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The Ontogenesis of Human Fetal Hormones

III. PROLACTIN

MICHEL L. AUBERT, MELVIN M. GRUMBACH,and SELNAL. KAPLAN

Department of Pediatrics, University of California at San Francisco,
San Francisco, California 94143

A B ST R A CT The synthesis and release of human pro-
lactin (hPRL) in the human fetus was assessed by ra-
dioimmunoassay analysis of the content and concentra-
tion of hPRL in 82 pituitary glands and the concentra-
tion of serum hPRL in 47 fetuses of gestational age
68 days to term. Fetal hPRL exhibited parallelism with
the reference standard (Lewis 203-1). hPRL was de-
tected by 68 days of gestation (10 wk), the earliest
fetal pituitary gland studied; 8 out of 33 pituitaries had
a prolactin (PRL) content above 2.0 ng between 10-15
wk gestation. The mean content of PRL in the pituitary
gland increased sharply from 14.8±4.6 ng at 15-19 wk
to 405±142 ng at 20-24 wk and 542±204 ng at 25-29
wk gestation. By term, the mean content was 2,039±
459 (range 493-3,689) and the mean concentration
15.9±2.4 ng/mg (range 7-20). There was a significant
positive correlation (P < 0.001) between the hPRL and
human growth hormone (hGH) content of fetal pitui-
tary glands; at term the hPRL/hGH ratio was 1/290.
The concentration of serum hPRL between 12 and 24 wk
ranged from 2.9 to 67 ng/ml, mean 19.5±2.5 ng/ml (n =
41); by 26 wk fetal serum hPRL increased sharply and
attained levels of 300-500 ng/ml in late gestation. At de-
livery, the mean plasma concentration of hPRL was
167±+14.2 ng/ml in 36 umbilical venous specimens and
111.8±12.3 ng/ml in the matched maternal venous speci-
mens. No correlation between serum hPRL and the
pituitary content or concentration of hPRL was dem-
onstrable in 12 matched fetal specimens.

In five anencephalic infants, umbilical venous hPRL
levels were between 65 and 283 ng/ml. In two anencepha-
lic infants, thyrotropin releasing factor (TRF) (200 Ag
IV) evoked a rise in serum hPRL in one patient from
43 to 156 ng/ml at 30 min, and in the other from 65 to
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404 ng/ml at 120 min. In both patients, plasma thyroid-
stimulating hormone (TSH) rose from undetectable
base-line levels to peak levels of 97 and 380 /U/ml, re-
spectively. The pattern of change in serum hPRL in
the human fetus contrasts sharply with that of serum
hGH, luteinizing hormone, or follicle-stimulating hor-
mone.

These observations in the fetus and in anencephalic
infants suggest that the striking elevation of serum
PRL in the fetus is neither mediated by a putative PRL
releasing factor or by TRF, nor is a consequence of
suppression or absence of PRL release inhibiting factor
alone, as a functional hypothalamus is not required to
attain the high PRL concentration at term. Several
lines of evidence support the view that high plasma es-
trogen levels characteristic of gestation act directly on
the fetal anterior hypophysis to stimulate PRL secretion
or to sensitize the secretory mechanism of the lacto-
trope, increasing its responsiveness to other stimuli.

INTRODUCTION
Human pituitary prolactin (hPRL)1 only recently has
been isolated and characterized (1, 2) and specific ra-
dioimmunoassays developed (3-6) even though many
clinical, physiological, and histological observations had
suggested the existence of a separate prolactin (PRL)
in man (7-11).

