol. Alexandrova and Soloff (1980a) 

demonstrated that uterine estrogen receptors increase before uterine oxytocin receptor 

concentrations increase. 

In contrast to proposals about estrogen, Csapo (1956) proposed a “progesterone 

block” on oxytocin receptors. The progesterone-dominated uterus resulted in complete 

loss of uterine contractility in rabbits (Nissenson et al., 1978). Progesterone inhibited the 

estrogen-stimulated increase in oxytocin sensitivity in rabbits and rats (Soloff et al., 1979). 
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Alexandrova and Soloff (1980) proposed that a decrease in progesterone relieved the 

suppression of myometrial estrogen receptors. However, Hixon and Flint (1987) reported 

the appearance of oxytocin receptors before the decrease in progesterone. Furthermore, 

oxytocin receptors were increased by estrogen in guinea pigs at parturition when 

progesterone concentrations remained increased (Alexandrova and Soloff, 1980). This 

may indicate that oxytocin receptor concentrations are influenced by changes in estrogen 

concentrations, but the details about how estrogen and progesterone interact to affect 

oxytocin receptors are not clear. 

Oxytocin may improve conception rate in cows (Hays et al., 1958) and gilts 

(Stratman et al., 1959). At 2 h after mating, Thibault and Winterberger-Torries (1967) 

reported that sperm numbers in the uterus and oviducts were improved in mated ewes that 

were injected with 1 IU of oxytocin. Their data also indicate an improvement in the 

number of accessory sperm on the ovum (control, 15 vs oxytocin, 42 sperm/ovum); 

however, the difference was not statistically significant (Thibault and Winterberger-Torres, 

1967). Jones (1968) treated ewes with either 0, 200, or 800 mU of oxytocin i.m., and 

neither the nonreturn rate nor lambing rate was affected by dose of oxytocin (Jones, 

1968). Use of doses of oxytocin up to 200 mU was not detrimental to fertility in ewes 

(Jones et al., 1969). However, conception rate decreased if ewes were inseminated 14 h 

after the onset of estrus (Jones et al., 1969). Oxytocin (80 mU) improved rapid sperm 

transport to the uterus and oviducts of estrogen-primed ovariectomized rabbits, but 

oxytocin did not improve rapid sperm transport in ovary-intact females (Morton and 
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Fitzpatrick, 1974). Other investigators reported no increase in sperm transport with large 

doses of oxytocin (Noyes et al., 1958; Chang and Bedford, 1961). 

CervicalfPhysiology 

The cervix and uterus are derived from the Miillerian ducts. Tissue layers of the 

cervix and uterus are endometrium, myometrium, and perimetrium. Endometrium and 

perimetrium are similar and continuous; the major difference between the cervix and 

uterus is the structure of myometrium. In the uterus, myometrium consists of a large 

volume of smooth muscle with interspersed connective tissue, whereas cervical 

myometrium is primarily connective tissue with irregular bundles of smooth muscle (Rorie 

and Newton, 1967). This difference in myometrium may result in the ability of the cervix 

to respond independently of the uterus. 

The cervix is composed primarily of fibrous connective tissue with large amounts 

of collagen (Danforth, 1947; Uldberg et al., 1983; Granstrom et al., 1989). Cervical 

collagen is primarily myofibrils of type-I collagen bound together as tropocollagen (Kleissl 

et al., 1978). Tropocollagen fibrils are bound in triplicate to form collagen fibers, which 

are further bound to each other by ground substance crosslinking. Ground substance 

crosslinking develops a strong matrix of collagen fibers and gives the cervix its rigidity. 

The ground substance is primarily made up of glycosaminoglycans (GAGS) and 

proteoglycans (Fitzpatrick and Dobson, 1979; Granstrém et al., 1989), which are highly 

charged molecules that bind tightly to the collagen fibers. This cervical connective tissue 

must be altered to facilitate cervical dilation. 
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Ekman et al. (1986) demonstrated that cervical dilation during labor is closely 

related to the concentration and physical state of cervical collagen. Cervical collagen 

arrangement appears disordered, and fiber diameter is variable in late pregnant sheep 

(Fosang et al., 1984), rat (Williams et al., 1982), and human cervices (Junqueira et al., 

1980); this is in contrast to the regular arrangement of the nonpregnant cervix. In sheep, 

the composition of cervical collagen changed with stage of pregnancy, and this change 

was most pronounced between d 140 and term (Fosang et al., 1984). In addition, the wet 

weight and biochemical composition of the cervix changes near parturition (Williams et 

al., 1982). Granstrém et al. (1989) reported an increase in extractability of cervical 

collagen near term in women. They suggested that this indicated a change in organization 

of the cervical collagen matrix. Changes in the concentration of GAGS and proteoglycans 

have been associated with cervical softening at labor in women (Granstrém et al., 1989). 

Generally, collagen degradation is related to collagenase activity within the tissue. 

Collagenase activity is increased during cervical softening at parturition (Martin et al., 

1983; Rath et al., 1987; Rajabi et al., 1988; Granstrém et al., 1989; Osmers et al., 1992). 

Rath and coworkers (1980) reported that collagenase activity increased during 

prostaglandin-induced (sulprostone, a synthetic PGE,-like compound) cervical dilation. 

Cervical collagenase at parturition seems to originate from a leukocyte source (Osmers et 

al., 1992). 

One may speculate that a contracting uterus may physically dilate the cervix; 

indeed uterine muscularis is continuous with cervical muscularis. Oxytocin-induced 
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uterine contractions may spread to the cervical muscularis (Valentine, 1977; Garcia-Villar 

et al., 1984; Arulkumaran et al., 1989; Granstrém et al., 1989), and the combination of 

uterine and cervical contractions may force the cervix to dilate. Although uterine 

contractions can cause cervical dilation (Karim and Prasad, 1979), some evidence 

indicates that limited cervical dilation at parturition does not require uterine contractions 

(Hollingsworth and Gallimore, 1981). Cervical softening can occur in a cervix surgically 

separated from the uterus (Hollingsworth and Gallimore, 1981). Softening of cervical 

collagen by prostaglandins may allow the muscle layers of the cervix to contract with the 

uterus and enhance dilation (Conrad and Ueland, 1976). 

A contracting uterus may secrete a hormone that increases cervical softening, and 

prostaglandins may have a direct role in cervical softening (Conrad and Ueland, 1976; 

Coutinho and Dorzé, 1976; Calder et al., 1977; Ekman et al., 1986). Cervical tissue strips 

treated with PGE were significantly easier to stretch than untreated strips (Conrad and 

Ueland, 1976). Local application of PGE> to the cervix can mimic spontaneous cervical 

softening (Ekman et al., 1986). Furthermore, PGE> has relaxing properties during the 

menstrual cycle (Coutinho and Darze, 1976) and during the first trimester of human 

pregnancy (Karim et al, 1977). The response of the cervix to PGE» during the first 

trimester of pregnancy in human beings was similar to that found by Khalifa et al. (1992) 

after oxytocin treatment during the estrous cycle of ewes. In both studies, limited (<1 cm) 

cervical dilation was reported after treatment, indicating that a similar mechanism may be 

involved. Ellwood and coworkers (1980) report that, in vitro, ovine cervical tissue can 
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secrete PGE, and PGF», and the magnitude of secretion seems to increase during late 

pregnancy. However, the mechanism of prostaglandin induction of cervical dilation is still 

unclear. 

SpermfTransport 

Fertilization failure can account for a significant proportion of reproductive 

inefficiencies in livestock (Hawk, 1983). For sheep, fertilization failure is approximately 

10% (Blockey et al., 1975), whereas for beef and dairy cattle it averages nearly 15% 

(Diskin and Sreenan, 1980; Roche, 1981), and it may be second only to embryonal 

mortality as the cause of infertile services (Bellows et al., 1979). In swine, fertilization 

failure is less, approximately 5% (Polge, 1978). Although there could be many causes for 

fertilization failure (e.g., structural barriers preventing union of sperm and egg or the 

inability of sperm to penetrate or fertilize the egg), inadequate sperm transport is 

considered the most common cause of fertilization failure (Hawk, 1983). In sheep 

(Robinson, 1967) and swine (Pursel et al., 1981), fertilization failure has been associated 

with a lack of sperm in the oviducts at the time of ovulation. 

Transport of sperm from the site of deposition to the site of fertilization is a critical 

phase of the reproductive process. Hawk (1983) described sperm transport as the 

movement of sperm from the site of deposition to the site of fertilization at the ampulla- 

isthmus junction in the oviduct, and this description generally encompasses all 

physiological processes involved in sperm movement within the female tract. Sperm 

transport can be indirectly measured by fertilization rate of ova and the number of 
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accessory sperm associated with the zona pellucida, and directly by counting the number 

of sperm in the various segments of the reproductive tract (Hawk, 1983). The lack of 

sperm in the oviducts at ovulation and a lack of sperm associated with the zona pellucida 

indicates that sperm transport failure may lead to fertilization failure (Hawk, 1983). 

Many factors affect the movement of sperm to the site of fertilization. Sperm is 

transported efficiently only in an estrogen-dominated environment (Noyes et al., 1959; 

Allison and Robinson, 1972; Bedford, 1972). Stress on ewes suppresses the rapid 

transport phase (Mattner, 1963), and possibly the sustained transport phase as well. 

Smooth muscle contractions and ciliary beats are probably major factors contributing to 

the movement of sperm from the site of deposition throughout the reproductive tract 

(Bedford, 1972; Blandau and Gaddum-Rosse, 1974; Battalia and Yangimachi, 1979; 

Gaddum-Rosse, 1981). The cause of inhibited transport in ewes is unclear; however, 

changes in cervical mucus (Smith and Allison, 1971; Rexroad and Barb, 1977) and uterine 

contractions (Brinsfield and Hawk, 1969; Hawk, 1973; Hawk and Echternkamp, 1973) 

may have some effect. 

Uterine contractions are probably the major factor in sperm movement through the 

uterus (Bedford, 1972; Hawk, 1983). There are weak, localized uterine contractions 

during the luteal phase of the estrous cycle (Hawk, 1975; Ruckebusch and Bayard, 1975). 

However, contractions during estrus are frequent and strong (Croker and Shelton, 1973; 

Hawk, 1975; Ruckebusch and Bayard, 1975; Ruckebusch and Bueno, 1976). In ewes, the 

majority of contractions originate in the uterine body and move anteriorly early in estrus, 
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but by late estrus the contractions originate near the utero-tubal junction and move 

posteriorly (Croker and Shelton, 1973; Hawk, 1975). Uterine activity in ewes is at least 

partially controlled by ovarian hormones, because ovariectomy abolishes uterine activity 

and it can be restored with estrogen treatment, with or without progesterone (Lye and 

Porter, 1978; Porter and Lye, 1983). Estrogen enhances and progesterone depresses 

oxytocin-induced myometrial activity (Carrick and Cupps, 1976; Lye and Porter, 1978; 

Porter and Lye, 1983). Administration of estradiol can reverse the contractions detected 

in late estrus (Hawk, 1975). Rexroad (1978, 1980), using inhibitors of estrogenic action, 

produced evidence that the estrogenic effect on contraction frequency does not require 

activation of the genome, but control of the origin and direction of the contraction 

requires activation of the genome. 

The cervix in ewes seems to regulate the fate of sperm movement and possibly 

fertility. Low sperm count in the anterior cervix at 2 h after AI reduces the sperm count in 

the oviducts at ovulation and reduces fertility (Robinson, 1973; Croker et al., 1975; Hawk 

and Conley, 1975). Sperm motility is necessary for sperm to enter and transverse the 

cervical barrier; killed sperm deposited in ewes enter the cervical lumen, do not enter the 

uterus, and are probably lost through the vagina (Mattner and Braden, 1969; Lightfoot 

and Restall, 1971). Mullins and Saacke (1989) described a series of longitudinal crypts 

within the bovine cervix and postulated that sperm entering the external cervical os can 

move along the crypts to the uterus without entering the cervical lumen proper. 

