
HORMONAL AND RELATED FACTORS AFFECTING 
THE RELEASE OF’ PROSTAGLANDIN F,, 

FROM THE UTERUS* 

J. S. ROBERTS, B. BARcIKowSKrt, L. WILSON& R. C. SKARNES 
and J. A. MCCRACKEN 

Worcester Foun~tion for Experi~n~l Biology, Shrewsbury, Mas~chu~tts 01545, U.S.A. 

(Received September 2, 1974) 

SUMMARY 

While evidence is accumulating that prostaglandin FzX (PGF,,) is the uterine luteolytic factor in several 
sub-primate species, factors controlling the release of PGF2, from the uterus are not fully documented. 
The present study utilizes two models consisting of either the in situ or the autotransplanted uterus 
of the sheep. Four factors affecting the release of PGFZ, from the uterus are described. (a) Ovarian 
steroid hormones: Spontaneous peaks of estradiol-178 (E,-17j) occur throughout the estrous cycle but 
it is not until the time of corpus luteum regression that peaks of PGF,, release from the uterus 
become associated with peaks of E,-178 secretion. When physiological amounts of E,-17/l are infused 
into the arterial supply of the autotranspianted uterus, PGF*, is released only late in the luteal phase 
suggesting that a priming effect of progesterone may also be necessary for PGF,, synthesis. (b) Oxytocin: 
When physiologi~l amounts of oxytocin are infused into the arterial supply of the in situ uterus, 
uterine tonus and amplitude of contractions increase immediately and are associated with a simul- 
taneous increase in PGF2, release, an effect which varied with the steroid status of the animal. Indo- 
methacin inhibits the oxytocin-induced release of PGF1, but not uterine contractions even although 
infusions of PGF,, alone mimic this effect of oxytocin. It is possible that PGFI, released during 
oxytocin action may have other important physiological functions such as altering uterine blood flow 
or changing cervical tone. (c)Mechanical stimulation: When the in situ uterus is mechanically stimulated 
by massaging it for lOmin, a rapid and sustained release of PGF,, occurs only very early and very 
late in the cycle suggesting a dependence of this stimulus on the steroid hormone status of the animal. 
Peripheral blood levels of oxytocin were found to be elevated during massage at certain stages of 
the cycle, suggesting that at least some of the massage-induced release of PGF,, may be mediated 
through oxytocin action on the uterus. (d) Bacterial endotoxin: Endotoxin has long been known to 
cause abortion in women as well as in lower species. Recent studies in pregnant mice have implicated 
uterine PGFz, as the mediator of the abortifacient action of endotoxin. Minute quantities of endotoxin 
injected into the arterial supply of the uterus produce a marked and immediate increase in PGFZ. 
release, an effect which is abolished by Indomethacin. These studies at the organ level confirm and 
extend the evidence that the abortifacient action of endotoxin is mediated via the release of PGFZz 
from the uterus. 

In conclusion the response of the uterus to a variety of physiological and pathological stimuli appears 
to center invariably on the release of PGF,. (and possibly other PGs) and evidence exists that this 
event is wholly or partially dependent on the endogenous steroid status of the animal. 

It has been known for many years that the uterus 

plays an important role in corpus luteum (CL) regres- 
sion in a number of mammalian species, primates 
being notable exceptions (See Review, 1). Recent 
studies [2-43 indicate that a substance of uterine ori- 
gin, namely pros~glandin Fzl (PGF& is the uterine 
luteolytic factor in the sheep and good evidence exists 
for a similar role for PGF2, in the guinea-pig [S]. 
The identity of PGFz, as a luteolytic hormone in the 
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sheep is based on the finding that the onset of CL 
regression coincides with a marked increase in PGF,, 
concentration in uterine vein blood as determined by 
g.l.c./MS [6,7], by bioassay [S], and by radioim- 
munoassay [4]. When an amount of PGFz, equivalent 
to the peak luteolytic release (25 i*g/h) is infused into 
one uterine vein, premature CL regression is induced, 
an effect which is not observed during systemic infu- 
sions of PGF,, [2]. These findings support the exist- 
ence of a mechanism for the local transport of PGFz, 
from the uterus to the ovary and in addition support 
the role of PGF,, as a luteolytic hormone in the 
sheep. 

