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Abstract
Background: Medications used to augment lactation increase prolactin secretion but can have
intolerable side effects. We examined the biological activity of recombinant human prolactin (rhPRL) as preliminary data for its use to augment lactation.
Methods: Healthy, non-postpartum women (n = 21) with regular menstrual cycles underwent a
seven day randomized, double-blind, placebo-controlled trial of r-hPRL. Expressible galactorrhea,
markers of bone turnover, calcium homeostasis and gonadal function were measured and side
effects recorded.
Results: Prolactin levels increased during r-hPRL administration (20.0 ± 2.8 to 231.7 ± 48.9 µg/L
at 6 hours; p < 0.05). Five of nine participants who received r-hPRL developed expressible
galactorrhea (p < 0.001). Urinary deoxypyridinoline decreased and bone specific alkaline
phosphatase increased in r-hPRL and placebo groups. Menstrual cycle lengths were not altered and
side effects were similar between r-hPRL and placebo groups.
Conclusion: In summary, r-hPRL can cause expressible galactorrhea. Seven days of r-hPRL
administration does not adversely affect bone turnover or menstrual cyclicity. Thus, r-hPRL may
be a viable option for short-term lactation augmentation.
Trial registration: Clinical Trials.gov NCT00438490

Background
Breastfeeding has many important health implications for
mothers and infants [1]. However, there can be obstacles
to breastfeeding even in the most motivated women. The
prevalence of lactation insufficiency may be as high as
15% in newly lactating women [2]. The rate of lactation
insufficiency is even higher in mothers of premature
infants who must pump breast milk to feed their babies in
neonatal intensive care units [3]. The causes of lactation

insufficiency are multifactorial and include poor sucking,
structural breast abnormalities and infrequent feedings by
the infant. They also include poor milk production and
poor letdown [2].
A subset of mothers with poor milk production has insufficient prolactin secretion, although the absolute prolactin levels required for adequate lactation and the number
of women affected is unknown. Prolactin is critical to

Page 1 of 8
(page number not for citation purposes)

International Breastfeeding Journal 2007, 2:10

breast milk production based on absence of lactation in
the absence of prolactin [4] and evidence that bromocriptine abolishes lactation at many stages, even late postpartum when basal prolactin levels have reached the normal
range [5]. The majority of studies demonstrate a relationship between prolactin levels and milk volume [6-10],
with low basal and suckling stimulated prolactin concentrations in women with the poorest lactation [9]. Agents
that increase endogenous prolactin, such as metoclopramide and domperidone, have been used in a 7–10 day
course to increase breast milk supply in mothers with lactation insufficiency [11-14]. However, these medications
can be associated with side effects such as drowsiness and
depression and alternative therapies are needed
[12,15,16]. Recombinant human prolactin (r-hPRL) is a
potentially new therapy that is available for investigational use; however, its biological activity and side effect
profile have not been examined.
As a consequence of the large calcium requirements of lactation, markers of bone formation and resorption are
increased [17] and bone density declines at trabecular and
cortical sites [18]. Women with pathological hyperprolactinemia exhibit reduced radial and vertebral body bone
mineral density compared to controls [19]. It has been
suggested that the decrease in bone density observed during lactation and in hyperprolactinemic women is largely
due to the hypoestrogenemia that can accompany hyperprolactinemia [20,21]. However, the bone loss during lactation exceeds that in women with GnRH agonist-induced
hypoestrogenemia [22]. Similarly, women with pathological hyperprolactinemia and amenorrhea exhibit lower
radial bone mineral content than amenorrheic women
with normal prolactin levels [23]. Further, prolactin levels
correlate inversely with bone density and markers of bone
formation and directly with markers of bone resorption
[24]. Finally, prolactin receptors have been identified on
osteoblasts [25]. Taken together, these data suggest that
prolactin may have a direct effect on bone turnover in
addition to effects mediated by estrogen suppression.
These potential prolactin effects on bone must be identified in estrogen replete women to isolate effects related
directly to prolactin and not the concomitant estrogen
deficiency in hyperprolactinemic states.
Lactation is also associated with amenorrhea. The etiology
of lactational amenorrhea may include the suckling stimulus, energy deficit related to the increased catabolic
demands of lactation, increased sensitivity to estradiol
feedback and elevated prolactin levels [26]. We have previously shown that prolactin has direct effects on GnRH
secretion in the absence of changes in menstrual cycle
length when given for a seven day course [27]. The
absence of a direct effect of r-hPRL on menstrual cycle
length needs confirmation.
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The goal of this study was to determine whether r-hPRL
was biologically active and to examine potential side
effects from the use of r-hPRL on bone turnover and menstrual cyclicity, since prolactin may have direct effects on
these parameters as outlined above. We chose not to study
lactating women for these pilot studies because the enormous changes in bone turnover and the hypoestrogenic
state that accompany lactation could not be separated
from the effect of prolactin administration itself. Therefore, we treated regularly cycling, estrogen replete, nonpostpartum women with prolactin at doses targeted to
achieve prolactin levels during lactation [9,28-30]. Using
estrogen replete, non-lactating women allowed us to isolate the direct effects of r-hPRL from effects related to the
postpartum state and the concomitant estrogen deficiency.

