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Introduction

Production of animals for meat is amulti-billion dollar industry in the U.S. alone. Income from sale of
animals, feed consumed by animal's, and meat consumed in the U.S. was, conservatively, $235 billion in
1994 (Agricultural Statistics, 1995-96), which does not include the economic impact of the food
Industry and its employees. Because maintenance of reproductively sound femalesis the primary
expense for livestock producers, reproductive failure remains one of the most limiting and costly factors
facing the livestock industry (Trenkle and Willham, 1977; Ferrell and Jenkins, 1985). Thus,
improvements in reproductive efficiency would have a major impact on the profitability of animal
agriculture. Beyond that, with the continued explosive growth of the world's population, which shows
no signs of slowing any time soon, the ability to efficiently produce animal protein, especially from low-
quality forages, should be and isamajor driving force for agricultural research (NRC, 1989; Mann,
1997). Thus, understanding the mechanisms controlling reproductive efficiency of farm animals has
important socioeconomic implications for North Dakota, the nation, and the world.

The goal of this research program isto develop an effective procedure for production and storage of
fertile eggs from ewes during anestrus (i.e., out-of-season), when they normally are not cycling and their
ovaries are quiescent. The specific objective of this experiment was to evaluate the use of norgestomet
(a synthetic progestogen) in combination with a superovulatory treatment regimen (FSH) for the
production of fertile eggs from seasonally anestrus ewes. A future objective of thisline of research isto
develop improved procedures for cryopreservation and transfer of sheep embryos.

Sheep are seasonal breeders, and normally exhibit ovarian function and estrous cycles during late
summer and fall. Conversely, they exhibit anestrus and ovarian quiescence normally during the winter
and early spring. Synthetic progestogens have been used successfully for estrus synchronization in the
cycling ewe (Hinds et. at. 1961; Tilton et. al., 1966, 1967). Synthetic progestogens aso have been
shown to stimul ate estrus behavior and ovarian activity in seasonally anestrous ewes (Haugen et al.,
1997; Safranski et al., 1992; Jabbar et al., 1994). In all of these studies, however, a substantial number
of ewes do not respond to progestogen treatment alone during seasonal anestrous.



However, it has been shown that a variety of gonadotropin treatments can augment the ovarian response
to progestogen treatment during the anestrous period (Safranski et al., 1992; Jabbar et al., 1994). Over
the past 10 years, we have developed an extremely successful technique for inducing multiple
ovulations (superovulation) in cyclic ewes (Jablonka-Shariff et al., 1994, 1996). We therefore
hypothesized that progestogen treatment in combination with our technique for inducing
superovulation in ewes would provide an effective means to produce large numbers of fertile eggs from
seasonally anestrous ewes.

With successful techniques for induction of out-of-season superovulation, our laboratory will begin to
focus on embryo collection, culture, cryopreservation, and transfer procedures for optimizing the use of
genetically superior ewes during a time when they are naturally unproductive. This technology should
prove to be extremely useful to the sheep industry as awhole.

Materials and M ethods

Twenty seasonally anestrous non-lactating ewes of various ages were randomly assigned to progestogen
(Synchro-Mate-B [SMB], Meria Limited, Athens, GA) alone (SMB treatment, n=10 ewes) or
progestogen in combination with an FSH superovulation regimen (SMB/FSH treatment, n=10 ewes).
One-half of an SMB implant (¥2 of cow implant) was implanted into the |eft ear of each ewe and left in
place for 10 days as described by Jabbar et a. (1994). At the end of SMB treatment, SMB implants
were removed through a small incision made in the skin at the distal end of the implant. Beginning on
the morning of removal of SMB implants, ewes received twice daily (morning and evening)

intramuscul ar injections of saline (salt water) or FSH (FSH-P, a pituitary extract; Sioux Biochemical,
Sioux Center, I1A) for three days as follows; Day 1, 5 mg/injection; Day 2, 4 mg/injection; Day 3, 3
mg/injection (total dose = 24 mg).

Rams were introduced to ewes at the time of the first saline or FSH-P injection and remained with the
ewes for atotal of 25 days. Rams were brisket painted daily to aid in estrous detection. On Days 7-9
after the synchronized estrus, all ewes were subjected to a laparoscopic exam to determine ovulation
rates.