Knowledge of the factors affecting the synthesis 
and/or release of PGF*, from the uterus is incom- 
plete. The present study utilizes two model systems 
consisting either of the in situ, or the autotransplanted 
uterus of the sheep. Using these models, four different, 
but inter-related factors affecting the release of PGFz, 
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Table 1. Concentration of prostaglandin F,, and estradiol-I 78 in utero-ovarian 
venous blood sampled from the in situ uterus once/day late in the estrous cycle of 

(From: 27) 

Day of cycle No. of ewes 

12 3 
13 4 
14 3 
15 4 
16 3 

Mean PGF,, 
(ng/ml k SE.) 

3.0 + 1.6 
2.9 f I.4 
4.7 + -- 7.7 _ 

18.2 * 7.3 
2.8 & 1.3 

Mean E,-178 

(pg/ml * SE.) 

15.7 * 3.9 
IO.8 * 5.0 
54.6 8.X f 

178.6 i 13.1 
21.3 I 5.6 

from the uterus will be considered, viz. 1. ovarian ster- 
oid hormones, 2. the polypeptide, oxytocin, 3. 

mechanical stimulation in the form of uterine massage 
and 4. bacterial endotoxin. 

EXPERIMENTAL RESULTS 

1. Ovarian steroid hormones 

(a) Endogenous secretion qf estradiol-178, progester- 
one, prostaglandin Fzl, and plasma LH levels in the 
cycling and early pregnant ewe. 

Sheep with an autotransplanted uterus and ovary 
were used in this study because these preparations 

permit the continuous sampling of utero-ovarian 
venous blood in the conscious, undisturbed animal 
over long periods of time [3,9]. For comparative pur- 
poses several normal cycling and early pregnant sheep 
were prepared with a cannula inserted into a utero- 
ovarian vein in situ to permit short term sampling 

of blood from the uterus over a period of several 
days. Blood samples were analyzed for PGFI1, pro- 

gesterone (P), estradiol-178 E,- 17/j’), and luteinizing 
hormone (LH) using sensitive radioimmunoassay 
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methods. Initially the animals with a cannula in the 
irz situ utero-ovarian vein were sampled once per day 

during the late luteal phase and the plasma was ana- 

lyzed for PGF2, and El-l 78 concentration. The 
results are shown in Table 1, where it can be seen 
that the mean level of PGF,, was significantly higher 
on day 15 (18.2 ng/ml) than the mean levels at the 
other times sampled (3.4 ng/ml). In add&Ion, the con- 

centration of E,-17p on day 15 was also significantly 
elevated (178.6 pg/ml) compared to the other days 
examined (25.6 pg/ml). However with this approach, 

the precise temporal relationships between E2- 17/j 

secretion and PGF,, release could not be established. 
In an attempt to resolve the above problem, sam- 

ples of utero-ovarian vein blood were collected at fre- 

quent intervals during the estrous cycle in two sheep 
bearing utero-ovarian transplants. In the first animal, 

samples were collected every 8 h from day 13 of one 
cycle to day 1 of the following cycle (estrous = day 

0). With this sampling frequency, PGF,, was 

observed to be released in what appeared to be a 
biphasic peak on day 15 at which time E2-17fl con- 
centration rose from a mean of 66pg/ml to a mean 
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Fig. 1. Utero-ovarian vein plasma concentration of PGFZz (ng/ml), progesterone (ng/ml). LH (ng/ml), 
and Ez-17fl (pg/ml) in a sheep bearing a utero-ovarian transplant sampled every 2 h during the cycle. 

(From: 27). 
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Fig. 2. Peaks of PGF,, in utero-ovarian vein plasma col- 
lected in situ from a non-pregnant and a pregnant ewe 
during the time of CL regression. While the smaller peaks 
on days 13 and 14 were observed in both animals, the 
larger peaks on days 15 and 16, associated with CL regres- 

sion, were absent in the pregnant animal. (From: 27). 

of over 2OOpg/ml. In the second ewe sampling fre- 
quency was increased to 12 times per day (every 2 h) 
and the results are shown in Fig. 1. It can be seen 

that although peaks of E,-178 occurred through the 
cycle (including the day 3-4 peak), it was not until 

day 13 and 14 tha’t small peaks of PGF2% became 
associated with the peaks of E,-178. Larger peaks 

of PGF,, lasting 2 h or less were observed on day 
15 and were associated with the completion of CL 
regression as evidenced by a fall in P concentration. 