Methods
A total of twenty-one healthy women aged 21 – 38 years
(28.4 ± 5.4 years, mean ± SD) were studied during the
years 2002 and 2003 in a randomized, double blind, placebo-controlled trial of recombinant human prolactin
administration (r-hPRL; Genzyme Corporation, Cambridge, MA [31]). All participants had a history of regular
25 – 35 day menstrual cycles with ovulation documented
by a luteal phase progesterone level. All participants had
normal prolactin and thyroid stimulating hormone (TSH)
levels, renal function, hemoglobin ≥ 110 g/L, body mass
index (BMI) 17.5 – 30.4 kg/m2, and no evidence of androgen excess, expressible or spontaneous galactorrhea or
breast masses. Participants were non-smokers, had no history of osteoporosis, alcoholism or medical problems,
and used no medications known to affect bone turnover
and no hormonal medications for at least three months.
The study protocol was approved by the Massachusetts
General Hospital (MGH) Human Research Committee
and all participants gave written informed consent before
participation.
Participants were studied in the follicular phase of the
menstrual cycle, starting between days 1 and 8 after menses. Before the first injection, participants underwent a
breast exam to document the absence of expressible galactorrhea and collected a 24 hour urine sample for calcium,
creatinine, phosphorus, deoxypyridinoline and N-telopeptide. At the completion of the urine collection, participants had blood drawn for calcium, phosphorus,
parathyroid hormone (PTH), parathyroid related protein
(PTH-rP), 1,25-(OH)2 vitamin D, albumin, bone specific
alkaline phosphatase, estradiol, luteinizing hormone
(LH) and follicle stimulating hormone (FSH). Participants also kept a 48-hour food record, which was used to
match calcium, phosphorus, sodium and protein consumed during the 48-hour period surrounding the final rhPRL injection.
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The participants were randomized by the research pharmacy using a random number generator to receive a subcutaneous (SC) r-hPRL or placebo injection for seven
days. To achieve prolactin levels in the range of those
measured in postpartum women, i.e. 100–250 µg/L [9,2830], the first subject was treated with 300 µg/kg r-hPRL
based on pharmacokinetic data from the manufacturer
(Genzyme Corporation). However, prolactin levels in the
first subject reached 900.6 µg/L using this protocol and
the dose was decreased to 60 µg/kg r-hPRL for subsequent
participants. The data from the first subject was not
included in the mean prolactin level calculations. Blood
was drawn for prolactin levels at baseline and 2, 4, and 6
hours after the injection and vital signs were monitored
during the 3 hours immediately following the injection. A
transvaginal or transabdominal ultrasound was performed and the maximum diameter of all follicles ≥ 10
mm was recorded.
Participants either returned daily to the GCRC or selfadministered 60 µg/kg r-hPRL or placebo injections for six
additional days. Blood was drawn for estradiol, LH and
FSH levels before each daily injection. On the day before
the final injection, participants began a second 48-hour
food record to determine if dietary components matched
those consumed in the first 48 hours of the study.
On the day of the final r-hPRL or placebo injection, blood
was drawn as above and participants collected a second
24-hour urine sample. The transvaginal or transabdominal ultrasound was repeated to assess follicle growth.
Twenty-four hours after the final r-hPRL or placebo injection, blood samples were drawn as on the day before the
first injection and breasts were examined for the presence
of expressible galactorrhea by palpation. Participants were
asked to describe any side effects and adverse events were
recorded. Participants returned 2–3 weeks later for a urine
pregnancy test and an assessment of menstrual cycle
length.
Assays
Deoxypyridinoline (Dpd; Pyrilinks-D, Quidel, San Diego,
CA), N-telopeptide (NTX; Osteomark, Ostex International, Inc., Seattle, WA), and bone specific alkaline phosphatase (BSAP; Alkphase-B, Quidel, San Diego, CA) were
measured using enzyme-linked immunosorbent assays
(ELISAs) according to the manufacturers' directions. For
deoxypyridinoline the intra-assay coefficients of variation
(CVs) were 8.5, 5.6, and 4.9% at concentrations of 10.6,
72.1, and 135 nM Dpd/mM creatinine (Cr), respectively,
and the inter-assay CVs were 7.6 and 4.2% at concentrations of 18.0 and 99.9 nM Dpd/mM Cr. For N-telopeptide
the intra-assay CVs were 8.6, 5.0, and 5.7% at concentrations of 155, 818, and 1630 nM bone collagen equivalents (BCE)/mM Cr, and the inter-assay CVs were 12.5 and
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10.2% at concentrations of 407 and 1420 nM BCE/mM
Cr. For BSAP, the intra-assay CVs were 3.3, 3.5, and 2.9%
at concentrations of 12.3, 58.2, 96.7 U/L, and the interassay CVs were 3.7 and 6.5% at concentrations of 13.1
and 65.0 U/L. Serum prolactin, LH, FSH, and estradiol
were measured using a 2-site monoclonal non-isotopic
system according to the manufacturer's directions
(Axsym, Abbott Laboratories, Abbott Park, IL). LH and
FSH levels are expressed in IU per liter as equivalents of
the Second International Reference Preparation 71/223 of
human menopausal gonadotropins. The interassay CVs
for the LH assay were 5.3, 5.5 and 7.4% at concentrations
of 5.6, 26.2 and 69.0 IU/L. The interassay CVs for the FSH
assay were 6.9, 7.1 and 6.3% at concentrations of 4.3, 35.4
and 79.5 IU/L. The CVs for the estradiol assay were 9.2,
5.4 and 9.6% at estradiol concentrations of 312, 1101,
2570 pmol/L. The CVs for the prolactin assay were 4.6, 4.5
and 5.2% for prolactin concentrations of 8, 20 and 40 µg/
L. Intact PTH was measured using a two-site chemiluminescence immunoassay (Nichols Institute Diagnostics,
San Clemente, CA). The sensitivity of the assay was 5 pg/
mL and the interassay CVs were less than 5.5 and 6% at
concentrations of 21.7 and 143.5 ng/L. PTHrP (1–86) was
measured using a two-site immunoradiometric assay
(Diagnostic Systems Laboratories Inc., Webster, Tx, USA).
The sensitivity of the assay was 0.3 pM and the intra- and
interassay CVs were 4.8% and 13.6%. 1,25-(OH)2 vitamin
D was measured by radioimmunoassay (RIA; DiaSorin,
Inc., Stillwater, MN). The interassay CVs were 14.6, 11.1
and 11.2% for quality control sera at low, medium and
high concentrations. For all measurements, all samples
for a given individual were run in the same assay.
Data Analysis
Studying a total of 21 participants was expected to yield at
least 8 participants who received r-hPRL, resulting in a
greater than 90% chance of detecting galactorrhea at a 2sided, 5% significance level if the rate of spontaneous or
expressible galactorrhea in women with regular menstrual
cycles is 1% [32]. Twenty-one participants also resulted in
an 80% probability that the study would detect a significant difference in markers of bone turnover at a 2-sided,
5% significance level.

