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ABSTRACT:  The objectives of this experiment were to determine if gross morphological characteristics and protein concentrations of the ampulla (AMP) and isthmus (IST) differed among pubertal ewe lambs or mature ewes after natural or progestin-synchronized estrus. Prepubertal ewe lambs (PP; n = 5), mature ewes that exhibited natural estrus (MNE; n = 4), and mature ewes synchronized with progestin-impregnated sponges (MSE; n = 5) were observed for estrus with the aid of mature rams. Salpingectomies were preformed aseptically via mid-ventral laparotomy under halothane anesthesia 24 h following estrus for MNE and MSE ewes, and 18 h following feed and water removal for PP ewe lambs. Immediately before oviduct removal, ligatures were placed at utero-tubal, isthmic-ampullary, and ampullary-infundibular junctions of each oviduct to prevent migration of substances between oviductal areas. Each oviduct was excised, trimmed of connective tissue, measured for length, and weighed. Ampullary and isthmic portions of each oviduct were flushed with 3 mL and 1.5 mL, respectively, of Delbecco’s PBS (pH = 7.2). Data for AMP and IST weight, length, weight to length ratio, protein content, and protein concentrations were analyzed by ANOVA for a completely random design. Protein content (ug), or concentrations, expressed as either ug/g or ug/cm for the AMP and IST did not differ (P > 0.10) among the groups. However, weight, length, and weight to length ratio for AMP (P < 0.05) and weight and weight to length ratio, but not length, for IST were greater (P < 0.05) in MNE and MSE ewes than in PP ewe lambs. Progestin synchronization of mature ewes does not appear to affect gross oviductal characteristics or protein secretion. Although oviducts of PP ewe lambs are shorter and weigh less than mature ewes, they contain equivalent quantities of proteins. The physiological role of the protein in PP ewes is not known.  
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Introduction


Failure of young female ruminants to become pregnant early in their lifetime can reduce reproductive 
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efficiency of production systems (Short et al., 1994). Similarly, failure of mature females ruminants to become pregnant after progestin treatments that synchronize estrus can result in lower reproductive efficiency and higher reproductive costs. 

Fertility associated with breeding at puberty (first estrus) is significantly lower than that of breeding at a later estrus in cattle (Byerley et al., 1987) and sheep (Hare and Bryant, 1985). Likewise, use of progestin-containing intravaginal sponges to synchronize estrus resulted in lower conception rates as well as lower lambing rates in ewes bred at the synchronized estrus (Curl et al., 1966; Dewesse et al., 1970).

The oviduct plays an important role in the early events that are required for the establishment of pregnancy.  It is the site of gamete transport, sperm capacitation, fertilization, and early embryonic development.  The oviduct provides the optimum medium for these processes to occur (Harper, 1994). 

The possibility that the oviduct and its secretions may contribute to lower than normal fertility rates associated with breeding at puberty or at estrus after progestin synchronization in sheep has not been addressed.  

Therefore, objectives of this experiment were to evaluate gross morphological characteristics, and protein content and concentrations of the ampulla (AMP) and isthmus (IST) of the oviduct among pubertal ewe lambs or mature ewes after natural or progestin-synchronized estrus.  Specifically, we tested the hypotheses that gross morphological characteristics, and protein content and concentrations of the AMP and IST did not differ among pubertal ewe lambs or mature ewes 24 h after onset of either natural or progestin-synchronized estrus.

Materials and Methods

Rambouillet ewe lambs born mid to late April, 2000 and mature Rambouillet ewes (3 to 6 yr of age) were located at Fort Ellis Sheep Research Station, Bozeman, MT from early November to mid January.  Animals were handled and cared for according to a protocol approved by the Montana State University Institutional Animal Care and Use Committee.  Ewes and ewe lambs were maintained in a single pasture, fed mixed-grass hay ad libitum, and given free access to water and a vitamin-mineral supplement.

Mature ewes were observed for behavioral estrus twice daily with the aid of teaser rams.  Ewes that had shown at least one estrous cycle of normal length (16 to 18 d) were randomly assigned to receive either a progestin-impregnated vaginal pessary (n = 7), containing 60 mg of 6-methyl-17-hydroxyprogesterone acetate (Tuco Products Limited, Orangeville, Ontario, Canada) for 12 d, or no pessary (n = 6).  Pessaries were removed on d 12, and ewes were observed twice daily for estrus with the aid of teaser rams for the next five d. 

Mature ewes that had not received a pessary and exhibited natural estrus (MNE; n = 4) and mature ewes that exhibited synchronized estrus after sponge removal (MSE; n = 5) were removed from feed and water immediately after exhibiting estrus. Salpingectomies were preformed aseptically via mid-ventral laparotomy under halothane anesthesia 24 h following estrus for MNE and MSE ewes, and 18 h following feed and water removal for prepubertal ewe lambs (PP; n = 5). 

