
Effects of Recombinant Human Prolactin on Breast
Milk Composition

WHAT’S KNOWN ON THIS SUBJECT: The direct effects of
prolactin on the nutritional and antimicrobial composition of
breast milk have not been examined previously in women.

WHAT THIS STUDY ADDS: The study demonstrates that
recombinant human prolactin increases milk volume, induces
changes in milk composition consistent with those during normal
lactogenesis, and increases antimicrobially active
oligosaccharide concentrations. The data suggest that prolactin
is an important mediator of normal lactogenesis.

abstract
OBJECTIVE: The objective of this study was to determine the impact of
recombinant human prolactin (r-hPRL) on the nutritional and immuno-
logic composition of breast milk.

METHODS: We conducted 2 trials of r-hPRL treatment. In the first study,
motherswith documented prolactin deficiencywere given r-hPRL every
12 hours in a 28-day, open-label trial. In the second study, mothers with
lactation insufficiency that developed while they were pumping breast
milk for their preterm infants were given r-hPRL daily in a 7-day,
double-blind, placebo-controlled trial. Breast milk characteristics
were compared before and during 7 days of treatment.

RESULTS: Among subjects treated with r-hPRL (N� 11), milk volumes
(73� 36 to 146� 54 mL/day; P� .001) and milk lactose levels (155�
15 to 184� 8 mmol/L; P� .01) increased, whereas milk sodium levels
decreased (12.1� 2.0 to 8.3� 0.5mmol/L; P� .02). Milk calcium levels
increased in subjects treated with r-hPRL twice daily (2.8� 0.6 to 5.0�
0.9 mmol/L; P� .03). Total neutral (1.5� 0.3 to 2.5� 0.4 g/L; P� .04)
and acidic (33 � 4 to 60 � 6 mg/L; P � .02) oligosaccharide levels
increased in r-hPRL-treated subjects, whereas total daily milk immu-
noglobulin A secretionwas unchanged.

CONCLUSIONS: r-hPRL treatment increased milk volume and induced
changes in milk composition similar to those that occur during normal
lactogenesis. r-hPRL also increased antimicrobially active oligosaccha-
ride concentrations. These effects were achieved for women with both
prolactin deficiency and lactation insufficiency. Pediatrics 2011;127:
e359–e366
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Successful lactation requires a transi-
tion from colostrum to copious milk
production within the first 2 to 10 days
after birth, a process termed lactogen-
esis. Lactogenesis requires an inter-
play between hormonal changes, nor-
mal breast anatomic features, and
sufficient milk removal.1 Prolactin is
the critical hormone in the initiation
and maintenance of breast milk pro-
duction, and its absence at any stage
results in cessation of lactation.2,3

Prolactin also may mediate changes in
breast milk composition during nor-
mal lactogenesis.4,5 During lactogene-
sis, lactose, citrate, and calcium
concentrations increase, whereas
protein, sodium, and chloride concen-
trations decrease.4–6 In vitro, prolac-
tin increases the synthesis of
�-lactalbumin, a key regulator of lac-
tose synthesis.7 Prolactin also is in-
volved in the closure of epithelial tight
junctions between alveolar cells in an-
imals,8 which reduces sodium and
chloride levels and increases lactose
levels in mature milk.9 Indirect evi-
dence suggests that prolactin also
may influence the production of breast
milk secretory immunoglobulin A
(IgA) and oligosaccharides,10,11 im-
mune factors that inhibit intestinal
host cell-enteric pathogen interac-
tions.12 Prolactin increases mammary
IgA-secreting plasma cells in mice,13 and
the pattern of milk oligosaccharide con-
centrations (high during early lactation
and decreasing over the course of lacta-
tion)14 parallels decreases in prolactin
levels that occur over time.15–17 These ef-
fects suggest that prolactin may con-
tribute to the progressive changes in
milk composition.