All data were normally distributed. A z -test was used to
determine whether the rate of expressible galactorrhea
exceeded 1%, the incidence in regularly cycling women
[32]. Prolactin, gonadotropins, estradiol concentrations,
markers of bone formation and resorption, calcium,
phosphorus, albumin, PTH, PTHrP, 1,25-(OH)2 vitamin
D and follicle size were analyzed using 2 way repeated
measures ANOVA during r-hPRL or placebo administration and significant differences were further analyzed
using a Tukey post hoc test. Calcium, phosphorus,
sodium, vitamin D and macronutrient intake were com-
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pared before and after r-hPRL or placebo administration
using paired t-tests. Results are expressed as mean ± SEM
unless otherwise indicated. A p value of < 0.05 was considered significant.

Results
In the r-hPRL treated group, prolactin levels increased
from 16.6 ± 2.4 µg/L to a peak of 164.2 ± 20.3 µg/L 4
hours after the first 60 µg/kg r-hPRL injection (Figure 1).
The prolactin level was unchanged at baseline before the
seventh r-hPRL injection (16.9 ± 1.5 µg/L) and increased
to a peak of 141.9 ± 10.9 µg/L four hours after the final rhPRL injection. In the placebo group, baseline prolactin
levels (15.0 ± 1.5 vs. 15.3 ± 2.0 µg/L; before and on the
seventh day of placebo injections, respectively; p = NS)
and prolactin levels over 6 hours (12.8 ± 1.8 vs. 19.1 ± 4.9
µg/L at 6 hours; p = NS; Figure 1) did not change after
seven days of placebo injections, as expected.

Prolactin (mcg/L)

None of the participants had expressible galactorrhea at
baseline. During the seven days of r-hPRL administration,
five of the nine participants experienced several drops of
expressible galactorrhea (p < 0.001), and two of those five
participants experienced breast tenderness or fullness. The
breast secretions were milky white in color, bilateral and
had no evidence of blood or abnormal coloration. Of the
five participants who experienced expressible galactorrhea, two had been pregnant and one delivered a child 5
years before participating in the study. Of the four participants who did not develop expressible galactorrhea, three
had been pregnant and two had delivered children 3 years
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Figure 1 levels after r-hPRL or placebo injections
Prolactin
Prolactin levels after r-hPRL or placebo injections.
Prolactin levels (mean ± SE) after administration of 60 µg/kg
recombinant human prolactin (solid lines) or placebo (dotted
lines) on the first (closed circles) and 7th day of injections
(open squares), over 6 hours. * designates significant differences in r-hPRL and placebo on the same day at p < 0.05.

