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SUMMARY

A specific estrogen receptor was identified in purified nuclei from deciduomata of pseudopregnant
rats. Sucrose density gradient centrifugation of 0.4 M KCl extracts of deciduomal nuclei from rats
injected with [*H]-17f8-estradiol ([*H]-178-E,) revealed the presence of saturable estrogen-receptor
complexes sedimenting at 4.6 S. A nuclear exchange assay was used to determine the association con-
stant (K,) for the binding of 178-E, by purified deciduomal nuclei and the concentrations of specific
nuclear estrogen receptor sites on different days of decidualization. The mean K, of nine determinations
was 4.0 x 10° M ! indicating that deciduomal nuclei bind 178-E, with high affinity. The concentration
of specific estrogen receptor sites in deciduomal nuclei on day 3 of decidualization was determined
to be 0.21 pmol/mg DNA or approximately 1300 sites/nucleus. Between days 3 and 7 of decidualization
there is a significant linear decrease (P < 0.01) in the number of estrogen receptor sites in deciduomal
nuclei; on day 7 there are approximately 60% as many sites as on day 3. The significance of the
nuclear estrogen receptor and its decrease as a function of decidualization time are discussed with
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regard to the growth and regression of deciduomata.

INTRODUCTION

The development of deciduomata is dependent upon
the concerted action of estrogen and progestin. A
priming dose of estrogen, or estrogen secreted at pro-
estrus, followed by an increase in the concentration
of circulating progesterone is required for decidualiza-
tion to occur [1, 2]. Progesterone plays a major role
in regulating the sensitivity of the uterus to deciduali-
zation but estrogen modulates the changes that occur
[3]. Maximal growth of the deciduomata in the rat
requires the presence of a continued low level of
estrogen in addition to an elevated level of progester-
one [2]. Even when high levels of progesterone are
maintained for a prolonged period the deciduomata
degenerate near the end of their normal life span [4].
These findings suggest that factors other than the
levels of circulating steroid hormones have a regula-
tory role in decidual regression.

Recent reports from this laboratory have described
the presence of cytoplasmic estrogen [S] and proges-
tin [6] receptors within the deciduoma of the pseudo-
pregnant rat and decreases with time in the concen-
trations of both types of receptor sites. These may
be important in the control of the growth and devel-
opment of deciduomal tissue by these steroid hor-
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mones. These decreases in receptor concentrations
may explain why the administration of exogenous
progesterone does not prevent or delay deciduomal
regression in the pseudopregnant rat [4].

The interaction between estrogen and progestin in
controlling the concentrations of their specific uterine
receptors has been well established [7,8]. The cyto-
plasmic estrogen receptor decreases before the pro-
gesterone receptor in rat deciduomata [5,6]. The
temporal relationship of these changes suggests the
possibility that the decreased progesterone receptor
concentration may be a result of the decreased
number of estrogen receptors. The regression of the
deciduomata might then be a consequence of the
depressed number of progestin receptors, an amount
insufficient for maintenance of the tissues.

The currently accepted theories of steroid hormone
action indicate that, following the binding of steroid
hormones to their specific cytoplasmic receptors, the
complexes undergo tranmslocation to nuclear sites
where biological actions of the hormone are elicited
[9]. The concentration of nuclear estrogen—receptor
complexes has been demonstrated to change in
parallel with estrogen induced changes in uterine
metabolism and growth [10,11]. In the present
studies we have identified estrogen-receptor com-
plexes within purified deciduomal nuclei and deter-
mined their concentration as a function of the day
of decidualization. A decrease in the concentration
of nuclear estrogen receptors with time was detected
which might be related to decreases in cytoplasmic
estrogen and progestin receptors and subsequent tis-
sue regression.

1149



1150
EXPERIMENTAL

Animals. Virgin Sprague-Dawley rats (Charles
River, Wilmington, MA), weighing 180-300g were
maintained under a program of 14h light and 10h
darkness. Pseudopregnancy was induced on the
morning of estrus by vagino-cervical vibration for
I min [12,13]. The day of estrus was designated as
day 0 of pseudopregnancy. Uterine decidualization
was induced unilaterally by transcervical intraluminal
instillation of 50 ul olive oil on the afternoon of day
4 of pseudopregnancy [13, 14]. Therefore, day 4 of
pseudopregnancy was designated as day 0 of decidua-
lization. On days 3-7 after the instillation of oil the
decidualized horns were slit open and the deciduo-
mata were removed from the myometrium by gentle
scraping with a glass slide. All tissue samples were
placed immediately on ice and further treatments per-
formed at 0—4°C except where otherwise noted.