The coincidence of abnormalities in se-
rum prolactin levels and breast milk
composition for mothers of infants
born prematurely further suggests a
role for prolactin in lactogenesis.18–21

Mothers of preterm infants have lower
breastmilk lactose levels, smallermilk

volumes, and higher sodium concen-
trations than do mothers of term in-
fants.18,22,23 For preterm mothers using
breast pumps to maintain lactation,
prolactin concentrations are relatively
low.23,24 However, direct effects of pro-
lactin in human mothers had not been
studied previously. We conducted 2
clinical trials using recombinant hu-
man prolactin (r-hPRL) in cases of lac-
tation insufficiency.25 In these trials,
mothers with prolactin deficiency and
mothers of preterm infants with lacta-
tion insufficiency who were treated
with r-hPRL experienced significant in-
creases in milk volume.25 Here we de-
scribe the changes in milk chemical
and immune composition among
mothers treated with r-hPRL.

METHODS

Studies Included

Breast milk composition was mea-
sured for mothers participating in 2
clinical trials of r-hPRL, one involving
mothers with prolactin deficiency
(study 1) and the other involving moth-
ers with lactation insufficiency who
were pumping breast milk for their
preterm infants (study 2). All studies
were approved by the Partners and
Boston University Medical Center hu-
man research committees, and sub-
jects gave written informed consent
for themselves and their infants. These
pilot studies are presented together to
provide preliminary data on the effects
of r-hPRL on breast milk composition.
Maternal and neonatal histories, se-
rum prolactin levels, r-hPRL safety and
efficacy, details from the subgroups,
and follow-up volume data were pub-
lished separately.25

Subjects

Study 1 was an open-label trial of
r-hPRL involving prolactin-deficient
mothers (N� 5). Subjects had congen-
ital or acquired prolactin deficiency,
with either baseline or peak prolactin

levels below the normal range for
postpartum date,24 and produced �8
mL of milk per day. All mothers were
pumping their breasts (n � 4) or the
infant was suckling at the breast by
using a Lact-Aid device (Lact-Aid Inter-
national, Inc, Athens, TN) (n � 1) 8
times per day. Study 2 was a random-
ized, double blind, placebo-controlled
trial of r-hPRL treatment for mothers
of premature infants with lactation in-
sufficiency (N� 10). All subjects were
pumping breast milk for their preterm
infants, reported a decrease in milk
production, and produced�750 mL of
milk per day.26 No subjects were taking
medications known to increase prolac-
tin levels.

Protocol

All subjects were seen in the General
Clinical Research Center at Massachu-
setts General Hospital or Brigham and
Women’s Hospital. On day 1, subjects
were evaluated and received pumping
instructions from the study’s lactation
consultant. Subjects then pumped
both breasts with a hospital-grade
breast pump until there was no milk
flow for 2 minutes, with the goal of
pumping 8 times per day throughout
the study. The volume ofmilk produced
at each pumping session was re-
corded. In both studies, subjects had
blood drawn before pumping and at
frequent intervals for 180 minutes, to
determine the peak prolactin levels.25

In study 1, subjects subsequently self-
administered r-hPRL (60 �g/kg) injec-
tions subcutaneously every 12 hours
for 28 days. On days 7 and 28, blood
was sampled for 6 hours with medica-
tion. In study 2, subjects returned on
day 2 and were assigned randomly to
receive subcutaneous injections of
r-hPRL (60�g/kg) every 12 hours (N�
3), alternating doses of r-hPRL and pla-
cebo every 12 hours (N � 3), or pla-
cebo (normal saline solution) every 12
hours (N� 4) for 7 days. On days 2 and

e360 POWE et al



8, blood was sampled for 6 hours with
medication. In both studies, all visits
occurred at the same time of day for
each subject.

Milk Analyses

Milk samples (1mL) were collected be-
fore the first administration of r-hPRL
each day, frozen, and stored at�20°C.
Milk components were measured in
milk samples pooled from days 1 and 2
(before treatment) and days 7 and 8
(during treatment). Additional analy-
ses were conducted on pooled sam-
ples from days 3 and 4 and days 5 and
6 for lactose and oligosaccharide
measurements.

