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Prolactin has been identified in fetal rats
by disc electrophoresis of pituitary homoge-
nates (1) and has been measured using radio-
immunoassay (RIA) in the pituitaries and/or
plasma of fetal and neonatal rats (2, 3) and
in the plasma of neonatal rats only (4). In
addition, prolactin cells were localized in
fetal rat adenohypophyses using the peroxi-
dase-labeled antibody technique (5), and the
pituitary of mouse embryos has been shown
to contain as well as secrete this hormone
(6). Since iodinated prolactin (2*I-PRL) has
been shown to cross the placenta in monkeys
and enter amniotic fluid and fetal circula-
tion (7), the question arises as to whether
fetal serum prolactin levels are, in part, a
contribution from a maternal source.

The present study was undertaken to de-
termine whether fetal and neonatal hamster
serum contains immunoassayable amounts of
prolactin, and to determine its relationship,
if any, to maternal levels. The possibility of
a maternal source for some of this hormone
in fetal serum was also investigated.

Materials and methods. Animals. Multi-
parous cyclic female hamsters were main-
tained on a 12L:12D lighting schedule, 2400
hr being the midpoint of the dark period.
Each cyclic female hamster was mated on
the night of estrus and at 0900 hr the fol-
lowing morning, fetuses were considered to
be half a day of gestation. Pups were born
during the dark hours at the end of 16 days
of gestation, and these animals were con-

1 Parts of this study have been submitted by S. A.
Thompson to the Graduate School of Louisiana State
University, Baton Rouge, in partial fulfililment of the
requirements for the PhD degree. Address after
August 8, 1975: Department of Anatomy, College of
Medicine, University of Iowa, Iowa City, Iowa 52242.

2 Present address: R. L. Smith Research Center,
University of Kansas Medical Center, Rainbow
Blvd. at 39th, Kansas City, Kansas 66103.

sidered to be one-half day old the morning
following parturition. All animals were
sacrificed and sera collections made at
0900~-1100 hr.

Maternal blood was collected in tubes
after the animals had been sacrificed by
decapitation. Serum was harvested from the
clots after a period of 2 hr and centrifuged
to remove any residual blood cells.

For collection of fetal blood, the maternal
uterus was opened by a single longitudinal
incision and each fetus was carefully lifted
from the uterus and blotted dry of amniotic
fluid and maternal blood. Whenever possi-
ble, the umbilical cord was left intact and
placental association with the uterus was
maintained while each fetus was decapitated
and blood collected in capillary tubes. Im-
mediately after blood collection the samples
were centrifuged for 15 min in a hematocrit
centrifuge, after which sera from the fetuses
of each litter were pooled. Each sample
represented pooled sera from a single litter
of animals, except at 13.5 day gestation,
when sera of two litters were pooled to ob-
tain a large enough sample.

All sera collections and centrifugations
were carried out at room temperature and
the samples were immediately frozen and
stored at — 12° until assayed.

Iodination of prolactin. Prolactin  was
iodinated by modification of the procedure
provided by the Rat Pituitary Hormone
Distribution Program, National Institute of
Arthritis and Metabolic Diseases (NIAMD),
National Institutes of Health (NIH).
NIAMD Rat PRL-I-1 (30 1U/mg) was
radiolabeled with 121, New England Nuclear
Co.,NEZ 033. One mCi®l in 25 ul of 0.1 N
NaOH was neutralized with an equal vol-
ume of 0.1 N HCl in a reaction vessel con-
taining 25 ul of 0.1 M NaH,PO, buffer, pH
7.6. Twenty microliter (2 ug) of NIAMD
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Rat PRL-I-1, previously stored at —20° in
0.01 M NaH,PO, buffer containing 0.15 M
NaCl with 0.1 % NaN; (PBS), pH 7.6, was
added to the reaction vessel and immediately
followed by the addition of 10 ul of chlor-
amine-T (25 mg/ml PBS without NaNj)
that had been prepared immediately prior to
use. The reaction vessel was gently agitated
for 60 sec after which 25 ul of freshly pre-
pared sodium metabisulfite (25 mg/ml PBS
without NaN;) was added, and the entire
reaction mixture was applied to a Bio Gel
P-60 gel filtration column, Bio Rad Labs.,
0.7 X 20 cm glass column, 100-200 mesh.
The gel column was prepared for the reac-
tion mixture by equilibrating with PBS.
Then, 2 ml of 2% BSA in PBS was added to
the column, after which 5 ml of PBS was
added. The reaction mixture was eluted from
the column with PBS. Twenty 0.5 ml frac-
tions were collected singly in culture tubes
containing 50 ul of 2% BSA in PBS. Ten
microliter of each fraction was then placed
in a liquid scintillation vial containing 10
ml of Aquasol, New England Nuclear Co.
Each vial was gently agitated, then counted
at 2% error in the full tritium window of a
Beckman LS-100C liquid scintillation
counter. Radioactivities of each vial were
recorded as counts per minute (cpm).