Nuclear purification. Deciduomal nuclei were puri-
fied according to the method of McCormack and
Glasser[15] with some modification. The tissue was
homogenized in 10vol of 50mM Tris-HCl, 034 M
sucrose, 0.002 M MgCl,, 0.025 M KCl, 0.001 M dith-
iothreitol, pH 7.5 buffer (0.34 M sucrose-TKD) using
10 strokes of a Teflon-on-glass homogenizer followed
by 10 strokes with a Dounce homogenizer. The
homogenate was centrifuged at 2500 g for 10 min and
the supernatant discarded. The nuclear pellet was
resuspended in 10vol of 0.34 M sucrose-TKD and
homogenized again with 10 strokes of the Dounce.
The nuclear suspension was centrifuged as described
above and the supernatant discarded. The nuclear
pellet was resuspended in approximately 10vol the
original tissue weight of 1.9M sucrose-TKD. The
nuclear suspension was placed on top of 1.9 M sucro-
se-TKD and centrifuged at 20,000 g for 45 min in SW
25.1 rotor. The purified nuclear pellet was washed
two times with 10 vol of 0.34 M sucrose-TKD fol-
lowed by centrifugation at 2500 g for 5 min. The nu-
clei were then resuspended in the final volume of
0.34 M sucrose-TKD by gentle homogenization with
a Teflon-on-glass homogenizer. Nuclei prepared in
this manner were examined by phase contrast micro-
scopy and found to be intact and free of contami-
nation by cytoplasmic organelles.

Scatchard analysis. 1 ml aliquots of the nuclear sus-
pension were incubated in triplicate in polystyrene
culture tubes (Falcon No. 2025) in the presence of
1-10 x 107'°M [2,4,6,7-*H] 17B-estradiol
[*H]-178-E,, New England Nuclear, 102 Ci/mmol
with or without a 100-fold molar excess of diethylstil-
bestrol (DES) at 20°C for 2h. After incubation the
nuclei were washed three times with 1ml of 0.34 M
sucrose~-TK D followed by centrifugation at 1000 g for
10min. The bottoms of the tubes containing the
washed nuclear pellets were cut off with a hot blade
and dissolved in 4 ml of a toluene scintillation fluid
containing 0.4% Omnifluor (New England Nuclear).
The radioactivity of samples was determined with a
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42°, efficiency for tritium. Specific binding was taken
as the difference in bound radioactivity in the pres-
ence and absence of a 100-fold molar excess of DES.
The data were analyzed according to the method of
Scatchard[16] to determine the equilibrium associ-
ation constant for the binding reaction and the con-
centration of nuclear 17§-E, receptor sites.

The amounts of specific binding of 1 x 1071°M
[®H]-178-E, were determined as described above at
various dilutions of nuclear suspension in order to
insure that the assays were performed within a range
where specific binding is linear with respect to DNA
concentration. It was found that specific binding of
178-E, was linear up to a concentration of at least
0.17 mg DNA/m! in nuclei isolated from 3 day deci-
duomata. Therefore, all assays were performed at
DNA concentrations within this range.

Identification of nuclear estrogen receptor in deci-
duomata in vivo. Pseudopregnant rats which were
given a decidualization stimulus 3 days earlier were
castrated and injected subcutaneously with 20mg
Depo-provera (The Upjohn Co.}. 24 h later the ani-
mals were injected intraperitoneally with 0.2 g
[*H]-178-E, with or without 20 pg unlabelled 175-F,
in 1 ml of 0.15 M NaCl containing 4%, ethanol. After
1 h the animals were sacrificed, deciduomata removed
and nuclei isolated as described above.

The nuclei were extracted with 0.4 M KCl in
10mM Tris-HCL, 1.5mM EDTA pH 7.4 buffer (TE)
at 0°C for 2 h. The suspensions were centrifuged at
2500 ¢ for 10min and the supernatants removed.
04ml of the extracts were layered on to 5-20%,
sucrose density gradients prepared in TE buffer con-
taining 0.4 M KCl. The gradients were centrifuged at
190,000 ¢ for 16 h in a SW 50.1 swinging bucket rotor.
[**C]-bovine serum albumin (~ 3000 DPM) prepared
according to the method of Siiteri et al.[17] was cen-
trifuged on a separate gradient for determination of
sedimentation coefficient.