It is known that the embryo must be present in 

the ovine uterus on day 12 or 13 if the CL is to 

be converted into the CL of pregnancy [lo]. Normal 
ewes were mated to a fertile ram and the ut;ro-ovar- 
ian vein adjacent to the CL was cannulated on cycle 
day 12. Samples were collected at frequent intervals 
for several days. It can be seen (Fig. 2) that the large 
peaks of PGF,, observed on days 15 and 16 in the 
non-pregnant ewe were absent in the pregnant animal 
in which a pregnancy was confirmed by the recovery 
of an embryo. The release of PGFz, in a non-preg- 
nant ewe is shown in Fig. 2 for comparison. This 
absence of peaks in the early pregnant ewe is similar 
to recent results from other laboratories [ 11, 123 and 

suggests that the presence of an embryo may effec- 
tively inhibit the major luteolytic release of PGF,, and 
thus prevent the onset of CL regression. 
(b) The effect of exogenous E,-17fl and Indomethacin 
on the release of PGF,, from the uterus 

Recent studies have shown that exogenous E,- 
178 treatment increases the release of PGF,, from 
the uterus of the guinea-pig [S] and raises the level 
of “PGF’ in peripheral blood of the sheep [13]. How- 
ever, in these studies the E,-17P was given by intra- 

s.“. 6/&s 

muscular injection in pharmacological doses and 
hence it was not established whether this effect of E,- 

17/j’ on the uterus was direct or indirect. 
To establish whether the observed association dur- 

ing the late luteal phase between peaks of El-l 7/j’ and 
PGFzz was significant and also to determine whether 
the effect of E,-17B on PGF,, release was direct 
or indirect, physiological amounts of E,-17b were in- 
fused in autologous plasma into the arterial supply 
of the autotransplanted uterus or into the systemic 

circulation at different stages of the cycle. In four ewes 
the mean release of PGF1, during the control period 

was 140 (kO.6 SE.) pg/h on day 14 of the cycle. After 
the infusion of E,-17/l at l.Ongjmin the release of 

PGF,, rose to 102.2 (+ 10.7 S.E.) Lcgjh between 60 
and 90min after beginning the infusion. In contrast, 
as shown in Fig. 3, El-178 infusions performed on 
days 6 and 10 of the cycle produced no increase in 

the basal release of PGF,,. To determine whether E2- 
178 acted directly or indirectly on the uterus, a simi- 
lar infusion was given into the systemic circulation 

on day 14 of the cycle. No change in the basal secre- 
tion of PGFz, was observed after the infusion, indicat- 
ing that E,-17b acts directly on the uterus and not 
by an indirect mechanism such as t%l the pituitary. 

Indomethacin is known to be a potent inhibitor 

of PGF,, synthesis [14]. To determine whether the 
E,-17/I-induced release of PGF2, represented dc MOUO 
synthesis or the release of stored material, Indometha- 
tin (2.5 pg/min) was infused for 60 min superimposed 

on the infusion of E,-178 into the uterus. The result 
of this type of experiment is shown in Fig. 3 where 

it can be seen that Indomethacin markedly depressed 
the E,-17/3-induced release of PGFz, on day 14. The 
finding that local infusions of E,-178 into the uterus 
released PGFz, only late in the cycle suggested that 
a prior period of progesterone is probably necessary 

Fig. 3. The effect of a 1 h intra-arterial infusion of Indo- 
methacin (2.5 pg/min) on the E,-17B-induced release of 
PGF?, from the autotransplanted uterus of the sheep. On 
days 6 and 10 (early luteal phase) no PGF,, was released. 
In contrast, on day 14, E,-17p infusion produced a release 
of PGF,, which was temporarily suppressed by Indometh- 

acin. (From: 27). 
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Fig. 4. The effect of oxytocin infused via the uterine artery 
in situ on intrauterine pressure and on the secretion of 
PGF,, into uterine venous blood (day 13 of the cycle). 

