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ABSTRACT:  Neuropeptide Y (NPY) receptors are present on the anterior pituitary gland; however, their function, if any, has yet to be elucidated.  Objectives were to investigate the effect of NPY on GnRH-induced LH release from cultured bovine anterior pituitary cells of heifers in differing ovarian states.  Hereford heifers were assigned to one of three groups: follicular (n = 5), luteal (n = 5) or ovariectomized    (n = 5).  One individual from each of the three groups was slaughtered on each of 5 d.  Immediately postmortem, the anterior pituitary gland was removed, mid-sagitally sliced, and enzymatically dissociated.  Cells were washed by repeated centrifugation and cultured overnight.  Following overnight incubation, cells were washed, counted, and stained to determine viability.  Cells (85,000 to110,000 per tube) within ovarian state were equally distributed and randomly assigned to one of three treatments:  no NPY or GnRH, 10 nM GnRH, or 10 nM GnRH + 100 nM NPY. Each treatment was repeated in duplicate tubes.  Cultures were incubated with or without NPY (100 nM) for 4 h and further incubated for an additional 2 h, with or without GnRH (10 nM).  Post incubation, cultures were centrifuged and supernatant collected for quantification of LH.  Variability among the five culture days was not different (P > 0.10).  However, cells treated with GnRH alone or GnRH + NPY secreted more LH than control cultures (412.1, 396.2, 352.8 ( 11.8 ng/mL of incubation media respectively; P < 0.05).  Additionally, there was no difference in the mean secretion of LH from pituitary cells from follicular, luteal or ovariectomized heifers (417.9, 390.0, 353.3 ( 103.8 ng/mL of incubation media respectively; P > 0.05).  In conclusion, NPY did not attenuate GnRH-induced release of LH from anterior pituitary cell cultures; thus suggesting that any effect of NPY on reproduction may be limited to the hypothalamus.

Introduction

Neuropeptide Y is widely distributed in the brain but is particularly abundant in the arcuate nucleus (Allen et al., 1983).  In cattle, as in other species studied, the arcuate nucleus contains neurons that secrete  GnRH  (Leshin et al., 
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1988).  Because of the intricate innervation in this region of

the hypothalamus, it has been speculated that NPY could directly influence neurons in the arcuate nucleus and possibly serve as an interpretation signal of body condition or nutritional status to the growth and reproductive axis in ruminants.  

Chronic under-nutrition is commonly associated with impaired reproductive function (Frisch, 1994).  One possible mechanism by which under-nutrition impairs reproduction is through suppressed secretion of LH from the anterior pituitary gland, presumably via suppression of GnRH from the hypothalamus (Rhind et al., 1989).  This impairment is thought to occur due to the suppression of neural activity in the regions of the brain which regulate the secretion of LH from the anterior pituitary gland, seemingly the arcuate nucleus.  Indeed, persistent elevation of NPY in the arcuate nucleus as in food restriction, or chronic administration of NPY into the lateral ventricle, can significantly delay puberty (Gruaz et al., 1993; Pierroz et al, 1995).  Depending on the ovarian hormonal milieu, intracerebroventricular (i.c.v.) administration of NPY either inhibited (Kalra and Crowley, 1984; McDonald et al., 1985; Kerkerian et al., 1985) or stimulated LH release (Kalra and Crowley, 1984).  It is possible, however, that i.c.v. infusions of NPY could diffuse into the pituitary stalk and exert influences directly on the pituitary which is rich in NPY receptors (Dyer et al., 1997).  Therefore, the objective of this study was to determine the effect of NPY on GnRH induced LH release from bovine anterior pituitary cell cultures. 

Materials and Methods

Animals.  Ten Hereford heifers were randomly assigned to one of two groups: follicular (n=5) or luteal (n=5).  To obtain heifers in the follicular stage of their estrous cycle on the day of interest, each of several females were injected with 25 mg (5 mL, i.m.) PGF2( (Lutalyse(; Pharmacia & Upjohn Co., Kalamazoo, MI) 48 h prior to anterior pituitary collection.  To obtain heifers in the luteal phase of their cycle, heifers were injected (i.m.) with 25 mg PGF2( 10 days prior to pituitary collection.  Additionally, long-term ovariectomized heifers (n=5) were utilized for a total of three groups of animals whose endocrine status varied.  Prior to slaughter, each intact heifer was rectally palpated and examined via ultrasound to confirm stage of the estrous cycle.  Follicular animals contained a 10 mm or greater follicle on the day of pituitary collection while luteal animals contained a structurally sound CL upon ultrasound.  Additionally, prior to slaughter, a blood sample was collected for later analysis of serum P4 concentration to further confirm respective stage of the estrous cycle.  One animal from each of the differing ovarian states was euthanized via captive bolt stunning followed by exsanguination of the jugular vein on each of 5 days.  All animal procedures were approved by the New Mexico State University Institutional Animal Care and Use Committee.

