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It is well established that the prostaglan- 
dins (PGs) are among the most active nat- 
ural substances known (1) and that these 
substances may exert profound effects on 
endocrine gland function (2, 3). Alterations 
in the functional activity of various pituitary- 
target gland systems are known to occur af- 
ter treatment with prostaglandins. Adminis- 
tration of luteolytic doses of PGF2, to preg- 
nant rats is associated with large increases in 
pituitary LH stores, even exceeding those 
found in ovariectomized animals (4). The 
secretion of pituitary gonadotrophic hor- 
mones is differentially affected after infusion 
of PGEl and PGE2 into the third ventricle of 
ovariectomized rats ( 5 ) .  PGEl reproduces 
most, if not all of the effects of TSH on the 
thyroid gland in vitro, possibly by interacting 
with the adenyl cyclase-cyclic AMP system 
(3, 6, 7). A stimulatory action of PGEl on 
the pituitary-adrenocortical system has also 
been described; the enhancing effect of PGEl 
on ACTH release is mediated by the median 
eminence (8) and is abolished in pentobarbi- 
tal treated rats (9). Serum prolactin (PRL) 
levels increase substantially after injection of 
PGF2a in late pregnancy (lo), although this 
prostaglandin is alleged to be without effect 
on prolactin secretion in lactating rats (1 1). 

Recent studies by D’Angelo and Wall (12) 
on maternal-fetal endocrine interrelations in 
the rat have demonstrated that the conjoint 
administration of goitrogens and adrenal in- 
hibitors to  the pregnant rat induces simul- 
taneous hypersecretion of TSH and ACTH 
by the fetal hypophysis. Treatment with the 
dibutyryl derivative of 3’, 5’-cyclic adenosine 
monophosphate also enhances TSH secre- 
tion in mother, fetus and neonate but does 
not significantly affect functional activity of 
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the pituitary-adrenal system (1 3). Although 
experimental research into the physiologic 
and pharmacologic role(s) of the prosta- 
glandins in female reproductive processes has 
proliferated, the specific effects of these sub- 
stances on anterior pituitary secretion .and 
target endocrine function in pregnancy have 
received very little scrutiny. The spectrum of 
PGEl stimulating effects on the endocrine 
gland system prompted us to determine the 
morphologic and physiologic consequences 
of its administration in late pregnancy to the 
maternal and fetal pituitary-target gland 
systems. 

Materials and Methods. Virgin female rats 
(CD strain: Charles River Breeding Labora- 
tories, Wilmington, MA) were mated by the 
commercial supplier by placing males with 
females at 4 PM on the day of proestrus. The 
presence of sperm in the vagina at 7 AM the 
next morning was considered to indicate 
pregnancy (first day, “0” hr). The timed- 
pregnant rats arrived at the laboratory on the 
15th or 16th day of gestation and were kept 
in separate breeding cages under controlled 
conditioiis of temperature (23 j= 1”) and 
artificial illumination (7 AM to 7 PM). Rats 
were given tap water and Purina Laboratory 
Chow in unrestricted amounts. Some preg- 
nant rats were hypophysectomized (para- 
pharyngeal approach) on the 14th or 15th 
day of gestation. Body weights of pregnant 
rats were recorded daily. 

The response of the pituitary-target gland 
systems to PGEl was tested in the pregnant 
animal by subcutaneous administration (gen- 
erous gifts from Dr. John Pike, The Upjohn 
Company, are gratefully acknowledged). 
PGEl was first dissolved in absolute ethanol 
(1 mg/O.1 ml) and alkalinized with 0.9 ml of 
sodium carbonate (0.2 mg/ml). Rats re- 
ceived injections of the drug (0.25 to 1.0 mg) 
at 90 or 120 min intervals beginning at 8:30 
AM on the 21st day of gestation. Control ani- 
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mals received the vehicle alone. Cesarean 
section was performed on the afternoon of 
the same day after three to  five injections. 
Fetuses were quickly stripped from the uteri 
while the sectioned mothers were maintained 
under ether anesthesia (2-3 min), after which 
blood was withdrawn by direct cardiac 
puncture. Blood from the fetuses was ob- 
tained by decapitation and thoracic incision. 

