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EFFECT OF AN ENDOTHELIN-1 RECEPTOR ANTAGONIST ON SERUM PROGESTERONE

LEVELS IN THE MID-CYCLE BOVINE CORPUS LUTEUM1
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ABSTRACT:  Endothelin-1 (ET-1) is an endothelial cell-derived protein, expressed at greatest levels during luteolysis.  The increase in ET-1 at luteolysis has been implicated to play a role in demise of the corpus luteum (CL).  The current hypothesis tested whether blocking the ET-1 receptor would prevent luteolysis of the mid-cycle bovine CL after treatment with prostaglandin F2( (PGF2().  Objectives were to investigate effects of the ET-1 receptor antagonist, BQ-123, infused in vivo into the mid-cycle bovine CL, via needle-guided transvaginal ultrasonography.  Ten to 12 d post ovulation, cows with mid-cycle CL (n = 32) were randomly assigned to one of three treatments: phosphate buffered saline (PBS; control), 10-5M BQ-123 (high), or 10-7M BQ-123 (low).  Cows in each treatment group were further randomly assigned to receive 25 mg (i.m.) PGF2( at either 2 or 4 h post infusion.  All cows were treated with PGF2( at one of two time periods to determine if PGF2( in the absence of ET-1 binding would effectively cause luteolysis. To quantify serum progesterone (P4) secretion, blood was collected via caudal venipuncture at the time of infusion and every 60 min until treated with PGF2(.  Following PGF2( injection, blood was further collected every 60 min for 360 min and at 12, 24 and 36 h post infusion.  Mean serum P4 concentrations were not different among the control, high, or low treatment groups (7.0, 7.1, 6.3 ng/mL respectively, ( 0.3; P > 0.05).  Additionally, mean serum P4 concentrations were greater in those cows receiving PGF2( at 4 h compared with 2 h post infusion (P < 0.01).  In conclusion, mid-cycle bovine CL treated in vivo with BQ-123 did not maintain higher P4 concentrations than those CL treated with PBS.  Further, those cows treated with PGF2( 4 h post infusion maintained higher concentrations of serum P4 than their counterparts receiving PGF2( 2 h after treatment with BQ-123.    
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Introduction

The corpus luteum (CL) is an endocrine gland, which forms   on  the  surface  of  the  ovary   from  an  ovulatory  ovarian
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follicle.  The primary  function of the CL is the production of  the steroid hormone, progesterone  (P4), which is required for the maintenance of pregnancy in all mammalian females.  However, in cattle, as with all polyestrous females, the CL must be destroyed and circulating P4 levels reduced in order for the non-pregnant female to return to estrus.  The hormone responsible for luteal regression in the bovine is uterine derived PGF2( (McCracken, 1971).  However, the precise mechanism by which PGF2( facilitates luteal regression remains undetermined.  It has recently been suggested that PGF2( exerts its luteolytic effect not only on steroid cells but also through other cell types, such as endothelial cells (Auletta and Flint, 1998).  

Endothelial cell derived endothelins occur in four different isoforms: ET-1, ET-2, ET-3 and sarafotoxin (Itoh et al., 1988; Inoue et al., 1989).  The predominant endothelin is ET-1, which has been found in luteal cells (Bagavandross and Wilks, 1991; Usuki et al., 1991) and binds with high affinity to the ETA receptor (Hosoda, 1991).  The CL is comprised of approximately 50% endothelial cells (O’Shea et al., 1989) and PGF2( stimulates these cells to produce ET-1 both in vitro (Girsh et al., 1996b) and in vivo (Ohtani et al., 1998).  Additionally, ET-1 is expressed at greatest levels around the time of luteolysis (Mamluk et al., 1999).  When bovine luteal slices were pre-incubated with a highly selective ETA receptor antagonist followed by treatment with PGF2(, the inhibitory effects of PGF2( on P4 production by those cells was negated (Girsh et al., 1999).  Similarly, dispersed ovine luteal cells show a decrease in both basal and LH stimulated P4 production in the presence of ET-1; however, cells overcame the ET-1 induced inhibition of P4 production when cultured in the presence of the ETA receptor antagonist BQ-123 (Hinckley et al., 1997).  The objective of this study was to determine if BQ-123, infused in vivo, would inhibit PGF2( induced luteolysis of the mid-cycle bovine CL.