Results

Table 1 shows the estrus response of ewes to the SMB or SMB/FSH treatments. Nine of 10 ewesin
each treatment group expressed out-of -season estrus in response to the SMB treatment alone.
Furthermore, estrusin all ewes was synchronized, with estrus occurring between 1 and 3 days after
removal of the SMB implant. However, ewes receiving the superovulation treatment (SMB/FSH)
exhibited estrus an average of one day earlier (P<0.01) than ewesreceiving SMB alone (see Table 1,
below).



Table 1. Estrusresponsesto Synchro-Mate-B and superovulation treatment in seasonally
anestr ous ewes.

Treatment No. of ewes No. ewes Daysto estrus after SMB  Range in no. days
synchronized* removal to estrus

SMB 10 9 22+0.2 1.5-3.0

SMB/FSH 10 9 1.2+0.1 1.0-2.0

*Ewes in estrus within 72 hours of SMB removal.

Ovulation rates differed significantly (P<0.01) between the two treatments, with those ewes receiving
the superovulation treatment (SMB/FSH) exhibiting 8.2 more ovulations than ewes receiving SMB
alone (see Table 2). All ewes receiving the superovulation treatment were superovulated, indicating that
in this study, the superovulation treatment was 100% effective. The range in ovulation rates was
reasonable for use in an embryo transfer program. Only one ewe in the superovulation treatment
exhibited only 3 ovulations, whereas all other ewes had 5 or more ovulations (Table 2).

Table 2. Ovarian responsesto Synchro-Mate-B and superovulation treatment in seasonally
anestr ous ewes.

Treatment No. of ewes No. ewes Ovulation rate (no. Rangein no. of
superovul ated* CL) ovulations

SMB 10 22 1.7+04 1-4

SMB/FSH 10 10b 99+15 3-17

* Ewes with more than 2 ovulations.

a0ne ewe exhibited 3 ovulations, one ewe exhibited 4 ovulations

bOne ewe was not detected in estrus by the ram but exhibited 6 ovulations in response to
SMB/FSH treatment.

Discussion

Superovulation is considered critical for the long-term success of embryo collection and transfer
programs because: 1) donor animals are usually genetically superior; and 2) the procedureis costly.
Thus, to ensure that embryo transfer is cost-efficient, maximizing the number of embryos obtained from
each donor isimportant. Superovulation protocols currently in use in the animal industry, however, are



less than optimal.

Although most ewes respond to superovulatory regimens, embryo recovery rates vary between
approximately 30 to 60% (Jabbour and Evans, 1991; Rexroad and Powell, 1991; Ryan et al., 1991,
Evans et al., 1994). In addition, alower embryo recovery rate is observed when ewes are superovulated
and inseminated during the anestrous period (i.e., winter and early spring) compared with the normal
breeding season (late summer and fall), perhaps due to the formation of sub-functional corpora lutea
from the superovulated follicles (Hunter, 1991; Ryan et al., 1991). Moreover, these superovulatory
regimens involve use of combinations of several hormones, including progesterone, gonadotropin-
releasing hormone, pregnant mare serum gonadotropin, follicle-stimulating hormone, and(or)
prostaglandin F2a (Hunter, 1991; Jabbour and Evans, 1991; Rexroad and Powell, 1991; Ryan et al.,
1991; Evans et al., 1994), and thus are difficult to administer and costly.

Data from the present study not only confirms earlier reports that the use of synthetic progestogens are
useful in stimulating ewes to ovulate out-of-season, but also demonstrates that the use of a simple,
effective superovulation regimen developed by our laboratory for normally cycling ewesis effective for
inducing superovulation in seasonally anestrous ewes (Grazul-Bilska et al., 1991; Jablonka-Shariff et
al., 1994; Doraiswamy et al., 1997). This superovulation regimen resulted in 13.2 + 0.9 ovulationsin 85
ewes superovulated during the breeding season over five years (Jablonka-Shariff et al., 1994), whichis
dlightly higher than the 9.9 ovulations observed in the present study. The differences observed from our
previous work compared to the present study is likely due to the fact ewesin the present study were
induced to ovulate out-of-season.

The results of this study will lead to improved methods for obtaining large numbers of high quality
embryos in sheep for use in embryo transfer programs and also will provide for increased flexibility and
efficiency of reproductive management for sheep producers. Future studiesin our program will be
carried out to compare the quality of eggs and/or embryos obtained from superovulated cyclic and
seasonally anestrous ewes. Eggs from these ewes will be fertilized in vitro, and the rates of fertilization,
development, and survival after cryopreservation will be evaluated. In addition, we also will examine
the effectiveness of cryopreservation techniques for the long-term storage of sheep embryos. Future
directionsin our program also will include transfer of embryos after in vitro (in the [aboratory) or in
vivo (natural) fertilization.