At autopsy, the endocrine organs were re- 
moved, weighed to the nearest 0.1 mg on a 
microtorsion balance, and prepared for histo- 
logical, chemical or assay studies. Cortico- 
steroid content of plasma and adrenals was 
determined by a fluorometric procedure, as 
previously described (14). Thyroid radioio- 
dine uptakes were routinely determined in 
mothers and offspring 22-24 hr after ip ad- 
ministration of 125T. Pregnant rats subjected 
to  cesarean section received 10 pCi of 12jI on 
the 20th day of gestation. Mothers allowed 
to deliver spontaneously, were given 12jI im- 
mediately after delivery was completed. Their 
newborns were also injected at this time with 
0.5 pCi of 12jI. Radioiodine accumulation in 
thyroids was measured after homogenizing 
the glands in vials containing 2 % NaOH and 
determining their radioactivity in a well type 
scintillation counter. Radioactivity of hepa- 
rinized blood (0.3 to 1 ml) was also deter- 
mined. TSH and prolactin content of pooled 
plasma and acid saline pituitary extracts 
were estimated by radioimmunoassay tech- 
nics using the Parlow kit. LH levels in plasma 
and pituitary were estmated by the radioim- 
munoassay method of Niswender (15). En- 
docrine gland weights were related to final 
body weight and are recorded herein as mg/ 
100 g body. Statistical significance of the data 
was assessed using the Student’s t test. 

Results. 1. Morphologic and physiologic 
consequences of PGEl. Mothers receiving 
PGEl displayed dramatic microscopic 
changes in their ovaries. The larger doses 
produced marked histologic changes in the 
corpora lutea, especially in peripheral cells. 
Parenchymal cells in normal corpora lutea 
were typically well defined by their clear cut 
borders, coarsely granular or vacuolated 
cytoplasm and by round vesicular nuclei 
(Fig. 1). Luteal cells in ovaries of PGEl 
treated mothers underwent marked trans- 
formation into enlarged polygonal cells 

characterized by clear or foamy cytoplasm 
and shrunken or shriveled nuclei (Fig. 2). 
Distension of sinusoidal capillaries was ob- 
served frequently. The 0.25 mg dose of PGEr 
induced only moderate microscopic change 
in luteal cells of intact mothers but marked 
histological alterations were seen in corpora 
lutea of hypophysectomized, pregnant rats 
with this dose. A moderate increase in 
ovarian weight (Table I) was accompanied 
by luteal cell changes (Figs. 3 and 4). Luteal 
cell borders were sharply delineated by re- 
traction and clearing of cytoplasm from the 
cell periphery and by condensation around 
the deeply staining, round nuclei. Disten- 
sion of the sinusoids with blood elements was 
frequently noted. 

PGEl administration to intact, pregnant 
rats did not induce significant increases in 
thyroid, adrenal or ovarian weight. Thy- 
roidal 1251  uptake and blood radioactivity 
were moderately diminished but the thyroid- 
blood radioactivity ratios increased from 
6.88 to 7.88. PGEl treatment resulted in a 
moderate increase in plasma corticosteroids 
levels but corticosteroid content of the adre- 
nal remained in the normal range. As ex- 
pected, functional activity of the maternal 
pituitary-target gland systems was reduced 
by hypophysectomy. Ovarian, thyroid and 
adrenal gland weights and their functional 
indices were all substantially lowered. PGEl 
treatment of hypophysectomized mothers, 
however, effected some increase in ovarian 
weight to nearly normal values of intact 
mothers. 

2. Eflects of PGEl on Fetus and Neonate. 
There was no indication that PGEl treat- 
ment of intact mothers resulted in any sub- 
stantial change in thyroid or adrenal func- 
tion of the fetus. Adrenal and thyroid-body 
weight ratios remained in the normal control 
range and corticosteroid content of the fetal 
adrenal was not materially influenced by 
PGEl treatment. As demonstrated previously 
(14), fetal adrenal weight was consistently in- 
creased after maternal hypcphysectomy. The 
adrenal hypertrophy was moderately accent- 
uated with PGEl treatment although corti- 
costeroid content of the gland was normal 
(Table 11). Thyroidal radioiodine uptake in 
fetuses derived from intact or hypophysecto- 
mized mothers was not significantly altered. 
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FIGS. 1-4. All photomicrographs are of peripheral portions of corpora lutea in the maternal ovary (Bouin’s, 

FIG. 1. The effects of four injections of PGEl (0.5 mg) on luteal cells in the mature ovary are illustrated. 
hemotoxylin, eosin, X 250: Polaroid Film No. 52). 

There is cellular hypertrophy with clearing of cytoplasm and condensation of nuclei. 

