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Nutritional signals are detected by the central nervous system (CNS) and

translated by the neuroendocrine system into signals that alter secretion of LH

and growth hormone (GH). Furthermore, these signals directly affect the

activity of the pituitary gland independently of CNS input. Insulin-like growth

factor I (IGF-I), insulin, leptin and specific metabolites, such as glucose and

free fatty acids (FFA)', are potential signals of the metabolic status to the

brain-pituitary axis. Intravenous injection of a lipid emulsion or glucose

suppressed the GH and LH response to GH releasing hormone (GHRH) and

GnRH, respectively. Insulin and IGF-I regulation of LH and GH secretion

occur at the pituitary gland. Feed deprivation for 24 h suppressed leptin

secretion without affecting LH or GH secretion, whereas central adminis-

tration of leptin resulted in a decrease in feed intake and an increase in GH

secretion. Oestrogen-induced leptin gene expression in adipose tissue

increased with age and adiposity in pigs. Leptin stimulated GnRH release

from hypothalamic tissue in vitro. These results identify putative signals that

link metabolic status and neuroendocrine control of growth and reproduction

by altering endocrine function during periods of fasting, feed restriction and

lactation.

Neuroendocrine control of LH and GH secretion

It is generally accepted that there are two modes of LH secretion in pigs (Kraeling and Barb,

1990): pulsatile secretion and surge secretion. These patterns of LH secretion reflect the

pattern of GnRI-1 released from neurosecretory neurones within the hypothalamus into the

hypothalamic-hypophysial portal system (Goodman, 1988). An LH pulse and an LH surge

generator are located within the CNS of pigs (Kraeling and Barb, 1990). The importance of

pulsatile GnRH and LH secretion was demonstrated by Lutz et al. (1984) and Pressing et al.

(1992) who induced precocious oestrus and ovulation in intact prepubertal gilts by giving i.v.

injections of GnRH at 1 h intervals. In addition, administration of GnRH at 1 h intervals to

anoestrous postpartum sows induced oestrus and ovulation (Cox and Britt, 1988). Wetsel et al.

(1992) reported intrinsic pulsatile secretory activity of immortalized GnRH neurones in vitro.

Thus, GnRH neurones secrete their product in an autonomous episodic frequency, but

interoceptive and exteroceptive factors detected by the CNS are translated by the
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neuroendocrine system into signals that alter the pattern of GnRH and subsequent LH
secretion. For example, interoceptive signals, such as gonadal and adrenal steroids, meta-
bolites, and other neuronal signals, act to modulate pulse frequency and amplitude of GnRH
pulses.

Many of the interoceptive signals that regulate GnRH and LH secretion also modulate
GH secretion. Of particular importance is the role of nutrition and metabolic status in main-
taining reproductive function, but also in modulating the GH-releasing hormone (GHRH)—
somatostatin—GH axis and subsequent growth. It is well established that the onset of puberty is
linked to the attainment of a critical body weight or metabolic mass, indicating an association
between mechanisms regulating energy balance and the reproductive and growth axis.

Metabolism and the endocrine system

The importance of nutrition and metabolic state in maintaining reproductive function is well
established. The onset of puberty may be linked to attainment of a critical body weight or a
minimum percentage of body fat (Frisch, 1984). Alternatively, metabolic mass and food
intake, or its correlated metabolic rate, may be the triggering mechanism (Frisch, 1984).
Cameron et at (1985) reported that transition from a fed to a fasting state occurred more
rapidly in the juvenile than in the mature monkey. Cameron et at (1985) suggested that the
dynamic fluctuations in plasma hormones and substrates that occur during postprandial and
postabsorptive periods provide signals to the brain that link metabolic status to activation of
the reproductive system. Nutritional perturbations delay the onset of puberty, interfere with
normal oestrous cycles and alter LH secretion in pigs (for a review, see Prunier and Quesnel,
2000a).