(From: 28). 

before E;-1711 can elicit a release of PGF,,, a conclu- 
sion which is supported by the correlation observed 
between the endogenous spontaneous secretion of E,- 
178 and PGF2, in the normal cycling ewe (Fig. 1). 

Because Indomethacin and Meclofenamate pre- 
vented oxytocin-induced contractions of the rat 
uterus irr vitro, Vane and Williams [15] recently pro- 
posed that oxytocin promotes the synthesis of uterine 
PGs which in turn may induce uterine contractions. 
Under physiological conditions in ho we find that 
oxytocin can increase the rate of secretion of PGF,, 
from the ill situ sheep uterus in advance of noticeable 

changes in uterine motility (Fig. 4). 
The concentration of oxytocin in the blood of sheep 

often reaches lOO&)/ml during vaginal stimula- 
tion 1161. Since the Row through one uterine artery 
approximates 5 ml/min during the luteal phase, infu- 
sions of oxytocin into the uterine circulation at rates 

as high as 500pU/min would appear to be within 
physiological limits. In Fig. 4 it can be seen that an 

infusion rate 5 times lower than this amount elevated 
the secretion of PGF,, into the uterine vein at least 
IO-fold. A substantial increase in the secretion rate 
occurred before intra-uterine pressure changed. 

On the other hand, we observed that while Indo- 
methacin inhibits the oxytocin-induced synthesis of 
uterine PGF,,, it does not necessarily prevent oxyto- 
tin-induced uterine contractions (Fig. 5). However, in- 
fusions of small amounts of PGF,, into the uterine 
artery were able to mimic both the increase in uterine 
pressure and uterine contractions characteristically 
produced by the infusion of oxytocin. 

Our observations thus support the view that the 
PG-synthetic mechanism can be extremely sensitive 
to oxytocin but our results argue against, not only 
the hypothesis that PGs mediate oxytocin’s effect on 
uterine motility, but also against its converse, viz. that 
uterine motility must increase before PGs are gener- 
ated in response to oxytocin. Oxytocin thus appears 
to have two effects on the uterus: it stimulates PG 

synthesis and it increases myometrial activity. It 
would seem that the uterine contracting effect of 
PGF*, and oxytocin are quite independent of each 

other but, since PGFz, is normally released during 
oxytocin stimulation, PGF,, may act synergistically 
with this polypeptide. In addition the release of 
PGF,, during oxytocin action on the uterus may 
have other important physiological effects such as 

altering uterine blood flow or influencing tonus of 
the cervix. 

Although further study is needed, the preliminary 

results presented in Fig. 6 indicate that the respon- 
siveness of the PG-synthetic mechanism to oxytocin 

varies with the estrous cycle, suggesting at least a par- 
tial dependence of the system on the gonadal steroid 
status of the animal 1171. 
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Fig. 5. Effect of Indomethacin on uterine activity and on 
secretion of PGFZz into uterine venous blood during infu- 
sion of oxytocin via the uterine artery in situ (day 3 of 
the cycle). (A) Prior to Indomethacin, oxytocin infused at 
2 mU/min caused the secretion of PGF,, to increase to 
a peak of 20 ng/min from a control level of 3 ng/min. (B) 
At T = 0, Indomethacin had been infused into the uterine 
artery for 90 min at 12ng/min. Intrauterine pressure re- 
sponses were similar before and after Indomethacin treat- 

ment. (From: 28). 
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Fig. 6. Peak PGF,, concentration in the uterine vein of 
irr sitar uterus during the intra-arterial infusion of oxytocin 
(~#~~/rnin) on different days of the cycte. The greatest 
release of PGF,, occurred during the late part of the cycle. 

(From: 28). 