Gradients were fractionated by collecting three
drop aliquots (~0.2ml) directly into liquid scintilla-
tion vials. 2ml of scintillation fluid containing
toluene-Triton X-100 (2:1, v/v) and 0.6°%] Omnifluor
were added to gradient fractions and radioactivity
measured at 347 efficiency for tritium.

Statistical analysis. The association constant (K}
and the number of binding sites (n) were estimated
from Scatchard plots using a linear regression process.
The quantity n was obtained as the ratio of the
ordinate intercept and the slope (— K,); therefore the
standard error is approximate. The mean values for
n and K, are weighted means and their standard
errors are pooled estimations. The significance of the
rate of change in deciduomal receptor concentration
as a function of decidualization time was tested with
the t-test procedure.

Miscellaneous. The protein content of nuclear
extracts was measured according to the method of
Lowry et al.[18] using bovine serum albumin as a
standard. The DNA concentration of purified nuclear
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Fig. 1. Sucrose gradient profiles of 0.4 M KCl extracts of
deciduomal nuclei from 4 day decidualized rats injected
with 0.2 ug [*H]-178-E, (0——0) or 0.2ug [*H]-176-
E, + 200 ug 178-E, (@&——@). The nuclear extracts con-
tained 0.8 (O0——O) or 1.2 (@——@) mg protein/ml.

suspensions was determined by the method of Bur-
ton[19] using calf thymus DNA as a standard.

RESULTS

The presence of estrogen-receptor complexes in the
nuclei of deciduomata of pseudapregnant rats was
demonstrated in vivo. Sucrose density gradient centri-
fugation of the 0.4 M KCl extract of nuclei isolated
from deciduoma of 4-day pseudopregnant rats in-
jected with [?H]-178-E, showed that the estrogen—
receptor complexes sediment at 4.6S (Fig. 1). The
labelled hormone is apparently complexed to a2 mac-
romolecule of low capacity since the simultaneous in-
jection of a 100-fold excess of unlabelled 178-E,
resulted in a marked reduction in the amount of
bound radioactivity. Extraction of the purified nuclei
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Fig. 2. Specific binding of 1 x 107 M [3H]-178-E, with
time by purified nuclei of 4 day deciduomata. Assays were
performed as described in materials and methods for Scat-
chard analysis. The DNA concentration of nuclear suspen-
sions was 44 ug/ml.
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Fig. 3. Scatchard plots of specific 178-E, binding by puri-
fied nuclei from day 3 (0——0) and day 7 deciduomata
(&——®). The DNA concentrations of the nuclear suspen-
sion were 84 ug/ml (O——0) and 77 ug/ml (@——=@). The
K, values and concentrations of binding sites (n) were:
(O—O) K, = (71 £ 03) x 10°M™ ", n = 20 %
0.3) x 107'3 mol/mg DNA; (&—@) K, = (56 + 0.6)
x 10° M~' n = (1.2 + 02) x 107'3 mol/mg DNA.

with 0.4 M KCI solubilized 859, of the specifically
bound radioactive estrogen.

The nuclear exchange assay described by McCor-
mack and Glasser[15] was used in order to quantitate
the number of 178-E, receptor sites in purified deci-
duomal nuclei. Under the assay conditions employed
the binding of 178-E, 1o nuclear receptor sites was
maximal after 2h at 20°C (Fig. 2). This binding
remained stable up to at least 4h of incubation.
Therefore, nuclear exchange assays were performed
at 20°C for 2 h.

The data obtained from saturation analysis of
178-E, binding to purified nuclei were expressed
according to Scatchard[16]. Representative Scatchard
plots for the specific binding of 178-E, to receptor
sites of nuclei isolated from deciduomata of 3 and
7 day decidualized animals are presented in Fig. 3.
The plots indicate that a single class of high affinity
sites with a limited capacity for 178-E, is present in
purified deciduomal nuclei during the period of 3-7
days of decidualization.