Immunoassay of prolactin. Immunoassay
procedures were carried out in accordance
with methods provided by NIAMD. In
preparing a standard curve, NIAMD-Rat
PRL-RP-1 (11 1U/mg) was employed as a
reference preparation. Prolactin antiserum
utilized in the assay was NIAMD-anti-rat
PRL S-2. The minimum and maximum
volume of serum used in the assay was 50 ul
and 200 ul, and duplicate hormone determi-
nations from each sample were employed
using the same or different volumes of
serum. The slope of the dose-response curve
for pooled sera from pregnant hamsters
was not significantly different from the slope
of the standard curve. Samples were counted
as described for the iodination curve sam-
ples.

Injection of **I-PRL and recovery from
mother and fetus. Immediately after purifi-
cation of the iodinated prolactin on Bio Gel
columns, 13.5, 14.5, and 15.5 day pregnant
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hamsters were administered 0.1 ml 2°1-PRL
(620,000 cpm/0.1 ml PBS) at 0900-1100 hr
by a single intracardiac injection. Exactly
10 min after the 25I-PRL injection the preg-
nant animals were sacrificed by rapid de-
capitation for collection of maternal and
fetal blood. Serum was harvested as de-
scribed previously. All liquid scintillation
vials containing 10 ml Aquasol were pre-
counted for background radioactivity. One
hundred ul of serum from each pregnant
hamster was then placed in a liquid scintilla-
tion vial, gently agitated, and counted at
3% error. Radioactivities were recorded as
cpm. One hundred pl of each fetal serum
sample was counted as described for ma-
ternal serum.

To determine whether radioactivity mea-
sured in serum was still bound to prolactin,
200 ul of 15.5 day maternal serum was then
subjected to gel filtration using the method
previously described for separation of '*°I-
PRL from other iodination products, ex-
cept that 0.5 ml fractions were collected
directly in scintillation vials.

One hundred to 150 ul of each fetal serum
sample was also subjected to gel filtration.
Twenty 0.5 ml fractions were collected in
scintillation vials from the gel filtration of
the 15.5 day fetal samples, and six 0.5 ml
fractions were collected for the remaining
fetal serum samples. Each vial was counted
at 3% error and cpm recorded.

Statistics. An analysis of variance with a
completely randomized design was con-
ducted on hormonal data from maternal and
fetal hamsters to determine whether the two
hormonal patterns were similar.

Results. Fetal prolactin concentrations
were found to be relatively high (approxi-
mately 4.0 ng) at 13.5 days and 15.5 days of
gestation, whereas a drop in levels occurred
on day 14.5 (Fig. 1). Little or no prolactin
was detected in the serum of newborn ani-
mals on the morning after parturition. Two
of the 5 litters contained no measurable
prolactin whatever at that time. Of par-
ticular interest is the consistent manner in
which the fetal prolactin levels reflect the
rising and falling of maternal serum levels of
the hormone before birth (Fig. 1).

In order to determine whether prolactin
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Fic. 1. Serum prolactin (PRL) levels (ng/ml serum) of pregnant or lactating hamsters and fetal or neo-
natal hamsters. The number of samples assayed each day is in parentheses.

in fetal serum could be attributed to placental
transfer from maternal sources, 2]-PRL
was injected into pregnant females. Ten min
later a measurable quantity of radioactivity
was detected in fetal serum (Table I) and
calculated to be an average of 3.9% of the
radioactivity (cpm/ml) recorded in the ma-
ternal serum.

The amount of ®23I-PRL still bound to
protein was determined by columning ali-
quots from each serum sample from mother
or fetus. In each case, the higher level of
radioactivity was found in fraction 4 (Fig. 2).

Discussion. We have established by RIA
that there are measurable quantities of pro-
lactin hormone in the serum of fetal and
neonatal hamsters. The fact that exogenous
25I-PRL crossed hamster placentae and en-
tered fetal circulation indicates the possi-
bility that at least some of the endogenous
hormone may have a maternal source in the
unborn animal. Josimovich et al. (7) re-
ported a similar observation when injecting
pregnant monkeys with 2°[. PRL. The hor-
mone was determined to cross the placenta
in minute amounts and enter fetal circulation
(0.5% of maternal serum levels) and am-
niotic fluid (1.0% of maternal serum levels).
They were also able to show that the fetal
pituitary released prolactin following an in-
jection of exogenous TRF.