Little is known about the ontogenesis of hPRL. Its
concentration in the maternal circulation increases strik-
ingly during pregnancy; similarly, high PRL levels are
present in umbilical cord blood at term (12). PRL-like

1 Abbreviationis used in this paper: anti-oPRL, antiovine
prolactin; GH, growth hormone; GRF, growth hormone re-
leasing factor; hGH, human growth hormone; hPRL,
human prolactin; PIF, prolactin release inhibiting factor;
PRF, prolactin releasing factor; PRL, prolactin; RIA,
radioimmunoassay; TRF, thyrotropin releasing factor;
TSH, thyroid-stimulating hormone.
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FIGURE 1 A typical standard curve for the hetero
radioimmunoassay system for hPRL. Anti-oPRL
(R-246) was used at a final dilution of 1: 40,000 and
(Lewis-203-1) as tracer and standard.

biologic activity in the fetal pituitary gland of
gestation fetuses was reported by Levina (13);
teels, Brauman, and Brauman (14) detected by bic
PRL activity in cultures of human fetal pituitary g
In animals, PRL has been identified in the fetal
tary gland of several species (15-17) and in the
of late gestation sheep fetuses (18, 19).

Preliminary studies from this laboratory (20
provided evidence for the synthesis and release of
pituitary PRL in man. The present communicatic
scribes in more detail changes in the content of PI
fetal pituitaries, an abrupt change in serum PRL d
gestation, the relationship of these observations t
going studies of the ontogenesis of other pituitary
mones (21-24, and footnote 2), and the maturati
hypothalamic control of pituitary function.

There are inherent limitations in measuring th(
mone content of an endocrine gland and not its flu
in the interpretation of serum PRL concentr
without knowledge of its metabolic clearance r
the fetus. In addition, other factors can affect tl
sults including the accuracy of the assessment of
age, the random nature of the fetal specimens ava
unrecognized artifacts related to the state of tl
tuses studied, and the possible episodic or pulsati
cretion of PRL.

METHODS
Pituitary glands were obtained from 82 fetuses
spontaneous and 55 by therapeutic abortions) and frot
infants at postmortem examination. Gestational ag
estimated either from crown-rump measurements or
calculations obtained by subtraction of 14 days fro

2Kaplan, S. L., and M. M. Grumbach. 1975. The
genesis of human fetal hormones. II. Luteinizing h(
(LH) and follicle stimulating hormone (FSH). Acta
crinol. In press.

onset of the mother's last menstrual period, or by both
methods. The preparation of the extracts has been described
(22). Specimens of blood were obtained from 47 aborted
fetuses including 12 from which the pituitary glands were
also obtained, 36 from normal deliveries (maternal and
umbilical vein), and 5 from anencephalic infants. Plasma
was obtained in all cases except for the fetus for which
only serum was available.

LOGIT The radioimmunoassay (RIA) of hPRL was performed
B

by a double antibody method (6). Briefly, a heterologous
RIA system was used which consisted of a rabbit antiovine
PRL (anti-oPRL) and hPRL as tracer and standard. The
anti-oPRL cross-reacts with hPRL completely and gives
results which are comparable to the homologous assay
systems. hPRL was iodinated by a modification of the
chloramine-T method (25), and an aliquot of the ['SI]-
hPRL was repurified on a Sephadex G-100 column (0.9

0logous X 55 cm) before each assay (Pharmacia Fine Chemical
serum Inc., Piscataway, N. J.). All hPRL values are expressed in
hPRL terms of the purified Lewis 203-1 preparation. Human

growth hormone (hGH) was determined by RIA (22) and
the results expressed in terms of the Wilhelmi 840 prepara-

mid- tion of hGH. RIA results were analyzed with an IBM-360
Pas- computer using a RIA data processing program prepared

at the National Institutes of Health and kindly supplied to
,assay us by Dr. D. Rodbard. Statistical analysis of the data was
lands. performed according to Snedecor and Cochran (26) on a
pitui- 9830-A Hewlett-Packard desk calculator (Hewlett-Packard
serum Calculator Products Division, Loveland, Colo.).