FIG. 2. The normal luteal cell histology is recorded for the ovary of mothers receiving saline injections. 



230 PGEl AND PITUITARY SECRETION IN PREGNANCY 

FIG. 3. The effects of four injections of PGEl (0.25 mg) on luteal cells in the ovary of the hypophysectomized 
mother is shown. Clearing and retraction of the cytoplasm from the periphery of luteal cells and its condensa- 
tion around the nucleus are shown, as well as the sinusoidal distension. 

FIG. 4. Normal luteal cell histology is illustrated for the ovary in saline injected, hypophysectomized mother. 
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TABLE 111. HORMONE LEVELS IN PLASMA AND PITUITARY OF MOTHER, FETUS AND NEONATE 
AFTER PGEl TREATMENT. 

~~ 

Mean LH f SE Mean TSH f SE Mean prolactin f SE 

Treatment Plasma Pituitary" Plasma Pituitary" Plasma Pituitary 

Salinemothers 23.0 f 2.3  40.2 f 4.5 79 f 8 . 6  0.49 f 0.10 4.1 f 1.8 1.32 f 0 . 4  

(No.) munit/100 ml munit/mg ng/ml Pg/mg ng/ml crg/mg 

(5 1 (<40)* (34.3) 

(<40) (1.4) 

(5.7) 

6 .7  0.05 - - - Fetuses (46) 17.0 2.8 - 

Neonates (32) - 31.6 6 .9  32.0 <0.02 - 

PGEl mothers 
(13) 

1 .0  mg (3) 152.5 37 .O 426 1.06 23 
0.50 mg (4) 103.6 49.9 127 0.77 36 

0.50 mg (4) 93.3 55.3 130 1.05 36 

Fetuses (74) 23.8 2 .9  5 .6  

Neonates (22) 116.0 

(118.1) (39.8) 

0.25 mg (2) 81.6 29.8 135 0.42 4 
0.06 

3 . 8  107.0 0.04 

- - - - 
(<40) (1.9) 

(200 1 (4.1) 
- - 

Hypx mothers (3) 3.2 < 4 . 0  1 

PGEl hypx moth- 5 . 3  < 4 . 0  1 
Fetuses (28) 22.9 5 . 3  <0.03 2 .6  - - - 

ers (5) 
Fetuses (44) 1 3 . 1  1.5 5 .0  <0.03 - - - 

1.05 
0.77 

1.38 
0.44 

Maternal values represent concentrations in the anterior pituitary; underlined values for fetuses 
and neonates are based on the whole hypophysis, and represent grand means of duplicate assay deter- 
minations on two or more separate pools of plasma and pituitary. 

* Values in parentheses obtained by bioassay; all other values determined by radioimmunoassay. 

Blood radioactivity was consistently lowered 
by PGEl treatment, however, and thyroid- 
blood radioactivity ratios doubled. A com- 
parison of results observed in spontaneously 
delivered newborn from saline and PGEl 
treated mothers revealed some substantial 
differences from those in the fetus. Regard- 
less of treatment, radioactivity in both blood 
and thyroid of the neonate was appreciably 
increased over fetal values. PGEl treatment 
markedly increased (from 0.3 to 1.7) thyroid- 
blood radioactivity ratios in the neonate. 
Adrenal weight in neonates moderately de- 
creased and corticosteroid concentration of 
the neonatal adrenal was reduced to  about a 
third of that in the fetal gland. PGEl treat- 
ment did not influence these indices of adre- 
nal function in the newborn, however. 

3 .  PGEl and Pituitary Hormones in 
Mother, Fetus and Neonate. Results from 

cesarean sectioned mothers indicate that se- 
quential injections of PGEl on the last day of 
gestation caused marked release of hormones 
from the anterior pituitary. The combined 
mean assay results obtained from the several 
doses utilized demonstrate a fivefold increase 
over the control TSH plasma level (Table 
111); the 0.25 mg dose of PGEl still effected a 
significant rise in plasma TSH. Pituitary 
TSH stores remained in the normal range. 
Significant prolactin release fI om the ma- 
ternal pituitary also occurred. Plasma pro- 
lactin levels rose sharply with the 1 mg does 
of PGEl and were still elevated with the 0.25 
mg dose. The overall increase in plasma 
prolactin level after PGEl treatment was 
about three-fold. Prolactin concentration in 
the anterior pituitary was well maintained. 
The larger doses of PGEl also induced sub- 
stantial LH release; the 0.25 mg dose ap- 
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parently was ineffectual in raising the plasma 
level of LH, although a sharp drop in pitui- 
tary LH content occurred. Circulating levels 
of these pituitary hormones fell sharply in 
hypophysectomized mothers, ranging from 
5 % or less of control values. 

