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Uterine Estradiol and Progesterone Receptor
Concentration in Relation to Circulating
Hormone Levels and Histoarchitecture
During High Endometrial Sensitivity and
Induced Decidualization in Guinea Pigs
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Alterations in nuclear and cytosolic estradiol (ER) and progesterone (PR) receptor concentration
in the antimesometrial (AM) and mesometrial (M) segments of the uterus in relation to circulating
hormone levels, histology and surface topography during the period of high endometrial sensitivity
and development of trauma-induced decidualization in cyclic guinea pigs were investigated. The
period of high endometrial sensitivity (i.e. day 5 of the estrous cycle) was characterized by elevated
plasma estradiol and progesterone and their receptors in the nuclear and cytosolic fractions of the
uterus. There was, however, no difference in the concentration of these receptors or the surface
ultrastructure in the AM and M segments. Unilateral traumatization by scissor cut along the AM
length of the uterus on day 5 of the estrous cycle induced decidual cell reaction resulting in a marked
increase in weight of the decidualized (traumatized) uterine horn with advancing decidualization
to reach maximum levels (926% of the contralateral nontraumatized uterine horn) 7 days after
traumatization. This was associated with decidual transformation and a marked increase in nuclear
and cytosolic ER and PR concentration in the AM segment of the traumatized uterine horn.
An increase in receptor concentration in the M segment of the traumatized uterine horn or the
AM segment of the nontraumatized uterine horn was transitory and of a low order. Receptor
concentration in the M segment of the nontraumatized uterine horn remained low throughout days
8-12 of the cycle. Findings indicate a possible role of both estradiol and progesterone in induction
of endometrial sensitivity and development and maintenance of decidua in the guinea pig.
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INTRODUCTION

In most mammals, uterus under the influence of
a sequential action of ovarian estrogen at estrous
and post-ovulatory progesterone enters into a pre-
sensitized phase. In species like rat, mouse and
gerbil, that exhibit facultative delay of implantation,
endometrial sensitivity to blastocyst stimulus for
decidual transformation is brought about by the action
of the luteal phase nidatory estrogen[l]. In such
species, inhibition of the synthesis [2] or action [3] of
this estrogen leads to inhibition of decidualization and
implantation.
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The guinea pig is a unique rodent species since, like
the human, it has a long functional luteal phase during
each cycle and a completely interstitial type of implan-
tation [4]. Endometrium in this species is maximally
sensitive to decidua induction on days 5 and 6 of the
estrous cycle [5] (day O: first day of vaginal opening).
Maximum cell proliferation in endometrial stroma in
cyclic as well as mated female guinea pigs has also been
reported to occur on these days, and is dependent on
estrogen action, since a similar response is induced only
after estrogen administration in ovariectomized females
maintained on daily progesterone therapy[6]. An
increase in plasma estradiol (E,) levels coinciding with
high endometrial sensitivity on days 5 and 6 post-
coitum has also been demonstrated [7]. This is believed
to enhance uterine blood flow resulting in increased
oxygen supply for the blastocyst and induce regional
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hyperaemia and development of certain preferred sites
for implantation in the uterus. While this evidence
might be considered as suggestive of the requirement
of both luteal phase estrogen and progesterone (P) in
implantation in guinea pigs, pioneer investigations [8]
reveal that in this species hormones of ovarian origin
secreted after day 3 post-coitum are not required for
implantation, since normal implantation ensues even
in animals ovariectomized on or after day 3 without
any exogenous hormone therapy.

Thus the precise nature of hormone interplay for
induction of endometrial sensitivity, decidualization
and implantation in this species remains by and large
enigmatic and merits detailed evaluation. This has been
attempted here by determining alterations in estradiol
(ER) and progesterone (PR) receptor concentration
in the antimesometrial and mesometrial segments of
the uterus in relation to circulating hormone levels and
uterine histoarchitecture during the period of high
endometrial sensitivity and development of trauma
induced decidua in cyclic female guinea pigs.

