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A B S T R AC T 1 mg ovine prolactin was injected
intramuscularly into rabbit fetuses (24th day of gesta-
tion) located in one of the two uterine horns exposed
by laparotomy (n = 12). Fetuses in the other uterine
horn were injected with an identical volume of vector
and served as controls (n = 13). 2 days later the
fetuses were removed by a second laparotomy and
sacrificed. Analysis of lung tissue composition yielded
the following results: (a) the prolactin-treated group
of fetuses showed 40% higher total lung phospho-
lipid content (17.0±0.8 ,umol/g) than the control group
(12.2±0.5 ,mol/g); (b) the prolactin-treated group had
a 67% higher lung lecithin content (8.7±0.8 umol/g)
than the control group (5.2±0.4 ,umol/g); (c) dipal-
mitoyllecithin accounted for 67% of total lung lecithin
in the prolactin-treated group and 44% in the control
group. These differences were statistically highly
significant (P < 0.001). However, between the prolactin-
treated and the control groups, there were no statis-
tically significant differences in body weight and
length, lung weight, the ratio of lung weight to body
weight, DNA, protein and, water content. These results
suggest that prolactin might be a trigger of lung sur-
factant synthesis in the rabbit fetus.

INTRODUCTION

Lung surfactant is a complex phospholipid lining the
lung alveoli and is essential for normal pulmonary
function (1). Surfactant deficiency is the primary
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factor responsible for the respiratory distress syndrome
of the newborn (2). This disease affects predomi-
nantly premature infants and is associated with im-
maturity of the biochemical pathways leading to ade-
quate surfactant synthesis. Toward the end of gestation
the fetal lung begins to produce surfactant (3), which
is probably synthesized, stored, and secreted by the
type II alveolar pneumocyte (4). Synthesis of sur-
factant can be accelerated by the administration of
corticosteroids (5, 6) in pharmacologic doses. However,
Mescher et al. (7) have shown that the appearance
of pulmonary surfactant precedes the rise in plasma
corticoids in fetal lambs. This observation would
suggest that corticosteroids are not the natural trigger
of surfactant synthesis. Evidence is accumulating to
show that surfactant synthesis is affected by a number
of hormones: association between low thyroid activity
at birth and respiratory distress syndrome has been
described (8); low maternal plasma estrogen levels
have been linked to respiratory distress in the new-
born (9). Estrogens might have a direct effect on the
fetal lung (10) or could affect lung maturation in-
directly by stimulating fetal prolactin secretion (11, 12).

Human fetal serum prolactin (13) rises sharply
before an increase in the level of pulmonary surfactant
(14). The purpose of this study is to investigate the
effect of prolactin administration on the phospholipid
level of fetal rabbit lung.

METHODS

Pregnant white New Zealand rabbits (B and H Rabbitry,
Rockville, Md.) were used in these experiments; gestational

The Journal of Clinical Investigation Volume 59 May 1977- 1002-10051002



age was known within 2 h, by observation of mating.
Three 24-day pregnant does were anesthetized with sodiuim
pentobarbital, and the uteruis was exposed by a midline ab-
dominal incision under semisterile conditions. Two to four
fetuses in the same horn were injected throtugh the intact
transparent uterine wall intramuscularly into the shoulder or

rump, with 1 mg(0.05 ml) of prolactin. The prolactin used was
a highly purified preparation which contained only trace
amouints of the following hormones: growth hormone 0.010
IU/mg, thyroid-stimulating hormone 0.0040 USPU/mg, lutein-
izing hormone 0.0040 NIH-LH-S1 U/mg, and follicle-stimulat-
ing hormone 0.020 NIH-FSH-S1 U/mg. An equal number of
fetuses in the contralateral uiterine horn received 0.05 ml buif-
fer. 2 days later a second laparotomy was performed. The uteri
were clamped in sittu, resected, and transferred to a saline bath
at 37°C. The fetal sacs were delivered individually, and
umbilical tape was tied immediately arouind the fetal neck
and sac to prevent breathing. Crown-rtump lengths and body
weight were measured in all fetuLses; the lungs were rapidly
removed, and specimens were immediately taken for analysis.
Methods of analysis and references are given in the legends
to Tables I and II.

RESULTS

Prolactin administration to 24-day-old fetal rabbits
caused a 36% increase in the level of total lulng
phospholipid; lecithin concentration, however, rose

67%after prolactin treatment: 8.77±+0.81 ,u mol/g in pro-

TABLE I
Effect of Prolactin on Phospholipid Content of

Fetal Rabbit Lung

Ntimber of' Dipalmitoyl-
Treatment* experiments Plhospholipidt Lecithin lecithin§

p.mollg wet wt

Prolactin 12 17.0±0.85"1 8.77±0.81"1 6.00±0.35"

Control 13 12.16±0.5 5.23±0.44 2.30±0.10

Results are Mean±SEM.
The fetuses, prolactin-treated and controls, were the offspring
of three does.
* Purified prolactin (ovine NIH-P 511, potency 26.4 IU/mg)
was dissolved on the day of the experiment in sterile buffered
saline (0.85% NaCl-0.1 M NaHCO3pH 8.8-9.0) to give a

concentration of 20 mg/ml. The hormone was injected i.m.
1.0 mg/0.05 ml to each fetus at 24 days in utero; controls
received 0.05 ml buffered saline pH 8.8-9.0 i.m. The lungs
were analyzed 2 days later.
t Lipids were extracted and washed according to Folch and
Sloane Stanley (27). Phospholipids were separated by thin-
layer chromatography on silica Ggel plates (4) and quantitated
by phosphorus determination (28).
§ Dipalmitoyllecithin was isolated by column chromatog-
raphy (29) after treatment of total lung lipids with osmium
tetroxide (29). The purity of the dipalmitoyllecithin fraction
was checked by thin-layer chromatography (29) and by
analysis of the diglyceride formed after incubation of lung
dipalmitoyllecithin with phospholipase C (30).
"Values significantly different from control (P < 0.001).