Cell Culture.  Postmortem, the anterior pituitary gland of the each of three heifers (1 per ovarian state) was removed, mid-sagitally sliced and immediately placed in 30 mL of fresh M199 cell culture media without phenol red [Media M199 (Sigma Chemical Co., St. Louis, MO), 5.95 g HEPES, 500 mg Streptomycin sulfate, 313 mg Penicillin G, 350 mg sodium bicarbonate, 146 mg L-glutamine, 100 mg pyruvic acid, 1.52 g glucose, 10.0 g bovine serum albumin].   Upon transport to the cell culture laboratory, the gland was further sectioned via a Stadie-Riggs hand held microtome and placed in 20 mL of dissociation media (8.01 g NaCl, 5.95 g HEPES, 1.8 g glucose, 375 mg KCl per L) containing each of three active enzymes (20 mg Collagenase, 20 mg hyaluronidase, and 2.0 mg deoxyribonuclease).  Cells were then moderately shaken in a water bath at 37(C for 90 min.  Each 20 min during incubation, cells were vigorously triturated with a pasteur pipet to facilitate dissociation.  Cells were then washed 5 times by repeated centrifugation at 400 x g for 4 min in 5 mL dissociation media (without enzymes).  After completing 5 washes, cells were aliquoted into 50 mL flasks containing 30 mL of M199 cell culture media and 30% wether serum.  Cells were placed in a shaking water bath at 37(C and gently agitated for 16-24 h.  Following the overnight equilibration, cells were placed on ice for 5-10 min.  Cells were then hand dissociated with a pasteur pipet by vigorously triturating for several minutes.  Upon dissociation, cells were aliquoted into clean 15 mL conical tubes and washed 5 times by centrifugation at 400 x g for 4 min in 5 mL postculture wash media (dissociation media without enzymes, supplemented with 110 mg pyruvic acid, 146 mg L-glutamine, 292 mg CaCl2, 203 mg MgCl2) to remove wether serum from the samples.  After washing was completed, cells were re-suspended in 10 mL of re-suspension media [940 mL postculture media, 20 mL MEM vitamins (Sigma Chemical Co., St. Louis, MO), 40 mL MEM amino acids (Sigma Chemical Co., St. Louis, MO)] and counted using a hemocytometer.  At this point, cells were also stained with Trypan blue (Sigma Chemical Co., St. Louis, MO) to determine cell viability.  An average of 85% negative Trypan blue staining was achieved.  An equal number of cells was suspended in an equal volume of re-suspension media (500 uL) and aliquoted into each of several polypropylene tubes.  Each tube was randomly assigned to receive one of three treatments: no NPY or GnRH, 10 nM GnRH alone (Sigma Chemical Co., St. Louis, MO), or 100 nM NPY (Sigma Chemical Co., St. Louis, MO) + 10 nM GnRH (treatment concentrations reported are concentrations in 500 uL and were determined from preliminary experiments).  Dependent on total cell numbers, each treatment was repeated in duplicate.  According to respective treatment assignment, cells were incubated in a 37°C water bath with or without NPY for 4 h and further incubated for an additional 2 h, with or without GnRH.  Six h post- incubation, cells were centrifuged at 400 x g for 5 min and the supernatant collected and stored at –20(C for later analysis and quantification of LH.  Cell fraction was re-suspended in a minimal amount of re-suspension media and stained with Trypan blue to determine cell viability.  An average of 70% negative Trypan blue staining was achieved post treatment and centrifugation.

Measurements.  Luteinizing hormone concentrations were determined using a double antibody RIA (Hoelfer and Hallford, 1987).  Intra- and interassay CVs were 7.7 and 11.7%, respectively.  

Statistical Analyses.  To determine if collection day varied, cell culture LH concentrations were analyzed by split-plot analysis of variance for repeated measures (Gill and Hafs, 1971) using the general linear model (GLM) procedures of SAS.  Split-plot analysis was performed with stage and day in the whole plot using day by stage as the error term.  Subplot consisted of treatment and treatment by stage.  In addition, overall means for stage and treatment were analyzed using GLM procedures of SAS.  Differences among treatment or stage effect means were separated by LSD. Interactions for stage by treatment were tested and when detected, differences within stage and treatment were separated by LSD.    