EXPERIMENTAL
Animals

Colony bred adult albino virgin female guinea
pigs (350-500 g body wt), maintained under standard
husbandry conditions with alternate 12 h light and dark
periods and a free access to pellet diet (Lipton India
Ltd, Bangalore) and tap water, supplemented with
leafy vegetables, soaked grams, vitamin C and mineral
water were used. Animals were checked every morning
for vaginal opening and the first day of its occurrence
was taken as day O of estrous cycle [6]. Animals exhibit-
ing at least two consecutive regular cycles just before
use were included in this study.

Decidua induction and collection of tissues

Decidua was induced in any one of the uterine horns
by giving a scissor cut [9] along the entire antimesome-
trial length of the uterus between 0900-1100 h on day
5 of the estrous cycle [5] under light ether anesthesia.
Care was taken not to disturb the contralateral control
horn. Animals were autopsied on days 5 (i.e. the day
of high endometrial sensitivity) [5], 8, 10 and 12 of the
estrous cycle (i.e. 3, 5 and 7 days post-traumatization).

Annu Makker et al.

Traumatized and nontraumatized (control) uterine
horns of each animal were quickly dissected out,
stripped free of fat and mesenteries, washed in ice-cold
physiological saline, blotted and weighed to the nearest
2mg on a torsion balance (August Sauter, Germany)
(Table 1). Antimesometrial (AM) and mesometrial
(M) segments were then separated by cutting along the
lateral sides [10] of each uterine horn and stored at
—70°C until assayed for receptors and DNA.

Preparation of subcellular fractions

All subsequent steps were carried out in a cold room
(0—4°C) unless otherwise specified. Each tissue was
homogenized on a polytron (Kinematica, PT 10-35)
homogenizer in TMMG buffer (10mM Tris-HCI,
3 mM MgCl,, 12 mM monothioglycerol, 1 4 M cortisol
and 10%, glycerol; pH 7.4) to achieve a final con-
centration of 300 mg tissue/ml. Homogenates were
filtered through a 100 mesh nylon filter. 0.5-1ml
of each homogenate was saved for DNA [11] determi-
nation using calf thymus DNA as the standard.
Remaining portions of the homogenates were cen-
trifuged at 800 g for 10 min at 0—~4°C in an International
portable PR-2 centrifuge. Nuclear pellets were washed
three times by suspending in 2ml TMMG buffer
and centrifugation before using for binding assay.
Supernatants obtained after centrifugation of the whole
homogenates at 800 g were subjected to ultracentrifu-
gation (IEC, U.S.A., model M-60) at 105,000 g for
60 min at 0—4°C to obtain the cytosolic fraction.

Receptor measurement

Total nuclear and cytosolic ER and PR were esti-
mated by the method of Martel ez al. [12] with slight
modifications.

Nuclear receptors

Nuclear pellet was suspended in 5 ml TMMG buffer
and 0.3 ml of this nuclear suspension was incubated
(v/v) with either (a) 96nM [*H]E, and (b) 96 nM
[PH]E, + 9.6 uM E, or (¢) 96 nM [*H]P and (d) 96 nM
[PH]P + 9.6 uM P. Samples were incubated in tripli-
cate for 30 min at 37°C for the measurement of ER and
16-18 h at 0—4°C for PR. At the end of the incubation
period, nuclear pellet was washed three times with
2ml cold TMMG buffer to remove unbound [*H]JE,

Table 1. Uterine decidual response in unilaterally traumatized cyclic guinea pigs

Autopsy day

Uterine weight®

Uterine weight gain

Day of Day post- Non-traumatized  Traumatized (% of non-
estrous cycle traumatization horn horn traumatized horn)
b 0 319+ 10
8 3 319+ 22 660 + 604 107
10 5 242 + 11F 1472 + 975<f 508
12 7 242+ 7¢ 2241 + 1219°f 826

*Values are ng, mean + SEM of uteri from 18-21 animals on each day.
5P <0.05, <P <0.01; vs day 5 of the estrous cycle; ‘P <0.05, P <0.01; vs corresponding
non-traumatized uterine horn; P < 0.01; vs preceding value. All other relevant comparisons

were statistically insignificant.
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or [*H]P. Bound [*H]E, and [*H]JP were extracted
(1 ml x 2) with redistilled ethanol[13] and counted
for radioactivity in 10ml xylene-based scintillation
fluid in an LKB 1217 RACK BETA Liquid Scintil-
lation Spectrometer at a counting efficiency of
25%. Specific binding was calculated by subtracting
the nonspecific binding measured in the presence
of excess nonradioactive hormone from the total
binding measured in the absence of nonradioactive
hormone.