Therefore, motile sperm may move toward the uterus through the crypts, whereas dead or 
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damaged sperm are moved away from the uterus in the cervical lumen proper. In addition, 

cervical mucus is essential for movement of sperm into and through the cervix (Katz and 

Yanagimachi, 1980), and changes in cervical mucus may affect the movement of sperm 

through the cervix. In pigs, ejaculation is directly in the uterus; however, sperm are 

prevented from directly entering the oviducts by polypoid processes at the utero-tubal 

junction (Hunter, 1975). This structure may have a similar function in pigs (i.e., as a 

sperm reservoir) as the cervix in cattle and sheep. 

Sperm is present in the oviducts of cows (VanDemark and Moeller, 1951), ewes 

(Mattner and Braden, 1963; Mattner, 1963), and sows (First et al., 1968; Baker and 

Degen, 1972) within a few minutes after mating or AI. It seems that, at least in sheep and 

rabbits, that a small portion of the inseminate is quickly transported to the oviducts, 

whereas the remaining larger sperm pool moves slowly from the vagina to the oviducts 

(Hawk, 1983). In cattle and sheep, in which sperm are deposited in the vagina near the 

external cervical os, there are two phases of sperm transport: 1) rapid transport, during 

which time small numbers of sperm are transported to the oviducts within a few minutes; 

and 2) sustained transport, during which time a slower movement of sperm into the uterus 

and oviducts is maintained over several hours, gradually increasing sperm numbers in the 

oviduct (Hawk, 1983). In swine, semen is deposited near the internal cervical os, and the 

two phase process is not as apparent (Hawk, 1983). 

The discovery of two phases of sperm transport initiated a debate over which 

phase was important for fertilization. Rapid transport of sperm to the oviducts of ewes 
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may be necessary for fertilization. Several investigators have reported that sperm numbers 

were greater in the oviducts of ewes immediately after mating than in the uterus or the 

anterior cervix (Schott and Phillips, 1941; Mattner, 1963). In contrast, other studies do 

not indicate a rapid sperm transport stage in ewes. Investigators recovered either very 

small numbers or no sperm from oviducts of ewes between 30 and 120 min after mating 

(Quinlivan and Robinson, 1969; Lightfoot and Restall, 1971; Hawk and Conley, 1975; 

Hawk et al., 1978; Hawk and Cooper, 1977; Hunter et al., 1980). Overstreet and Cooper 

(1978) reported that most sperm found in rabbit oviducts at 1 and 15 min after mating was 

‘ nonmotile or had damaged membranes. It is not known whether sperm found in ewes and 

cows during the same time period were also nonmotile or damaged (Hawk, 1983). 

However, viable sperm can be recovered from gilts at 30 min after mating (Hunter, 1981). 

Thus, sperm are in the oviducts within a few minutes, but they are not viable. Indeed, 

rapid transport of sperm does not require live sperm. Killed ram sperm were recovered 

from the oviducts of ewes within a few minutes after AI (Mattner and Braden, 1963). 

Rapid transport of sperm is thought to involve uterine contractions to move sperm to the 

oviducts (Hawk, 1983). 

Sperm transported rapidly to the oviducts do not seem to have the ability to 

fertilize. Hunter and coworkers (1980) ligated the oviducts at 2-h intervals between 4 and 

10 h after mating. Ova were unfertilized at 4 or 6 h, but 30 and 100% of ova at 8 and 10 

h, respectively, were fertilized. In six ewes, the oviducts were ligated at intervals from 9 

to 13.5 h after mating on the day of estrus, and none of the ewes had fertilized ova or any 
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accessory sperm associated with the zona pellucida (Hunter et al., 1982). In cattle, some 

evidence indicates that uncleaved ova contain no sperm in the zona pellucida (Hill et al., 

1971; Seidel et al., 1978; Spitzer et al., 1978). Therefore, it seems that sperm rapidly 

transported to the oviducts are not involved in fertilization, and the sustained movement of 

sperm to the oviducts is probably more important for fertilization (Hawk, 1983). 

There is a decrease in sperm concentration in the cervix and an increase in sperm in 

the uterus and oviducts over time (Hawk and Conley, 1975; Hawk and Cooper, 1977; 

Hawk et al., 1978). Although some sperm would be lost from the cervix into the vagina, 

this indicates a slow, steady movement from the cervix to the oviducts (Hawk, 1983). 

Sperm numbers increase in the uterus after 8 h (Hawk and Conley, 1975; Hawk and 

Cooper, 1977; Hawk et al., 1978), and Hunter and coworkers (1980) reported that 

oviductal ligation before 10 h after mating results in unfertilized ova. When the oviducts 

were ligated 8 h after mating on the day of estrus, only 20% of the ewes had fertilized 

eggs 3 d later, whereas 94% of the ewes had fertilized eggs when the procedure was 

performed after mating on the second day of estrus (Hunter et al., 1982). As would be 

expected, the number of accessory sperm associated with the zona pellucida was greater in 

ewes with oviductal ligation on the second day of estrus (Hunter et al., 1982). Their data 

may indicate that sustained transport is more important for fertilization, but a rapid 

transportation after mating on the second day of estrus cannot be ruled out, because they 

did not have a group of ewes on the second day of estrus in which the oviducts were 

ligated without being mated a second time. Most likely, there is not a distinct rapid phase 
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that is separate from a sustained phase, but rather a continuous process of sperm 

movement to the oviducts and on to the site of fertilization (Hawk, 1983). The different 

time periods used in the various studies may account for some of the variable responses. 

Based on the large number of motile sperm present, the cervix seems to be a 

reservoir for sperm (Quinlan et al., 1933; Mattner, 1963, 1966, 1968). The anterior cervix 

must contain an adequate number of sperm to get normal numbers of sperm in the 

oviducts (Croker et al., 1975; Hawk and Conley, 1975). Also, sperm have been located 

within the crypts and folds of the cervix (Mattner, 1966; Lightfoot and Restall, 1971). In 

addition, some data indicate that the utero-tubal junction may also serve as a sperm 

reservoir in many species (Rigby, 1 966; Hunter, 1975; Thibault et al., 1975; Overstreet 

and Katz, 1977; Einarsson, 1980; Hunter et al., 1980). 

In ewes, it seems that with reduced sperm transport a greater percentage of the 

sperm recovered from the reproductive tract are dead or damaged (Hawk et al., 

1981a,b,c). In addition, a greater percentage of dead and damaged sperm were recovered 

from the anterior cervix than from the posterior cervix (Hawk et al., 1981la,b,c). The 

cause of the greater death rate is unclear. There might have been a spermicidal effect or 

loss of protective agents in the ewes with reduced sperm transport (Hawk, 1983). Sperm 

numbers in the anterior cervix of ewes with inhibited sperm transport was only a small 

percentage of the number in ewes in which sperm transport was normal (Robinson, 1973; 

Croker et al., 1975a,b; Hawk and Conley, 1975; Hawk and Cooper, 1977). Ewes under 

conditions known to reduce sperm transport had fewer sperm in the anterior cervix at 2 h 
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after deposition and fewer sperm in the uterus and oviducts at the time of ovulation 

(Hawk, 1973; Hawk and Conley, 1975; Hawk and Cooper, 1977; Hawk et al., 1981). 

Most of the sperm have disappeared from the uterus by 2 h after mating, and the 

greatest concentrations of sperm are in the utero-tubal junction and isthmus (Rigby, 1966; 

Hunter, 1975; Einarsson, 1980; Hunter, 1981). There is some evidence that the isthmus 

may serve as the final sperm reservoir and regulate sperm release at the time of ovulation 

(Gerrits and Johnson, 1965; Overstreet et al., 1978; Overstreet and Cooper, 1979; Hunter 

et al., 1980). 

Only a small percentage of the sperm deposited in the vagina actually enters the 

cervix, less enters the uterus, and subsequently a very small percentage of sperm enter the 

oviducts. Most of the sperm are lost to the exterior through the vagina (Hawk, 1983). 

Sperm seem to remain in the reproductive tracts of cows, ewes, and gilts for 48 to 72 h 

after AI (Mattner, 1963; Hunter, 1975;:Thibault et al., 1975; Rexroad and Barb, 1977). 

Quinlivan and Robinson (1969) recovered only 3% of the sperm at 1 h and .25% at 

12 and 24 h, respectively, after insemination with 500 x 10®© sperm. Dobrowolski and 

Hafez (1970) inseminated ewes at the external cervical os with 2 x 10? sperm; they 

recovered only 13.4% from the entire reproductive tract 1 h later, 3.8% at 8 h, and .9% at 

24 h after AI. In addition, Overstreet and Cooper (1978) found more sperm in the 

infundibulum and upper ampulla than in the lower segments of the oviducts of rabbits at 1, 

15, and 90 min after mating. In an experiment for which the vagina was ligated to prevent 

drainage after AI, 62% of the sperm was recovered from the entire tract 24 h later 
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compared with .5% in control ewes (Hawk and Conley, 1971). Phagocytosis by 

leukocytes (Bedford, 1972) is probably the fate of most sperm not lost to the exterior by 

drainage. It is unclear what percentage of sperm is lost after AI in cattle (Hawk, 1983). 

Several compounds can improve sperm movement to the oviducts. Prostaglandin 

E, or PGF ,, added to rabbit semen or injected into does (Mandl, 1969; Spilman et al., 

1973; Hawk and Cooper, 1979), PGE,, PGE>, or PGF,,, added to ram semen or injected 

into ewes (Edquist et al., 1975; Dimov and Georgiev, 1977), and estradiol-17B injected 

into rabbits and sheep (Hawk and Cooper, 1975, 1976, 1978) improved sperm transport. 

Oxytocin (1 IU) injected into ewes did not affect sperm transport (Lightfoot and Restall, 

1971) or number of sperm associated with the zona pellucida (Thibault and Winterberger- 

Torres, 1967), but oxytocin injected into gilts improved the rate of fertilization (Stratman 

et al., 1959). However, oxytocin has variable results in pigs (Sergeev, 1963; Baker et al., 

1968). 

Summary 

In sheep, the successful use of frozen/thawed semen requires intrauterine 

insemination. The anatomy of the ewe cervix prevents routine transcervical AI. Rapid 

genetic improvements in sheep will only be possible with AI and semen from genetically 

superior rams. Current AI procedures have not been widely accepted and adopted by 

sheep producers. An understanding of the physiology of ewes at estrus and parturition 

may aid in the development of a more successful transcervical AI procedure. 
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At parturition, when the hormonal environment is similar to the periestrus period, 

oxytocin may have a role in cervical dilation. Oxytocin binds to specific membrane-bound 

receptors and initiates uterine contractions and prostaglandin release. The cervix is 

composed primarily of a collagen matrix that must be disrupted for cervical dilation to 

occur. Prostaglandins may be involved in the breakdown of the cervical collagen matrix at 

parturition and, along with uterine contractions, result in cervical dilation. 

A previous study indicates that oxytocin can dilate the cervix of estrus ewes for 

transcervical passage of an AI pipette into the uterus. Thus, oxytocin-induced cervical 

dilation may be a useful adjunct to nonsurgical AI procedures. However, it is imperative 

to determine whether oxytocin treatments will disrupt sperm transport or fertilization, 

before recommending its use with nonsurgical AI procedures. 