Fat concentrations were measured by
using the creamatocrit technique.27

Prolactin, protein, �-lactalbumin, IgA,
and oligosaccharide assays were per-
formed with the aqueous layer after de-
fatting through centrifugation for 6 min-
utes at 12 000 rpm. Prolactin levels were
measured by using a 2-site, monoclonal
antibody, nonisotopic system (Axsym
[Abbott Laboratories, Abbott Park, IL]),
as described previously.28 Milk protein
levels were measured by using the Bio-
Rad (Hercules, CA) protein assay, ac-
cording to the manufacturer’s instruc-
tions. IgA levels weremeasured by using
a Beckman array nephelometric ana-
lyzer (Beckman Instruments, Fullerton,
CA).29 Neutral oligosaccharide and
�-lactalbumin levels were measured by
using high-performance liquid chroma-
tography.17,30,31 Acidic oligosaccharide
levels were measured by using capillary
electrophoresis.32

Citrate, sodium, calcium, and lactose
assays were performed after defat-
ting and deproteination, as de-
scribed previously.6 Lactose and ci-
trate levels were measured by using
a commercial enzymatic assay (R-
Biopharm, Darmstadt, Germany) val-
idated for human milk.6 Sodium and
calcium were measured by using
flame photometry (Hitachi 917 sys-

tem [F. Hoffmann-LaRoche, Ltd, Basel,
Switzerland]).18

Statistical Analyses

Milk samples from mothers who re-
ceived r-hPRL once or twice daily in
studies 1 and 2 were analyzed to-
gether and compared with those
from mothers who received only pla-
cebo. Of note, although the majority
of mothers were studied within 12
weeks after birth (n � 13), 2 were
studied 39 weeks after birth (1 from
each study). Although there are dif-
ferences in milk composition at 4 to
12 weeks, compared with 39 weeks,
during normal lactation,33 the trends
of changes in milk components were
the same for all subjects; therefore,
the data were analyzed together.

Data were logarithmically trans-
formed for analyses. Milk volume
and lactose and prolactin concentra-
tions were analyzed by using 2-way,
repeated-measures analysis of vari-
ance with Holm-Sidak posthoc analy-
sis. The changes in milk components
from baseline (days 1–2) to after
treatment (days 7– 8, or days 3– 8 for
oligosaccharides) were compared
by using paired t tests. Changes in
milk components over 28 days were
analyzed by using 1-way, repeated-
measures analysis of variance. Total
secretion of milk components was
calculated as concentration � daily
milk volume. Correlations among
levels of milk components, milk
volumes, and serum prolactin

concentrations were examined by
using Pearson product moment or
Spearman rank order tests, as
appropriate.

RESULTS

Postpartum dates, baseline milk vol-
umes, and prolactin levels in studies
1 and 2 are shown in Table 1. All moth-
ers had small milk volumes and/or de-
creases from baseline values.
Prolactin-deficient mothers (study 1)
by definition had low baseline or peak
prolactin levels, or both, despite con-
tinued pumping or breast stimulation
in an attempt to lactate. Baseline
(15.2 � 3.5 vs 101.8 � 24.1 �g/L; P �
.01) and peak (75.7 � 28.9 vs 211.8 �
19.3 �g/L; P � .001) prolactin levels
increased into the high-normal post-
partum range for subjects treated
with r-hPRL.24,25 Prolactin levels did not
increase for subjects treated with pla-
cebo (baseline: 56.5 � 40.9 vs 98.8 �
82.9 �g/L; peak: 111.7 � 68.1 vs
129.9 � 57.9 �g/L; both P � .2). Milk
volumes and compositions at baseline
and after treatment are reported in Ta-
ble 2, which combines data for all
women receiving r-hPRL. Milk volumes
increased in the group treated with
r-hPRL but not in the placebo group
(Table 2). Two subjects in the placebo
group produced 0 to 1 mL of milk per
day, which excluded them from milk
composition analyses. The other 2 sub-
jects produced the greatest milk vol-
umes, which resulted in a wide varia-

TABLE 1 Baseline Characteristics of Subjects in r-hPRL Trials

Study Group Time After Birth,
Mean (Range),

wk

Milk Production,
Mean (Range),
mL/da

Serum Prolactin Level, Mean
(Range), �g/Lb

Baseline Peak

Study 1: prolactin-deficient mothers
(N� 5)