The GH response to nutritional status is variable in pigs. Buonomo et at (1988) reported
that serum GH concentrations increased after 48 h of fasting in barrows. In contrast, Booth
(1990) reported that feed restriction for 8-14 days failed to affect serum GH concentrations in
prepubertal gilts. Acute feed deprivation failed to influence GH secretion during a 28 h fast,
although serum GH secretion increased after feeding was resumed. Similarly, Armstrong and
Britt (1987) reported that GH secretion increased during the postprandial period in feed
restricted gilts. However, antagonism of glucose utilization increased basal and mean serum
Ghl concentrations, but not GH pulse frequency and amplitude (Barb et at, 2001). Thus, GH
response to energy availability is equivocal.

Collectively, these data demonstrate that nutritional status affects endocrine function.
Contemporary models of energy regulation emphasize physiological signals that control
energy intake, partitioning and expenditure, and their sites of action. It is hypothesized that
mechanisms regulating energy balance are sensitive to metabolic signals generated by
changes in oxidation of metabolic fuels and could account for positive correlations between
body fat, fertility and endocrine function (Wade et at, 1996). Identification of specific
metabolic signals that influence the reproductive and growth axis remains elusive, primarily
because of the large number of substances from the periphery that may act centrally to modify
neuronal activity. Similar to the study by Cameron et at (1985) on primates, Barb et at (1997)
reported that transition from a fed to fasting state occurred more rapidly in prepubertal than in
mature gilts. Different temporal relationships between circulating blood concentrations of
glucose, free fatty acids (FFA), ketones, insulin and IGF-I in mature and prepubertal pigs were
probably related to a greater glucose production rate, higher metabolic rate, smaller energy
reserves and greater growth requirements in prepubertal gilts. In a subsequent study, acute
fasting suppressed leptin secretion in prepubertal gifts (Barb et at, 2001). Thus, glucose, FFA,
IGF-I, insulin and leptin may provide peripheral signals to the brain that link metabolic status
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to activation of the reproductive system and modulation of the growth axis. The intent of this

review is to present evidence for nutritional control of the hypothalamic—pituitary axis and

putative sites of action of specific metabolites and metabolic hormones in modulating LH and

GH secretion. The effects of nutrition and feed restriction on reproductive function in pigs will

not be discussed. For further information on nutrition and reproductive function in pigs see

Cosgrove and Foxcroft (1996) and Prunier and Quesnel (2000a,b).

Nutritional mediators of LH and GH secretion

Roles of glucose and insulin

Numerous reports have led to the proposal that blood glucose concentration is an accurate

reflection and index of the collective effects of energy on reproduction and growth. Moreover,

changes in gluconeogenesis may be the mechanism by which altered energy metabolism

affects the neuroendocrine axis in pigs. In support of this idea, Barb et al. (1997) suggested that

the ability of pigs to maintain euglycaemia during acute fasting was primarily due to rapid

mobilization of alternative energy stores, such as FFA. This mobilization of energy stores may

account for the failure of acute feed deprivation to affect LH secretion. Booth (1990)

demonstrated that administration of glucose to feed-restricted gilts induced a rapid increase in

episodic LH secretion similar to that observed in response to resumed feeding. In contrast, the

LH response to GnRH was lower in satiated prepubertal gilts that received an i.v. injection of

glucose compared with that of saline-treated gilts (Barb et al., 1991). These conflicting results

may, in part, be related to nutritional state, which has a profound effect on circulating

concentrations of metabolites and metabolic hormones. These factors could alter the

hypothalamic—pituitary response to glucose challenge.
Blocking of glycolysis with 2-deoxy-o-glucose resulted in a marked reduction in LH pulse

frequency and an increase in serum CH concentrations in prepubertal gilts (Barb et al., 2001).

Furthermore, an i.v. bolus of glucose suppressed the GH response to GHRH in gilts (Barb et

at, 1991) and exposure of pig pituitary cells in culture to 300 or 600 mg glucose dl-1

suppressed the LH and GECresponses to GnRH and GHRH, respectively (Barb et at, 1995;

Tables 1 and 2). The above studies support the hypothesis that glucose is a primary regulator of

LH and GH secretion, and that the pituitary gland is a potential site of action.