Literature Cited
Agricultural Statistics, 1995-95, Natl. Agric. Stat. Service, USDA

Doraiswamy, V., R.M. Moor, Y. Dai, L.P. Reynolds and D.A. Redmer. 1997. Immunohistochemical
localization of vascular endothelial growth factor (VEGF) in the ovine ovary during the periovulatory
period. Biol. Reprod. 56(Suppl. 1):123.

Evans, G., J. Brooks, W. Struthers, and A. S. McNellly. 1994. Superovulation and embryo recovery in



ewes treated with gonadotrophin-releasing hormone agonist and purified follicle- stimulating hormone.
Reprod.Fert.Develop. 6:247-252.

Fricke, P.M., J.D. Kirsch, L.P. Reynolds and D.A. Redmer. 1994. Studies of FSH-P induced follicular
growth in cows. Theriogenology 42:43-53.

Ferrell, C.L., T.G. Jenkins. 1985. Cow type and the nutritional environment: nutritional aspects.
JANIim.Sci. 61:725-741.

Grazul-Bilska, A.T., D. A. Redmer, and L. P. Reynolds. 1991. Secretion of angiogenic activity and
progesterone by ovine luteal cell typesin vitro. JAnim.Sci. 69:2099-2107.

Haugen, R., J. Kirsch, W. Limesand, L. Reynolds and D. Redmer. 1997. Use of melengestrol acetate

(MGA) and estradiol 17 to synchronize out of season mating in ewes. Proc. 38t Annu. Western Dakota
Sheep Day, North Dakota State Univ., Fargo

Hinds, F.C., P.J. Dziuk and JM. Lewis. 1961. The synchronization of estrusin sheep. J. Anim. Sci.
20:972, Abstr.

Hunter, M.G. 1991. Characteristics and causes of the inadequate corpus luteum. J. Reprod. Fertil. Suppl.
43:91-99.

Jabbour, H.N., G. Evans, 1991. Superovulation of merino ewes with an ovine pituitary follicle
stimulating hormone extract. Reproduction, Fertility, and Development 3:561-5609.

Jabbar, G., S.H. Umberger and G.S. Lewis. 1994. Melengestrol acetate and norgestomet for the
induction of synchronized estrusin seasonally anovular ewes. J. Anim. Sci. 72:3049-3054.

Jablonka-Shariff, A., P.M. Fricke, A.T. Grazul-Bilska, L.P. Reynolds and D.A. Redmer. 1994. Size,
number, cellular proliferation, and atresia of gonadotropin-induced folliclesin ewes. Biol. Reprod.
51:531-540.

Jablonka-Shariff, A., L.P. Reynolds and D.A. Redmer. 1996. Effects of gonadotropin treatment and
withdrawal on follicular growth, cell proliferation, and atresiain ewes. Biol. Reprod. 55:693-702.

Mann, C. 1997. Reseeding the green revolution. Science 277:1038-1043.
NRC. 1989. Investing in Research, Natl. Academy Press

Parker, C.F. and A.L. Pope. 1983. The U.S. Sheep Industry: Changes and challenges. J. Anim. Sci.,
57:75, Suppl. 2.



Rexroad, C.E., Jr., A.M. Powell. 1991. FSH injections and intrauterine insemination in protocols for
superovulation of ewes. J. Anim. Sci. 69:246-251.

Ryan, J.P., JR. Hunton, W.M.C. Maxwell. 1991. Increased production of sheep embryos following
superovulation of merino ewes with a combination of pregnant mare serum. Reprod.Fertil.Dev. 3:551-
560.

Safranski, T., W.R. Lamberson and D.H. Keidler. 1992. Use of melengestrol acetate and gonadotropins
to induce fertile estrus in seasonally anestrous ewes. J. Anim. Sci. 70:2935-2941.

Tilton, J. and M. Light. 1967. Estrous control in the ovine. NDSU Annual Report.
Tilton, J. and M. Light. 1966. Estrous control in the ovine. NDSU Annual Report.

Trenkle, A., R.L. Willham. 1977. Beef production efficiency. Science 198:1009-1015.



	Local Disk
	Ewes & Progestogen - 1998 Sheep Day Report