12.4 (5–39) 3.4 (0–8) 11.1 (0–34.5) 27.9 (0–93.1)

Study 2: lactation-insufficient mothers
of premature infants (N� 10)

11.3 (3.5–39) 190 (0–726) 33.2 (5.7–178) 107 (8.4–308)

a Normal milk volume is 749 to 1181 mL/day.57
b Normal baseline and peak serum prolactin levels from birth to 7 weeks after birth are 13 to 95 �g/L and 122 to 370 �g/L,
respectively.24 Prolactin-deficient mothers were defined on the basis of a low baseline or peak prolactin level, or both.
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tion in milk volumes in the placebo
group.

Lactose concentrations increased (Ta-
ble 2) and sodium concentrations de-
creased within 7 days for subjects
treated with r-hPRL. Of note, abnor-
mally high sodium and low lactose lev-
els for 3 subjects reached the normal
range. The lactose and sodium concen-
trations remained stable after day 7
for prolactin-deficient mothers who
were treated for 28 days (n � 5; data
not shown).

There was no change in calcium con-
centrations among all subjects
treated with r-hPRL; however, cal-
cium concentrations increased
among subjects treated twice daily
(n � 8). All changes resulted in val-
ues that fell within normal limits.
There were no changes in protein,
fat, citrate, or �-lactalbumin concen-
trations among mothers treated with r-
hPRL; there also were no changes in
these parameters for the subset of
prolactin-deficient mothers who were
treated for 28 days (data not shown).

There were no differences in any of the
parameters between the r-hPRL and
placebo groups.

Milk volumes were correlated with
milk lactose levels at baseline (r� 0.7;
P� .01) and after treatment (r� 0.6;
P� .05) (Fig 1). There was an inverse
correlation between milk sodium lev-
els and volumes after treatment (r �

�0.7; P� .02). There was no relation-
ship between levels of the other milk
components and volumes.

Neutral and acidic oligosaccharide
contents increased for subjects
treated with r-hPRL (Table 2). Although
milk IgA concentrations decreased, the
total IgA secretion over 24 hours did
not change, because of increases in
milk volumes for treated subjects. At
baseline (r� �0.8; P� .004) and after
treatment (r� �0.7; P� .03), IgA con-
centrations were correlated inversely
with milk volumes.

The average prolactin concentration
for mothers treated with r-hPRL was
higher than the values for the 2 moth-
ers treated with placebo (90.0 � 15.3
vs 10 and 55 �g/L). For treated moth-
ers, milk prolactin levels were higher
on days 5 to 7 than at baseline (P �
.01) (Fig 2). Among subjects treated for
28 days, milk prolactin levels de-
creased to baseline by day 14 (P �
.001) (Fig 2). Milk prolactin levels were
not correlated with serum prolactin
levels before or after treatment. Milk
prolactin levels were inversely corre-
latedwithmilk volumes (r� �0.6; P�
.001) and lactose levels after treat-
ment (r� �0.6; P� .04). Milk prolac-
tin levels were correlated with neutral

TABLE 2 Milk Volumes and Composition in r-hPRL and Placebo Groups Before and After Treatment

r-hPRL (N� 11) Placebo (N� 2–4)a

Baseline Treatment Pb Baseline Treatment Normalc

Milk volume, mL/d 73� 36 146� 54 �.001 319� 188 348� 202 749–1181
Lactose level, mmol/L 155� 15.2 184� 7.6 .01 207; 236 207; 274 159–214
Sodium level, mmol/L 12.1� 2.0 8.3� 0.5 .02 8; 8 7; 7 4–16
Calcium level, mmol/L 2.8� 1.2 3.9� 1.6 .23 1.1; 1.5 2.0; 2.3 4.3–9.0
Calcium level with twice-daily
r-hPRL, mmol/L