The mean values for the concentrations of nuclear
estrogen receptor sites in deciduomata decreased from
day 3 to day 7 of decidualization (Fig. 4). On day
3, the concentration of specific estrogen receptor sites
in deciduomal nuclei was 0.21 + 0.02 pmol per mg
DNA. This concentration represents approximately
1300 sites per deciduomal cell based on a DNA con-
tent of 10.3 pg/nucleus [15]. The concentration of
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Fig 4. The concentration of specific 178-E; receptor sites

in nuclei from day 3, 5 and 7 deciduomata. The mean

values + standard error of three determinations for each

day were as follows: Day 3, n = (2.1 £ 0.2) x 107> mol/

mgDNA. Day 5, n= (1.7 £ 0.2) x 107'* mol/mg DNA.
Day 7, n = (1.2 4+ 0.1) x 1073 mol/mg DNA.

nuclear estrogen receptor sites underwent a significant
linear decrease (P < 0.01) between days 3 and 7 of
decidualization; the concentration of high affinity
estrogen receptor sites on day 7 was about 60% of
that on day 3. The mean values for the association
constants for the binding of 178-E, by nuclei from
day 3, 5 and 7 deciduomata did not differ significantly
(P > 005},

DISCUSSION

" These studies have identified a high affinity, low
capacity estrogen receptor within purified deciduomal
puclei of the pseudopregnant rat. The characteristics
of this réceptor are quite similar to those reported
for the nuclear estrogen receptor of other estrogen
target tissues. The presence of saturable estrogen
receptors in deciduomal nuclei was demonstrated in
vivo by the injection of pseudopregnant rats with
{3H]-178-E, with or without a 100-fold molar excess
of unlabelled 178-E,. Extraction of the purified nuclei
with 0.4 M KCl solubilized 85% of the specifically
bound hormone. Other authors [20,21] have
reported similar recoveries of estrogen-receptor com-
plexes by 0.4 M KCl extraction of uterine nuclei from
immature rats which were injected with [*H]-178-E,
1 h prior to sacrifice. The estrogen-receptor complex
of deciduomal nuclei sediments at 4.6 S on high salt
sucrose density gradients which is in reasonable
agreement with the 58S value obtained by other
workers for the nuclear estrogen receptor of rat uterus
[9,21].

The apparent association constant K, for the bind-
ing of 178-E, by purified deciduomal nuclei was
40 + 0.2) x 10° M~ (9 determinations). In com-
parison, McCormack and Glasser[15] have reported
a K, of 54 x 10°M~* for the binding of 178-E, by
nuclei isolated from the basal zone trophoblast of
pregnant rats. These K, values are approximately an
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order of magnitude higher than those reported for
the binding of 178-E, by the rat uterine nuclear
receptor [20, 217. Whether this dissimilarity is due to
differences in the actual affinities of the receptors for
1'?;9—52 or in the techniques employed is not known.

The estrogen receptor site concentration in deci-
duomal nuclei from 3 day decidualized rats (day 7
of pseudopregnancy) was 0.21 + 0.02 pmol/mg DNA
or approximately 1300sites/cell. This level of nuclear
estrogen receptor is quite similar to that measured
by Martel and Psychoyos{22] in the endometrium
of rats pregnant 7 days (~ 1400sites/cell). In their
studies nidation was prevented by sectioning of the
oviducts on day 2 of pregnancy. The close agreement
in the number of nuclear estrogen receptor sites in
endometrial cells and deciduomal cells on days 7 of
pregnancy and pseudopregnancy, respectively, seems
particularly relevant since decidual cells are derived
from the stromal fibroblasts of the endometrium.

The concentration of nuclear estrogen receptor in
deciduomata on day 3 is also comparable to that in
uteri at metestrus or estrus but considerably less than
that at diestrus or proestrus [10,11]. It has been
demonstrated that the fuctuation in nuclear estrogen
receptor concentration in rat uteri during the estrous
cycle [10,11] closely parallels the rate of ovarian
estrogen secretion [23]. Welschen er al[24] have
determined that the concentration of plasma 178-E,
in the pseudopregnant rat is within the range of those
at metestrus until day 10. On day 12 of pseudopreg-
nancy the concentration of plasma 178-E, is about
twice that on day 10. Therefore, the iow levels of
nuclear estrogen receptor present during deciduomal
development are associated with low concentration
of circulating estrogen, as is also the case in the uterus
at metestrus or estrus in the cycling rat.

The number of nuclear estrogen receptor sites per
deciduomal cell decreases from approximately 1300
at day 3 to 800 on day 7 of decidualization. This
decrease occurs during the period of rapid formation
of deciduomal cells by proliferation and transforma-
tion of stromal fibroblasts of the endometrium. The
deciduoma of the pseudopregnant rat achieves ils
maximum growth potential on day 7 of decidualiza-
tion after which the tissue regresses [5]. Clark and
Peck[20] have conducted studies which indicate that
the induction of uterotrophic responses requires the
long term retention of a low number { ~ 1400/nucleus)
of estrogen receptor sites in rat uterine nuclei. Such
a mechanism may be operative in deciduomata so
that the decreased levels of nuclear estrogen receptor
at day 7 of decidualization are unable to maintain
deciduomal development and tissue regression occurs.