Oxytocin-InducedfCervicalfDilation 

Based on the magnitude of the need for AI in sheep and review of the literature on 

AI in sheep, the focus of this work was two fold: 1) to develop a nonsurgical AI 

technique; and 2) to elucidate the mechanism of oxytocin-induced cervical dilation. The 

effects of oxytocin on fertility are unclear; therefore it was also important to determine the 

effects of oxytocin on the reproductive tract, sperm transport, and fertilization, before 

recommending an AI protocol. Also, there are many possible mechanisms of action of 

oxytocin for inducing cervical dilation. Initially one would favor two of the possibilities: 

1) oxytocin-induced uterine contractions stimulate the cervix to dilate; and 2) oxytocin 

initiates an enzymatic, collagenolytic process that allows the cervix to dilate. Based on 
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literature from a variety of species, a hypothetical model for how oxytocin dilates the 

cervix of estrus ewes may be proposed: 1) a cyclic ewe is administered oxytocin i.v.; 2) 

oxytocin binds to endometrial and myometrial receptors; 3) endometrium releases PGE> 

and(or) PGF ,, which soften connective tissue in the cervix; and 4) oxytocin-induced 

myometrial contractions and contractions of cervical muscles begin to dilate the softened 

cervix. The experiments described in this dissertation were designed to test hypotheses 

relevant to the points described in this section. 
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Chapterflil 

CERVICALfDILATIONfWITHfEXOGENOUSfOXY TOCIN{IDOESf{NOTfIAFFECT 
SPERM{MOVEMENTHIINTOfLTHEfOVIDUCTSfINfEWES 

Introduction 

A previous study (Khalifa et al., 1992) indicated that oxytocin-induced cervical 

dilation in estrus ewes may be a useful adjunct to nonsurgical AI procedures, but doses of 

oxytocin used to dilate the cervix were probably excessive. Also, oxytocin alters uterine 

contractions, which may affect sperm movement to the site of fertilization. Thus, three 

experiments were conducted to determine 1) the minimal effective dose of oxytocin 

needed to consistently induce cervical dilation (Exp. 1), 2) the effect of pharmacological 

doses of oxytocin on uterine contractions (Exp. 2), and 3) the effect of oxytocin on sperm 

movement throughout the uterus and into the oviducts (Exp. 3). 

MaterialsfandfMethods 

General 

Vasectomized rams were used twice daily to check mature ewes for signs of 

estrus. Ewes were assigned to experiments after they had been detected in at least one 

spontaneous estrus. Age, breed, and parity were balanced across treatment groups. 

Pessaries containing 60 mg of 6a-methyl-17a-hydroxyprogesterone acetate (MPA; Sigma 

Chemical, St. Louis, MO) were inserted into ewes on d 8 to 12 of an estrous cycle and left 

in place for 12 d. 
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Experiment I 

After pessaries were removed from ewes, vasectomized rams were used three 

times daily to check for signs of estrus. At 8 h after first detection of estrus, five 

ewes/group received i.v. injections of either 0 (saline), 50, 100, 200, or 400 USP units of 

oxytocin (Anpro Pharmaceutical, Arcadia, CA). Transcervical passage of an AI pipette 

into the uterus was attempted immediately before and after the injections; attempts were 

made until passage was successful or until 30 min had elapsed. Ewes were restrained in a 

Poldenvale Commodore chute (Premier Sheep Supplies, Washington, IA), which places 

ewes in a dorsally recumbent position and improves access to the vagina and cervix. The 

distance that a calibrated pipette (4 mm in diameter) could be easily inserted into the 

cervix was determined before and after treatments. Penetration distances were determined 

from the entrance of the external cervical os. When the uterus was entered successfully, 

the distance that the pipette could be passed and the time required for entry were 

recorded. Uterine entry was considered successful when the AI pipette was easily inserted 

to its maximum (> 10 cm). If uterine entry was not successful, the distance that the 

pipette could be inserted into the cervix was recorded at 30 min after treatment. In 

addition, to determine the duration of cervical dilation, ewes were restrained and the 

cervix was evaluated at 2-h intervals until cervical closure prevented the passage of the 

oipette into the uterus. 

The General Linear Models (GLM) procedures of Statistical Analysis System 

(SAS, 1985) were used to determine the effect of treatment on depth of cervical 

penetration, time to uterine entry, and duration of cervical dilation; dose of oxytocin was 
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the independent variable for the ANOVA. When F-tests were significant, Duncan’s 

procedure was used to compare means. The CATMOD procedures of SAS were used to 

determine the effect of dose of oxytocin on the rate of uterine entry. 

Experiment 2 

At 52 h after pessary removal, five ewes/group were treated i.v. with either 0 

(saline), 50, 100, 200, or 400 USP units of oxytocin (Anpro Pharmaceutical). This time 

after pessary removal is a typical time for AI (Evans and Maxwell, 1987). Uterine 

contractions were observed with a laparoscope. 

After jugular catheterization (approximately 15 min before laparoscopy), ewes 

were anesthetized with sodium pentobarbital (65 mg/mL of saline; Sigma Chemical) and 

prepared for laparoscopy. Laparoscopic surgery was initiated approximately 15 min 

before oxytocin treatment. The laparoscope was inserted midventrally, and uteri were 

manipulated gently into a position that permitted clear observation of uterine contractions. 

The time that treatments were administered was considered time 0 and was at least 10 min 

after the uterus was positioned. Uterine contractions were recorded from 5 min before 

until 30 min after treatment, or until contractions were reinitiated. 

Jugular blood samples were collected at -5, 0, 5, 10, 15, 20, 25, 30, 45, and 60 min 

relative to treatment. The time-0 blood sample was collected just before a treatment was 

administered. Estrogens and progesterone were quantified in serum with RIA that are 

used routinely in our laboratory (Gengenbach et al., 1977; Guthrie and Bolt, 1983; Lewis 

et al, 1989; Fortin et al., 1994). The concentrations of 13,14-dihydro-15-keto- 
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prostaglandin F7,, (PGFM) in plasma were determined with an enzymeimmunoassay that 

was developed and validated in our laboratory (Del Vecchio et al., 1992). 

The GLM procedures of SAS (1985) were used to determine the effects of 

treatment on the time to initiation of uterine tetany and to reinitiation of contractions, and 

on concentrations of estrogens, progesterone, and PGFM. To determine the effect of time 

after oxytocin treatment on progesterone and estrogen concentrations, a subset of serum 

samples were assayed. Estrogens and progesterone concentrations did not differ with time 

after oxytocin treatment, so equal aliquots of serum samples were combined to obtain a 

single integrated concentration of progesterone and estrogens for each ewe. Dose of 

oxytocin was the independent variable in ANOVA to evaluate the data for time to 

initiation of uterine tetany and to reinitiation of contractions, and for concentrations of 

estrogens and progesterone. In addition, the concentrations of estrogens and 

progesterone, and the estrogens:progesterone ratio were used as covariants in ANOVA to 

evaluate time to uterine tetany and to reinitiation of contractions. When F-tests were 

significant, Duncan’s procedure was used to compare means. The effects of treatment on 

PGFM means and profiles were determined as described previously (Lewis et al., 1984). 

The model used to evaluate the PGFM data included treatment (i.e., dose of oxytocin), 

ewe nested within treatment (i.e., the main-plot error term), time, time x treatment, and 

residual. Tests for heterogeneity of residual variances were used to compare profiles. 
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Experiment 3 

At 52 h after pessary removal, ewes were treated i.v. with oxytocin (200 USP 

units; Anpro Pharmaceutical; n=10) or .9% sterile saline (10 mL; n=10) and inseminated 

laparoscopically 10 min after treatment. Ewes were inseminated with 500 x 10° sperm in 

.25 mL of fresh, extended semen in the right uterine horn only. Ewes were slaughtered 20 

h after AI, and their reproductive tracts were collected. 

The reproductive tracts were separated into four regions: right and left uterine 

horns; right and left oviducts. The uterine horns were flushed with 20 mL of .9% sterile 

saline containing .1% sodium azide. Flushings were centrifuged for 10 min at 2,000 x g, 

and the pellet was resuspended in 1 mL of saline containing .1% sodium azide and 

centrifuged for 10 min at 17,000 x g. The final pellet was resuspended in 3 mL of saline 

containing .1% sodium azide and stored at 4° C until the sperm concentration was 

determined. The oviducts were flushed with 6 mL of saline containing .1% sodium azide 

and processed as described for uterine flushings. To improve the determination of sperm 

concentration, samples were sonicated (21 kHz for four 30-sec bursts) to disrupt cellular 

debris in the flushings. With this procedure, the sperm heads lost their tails, but the sperm 

heads remained intact. Sperm concentration was determined with a hemocytometer using 

standard procedures (Hawk and Cooper, 1975), and concentration was used to calculate 

the total number of sperm in each flushing. 

The GLM procedures of SAS (1985) were used to determine the effects of 

treatment, region (i.e., segment of the reproductive tract), and treatment x region 
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interaction on sperm numbers. Hartley’s fmax test (Gill, 1978) indicated that the 

variances were heterogeneous, so sperm numbers were transformed to natural logarithms 

as described previously (Hawk and Cooper, 1975). When F-tests were significant, 

Duncan’s procedure was used to compare means. All inferences are based on the analysis 

of transformed data. 

Results 

Experiment I 

Oxytocin induced cervical dilation and permitted the passage of an AI pipette into 

the uterus. Uterine entry rates were 0% for control, 60% for the 50 and 100 USP unit 

doses, and 100% for the 200 and 400 USP unit doses of oxytocin (Table 1). The depth of 

cervical penetration before treatment did not differ among groups, indicating that 

assignment of ewes to groups should not have biased the results (Table 1). Oxytocin 

increased (P < .05) the depth of cervical penetration (Table 1). The time required for 

sufficient cervical dilation for uterine entry differed (P < .001) among treatments (Table 

1); dilation was faster in ewes given 200 or 400 USP units of oxytocin. The time required 

for the cervix to close enough to prevent uterine entry was greater (P < .05) for the 100 

than for the 50 USP unit dose of oxytocin; the times to closure for the 200 and 400 USP 

unit doses were intermediate (Table 1). 
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Table 1, Experiment 1. Cervical penetration and time required for deepest penetration 

after oxytocin® 
  

    

  

Cervical penetration, cm> Time, min, required to 

Oxytocin, USP _ Uterine entry 

units rate, % Before After Open Close 

0 oc 1.1¢ 1.1¢ — —— 

50 604 1.0¢ 8.2d 23.3¢ 340.0¢ 

100 60d 1.0¢ 6.74 17.04 560.04 

200 1004 1.1¢ >10.04 9.8¢ 492.0¢.d 

400 1004 1.1¢ >10.04 10.0¢ 435.004 

SE 04 6 8 25.1 
  

4Ewes received an i.v. injection of oxytocin at time 0. The depth of cervical penetration was 
measured with an AI pipette before and after treatment. The time required for the cervix to open 
enough for uterine entry and the cervix to close enough to prevent uterine entry with an AI pipette 

were recorded. Transcervical passage of an AI pipette was possible in two ewes before treatment, 

these ewes were removed from treatment groups. 

bArtificial insemination pipette penetration greater than 10 cm was considered uterine entry. 

c,dValues in the same column with different superscripts differ (P < .05). 

Experiment 2 

Oxytocin treatment induced uterine tetany. Uterine contractions ceased within 2 

min after treatment, regardless of the dose of oxytocin (Table 2). The interval from 

oxytocin treatment until the return of uterine contractions was greater (P < .05) for ewes 

treated with 400 USP units than for ewes given 50 USP units of oxytocin; the interval was 

intermediate for ewes in the 100 and 200 USP unit groups (Table 2). Concentrations of 
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progesterone and estrogens did not differ among treatments (Table 2), and neither they 

nor the estrogens:progesterone ratios were significant covariants. 