2.8� 0.6 5.0� 0.9 .03 NA NA 4.3–9.0

Protein level, g/L 13.2� 2.6 11.2� 2.1 .33 7.2; 6.8 8.2; 2.9 7–11
Fat proportion, % 7.2� 1.0 7.8� 0.8 .65 9.1; 8.8 9.3; 10.7 2–8
Citrate level, mmol/L 3.9� 2.1 3.0� 1.6 .79 8.3; 0.5 8.3; 0.5 2.3–4.4
�-Lactalbumin level, g/L 3.6� 0.3 3.6� 0.6 .9 3.6; 3.5 3.4; 3.5 3.2� 1.0
Neutral oligosaccharide level, g/L 1.5� 0.3 2.5� 0.4 .04 0.5; 1.3 1.4; 1.5 0.1–1.9
Acidic oligosaccharide level, mg/L 33.2� 4.5 60.3� 6.3 .02 52.8; 12.8 87.2; 16.7 NA
IgA level
g/L 2.5� 0.8 0.8� 0.2 .03 0.2; 0.2 0.2; 0.2 0.5–1.5
mg/d 73� 27 76� 31 .92 73; 167 92; 134 NA

Milk prolactin level, �g/L 47.4� 7.7 118� 25 .03 21.5; 1.8 59.9; 12.6 4–254

Baseline indicates the average for days 1 to 2, and treatment indicates the average for days 7 to 8. NA indicates not available.
a N� 4 formilk volume; N� 2 for all othermilk parameters (milk volumewas 0–2mL for 2 subjects). Where N� 2, raw data
are presented; otherwise, data are expressed as mean� SEM.
b P values are for paired t tests or repeated-measures analysis of variance (see text).
c Values indicate normal milk volumes after 1 to 6 months of exclusive breastfeeding,57 normal values for lactose, sodium,
calcium, protein, fat, citrate, and IgA levels in mature milk during 3 weeks to 6 months of successful lactation,31,33 normal
oligosaccharide concentrations during 0 to 10 weeks of lactation,42 normal �-lactalbumin levels in mature milk from US
mothers,30 and normal milk prolactin levels for breast milk at any time after birth.7,48

FIGURE 1
Correlation betweenmilk lactose levels andmilk volume before (n� 11) (closed circles and solid line)
and after (n� 11) (open circles and dashed line) treatment with r-hPRL.
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oligosaccharide levels at baseline (r�
0.6; P � .05) and acidic oligosaccha-
ride levels after treatment (r � 0.6;
P� .05).

DISCUSSION

This study provides the first direct evi-
dence for a role of prolactin in human
lactogenesis, through direct adminis-
tration of prolactin to mothers with
prolactin deficiency and lactation in-
sufficiency. Among subjects treated
with r-hPRL, baseline and peak serum
prolactin levels increased to normal
postpartum levels. The increased pro-
lactin levels resulted in increased milk
volumes, increased lactose and cal-
cium concentrations, and decreased
sodium concentrations, with all falling
within normal ranges.24 Therefore,
r-hPRL administration is associated
with compositional changes that mir-
ror those in women undergoing nor-
mal lactogenesis in the first 2 to 10
days after birth.7,18,30–33 Furthermore,
r-hPRL administration increased oligo-
saccharide levels, whereas total daily
IgA levels did not change, which poten-
tially improved the antimicrobial prop-
erties of breast milk. These findings

suggest that r-hPRL improves breast
milk quantity, maturity, and immu-
nity for mothers with lactation
insufficiency.

The increases in milk volumes and lac-
tose concentrations with r-hPRL treat-
ment and the correlation betweenmilk
volumes and lactose concentrations
suggest that r-hPRL increases milk vol-
umes through lactose production. Syn-
thesis and retention of lactose, thema-
jor milk osmolyte, allow fluid to be
drawn into milk secretory vesicles, in-
creasing milk volume.7 The slopes of
the lactose concentration-volume
relationships before and after r-hPRL
treatment are consistent with prolac-
tin increasing the osmotic effect of
lactose. It is possible that prolactin in-
creases lactose concentrations by in-
creasing synthesis of �-lactalbumin, a
protein that regulates the rate of lac-
tose synthesis by lactose synthase.34

r-hPRL treatment prevented the nor-
mal decrease in milk �-lactalbumin
levels that occurs as lactose levels in-
crease during lactogenesis.35