Chytosolic receptors

Prior to binding assay, cytosol was incubated with
an equal volume of dextran coated charcoal (DCC,
0.059%, dextran and 0.59%, charcoal in TMMG buffer)
for 60 min at 4°C to remove endogenous steroids.
Charcoal was removed by centrifugation at 800 g for
10 min and the supernatant was used for binding assay
for ER and PR. Paralle] incubations were carried out in
triplicate. Portions (0.1 ml) of cytosol were incubated
(v/v) with either (@) 96nM [*H]E, and (b) 96 nM
[PH]E, + 9.6 uM E, or (c) 96 nM [*HJP and (d) 96 nM
[PHJP + 9.6 uM P for 16-18h at 0—4°C[14]. At the
end of the incubation period, unbound steroids were
removed by addition of 0.5ml DCC and incubation
at 04°C for 15min followed by centrifugation at
800 g for 10 min. Radioactivity was assessed in the
supernatants as detailed above.

Plasma E, and P concentration

About 2 ml blood samples collected in heparinized
tubes from each animal between 0900-1100 h on days
1, 3, 5, 8 10 and 12 of the estrous cycle were cen-
trifuged and the plasma was stored at — 20°C prior
to being analyzed for E, and P by radioimmuno-
assay [15] using methods and kits supplied by
the W.H.O., Geneva under their Matched Reagent
Programme. The intra- and inter-assay variations were
within normal limits (Table 2).

Histology

Representative tissue samples from traumatized and
nontraumatized uterine horns on each day were fixed in

Table 2. Alterations in peripheral plasma E, and P concen-
tration in guinea pigs subjected wumilaterally to artifically
induced uterine decidualization on day 5 of the estrous cycle

Peripheral plasma concentration

Day of Day post-
estrous cycle traumatization E, (pmol/l) P (nmol/l)
1 168.2 +8.2 16.1 +1.2
3 151.6 + 10.0 11.1+£09
5 0 247.3 + 14.6> 249+ 1.0>°
8 3 194.5 + 6.0°¢ 215+ 1.1
10 5 2004+ 124 21.6+1.6
12 7 2459 +10.1%9  31.6 + 1.8%*
Values are mean + SEM of 6 determinations.
P <0.05, "P <0.01; vs corresponding day 1 concentration;

‘P < 0.05; vs corresponding day 5 concentration; °P < 0.05,
‘P < 0.01; vs corresponding preceding value.
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freshly prepared Bouin’s fixative for histological (5 i)
sectioning. Sections were stained with haematoxylin
and eosin.

Surface ultrastructure

For scanning electron microscopy, the uterus was
immediately fixed at 0—4°C in a freshly prepared 0.1 M
sodium cacodylate buffer (pH 7.3 £+ 0.1) containing 3%,
glutaraldehyde and 209, paraformaldehyde [16]. After
brief fixation, each uterine horn was cut close to the M
side under a stereomicroscope (American Optics,
model 561 C-HI) while still immersed in the fixative,
and then left in the fixative for a further 4 h at 4°C. The
samples were then washed in 0.1 M cacodylate buffer,
post-fixed in 1%, osmium tetraoxide in 0.1 M cacodyl-
ate buffer for 2-3 h and dehydrated in alcohol and
isoamylacetate. Finally the tissues were dried in a
Balzer critical point drier using CO, as the critical point
drying medium. The specimens were fixed on alu-
minium stubs, coated with gold palladium alloy in a
sputter coater (Polaron E 5000) and photographed on
Philips 515 Scanning Electron Microscope.

Chemicals and reagents

[2,4,6,7-*H]E, (104 Ci/mmol) and [1,2,6,7-*H]P
(101.7 Ci/mmol) were obtained from the Radiochemi-
cal Centre (Amersham, England). All other chemicals
were purchased from Ernest F. Fullam Inc., Sigma
Chemical Co. and Laad Research Industries Inc.
(U.S.A).

Statistical analysis

The data were analyzed by the Duncan’s Multiple
Range Test [17].