The results of the initial analysis on the full untransformed data set indicated that 

treatment did not affect the average PGFM concentrations, and there was no treatment x 

time interaction; the results were the same after the data were transformed to logarithms. 

Visual inspection of the untransformed data revealed that PGFM was increased in two 

Table 2, Experiment 2. Hormone concentrations and the effects of oxytocin on uterine 

contractions? 
  

  

  

Time, min, to? 

Oxytocin, USP Progesterone, Estrogens, PGFM, 

units Tetany Reinitiation ng/mL pe/mL = pg/mL° 

0 >30.04 —— 34 2.04 369.14 

50 1.8¢ 21.44 gd 2.14 688.2° 

100 1.0¢ 27.04¢ 3d 1.94 654.7¢ 

200 1.0¢ 29.44, 4d 1.24 716.7£ 

400 1.4¢ 41.0¢ gd 2.84 859. 2f 

SE 14 2.31 14 55 1.02 
  

4Ewes received an i.v. injection of oxytocin at time 0. The effect of oxytocin on uterine 
contractions was observed with a laparoscope. Time to uterine tetany and time to reinitiation of 
contractions were recorded. 

bUterine contractions were observed for 30 min or until reinitiation of contractions. The 0 USP 

unit dose (saline) of oxytocin did not alter uterine contractions, so 30 min was assigned for 

statistical evaluation. 

©The mean 13,14-dihydro-15-keto-prostaglandin F7, (PGFM) concentration for the 0 USP unit 

dose of oxytocin before removal of data for two ewes with spontaneous PGFM increases was 
751.8 pg/mL. 

d,e,feans in the same column with different superscripts differ (P < .05). 
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control ewes, compared with all other ewes, at the time of saline injection. Various 

reports (for references, see Siliva et al., 1991) indicate that PGF, and PGFM increase 

spontaneously before and during estrus. Thus, the PGFM data for those two control ewes 

were eliminated from the analyses. Subsequent analyses with transformed data indicated 

that oxytocin increased (P < .05) jugular concentrations of PGFM, but the dose of 

oxytocin did not affect the shapes of the response curves (Table 2; Figure 1). 
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Figure 1, Experiment 2. Average jugular concentrations of 13,14-dihydro-15-keto-PGF 7, 

(PGFM) after i.v. injections of saline or oxytocin. The PGFM concentrations in two control ewes 

were increased, compared with all other ewes, at the time of saline injection, and the PGFM data 

for those two ewes were eliminated from the analysis. The control values (—) are for the 

remaining ewes; values before removal of the data for the two control ewes are indicated with solid 

triangles. Oxytocin increased (P < .05; control vs 50 and 100 vs 200 and 400 USP unit doses) 

PGFM concentrations, but the dose of oxytocin did not affect the shapes of the PGFM profiles. 

Combined data for 50 and 100 USP units of oxytocin = ----; combined data for 200 and 400 USP 

units = ---. 
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Experiment 3 

Sperm numbers did not differ with treatment or location, and the treatment x 

location interaction was not significant (Table 3). The numbers of sperm in the uterine 

horns were greater (P < .001) than in the oviducts (Table 3). 

Table 3, Experiment 3. Sperm numbers after oxytocin treatment 
  

    

  

Salineb.c Oxytocin 

Left Right Left Right 

Uterine horn 8.905d 10.2424 10.2194 10.6264 
(15,800) (17,700) (41,040) (43,200) 

Oviduct 7.953¢ 7.057 7.467¢ 7.882¢ 
(2,100) (1,100) (2,657) (3,086) 
  

aEwes received i.v. either 10 mL of saline or 200 USP units of oxytocin 10 min before 500 x 10° 
sperm in .25 mL of fresh, extended semen were deposited in the right uterine horn. 

bMeans are the natural logarithm of sperm numbers. Because the variances were heterogeneous, 

the natural logarithms of sperm numbers were used for data analysis. Overall SE = .19. 

©Values in parentheses are the arithmetic means of sperm numbers. 

d,€Means with different superscripts differ (P < .05). 
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ChapterfIV 

EFFECTSfOFfFEXOGENOUSfOXYTOCINfONICERVICALfOXYTOCIN 

RECEPTORfCONCENTRATIONSfANDfCOLLAGENASEfACTIVITY 

Introduction 

The use of oxytocin in the development of a novel AI method led to the question 

of how oxytocin treatment causes cervical dilation. Four experiments were designed to 

begin unraveling the mechanism of oxytocin-induced cervical dilation. The experiments 

were designed to evaluate the 1) histological aspects of cervical structure (Exp. 4), 2) 

uterine and cervical prostaglandin release after oxytocin (Exp. 5), 3) changes in uterine 

and cervical oxytocin receptor concentrations during the estrous cycle (Exp. 6), and 4) 

changes in uterine and cervical oxytocin receptor concentrations after oxytocin treatment 

(Exp. 7). 

MaterialsfandfMethods 

General 

Vasectomized rams were used twice daily to check mature ewes for signs of 

estrus. Ewes were assigned to experiments after they had been detected in at least one 

spontaneous estrus. Age, breed, and parity were balanced across treatments groups. 

42



Experiment 4 

Ten cyclic ewes received two 5-mg injections of Lutalyse® (Upjohn Company, 

Kalamazoo, MI) at a 4-h interval. Ewes were assigned to randomized groups and 

slaughtered at either estrus (n = 5) or d 9 (n = 5) of the estrous cycle. The cervices were 

collected, trimmed, and separated into three sections: cranial, middle, and caudal. Each 

section was fixed with Bouin’s fixative and stained with Masson’s trichromium stain. 

Masson’s trichromium stain was used because it allows differentiation between connective 

tissue and smooth muscle (Lilley, 1965). The staining and preparation of the slides were 

performed in the histopathology laboratory at the Virginia-Maryland College of Veterinary 

Medicine. Various aspects of cervical structure or collagen arrangement were evaluated. 

Experiment 5 

Estrus was synchronized in 12 cyclic ewes using MPA-containing pessaries, which 

were left in place for 12 d. Catheters were placed in the vena cava via a saphenous vein 2 

d before pessary removal (Benoit and Dailey, 1991). Thirty-six hours after pessary 

removal, blood samples were taken every 10 min for 30 min before an injection of 100 

USP units of oxytocin (n = 6) or an equivalent volume of saline (10 mL; n= 6). After the 

injection, blood samples were taken every 10 min for 1 h, then every 30 min for 1 h. 

Blood samples were immediately centrifuged and plasma was frozen. 

Enzymeimmunoassay (EIA) kits (Cayman Chemical, Ann Arbor, MI) were used to 

quantify PGF,,, and PGE, in plasma. Before analysis of all samples, one half of the 
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samples were destroyed when a storage freezer failed and the samples warmed. 

Therefore, data represented with this experiment are based on three ewes/group. 

The data were analyzed using ANOVA procedures with time as a continuous 

independent variable (SAS, 1985). The shapes of the PGF», and PGE, response curves 

were determined with polynomial regression procedures. Tests for homogeneity of 

residual variances were used to determine whether treatment affected the changes in 

PGF,,, and PGE, concentrations over time (Lewis et al., 1984). 

Experiment 6 

Ewes were assigned to randomized groups and slaughtered on either d 0, 7, or 15 

(n = 8 ewes/d) of the estrous cycle. The cervix and uterus were collected and processed 

as described below for assessment of oxytocin binding sites. Analyses of variance using 

the SAS GLM procedures (1985) were used to determine whether day of the cycle and 

tissue location affected oxytocin receptor characteristics. 

Experiment 7 

Treatments were in a 2 x 2 factorial arrangement and 40 cyclic ewes were injected 

i.v. with either saline (10 mL; n = 20) or oxytocin (200 USP units; n = 20) and slaughtered 

at 10 (n = 20) or 30 (n = 20) min after treatment. The uterus and cervix were collected, 

separated, and processed as described below. Oxytocin binding sites were assessed. 

Analyses of variance using the SAS GLM procedures (1985) were used to determine the 

effect of treatment, time period, tissue location, and interactions on oxytocin receptor 

characteristics. 
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Tissue Preparation and Assays for Experiments 6 and 7 

The cervix and uterus were collected, rapidly trimmed, and separated into five 

sections: caruncular, intercaruncular, myometrium, cervical mucosa, and cervical 

muscularis. Approximately 3 to 5 g of tissue were collected and immediately frozen in 

liquid nitrogen. Samples were transferred to a -80° C freezer for storage. Membranes 

were isolated for measurement of oxytocin receptors. The radioreceptor assay of Mirando 

et al. (1993) was used to determine oxytocin receptor concentrations in tissue from each 

section; the assay is briefly described below and in more detail in Appendix B. 

Tissue was removed from the -80° C freezer and kept frozen with solid CO. 

Individual samples were removed from the solid CO, and shattered into small pieces using 

a Bessman Tissue Pulverizer (Fisher Scientific, Pittsburgh, PA). A 1-g aliquot was 

pulverized into a coarse powder using the pulverizer and mallet. The coarse powder was 

transferred to a polypropylene tube in an ice bath, and 5 mL of 25 mM Tris-HCl with .25 

M sucrose (pH 7.4, 25° C) were added. The tissue was homogenized with a Virtis 

homogenizer with four 30 sec bursts at a speed setting of 80. Homogenates were filtered 

through six layers of cheesecloth into a Ten Brock tissue grinder and further homogenized 

with 10 strokes of the pestle. Homogenates were centrifuged for 20 min at 2,000 x g. 

The supernatant was further centrifuged for 90 min at 80,000 x g. The pellet was rinsed 

and resuspended in 2 mL of Tris-HCl and .01% NaN3, protein concentrations were 

quantified with the BCA protein assay (Smith et al., 1985), and resuspended pellets were 

stored at -80° C until assayed. 
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To quantify oxytocin receptors, membrane preparations were thawed and diluted 

to a concentration of .8 mg/mL. Then, 100 pL of sample and [tyrosyl-2,6-3H]oxytocin 

(OT; NEN Research Products, Boston, MA) was added to tubes at concentrations of 

.125, .25, .5, 1, 2, and 4 pmol in 100 uL of buffer A (25 mM Tris-HCl, 20 mM MnCl, 

.2% BSA, and .01% NaN3; pH 7.4, 4° C). Nonspecific binding was estimated in the 

presence of 250-fold excess of radioinert oxytocin (1,000 pmol; Sigma). Assays were 

incubated for 40 min at 20° C; this was determined from an initial experiment (Figure 2). 

Incubations were terminated by placing assay tubes in ice, adding .75 mL of buffer A, 1 

mL of buffer B (25 mM Tris-HCl and .01% NaN3) with 40% polyethylene glycol ( 6,000 

to 8,000 mw; Sigma). The tubes were vortexed and centrifuged for 20 min at 2,000 x g at 

4° C. Pellets were resuspended in 2 mL of buffer A containing 20% polyethylene glycol. 

Tubes were vortexed and centrifuged, and supernatants were decanted. The pellet was 

resuspended in .5 mL of buffer B. The resuspended pellet was transferred to a scintillation 

vial, 5 mL of scintillation cocktail were added, and radioactivity was determined for 5 min 

in a liquid scintillation counter. 