Along with the increase in lactose con-
centrations, the decrease in milk so-
dium concentrations with r-hPRL treat-
ment is consistent with closure of tight
junctions between mammary epithe-
lial cells, which prohibits sodium entry
from the interstitium into milk and
traps lactose in the ducts. This hypoth-
esis is supported by animal studies
demonstrating that prolactin estab-
lishes and maintains impermeability
of the mammary epithelium barrier.8,9

When tight junctions open, milk pro-
duction decreases,4 because osmoti-
cally active milk components cannot
be retained in the duct. Studies with
women have shown consistently that
decreases in milk sodium concentra-
tions are associated with successful
lactation, whereas high milk sodium
levels are associated with breastfeed-
ing failure, which suggests that clo-
sure of tight junctions also is

necessary for the establishment of
successful lactation in humans.4,5,19

Milk calcium concentrations in-
creased in the smaller subset of sub-
jects treated twice daily with r-hPRL
(n� 8). Prolactin may increase breast
milk calcium levels through increased
synthesis of parathyroid hormone-
related protein, which is not demon-
strable with once-daily dosing, or
increased calcium transport into
mammary epithelial cells.28,36 Milk cal-
cium levels were lower than reported
previously,33 but they were measured
in defatted, deproteinated milk, which
excluded calcium associated with ca-
sein micelles, �-lactalbumin, and milk
fat.7 Together, these results provide
preliminary evidence that twice-daily
dosing is necessary to affect calcium
handling in both lactating and nonlac-
tating women.

r-hPRL did not affect milk fat, protein,
or citrate levels, which suggests that
prolactin is not involved in regulating
these nutrients in breast milk. Our
findings are consistent with those ob-
served in a recent study in which
domperidone increased maternal
prolactin levels and milk calcium
concentrations with no significant
changes in milk protein or fat
contents.37

Typical IgA concentrations in mature
milk range from 0.5 to 1.5 g/L, but lev-
els can be much higher in colostrum
produced during pregnancy and 2 to 5
days after birth, before the completion
of lactogenesis.31,38,39 On average,
mothers in the current study were as-
sessed at 12 weeks after birth but had
milk IgA levels of 2.53 g/L. The high IgA
levels may be partially explained by
preterm delivery and smaller milk vol-
umes. IgA levels are greater in moth-
ers of preterm infants for �12 weeks
after birth21,40 and milk volumes are
smaller, which results in similar levels
of total IgA secretion per day, com-
pared with mothers of term infants.21

FIGURE 2
Mean � SE milk prolactin concentrations for
prolactin-deficient mothers treated with r-hPRL
(n� 5) (closed circles) andmothers of preterm
infants treated with r-hPRL (n � 6) (closed tri-
angles) and individual prolactin concentrations
for mothers of preterm infants treated with pla-
cebo (n� 2) (open squares). Prolactin concen-
trations were higher on days 5 to 7, compared
with baseline, for mothers treated with r-hPRL
(*P� .01). Prolactin concentrations returned to
baseline on day 14 for prolactin-deficient moth-
ers treatedwith r-hPRL for 28 days (n� 5; **P�
.001).
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Consistent with these observations,
treatment with r-hPRL increased milk
volume but did not decrease total IgA
secretion into milk.

Oligosaccharide concentrations in-
creased with r-hPRL treatment. Oligo-
saccharides are antimicrobial com-
plex carbohydrate structures and the
third largest component in human
milk.41,42 Oligosaccharides containing
sialic acid (acidic oligosaccharides)
stimulate growth of intestinal com-
mensal bacteria, such as Lactobacillus
bifidus,43 which acidify the gut, bind to
potential colonization sites, and pre-
vent colonization by harmful patho-
gens.12 The glycan component of
oligosaccharides resembles the cell
surface glycans of the intestine and
competitively binds enteric patho-
gens.12,32 Oligosaccharides are associ-
ated with lower levels of diarrhea in
breastfed infants.14

Oligosaccharide concentrations are
highest immediately after birth and de-
crease exponentially in the first 2
months of breastfeeding.42 In contrast
to the decrease during lactogenesis,
levels of both neutral and acidic oligo-
saccharides increased with r-hPRL
treatment, and milk prolactin levels
were correlated with oligosaccharide
concentrations, which suggests that
prolactin plays a role in the regulation
of neutral and acidic oligosaccharides.
Therefore, the study provides the first
evidence that prolactin increases
oligosaccharide levels in human milk,
which potentially increases its im-
mune benefits.