Materials and Methods

Animals.  Estrus (d 0) in 23 Angus crossbred cows was synchronized with 25 mg (i.m.) PGF2( (Lutalyse®; Pharmacia UpJohn, Kalamazoo, MI).  Post PGF2( injection, behavioral estrus was monitored and blood was collected via caudal venipuncture every other day until the day of infusion.  Serum P4 concentrations were determined prior to infusion to confirm stage of the cycle for each cow.  Ten to 12 d post ovulation, mid-cycle CL (n = 32) were randomly assigned to one of three treatment groups: PBS (control), 10-5 M BQ-123 (high; Sigma Chemical Co., St. Louis, MO), or 10-7 M BQ-123 (low; treatment concentrations determined from preliminary experiments).  Cows in each treatment group were further randomly assigned to receive 25 mg (i.m.) PGF2( at either 2 or 4 h post infusion.  Prior to infusion, cows were injected with 5 mL (i.m.) Banamine (flunixin meglumine) to prevent endogenous PGF2( release and synthesis during uterine manipulation.  A caudal epidural anesthetic (5 mL, 2% lidocaine) was administered by inserting a 21 gauge, 0.6 cm needle between the last sacral and first coccygeal vertebrae.  Anesthetic effect was evident when the tail provided no response to tactile stimuli and peristaltic contractions within the rectum discontinued.  Following aseptic preparation, a 50 cm transvaginal probe with a 7.5 MHz transducer was covered with a 4 x 30 cm latex transducer cover.  The ovary was palpated per rectum and placed on the transducer allowing the ovary to be visualized via an Aloka 500v ultrasound console.  A sterile 18 gauge, 53 cm ovum pick-up aspiration needle with stylet was used to puncture the vaginal wall and the needle was then visualized on the monitor.  Following visual confirmation of both the needle and the CL, the CL was penetrated with the needle and the treatment was slowly administered followed by an additional 300 uL of air to ensure the entire treatment was expressed through the needle. To quantify serum P4 concentrations, blood was collected via caudal venipuncture at the time of infusion and subsequently every 60 min until treated with PGF2(.  Following PGF2( injection, blood was further collected every 60 min for 360 min and at 12, 24 and 36 h post infusion.  Serum P4 was quantified using a solid phase RIA (Coat-A-Count() kit from Diagnostic Products Corp. (Los Angeles, CA) with modifications (Schneider and Hallford, 1996).  Intra- and inter-assay CVs were 7.7% and 11.7%, respectively.  All animal procedures were approved by the New Mexico State University Institutional Animal Care and Use Committee.

Statistical Analyses.  Experimental design was a 3 x 2 factorial with three treatments and two PGF2( time periods.   Serum P4 concentrations were subjected to general linear models (GLM) procedures of SAS (SAS Inst. Inc., Cary, NC) for repeated measures (Gill and Hafs, 1971).  Additionally, overall means were analyzed using GLM procedures of SAS.  

Results and Discussion

No treatment by PGF2( time interaction was observed (P > 0.05) and, therefore, main effects means are reported and discussed.  Mean concentrations of serum P4 were similar among CL treated with PBS, high BQ-123 and low BQ-123 (Table 1; Figure 1; P = 0.14).  However, there tended to be a difference in mean serum concentrations of P4 between CL treated with high levels of BQ-123 compared with CL infused with low levels of BQ-123 (Table 1; Figure 1; P = 0.07).  Additionally, cows containing a CL treated with PBS tended to maintain higher mean serum P4 concentrations compared with their counterparts infused with low levels of BQ-123 (Table 1; Figure 1; P = 0.11).  Further, cows receiving PGF2( 4 h post infusion maintained higher mean serum P4 concentrations compared with cows receiving PGF2( 2 h post infusion (Table 2; P < 0.01).   