and 7 years before participating in the study. There was no
difference in age in the participants who experienced
galactorrhea compared to those who had not (28.3 ± 5.1
vs. 29.8 ± 3.3 years, mean ± SD; p = 0.6; galactorrhea vs.
no galactorrhea, respectively). None of the participants in
the placebo group developed spontaneous or expressible
galactorrhea. One subject receiving r-hPRL noted mild
fatigue and moodiness. One subject had a tender lymph
node in the groin area, thought to be unrelated to the rhPRL. There were no other side effects in the r-hPRL treatment group. In the placebo group, side effects included
diarrhea, nausea (n = 2), headache (n = 3), fatigue, fever
and bruising at the blood drawing site.
Urinary deoxypyridinoline concentrations tended to
decrease in the r-hPRL group (Table 1; p = 0.07) and did
decrease in the group as a whole (8.2 ± 1.0 vs. 7.1 ± 0.8
nM Dpd/mM Cr; p < 0.05), but there were no significant
changes in the placebo group. There were no changes in
urinary N-telopeptide after seven days of r-hPRL or placebo treatment. Bone specific alkaline phosphatase
increased during seven days of placebo treatment (p <
0.01) and in the group as a whole (16.1 ± 1.2 U/L vs. 17.7
± 1.3 U/L; p < 0.01), but not during r-hPRL administration.
Serum calcium concentrations increased significantly during seven days of r-hPRL and placebo administration,
however, there was no significant effect of treatment on
this increase (p = 0.74) and the change in calcium concentration was not different when corrected for albumin concentration (Corrected [Ca] = Measured total [Ca] + (0.8 ×
(4.5 - [alb])); Table 1). There were no changes in serum
phosphorus, PTH, PTHrP, 1,25-(OH)2 vitamin D concentrations or in the urinary Ca/Cr and urinary phosphorus/
Cr ratios after seven days of r-hPRL and placebo treatment
(Table 1). There were also no changes in energy, macronutrient, calcium, phosphorus or sodium intake or in the Cr
clearance in the 24 hours before r-hPRL or placebo injections began and in the final 48 hours of the injections
(Table 2).
Serum estradiol levels (217.3 ± 29.8 vs. 634.3 ± 175.1 and
186.1 ± 20.6 vs. 466.6 ± 72.4 pmol/L; before and after 7
days of placebo and r-hPRL, respectively; p < 0.05 for
both) and follicle size (10.2 ± 0.8 vs. 15.9 ± 2.0 and 9.7 ±
0.8 vs. 15.6 ± 1.4 mm; p < 0.05 for both) increased after 7
days of placebo and r-hPRL treatment, as expected during
the follicular phase of the menstrual cycle, and there was
no difference between the two groups (Figure 2). There
were no differences in LH and FSH between groups. There
was no evidence of spotting or irregular menstrual bleeding during or after the study. Menstrual cycle length was
similar during r-hPRL and placebo treatment (28.8 ± 1.0
vs. 30.1 ± 1.1 days; placebo vs. r-hPRL; p = 0.09).

Page 4 of 8
(page number not for citation purposes)

International Breastfeeding Journal 2007, 2:10

http://www.internationalbreastfeedingjournal.com/content/2/1/

Table 1: Markers of bone turnover and calcium homeostasis during r-hPRL or placebo treatment

Placebo

r-hPRL

Before treatment

After treatment

Before treatment

After treatment

7.2 ± 0.6
45.3 ± 4.6
15.4 ± 1.3
2.3 ± 0.03
40 ± 1
2.4 ± 0.03
1.2 ± 0.03
45.7 ± 4.4
0.33 ± 0.02
102.2 ± 7.0
0.11 ± 0.02
0.61 ± 0.07

6.9 ± 0.7
42.3 ± 5.6
17.5 ± 1.5*
2.4 ± 0.03*
43 ± 1*
2.4 ± 0.03
1.1 ± 0.03
47.6 ± 4.5
0.35 ± 0.04
102.2 ± 6.7
0.11 ± 0.02
0.61 ± 0.08

9.5 ± 2.1
35.6 ± 4.0
17.0 ± 2.2
2.3 ± 0.03
40 ± 1
2.4 ± 0.03
1.0 ± 0.06
46.8 ± 5.9
0.30 ± 0.00
115.4 ± 17.5
0.10 ± 0.02
0.60 ± 0.07

7.4 ± 1.8
31.9 ± 4.1
18.1 ± 2.5
2.4 ± 0.03*
42 ± 1
2.5 ± 0.05
1.1 ± 0.06
38.8 ± 6.2
0.37 ± 0.05
117.6 ± 25.2
0.15 ± 0.02
0.59 ± 0.05

Deoxypyridinoline (nM/mM)
N-telopeptide (nM/mM Cr)
Bone specific alk phos (U/L)
Calcium (mmol/L)
Albumin (g/L)
Corrected calcium (mmol/L)
Phosphorus (mmol/L)
PTH (ng/L)
PTH-rP (pmol/L)
1,25-(OH)2 Vit D (pmol/L)
Urinary Ca/Cr
Urinary Phos/Cr

All results: mean ± SE
* p < 0.05 within a group as indicated by the Tukey post hoc test.

Discussion
Based on the overwhelming advantage of breast milk as
an infant's source of nutrition coupled with a subset of
women who have lactation insufficiency related to prolactin deficiency, additional medication to augment lactation without side effects is needed [3]. This study
demonstrates the biological activity of r-hPRL in eliciting
treatment-induced, expressible galactorrhea. In addition,
r-hPRL induced no adverse changes in bone turnover
when isolated from the hypoestrogenemia that occurs in
physiological states of hyperprolactinemia [20,33,34].
There were also no changes in estradiol or menstrual cycle
length in the current study or in our previous study in
which r-hPRL was administered twice daily [27]. Finally,
there were no significant adverse side effects reported.
These data suggest that short-term use of recombinant
human prolactin can produce expressible galactorrhea
and is not detrimental to bone turnover or menstrual
cyclicity.

