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THE METABOLISM OF PROSTAGLANDINS
BY THE GUINEA-PIG UTERUS
WITH PARTICULAR REFERENCE TO CORPUS
LUTEAL MAINTENANCE IN EARLY PREGNANCY

1FELICITY M. MAULE WALKER & N.L. POYSER
Department of Pharmacology, University of Edinburgh, 1 George Square,
Edinburgh EH8 9JZ

1 Homogenized lung tissue from day 15, pregnant and non-pregnant guinea-pig metabolized exo-
genous prostaglandin E2 (PGE2) and prostaglandin F2X (PGF2.) almost completely when incubated
in Tyrode solution containing P-nicotinamide adenine dinucleotide (NAD+).
2 Metabolism of PGE2 and PGF2X, by homogenates of day 15, pregnant or non-pregnant, guinea-
pig uteri was relatively low (8 to 20%) when incubated in Tyrode solution containing NAD+.
3 Day 15, guinea-pig conceptuses (placentae and embryos), homogenized and incubated in Tyrode
solution containing NAD+, metabolized prostaglandins to a slightly greater extent (14 to 22%)
than day 15, uterine tissue.
4 Addition of exogenous arachidonic acid to day 12 or day 15, pregnant, guinea-pig uterine hom-
ogenates in Tyrode solution did not increase the yield of PGF22 following incubation.
5 It is concluded that neither an increase in metabolism of PGF22 by the uterus and conceptus
nor lack of precursor is responsible for the lower secretion of PGF22 from the day 15, pregnant,
guiena-pig uterus when compared to the day 15, non-pregnant uterus.

Introduction

There is now substantial evidence that prostaglandin
F2X (PGF22) is the uterine luteolysin in the guinea-pig
(Poyser, 1976). The non-pregnant, guinea-pig uterus
shows a cyclical variation in the amount of PGF21
produced when homogenized and incubated in vitro,
a large increase being seen around day 15 of the oes-
trous cycle, associated with luteal regression (Poyser,
1972). In the pregnant guinea-pig however, a func-
tional corpus luteum is maintained beyond day 15
(Heap & Deanesly, 1966) and the amount of PGF2#
released from the day 15, pregnant uterus is very
much less than that for the day 15, non-pregnant
guinea-pig uterus (Blatchley, Maule Walker & Poyser,
1975). The reduction in the amount of PGF2, released
from the pregnant uterus is thought possibly to
account for luteal maintenance in early pregnancy.
The reduced PGF2, release might be achieved either
by a rapid breakdown of any PGF2. formed or by
an inhibition of synthesis of PGF22 by the uterus.
In this paper the metabolism of PGF22 and prosta-
glandin E2 (PGE2) by the day 15, non-pregnant
guinea-pig uterus is compared with that of the day

1 Present address: A.R.C. Institute of Animal Physiology,
Babraham, Cambridge CB2 4AT.

15, pregnant guinea-pig uterus. The possibility that
the levels of arachidonic acid, the precursor of PGF22
and PGE2, may be a limiting factor in the synthesis
of prostaglandins by the early pregnant guinea-pig
uterus is also investigated.

Methods

Estimation of oestrous cycle lengths in virgin female
guinea-pigs and mating procedures were as described
before (Maule Walker & Poyser, 1974). Day 1 of the
oestrous cycle was taken to be the day preceding the
post-ovulatory leucocytic influx. Day 1 of pregnancy
was taken to be the day when spermatozoa were first
observed in the vaginal smear.

Metabolic studies

Nine, day 15, non-pregnant and eight, day 15, bilater-
ally pregnant guinea-pigs were killed by stunning and
incising the neck, and the uteri were removed. The
uteri of the pregnant animals were freed of any pla-
cental and embryonic tissues, these being retained.
The uterus from one, day 15, non-pregnant guinea-pig
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was weighed, chopped and homogenized in 25 ml
chilled incubation medium and then boiled for 10
minutes. The incubating medium used throughout
was made up of Tyrode solution (composition g/l:
NaCl 8.0, KCL 0.2, CaCl2 0.2, MgCl2 0.1, NaH2PO4
0.5, NaHCO3 1.0, glucose 1.0) containing fl-nicotina-
mide adenine dinucleotide (NAD+, 2.0 mM). The
remaining uteri from the non-pregnant and pregnant
guinea-pigs were weighed, chopped and homogenized
in 25 ml incubation medium by methods previously
described (Maule Walker & Poyser, 1974). The pla-
cental and embryonic tissues (conceptuses) were
treated in the same manner as the uteri. A piece of
lung from each of the non-pregnant and pregnant
guinea-pigs was similarly weighed, chopped and hom-
ogenized in 25 ml incubation medium. All hom-
ogenates were divided into two equal parts and kept
on ice until the incubation was started. Eight flasks
of 12.5 ml incubation medium alone were also set up.