Immunohistochemical techniques have
demonstrated the presence of a small number
of pituitary prolactin cells in the fetal ham-

TABLE I. RADIOACTIVITY RECOVERED FROM FETAL
AND MATERNAL SERUM 10 MINUTES POST-
INTRACARDIAC INJECTION WITH 125]-PRL¢#

Cpm/ml serum Percentage

(corrected for bkg) of Maternal
levels

Day of (embryo/
gestation Adult Embryo adult)
13.5 1574.9% 58.9¢ 3.73
14.5 1180.1 34.4 2.91
14.5 681.3 36.5 5.35
. 1081.2 53.6 4.95
15.5 1938.5 50.4 2.59

¢ 620,000 cpm/.1 ml PBS.
b Average cpm of two adult serum samples.
¢ cpm of pooled sera from 2 litters.

ster as early as 13.5 days gestation, and at
the same age, electron micrographs first
showed cells with some of the morphological
characteristics of prolactin cells (Thompson
and Trimble, unpublished). Thus, a fetal
contribution of prolactin would be possible
at 13.5 days of gestation but not earlier.
Because of the scarcity of immunoreactive
cells and the small number of cytoplasmic
granules in such cells, it does not seem likely
that there are enough competent prolactin
cells to account for the relatively high
amount of circulating prolactin at this age.
At 14.5 days there were considerably more
granulated cells, yet the concentration of
prolactin in the fetal serum drops.

An average of 3.9% of circulating ma-
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Fic. 2. Gel filtration patterns. (@—@) products
from the iodination of NIAMD-Rat PRL-I-1 in
which a 1 gl aliquot of 0.5 ml fractions were counted.
(O—0) maternal or (X—X) fetal serum containing
B]-PRL (mean of 4 samples, 6 litters, counted for
fractions 1-6); 0.5 ml fractions were collected and
counted. (ll—H) nonradioactive hamster serum;
0.5 ml fractions were collected and counted. The shape
of the purification curve for freshly iodinated pro-
lactin is similar to the filtration curves determined for
radioactivity recovered in fetal and maternal serum
except that there is little or no Na*®[ in fractions 9-17
recovered from serum samples.

ternal serum levels of ?1-PRL was measured
in pooled fetal serum ten minutes after a
single injection of ?]-PRL into pregnant
hamsters on days 13.5-15.5, whereas on the
same days endogenous fetal serum prolactin
levels were, on the average, 37 % of maternal
levels as revealed by RIA. The difference
between measured endogenous fetal-mater-
nal ratio and the percentage of maternal
25].PRL recovered in fetal serum, could be
due to the limitations of the injection proce-
dure and rapid serum hormone clearance
rates (8). However, some of the difference
may be an indication of the relative amount
of prolactin contributed by fetal or maternal
pituitary secretion.
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Changes in serum prolactin levels of fetal
hamsters coincided closely with the changes
in maternal serum as revealed by analysis
of variance. This suggests that maternal
prolactin enters fetal circulation, thereby
influencing fetal prolactin concentrations.
Even after birth, the newborn prolactin
levels continued to fluctuate synchronously
with maternal prolactin levels. Since it has
been suggested that serum prolactin in lactat-
ing rats may pass into milk in amounts
proportional to maternal circulating levels
(9), and since large dietary proteins can be
absorbed intact into the blood of neonatal
rats (10), it is reasonable to postulate that
the same mechanism may be responsible for
this observation in the neonatal hamster.

Although many more fetal and newborn
serum samples were measured for prolactin
than were adult samples, the adult values
closely followed relative values measured in
pregnant and lactating hamsters by Bast
and Greenwald (11), and in rats by Merchant
(12). Prolactin serum values in this study
were considerably lower than Bast and
Greenwald’s, which may be due to several
factors. The animals were multiparous vs
nulliparous, from different colonies, and
there was a difference in NIAMD antibody
source, which may have contributed to the
differences in absolute levels of prolactin.
One of the shortcomings of the RIA tech-
nique is that actual values are seldom dupli-
cated from one lab to another, whereas
rises and falls in levels are accurately repro-
duced (13).

Studies suggesting roles for growth hor-
mone in rats (14) and for prolactin in mice
(6) have been reported. The presence of
prolactin in pre- and postnatal hamsters
makes it interesting to speculate concerning
the possibility of some contribution to the
growth and perhaps to the reproductive
differentiation of the developing animal.

Summary. Immunoreactive prolactin was
measured by RIA in 13.5-15.5 day gestation
fetal and 0.5-3.5 day neonatal hamster serum
and found to significantly reflect rises and
falls in maternal levels. On the average, fetal
and neonatal levels were 37% of maternal
prolactin serum levels. 25I-PRL injected into
13.5-15.5 day pregnant hamsters was demon-
strated to cross the placenta and enter fetal
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circulation. Ten min after injection, fetal
serum levels were calculated to be an average
of 3.9% of the radioactivity recorded in
maternal serum. There is a strong possibility
that fetal prolactin serum levels may be, at
least in part, attributed to a maternal
source.

Supported in part by Louisiana State University
Research Council Grant to Dr. J. J. Trimble, III.
The authors express thanks to the Rat Pituitary
Distribution Program, National Institutes of Health
for supplying the rat prolactin radioimmunoassay kit.
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