The thyrotropin releasing factor (TRF) preparation was

1 21)
a gift of Dr. R. Guillemin, Salk Institute, La Jolla, Cali-

21) fornia.
f fetal
)n de- RESULTS

luring Specificity of the RIA. The specificity of the heter-:uron- ologous RIA for hPRL in this study is described else-
horn- where (6). The anti-oPRL does not cross-react with

Y
hor-

human chorionic somatomammotropin, human chorionic
ion of

gonadotrophin, or hGH. The Research Standard A (no.
e hor- 71-222) distributed by the National Institute for Bio-

x and logical Standards and Control, Hampstead, England
ations (27) was found to be 30% as active as the Lewis 203-1
ate in preparation; the reference plasma (no. 71-167) had a
ho r,-P mean concentration of 29.3±1.7 ng/ml in 16 assays.
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FIGURE 2 The content of hPRL in human fetal pituitary
glands is plotted in nanograms on the ordinate (logarithmic
scale) against gestational age on abscissa.
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TABLE I

PRL Content of Human Fetal and Newborn Pituitary Glands*

Statistical analysis,: wk of gestation
wk

gestation Mean:ISE n Range 15-19 20-24 25-29 35-40 1-2 mo

10-14§ 4.1 41.4 5 2.1-9.7 0.034 <0.001 <0.001 <0.001 <0.001
15-19§ 14.8±4.6 13 2.4-65.6 <0.001 <0.001 <0.001 <0.001
20-24§ 4054142 14 5.8-1,540 NS 0.002 0.003
25-29§ 542 4204 10 24-1,947 0.007 0.008
30-34 872 2 (856, 887)
35-40§ 2,039 ±459 7 493-3,689 NS

1-2 mo 5,429±2,275 4 833-9,855

* ng Lewis 203-1 hPRL.
P values of individual unpaired t test using logarithmic transforms.

§ One-way analysis of variance including five groups indicated: F = 14.180, P <0.001 (with log transforms:
F = 25.511, P < 0.001).

The limit of sensitivity of the RIA ranged between 0.02-
0.05 ng.

All maternal and fetal specimens in this study were
examined for immunological identity with the hPRL
reference preparation (Fig. 1). The displacement curves
obtained with serial dilutions of fetal pituitary extracts,
fetal serum, anencephalic umbilical venous plasma, and
maternal plasma at term were parallel to the standard
curve prepared with the Lewis 203-1 hPRL preparation.
Using a mixed heterologous radioimmunoassay for
hPRL as described by Jacobs, Mariz, and Daughaday
(4) similar parallelism was found. The between-assay
coefficient of variation was 4.7% (in 16 assays using
reference plasma no. 71-167: B/Bo ~ 50%), the within-
assay coefficient of variation, estimated by assaying the
same reference plasma at least four times in duplicate
in the same assay, was 4.3±1.4% (+SE) for six as-
says. hPRL did not displace ["I]hGH tracer bound to
anti-hGH in the RIA for hGH.
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Pituitary PRL. Immunoreactive PRL was detected
in the fetal pituitary gland as early as 68 days of gesta-
tion, the youngest pituitary gland assayed (2.8 ng).
However, between 68 and 115 days of gestation, only
8 of 33 fetal pituitary glands had PRL levels above 2.0
ng. After 115 days of gestation, all except two pituitary
glands had detectable PRL. A marked increase was ob-
served between 100-160 days of gestation for both pitui-
tary content (Fig. 2) and concentration (Fig. 3),
whereas for the last 100 days of gestation, the increase
in PRL content was less striking and the values for
concentration remained relatively constant. For both
content and concentration, there was a significant posi-
tive correlation with gestational age, the correlation
coefficient for content being higher. There was no rela-

hPRL
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FIGURE 3 Comparison of the concentration (nanogram/
milligram) of hPRL in fetal pituitary glands with gesta-
tional age.

weeks
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mO

FIGURE 4 The content (Mean±SE) of hPRL in nano-
grams is plotted at 4-wk intervals during gestation and for
postnatal ages 1-2 mo.
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tion between the sex of the fetus and pituitary content
or concentration of PRL.