 The reproductive tract of each ewe was exposed and the ovaries examined for the presence of corpora lutea (CL), corpora hemorrhagica (CH), corpora albicantia (CA), and large antral follicles (LAF; dia. > 10 mm).  Ovaries of each MNE and MSE ewe contained at least one CA, a regressing CL, and either a CH or a LAF in the process of ovulating.  Prepubertal ewe lambs had antral follicles but no visual evidence of regressed luteal structures or corpora hemorrhagica in the ovaries. 

The oviduct that was to be excised in MNE and MSE ewes was ipsilateral to the ovary bearing either a CH or a LAF in the process of ovulating.  The oviduct that was excised in PP ewe lambs was chosen randomly.  Immediately before removal of an oviduct, ligatures were placed at the utero-tubal, isthmic-ampullary, and ampullary-infundibular junctions of each oviduct to prevent migration of substances between segments of the oviduct.


Each oviduct was excised, trimmed of connective tissue, measured for length, and weighed. Ampullary and isthmic portions of each oviduct were flushed with 3 mL and 1.5 mL, respectively, of Delbecco’s PBS (pH = 7.2). Flushings from the AMP and IST were passed through a 0.45 m filter into 12 x 75 mm cryogenic tubes.  Filtration of flushings was necessary to removal cellular debris associated with the flushing process.  Each flushing was flash-frozen in liquid N2 immediately after filtration, and stored at –80o C until assayed for protein content and concentration.  

Flushings were thawed at 4o C overnight. The quantity of fluid in each cryotube was measured volumetrically.  Protein concentrations in 100 L of each AMP and IST flushing were assayed for protein using BCA assay kits (Pierce, Rockford, IL).  Concentrations were adjusted to one mL and the protein content of each AMP and IST sample was obtained by multiplying the flushing volume times the concentration per mL.  Protein content of each AMP and IST was divided by their respective weight, length, and weight to length ratio to obtained protein concentrations per g, per cm, and per g(cm-1.
Data for AMP and IST weight, length, weight to length ratio, protein content, and protein concentrations were analyzed by ANOVA using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC).  The model included treatment only.  Fisher’s protected LSD tests were used to evaluate treatment means.  Differences were considered significant at P < 0.05.

Results 

Ampullary weight, length, and weight to length ratios were smaller (P < 0.05) for PP ewes than those for either MNE or MSE ewes (Table 1).  Ampullary weight, length, and weight to length ratios did not differ (P > 0.10) between MNE and MSE ewes (Table 1).  

	Table 1.  Least squares means for gross morphological characteristics of ampullae of prepubertal ewe lambs (PP), and mature ewes 24 h after natural estrus (MNE) or progestin-synchronized estrus (MSE)

	 Treatment
	n
	Weight

 (g)
	Length (cm)
	W/L ratio (g/cm)

	PP
	5
	0.256a
	7.95a
	0.032a

	
	
	
	
	

	MNE
	4
	0.689 b
	11.9b
	0.057b

	
	
	
	
	

	MSE
	5
	0.690 b
	11.5b
	0.062b

	
	
	
	
	

	
	SEM
	0.14
	2.1
	0.012

	a,bMeans within columns that lack a common superscript letter differ (P < 0.05).


Isthmic weight and weight to length ratio were smaller (P < 0.05) for PP ewes than those for either MNE or MSE ewes, however, IST length did not differ (P > 0.10) among treatments (Table 2).  Isthmic weight and weight to length ratio did not differ (P > 0.10) between MNE and MSE ewes. 

	Table 2.  Least squares means for gross morphological characteristics of isthmi of prepubertal ewe lambs (PP), and mature ewes 24 h after natural estrus (MNE) or progestin-synchronized estrus (MSE)

	 Treatment
	n
	Weight

 (g)
	Length (cm)
	W/L ratio (g/cm)

	PP  
	5
	0.104a
	5.12b
	0.021 a

	
	
	
	
	

	MNE
	4
	0.244 b
	5.95b
	0.041b

	
	
	
	
	

	MSE
	5
	0.275 b
	7.00b
	0.04 b

	
	
	
	
	

	
	SEM
	0.05
	1.25
	0.006

	a,bMeans within columns that lack a common superscript letter differ (P < 0.05).


Ampullary protein content, and concentrations expressed as either g per g, g per cm, or g per g(cm-1 did not differ (P > 0.10) among PP ewe lambs, MNE and MSE ewes (Table 3).

	Table 3.  Least squares means for ampullary protein content and concentration per g, and per cm, and per weight to length ratio for prepubertal ewe lambs (PP), and mature ewes 24 h after natural estrus (MNE) or progestin-synchronized estrus (MSE)a

	
	
	Content
	Concentrations

	 Treatment
	n
	(g)
	(g /g)
	(g /cm)
	(g/g(cm-1)

	             PP
	5
	131.2
	501
	16.0
	4,089

	
	
	
	
	
	

	         MNE
	4
	213.0
	357
	19.0
	3,956

	
	
	
	
	
	

	         MSE
	5
	231.8
	373
	22.4
	4,027

	
	
	
	
	
	

	
	SEM
	77.9
	212
	11.0
	1,926

	aMeans within columns did not differ (P > 0.10).