Despite the maternal rise in plasma levels 
of the pituitary hormones which attended 
PGEl treatment, there was no indication of 
any comparable hormone release from the 
fetal hypophysis. TSH and PRL concentra- 
tions in the fetal gland were only a small 
fraction of that demonstrated in the ma- 
ternal pituitary. PRL was consistently de- 
tected in fetal blood but a t  levels usually one- 
tenth that of mothers. Substantial change in 
plasma hormone levels were recorded in the 
neonates, however. Plasma TSH and PRL 
concentrations were significantly increased 
over the fetal values in spontaneously de- 
livered newborns from normal mothers. The 
elevation in blood levels of TSH and PRL 
in neonates of PGEl treated mothers far 
exceeded (500-1000 %) that found in normal 
offspring (Table 111). 

Discussion. Results of this study clearly 
indicate that acute injections of PGEl in late 
pregnancy induce prompt and marked re- 
lease of several trophic hormones from the 
maternal pituitary. Whether or not the stim- 
ulatory action of PGEl is mediated directly 
at  the pituitary level or indirectly via the 
hypothalamus cannot be stated. Experiments 
utilizing prostaglandins in non-pregnant rats 
strongly suggest that hypothalamo-hypo- 
physial mechanisms are involved. Harms et 
al. ( 5 )  infused prostaglandins into the third 
ventricle of ovariectomized rats and de- 
scribed rapid elevations (15-30 min) in 
plasma levels of prolactin and LH with 
PGEl and PGE2, respectively. Neither sub- 
stance had any gonadotrophin releasing ef- 
fect when infused directly into the pituitary. 
It was inferred that these prostaglandins 
acted primarily to alter secretory rates of the 
corresponding hypothalamic releasing or 
inhibiting hormones into portal blood. Peng 
et al. (9) demonstrated that intravenous in- 
jections of PGEl stimulated release of ACTH 
in rats, but not in animals anesthesized with 
pentobarbital. A primary action on the cen- 
tral nervous system, presumably the hypo- 
thalamus, was postulated. Hedge and Han- 

son (8) confirmed this view by demonstrating 
that microinjections of PGEl into the rat’s 
median eminence released ACTH but were 
not effective when made directly into the 
pituitary. Electrolytic lesioning or deafferen- 
tation of the medial-basal hypothalamus of 
the pregnant rat prior to PGEl administra- 
tion would be helpful in elucidating its site of 
action but such operative procedures are 
rarely successful in pregnancy ; microinjec- 
tion technics would seem more promising. 

The histologic changes observed in corpora 
lutea of the maternal ovary after PGEl 
treatment are of particular interest. The 
luteolytic effects of PGF2a were not con- 
sidered to be dependent upon a primary ac- 
tion on gonadotrophin secretion (16, 17) but 
Labhsetwar (4) associated luteolysis follow- 
ing administration of this prostaglandin with 
marked increase in stores of pituitary LH, 
and postulated an action mediated in part by 
augmented synthesis and release of LH. Ver- 
mouth and Dies (10) were able to inhibit 
partially the PGF2, induced rise in serum 
prolactin in late pregnancy by progesterone 
administration. It was suggested that PGF2, 
releases prolactin by decreasing plasma pro- 
gesterone level. Without direct estimation of 
progesterone secretory rates by the maternal 
ovaries, interpretation of the luteal histo- 
logic changes in our study can only be specu- 
lative. It is plausible that elevated circulating 
levels of prolactin and/or LH may have 
stimulated luteal cell hypertrophy but the 
significant increase in pituitary LH stores 
found earlier (4) was not observed. Prolactin 
administration in high doses has been found 
to decrease ovarian weight and reduce the 
size and numbers of cells in corpora lutea of 
hypophysectomized rats (1 8) .  Such regres- 
sive morphologic changes were not observed 
in ovaries of intact or hypophysectomized 
mothers regardless of prolactin or LH blood 
levels; a direct, nonhormonal effect of PGEl 
on the ovary of the pregnant rat seems likely. 

