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LH secretion. They also examined the effect of 48 h of food
deprivation on the vaginal cytology of female mice. Recovery
of cyclicity following refeeding required an equal amount of
time for both genotypes.

Using female NPY null-mutant mice, we tested the hy-
pothesis that NPY mediates lactation and fasting-induced
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resulted in no significant effect of day postpartum on ma-
ternal weight or food intake. Additionally, the NPY-deficient
mice showed no difference in their regulation of body weight
or food intake, compared with the WT mothers of small
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responsiveness of the reproductive axis to fasting, so we
investigated the effect of E2 replacement. When OVXed an-
imals were treated with E2 capsules, LH levels in animals of
both genotypes fed ad libitum fell to a range similar to that of
intact animals, although levels in fed NPY-deficient mice
were significantly lower than their WT counterparts. Just as
seen in intact animals, fasting caused a significant suppres-
sion of LH levels in the WT animals, but LH secretion in NPY
KO proved resistant to the effects of food deprivation (Fig. 7).

Discussion

The blockade of ovulation in lactating mothers arises from
suppression of the basal pulsatile LH secretion necessary for
follicular development (26, 27). However, controversy exists

concerning the means by which lactation exerts this sup-
pression. In rhesus monkeys, projections to the hypothala-
mus carrying input from the suckling stimulus alone can
often maintain lactational anestrus, yet in some monkeys,
elevated levels of PRL are required to suppress cyclicity (28).
In fact, PRL has been shown to directly suppress neuronal
GnRH release (29–31). Others have suggested a third mech-
anism, namely that the caloric expenditure of lactation sup-
presses estrous cycles through mechanisms similar to those
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engaged during food deprivation (4, 5). The relative impor-
tance of these mechanisms in the rodent may depend on the
stage of lactation, with PRL levels and/or metabolic factors
becoming more important than the suckling stimulus in late
lactation (32–34).

Given its involvement in the hypothalamic control of en-
ergy intake and GnRH release, NPY may convey information
about the metabolic status of an animal to the reproductive
axis. To investigate the role of NPY in postpartum anestrus,
we measured food consumption, body weight regulation,
and timing of the resumption of cyclicity in the NPY KO
mouse. Our data suggest that the suppression of estrous
cycles during lactation and the reestablishment of cyclicity
after weaning can occur independently of the actions of NPY.
The absence of NPY in the KO mothers did not impair ces-
sation of their estrous cycles over the course of the lactational
period. These results suggest that nonmetabolic mechanisms
such as direct actions by PRL or the suckling stimulus may
play a dominant role in the suppression of cyclicity during
lactation, at least in mice. As is the case with all null-mutant
animals, alternative signaling pathways may have compen-
sated for any role played by NPY. One might speculate that
ghrelin-expressing (35), melanin-concentrating hormone-
expressing (5, 36, 37), or orexin-expressing (5, 38, 39) neurons
could also link energy regulation and control of gonadotro-
pin secretion.

Our findings also revealed no evidence of a contribution
of NPY to maintenance of metabolic balance during lactation,
even with high-energy expenditure caused by large litter
sizes. These data recall previous studies showing no effect of
the NPY KO genotype on fasting weight loss and refeeding
(23, 40). Redundant pathways may well take over the met-
abolic functions of NPY in the KO animals. The high degree
of colocalization of agouti-related peptide (AGRP) and NPY
suggest that they could be coordinately regulated during
lactation. Indeed, AGRP gene expression is significantly el-
evated in a subset of the AGRP neurons in the ARC during
lactation (41). Proopiomelanocortin neurons may also help
maintain weight regulation during lactation because pro-
opiomelanocortin gene expression changes across pregnancy
and lactation (42).

NPY activity has been proposed to mediate the neuroen-
docrine response to starvation, including the suppression of
the reproductive axis. In contrast to previous studies using
NPY-deficient male mice, we have shown that a 48-h fast
causes a near-complete suppression of basal LH levels in the
WT females but producing no effect on LH in the NPY KO
animals. Thus, NPY appears play a key role in the fasting-
induced suppression of reproductive hormone secretions in
females but possibly playing less of a requisite role in the
male. This type of selective alteration in the reproductive axis
of NPY KO mice has been seen before, e.g. in the size of the
preovulatory LH surge (43). Our results also suggest that
NPY plays a more integral role in the reproductive respon-
siveness to fasting than to lactation.

Both the effects of E2 replacement on fasted females and
the apparent contrast with NPY KO males (18) point to an
important role for sex steroids in the actions of NPY during
fasting. Studies by Cagampang et al. (19, 20) found that rats
possess both a steroid-dependent and steroid-independent

component to fasting-induced suppression of LH release.
Administration of an opioid antagonist reversed the steroid-
independent suppression seen in OVXed animals (44). Our
WT mice exhibited a similar dual response to fasting in that
LH levels fell lower in the intact and estrogen-treated con-
ditions than in the OVXed animals. The KO animals may
retain a steroid-independent mechanism for LH suppression
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