Results and Discussion

There were no differences among the 5 culture days, confirming limited random variability among day (Table 1; P = 0.8).  Additionally, no differences were detected in mean concentration of LH secreted in response to either treatment from those cells harvested from follicular, luteal, or ovariectomized heifers (417.9; 390.0; 353.3 ( 103.8 ng/mL incubation media respectively).  
As expected, anterior pituitary cells cultured in the presence of GnRH released more LH compared to those cells cultured without GnRH (Figure 1).  These data confirm the efficacy of the cell culture system.  Ultimately, across all physiological states, there were no differences in the response of cultured cells to NPY + GnRH compared to cultures treated with GnRH alone (Figure 1).  

An interaction between ovarian state and treatment was detected (P = 0.04).  When data were analyzed within treatment group, there were no differences in mean LH secretion of cell cultures from animals in the three differing ovarian states (Table 2).  Additionally, when data are analyzed within ovarian state, there were no differences in mean LH secretion among treated versus untreated cell cultures (Table 2).  However, the same data analyzed as a percentage of control (no GnRH or NPY) suggests that within the luteal group, more LH was secreted from cultures receiving GnRH alone compared to cultures without GnRH and NPY (147 versus 100 % ( 13.1; Table 2). Additionally, within the GnRH alone treatment group, cell cultures from heifers in the luteal stage of their cycle secreted more LH as a percentage of control than cells from animals in the follicular stage of their cycle (147 versus 101.8% ( 13.0; Table 2).  Within the GnRH + NPY treatment group, a similar trend was observed from cultures originating from luteal heifers as this group secreted more LH (as a percentage of control; 132.5%) than cultures from follicular heifers (96.5% ( 8.8; Table 2).  However, no effects of GnRH in combination with NPY on LH secretion were observed within ovarian state to suggest an effect of NPY on GnRH-induced LH release.  These data suggest that NPY does not effect GnRH-induced LH secretion by bovine anterior pituitary cell cultures. This observation is in agreement with previous data obtained in steers indicating that NPY did not modulate in vitro release of LH at the pituitary level (Chao et al., 1987).  Additionally, NPY did not alter basal LH secretion from gonadotrophs harvested from intact rats (Leiva and Croxatto, 1994).

Anterior pituitary cells from heifers in the follicular stage of their cycle tended to release the greatest LH compared to cultures from luteal or ovariectomized heifers (pooled means across treatments; 417.9; 390.0; 353.3 ng/mL incubation media respectively).  These data are expected as follicular heifers were most likely preparing for a surge of LH in anticipation of ovulation and therefore had the greatest releasable stores of LH.  Second, heifers in the luteal phase of their cycle likely had low gonadotroph LH stores (because of the low LH profile during this period of the cycle; Rahe et al., 1990) and, therefore, tended to be less responsive to GnRH in inducing LH release than their follicular counterparts.  Third, ovariectomized heifers, which are often referred to as “open-loop” animals, have continuously high levels of LH in serum because of the lack of a negative feedback mechanism from the gonad (Thomas et al., 1999).  Therefore, long-term ovariectomized heifers predictably have low levels of LH stores and, consequently, when induced with GnRH tended to secrete less LH compared to heifers in the follicular or luteal stage of their cycle.  

Treatment effects irrespective of ovarian state were also predictable.  The efficacy of the cell culture protocol was validated by the data as cells cultured in the presence of GnRH or GnRH + NPY secreted higher concentrations of LH than untreated controls.  However, when investigating the interaction between ovarian state and treatment, cells from the follicular group treated with GnRH + NPY tended to secrete less LH than GnRH alone or control-treated cells from the same animals (404.2; 429.5; 419.9 ng/mL incubation media respectively).  While the previous difference was not significant (P = 1.0), an explanation for the lack of a greater response of anterior pituitary cells from follicular heifers to GnRH can be substantiated.  Follicular heifers under the influence of high levels of estradiol have increased numbers of pituitary receptors for GnRH (Gregg et al., 1990).  Because of the increase in number of receptors for GnRH in response to high levels of estradiol, the steroid is thought to play a role in increasing the overall sensitivity of the pituitary to GnRH prior to the preovulatory surge of LH (Gregg et al., 1990).  It is possible that follicular animals had begun releasing stores of LH in response to endogenous GnRH thus preparing for ovulation prior to pituitary collection.  Consequently, no further response was elicited by treating anterior pituitary cell cultures collected from follicular heifers with GnRH.  Additionally, cells from both follicular and luteal groups treated with GnRH + NPY (404.2 and 414.2 ( 101.2 ng/mL incubation media respectively) tended to secrete less LH than those cells treated only with GnRH (429.5 and 442.6 ( 100.3 ng/mL incubation media respectively), although a significant difference was not detected.  