In the current study, r-hPRL administration once daily for
seven days was adequate to induce expressible galactorrhea, a time frame chosen based on studies of other lactation induction agents [11-14]. In a previous study in
which r-hPRL was administered every 12 hours for seven
days to examine its effect on GnRH secretion [27], four of
six participants developed expressible galactorrhea, however, this study was not powered to examine efficacy. The
pattern of hyperprolactinemia after r-hPRL administration does not perfectly replicate physiological or pathological hyperprolactinemia, however, it should be similar
to the prolactin increase induced by metoclopramide.
Studies are now ongoing to determine whether r-hPRL
will augment milk production in postpartum mothers
with lactation insufficiency and to determine the minimum dosing interval required. Further studies will determine whether r-hPRL can induce lactation in mothers
with prolactin deficiency and absence of lactotrophs, such
as women with a history of Sheehan's syndrome, and in

Table 2: Average daily energy, macronutrient, Vitamin D and mineral intake during r-hPRL or placebo administration

Placebo

Energy (kcal)
Fat (g)
Protein (g)
Carbohydrate (g)
Vitamin D (µg)
Calcium (mg)
Phosphorus (mg)
Sodium (mg)

r-hPRL

Before treatment

After treatment

Before treatment

After treatment

1963 ± 164
65. ± 8.4
67.5 ± 7.5
283 ± 23
3.7 ± 0.9
849 ± 92
1166 ± 123
3460 ± 436

1929 ± 164
66.9 ± 6.7
71.8 ± 7.5
267 ± 25
4.1 ± 0.9
749 ± 113
1131 ± 135
3823 ± 497

1670 ± 190
58.3 ± 8.1
63.8 ± 7.1
225 ± 27
5.9 ± 3.8
1019 ± 162
1093 ± 106
2505 ± 222

1606 ± 244
55.8 ± 11.4
62.9 ± 9.9
206 ± 33
2.9 ± 0.8
1054 ± 210
1029 ± 128
2517 ± 328

All results: mean ± SE
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Figure
Reproductive
cebo
injections
2
hormone concentrations during r-hPRL or plaReproductive hormone concentrations during rhPRL or placebo injections. LH, FSH and estradiol (E2)
concentrations (mean ± SE) in normal women during 7 days
of treatment with placebo (n = 12; black bars) and r-hPRL (n
= 9; white bars) in the early (EFP), mid (MFP) and late follicular phase (LFP). There were no differences in hormone concentrations at any cycle stage between the two groups.

adoptive mothers. Finally, although previous studies have
suggested that the composition of milk in nonpuerperal
women with induced lactation or hyperprolactinemia
from medication, prolactinomas or hypothyroidism was
similar to that of transitional or mature milk in composition [35-37], the milk composition will need to be examined in mothers who desire to lactate using r-hPRL longterm.
It is encouraging that r-hPRL did not increase markers of
bone resorption or decrease bone specific alkaline phosphatase, a marker of bone formation, during short-term
use for its potential development as a galactagogue. Nevertheless it is surprising. From the early follicular phase to
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the early luteal phase in non-lactating women markers of
bone formation such as osteocalcin and bone specific
alkaline phosphatase increase, as demonstrated in the current study and others [38-40], presumably in response to
the increase in estradiol and possibly androgen levels.
Markers of bone resorption such as urinary deoxypyridinoline, pyridinoline and N-telopeptide have been demonstrated to decrease [38], remain unchanged [41] or
increase [40,41] from the early follicular phase through
the early luteal phase of the menstrual cycle. In the current
study, urinary deoxypyridinoline decreased across the follicular phase in the whole group of women. The findings
in the current study are strengthened by the matched
macro- and micronutrient intake at the time of the two
evaluations. There was no independent effect of r-hPRL
treatment on markers of bone formation or resorption,
although there was a trend toward a decrease in urinary
deoxypyridinoline in r-hPRL treated participants. Of note,
short-term hyperprolactinemia did not disrupt the normal estradiol increase across the follicular phase of the
menstrual cycle in our current or previous study using
twice daily r-hPRL dosing, nor did a 12 hour r-hPRL infusion cause fluctuations in estradiol concentration [27].
Taken together, the absence of a change in bone formation markers and the trend toward a decrease in markers
of bone resorption with short-term r-hPRL administration
suggest that the increased bone resorption and formation
observed in lactation [17] and the increased resorption
and decreased formation in patients with hyperprolactinemia from prolactinomas [42] are associated with
estrogen deficiency and changes in PTHrP that accompany
these physiological states. Thus, the physiological effects
of lactation would be expected to account for any changes
in bone turnover during long-term r-hPRL administration.
The current study also examined the hormones controlling calcium homeostasis and determined that short-term
hyperprolactinemia does not affect endogenous calcium
concentrations. R-hPRL treatment did not decrease urinary calcium excretion, as had been demonstrated in animal models [43]. There was no increase in 1,25 (OH)2
vitamin D in women treated with r-hPRL for 7 days, suggesting that prolactin does not regulate 1-hydroxylation of
vitamin D in women, consistent with previous observational studies [44-46]. There was also no increase in
PTHrP during r-hPRL treatment, an observation that is
surprising in light of the association between PTHrP and
prolactin in lactating women and women with hyperprolactinemia [20,33,34] and interventional studies in animals [47,48]. Data demonstrating stimulation of PTH-rP
in the suckled, but not the contralateral mammary gland
provides evidence that a locally produced factor stimulates PTH-rP [49] and there is increasing evidence that
extracellular calcium regulates PTHrP production via the
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calcium receptor in the lactating breast [50]. Nevertheless,
it is possible that the duration of prolactin exposure in the
current study was insufficient to increase PTHrP. Although
the duration of hyperprolactinemia was sufficient to produce expressible galactorrhea in a majority of the participants, breast milk PTHrP levels increase with increasing
duration of lactation [51-53] and women with longstanding prolactinomas and lactating women [20,33,34] are
exposed to elevated prolactin levels for months, not days.
Further, the volume of breast tissue may determine serum
PTHrP levels [54]. Finally, a transient change in PTHrP
during r-hPRL administration was not ruled out, although
there was also no change in 24 hour urine concentrations
of calcium and phosphorus, which would be expected to
change with any transient change in PTHrP.
The current data also confirm and expand previous findings examining calcium changes across the menstrual
cycle. When calcium was corrected for albumin, there was
no change across the follicular phase, similar to previous
studies [38,39,55]. There were also no changes in urinary
calcium or phosphorus excretion, PTHrP or 1,25 (OH)2
vitamin D across the follicular phase in the current study
or others [39]. Although PTH changes across the menstrual cycle have been more variable, demonstrating no
change [39] a peak in the early luteal phase [38] or a
decrease in the luteal phase [40], the current data demonstrate no change. Taken together, the data confirm and
expand previous findings demonstrating that measurements of calcium homeostasis are not affected by the hormonal changes in the menstrual cycle.