Isthmic protein content, and concentrations expressed as either g per g, g per cm, or g per g(cm-1 did not differ (P > 0.10) among PP ewe lambs, MNE and MSE ewes (Table 4).

	Table 4.  Least squares means for isthmic protein content and concentration per g, and per cm, and per weight to length ratio for prepubertal ewe lambs (PP), and mature ewes 24 h after natural estrus (MNE) or progestin-synchronized estrus (MSE)a

	
	
	Content
	Concentrations

	 Treatment
	n
	(g)
	(g /g)
	(g /cm)
	(g/g(cm-1)

	             PP
	5
	59.0
	621
	11.3
	3,288

	
	
	
	
	
	

	         MNE
	4
	107.7
	502
	19.7
	2,731

	
	
	
	
	
	

	         MSE
	5
	118.7
	475
	18.3
	3,103

	
	
	
	
	
	

	
	SEM
	40.7
	260
	7.9
	1,408

	aMeans within columns did not differ (P > 0.10).


Discussion

In this present experiment, we evaluated gross morphological characteristics and protein contents and concentrations of the ampulla and isthmus of the oviduct among pubertal ewe lambs and mature ewes 24 h after the onset of either a natural or progestin-synchronized estrus.  Specifically, we tested the hypotheses that weight, length, weight to length ratio, and protein content and concentrations, expressed as g per g, g per cm, or g per g(cm-1 of the AMP and IST, do not differ among pubertal ewe lambs or mature ewes after natural or progestin-synchronized estrus.  The rationale for this evaluation was to determine if there were any specific morphological or secretory characteristics of PP ewe lambs and MSE ewes that differed from those of MNE ewes.  Such differences may explain or lead to further experimentation for determining a mechanism involving the oviduct to understand the cause of lower fertility rates associated with breeding during the pubertal transition or after a progestin-synchronized estrus in sheep. 

We found that AMP weight, length, and weight to length ratios of PP ewes were significantly smaller than those of either MNE or MSE ewes.  Furthermore, except for the length, gross morphological characteristics of the IST were smaller in PP ewe lambs than in MNE or MSE ewes.  These results are similar to those reported by Lewis and Berardinelli (2001) in a comprehensive study that evaluated the same gross morphological characteristics among PP ewe lambs, first estrus ewe lambs, and mature ewes.

Oviductal secretions contain proteins, some of which represent a serum transudate, while others are synthesized and secreted by the epithelium.  Oviduct-specific glycoproteins of high molecular weight have been identified and characterized in all mammalian species studied to date including; swine, bovine, and ovine (Oliphant et al., 1982; Buhi et al., 2000). These proteins are secreted at a time when sperm capacitation, fertilization, and early embryonic growth occurs; they bind to zona pellucidae and sperm; are found in the perivitelline space; are associated with plasma membranes of blastomeres; enhance in vitro embryonic development; and may provide protection from proteolytic enzymes during oviductal transport (Buhi et al., 2000).  Therefore, oviductal proteins appear to play essential roles in processes regulating early embryonic development and survival.

In our study, we found that protein content, and concentrations expressed as either g per g, g per cm, or g per g(cm-1 of either AMP or IST did not differ among PP ewe lambs, MNE and MSE ewes.  Of particular interest is the fact that protein content and concentrations in AMP and IST of PP ewe lambs were as great as that found in both MNE and MSE ewes 24 h after these ewes had exhibited estrus.  The presence of such a large quantity of protein in these segments in PP ewe lambs, even though these segments were lighter and shorter, is difficult to explain.  One interesting possibility for this finding may be that it serves to inhibit processes that may result in fertilization at an immature stage of development.  

Treating mature ewes with progestin-impregnated intravaginal sponges for a 12-d period did not affect gross morphological characteristics, or protein content or concentrations in MSE ewes.  To our knowledge, this is the first study that has examined these oviductal characteristics 24 h after an estrus synchronized with a progestin in ewes.  Thus, lower conception rates as well as lower lambing rates in ewes bred at a progestin-synchronized estrus (Curl et al., 1966; Dewesse et al., 1970) may not involve changes in gross morphology, or protein content or concentrations in the oviduct.


In conclusion, the oviducts of PP ewe lambs are shorter and lighter than that of mature ewes although content and concentrations of proteins are as great as those of mature ewes.  The physiological significance of this finding, during this period in development, is unknown.  Furthermore, it does not appear that synchronization of estrus with progestins in ewes affects gross morphological or proteinaceous secretions of the oviduct.

Implications


Oviductal fluid is a complex mixture of proteins derived from both serum and oviductal epithelial cell secretion.  Further analyses of the proteins found in PP ewes and MSE ewes may show dramatic shifts in type and quantities of specific oviduct proteins relative to those in MNE ewes.  Changes such as these may give us insight into developmental changes that occur in the oviduct during sexual development, and a possible mechanism for reduced fertility associated with breeding domestic females at a progestin-synchronized estrus. 
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