Although PGEl is known to mimic most of 
the primary actions of TSH on physiologic 
and morphologic concomitants of thyroid 
hormone secretion (3, 6, 7, 21), it is equally 
clear that there are basic differences in 
mechanisms of action between TSH and 
PGEl (6, 7, 19, 20). Burke et al. (22) have 
postulated that an intracellular cyclic AMP- 
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PGE system exists which serves to modulate 
TSH effects on thyroid function. Others deny 
that the action of TSH on a thyroidal adenyl 
cyclase-cyclic AMP system is mediated by 
endogenous PGEl ( 6 ) .  It is of singular in- 
terest that in our in vivo study thyroidal 
radioiodine accumulation was reduced rather 
than enhanced, despite a fivefold increase in 
the maternal level of circulating TSH. The 
The consistent lowering of the blood radio- 
activity, and corresponding increases in 
thyroid-blood radioactivity ratios in mother 
and offspring very likely indicate some 
change in the dynamics of iodide transport. 
Altered thyroid hormone secretory rate and 
disposal at the periphery may also have oc- 
curred. A recent study by Shenkman et al. 
(23) demonstrated that PGFz, had a direct 
action on the thyroid of pregnant women; 
T4 and T3 serum levels were significantly in- 
creased without change in basal TSH levels. 
Anomalous effects of nucleotides on radio- 
metric functions of the thyroid have already 
been described for the rat’s perinatal period 
(13). It is felt that prostaglandins, like nu- 
cleosides, may have separate and independ- 
ent in vivo actions on thyroid and adenohy- 
pop hysis. 

The release of maternal pituitary hor- 
mones induced by PGEl treatment was ac- 
companied by comparable release of TSH 
and PRL from the pituitary of the neonate. 
The dramatic increase in blood levels of 
these hormones in the day-old newborn 
strongly suggests that the response of the 
fetal hypophysis to  PGEl was actually de- 
layed. The reason for this latency is not 
clearly apparent but it may reflect diflerences 
in sensitivity of the maternal and fetal pitui- 
tary to the administered PGE1. The process 
of spontaneous delivery itself has been cor- 
related with significant shifts in parameters 
of pituitary-thyroid function in the rat’s 
perinatal period (13). The delayed pattern of 
TSH release from the fetal pituitary observed 
in the present study holds for prolactin se- 
cretion as well. How much of the PGEl ad- 
ministered to the mother actually traverses 
the placental to enter the fetus, and to per- 
sist in the neonate cannot be stated. There is 
n o  reason to suspect, however, that the fetal 
pituitary-adrenocortical system was materi- 

ally influenced by PGEl treatment. The re- 
duction in weight and corticosteroid content 
which occurs in the neonatal adrenal is well 
known and has been attributed to prolonged 
feedback action of fetal and maternal corti- 
costeroids on ACTH secretion in the late 
fetus (14). PGEl administered to the mother 
apparently fails to influence this process. We 
have preliminary evidence (unpublished) to 
indicate that postnatal administration of 
PGEl causes marked stimulation of pitui- 
tary TSH secretion in newborn rats. The 
functional activity of pituitary-target gland 
systems after parturition and during post- 
natal development are now being studied. 

Summary and Conclusions. Acute admin- 
istration of PGEl in graded doses (0.25-1.0 
mg) to pregnant rats in late gestation (21st 
day) induced significant release of TSH, 
prolactin and LH from the maternal pitui- 
tary. Plasma levels of PRL and TSH were 
elevated (three- to fivefold) in cesarean sec- 
tioned mothers given 4-5 sc injections of 
PGEl; higher doses also stimulated LH re- 
lease. Comparable increases in blood TSH 
and PRL levels were also found in their new- 
born but no indication of enhanced hormone 
release from the fetal hypophysis was noted. 
Histologic alterations were observed in the 
ovary (luteal cell hypertrophy, cytoplasmic 
clearing, nuclear condensation, sinusoidal 
distension) of mothers receiving PGEl 
treatment. Thyroidal radioiodine accumula- 
tion in mother, fetus and neonate were us- 
ually decreased whereas thyroid : blood radio- 
activity ratios were consistently increased. 

It is concluded that PGEl treatment of the 
pregnant rat near term stimulates release of 
hormones from the pituitary in mothers 
(TSH, LH, PRL) and in their newborn 
(TSH, PRL). The results also strongly sug- 
gest that PGEl administration may induce 
morphologic and functional changes in tar- 
get endocrines (ovary, thyroid) by direct and 
separate actions. 
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