The physiological relevance of the decrease in serum insulin concentrations during

fasting is not clear (Barb et al., 1997). In primiparous lactating sows (Rojkittikhun et al., 1993a)

and prepubertal gilts (Barb et al., 2001), a 24 h fast did not affect LH secretion, although

serum insulin concentrations were suppressed compared with those of animals that were

fed. Increased dietary energy and insulin treatment in gilts at the follicular phase resulted

in an increase in serum LH and FSH concentrations, but this effect did not occur in the

absence of increased dietary energy (Cox et al., 1987). Rojkittikhun et at (1993b) reported

that insulin treatment increased plasma LH concentrations but did not affect LH pulse

frequency during the weaning to oestrus interval in primiparous sows. One model used to

study the effect of insulin on the hypothalamic—pituitary axis is the diabetes-induced animal.

In diabetic ovariectomized gilts, withdrawal of insulin therapy for 4 days prevented the

oestradiol-induced preovulatory-like LH surge, but did not affect pulsatile LH secretion

(Angell et at, 1996). This finding indicates that diabetes mellitus alters the sensitivity of the

hypothalamic—pituitary axis to oestradiol and the responsiveness of the pituitary gland to

GnRH. Pituitary cell culture experiments confirmed that the sensitivity of the pituitary gland to

GnRH decreased after removal of insulin therapy for 7 days in diabetic pigs (Angell et at,

1996; Table 1).
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Table 2 Effectsof glucose, oleic or linoleic acids on basal, GnRH and GHRH-induced LH and GH secretion


from anterior pituitary cells in culture from prepubertal gilts'

Hormone Metabolite Dose Result

Basal secretion
LH Glucose 300, 600 mg dl-' No effect

CH Glucose 100, 300, 600 mg dI- ' No effect

LH Oleic acid 10-7, 10-6, 10-5, 10-4 mol H Increased

LH Linoleic acid . 10-6, 10-5, 10-4 11101H Increased

GH Oleic acid 10-H, 10-9 mol I-' Decreased
10-7, 10-5 mol I-' Increased

CH Linoleic acid 10-9 rnol I-1 Increased

Responseto GnRH
LH Glucose 600 mg dl-1 Decreased

LH Oleic acid 10-6, 10-5, 10-4 mol H Decreased

LH Linoleic acid 10-5 mol I-' Decreased

Responseto GHRH
GH Glucose 100, 300, 600 mg dl-' Decreased

GH Oleic acid 10-", 10-9, 10-7,104 mol I-' Decreased

GH Linoleic acid 10-", 10-9, 10-7, 10-5 moll-I Decreased

'From Barb et at (1995).

Mean serum GH concentrations and GH pulse frequency were greater in gilts with poorly

controlled diabetes than in control pigs. Serum insulin concentrations were lower (0.3 ±- 0.02

versus 0.9 ±- 0.05 ng ml-'; P < 0.0001) and plasma glucose concentrations were higher

(465 ± 17 versus 82 ± 17 mg di-1; P < 0.05) in diabetic pigs than in control pigs (Barb et aL,

1992). The increase in GH secretion may be due, in part, to higher (P < 0.0002) glucose

concentrations in the cerebrospinal fluid of diabetic pigs (162 ± 14 mg dI-') compared with

control pigs (51 ± 3 mg d14), which alters GHRH and somatostatin secretion from the

hypothalamus, which in turn alters pituitary somatotrope activity (Barb et al., 1992).