The mean PRL content was compared at 5-wk inter-
vals (Fig. 4). There was an uneven age distribution of
the fetal pituitary glands studied with 39 of the 55 glands
falling between 15 and 29 wk of gestation. A one-way

analysis of variance of pituitary PRL content between
groups at 10-14, 15-19, 20-24, 25-29, and 35-40 wk of
gestation showed a highly significant F ratio of 14.180,
P <0.001. This ratio rose to 25.511 when logarithmic
transforms were used (Table I). The difference between
the mean PRL content at 10-14 and 15-19 wk was of
low statistical significance (P = 0.034) when analyzed
by the unpaired t test using logarithmic transforms,
whereas the incremental change between the 15-19 and
20-24 wk and that between 25-29 and 35-40 wk groups

was highly significant (Table I). The increase in PRL
content between the 20-24 and 25-29 wk group was not
significant. Four pituitary glands from 1-2-mo-old in-
fants had a mean PRL content of 5,429+2,275 ng (833-
9,855); although higher than in the late gestation group,
the difference was not statistically significant. The
changes in pituitary PRL concentration during gesta-
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FIGURE 6 A comparison of the concentration of immuno-
reactive hPRL (nanograms/milliliter) in fetal serum with
gestational age.

FIGURE 7 The concentration of serum hPRL (nanogram/
milliliter) on the ordinate is compared with the concentra-
tion (nanogram/milligram) (left panel) and with content
(nanogram) (right panel) of pituitary hPRL in paired
serum and pituitary samples obtained from 12 human
fetuses.

tion were less striking than those for pituitary content.
However, a significant positive correlation was ob-
served between pituitary concentration and gestational
age (r = 0.479, P < 0.01) (Fig. 3). The mean concen-

tration in late gestation (35-40 wk) was 15.9±2.4 (SE)
(n =7) ng/mg PRL.

The PRL content of 52 fetal pituitary glands was

compared with the growth hormone (GH) content
previously reported (22). Fig. 5 indicates the highly
significant positive correlation found when comparing
the logarithmic values of the content of pituitary GH
and PRL. Of note is the difference in the absolute
amounts of fetal pituitary PRL and GH. From the slope
of the regression line, the overall ratio of PRL to GH
was 1/125. In late gestation (35-40 wk), the PRL to
GHratio fell to 1/290.

Serum PRL concentration in the fetus. PRL was

present at a concentartion of 5.7 ng/ml in the youngest
of 47 fetuses studied from 88 days to term. All fetuses
88 to 165 days gestation had detectable serum PRL;
there was little change in the pattern of serum PRL
concentration (Fig. 6). Beginning at about 180 days
gestation there was a progressive rise in concentration
of serum PRL to very high levels in the last few weeks
of gestation. The concentrations in the three fetuses
near term are higher (458, 520, and 560 ng/ml) than
those in the umbilical venous plasma at term. In 12
fetuses 110-161 days gestation, from which matched
sera and pituitary specimens were obtained, there was

no correlation between the concentration of serum PRL
and the pituitary content or concentration of PRL
(Fig. 7).

Concentration of plasma PRL at term. The mean

concentration was 167.8±14.2 (+SE) ng/ml in um-

bilical vein plasma (range 50-422), significantly higher
(P = 0.004) than for maternal plasma, 111.8±12.3 ng/
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FIGURE 8 Comparison of the pattern of change in the
concentration of serum hGH (top) and hPRL (bottom)
during gestation.

ml (range 26-410). The PRL concentration of the 36
matched samples of maternal and fetal plasma corre-

lated weakly but significantly with each other (P <
0.05).

The pattern of change in fetal serum GHduring ges-
tation is in sharp contrast to that of serum PRL (Fig.
8); fetal serum GH reaches a peak concentration at
midpregnancy and then decreases until term (22).
There is a significant negative correlation between se-
rum GH and gestational age (P < 0.001), whereas
there is a positive correlation for serum PRL with fetal
age from day 160 to term.

Studies in anencephalic infants. The concentration
of plasma hPRL in five anencephalic infants on the 1st
and 2nd day of life (the absence of hypothalamic tissue
was confirmed at postmortem in each case) was within
the same range as for 36 normal newborns at delivery
(Table II). In contrast, the plasma GH levels were

TABLE I I
Serum hPRL and hGHin Five Anencephalic Infants

Age Serum hPRL* Serum hGH

days ng/ml ng/ml

1 100 1.0
1 101 1.5
1 148 1.4
1 283 6.0
2 65

Normal newborn infants 167.8414.2 35.5+4.6

Umbilical venous plasma range 50-422 range 6.0-93.0

Mean+SE n = 36 n = 29

* hPRL standard: Lewis 203-1.