The assay was validated by analyzing a pool of uterine tissue collected from ewes 

in estrus. The binding of [>H]oxytocin was saturable (Figure 3). Increasing amounts of 

membrane protein were assayed and regressed as a linear line (Figure 3). Concentrations 

and Kd were determined with Scatchard Analysis using the EBDA/LIGAND computer 

program (McPherson, 1985). The inter- and intraassay coefficients of variation were 

31.65 and 95.62, respectively. 
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Figure 2, Experiments 6 and 7. Effects of incubation temperature and time of incubation 

on [3H]oxytocin binding characteristics. The means are for data from two replicates. 
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Figure 3, Experiments 6 and 7. Oxytocin receptor saturation curve (A) and effects of 

increasing membrane protein concentrations (B). The means are for data from two 
replicates.



Results 

Experiment 4 

Histological preparations of the sheep cervix do not appear different between d 0 

and 9 of the estrous cycle. Masson’s trichromium stain allows differentiation between 

muscle and connective tissue. Muscle was visible within the collagen matrix of the sheep 

cervix. Therefore, easy separation of cervical muscularis and collagen matrix does not 

seem possible. Cervical tissue appears to differ in muscle volume and organization 

between the cranial and caudal regions. Muscle volume seems to be increased in the 

cranial cervix, and organized in a regular pattern around the cervical lumen (Figure 4). 

Muscle bundle organization seems irregular in the middie and caudal cervix (Figure 4). 

Bundles can be seen crossing, merging, or branching, and some bundles appear located 

perpendicular to the cervical lumen. The irregular arrangement of muscle bundles may 

allow physical dilation with muscular contractions or with muscles in tetany. 

Experiment 5 

The PGF»,, and PGE, concentrations did not differ (P > .25) between treatment 

groups before oxytocin or saline was injected (Table 4). All oxytocin-treated ewes 

responded with an increase in PGF>,, concentrations (P < .001; Table 4). No response 

was detected in saline treated ewes (P > .25; Table 4). Treatment did not affect PGE, 

concentrations (P > .25; Table 4). The PGF, concentration profiles differed treatment (P 

< .05; Figure 5). 
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Figure 4, Experiment 4. typical cross sections of the 
cranial (A), middle (B), and caudal (C) cervix. 
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Table 4, Experiment 5. Mean vena caval concentrations of prostaglandins before and after 

oxytocin2b 

PGF>,,, pg/mL PGE,, pg/mL 
  

Treatment Before Treatment After Treatment Before Treatment After Treatment 
  

Saline 313.3 440.7 49.5 50.7 

Oxytocin 354.2 2572.5 34.7 68.3 

SE 21.9 189.9 21.9 9.3 
  

4Ewes were treated with either saline or oxytocin (200 USP units), and blood samples 

were collected every 10 min for 1 h, then every 30 min for an additional hour. 

bOxytocin increased PGF>,, concentrations (P < .001). 
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Figure 5, Experiment 5. Profiles of vena caval PGF>,, and PGE, concentrations after 

saline or oxytocin treatment. Ewes received an i.v. injection of oxytocin (OT; 100 USP 

units) or saline (Sal; 10 mL), and vena caval blood samples were collected. 
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Experiment 6 

Histological data indicate that smooth muscle is integrated into the collagen matrix 

of the cervix (Exp. 5), so the separation of muscle from epithelium was probably not 

possible. The mean Kd did not differ (P > .05) with day of cycle (23.4, 9.9, and 9.8 nmol 

for d 0, 7, and 15, respectively) or location (9.7, 16.0, 15.8, and 15.4 for caruncular, 

intercaruncular, muscularis, and cervix, respectively; Figure 6). Mean oxytocin receptor 

concentrations differed with day of cycle (P < .05; Figure 7). Overall, oxytocin receptor 

concentrations were greater on d 0 than on d 7 or 15 (282.1, 57.8, and 103.5 pmol/g of 

wet tissue, respectively). Mean oxytocin receptor concentrations differed (P < .05) among 

tissue locations (290.9, 181.6, 96.1, and 70.8 pmol/g of wet tissue for caruncular, 

intercaruncular, muscularis, and cervix, respectively; Figure 7). Overall oxytocin receptor 

concentrations were greater in caruncular than in myometrial and cervical tissue (P < .05), 

but receptor concentrations in intercarucular tissue did not differ from those in tissues 

from the other locations (P > .05; Figure 7). 
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Figure 6, Experiment 6. Effects of day of the estrous cycle on oxytocin receptor affinities 
(Kg). Caruncular, intercaruncular, myometrium, and cervical (left to right, respectively, 

for each day) tissue samples were collected on d 0, 7, and 15 (n = 8 ewes/d) of the 
estrous cycle. There was no main effect of day of cycle or location on receptor affinities 
(P > .05). SE=3.1. 
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Figure 7, Experiment 6. Oxytocin receptor concentrations change with day of the estrous 
cycle. Caruncular, intercaruncular, myometrium, and cervical (left to right, respectively, 
for each day) tissue samples were collected on d 0, 7, and 15 (n = 8 ewes/d) of the 
estrous cycle. There was a main effect of day of cycle and location on receptor 
concentrations (P < .05), but no interaction (P > .05). SE = 30. 

Experiment 7 

Mean oxytocin receptor affinities did not differ among treatments or times of tissue 

collection (P > . 05; Figure 8). However, there was a trend (P = .07) for increased 

receptor affinity in saline-treated compared with oxytocin-treated ewes. Mean oxytocin 

receptor concentrations differed with time and location (P <.05; Figure 9). Oxytocin 
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treatment decreased the number of active binding sites (Figure 9). However, the receptor 

assay did not allow differentiation between occupied and unoccupied receptors. 

Therefore, it was difficult to determine whether there was down regulation of the oxytocin 

receptor after treatment. There were no interactions (P > .05). 
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Figure 8, Experiment 7. Oxytocin receptor affinities after (Kg) exogenous oxytocin. 

Caruncular, intercaruncular, myometrium, and cervical (left to right, respectively, for each 
day) tissue samples were collected from ewes treated with saline (10 mL) or oxytocin (200 
USP units) i.v. either 10 min or 30 min before tissue collection(n = 8 ewes/group). There 
was no main effects of treatment, time of tissue collection, or location (P > .05). SE = 
3.4. 
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Figure 9, Experiment 7. Oxytocin receptor concentrations after exogenous oxytocin. 
Caruncular, intercaruncular, myometrium, and cervical (left to right, respectively, for each 

day) tissue samples were collected from ewes treated with saline (10 mL) or oxytocin (200 
USP units) i.v. either 10 min or 30 min before tissue collection(n = 8 ewes/group). There 
was a main effect of time of tissue collection and location (P < .05). Oxytocin receptor 

concentrations were decreased 30 min after treatment. SE = 23. 
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ChapterfV 

COMPARISONfOFfLAPAROSCOPICfANDfCERVICALfARTIFICIAL 

INSEMINATION, fANDfTHEfEFFECTSfOFfEXOGENOUSfOXYTOCINfFON 

FERTILITYfANDfFERTILIZATIONf£INfEWES 

Introduction 

Data from Exp. 3 indicated that exogenous oxytocin did not affect the movement 

of sperm to the oviducts. Therefore, Exp. 8 was designed to determine whether the 

transcervical AI method developed as part of the research for this dissertation could be 

used effectively in a commercial flock of sheep. Because, the results of Exp. 8 were poor, 

Exp. 9 was designed to determine the effect of AI and oxytocin on fertilization rate. 

MaterialsfandfMethods 

General 

Vasectomized rams were used twice daily to check mature ewes for signs of 

estrus. Ewes were assigned to experiments after they had been detected in at least one 

spontaneous estrus. Age, breed, and parity were balanced across treatment groups. 

Experiment 8 

Purebred Hampshire, Dorset, and Suffolk ewes (n = 150) were assigned to 

randomized breeding groups (75 ewes/group) and synchronized for estrus using pessaries 

containing 60 mg of MPA (Sigma). Pessaries were inserted on d 8 to 12 of an estrous 

cycle and left in place for 12 d. Ewes were artificially inseminated intrauterine with either 
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laparoscopic or transcervical procedures, 54 h after pessary removal, with 200 x 106 

sperm/.25 mL. Ewes were inseminated with fresh, extended semen collected from a 

purebred ram of the corresponding breed. Laparoscopic inseminations were performed 

with the method described by Evans and Maxwell (1987). Ewes were anesthetized with 

ketamine (200 mg) and prepared for surgery. Oxytocin was used to dilate the cervix for 

transcervical AI as described previously. Ewes received an 1.v. injection of 200 USP units 

of oxytocin (Anpro Pharmaceutical) 30 min before insemination. Ewes were restrained 

with a Poldenvale Commodore chute, and an AI pipette was passed through the cervix 

and into the uterus using a speculum and light to locate the cervical os. One week after 

insemination, ewes were placed with a fertile ram of a contrasting facial hair color and left 

for two consecutive estrous cycles. Ewes were lambed by the farm crew with the rest of 

the flock, and the number and breed of the lambs born were recorded. 

Experiment 9 

Ewes (n = 40) were assigned to randomized breeding groups (10/group) and 

synchronized for estrus using one half of a Synchro-Mate-B® (Sanofi Animal Health, 

Overland Park, KS) implant inserted s.c. in an ear between d 8 and 12 of the estrous cycle. 

Implants were removed after 10 d, ewes received Lutalyse® (Upjohn, Kalamazoo, MI; 

two 5-mg injections 4 h apart) 4 d after beginning the synchronization program, and ewes 

received a single dose of PG600® (400 IU PMSG, 200 IU hCG; Intervet, Inc., Millsboro, 

DE) at implant removal. 
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At 60 h after implant removal, ewes received an injection of either .9% sterile 

saline (10 mL) or oxytocin (200 USP units; 10 mL; Anpro Pharmaceutical) 10 min before 

insemination. Ewes were inseminated using either laparoscopic or cervical AI procedures 

with 100 x 10° sperm in a 250 yL dose. In ewes not assigned to the laparoscopic groups, 

100% of the saline-treated ewes were inseminated at the posterior cervical os, even if 

passage through the cervix was possible (20% of the ewes); 80% of the oxytocin-treated 

ewes were inseminated intrauterine, and the remainder were inseminated at the posterior 

cervical os. Ewes were slaughtered 72 h after insemination. At slaughter, the uteri were 

removed and transported to the laboratory. Oviducts were flushed with 10 mL of sterile 

.9% saline. The number and location of CL, and numbers of embryos, unfertilized ova, 

and accessory sperm were recorded. Embryo quality and stage of embryonic development 

were also evaluated. 

Statistical Analyses 

Experiment 8 

Analyses of variance with the GLM procedures of SAS (1985) were used to 

determine the effect of AI method on the date of lambing and number of lambs born, with 

date of insemination as a covariate. Also, ANOVA procedures were used to determine 

the distribution of the date of estrus and date of insemination among AI methods. When 

F-tests were significant, Duncan’s procedure was used to compare means. The CATMOD 

procedures of SAS (1985) were used to determine the effect of treatment on frequencies 
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of various breed types born. The FREQ procedures of SAS (1985) were used to 

determine the effects of treatment on pregnancy rate after AI. 

Experiment 9 

Analyses of variance with GLM procedures of SAS (1985) were used to determine 

the effect of treatment on number of cells in the embryo, embryo quality, and number of 

associated accessory sperm. The CATMOD procedures of SAS (1985) were used to 

determine the effect of treatments on fertilization rate, embryo recovery, and CL location. 

Frequency procedures of SAS (1985) were used to determine the effect of treatment on 

flush recovery rate, fertilization rate, and CL location. 