We have previously detected decreases in the con-
centrations of cytoplasmic estrogen [5] and pro-
gesterone [6] receptor sites in deciduoma following
days 3 and 5 of decidualization, respectively. No sig-
nificant changes were observed in the concentrations

"of estrogen and progesterone receptors in contrala-

teral untreated uterine horns. Thus, the decreases in
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receptor levels in the deciduoma were not the result
of a general alteration in the endocrine status of the
animal [5,6]. The decreases in cytoplasmic and
nuclear estrogen receptors of the deciduomata occur
during the same period of decidualization, but the
cytoplasmic sites decrease at a faster rate than those
in the nucleus. The number of cytoplasmic estrogen
receptor sites per deciduomal cell is approximately
30,000 on day 3 of decidualization and decreases to
about 6000 by day 7 {5]. One might speculate that
the decrease in nuclear sites is due to a decreased
availability of cytoplasmic receptors for binding of
estrogen and subsequent translocation of the com-
plexes to the nucleus. However, a decreased level of
nuclear receptor sites might also lead to a fall in the
concentration of cytoplasmic receptor since estrogen
induces the synthesis of its own receptors [25]. The
reason why estrogen receptor concentrations decrease
during deciduomal development is not known but is
apparently not due to changes in the concentration
of circulating 176-E, or progesterone which are main-
tained at relatively constant levels during this period
[24, 26, 27].

The decrease in estrogen receptor levels in the deci-
duomata precedes that of the cytoplasmic progester-
one receptor which does not change until after day
5 of decidualization [6]. The concentration of cyto-
plasmic progesterone receptor has been shown to be
under estrogenic control in both birds [28] and mam-
mals [7, 29]. The mechanism by which estrogen con-
trols the synthesis of specific proteins appears to in-
volve the regulation of nuclear RNA synthesis by
estrogen-receptor complexes [30]. The decreased
concentration of estrogen receptor complexes within
deciduomal nuclei after day 3 of decidualization may
be insufficient to maintain the synthesis of progester-
one receptor. The depressed level of progesterone
receptor might then lead to regression of the deci-
duoma.

Acknowledgements—We gratefully acknowledge the excel-
lent technical assistance of Ms Nina Wenniger during the
course of these experiments. We also express our thanks
to Dr Eddington Lee for his assistance in the statistical
analysis of the data. This work was supported by Grant
HD 0924 from the National Institute of Child Health and
Human Development, by Grant CA16854 from the
National Cancer Institute, National Institutes of Health,
and by the Ford Foundation.

REFERENCES

1. Nelson W. O. and Pfiffner J. J.: Experimental produc-
tion of deciduomata in rat by extract of corpus luteum.
Proc. Soc. exp. Biol. Med. 27 (1930) 863-866.

2. Yochim J. M. and DeFeo V. J.: Control of decidual
growth in the rat by steroid hormones of the ovary.
Endocrinology 71 (1972) 134-142.

3. Psychoyos A.: Hormonal control of ovoimplantation.
Vit. Horm, 31 (1973) 201-256.

4. Finn C. A. and Porter D. G.: The decidual cell reac-
tion. In The Uterus, pp. 81-83. Elek Science Publ.,
London (1975).

1153

5. Talley D. J, Tobert J. A.,, Armstrong E. G. Jr and
Villee C. A.: Changes in estrogen receptor levels during
deciduomata development in the pseudopregnant rat.
Endocrinology 101 (1977) 1538-1544,

6. Armstrong E. G. Jr, Tobert J. A, Talley D. J. and
Villee C. A.: Changes in progesterone receptor levels
during deciduomata development in the pseudopreg-
nant rat. Endocrinology 101 {1977) 1545-1551.

7. Milgrom E., Thi L., Atger M. and Baulieu E.-E.: Mech-
anisms regulating the concentration and the conforma-
tion of progesterone receptor(s) in the uterus. J. biol.
Chem. 248 (1973) 6366-6374,

8. Hsueh A. J. W, Peck E. J. Jr and Clark J. H.: Control
of uterine estrogen receptor levels by progesterone.
Endocrinology 98 (1976) 433-444.

9. Jensen E. V. and DeSombre E. R.: Estrogen-receptor

. interaction. Science 182 (1973) 126-134.

10. Clark J. H., Anderson J. and Peck E. J. Jr: Receptor-
estrogen complex in the nuclear fraction of rat uterine
cells during the estrous cycle. Science 176 (1972)
528-530.