TABLE III
Effect of TRF (200 jig IV) on Plasma PRL and TSH

in Two Anencephalic Infants

Patient 1 Patient 2

Time PRL* TSH PRL* TSH

min JU/ml MU/ml
0 43 <0.5 65 <0.5

10 80 5.5 134 <0.5
20 104 31
30 156 54 187 340
45 143 84
60 152 97 242 380

120 120 76 404 > 100

* ng/ml Lewis 203-1.

strikingly depressed (range 1-6 ng/ml) when compared
with the umbilical vein plasma hGH concentrations of
29 normal infants (Table II).

A TRF stimulation test performed in two anencepha-
lic infants evoked a sharp rise in the concentration of
plasma PRL (Table III). In contrast to the high basal
value for plasma PRL, plasma thyroid-stimulating hor-
mon (TSH) was less than 0.5 AU/ml in the zero time
specimens; however, after TRF administration, there
was a striking increase in plasma TSH.

DISCUSSION

The data presented herein indicate that the pituitary
gland of the human fetus is able to synthesize, store, and
secrete PRL early in gestation and are consistent with
a progressive increase in secretion by the lactotropes
during the last trimester of gestation. At term, the mean
umbilical vein plasma concentration of PRL is higher
than the mean maternal plasma level (Fig. 9).

Normal
newborns

]st

FIGURE 9 Comparison of the pattern of change of fetal and
maternal plasma hPRL during gestation. On the right,
plasma levels in normal and anencephalic newborns are
compared with those of normal infants and adults (6).
Levels for maternal plasma PRL during gestation are indi-
cated as a composite curve using data from this laboratory
and from reference 12.
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The immunochemical properties of fetal PRL are not
different from those of adult or standard PRL in the
test systems used. There was strict parallelism when
the fetal hormone was examined in serial dilutions us-
ing two different antibodies in two different radioim-
munoassay systems. No heterogeneity of immunoreac-
tive PRL, such as high molecular weight forms ("big
PRL"), was detected in the umbilical plasma of one
fetus after gel filtration on Sephadex G-100.3 Neither
hGH nor hCS cross-reacted in the PRL radioimmuno-
assay.

The onset of PRL synthesis and storage in the fetal
pituitary gland occurs early in gestation. Fetal PRL was
detected in the pituitary gland of the youngest fetus
studied (68 days of gestation) and in the following 40-
day period of gestation 8 of 33 pituitary glands stud-
ied had a PRL content higher than 2.0 ng. From 115
days gestation all but two pituitary glands had detecta-
ble PRL and both the pituitary content and concentra-
tion increased significantly with gestational age.

These observations confirm earlier studies of Levina
(13), who reported an increase in PRL biological ac-
tivity of fetal pituitary glands between 18-40 wk of
gestation. Further, Pasteels, and coworkers (14) de-
tected PRL biological activity in cultures of human
fetal pituitary glands from fetuses of 5 mo gestation.
Recently, Siler-Khodr, Morgenstern, and Greenwood
(28) demonstrated immunoreactive PRL activity in the
media of cultures of human fetal pituitary glands from
5 wk gestation until term. Their data suggest that the
primordium of the fetal pituitary gland contains cells
with the capacity to synthesize PRL. Using immuno-
fluorescence techniques, Pasteels, Gausset, Danguy, and
Ectors (29) detected lactotropes in the pituitary gland
of a 4-mo-old fetus.