Two studies were conducted to investigate the.jdea that insulin acts at either the CNS or

pituitary gland to alter LH and GH secretion. Central administration of insulin at doses of

1-100 pg failed to change LH and GH secretion in ovariectomized prepubertal gilts (Barb et

al., 1996; Fig. 1). However, insulin suppressed basal GH se'cretiOn—andthe GH response to

GHRH for anterior pituitary cells in culture from 180-day-old gilts (C. R. Barb, ). B. Barrett and

R. R. Kraeling, unpublished; Fig. 2). Thus, the influence of insulin on the LH and GH axis

appears to be a manifestation of plasma glucose concentration. However, subtle effects of

insulin on the sensitivity of the pituitary gland to hypothalamic secretagogues cannot be

discounted (Tables 3 and 4).

Role of FFA

In pigs, feed deprivation resulis in a rapid onset of FFA mobilization from peripheral fat

deposits, but maintenance of euglycaemia indicates an increase in hydrolysis of triglycerides

and FEA oxidation resulting in glucose sparing (Barb et al., 1997). Armstrong and Britt (1987)

reported that chronic feed restriction in gilts resulted in cessation of oestrous cycles and lower

concentrations of plasma insulin, increased concentrations of FFA and reduced LH pulse
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0 1 2 3 4 5 6 7 8 9
Time (h)

0 1 2 3 4 5 6 7 8 9
Time (h)

Fig. 1. Concentrations of serum (a) GH and (b)
LH in ovariectomized prepubertal gilts receiving
intracerebroventricular injection of saline (•; /7 = 4)
or 1 pg insulin (• n = 4) at 3 h and 6 h (arrows).
Pooled standard errors for LH = 0.2 ng ml-' and
GH = 0.5 ng ml-'.

: 1 . I

frequency compared with those of control gilts. BOOth (1990) reported similar results in
prepubertal gilts that were feed-restricted for 8 days, whereas in prepubertal gilts subjected to
short-term fasting, serum concentrations of FFA increased, but there was no change in LH or
GH secretion compared with control gilts (Barb et at, 2001). In primiparous lactating sows,
concentrations of serum FFA increased on day 12 and day 20 of lactation and this was
associated with increased fat mobilization and protein catabolism (Armstrong et at, 1986).
Sows that remained anoestrous after weaning had increased plasma glucose concentrations
and lower serum concentrations of FFAon day 12 and day 20 than those of oestrous sows. The
authors speculated that aberrations in energy metabolism during lactation might have
predisposed sows to anoestrus after weaning.

Therefore, do alterations in serum concentrations of FFA influence hypothalamic—pituitary
function? In prepubertal gilts, i.v. infusion of a lipid emulsion enhanced the LH response to

(a)

(b)

4

1 3

2

tn

0

0

2

Serum

LH

(11g

m11)
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Fig. 2. Effect of insulin (0-3 x 10-8 mol I-') on growth
hormone-releasing hormone (GHRH)-induced (10-6 mol I-')

GH secretion in pig pituitary cells during (a) 4 h or (b) 24 h
culture periods. Values are mean ± standard errors
(n = 8-12 wells per treatment). C: control = basal secretion
in the absence of treatment. asignificantly different from the

control (P < 0.05). 65ignificantly different from GHRH alone
(P < 0.05).

GnRH, but suppressed the GH response to GHRH, whereas infusion of the lipid emulsion at

1 h intervals increased serum LH pulse amplitude and GH pulse frequency (Barb et al., 1991;

Table 1). The hourly fluctuations in serum concentrations of FFA may have synchronized the

endogenous rhythm of GHRH and somatostatin secretion from the hypothalamus and,

subsequently, altered somatotrope activity. Cultured pig pituitary cells were used to determine

whether the effects of FFA in vivo occur at the pituitary gland without benefit of CNS input.