3. Mechanical stimulation 

It has been known for some time that mechanical 
stimulation, such as massage of the isolated guinea- 
pig lung[ 181 or the distension of the guinea-pig uter- 
us [ 191, will rapidly cause the release of PGs. In addi- 
tion the values reported for PGF,, in uterine vein 
blood from different laboratories have shown very 
marked variations, a fact which was suspected to be 
due to differences in the manipulation of the uterus 
during sample collection. Accordingly, experiments 
were conducted in which the in situ uterus was 
mechanically stimulated on different days of the cycle 
by hand massaging it gently for IO to 15 min during 
which time uterine venous blood was continuously 
collected over ice [20]. The effect of massage on 
PGFz,, release is shown in Fig. 7. It can be seen that 
the uterus is most responsive in the late luteal phase, 
pregnant animals being notable exceptions. We were 
aware that oxytocin was a potent stimulus to PGF,, 
release (See Figs. 4 and 6) and that stimulation of 
the female tract can elicit oxytocin release [16]. 
Accordingly, using a sensitive mammary strip bioas- 
say, the endogenous levels of oxytocin were measured 

NGIML 
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Fig. 7. The effect of mechanical stimulation (10 min mas- 
sage) of the uterus on the release of PGF,, into the uterine 
vein in non-pregnant and pregnant ewes at various times 
after estrus. As the cycle progressed the response became 
more pronounced. Early pregnant animals showed a 

diminished response. (From: 20). 
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Fig. 8. The concentration of oxytocin &U/ml) in jugular 
vein plasma before and one minute after mechanical stimu- 
lation (massage) of the uterus on day 8 and 14 of the cycle. 
The response was greatest on day 14 and appeared to be 

diminished in early pregnancy. (From: 20). 

in jugular blood immediately before and one minute 
after begining uterine massage. The results are shown 
in Fig. 8 where it can be seen that a 5-fold increase 
in oxytocin occurs on day 14 but not on day 8 or 
in early pregnancy. 

The ability of mechanical stimulation to release 
PGF2, from the uterus appears to be dependent on 
two very distinct, but simultaneously operating, vari- 
ables: (i) the variation of the oxytocin releasing reflex 
during the cycle and (ii) the variation in the ability 
of the uterus to release PGFz, in response to oxytocin 
during the cycle. It is likely that both parameters are 
related to the steroid status of the animal. It would 
thus appear that great care must be taken during ex- 
periments on the female reproductive tract if spurious 
peaks of PGF,, are to be avoided, particularly at 
times when the oxytocin releasing reflex is operable. 
It is worthy of note that both the oxytocin-induced 
release of PGF,, (See Fig. 5) and the massage-induced 

Fig. 9. Suppression of the mechanically-induced (10 min 
uterine massage) release of PGFZ. from the ovine uterus 
by pre-infusing Indomethacin (50 pggimin) into the uterine 
artery for two hours on cycle day 14. Two hours after 
stopping the Indomethacin, the normally marked response 
to massage (see. Fig. 7)appeared to be returning. (From: 20). 
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Fig. IO. The effect of endotoxin, given as a single injection 
(0.1 to O.?,U~) into the arterial supply of the iu situ ovine 
uterus, on PGF,, release and uterine blood flow. Endo- 
toxin caused an immediate and characteristic drop in 
blood Row and was accompanied by a major release of 
PGF,,. During Indomethacin administration into the uter- 
ine artery, endotoxin did not release PGFZz and blood 

How did not drop below control values. (From: 29). 

retease of PGF,, are abolished by Indomethaci~l pre- 

treatment of the uterus. 

4. Endotoxin 

It is known that experimental animals show greater 
sensitivity to bacterial endotoxins during pregnancy 

and the endotoxemia may induce abortion and fetal 
death in humans and lower animals [21,22]. In recent 
papers [23,24] evidence was presented that the abor- 
tifacient action of endotoxin in day 16 pregnant mice 

is mediated by PGF2,, the latter arising from the 
uterine endometrium in response to a single, small 
dose of toxin. In addition, the results suggested that 

intrauterine fetal death (as distinguished from abor- 
tion) and maternal diarrhea are mediated by PCs of 
the E series. All three endotoxic manifestations were 
abolished by pretreatment with the PG synthetase in- 