Conclusion
The data demonstrate that r-hPRL is biologically active,
producing expressible galactorrhea in the majority of
treated women with minimal side effects. Further, this
randomized, placebo-controlled trial of r-hPRL administration for seven days isolated the effect of prolactin on
bone from the effect of hypoestrogenemia and changes in
the hormones regulating calcium homeostasis that can
accompany hyperprolactinemia and lactation. The data
demonstrate that r-hPRL does not have a detrimental
effect on the markers of bone turnover. Further, shortterm r-hPRL administration had no effect on estradiol or
menstrual cycle length. Taken together, r-hPRL appears to
have no direct detrimental effect on bone or menstrual
cycle length during the short-term administration that
would be used to augment lactation. Further studies are
ongoing to examine short and long-term use of r-hPRL in
lactating mothers.

Competing interests
CKW received a sponsored research grant from Genzyme
Corporation. Genzyme Corporation was not involved in

http://www.internationalbreastfeedingjournal.com/content/2/1/

the conception, study design, data analysis or writing of
this manuscript.

Authors' contributions
GPW carried out the protocol, collected and analyzed data
and wrote the initial version of the manuscript. PS
recruited participants, analyzed data, assisted with data
interpretation and revised the manuscript. CW was
responsible for study design, overseeing subject recruitment, data collection and analysis and revising the manuscript. All authors read and approved the final version of
the manuscript.

Acknowledgements
We would like to thank John Wysolmerski, M.D. and Pamela Dann for
assistance with the PTHrP assays. We also acknowledge the nurses of the
GCRC for their excellence in patient care, Judith M. Adams, D.M.U. for her
help with ultrasounds and Pat Sluss, Ph. D. for his assay expertise.
This work was supported by the Doris Duke Charitable Foundation
(GPW), Research Grant #6-FY04-76 from the March of Dimes Birth
Defects Foundation (CKW) and the National Institutes of Health, National
Center for Research Resources General Clinical Research Centers Program grant M01-RR-01066 (CKW).

References
1.
2.
3.
4.
5.

6.
7.
8.
9.
10.
11.
12.

13.
14.

Breastfeeding and the use of human milk. American Academy of Pediatrics. Work Group on Breastfeeding. Pediatrics
1997, 100:1035-1039.
Powers NG: Slow weight gain and low milk supply in the
breastfeeding dyad. Clin Perinatol 1999, 26:399-430.
Meier PP, Brown LP: State of the science: breastfeeding for
mothers of low birth weight infants. Nurs Clin North Am 1996,
31:351-365.
Kauppila A, Chatelain P, Kirkinen P, Kivinen S, Ruokonen A: Isolated
prolactin deficiency in a woman with puerperal alactogenesis. J Clin Endocrinol Metab 1987, 64:309-312.
Brun del Re R, del Pozo E, de Grandi P, Friesen H, Hinselmann M,
Wyss H: Prolactin inhibition and suppression of puerperal lactation by a Br-ergocryptine (CB 154). Obstet Gynecol 1973,
41:884-890.
Howie PW, McNeilly AS, McArdle T, Smart L, Houston MJ: The relationship between suckling induced prolactin response and
lactogenesis. J Clin Endocrinol Metab 1980, 50:670-673.
Ingram JC, Woolridge MW, Greenwood RJ, McGrath L: Maternal
predictors of early breast milk output. Acta Paediatr 1999,
88:493-499.
Hennart P, Delogne-Desnoeck J, Vis H, Robyn C: Serum levels of
prolactin and milk production in women during a lactation
period of thirty months. Clin Endocrinol 1981, 14:349-353.
Aono T, Shioji T, Shoda T, Kurachi K: The initiation of human lactation and prolactin response to suckling. J Clin Endocrinol
Metab 1977, 44:1101-1106.
Uvnas-Moberg K, Widstrom A, Werner S, Matthiesen A, Winberg J:
Oxytocin and prolactin levels in breast-feeding women. Acta
Obstet Gynecol Scand 1990, 69:301-306.
Ehrenkranz RA, Ackerman BA: Metoclopramide effect on faltering milk production by mothers of premature infants. Pediatrics 1986, 78:614-620.
Kauppila A, Kivinen S, Ylikorkala O: Metoclopramide increases
prolactin release and milk secretion in puerperium without
stimulating the secretion of thyrotropin and thyroid hormones. J Clin Endocrinol Metab 1981, 52:436-439.
Petraglia F, De L V, Sardelli S, Pieroni ML, D'Antona N, Genazzani AR:
Domperidone in defective and insufficient lactation. Eur J
Obstet Gynecol Reprod Biol 1985, 19:281-287.
da Silva OP, Knoppert DC, Angelini MM, Forret PA: Effect of domperidone on milk production in mothers of premature new-