When investigating treatment effects within ovarian state, anterior pituitary cells from luteal heifers released more LH in response to GnRH alone (as a percentage of control) when compared with follicular or ovariectomized heifers.  This may be explained by the hormonal milieu of each group of animals dependent on ovarian state.  Luteal heifers are primarily under the influence of the steroid hormone P4 produced by the CL present on the ovary during this stage of the cycle.  Progesterone is known to feedback negatively on LH secretion at the level of the anterior pituitary; therefore, low circulating levels and high stores of LH are present and secretion is inducible by GnRH (Rahe et al., 1990).  Follicular heifers, in preparation for ovulation, were under the influence of high levels of both estradiol and LH prior to pituitary collection.  Therefore, stores of LH were somewhat depleted and response of anterior pituitary cells to either GnRH or GnRH + NPY was minimal.  Additionally, ovariectomized heifers which have depleted stores of LH because of the absence of gonadal steroid negative feedback are minimally responsive to GnRH.  Previous studies in ovariectomized rats demonstrate suppressive effects of NPY on pulsatile LH release after third cerebral ventricle infusions of NPY (McDonald et al., 1989).   However, the current data does not support the hypothesis that NPY may diffuse into the hypothalamic pituitary stalk and exert an effect at the level of the gonadotroph.  It is possible, therefore, that any suppressive effects of NPY on LH release are exerted through inhibition of pulsatile GnRH secretion from the hypothalamus and not at the level of the anterior pituitary.  In a similar study, a cessation of LH pulsatility was observed in ovariectomized cattle when i.c.v. infused with 500 ug of NPY (Gazal et al., 1998).  These data also provide evidence to suggest that the attenuating effect of NPY on LH secretion may be limited to the hypothalamus.  

Implications

Research is currently investigating the possibility that acute administration of NPY (either in vivo or in vitro) may not be sufficient to induce an effect of NPY on the anterior pituitary (Morrison et al., 2001).  Instead, treatment with NPY in a linearly increasing fashion would more resemble the in vivo profile of NPY and stimulate an effect on LH secretion (Morrison et al., 2001).  However, if the effect of NPY on LH secretion is indeed modulated via the hypothalamus and not the anterior pituitary, then the question remains as to the function, if any, of NPY receptors at the level of the anterior pituitary.  More investigation is needed to determine what factors may affect the NPY receptor and elicit an effect on LH secretion from the anterior pituitary.  It is estimated that only 6 to 15% of anterior pituitary cells in adult animals are LH secreting gonadotrophs (Ibrahim et al., 1986).  Therefore, a possible explanation for the presence of NPY receptors at the level of the anterior pituitary gland may be found by investigating the effect of NPY on somatotrophs and other anterior pituitary cell types.
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Table 1. Mean LH concentration of bovine anterior pituitary cell culture media treateda with or without 

NPY and (or) GnRH on five experimental days

	Day
	LHb

	1
	393.6

	2
	320.1

	3
	302.4

	4
	521.8

	5
	297.5

	SEc
	133.9


aTreatments = Control (no NPY or GnRH); GnRH alone (10 nM); GnRH (10 nM) + NPY (100 nM).

bLH concentration expressed as ng/mL incubation media. 

cn = 3.
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Figure 1.  Main effect differences of treatment on LH secretion from bovine anterior pituitary cell cultures.  Treatments consist of: Control (no GnRH or NPY); GnRH alone (10 nM); GnRH (10 nM) + NPY (100 nM).  Bars with different superscripts represent a difference (P < 0.05; SE = 11.8)

Table 2.  Treatment and ovarian state effects of NPY and(or) GnRH on LH secretiona from 

bovine anterior pituitary cell cultures
	 
	 
	 
	 
	 

	
	
	Treatment b
	
	

	Ovarian State
	Control
	GnRH alone
	GnRH + NPY
	SE

	Follicular
	419.9 (100)
	429.5 (101.8) x
	404.2 (96.5) x
	81.0 (4.7)

	Luteal
	 313.4 (100) d
	   442.6 (147.0) e,y
	     414.2 (132.5) d,e,y
	120.2 (13.1)

	Ovariectomized
	325.2 (100)
	   364.2 (110.7) x,y
	    370.3 (113.2) x,y
	76.5 (7.2)

	SE c
	  80.9 (N/A)
	100.3  (13.0)
	101.2 (8.8)
	


aLH concentration expressed as ng/mL incubation media and as a percentage of control (values in parenthesis are LH concentrations in respective treatments divided by control values multiplied by 100).

bTreatments = Control (no NPY or GnRH); GnRH alone (10 nM); GnRH (10 nM) + NPY (100 nM).

cn = 5.

d,ePercentage values with different superscripts within a row are different (P < 0.05).

x,yPercentage values with different superscripts within a column are different (P < 0.05).
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