Results 

Experiment 8 

The average date of lambing (Table 5), number of lambs born, and breed of lamb 

born differed between insemination methods (P < .05; Table 6). The average date of 

insemination did not differ between groups (P > .05; Table 5), and insemination date was 

not a significant covariant. Ewes in the transcervical AI group lambed approximately 6 d 

later than ewes inseminated laparoscopically, indicating that a greater number of ewes 

became pregnant with laparoscopic AI than with transcervical AI. In addition, 37.5% of 

the ewes produced purebred lambs after laparoscopic AI compared with 0% purebred for 

the transcervical AI group (Table 6); thus, a greater (P < .05) number of ewes became 

pregnant after the laparoscopic AI method. 
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Table 5, Experiment 8. Distribution of the average date of insemination and lambing 

between AI methods?. 

  

  

Average date of 

AI method Insemination Lambing 

Laparoscopic 9-23-1993 9-27-1994b 

Transcervical 9-23-1993 3-5-1994¢ 
  

aEwes were assigned to randomized insemination groups, estrus was synchronized, and 
ewes were inseminated with either a laparoscopic or transcervical AI method. Overall 

SE = .87. 

b,¢Means with different superscripts in the same column differ (P < .05). 

Table 6, Experiment 8. Effects of AI method on mean number of lambs born/ewe and 

number of ewes lambed/breed?. 

  

Number of 

AI method lambs/ewe Purebred Crossbred 

Laparoscopic 1.84¢.€ 24¢ 40¢ 

(37.5)f (62.5) 

Transcervical 1.634 od 69d 
(0.0) (100.0) 

  

aEwes were inseminated using either laparoscopic or transcervical AI with semen from a 
purebred ram of the same breed. One week after insemination, ewes were placed with 
a ram of a breed with a contrasting facial hair color and left for two estrous cycles. 
Ewes were lambed with the rest of the flock, and the number and breed of lambs born 

were recorded. 

bPurebred lambs are a result of AI, whereas crossbred lambs are the result of a clean-up 

ram of contrasting facial hair color. 

¢,dMeans with different superscripts in the same column differ (P < .05). 

€Overall SE = .05. 

fParentheses contain the percentages of ewes that lambed purebred or crossbred lambs 

inseminated with each AI method. 
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Experiment 9 

Fertilization rate differed (P < .05) with AI method, but not between treatments (P 

> .05; Table 7). Fertilization rate was greater in ewes inseminated using laparoscopic AI 

than with cervical AI; 90.2 vs 28% fertilized, respectively. The CL were evenly 

distributed between the right and left ovaries and treatment groups. For embryo recovery, 

there was an Al method x treatment interaction (P < .05; Table 8). A greater percentage 

of embryos was recovered from ewes that were inseminated using laparoscopic 

procedures and treated with oxytocin. 

Table 7, Experiment 9. Effects of AI method and treatment on fertilization rate2> 

  

AI method Saline Oxytocin 

Laparoscopic 14/17 23/23 

(82.3)¢ (100.0) 

Cervical 7/24 4/15 

(29.2) (26.7) 
  

4Fertilization rate was determined as the number of fertilized ova/total ova recovered from 

inseminated ewes. Overall SE = .04. 

bThere was a main effect of AI method (P < .001); 37/40 (92.5%) of the ova were 
fertilized after laparoscopic AI. 

‘Parentheses contain percentage of ova fertilized for each treatment group. 
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Table 8, Experiment 9. Effects of AI method and treatment on embryo recovery? 

  

AI method Saline Oxytocin 

Laparoscopic 17/30 24/24 

(56.7)¢ (100.0) 

Cervical 24/40 15/22 

(60.0) (68.1) 
  

4aThere was an AI method x treatment interaction (P < .05), because the recovery rate for 
the laparoscopic AI with oxytocin treatment differed from the rate for all other groups. 

Overall SE = .04. 

bRecovery rate is expressed as number of embryos recovered/CL present on ovaries for 

each treatment group. 

‘Parentheses contain the possible percentage of embryos flushed within each treatment by 

AI method group. 

Overall, cell number differed (P < .05) with AI method (6.6 vs 2.6 cells/embryo for 

laparoscopic vs cervical insemination, respectively), but not with treatment. The overall 

effect of AI method on cell number is the result of the greater fertilization rate in the 

laparoscopically inseminated groups (Table 7). Thus, when only the data for fertilized ova 

were considered, cell number did not differ (P > .05) with AI method (7.4 vs 7.2 

cells/embryo for laparoscopic and cervical insemination, respectively) or treatment (Table 

9). When data for fertilized ova only were evaluated, which are the most meaningful data, 

but there was an important trend (P = .06) for greater cell numbers in embryos from the 

oxytocin-treated ewes compared with the saline-treated ewes (7.9 vs 6.75 cells/embryo, 

respectively). 
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Table 9, Experiment 9. Effects of AI method and treatment on embryo cell number4.b 

  

AI method Saline Oxytocin 

Laparoscopic 6.6¢ 7.8 

Cervical 6.9 8.0 
  

4Embryo cell number was used as an indication of embryo development. At 72 h after 
insemination, the 8-cell stage of development was expected. Overall SE = .24. 

bThere tended to be an effect (P = .06) of treatment; cell numbers were greater in embryos 

from oxytocin-treated than from saline-treated ewes (7.9 vs 6.75 cells/embryo). 

CData are expressed as the mean number of cells/fertilized embryo. 

Embryo quality did not differ (P > .05) between AI types or treatments (Table 10). 

Data for accessory sperm were transformed to a base 10 logarithm for statistical analysis. 

The number of associated accessory sperm did not differ (P > .05) between AI methods or 

treatments (Table 11). 

Table 10, Experiment 9. Effects of AI method and treatment on embryo quality2.b 

  

AI method Saline Oxytocin 

Laparoscopic 2.9¢ 3.5 

Cervical 2.7 3.3 
  

aEmbryo quality was based on a visual score of fertilized embryos and converted to a 
numerical score. Embryo grades were excellent (5; numerical score), good (4), fair (3), 
poor (2), and degenerate (1). Overall SE = .18. 

bThere was no effect of AI method or treatment on embryo quality (P > .05). 

Mean numerical quality score. 
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Table 11, Experiment 9. Effects of AI method and treatment on associated accessory 

sperm) 

  

AI method Saline Oxytocin 

Laparoscopic 72.6¢ 10.3 

(-.88)4 (-.22) 

Cervical 7 5.0 

(-1.45) (-.56) 
  

4Accessory sperm were determined using the method of DeJarnette et al., 1992. 

Statistical analysis was performed on transformed data. Overall SE = .29. 

bThere was no effect of AI method or treatment on accessory sperm numbers (P > .05). 

CArithmetic means of associated accessory sperm. 

4Parentheses contains the logarithmic means of accessory sperm. 
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ChapterfVI 

Discussion 

This and our previous study (Khalifa et al., 1992) indicate that exogenous oxytocin 

dilates the cervix in ewes and permits the passage of an AI pipette into the uterus (Exp. 1). 

The minimum practical dose to consistently dilate the cervix seemed to be 200 USP units 

of oxytocin. Even though oxytocin treatment induced uterine tetany and the uterus 

remained in tetany for approximately 30 min (Exp. 2), oxytocin treatment did not affect 

the movement of sperm from the right uterine horn into both oviducts (Exp. 3), and it did 

not affect fertilization (Exp. 9). 

The fact that oxytocin treatment did not affect the movement of sperm into the 

oviducts seems to indicate that oxytocin did not block the mechanism of sustained sperm 

transport. Indeed, sustained sperm transport, rather than the rapid transport that 

immediately follows insemination, seems to be essential for optimal fertilization rates 

(Quinlivan and Robinson, 1969; Hunter et al., 1982). The numbers of sperm in the 

oviducts of the ewes in this study (Exp. 3), which were slaughtered at approximately the 

expected time of ovulation, were similar to those reported previously (Hawk and Cooper, 

1975). Thus, even though oxytocin treatment inhibited rhythmic uterine contractions for a 

short duration (Exp. 2), it did not prevent sperm from becoming distributed throughout 

the reproductive tract and reaching the oviduct (Exp. 3). 

Earlier studies with ewes indicated that small doses of oxytocin (e.g., 1 IU) did not 

affect rapid sperm transport or fertility (Thibault and Winterberger-Torres, 1967; Jones, 
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1968; Jones et al., 1969), but oxytocin increased the number of accessory sperm 

associated with flushed embryos (Thibault and Winterberger-Torres, 1967). Based on the 

results of the present and earlier studies, one may speculate that oxytocin treatment should 

not prevent fertilization. In fact, in this study, large doses of oxytocin did not affect 

fertilization rate (Exp. 9). However, fertilization was affected by the AI method used 

(Exp. 9). Fertilization rate was decreased in ewes that were inseminated with a cervical 

AI method. This indicates that decreased fertility after oxytocin-induced cervical dilation 

and transcervical AI may be caused by manipulation or stress on the cervix, but not 

oxytocin treatment (Exp. 8). 

This study seems to provide some of the clearest evidence to date that cervical 

manipulation may have an unfavorable outcome on fertility after AI. Other studies 

indicated that transcervical passage of an AI pipette or deep cervical AI may be 

detrimental to fertility (Salamon and Lightfoot, 1970; Ritar et al., 1990), but those 

experiments did not provide a clear test of the hypothesis. In ewes with reduced sperm 

transport, a greater percentage of sperm cells are found either dead or damaged in the 

anterior cervix (Hawk et al., 1981a,b,c). Manipulation of the cervix may affect sperm 

transport within the reproductive tract, or a stressed cervix may produce a spermicidal 

compound (Hawk, 1983). In this study, sperm transport was determined with and without 

oxytocin treatment using a laparoscopic method to inseminate the ewes (Exp. 3), so it is 

unclear whether sperm transport is reduced after the transcervical AI procedure. Even 
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though it seems likely that cervical manipulation affects sperm transport, cervical 

manipulation may directly affect fertilization, but the mechanism is not obvious. 

The mechanism by which oxytocin induces cervical dilation is unclear. In this and 

a previous study (Khalifa et al., 1992), oxytocin was injected i.v., and the cervix dilated 

enough within approximately 10 min to pass an AI pipette into the uterus (Exp. 1). The 

results of the present study indicate clearly that the cervix dilated while the uterus was in 

tetany (Exp. 2). A number of studies indicate that the uterine response to oxytocin is 

greatest when estrogen concentrations are increased and progesterone is decreased, as 

they are during estrus, and the number of endometrial (McCracken et al., 1984) and 

cervical (Exp. 6) oxytocin receptors was greatest on the day of estrus in sheep. However, 

in the present study, individual ewe differences in estrogen and progesterone 

concentrations, or estrogens:progesterone ratios, did not explain a significant amount of 

the variation in the response to oxytocin; the uterine response was not altered in ewes with 

increased concentrations of estrogen or estrogens:progesterone ratios (Exp. 2). This may 

be because the doses of oxytocin were pharmacological and average serum progesterone 

concentrations were basal (i.e., < 1 ng/mL). Nevertheless, increased estrogen seems 

necessary for oxytocin-induced cervical dilation, because a previous study (Khalifa et al., 

1992) indicated that estrogen treatment 12 h before oxytocin treatment of luteal-phase 

ewes (i.e., d 8 of the estrous cycle) increased cervical dilation. 

There are many possible mechanisms of action of oxytocin for inducing cervical 

dilation. Two of the possibilities were initially favored: 1) oxytocin-induced uterine 
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contractions stimulated the cervix to dilate; and 2) oxytocin initiated an enzymatic, 

collagenolytic process that allowed the cervix to dilate. Oxytocin stimulates uterine 

contractions, and the uterine muscularis is continuous with cervical muscularis. In this 

study, histological preparations indicate that there is a greater amount of cervical 

muscularis in the cranial than in caudal cervix (Exp. 4). In addition, the organization of 

the cervical muscularis is more disoriented than myometrial organization (Exp. 4). 