11. Clark J. H., Anderson J. N. and Peck E. J. Jr: Nuclear
receptor estrogen complexes of rat uteri: concentra-
tion-time-response parameters. In Advances in Experi-
mental Medicine and Biology (Edited by O’Malley B.
W. and Means A. R), Vol. 36, pp. 15-59. Plenum
Press, New York (1973).

12. DeFeo V. J.: Vaginal-cervical vibration: a simple and
effective method for the induction of pseudo-pregnancy
in the rat. Endocrinology 79 (1966} 440-442.

13. Tobert J. A.: A study of the possible role of prosta-
glandins in decidualization using a non-surgical
method for the instillation of fluids into the rat uterine
iumen. J. Reprod. Fert. 47, (1976) 391-393.

14. Finn C. A, and Keen P. M.: The induction of deciduo-
mata in the rat. J. Embryol. exp. Morph. T {1963)
673-682.

5. McCormack S. A. and Glasser S. R.: A high affinity
estrogen-binding protein in rat placental trophoblast.
Endocrinclogy 99 (1976) 701-712.

16. Scatchard G.: The attraction of proteins for small mol-
ecules and ions. Ann. N.Y. Acad. Sci. 51 (1949) 660-672.

17. Siiteri P. K., Schwarz B. E., Morijama I, Ashby R,
Luikie D. and MacDonald P. C.: Estrogen binding
in the rat and human. In Advances in Experimental
Medicine and Biology (Edited by O’'Malley B. W. and
Means A. R)), Vol. 36, pp. 97-112. Plenum Press, New
York (1973).

18. Lowry O. H, Rosebrough N. J, Farr A. L. and Ran-
dall R. J.: Protein measurement with the Folin phenol
reagent. J. biol. Chem. 193 (1951) 265-275.

19. Burton K.: A study of the conditions and mechanisms
of the diphenylamine reaction for the colorimetric esti-
mation of deoxyribonucleic acid. Biochem. J. 62 (1956)
315-322.

20. Clark J. H. and Peck E. J. Jr: Nuclear retention of
receptor-oestrogen complex and nuclear acceptor sites.
Nature 260 (1976} 635-637.

21. Juliano J. V. and Stancel G. M.: Estrogen receptors
in the rat uterus: retention of hormone-receptor com-
plexes. Biochemistry 15 {1976) 916-920.

22. Martel D. and Psychoyos A.: Endometrial content of
nuclear estrogen receptor and receptivity for ovoim-
plantation in the rat. Endocrinology 99 (1976) 470-475.

23. Yoshinaga K., Hawkins R. A. and Stocker J. F.:
Estrogen secretion by the rat ovary in vivo during the
estrous cycle and pregnancy. Endocrinology 85 (1969)
103-112,

24. Welschen R., Osman P, Dullaart J., DeGreef W. J,,
Uilenbroek Th. J. and Delong F. H.: Levels of follicle-
stimulating hormone, luteinizing hormone, oestra-
diol-178 and progesterone and follicular growth in the
pscudopregnant rat. J. Endocr. 64 (1975) 37-47.



1154

25. Sarfl M. and Gorski J.: Control of estrogen-binding

27.

protein concentration under basal conditions and after
estrogen administration. Biochemistry 10 (1971)
2557-2563.

. Pepe G. 1. and Rothchild I.: A comparative study of

serum progesterone levels in pregnancy and in various
types of pseudopregnancy in the rat. Endocrinology 95
(1974) 275-279.

DeGreef W. J.,, Dullaart J. and Zeilmaker G. H.:
Serum concentrations of progesterone, luteinizing hor-
mone, follicle stimulating hormone and prolactin in

28.

29,

30.

E. GLENN ARMSTRONG, JR. and CLAUDE A. VILLEE

pseudopregnant rats: Effect of decidualization. Endoc-
rinology 101 (1977} 1054-1063.

Toft D. O. and O'Malley B. W.: Target tissue receptors
for progesterone: the influence of estrogen treatment.
Endocrinology 90 (1972} 1041-1045.

Leavitt W, W, Toft D. O, Strott C. A. and O'Malley
B. W.: A specific progesterone receptor in the hamster
uterus: physiologic properties and regulation during
the estrous cycle. Endocrinology 94 (1974) 1041-1053.
Chan L. and O’Malley B. W.: Mechanism of action
of the sex steroid hormones. N. Eng. J. Med. 294 (1976)
1372-1381.



