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Abstract

Physiological roles of prolactin during pregnancy and lactation in the translocation of

calcium from diet to bone: Potential application for the prevention of maternal osteopenia

It has been known that pregnancy and lactation induce tremendous maternal calcium
loss for fetal skeletal development and milk production. Generally, pregnant women transfer
~200 mg calcium per day across the placenta, while breastfeeding mothers lose greater amount
of calcium of ~250-300 mg/day. In some mammals such as dairy cows, such massive calcium
loss may lead to severe hypocalcemia with lethal neurological complications. Our previous
investigation strongly suggests that physiological hyperprolactinemia (i.e., the elevated plasma
prolactin levels) which normally occurs during pregnancy and lactation may help enhance
intestinal calcium absorption, and thus help prevent osteopenia (low bone density) in pregnant
and lactating mothers.

Our research during years 2008-2011 has shown that bone calcium metabolism was
markedly changed in pregnant and lactating rats. Specifically, bone mass was increased during
pregnancy, especially in the cortical parts of long bones (such as tibiae and femora) and in
vertebrae. This adaptation was to store calcium in bone for later use during lactation. In the
lactating period, prolactin stimulated bone resorption, especially in the trabecular sites (e.g.,
tibial metaphysis), to release calcium for lactogenesis.

Although prolactin could induce bone loss during lactation, it also enhanced intestinal
calcium absorption by ~2-fold (i.e., the main goal of prolactin was to provide adequate calcium
for milk production, either from diet or bone). Therefore, a sufficient oral calcium
supplementation should shift the calcium source from bone to diet, thereby preventing
osteopenia in mothers. We found that prolactin enhanced intestinal calcium absorption by 2
major mechanisms as followed.

1. Genomic mechanism (Step 1): chronic exposure to high plasma prolactin (~100-200
ng/mL) for > 7 days led to the upregulation of genes responsible for intestinal calcium transport,
as demonstrated by microarray and real-time PCR in non-pregnant hyperprolactinemic rats.
Thus, this genomic mechanism elevated the baseline of calcium flux across intestinal epithelium
of pregnant and lactating rats.

2. Non-genomic mechanism (Step 2):. acute exposure to extremely high plasma

prolactin of > 400 ng/mL (as during the suckling-induced prolactin surge) for 15-60 minutes
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further increased the intestinal calcium transport above the newly elevated baseline (i.e., Step-1
calcium transport).

Further studies by using cellular and molecular techniques demonstrated that non-
genomic effect of prolactin required the long isoform of prolactin receptors expressed in the
intestinal absorptive cells, as well as 3 signaling proteins, namely phosphoinositide 3-kinase
(PI3K), protein kinase C (PKC)-zeta, and Rho kinase (ROCK). Prolactin was found to use these
signaling proteins in the duodenum, cecum and intestinal epithelium-like Caco-2 monolayer
(i.e., cultured epithelial sheet). Moreover, the prolactin-enhanced apical calcium uptake in
intestinal epithelial cells was mediated by the voltage-dependent L-type calcium channel
Ca,1.3, but not TRPV5 or TRPV6 calcium channels. This information suggested that, in some
special conditions such as in lactation, the intestinal cells use atypical calcium channel (i.e.,
Ca,1.3) for calcium absorption.

In addition to Ca,<1.3, we also found that there were a number of genes which
participated in the intestinal calcium absorption during some other special conditions, such as
chronic metabolic acidosis and endurance exercise. Indeed, the endurance swimming exercise
was of interest since it was capable of stimulating intestinal calcium absorption. Thus, it was
anticipated that the combined swimming and oral calcium supplementation might have a
synergistic effect for the prevention of osteopenia in lactation.

Finally, we have shown that oral calcium supplementation ~30 minutes prior to
breastfeeding (i.e., pre-suckling calcium supplement) for 2 weeks could prevent severe bone
loss in maternal rats. The optimal calcium chloride dose was 6 mg per kilogram body weight
per dose, 3-4 times per day. Therefore, it could be concluded that oral calcium
supplementation before each suckling-induced prolactin surge has a potential for the

prevention of maternal osteopenia.
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