Oleic and linoleic acids increased basal LH release. In contrast, oleic acid suppressed GnRH-

induced release of LH (Table 2). This response was equivocal for linoleic acid (Barb et at,

1995). It is difficult to explain the differences between the in vivo and in vitro results. One

possibility is that other hypothalamic factors in vivo may have altered pituitary gland

responsiveness to GnRH (Barb et al., 1991). Alternatively, the lipid emulsion infused in the in

vivo study (Barb et at, 1991) consisted of linoleic, oleic, palmitic, linolenic and stearic acids,

whereas the effects of oleic or linoleic acid alone were evaluated in the in vitro study (Barb et

al., 1995). Oleic and linoleic acids act directly on the anterior pituitary cells to alter basal and

GHRH-induced GH release (Barb et aL, 1995; Table 2). Moreover, this event seems to be

mediated at the plasma membrane, because oleic and linoleic acids do not block the

forskolin-induced release of GH (Barb et at, 1995). Thus, the above findings may explain, in

part, the altered neuroendocrine activity observed during periods of fasting, feed restriction

and lactation.

160
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Role of IGF-1

IGF-I appears particularly suitable for a role in linking somatic growth and development

to activation of the reproductive axis. IGF-I exerts neurotrophic and mitogenic effects in

the brain via interaction with specific receptors (Sara and Hall, 1990). Although type I

IGF receptors are distributed widely throughout the brain, they are more concentrated in

the median eminence (Werther et al., 1990) indicating that, in this region, IGF-I is involved

in functions other than cellular differentiation. Although IGF-I concentrations in the

postnatal hypothalamus appear to be independent of peripheral concentrations (Rotwein

et at, 1988), circulating concentrations of IGF-I increased during pubertal development in

pigs (Lee et at, 1991). It is now clear that the peripubertal increase in serum IGF-I

concentration is from hypothalamic, hepatic (Handelsman et at, 1987) and adipose

tissue (Wolverton et at, 1992). Moreover, the pubertal increase in circulating IGF-I

concentrations (Lee et at, 1991) occurs concomitantly with an age-related decrease in

pituitary response to GHRH (Dubreuil et at, 1987) and an increase in LH secretion

(Lutz et al., 1984). These observations indicate that IGF-I may modulate hypothalamic

release of GnRH and GHRH-somatostatin and pituitary responsiveness to hypothalamic

hormones.
It is proposed that IGF-I acts, in a feedback loop, directly on the pituitary gland and brain

to regulate LH and GH secretion. Although most evidence indicates that the effect of IGF-I

on the release of pituitary hormones occurs in the CNS, subtle effects on the anterior

pituitary cannot be discounted. Hiney et al. (1991) reported that IGF-I elicited GnRH release

from the median eminence in vitro. The release of GnRH is greater after IGF-I than after IGF-II

or insulin administration, indicating that IGF-I is the primary signal (Hiney et at, 1991).

In addition, release of GnRH from the median eminence, which is devoid of GnRH cell

bodies, indicates that activation of gene expression by IGF-I is not involved. In rats,

intracerebroventricular administration of IGF-I suppressed pulsatile GH secretion and

stimulated brain somatostatin release (Abe et at, 1983). IGF-I inhibited both acute release

of GI-I and GH mRNA content in rat pituitary cells in vitro (Yamashita and Melmed, 1986).

Moreover, intracerebroventricular administration of IGF-I suppressed GH secretion in

pig fetuses (Spencer et al., 1991; Table 4). In a recent experiment, intracerebroven-

tricular administration of 10 Jig IGF-I failed to alter LH and GH secretion in ovariecto-

mized prepubertal gilts. Mean serum LH and GH concentrations before treatment were

0.8 ± 0.2 and 1.7 ± 0.6 ng ml-' and after treatment were 1.0 ± 0.2 and 1.7 -± 0.6 ng ml-',

respectively (Barb et at, 1996). Doses up to 75 lig IGF-I failed to alter LH and GH secretion

(Barb et at, 1996). IGF-I suppressed basal GH secretion (Table 3) and the GH response to

GHRH from pig pituitary cells in culture (C. R. Barb, J. B. Barrett and R. R. Kraeling,

unpublished; Fig. 3). Furthermore, Whitley et al. (1995) reported that IGF-I-induced

LH secretion was greater in pituitary cells from gilts at the follicular phase compared with

cells from gilts at the luteal phase and ovariectomized gilts (Table 3). Thus, under

certain physiological conditions, such as steroid milieu or nutritional status, endogenous

IGF-I may contribute to the regulation of LH and GH secretion from the anterior pituitary

in pigs.