The pattern of change in the concentration of fetal
serum PRL during gestation correlates overall with the
increase in pituitary PRL content. However, no in-
cremental changes in the concentration of serum PRL
is observed between 88 and 165 days gestation, in con-
trast to the steadily increasing pituitary PRL content.
The striking increase of serum PRL from 165 days to
term is associated with a further increase of pituitary
PRL content. The increase in fetal and maternal con-
centrations of serum hPRL show a similar general trend
during gestation; however, serum hPRL appears to
rise later and attains a higher mean level in the fetal
than in the maternal circulation. There was a weak but
significant correlation between fetal and maternal hPRL
levels at term. Despite this similarity in the pattern of
change, it is likely that the hPRL secretion in the
mother and the fetus are independent and that there

'Garnier, P. E., M. L. Aubert, S. L. Kaplan, and M. M.
Grumnbach. Unpublished data.

is no or limited placental tranfer of hPRL, but definitive
data in man are lacking. There is evidence of the im-
permeability of the sheep placenta for PRL (30). Re-
cently, the transfer of labeled [I]hPRL from the ma-
ternal to the fetal circulation in the rhesus monkey has
been shown to be less than 1% (31). Indirect evidence
of the lack of or limited placental transfer of hPRL in
humans is the persistence of high hPRL levels in the
newborn infant for several weeks (6, 32).

The serum PRL levels in the five anencephalic in-
fants and in three others reported by Hayek, Driscoll,
and Warshaw (33) were comparable to those of nor-
mal newborn infants. This finding indicates that (a) a
functional hypothalamus is not required to attain the
high PRL levels at term, and (b) pituitary lactotropes,
independent of hypothalamic control, apparently are
responsive to gestational factors. The high PRL levels
in the anencephalic infants, compared with those of
normal children and adults, represent important evidence
against the possibility that TRF or a putative human
PRL releasing factor (PRF) are responsible for the
late gestational PRL rise in the fetal circulation.

PRL secretion is known to be regulated by a tonic
inhibitory mechanism of hypothalamic origin (34).
Removing the pituitary gland from hypothalamic control
results in an increase in PRL secretion, as seen with
pituitary gland autograft (35) or after pituitary stalk
section in man (36). Whether PRL release inhibiting
factor (PIF) is a peptide, similar to the already
characterized hypothalamic factors, or dopamine, a
neurotransmitter, is not yet known (37-41). Although
postulated in certain animals species (42), the existence
of a human PRF is very uncertain. The stimulation of
PRL by TRF, first observed in vitro (43), is now well
documented in man (44-46); however, there is no evi-
dence that TRF is the hypothetical PRF.

What are the mechanisms involved in the sharp rise
of plasma PRL in the maternal and fetal circulations
toward the end of gestation? Several aspects should be
considered: (a) the modulation of the hypothalamic
control of PRL in pregnant women, (b) the maturation
of this control in the fetus, and (c) the influence of the
gestational hormones on the hypothalamus and/or the
pituitary gland of the fetus and the pregnant woman.

The progressive increase of plasma PRL concentra-
tion in the pregnant women could be due, at least in part,
to the suppression of PIF secretion or blockade of its
effect on the pituitary gland with concomitant hyper-
plasia of the pituitary lactotropes (47). However, there
are several lines of evidence which indicate that the
high plasma estrogens characteristic of gestation stimu-
late the pituitary lactotropes directly and can elicit a
greater degree of stimulation of the pituitary gland (6,
48, 49) than usually occurs with PIF deficiency or phar-

160 M. L. Aubert, M. M. Grumbach, and S. L. Kaplan



macological agents. Similary, an active role of estrogens
can be postulated in the fetus for the striking rise
of serum PRL after 180 days of gestation. Indeed, estro-
gens, mainly of placental origin, increase sharply in the
maternal and fetal circulation during gestation. Shutt,
Smith, and Shearman (50) reported striking increases
of unconjugated 17 1-estradiol as well as estrone and
estriol between 15-20 wk gestation and term in both the
fetal and maternal plasma.