Objectives of the current experiment were to investigate the effects of in vivo luteal infusions of BQ-123 followed by PGF2( administration on luteolysis.  Prostaglandin F2( is known to be the major luteolysin in domestic livestock species (McCracken, 1971).  However, the exact mechanism by which PGF2( causes functional and structural luteolysis of the mature CL is undetermined.  Additionally, the reason for the lack of responsiveness of the early (d 6 and less) CL to PGF2( remains to be elucidated (Rao et al., 1979).  It was originally thought the refractoriness of the early CL was due to a lack of PGF2( receptors.  However, Wiltbank et al. (1995) found high-affinity PGF2( receptors present on the early CL by d 2 in the cow.  It is now recognized that the refractory period of the early CL in ruminants may be due not to a lack of PGF2( receptors but rather to the lack of expression of other mediators.  For instance, endothelin proteins secreted from endothelial cells of the CL may play a role in the early diestrus refractoriness of the CL.  Endothelin proteins, such as ET-1, are logical to investigate, as 50% of the cells of the mature CL are endothelial cells (O’Shea et al., 1989).  Endothelin-1 has the highest binding affinity for the ETA receptor (Hosoda, 1991), which is coupled to functions such as elevation of PGF2( production (Girsh et al., 1996b).  But, when the ETA receptor is bound by a highly selective receptor antagonist in vitro followed by the addition of PGF2(, the inhibitory effects of PGF2( on P4 production are negated (Girsh et al., 1996a).  The goals of the current study were to deliver the ETA antagonist, BQ-123, directly into the CL to effectively bind the ETA receptor and prevent endogenous ET-1 from binding and having an effect on luteolysis.  Infusion of BQ-123 was followed by PGF2( to determine if PGF2( would cause luteolysis in the absence of ET-1 bound to ETA.  While functional luteolysis occurred in all CL infused regardless of treatment, those CL infused with high levels of BQ-123 tended to maintain higher P4 concentrations over time than those CL infused with low levels of BQ-123.  Predictably, cows injected with PGF2( 4 h post infusion maintained higher levels of serum P4 concentrations over time compared with cows treated with PGF2( 2 h post infusion.  These results seem logical as functional luteolysis was delayed by 2 h in those cows treated with PGF2( 4 h post infusion.  However, more investigation is required to determine the amount of time BQ-123 requires to elicit an effect when infused in vivo.  It is possible that BQ-123 was unable to effectively bind a large percentage of ETA binding sites and therefore was unsuccessful in preventing luteolysis before the intramuscular injection of PGF2( was administered.  Additionally, while we are confident our in vivo infusion method delivers the desired treatment to the CL, we are unable to determine the length of time with which the treatment remains in the CL.  Consequently, it is possible that shortly after infusion, the treatment diffuses out of the CL and is therefore unable to elicit the desired effect.  Further studies are required to determine the cell-to-cell interactions that may be occurring in the CL at the time of luteolysis.

Implications

While in vitro studies clearly suggest a role of ET-1 in luteolysis, in vivo studies supporting the hypothesis are lacking.  The goal of the current research aimed at determining if ET-1 binding to ETA was necessary for luteolysis of the mid-cycle bovine CL.  While our treatment delivery method is reliable, additional in vivo infusion methods are being tested which may aid in confirming treatment delivery and stability to the tissue infused.  Studies investigating the role of endothelial cell derived proteins will aid in our understanding of the mechanisms involved in luteolysis.
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Table 1.  Mean serum progesterone concentrations of cows containing mid-cycle corpora lutea infused with PBS (control), 10-5M BQ-123 (high), or 10-7M BQ-123 (low) followed by PGF2( 2 or 4 h post infusion

	Treatment
	Progesteroneab

	PBS
	7.0

	High BQ-123
	7.1

	Low BQ-123
	6.3

	SEc
	0.3


aProgesterone concentration expressed as ng/mL.

bNo treatment by PGF2( infusion time interaction was detected (P > 0.05).  Therefore, treatment means are reported.

cMost conservative standard error reported; PBS (n = 10); High (n = 11); Low (n = 11).
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    Figure 1.  Mean serum progesterone concentrations of cows containing mid-cycle corpora lutea infused with PBS (control), 10-5M BQ-123 (high), or 10-7M BQ-123 (low) followed by PGF2( 2 or 4 h post infusion.  No differences were detected among the three treatment groups (P > 0.05; SE = 0.35 ng/mL).

Table 2.  Mean serum progesterone concentrations of cows containing mid-cycle corpora lutea infused with PBS, or BQ-123 followed by PGF2( 2 or 4 h post infusion

	Time of PGF
	Progesteroneab

	PGF 2 h
	6.1d

	PGF 4 h
	7.5e

	SEc
	0.3


aProgesterone concentration expressed as ng/mL.

bNo treatment by PGF2( infusion time interaction was detected (P > 0.05).  Therefore, PGF2( infusion time means are reported.

cMost conservative standard error reported; PBS (n = 10); High (n = 11); Low (n = 11).

deMeans with different superscripts within a column are different (P < 0.01).
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% of t0-All