TABLE II
Effect of Prolactin otl Fetal Growth arid Lung Composition

Prolactiin Conitrol

Number of fetuses 12 13
Body weight, g 19.06+0.86 18.44±1.06
Length, cm* 6.72±+0.13 6.82±+0.16
Lung wt, mg 480+0.13 510±40
Lung wet wt, %of bodyt wt 2.48±0.13 2.65±0.025
Lung dry wt, %of twet wt 12.75±0.51 12.13±0.50
DNA, mg/g lungt 6.87±0.32 7.00±0.38
Protein, mg/g lung§ 58.20±3.6 58.80±2.1

Results are mean±SEM.
Details on hormone administration are given in the footnote
to Table I.
* Crown-rump length.
t DNAwas determined according to Burton (31) by using
calf thymus as reference standard.
§ Protein was determined by the method of Lowry (32) with
crystalline bovine albumin as standard.

lactin-treated vs. 5.23+0.44 ,umol/g in control litter-
mates (Table I). Dipalmitoyllecithin, the chief suirface
active component of lutng sturfactant, made uip 67% of
the lutng lecithin fraction in prolactin-treated fettuses,
whereas it amouinted to only 44% of lung lecithin in
controls (Table I). The rise in lutng lecithin levels after
prolactin administration was not the resuilt of sturgical
stress, since the controls, fettuses in the contralateral
uiterine horn, were stubjected to the identical suirgical
procedure and injection of vector. Measturements of
body weight and length showed that prolactin-treated
fettuses and their control littermates did not vary by
more than 2-4% (Table II). In prolactin-treated vs.
control fetuses, lung weight, lutng-weight to body-
weight ratio, DNA, protein, and water content were
<8% lower (Table II).

DISCUSSION

The above findings show that administration of pro-
lactin in pharmacological amounts (1 mg/fetus) leads
to an increase in lecithin levels and especially to a rise
in dipalmitoyllecithin, the surface active component of
lung surfactant. Although we have at present no in-
formation on the physiological level of prolactin in
the rabbit fetus, and cannot evaluate the effect of
administration of such a dose, we suggest that fetal
seruim prolactin could play a role in lung maturation.
Although we have no data on fetal serum prolactin
levels, a decrease in maternal and neonatal urinary
estrogen levels has been linked to the subsequent
development of the respiratory distress syndrome in
the neonate (9). Indirect evidence supports a role for
prolactin in lung development; fetal prolactin secretion
is stimulated by the high plasma estrogen levels
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characteristic of gestation (15). Stress causes a marked
rise in serum prolactin levels (16), as well as in gluco-
corticoid levels (17).

The presence of glucocorticoid receptors in fetal
lungs has been cited as evidence of a physiological
role for steroids in surfactant maturation (18). How-
ever, in the human lung these receptors are present
from early fetal life, throughout gestation, and even
after birth (19). Thus, it seems that the presence of an
active receptor system is not the limiting factor in the
onset of glucocorticoid responsiveness in the fetal lung.
We do not know the precise time of onset of gluco-
corticoid production in the human fetus and in a num-
ber of experimental animals; however, studies in fetal
lambs clearly show that surfactant appearance in
tracheal fluid precedes an increase in fetal gluco-
corticoid levels (7).

On the other hand, human fetal serum prolactin
levels rise markedly before the appearance of pul-
monary surfactant (13). A similar temporal relation-
ship exists in fetal lambs (20).

It is well known that the target organ for prolactin
is the mammarygland during pregnancy and lactation;
recent studies indicate, however, that a number of other
organs are affected by this hormone. There is evi-
dence that prolactin plays a role in osmoregulation
in mammals and that the kidney may be an important
target organ for prolactin (15). Zinder et al. (21) have
shown that adipose tissue becomes a target organ
for prolactin during late pregnancy and lactation.
Very high levels of prolactin are present in amniotic
fluid (22); the onset of prolactin synthesis and storage
in the fetal pituitary gland occurs early in gestation
(23), and a steady rise in fetal serum prolactin after
a 24-wk gestation has been reported (13). The role of
prolactin in the fetus and newborm is unknown at pres-
ent. A possible somatotropic function has been sug-
gested (22), that would be similar to prolactin stimula-
tion of protein and fat synthesis in the mammary
gland. In addition to the mammary gland, prolactin
binds specifically to a number of other tissues such
as liver, adrenal, and kidney (24). Prolactin bind-
ing to fetal liver, kidney, and heart has been reported
(25); however, binding of the hormone to fetal lung
has not been studied. In addition to the stimulation of
phospholipid synthesis, prolactin may also effect elec-
trolyte secretion by the alveolar cells. A direct
relationship between potassium and surfactant secre-
tion into tracheal fluid has been shown in fetal
lambs (7).

Lung maturation and surfactant synthesis could be
under multiple hormone control. Thus, in addition to
corticosteroids, thyroid hormones have been shown to
stimulate lung maturation (26). Prolactin should be
added to this growing list. The results of this study
and the indirect evidence compiled suggest the pos-
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sibility that prolactin is a physiological trigger for
surfactant maturation.
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