(a) Determination of total metabolism. [3H]-PGF2,
0.5 pCi (sp. act. 85 Ci/mmol) and PGF2,-trometha-
mine salt 10 jg in 100,lp incubation medium were
added to one part of each of five homogenates of
each type (i.e. non-pregnant uterus, pregnant uterus,
conceptus and lung from non-pregnant and pregnant
animals), to one of the flasks containing incubation
medium only and to one part of the boiled uterine
homogenate. [3H]-PGE2 0.5 pCi (sp. act. 160 Ci/
mmol) and PGE2 10 pg in 100 pl incubation medium
were added to the other part of each of these hom-
ogenates. All the homogenates were incubated at
37°C for 90 min with continuous oxygenation and
shaking.

(b) Determination of rate of metabolism. [3H]-PGF2,
5 pCi and PGF2X-tromethamine salt 10,ug in 100 p1
incubation medium were added to one part of the
three homogenates of each type remaining, including
the flasks of incubation medium alone, which acted
as controls against which metabolism was calculated.
[3H]-PGE2 5 pCi and PGE2 10 pg in 100 pl incuba-
tion medium were added to the other part of all the
remaining homogenates, including the control,
medium alone, flasks. All the flasks contained a final
volume of 12.6 ml. All incubations were carried out
at 37°C with continuous oxygenation and shaking.
A 500 pl aliquot was taken from every homogenate
immediately (1 to 5 s) after addition of exogenous
prostaglandin, when the incubation was started. Sub-
sequently 500 p1 aliquots were removed from every
homogenate at 30s, 1 min, 5 min and thereafter at
5 min intervals for 30 min, then at 60 min and 90 min
after the start of incubation.

All samples were acidified to pH 4.0 by the addition
of 0.1 N HCI immediately on completion of incuba-
tion or removal as an aliquot during incubation.

Prostaglandins and their metabolites were extracted
by solvents (Poyser, 1972), and, following evapor-
ation, re-dissolved in 100 pl MeOH and subjected to
thin-layer chromatography. [3H]-PGF2, and [3H]-
PGE2 were run as radioactive marker standards.
Neutral silica gel (200 mm x 200 mm x 0.25 mm) on
glass plates was used. Non-radioactive marker stan-
dards (10 pg of each of PGF2,, PGE2, 13,14-dihydro-
PGE2, 13,14-dihydro-PGF2:, 13,14-dihydro-15-oxo-
PGE2 and 13,14-dihydro-15-oxo-PGF2X) were applied
to five control plates. A double-run development of
all the plates was performed using initially solvent
system FVI (Andersen, 1969) and then solvent system
GCM (Millar, 1974). The plates were scanned with
a Panax radio thin-layer chromatographic plate scan-
ner. The positions of any radioactive bands were iden-
tified from the scans and their position relative to
the origin and solvent front recorded. The radioactive
bands were then each scraped off and washed five
times with 3 ml MeOH, the washings combined and
taken to dryness. The dry residue was in each case
taken up in 0.1 ml MeOH; 50 pl of the dissolved resi-
due was added to 10 ml toluene: ethoxyethanol-based
scintillant (Hensby 1974) and counted in a Nuclear
Chicago liquid scintillation counter. In the total meta-
bolism studies the percentage of initially added radio-
activity retrieved from each radioactive band was cal-
culated. For the rate of metabolism studies, the radio-
activity retrieved from each radioactive band for any
aliquot was expressed as a percentage of the total
radioactivity found for a 500 pl aliquot of 12.5 ml in-
cubation medium containing 5 pCi of tritiated prosta-
glandin and 10 pg cold prostaglandin. The non-
radioactive marker standards were identified by de-
veloping the plate by spraying with a saturated solu-
tion of phosphomolybic acid in ethanol, and heating
at 1 15°C for 15 minutes. The positions of the spots
were recorded relative to the origin and solvent front,
and the RF values were determined.