In the current study, r-hPRL treatment
increased milk prolactin levels. Al-
though r-hPRL cannot be distinguished
from endogenous prolactin in milk, it
is likely that r-hPRL transfer into the
milk was responsible. In addition to lo-
cal mammary prolactin synthesis, cir-
culating prolactin binds to prolactin
receptors on alveolar cells and is se-
creted into the ducts,44,45 in direct rela-

tion to the plasma concentration.46

During normal lactogenesis, milk pro-
lactin levels decrease sharply with
overall protein levels after postpartum
day 335 and continue to decrease over
the course of lactation,7,47,48 which sug-
gests that the decrease is an effect of
dilution.35 Consistently, milk prolactin
levels decreased with increased milk
volume in the current study, as ex-
pected with dilution of a fixed dose of
r-hPRL. Importantly, prolactin levels
never exceeded those noted during
normal lactogenesis.7,35,47,49

The study is limited by the small sam-
ple size. Nevertheless, it provides the
first pilot data demonstrating the di-
rect effect of prolactin on milk compo-
sition. There was heterogeneity in
postpartum dates, gestational ages,
and underlying maternal diagnoses
associated with lactation insufficiency.
It is noteworthy that all subjects
treated with r-hPRL exhibited in-
creases in breast milk volume25 and
qualitatively similar changes in levels
of individual milk components, despite
the heterogeneity. The effects of r-hPRL
were studied only to 28 days; longer-
term effects of r-hPRL use and possible
additive effects of nonhormonal galac-
togogues will require additional study.
Finally, additional components of milk
important for its immune properties,
such as white blood cells and lactofer-
rin, were not assessed. Studies are
needed to examine these components
and the long-term effects of r-hPRL
with larger numbers of subjects.

Despite the limitations, our findings
have several important implications
for feeding of preterm, very low birth
weight (VLBW) infants. Although the
beneficial effects of breast milk feed-
ing are well established,50 increasing
evidence supports a critical role for
breast milk feeding for VLBW infants.
Breast milk rather than formula feed-
ing of VLBW infants is associated with
decreased risks of late-onset sepsis

and necrotizing enterocolitis,51–53 com-
plications of prematurity that cause
significant short-term morbidity and
death and are associated with poor
long-term neurologic outcomes.54

Breast milk feeding also influences in-
testinal bacterial colonization andmay
have global effects on health.55 Lacta-
tion insufficiency is a primary reason
for formula-feeding of VLBW infants.
Administration of r-hPRL to increase
maternal milk production may be one
approach to achieving exclusive
breast milk feeding of VLBW infants,
one that may be complementary to do-
nor milk feeding. Our findings suggest
that the changes in milk composition
induced by r-hPRL may increase the
nutritional value of breast milk for
VLBW infants, especially by increasing
calcium content, and may decrease
the need to supplement breast milk
with human milk fortifiers. The in-
crease in potentially protective oligo-
saccharides with maintenance of
white blood cells, IgA, lysozyme, and
lactoferrin in mother’s milk, which are
lost during pasteurization of donor
milk,56 also may be critical to decreas-
ing the risk of infection and necrotizing
enterocolitis for VLBW infants.

CONCLUSIONS

For mothers with prolactin defi-
ciency and lactation insufficiency,
r-hPRL treatment resulted in in-
creased milk volume and maturation
of milk composition. Milk prolactin
levels increased with r-hPRL treat-
ment but only to levels seen during
normal lactogenesis. These findings
suggest that prolactin induces
changes in milk composition during
normal lactogenesis. Our data also
suggest that prolactin plays a role in
the synthesis of immunologically im-
portant oligosaccharides. Additional
study of the use of r-hPRL in lactation
insufficiency is warranted.
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