Page 7 of 8
(page number not for citation purposes)

International Breastfeeding Journal 2007, 2:10

15.
16.
17.
18.
19.
20.

21.
22.
23.
24.

25.

26.
27.
28.

29.

30.
31.

32.
33.

34.

35.
36.
37.
38.

borns: a randomized, double-blind, placebo-controlled trial.
CMAJ 2001, 164:17-21.
Gabay MP: Galactogogues: medications that induce lactation.
J Hum Lact 2002, 18:274-279.
Henderson A: Domperidone. Discovering new choices for lactating mothers. AWHONN Lifelines 2003, 7:54-60.
Bikle DD: Biochemical markers in the assessment of bone disease. Am J Med 1997, 103:427-436.
Sowers M: Pregnancy and lactation as risk factors for subsequent bone loss and osteoporosis. J Bone Miner Res 1996,
11:1052-1060.
Klibanski A, Neer RM, Beitins IZ, Ridgway EC, Zervas NT, McArthur
JW: Decreased bone density in hyperprolactinemic women.
N Engl J Med 1980, 303:1511-1514.
Sowers MF, Hollis BW, Shapiro B, Randolph J, Janney CA, Zhang D,
Schork A, Crutchfield CM, Stanzyck F: Elevated parathyroid hormone-related peptide associated with lactation and bone
density loss. JAMA 1996, 276:549-554.
Klibanski A, Biller BMK, Rosenthal DI, Schoenfeld DA, Saxe V:
Effects of prolactin and estrogen deficiency in amenorrheic
bone loss. J Clin Endocrinol Metab 1988, 67:124-130.
Kovacs CS, Kronenberg HM: Maternal-fetal calcium and bone
metabolism during pregnancy, puerperium and lactation.
Endocr Rev 1997, 18:832-872.
Schlechte JA, Sherman B, Martin R: Bone density in amenorrheic
women with and without hyperprolactinemia. J Clin Endocrinol
Metab 1983, 56:1120-1123.
Colao A, DiSomma C, Loche S, DiSarno A, Klain M, Pivonello R, Pietrosante M, Salvatore M, Lombardi G: Prolactinomas in adolescents: persistent bone loss after 2 years of prolactin
normalization. Clin Endocrinol 2000, 52:319-327.
Clement-Lacroix P, Ormandy C, Lepescheux L, Ammann P, Damotte
D, Goffin B, Bouchard B, Amling M, Gaillard-Kelly M, Binart N, Baron
R, Kelly PA: Osteoblasts are a new target for prolactin: Analysis of bone formation in prolactin receptor knockout mice.
Endocrinology 1999, 140:96-105.
McNeilly AS: Lactational control of reproduction. Reprod Fertil
Dev 2001, 13:583-590.
Page-Wilson G, Smith PC, Welt CK: Prolactin Suppresses GnRH
but Not TSH Secretion. Horm Res 2006, 65:31-38.
Johnston JM, Amico JA: A prospective longitudinal study of the
release of oxytocin and prolactin in response to infant suckling in long term lactation. J Clin Endocrinol Metab 1986,
62:653-657.
Battin DA, Marrs RP, Fleiss PM, Mishell DR: Effect of suckling on
serum prolactin, luteinizing hormone, follicle-stimulating
hormone, and estradiol during prolonged lactation. Obstet
Gynecol 1985, 65:785-788.
Noel GL, Suh HK, Frantz AG: Prolactin release during nursing
and breast stimulation in postpartum and nonpostpartum
subjects. J Clin Endocrinol Metab 1974, 38(3):413-423.
Price AE, Logvinenko KB, Higgins EA, Cole ES, Richards SM: Studies
on the microheterogeneity and in vitro activity of glycosylated and nonglycosylated recombinant human prolactin
separated using a novel purification process. Endocrinology
1995, 136:4827-4833.
Jones JR, Gentile GP: Incidence of galactorrhea in ovulatory and
anovulatory females. Obstet Gynecol 1975, 45:13-14.
Lippuner K, Zehnder HJ, Casez JP, Takkinen R, Jaeger P: PTHrelated protein is released into the mother's bloodstream
during lactation: evidence for beneficial effects on maternal
calcium-phosphate metabolism.
J Bone Miner Res 1996,
11:1394-1399.
Kovacs CS, Chik CL: Hyperprolactinemia caused by lactation
and pituitary adenomas is associated with altered serum calcium, phosphate, parathyroid hormone (PTH), and PTHrelated peptide levels. J Clin Endocrinol Metab 1995, 80:3036-3042.
Kleinman R: Protein values of milk samples from mothers
without biological pregnancies. J Pediatrics 1980, 97:612-615.
Kulski JK, Hartmann PE, Saint WJ, Giles PF, Gutteridge DH: Changes
in milk composition of nonpuerperal women. Am J Obstet Gynecol 1981, 139:597-604.
de Gezelle H, Ooghe W, Thiery M, Dhont M: Metoclopramide and
breast milk. Eur J Obstet Gynecol Reprod Biol 1983, 15:31-36.
Zittermann A, Schwarz I, Scheld K, Sudhop T, Berthold HK, von BK,
van V, Stehle P: Physiologic fluctuations of serum estradiol lev-

http://www.internationalbreastfeedingjournal.com/content/2/1/

39.
40.