Bundles of smooth muscle are often seen crossing, merging, or branching, and bundles 

appear more perpendicular to the cervical lumen (Exp. 4). Oxytocin-induced uterine 

contractions may spread to the cervical muscularis (Valentine, 1977; Garcia-Villar et al., 

1984; Arulkumaran et al., 1989; Granstr6ém et al., 1989), and the combination of uterine 

and cervical contractions may force the cervix to dilate. However, data from this study 

indicate that pharmacological doses of oxytocin immediately induce uterine tetany; 

rhythmic contractions are inhibited for as long as 45 min (Exp. 2). So, there is no 

evidence that oxytocin-induced cervical dilation depends on rhythmic uterine contractions, 

but the disoriented nature of the cervical muscularis may allow a tetanic state to cause 

cervical dilation enough for passage of an AI pipette (Exp. 4). In fact, some evidence 

indicates that limited cervical dilation at parturition does not require uterine contractions 

(Hollingsworth and Gallimore, 1981). The direct effects of uterine tetany on cervical 

dilation have not been evaluated, so one cannot yet suggest that oxytocin-induced cervical 

dilation is a side effect of uterine tetany. 
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Oxytocin may initiate a cascade of enzymatic events that cause cervical 

“softening”. Softening is the chemical breakdown of cervical collagen fibers, and 

softening allows the cervix to dilate (Conrad and Ueland, 1976; Hollingsworth and 

Gallimore, 1981; Uldbjerg et al., 1983). At parturition, when estrogen is increased and 

progesterone is decreased, the cervix seems to soften before it dilates (Liggins et al., 

1977). Oxytocin seems to be involved in cervical softening, but the exact mechanism of 

action is not clear. This and another (Matthews and Ayad, 1994) study indicate that the 

sheep cervix contains oxytocin receptors (Exp. 6). The binding of oxytocin to its 

receptors probably initiates the biochemical changes that soften the cervix. Indeed, 

oxytocin may be involved in the increased collagenolytic activity that has been detected in 

the human cervix near the time of parturition (Uldbjerg et al., 1983; Rajabi et al., 1988; 

Osmers et al., 1992); there may be a similar relationship between oxytocin and 

collagenolytic activity of the sheep cervix at estrus. 

Oxytocin also induces uterine release of prostaglandins (Siliva et al., 1991), and 

prostaglandins may have a role in cervical softening (Conrad and Ueland, 1976; Ekman et 

al., 1986; Calder et al., 1989); PGE? stimulates cells to release collagenase. In this study, 

oxytocin probably stimulated the uterus and cervix to release prostaglandins; jugular 

PGFM concentrations increased after oxytocin (Exp. 2), and jugular PGFM was increased 

when PGF, concentrations in the vena cava, which contains uterine and cervical blood, 

were increased (Exp. 5; Fortin et al., 1994). In addition, exogenous oxytocin increased 

vena caval PGF2,, but PGE» concentrations did not increase (Exp. 5). Perhaps PGE) 
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has a local effect in the cervix, and oxytocin-induced changes in PGE? are too subtle to 

detect. Thus, prostaglandins could enhance collagenase activity, which could “soften” 

cervical collagen and allow the cervix to dilate enough for transcervical AI. However, 

even though this is an attractive and plausible mechanism of action for oxytocin, cervical 

dilation is too rapid, approximately 10 min after oxytocin, to be solely dependent on an 

increase in collagenase activity. Perhaps oxytocin-induced cervical dilation is the result of 

combined effects of changes in cervical collagen structure and tetanic uterine contractions. 

A considerable amount of additional work will be needed to define the mechanism of 

action of oxytocin, but links between cervical collagenase activity and uterine contractions 

should not be overlooked. 

Response to oxytocin varies throughout the estrous cycle, and it is mediated by the 

presence and concentration of specific membrane-bound receptors. Recently, Matthews 

and Ayad (1994) reported that the cervix of ewes contains oxytocin receptors, and 

receptor concentrations varied with day of the estrous cycle. The current study also 

indicates that the sheep cervix contains oxytocin receptors, and receptor concentrations 

change with day of cycle (Exp. 6). Uterine and cervical oxytocin receptor concentrations 

increased during the periestrus period, peaked around estrus, and decreased during the 

diestrus period (Exp. 6). The results from this study are consistent with the expected 

changes in uterine tissue; uterine oxytocin receptor concentrations peaked on 

approximately the day of estrus in ewes and were least on d 12 of the cycle (Roberts et al., 

1976). 
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Oxytocin receptor concentrations were decreased 30 min after oxytocin treatment. 

A reduction in oxytocin receptors may indicate that the receptors became inactive after 

oxytocin treatment. Some possible reasons are that 1) the receptor might have been 

occupied with oxytocin, and it is unclear whether the oxytocin receptor assay used allows 

determination of unoccupied and occupied receptors; 2) the receptor might have been 

internalized for reprocessing; or 3) the receptor might have been modified in a manner 

that prevents binding of [[H]oxytocin. Others have suggested a feedback mechanism 

between oxytocin and PGF,,, during luteolysis (Flint et al., 1986). Oxytocin, mediated 

through PGF,, could be involved in activation of the oxytocin receptor. However, 

exogenous oxytocin, which induced a release of PGF,,, (Exp. 5), did not increase 

oxytocin receptor concentrations (Exp. 7); therefore, oxytocin receptors do not seem to 

be controlled through increasing oxytocin concentrations of PGF,,. 

Oxytocin receptor concentrations are least during diestrus, around the time of 

embryo transfer procedures (d 8), which, without proper considerations, may limit the use 

of oxytocin-induced cervical dilation. Oxytocin receptor concentrations increase in 

response to estrogens (Soloff, 1974; Nissenson et al., 1978) and decrease in response to 

progesterone (Nissenson et al., 1978). Soloff (1974) reported the increased affinity of 

binding sites for oxytocin after a single injection of diethylstilbestrol, a synthetic estrogen. 

In contrast, Csapo (1956) proposed a “progesterone block” on oxytocin receptors. 

Progesterone inhibited the estrogen-stimulated increase in oxytocin sensitivity in rabbits 

and rats (Soloff et al., 1979). However, Hixon and Flint (1987) reported the appearance 
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of uterine oxytocin receptors in sheep before the decrease in progesterone. Furthermore, 

oxytocin receptors were increased by extracted in guinea pigs at parturition, when 

progesterone concentrations remained increased (Alexandrova and Soloff, 1980). Khalifa 

et al. (1992) reported that estradiol treatment 12 h before oxytocin increased the cervical 

dilation response during the diestrous period, when progesterone concentrations are 

increased. This may indicate that oxytocin receptor concentrations are influenced by 

changes in estrogen concentrations, but the details about how estrogen and progesterone 

interact to affect oxytocin receptors are not clear. Before estradiol and oxytocin are used 

in embryo transfer protocols, the effects of these two hormones on embryonal survival 

should be evaluated. 

In sheep, the tortuous nature of the cervix limits the use of frozen/thawed semen in 

AI programs. Frozen/thawed ram semen should be deposited directly into the uterus of 

ewes, whereas fresh semen can be deposited at the posterior os of the cervix (Evans and 

Maxwell, 1987; Halbert et al., 1990). The results of this study indicate clearly that 

oxytocin dilates the cervix in ewes without affecting the movement of sperm to the 

oviducts (Exp. 3) or fertilization rate (Exp. 9). Oxytocin binds to uterine and cervical 

receptors (Exp. 6) and induces uterine tetany (Exp. 2) and prostaglandin release (Exp. 5). 

Because of the irregular arrangement of smooth muscle in the sheep cervix (Exp. 4), 

uterine tetany may physically dilate the cervix. In contrast, prostaglandin synthesis, 

possibly PGF, released after exogenous oxytocin (Exp. 5), may be involved in a 

73



chemical softening of the cervix. Most likely, a combination of uterine contractions and 

cervical softening allow dilation and transcervical passage of an AI pipette. 

Although oxytocin does not affect sperm transport (Exp. 3) or fertilization (Exp. 

9), fertility after transcervical AI is decreased (Exp. 8). Cervical manipulation seems to 

decrease fertility, but the mechanism is unclear. Therefore, a greater understanding of the 

physiology of the sheep cervix is necessary before oxytocin-induced cervical dilation can 

be implemented with nonsurgical AI procedures in sheep. 

Implications 

Artificial insemination is the key to the identification and successful use of 

genetically superior sires and to rapid genetic gains in the sheep industry. The anatomy of 

the sheep cervix prevents routine intrauterine AI, which yields greater pregnancy rates 

than cervical or vaginal AI methods with frozen/thawed semen. Currently, intrauterine AI 

in sheep is a surgical procedure that requires a reasonable amount of skill to perform. 

Efforts to develop a nonsurgical AI method have had limited success. This study indicates 

that oxytocin-induced cervical dilation could be used with nonsurgical AI methods. 

Oxytocin treatment does not affect sperm transport or fertilization rate. However, the 

results of this study provide evidence that cervical manipulation affects fertilization rate. 

Thus, a greater understanding of cervical physiology is necessary for further development 

of nonsurgical AI methods. Until AI becomes routine in sheep, reliable progeny testing 

for rams will not be possible, and the rate of genetic progress for production traits will 

remain slow. 
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Appendices 

AppendixfA. 

Membraneflsolation 

(Mirando et al., 1993) 

Collection and Quick Freeze. 

1. Reproductive tracts were collected from sheep and placed in a tray that was itself on a tray 

of ice, to maintain a cold temperature. 

2. Excess connective tissue, vagina, ovaries, and oviducts were removed. 

3. The uterus was isolated from the cervix, each uterine horn was opened, and laid out flat for 

collection of endometrium. 

4. Caruncular tissue was isolated by lifting the caruncle with forceps and removing with 
scissors. Approximately 3 to 5 g were collected, wrapped in aluminum foil, and immersed 

into liquid Ny. This was repeated, so there were two samples from each site. 

5. Intercarucular tissue was isolated using the same method as above and frozen in liquid N2. 

6. Myometrium was collected by cutting the remainder of the uterus into small (~1 cm2) 
pieces, packaged, and frozen as above. 

7. Cervical muscularis was collected by removing the outer layers of the cervix, down to the 
hard connective tissue. The tissue was packaged and frozen as mentioned above. Note: 
Often there was not enough muscularis for a 3 to 5 g package, so the sample was collected 

and split evenly for the two aliquots. 

8. Cervical epithelium was collected after the removal of the muscularis, and the remaining 

hard connective tissue was cut into small (~1 cm2) pieces, packaged, and frozen as above. 

9. Samples were transferred to a -80° C freezer for long term storage. 
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Membrane Isolation. 

1. 

4... 

Tissue packages were removed from the -80° C freezer, and kept frozen in a cooler with dry 

ice. 

Individual samples were removed from the cooler and placed on dry ice in an open cooler for 

easier access. The aluminum foil wrapper was removed, and the tissue sample was broken 

into small pieces using a pulverizer and mallet. 

. The small pieces were placed in an aluminum foil boat on dry ice, and 1 g was weighed out 
and placed in a separate aluminum foil boat on dry ice. 

The 1 g aliquot was pulverized into a coarse powder using the pulverizer and mallet. 

The coarse powder was transferred to a 16 mm x 95 mm polypropylene tube, in an ice bath, 
containing 5 mL of Tris-HCl with .25 M sucrose (pH 7.4; 25° C). 

The tissue was homogenized using a Virtis homogenizer with four 30 sec bursts at a speed 

setting of 80. 

Homogenates were filtered through six layers of cheesecloth into a Ten Brock tissue grinder 

and further homogenized with 10 strokes of the pestle. 