Role of leptin

Leptin, secreted by adipose tissue in response to changes in energy availability, serves as a

circulating signal of nutritional status and has a profound influence on regulation of the

neuroendocrine axis and appetite in rodents (Casanueva and Dieguez, 1999; Ahima and Flier,






Table 4: Effectsof leptin, insulin-like growth factor I (IGF-1)or insulin treatment on LH and GH secretion in vivo

Animal Hormone Hormone and dose Route Results References

Ptepubertal gilt LH Leptin: 10, 50 or 100 g !CV No effect Barb et al., 1999




GH Leptin: 10, 50 or 100 g !CV Increased Barb et at, 1998
OVX prepubertal LH IGF-I: 0.1, 1, 10, 25 or 75 g ICV No effect Barb et at, 1996




GH IGF-I: 0.1, 1, 10, 25 or 75 g ICV No effect Barb etal., 1996
Fetal pig CH IGF-I: 1.5 g ICV Decreased Spencer etal., 1991
OVX prepubertal LH lOor 100 g ICV No effect Barb et at, 1996




GH Insulin: 1, 10 or 100 g Icy No effect Barb et at, 1996
Barrow GH Insulin: 0.3 iu kg-1body weight i.v. Increased Bonneau 1993
OVX gilt LH Insulin: 6 ng ID/ Increased Cox et al., 1990
OVX gilt GH Insulin: 3, 6 or 12 ng ID/ No effect Barb et at, 1990
Postpartum sow LH Insulin: 0.5 iu kg-' body weight i.v. No effect Rojkittikhun et al., 1993b
Gilt follicular phase LH Insulin: 0.1 iu kg-' body weight 4 x day +9, 960 kcal Me day-I i.v. Increased Cox et at, 1987




Insulin: 0.1 iu kg-lbody weight 4 X day -F5,771 kcal Me day-1 i.v. No effect Cox et at, 1987

OVX: ovariectorni zed; Me: metabolizable energy; ICV: intracerebroventricular.
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Fig. 3. Effect of insulin-like growth factor I (IGF-I)
(0-3 x 10-8 mol I-I) on growth hormone-releasing hormone
(GHRI-1)-induced (10-6 mol l-')GH secretion in pig pituitary
cells during (a) 4 h or (b) 24 h culture periods. Values are
mean -± standard errors (n = 8-12 wells per treatment).
C: control = basal secretion in the absence of treatment.
aSignificantly different from the control (P < 0.05). bSignifi-
cantly different from GHRH alone (P < 0.05).

2000). We reported that serum leptin concentrations increased with age (Qian et at, 1999)
and decreased in response to feed deprivation (Barb et at, 2001). In the ovariectomized
prepubertal gilt, oestrogen-induced leptin mRNA expression in adipose tissue occurred at the
time of expected puberty in intact gilts (Qian et at, 1999) and was associated with greater LH

secretion (Barb et al., 2000). Furthermore, expression of the long form leptin receptor (013-RI)
mRNA in the hypothalamus had increased by 3.5 months of age and remained high at 6
months of age in the prepubertal gilt demonstrating an age-dependent increase in OB-RI
expression (Lin et al., 2001). Thus, leptin may be an important link between metabolic status
and the neuroendocrine system.

Gonadotrophin secretion. The multifaceted effects of leptin appear to be mediated by
the hypothalamus. In pigs, the presence of biologically active leptin receptors in the
hypothalamus and pituitary gland indicate that leptin acts through the hypothalamic—pituitary
axis (Lin et at, 2000). In support of this proposal, leptin increased LH secretion from pig
pituitary cells in vitro and GnRH release from hypothalamic tissue in vitro (Barb et al., 1999;
Table 3). Co-localization of leptin receptor mRNA with neuropeptide Y (NPY) gene expression
provides strong evidence that hypothalamic NPY is a potential target for leptin (Cunningham
et at, 1999). In pigs, central administration of NPY suppressed LH secretion (Barb, 1999).
However, fertility was restored only partially in the ob/ob mouse with a homozygous null
mutation for NPY (Erickson et al., 1996). In addition, leptin failed to affect in vitro NPY release
from pig hypothalamic—preoptic area tissue fragments (C. R. Barb, unpublished). Therefore,
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the action of leptin at the CNS may be mediated via other hypothalamic factors in addition
to NPY.