41.
42.

43.
44.

45.

46.
47.
48.
49.

50.

51.
52.

53.

54.

55.

els influence biochemical markers of bone resorption in
young women. J Clin Endocrinol Metab 2000, 85:95-101.
Massafra C, De FC, Agnusdei DP, Gioia D, Bagnoli F: Androgens
and osteocalcin during the menstrual cycle. J Clin Endocrinol
Metab 1999, 84:971-974.
Gorai I, Taguchi Y, Chaki O, Kikuchi R, Nakayama M, Yang BC,
Yokota S, Minaguchi H: Serum soluble interleukin-6 receptor
and biochemical markers of bone metabolism show significant variations during the menstrual cycle. J Clin Endocrinol
Metab 1998, 83:326-332.
Gorai I, Chaki O, Nakayama M, Minaguchi H: Urinary biochemical
markers for bone resorption during the menstrual cycle. Calcif Tissue Int 1995, 57:100-104.
Di SC, Colao A, Di SA, Klain M, Landi ML, Facciolli G, Pivonello R,
Panza N, Salvatore M, Lombardi G: Bone marker and bone density responses to dopamine agonist therapy in hyperprolactinemic males. J Clin Endocrinol Metab 1998, 83:807-813.
Burstyn PG, McKillop W, Lloyd IJ: The effects of prolactin on the
renal excretion of water, sodium, potassium and calcium in
the rabbit. ICRS J Int Res Commun 1974, 2:1474.
Reddy GS, Norman AW, Willis DM, Goltzman D, Guyda H, Solomon
S, Philips DR, Bishop JE, Mayer E: Regulation of vitamin D metabolism in normal human pregnancy. J Clin Endocrinol Metab 1983,
56:363-370.
Hillman L, Sateesha S, Haussler M, Wiest W, Slatopolsky E, Haddad J:
Control of mineral homeostasis during lactation: interrelationships of 25-hydroxyvitamin D, 24,25-dihydroxyvitamin
D, 1,25-dihydroxyvitamin D, parathyroid hormone, calcitonin, prolactin, and estradiol. Am J Obstet Gynecol 1981,
139:471-476.
Kumar R, Abboud CF, Riggs BL: The effect of elevated prolactin
levels on plasma 1,25-dihydroxyvitamin D and intestinal
absorption of calcium. Mayo Clin Proc 1980, 55:51-53.
Spanos E, Colston KW, Evans IM, Galante LS, Macauley SJ, MacIntyre
I: Effect of prolactin on vitamin D metabolism. Mol Cell Endocrinol 1976, 5:163-167.
Thiede MA: The mRNA encoding a parathyroid hormone-like
peptide is produced in mammary tissue in response to elevations in serum prolactin. Mol Endocrinol 1989, 3:1443-1447.
Thompson GE, Ratcliffe WA, Hughes S, Abbas SK, Care AD: Local
control of parathyroid hormone-related protein secretion by
the mammary gland of the goat. Comp Biochem Physiol Comp
Physiol 1994, 108:485-490.
VanHouten J, Dann P, McGeoch G, Brown EM, Krapcho K, Neville M,
Wysolmerski JJ: The calcium-sensing receptor regulates mammary gland parathyroid hormone-related protein production and calcium transport. J Clin Invest 2004, 113:598-608.
Bucht E, Carlqvist M, Hedlund B, Bremme K, Torring O: Parathyroid hormone-related peptide in human milk measured by a
mid-molecule radioimmunoassay. Metabolism 1992, 41:11-16.
Ratcliffe WA, Green E, Emly J, Norbury S, Lindsay M, Heath DA, Ratcliffe JG: Identification and partial characterization of parathyroid hormone-related protein in human and bovine milk. J
Endocrinol 1990, 127:167-176.
Yamamoto M, Fisher JE, Thiede MA, Caulfield MP, Rosenblatt M,
Duong LT: Concentrations of parathyroid hormone-related
protein in rat milk change with duration of lactation and
interval from previous suckling, but not with milk calcium.
Endocrinology 1992, 130:741-747.
Khosla S, van Heerden JA, Gharib H, Jackson IT, Danks J, Hayman JA,
Martin TJ: Parathyroid hormone-related protein and hypercalcemia secondary to massive mammary hyperplasia. N
Engl J Med 1990, 322:1157.
Nielsen HK, Brixen K, Bouillon R, Mosekilde L: Changes in biochemical markers of osteoblastic activity during the menstrual cycle. J Clin Endocrinol Metab 1990, 70:1431-1437.

Page 8 of 8
(page number not for citation purposes)