										0		60		120		180		240		300		360		420		480		12		24		36		Mean

		7030		1		C		2		12.9		12.8		8.7		6.9		8.2		6.8		4.1		3.8		3.8		3.4		2		0.8		6.1833333333

		7147		2		C		2		9.6		13.2		11.9		8.2		9.2		10.3		6.9		5.4		5		3.5		1.7		0.9		7.15

		7100		3		C		2		12.9		9.6		10.2		6.2		7.4		6.3		5.3		3.5		4.2		3.5		2		0.6		5.975

		8049		4		C		2		13.2		8.5		8.7		7.6		6.8		4.9		4.8		3.7		2.7		3.2		1.8		1.3		5.6

		7147		5		C		2		15.9		19.8		17.1		8.5		7.1		5.9		3.3		4.2		4.1		3.1		1.6		1.2		7.65

		7079		6		C		4		17.1		13.1		13.1		10.5		8.9		10.8		6.2		6.8		4.2		3.7		1.5		1.9		8.15

		7070		7		C		4		9		7.9		8.8		6.9		5.8		5		5.3		3.7		2.3		2.2		1.5		1.1		4.9583333333

		7079		8		C		4		6.4		7.8		13.4		17		14		6.2		5.8		7.6		8.5		7.6		2.6		0.9		8.15

		8048		9		C		4		16.6		9.7		11.6		13.5		11.6		4.6		5.2		5.7		7.7		2.8		3.7		2.4		7.925

		8048		10		C		4		15.8		12.2		11.5		13.1		13.3		7.4		4.6		9.4		6.1		4.7		5.1		1.8		8.75

		Means								12.94		11.46		11.5		9.84		9.23		6.82		5.15		5.38		4.86		3.77		2.35		1.29

		7070		24		L		2		10.9		5.8		7		5.8		6.7		4.4		1.9		2.5		2.8		2.1		3.2		1.1		4.5166666667

		8034		25		L		2		16		10.8		9.5		7.3		4		4.8		3.7		4.3		4.1		5.4		3.4		0.9		6.1833333333

		7137		26		L		2		15.1		9.2		11.4		8.8		5.9		5.3		4.5		4		4		3.3		2.8		2.4		6.3916666667

		759		27		L		2		13.9		10.2		11.2		5.5		3.8		3.4		3.2		2.2		2.3		3.3		3		1.4		5.2833333333

		7145		28		L		2		8.3		10.7		7.2		6.8		7.6		6.1		4.4		3.1		3		3.4		1.8		0.9		5.275

		8109		29		L		4		13.2		10.1		6.7		10.6		12.2		5.5		4.5		6.6		3		4		3.3		0.9		6.7166666667

		7137		30		L		4		7.3		7.6		13.9		12.2		13.8		7.5		4.9		6		2.6		2.6		2.6		1.9		6.9083333333

		8049		31		L		4		10.2		11.4		11.4		12		12.6		9.5		6.6		6.2		6.8		3.7		3.4		1.6		7.95

		7093		32		L		4		14.2		9.2		9.1		9.1		8		4.9		6.6		4.9		3.7		2.4		2.1		2		6.35

		7063		33		L		4		10.2		9.7		11.1		12.4		11.8		7		5.2		5.2		4.5		2.5		3.6		1.4		7.05

		8109		34		L		4		11.7		11.2		12.7		10		8.3		6.1		7		4.1		3.3		4.6		2.2		1.8		6.9166666667

		Means								11.9090909091		9.6272727273		10.1090909091		9.1363636364		8.6090909091		5.8636363636		4.7727272727		4.4636363636		3.6454545455		3.3909090909		2.8545454545		1.4818181818

		8076		12		H		2		15.3		19.7		11.4		7.4		6.9		8		7.7		4.4		5.4		5.7		4.4		1.3		8.1333333333

		7145		13		H		2		10.5		8.6		9.9		5.7		5.8		5.3		5.5		4.8		7.6		3.7		2.1		0.6		5.8416666667

		7097		14		H		2		9.2		9.1		9.5		6.6		5.2		6.2		5.3		3.8		4		3.8		2.4		1.1		5.5166666667

		7076		15		H		2		12.7		9.3		9		6.2		8.8		7.4		6.5		4.2		6.3		2.3		2.9		2		6.4666666667

		781		16		H		2		10.1		9.8		7.8		5.8		5.4		4.9		3.8		4.4		4.8		6.1		4		1.2		5.675

		7100		17		H		4		16.4		13		14.1		14.1		12.1		6.7		8.4		8.4		4.7		3		2.9		1.3		8.7583333333

		7076		18		H		4		11.9		13.6		12.5		14.1		9.4		7.6		8.4		5.6		5.2		6.5		2.7		1.1		8.2166666667

		7127		19		H		4		18.4		10.7		14.6		13.5		12.7		7.1		10.3		7.1		7.1		5.3		3		1.3		9.2583333333

		8076		20		H		4		10.2		18		9.9		10.3		14		9.3		7.4		8.3		7.4		5.5		4.2		1.7		8.85

		7127		21		H		4		8.2		9.5		8.8		8		9.7		5.2		10.5		8.3		5.7		6.1		4.4		1.9		7.1916666667

		7118		22		H		4		6.1		6.7		7.7		7.8		7.3		5.7		4.5		5.4		3.9		5.2		2.6		1.1		5.3333333333

		Means								11.7272727273		11.6363636364		10.4727272727		9.0454545455		8.8454545455		6.6727272727		7.1181818182		5.8818181818		5.6454545455		4.8363636364		3.2363636364		1.3272727273
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								Low		11.91		9.63		10.11		9.14		8.61		5.86		4.77		4.46		3.65		3.39		2.85		1.48
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