Arachidonic acid studies

Eighteen bilaterally pregnant guinea-pigs were used.
Nine were killed on day 12 and nine on day 15 of
pregnancy. The uteri were removed and freed of all
embryonic and placental tissue. The uteri were each
then weighed, chopped and homogenized in Tyrode
solution with a Polytron homogenizer. Three, day 12,
pregnant uteri and three, day 15, pregnant uteri were
each homogenized in 20 ml Tyrode solution. Three,
day 12, pregnant uteri and three, day 15, pregnant
uteri were each homogenized in 19.9 ml Tyrode solu-
tion and 0.1 ml of ethanol was then added to each.
The other three, day 12, pregnant uteri and three,
day 15, pregnant uteri were each homogenized in
19 ml Tyrode solution and to each of these was added
1 ml of a solution of arachidonic acid (200 pg/ml) in
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Tyrode solution and ethanol, having the ratio Tyrode
solution:ethanol of 10:1. All the homogenates were
then incubated for 90 min at 37°C with continuous
oxygenation and -shaking. Homogenates were stored
at -20°C before extraction and assay. A 1 ml aliquot
of each homogenate was partitioned three times with
3 ml redistilled petroleum ether (b.p. 60 to 80°C), the
aqueous phase each time being frozen to allow the
petroleum ether to be decanted and discarded. Recov-
ery of [3H]-PGF2. after this partition was 85-87%
Two sets of PGF2, standards were made up in Tyr-
ode solution containing arachidonic acid (10 pg/ml)
and 0.1 ml ethanol per 20 ml Tyrode solution and one
set was subjected to partition with petroleum ether
as described for the homogenates.

Three aliquot volumes were dispensed in duplicate
from each homogenate sample that had been parti-
tioned with petroleum ether. The PGF2, content of
these aliquots was assayed by radioimmunoassay
using solid-phase antibody by methods previously de-
scribed (Blatchley et al., 1975). The standard curve
obtained with the arachidonic acid and ethanol con-
taining standards, with and without petroleum ether
partitioning, was compared to that obtained by the
normal methods. Quality controls were included in
all assays:- a control homogenate (a) was set up
in Tyrode solution alone using the uteri from ten,
day 7, non-pregnant guinea-pigs. PGF22 was added
to an aliquot of this control homogenate (a) at a con-
centration of 6 ng/ml. The amount of PGF2, in the
control homogenate (a) and in the homogenate con-
taining added PGF22 at 6 ng/ml (homogenate b) was
determined in every assay, both before and after parti-
tioning with petroleum ether to determine the ,ffect
of the partitioning on the recovery of known amounts
of PGF22,. The effect of the presence of ethanol and
arachidonic acid, at the concentrations used for the
experimental samples, on the recovery of the known
amounts of PGF22 in the control homogenates (a)
and (b), using the same method of partitioning with
petroleum ether as for the experimental samples was
also determined.
The standard error of the mean (s.e. mean) was

calculated for all results where possible. Significance
of results was determined by Student's t-test.

Results

Metabolism studies

The RF values for the non-radioactive marker stan-
dards are shown in Table 1.

Total metabolism. Most of the radioactivity re-
covered from homogenates of the uterus or conceptus
was located at RF values corresponding to the authen-

tic standards, PGF2X and PGE2 (Table 2). Where
metabolism occurred, the major radioactive metabo-
lite had a RF value corresponding to the 13,14-dihy-
dro-15-oxo-prostaglandin derivative. From the non-
pregnant guinea-pig uterine and lung homogenates a
smaller quantity (1 to 4%) of the radioactive material
recovered was located at the RF value corresponding
to the 13,14-dihydro-prostaglandin metabolite. In
addition 0.5% of the radioactivity recovered from the
metabolism of [3H]-PGF22 by the non-pregnant uteri
was located at RF 0.72, and remained unidentified.
The percentage metabolism (Table 3) of added

radioactive prostaglandin was calculated for each
sample by taking the parent band values for the
radioactive marker standards as zero metabolism.
The day 15, guinea-pig conceptuses metabolized

prostaglandins to a greater extent then either the non-
pregnant or pregnant uteri but metabolism never
exceeded 22%.

Rate of metabolism The percentage metabolism of
initially added radioactive prostaglandin was calcu-
lated for each aliquot, taking as zero metabolism the
mean parent band values for the aliquots taken at
the same time from the flasks containing incubation
medium and prostaglandins but no tissue. The mean
percentage metabolism was plotted against time for
each type of tissue incubated (Figure 1). Maximum
metabolism of prostaglandins by the lung tissue had
occurred within 30 s of addition of exogenous prosta-
glandin. The other tissue types incubated reached
maximum metabolism in 5 to 10 minutes. The rates
of metabolism of prostaglandins by the uteri and con-
ceptuses were so low that any mathematical ex-
pression of rate would not add significantly to the
information given by Figure 1.