The influence of estrogens on plasma PRL is well
documented (4, 6, 32, 48, 49). Frantz, Kleinberg, and
Noel (48) have demonstrated that estrogen treatment
of male subjects increases their plasma PRL levels sig-
nificantly. Yen. Ehara, and Siler (51) found that within
3 wk of treatment with estrogen, hypogonadal women
increased their concentration of plasma PRL up to
400% of basal levels. Further, estrogens are known to
stimulate PRL secretion by the rat or rabbit pituitary
gland in vitro (52, 53) and in vivo (54, 55). Additional
support is provided by the observation that during preg-
nancy in the rhesus monkey, in contrast to man, there
is only a moderate rise in maternal estrogen levels (56)
and only a modest and variable increase in plasma
PRL (57). Similarly, serum PRL increases only at
the end of gestation in the ewe (58) and lamb fetus
(18, 19). This late rise in PRL values correlates with
the increase of circulating estrogens which occurs
closely related to term in the fetal and maternal circu-
lation in sheep (59).

Pregnancies with anencephalic fetuses are charac-
terized by a striking reduction in the excretion of estriol
in the maternal urine owing mainly to the diminished
secretion by the fetal adrenals of 16 a-OH-dehydroepi-
androsterone sulfate, the principal precursor of estriol
in pregnancy (60, 61). However, estradiol and estrone
in the fetal circulation originate mainly from precursors
secreted by the maternal adrenal cortex (60, 61), there-
fore, the circulating levels of these two steroids in the
fetus should not be greatly affected by anencephaly.
This was recently demonstrated in one anencephalic in-
fant in whom the high plasma concentrations of uncon-
jugated 17 f-estradiol and estrone in umbilical cord
blood were in the normal range (62). In two anen-
cephalic infants observed in this study, the augmented
PRL response after TRF stimulation clearly demon-
strates a large dynamic reserve of pituitary PRL in the
anencephalic newborn and supports the notion that
factors, which do not act via the hypothalamus, mediate
this increased secretory capacity.

A comparison of the pattern of change in the serum
concentration of the different pituitary hormones in the
fetus and the anencephalic infant provides further sup-

' Novy, M. J., M. L. Aubert, M. M. Grumbach, and S. L.
Kaplan. Unpublished data.
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FIGURE 10 Schematic diagram of the pattern of change
in pituitary and serum hPRL and hGH during gestation.
Note that the content of pituitary hGH is expressed as
,tg/Pit. and hPRL content as ng/Pit.

port for the overall inhibitory nature of the hypothala-
mic control of PRL secretion in contrast to the stimu-
latory nature of control for the other pituitary hor-
mones (21-24). In the case of hGH., although a GH re-
lease inhibiting factor or somatostatin has been described
(63), the very low GH plasma levels usually found in
anencephalic infants suggest that GH secretion in the
fetus is primarily under the influence of a growth hor-
mone releasing factor (GRF). Fig. 10 compares the
pattern of change of pituitary content and serum con-
centration of PRL and hGH throughout gestation. We
have postulated that the generally high serum levels
of hGH observed in the fetus at midgestation are at-
tributable to relatively unrestrained secretion of GRF
(or lack of GIF), and that toward term the concentration
of hGH in fetal serum decreases in response to matura-
tion of inhibitory regulatory mechanisms (21, 22).

Phylogenetic studies from amphibia to mammals on
the action of PRL indicate that it is the most versatile
of all hormones (64). In man, PRL appears to promote
the growth and secretory capacity of the maternal mam-
mary gland in concert with other hormones during preg-
nancy. However, the role of PRL in the development of
the human fetus is unknown. Neither hPRL nor hGH
appear to be critical rate-limiting factors in the growth
of the human fetus since apituitary fetuses are of nor-
mal or near-normal size at birth (21, 65, 66). On the
other hand, PRL in lower organisms exerts important
metabolic effects including those on growth, water, and
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electrolyte metabolism, and on steroid target tissues.
Buckman and Peake (67) have reported that PRL se-
cretion in man is affected by changes in serum osmo-
larity. It may be that PRL has an influence on water
and electrolyte metabolism in the human fetus, but there
are no data on this possible action. Further studies may
uncover previously unsuspected actions of PRL in the
primate fetus. For example, the rise in serum PRL may
be one factor in the fall in serum testosterone concen-
tration in the male during the second half of gesta-
tion (68).
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