Growth hormone axis. Growth hormone, unlike other pituitary hormones, exerts biological
effects on most tissues in the body and plays an important role in the regulation of metabolism
and energy balance (Etherton and Bauman, 1998). Altered GH secretion is associated with
changes in body composition, metabolism and fasting (Muller et at, 1999). A common factor
associated with all of the above situations is a change in adiposity or change in energy
metabolism.

We assessed the role of leptin in modulating GH secretion by intracerebroventricular
administration of leptin to pigs that had been fed. GH secretion increased markedly in pigs
that were fed normally, and maximum concentrations of GH occurred at 15-30 min after
intracerebroventricular injection (Barb et at, 1998), which is similar to the GH response to
exogenously administered GHRF (Barb et at, 1991; Table 4). More-over, central admin-
istration of leptin reduced feed intake in a dose-dependent manner and this effect was still
apparent at 48 h after leptin treatment (Barb et al., 1998). In addition to a hypothalamic site
of action, we demonstrated that leptin stimulated basal GH secretion and inhibited
GHRH-induced GH secretion from pituitary cells in culture (Barb et al., 1998; Table 3). Taken
together, these results support the hypothesis that adipose tissue secretes a protein signal that
acts on the CNS to regulate GH secretion and feed intake.

Leptin, a metabolic signal, regulates LH and CH secretion. In pigs, pulsatile leptin secretion
decreased significantly after 24 h of a 28 h fast with no subsequent change in LH and GH
secretion or in subcutaneous back fat thickness. However, plasma glucose and serum insulin
and IGF-I concentrations were lower in fasted animals compared with control animals (Barb
et at, 2001). Prepubertal gilts were treated with 2-deoxy-D-glucose, a competitive inhibitor of
glycolysis, to determine whether the effects of metabolic fuel restriction on LH and GH
secretion were due to reduced serum leptin concentrations. Treatment with 2-deoxy-o-
glucose increased mean serum GH concentrations, but failed to affect the frequency and
amplitude of GH pulses. However, 2-deoxy-D-glucose suppressed LH pulse frequency, but
failed to alter mean serum LH concentrations and LH pulse amplitude. Serum leptin
concentrations were unchanged by 2-deoxy-D-glucose treatment (Barb et al., 2001). These
results indicate that acute effects of energy deprivation on LH and GH secretion are
independent of changes in serum leptin concentrations and that there are two distinct sites at
which leptin and glucose modulate the neuroendocrine axis.

Conclusion

Evidence has been presented that supports the concept that metabolites and metabolic
hormones affect both hypothalamic hormone secretion and, hence, anterior pituitary function
and anterior pituitary hormone secretion, directly. In general, glucose, FFA, insulin and IGF-I
act primarily at the anterior pituitary gland to modulate pituitary responsiveness to GHRH and
GnRH, whereas there are two distinct sites of action for leptin in regulating LH and GH
secretion. Although leptin is an important metabolic signal, other metabolic cues, such as
glucose, FFA, insulin and IGF-I, may play a role in modulating the neuroendocrine axis during
pubertal development, lactation and during periods of acute and chronic undernutrition
(Fig. 4).
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Fig. 4. Putative sites of action for meta-

bolic fuels and metabolic hormones in

neuroendocrine control of LH and GH

secretion in pigs. Changes in circulating
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(FFA), insulin, insulin-like growth factor I

(IGF-1) and lepiin in response to energy

availability can be both inhibitory and

stimulatory to LH and GH secretion.
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