hibitor. indomet~cin. 
In the present study we examined the effect of a 

minute dose of endotoxin (prepared from .Salmor~& 
rnteritidis) on PGF,, release from the in situ uterus 
of ewes in the late luteal phase. An intra-arterial injec- 
tion of 0.1 pg of endotoxin evoked an immediate drop 
in uterine blood flow concomitant with the release 
into the uterine venous eflluent of a relatively high 
concentration of PGFzz (Fig. 10). PGF,, was mea- 
sured in unextracted plasma (heparinized) according 
to a radioimmunoassay procedure described by Stylos, 
et al. [25]. The in&a-arterial infusion of Indomethacin 
in saline (2.5 pg/ml/min) prior to and following injec- 
tion of endotoxin effectively blocked the uterine blood 
flow response and the release of PGF,,. These results 
at the local organ level thus confirm and extend earlier 
findings in the intact animal. We intend to investigate 
the effects of hormonal conditioning on the uterine 
response to endotoxin utilizing sheep in various 
stages of the cycle. 

DISCUSSION 

Four factors affecting the release of PGF,, from 
the uterus have been examined in an attempt to 
explore the nature of this process. From the data 

obtained during the study of the spontaneous secre- 
tion of ovarian steroids and from the E,- 17fi infusion 
experiments, it would appear that both E,-17P and 
progesterone can influence the release of PGF,,. This 
conclusion is in keeping with the results of earlier 
workers in this field who found that the 
administration of both exogenous E,-i7B and cxo- 

genous progesterone shortened the estrous cycle in 
the sheep. 

While oxytocin infusions caused a pronounced 
release of PGFz, from the uterus at certain stages 

of the cycle. it is not as yet clear whether this observa- 
tion bears any significance in terms of luteolysis. Pre- 
vious studies have shown that E,-17/? sensitizes the 
oxytocin releasing reflex but E2-17/l per SP does not 

cause an increase in circulating blood levels of oxyto- 
tin. The fact that ewes bearing utero-ovarian auto- 
transplants show normal spontaneous peaks of 
PGFZZ during luteal regression suggests that the oxy- 
tocin releasing reflex may not be in itself important. 

since the uterus is denervated during transplantation. 
However the ability of rising levels of E,-i?‘/f to sensi- 
tize the uterus to standing levels of oxytocin would 
still have to be considered. A recent report [26] sug- 
gests that E2- 17) treatment tray indeed increase the 
PGFz, releasing effect ofoxytocin in the ovine uterus. 

The results obtained in the mechanical stimulation 
studies indicate the importance of careful handling 
of the female reproductive tract if misleading peaks 
of PGF2, are to be avoided. It is not yet clear whether 
oxytocin is responsible for all of the observed release 
of PGF,, during uterine massage. The known release 
of PGF,, directly by mechanical stimulation of the 
isolated lung and uterus suggests that there may be 
a contribution from trauma in our experiments. How- 
ever it should be possible to determine the relative 

contributions of oxytocin aud trauma to the PGF,, 
release by comparing the results obtained in massage 
experiments on the in sifu uterus with those obtained 
in the autotransplanted uterus. Since the latter prep- 
aration is denervated there should be no reflex 
release of oxytocin. 

Endotoxin has long been known to cause abortion 
in women as well as in other species. The results 
reported here with the irr s&u uterus support the 
mediating role of PGF,, in the abortifacient effect 
previously reported in the pregnant mouse. The 
release of PGFI, from the sheep uterus, which may 
be hormonally dependent, was abolished by Indo- 
methacin indicating that endotoxin causes & MXKJ 
synthesis of PGF,,. The results at the local organ 
level thus confirm and extend earlier findings in the 

intact animal. 
In conclusion the response of the uterus to a variety 

of physiological and pathological stimuli appears to 
center invariably on the release of PGF,, and this 
event may be wholly or partially dependent on the 
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steroid status of the animal. By comparing and con- 

trasting the PGFzz releasing effect of these various 

stimuli, it is hoped that a greater understanding will 
be achieved of the mechanisms involved in the syn- 
thesis and release of PGF,, from the uterus and the 
apparent modulating role which ovarian steroid hor- 
mones may play. 

AckIIOM?ledgrnlr,lts~Thanks are due for the skilled assist- 
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and Lawrence F. Underwood. 
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