Arachidonic acid studies

The standard curve obtained with PGF2Q, in Tyrode
solution:ethanol (19.9:0.1) containing arachidonic
acid 10 ug/ml was superimposable on the standard
curve obtained using PGF2X in assay diluent after
partitioning with petroleum ether. If partitioning with

Table 1 Mean RF values (±s.e. mean) for non-
radioactive marker standards in five control chroma-
tograms

Substance

Prostaglandin F2 (PGF2j
Prostaglandin E2 (PGE2)
13,1 4-Dihydro-PGF2 M

1 3,14-Dihydro-PGE2
1 3,14-Dihydro-1 5-oxo-PGF2a
13,14-Dihydro-1 5-oxo-PGE2

RF

0.33 ± 0.03
0.51 ± 0.01
0.49 ± 0.01
0.66 ± 0.02
0.60 ± 0.02
0.77 ± 0.03
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Table 2 Percentage of added radioactivity (mean ± s.e.) recovered from thin-layer chromatography plates
at RF values (see Table 1) associated with prostaglandin E2 (PGE2), prostaglandin F21, (PGF2,) and
their metabolites after 90 min incubation

Radioactive prostaglandin added
Non-radioactive prostaglandin added
Mean RF (±0.02) of radioactive bands
Sample (n = 5 in all cases)
Standard prostaglandin without incubation,

no medium, no tissue
Tyrode + NAD+ (0.2 mM)

no tissue present
Boiled uterus from day 15, non-pregnant

guinea-pig
Day 15, non-pregnant, guinea-pig uterus

Day 15, pregnant, guinea-pig uterus

Day 15, guinea-pig conceptuses

Day 15, non-pregnant, guinea-pig lung

Day 15, pregnant, guinea-pig lung

Radioactivity recovered (%/0)
[3H]-PGFF21 (0.5 pCi) [3H]-PGEE2 (0.5 PCi)

PGF2. (10 Ag) PGE2 (10 g9)
0.32 0.49 0.61 0.51 0.66 0.77

68.7 nd
+2.9
65.3 nd

nd

nd

65.3 nd
±3.2
61.2 nd

0.7
+0.2
2.9

65.1 nd 0.6 60.4 nd 3.2

60.1
+1.3
57.9
+1.1
55.5
+2.1
0.9

+0.2
0.2
+0.1

1.8 3.7
±0.4 ±0.6
nd 7.2

±0.7
nd 9.8

±1.1
nd 67.2

±2.9
nd 68.6

+2.1

54.1
±1.6
50.3
±0.9
49.8
±1.7
0.6

±0.2
0.2

+0.1

0.7 8.4
±0.2 ±0.6
nd 12.9

+0.8
nd 14.1

+0.6
2.8 62.9

±0.4 ±2.5
1.9 64.2

+0.6 +2.6

nd = no detectable radioactivity. All samples incubated in Tyrode solution containing NADI (0.2 mM) except
where stated.

petroleum ether was not carried out the standard
curve was displaced and flattened at either end. Evi-
dently the partitioning with petroleum ether was
essential for the assay to be valid.
The mean value obtained for the quality controls

when known amounts of PGF2, (6 ng/ml) were added
to uterine homogenates and subjected to petroleum
ether partitioning was 5.7 + 0.6 ng/ml after subtrac-
tion of the PGF2, level in the homogenate alone

Table 3 Total percentage metabolism of added
radioactive prostaglandin by each sample in a
90 min incubation

(11.7 + 0.5 ng/ml). Neither the presence of ethanol
nor arachidonic acid, at the concentrations used in
this experiment, in the Tyrode solution significantly
reduced the recovery of known amounts of PGF21
(6 ng/ml) added to the uterine homogenates. Follow-
ing petroleum ether partitioning, the mean values
obtained for the added PGF2, were 5.4 + 0.7 ng/ml
and 5.5 + 0.5 ng/ml respectively. These results indi-
cate that the use of radioimmunoassay was valid.
The amounts of PGF2, produced by the homogen-

ized uteri from day 12 and day 15 pregnant guinea-
pigs either in Tyrode solution: ethanol (19.9:0.1) alone
or with arachidonic acid (10 jg/ml) are shown in
Table 4. There was no significant difference between
any of the results obtained.