Homogenates were placed in 16 mm x 95 mm polypropylene tubes and centrifuged for 20 
min at 2,000 x g. 

The supernatant was poured into 13 mm x 64 mm polyclear ultracentrifugation tubes (Seton 

Scientific, Sunnyvale, CA), and centrifuged for 90 min at 80,000 x g. 

10. The supernatant was removed and kept for collagenase assay, and the pellet was rinsed and 
then resuspended in 2 mL of Tris-HCl and .01 NaN3 (sodium azide). 

11. The supernatant was stored in 12 mm x 75 mm polypropylene tubes at -18° C, and the 

pellet was stored in 12 mm x 75 mm polypropylene tubes at -80° C until it was assayed. 
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Notes: 

1. The tissue samples must stay frozen on dry ice at all times during the pulverizing process. 

The pulverizer will not shatter the tissue unless it is frozen solidly; it will only flatten, and 
the collagen fibers will not break. 

2. The entire series of events from the initial pulverization to centrifugation does not have to be 
done at one time, nor does one sample have to be processed all the way through before 
starting an new sample. There are at least two some ideas of ways to break up the process. 

The process can be interrupted at the point of adding the coarse powder to the tube for 

homogenization (between steps 4 and 5). The coarse powder can be stored in an 

aluminum foil boat on dry ice until a group of samples has been pulverized and made 

ready for homogenization. The ultracentrifuge would hold 18 13 mm x 64 mm tubes 
using the 50.3 Ti rotor, so 18 samples should be processed at a time. 

The process can be interrupted for a longer period of time at the same place by storing 

the coarse powder in a tube in the -80° C freezer until further processing. 
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AppendixfB 

OxytocinfReceptorfAssay 
(Mirando et al., 1993) 

Procedure: 

l. Membrane preparation is thawed and diluted to a concentration of .8 mg/mL of protein. The 
dilution rate is calculated by dividing total protein (mg/mL) of sample (1 mL) by 800 pg, 

then subtracting 1.0 mL, and then adding the remaining amount of Buffer A (25 mmol/L 

Tris-HCl, 20 mmol/L MnCl, .2% BSA, and .01% sodium azide [NaN3]; pH 7.4, 25° C) to 

the sample. (Refer to working dilutions section for example.) 

Sample (100 pL) is added to tubes. (Refer to Assay Set-up section for an example.) 

[Tyrosyl-2,6-3H] Oxytocin is added to tubes at .125, .25, .5, 1, 2, and 4 pmol in 100 pL of 
Buffer A. 

Nonspecific binding is estimated in the presence of 250-fold excess of radioinert oxytocin 

(1,000 pmol). Oxytocin is added to all amounts of [3H]oxytocin and sample. (Refer to 

Assay Set-up section for example.) 

. Tubes are incubated for 40 min at 20° C, which was determined from an initial study. 

. The assay is terminated by placing tubes in ice, adding .75 mL of Buffer A, then adding 1 
mL of Buffer B (25 mmol/L Tris-HCl and .01% sodium azide) with 40% polyethylene 
glycol (6,000 to 8,000 mw) and vortexing. 

The tubes are then centrifuged for 20 min at 2,000 x g at 4° C. 

. The supernatants are decanted, and pellets are resuspended in 2 mL of Buffer C (25 

mmol/L Tris-HCl, 10 mmol/L MnCl, .1% BSA, and .01% sodium azide; pH 7.4, 25° C) 

with 20% polyethylene glycol. 

9. The tubes are then vortexed, centrifuged, and decanted as described above. 

10. The supernatants are discarded, and the pellets are resuspended in .5 mL buffer B. 

11. Resuspended pellets are transferred to scintillation vials, 5 mL of scintillation cocktail are 
added, and radioactivity is quantified for 5 min. 
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Validation: 

1. The assay was incubated at different temperatures (4, 20, and 37° C) for different time periods 

(15 to 60 min) to determine the conditions for maximum binding. 

2. The assay was incubated with increasing amounts of [3H]oxytocin to determine the saturation 

point. 

3. The assay was incubated with a constant amount of [3H]oxytocin and decreasing amounts of 

membrane protein (0 to 160 pg/tube). 

4. Specificity was determined by adding other compounds, (i.e., [Thy*,Gly/]oxytocin, 
vasopressin, etc.). 

Assay Set-up: 

Tube # Content 

1-12 — Estrous uterine tissue pool used for CV (6 levels in duplicate). 

13-24 Nonspecific binding (NSB) with tissue pool (6 levels in duplicate). 

25-36 Sample #1 
37-48 Sample #2 
49-60 Sample #3 
61-72 Sample #4 
73-84 Sample #5 
84-96 Sample #6 
97-108 Sample #7 
109-120 Sample #8 
121-132 Sample #9 
133-144 Estrous uterine tissue pool used for CV (6 levels in duplicate). 

Set-up Within Sample: 

Tube # Volume, uL Content 

1 100 4.0 pmol [>H]oxytocin. 
100 Sample, .8 ug/mL of protein. 

100 Buffer A (volume compensation for NSB oxytocin). 
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10 

11 

12 

100 

100 
100 

100 

100 

100 

100 

100 
100 

100 
100 
100 

100 

100 
100 

100 

100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 

100 
100 

100 

100 
100 

4.0 pmol [2H]oxytocin. 
Sample, .8 pg/mL of protein. 

Bu‘fer A (volume compensation for NSB oxytocin). 

2.0 pmol [3H]oxytocin. 

Sample, .8 pg/mL of protein. 

Buffer A (volume compensation for NSB oxytocin). 

2.0 pmol [2H]oxytocin. 

Sample, .8 »g/mL of protein. 

Buffer A (volume compensation for NSB oxytocin). 

1.0 pmol [2H]oxytocin. 
Sample, .8 pg/mL of protein. 
Buffer A (volume compensation for NSB oxytocin). 

1.0 pmol [2H]oxytocin. 
Sample, .8 pg/mL of protein. 

Buffer A (volume compensation for NSB oxytocin). 

50 pmol [3H]oxytocin. 
Sample, .8 pg/mL of protein. 
Buffer A (volume compensation for NSB oxytocin). 

50 pmol [3H]oxytocin. 

Sample, .8 pg/mL of protein. 

Buffer A (volume compensation for NSB oxytocin). 

.25 pmol [3H]oxytocin. 

Sample, .8 pg/mL of protein. 

Buffer A (volume compensation for NSB oxytocin). 

.25 pmol [3H]oxytocin. 

Sample, .8 pg/mL of protein. 
Buffer A (volume compensation for NSB oxytocin). 

.125 pmol [3H]oxytocin. 

Sample, .8 pg/mL of protein. 
Buffer A (volume compensation for NSB oxytocin). 

.125 pmol [2H]oxytocin. 
Sample, .8 pg/mL of protein. 
Buffer A (volume compensation for NSB oxytocin). 
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Buffer A. 

  

  

Ingredient Concentration Amount to add to 1 L 

Tris-HCl 25 mM 3.305 g 

Tris-Base 485 g 

MnCl> 20 mM 3.958 g 

BSA 2% 2.0¢ 

Sodium Azide (NaN3) .01% lg 

Deionized Water 1L Bring to 1 L 

Buffer B. 

Ingredient Concentration Amount to add to 1 L 

Tris-HCl 25 mM 3.305 g 

Tris-Base 485 g 
Sodium Azide (NaN3) 01% lg 

Deionized Water 1L Bring to 1 L 

Buffer C. 

Ingredient Concentration Amount to add to 1 L 

Tris-HCl 25 mM 3.305 g 
Tris-Base A485 g 

MnCly 10 mM 1.979 g 

BSA 1% 1.02 

Sodium Azide (NaN3) 01% lg 

Deionized Water 1L Bring to 1 L 

Notes on Buffers: 

1. pH=7.4 at 25°C 

2. Buffer pH must be equilibrated to 7.4 before adding the MnCly. Changing the pH after 

adding the MnCl» results in a color change; the buffer becomes golden brown and may 

be cloudy. 
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Working Dilutions: 

Membrane Preparation Dilution Example. 

Want: 80 2/100 pL = 800 pg/mL = 8 mg/mL 

Sample = 1,500 mg/mL total of protein in 1 mL volume. 

*. 1,500 mg/mL 

= 1.875 mL total volume needed. 

800 pg/mL 

Have: 1 mL of sample. 

. 1.875 mL total - 1.0 mL = .875 mL of Buffer A to add. 

[3HJoxytocin. 

Need stock dilution of 40 pmol/mL (4 pmol/100 pL). 

(3H]oxytocin stock = .031 pmol/mL = 31 nmol/mL 

4 nmol/100 pL 
= 129 mL = 129.0 pL 

31 nmol/mL 

Add 129 wL of [3H]oxytocin to 99.871 mL of Buffer A, or 

add 1.29 uL of [>H]oxytocin to .9987 mL of Buffer A. 

40% Polyethylene Glycol. 

Ingredient Concentration 

Polyethylene glycol (mw 6,000 to 8,000) 40% 

Buffer B 1L 

20% Polyethylene Glycol. 

Ingredient Concentration 

Polyethylene glycol (mw 6,000 to 8,000) 20% 
Buffer C 1L 

Amount to add to 1 L 

400g 
Bring to 1 L 

Amount to add to 1 L 

200g 
Bring to 1 L 
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chemical softening of the cervix. Most likely, a combination of uterine contractions and 

cervical softening allow dilation and transcervical passage of an AI pipette. 

Although oxytocin does not affect sperm transport (Exp. 3) or fertilization (Exp. 

9), fertility after transcervical AI is decreased (Exp. 8). Cervical manipulation seems to 

decrease fertility, but the mechanism is unclear. Therefore, a greater understanding of the 

physiology of the sheep cervix is necessary before oxytocin-induced cervical dilation can 

be implemented with nonsurgical AI procedures in sheep. 

Implications 

Artificial insemination is the key to the identification and successful use of 

genetically superior sires and to rapid genetic gains in the sheep industry. The anatomy of 

the sheep cervix prevents routine intrauterine AI, which yields greater pregnancy rates 

than cervical or vaginal AI methods with frozen/thawed semen. Currently, intrauterine AI 

in sheep is a surgical procedure that requires a reasonable amount of skill to perform. 

Efforts to develop a nonsurgical AI method have had limited success. This study indicates 

that oxytocin-induced cervical dilation could be used with nonsurgical AI methods. 

Oxytocin treatment does not affect sperm transport or fertilization rate. However, the 

results of this study provide evidence that cervical manipulation affects fertilization rate. 

Thus, a greater understanding of cervical physiology is necessary for further development 

of nonsurgical AI methods. Until AI becomes routine in sheep, reliable progeny testing 

for rams will not be possible, and the rate of genetic progress for production traits will 

remain slow. 
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Notes: (from communication with M. Mirando) 

1. Don’t use filters. 

- The NSB is generally greater than with this procedure. 
- Lesser recovery of bound receptors than with this procedure 

- The work is more tedious. 

- The procedure is more expensive. 

2. Expected dpm. 

- High binding = 7,000 dpm 

- Low binding = 1,500 dpm 

- NSB = 1,200 dpm 

3. Let tubes drip for quite a while with PEG separation. 
- Modified from D. Bolt’s gonadotropin RIA procedure. 

Reference: 

Mirando, M. A., W. C. Becker, and S. S. Whiteaker. 1993. Relationships among endometrial 

oxytocin receptors, oxytocin-stimulated phosphinositide hydrolysis and prostaglandin F2a 
secretion in vitro, and plasma concentrations of ovarian steroids before and during corpus 

luteum regression in cyclic heifers. Biol. Reprod. 48:874. 
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