[3H] -PGF21 [3H] -PGE2

Incubation medium alone
Boiled uterus from day 15,

non-pregnant guinea-pig
Day 15, non-pregnant,

guinea-pig uterus
Day 15, pregnant,

guinea-pig uterus
Dat 15, guinea-pig

conceptuses
Day 15, non-pregnant,

guinea-pig lung
Day 15, pregnant,

guinea-pig lung

<1%
<1%

8.0%

4.4%
4.9%

13.9%

10.4% 19.8%

14.3% 21.6%

97.8% 96.3%

99.9% 98.3%

Discussion

The lung tissue from day 15, non-pregnant guinea-
pigs metabolized both PGF22 and PGE, extensively.
This agrees with in vivo observations for the guinea-
pig (Piper, Vane & Wyllie, 1970) and shows that the
incubation system used here was not limiting metabo-
lism. The lung tissue from day 15, pregnant guinea-
pigs similarly metabolized both PGF,, and PGE2 ex-

tensively.
The day 15, non-pregnant and pregnant guinea-pig

uteri showed only a small ability to metabolize

Sample
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Figure 1 Mean percentage metabolism of radioactive prostaglandin F2, (solid lines) or prostaglandin
E2 (broken lines) after incubation with lung tissue (@) and uteri (0) from day 15, non-pregnant guinea-
pigs and lung tissue (V), uteri (A) and conceptuses (O) from day 15, pregnant guinea-pigs. For any
value s.e. mean was never greater than ±5%.

PGF2,, and PGE2 when incubated in Tyrode solution
containing NAD+, and the extent of metabolism by
the non-pregnant uteri was similar to that for the
pregnant uteri.
The day 15, pregnant guinea-pig uterus produces

and releases very much less PGF2, than the day 15,
non-pregnant guinea-pig uterus (Maule Walker &
Poyser, 1974; Blatchley et al., 1975). This reduction
in early pregnancy is thought to account for the main-
tenance of a functional corpus luteum beyond day
15. Reduced production could be achieved either by

a rapid breakdown of any PGF2e formed or by an
inhibition of PGF22 synthesis. The absence of any
difference in the metabolic abilities between the day
15, pregnant and non-pregnant guinea-pig uteri indi-
cates that the reduced production and release of
PGF2,, from the day 15, pregnant guinea-pig uterus
cannot be accounted for by increased metabolism. In
the system described here the day 15, guinea-pig con-

ceptus showed some ability to metabolize PGF2:, and
PGE2 but the degree of activity observed is again
insufficient to explain the extent of the reduction in
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Table 4 The mean (± s.e. mean) amount of prostaglandin F2a (PGF2,,) produced on incubation by
homogenized uteri from day 12 and day 15, bilaterally pregnant guinea-pigs

PGF2a (ng/100mg uterine tissue)
Tyrode solution:

ethanol (19.9:0.1)
Tyrode solution Tyrode solution: and arachidonic acid

Day of pregnancy alone ethanol (19.9:0.1) (10 pg/ml)

12 34.9 ± 7.7 35.1 ± 6.2 31.5 ±8.6
15 33.1 ± 2.9 35.8 ± 3.8 38.0 ± 2.1

release of PGF22 from the early pregnant guinea-pig
uterus.

It appears, therefore, that the reduced production
and release of uterine PGF22 seen in the early preg-
nant guinea-pig is the result of an inhibition of
prostaglandin synthesis. Reduction of precursor levels
(arachidonic acid) would be one means of achieving
this end, in which case provision of excess arachidonic
acid should overcome the inhibition of PGF22 syn-
thesis. However, the results presented in this paper
show that provision of excess arachidonic acid is
without effect on the amount of PGF2a released into
the incubate of homogenized, day 15, pregnant,
guinea-pig uteri and therefore that the endogenous
substrate is not lacking.

Inhibition of prostaglandin synthesis could be
occurring at an earlier point in the sequence of events
leading to PGF2., production and release. The level
of prostaglandin synthetase in the uterus is under the
control of oestradiol, as studies on the guinea-pig and
rat have indicated (Naylor and Poyser, 1975; Ham,
Cirrillo, Zannetti and Kuehl, 1975; Wlodawer, Kin-

dahl and Hamberg, 1976). It has been postulated that
the increase in synthesis of PGF22, by the guinea-pig
uterus towards the end of the oestrous cycle is due
to an increase in the level of prostaglandins synthe-
tase in the uterus, caused by the known increase in
output of oestradiol from the ovary which occurs at
the same time (see Horton & Poyser, 1976). However,
in early pregnancy, this increase in oestradiol output
from the ovary does not occur (Blatchley et al., 1975).
It would appear from this study, therefore, that
prostaglandin synthetase levels remain correspond-
ingly low which would account for the reduced syn-
thesis and release of PGF22 by the early pregnant
guinea-pig uterus. However, other methods of inhibit-
ing prostaglandin synthesis by the early pregnant
uterus cannot be ruled out.

We would like to thank Professor E.W. Horton for his
advice and encouragement. Financial support was in the
form of an M.R.C. programme grant to Professor E.W.
Horton. Authentic prostaglandins were kindly supplied by
the Upjohn Company, U.S.A. All correspondence to
F.M.M.W. in Cambridge, please.
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