RESULTS
Decidual response

The extent of decidual response was assessed on the
basis of uterine weight gain and histology.

Uterine weight

Unilateral traumatization on day 5 of the estrous
cycle induced uterine decidualization as evidenced
by a marked (P < 0.01, Table 1) increase in weight of
the traumatized uterine horn 3, 5 and 7 days post-
traumatization and the weight gain (over corresponding
nontraumatized uterine horn) was 107, 508 and 8269,
respectively. The nontraumatized uterine horn, in
comparison, exhibited a significant decrease in weight
on days 10 and 12 of the cycle (P < 0.01, vs days 5 and
8 of the cycle).

Histology

On day 5 of the estrous cycle, i.e. the day of high
endometrial sensitivity, the lumen was lined with
cuboidal epithelium and the stroma consisted primarily
of fibroblast cells. Some edema was apparent on the
AM side. Glands were prominent along the M and
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Fig. 1. (a and b) Transverse section of the guinea pig uterus on day 5 of the estrous cycle. (a) M side x 310 and

(b) AM stroma X 1290. (c-e) Uterine peripheral endometrial stroma with advancing induced decidualization

at 3(c), 5(d) and 7(e) days post-traumatization. Note increasing vascularization with advancing decidualiza-

tion x 1290. (f) Some differentiating endometrial stroma near the central region at 7 days post-traumatiza-
tion X 1290.

lateral sides. The histological picture 3 days after
trauma (i.e. day 8 of the estrous cycle) showed initiation
of decidual reaction along the periphery on the AM
side. On day 5 post-trauma, an increase in number of
differentiated decidual cells was observed. On day 12 of

the cycle (i.e. 7 days post-trauma), a large number
of decidual cells and mitotic figures were present on
both the AM and M sides and demarcation between
these segments was less distinct, except for a small zone
of endometrial glands along the M side (Fig. 1).

Fig. 2. (Opposite)

Fig. 2. (a) Scanning electron micrograph of guinea pig uterus on day 5 of the estrous cycle. Note demarcation

in the AM and M areas x 1000. Antimesometrial (b) and mesometrial (c) sides covered with a thick carpet of

microvilli. Note almost similar surface ultrastructure and absence of pinopods and cilia. Glandular openings
are visible x 3000.
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Fig. 2—legend opposite.
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Surface ultrastructure

Ultrastructurally, the entire endometrial surface
on day 5 of the estrous cycle was uniformly undulated
with numerous openings of endometrial glands
[Fig. 2(a)]. At higher magnification, both the AM and
M surface were covered with a thick carpet of short
microvilli and there was no apparent difference in their
surface ultrastructure. Cell boundaries were not
visible. Pinopods and cilia were totally absent
[Fig. 2(b and c)].

Peripheral plasma E, and P concentration

Maximum plasma E, concentration was observed
on day 5 of the estrous cycle (P < 0.01, vs days 1 or 3,
Table 2). This corresponds to the period of high
endometrial sensitivity to decidualizing stimulus of the
blastocyst. A transient but statistically significant
(P < 0.05, vs day 5) decrease was observed on day 8,
followed by an increase to reach almost the same levels
on day 12 (P <0.05, vs days 8 or 10) as observed on
day 5 of the cycle.

In comparison, high levels of plasma P observed on
day 5 of the estrous cycle (P < 0.05, vs day 1; P < 0.01,
vs day 3, Table 2) were maintained until day 10. This
was followed by a further increase to reach peak levels
on day 12 of the cycle (P < 0.05, vs day 5; P <0.01,
vs days 8 and 10).

ER concentration

The concentration of nuclear and cytosolic ER and
PR on day 5 of the estrous cycle, i.e. the day of
high endometrial sensitivity to a decidualizing stimulus
was almost similar in the AM and M segments of
the uterus. With advancing decidualization, however,
significant differences in the concentration of these
receptors in the two segments of the uterus were
observed (Figs 3 and 4).

The ER concentration remained almost unchanged
until day 3 post-traumatization (i.e. day 8 of the estrous
cycle). This was followed by a marked increase in the
nuclear as well as cytosolic ER concentration in the AM
segment of the decidualized (traumatized) uterine horn
to reach peak levels on day 12 of the cycle. The increase
on days 10 and 12 was significantly more (P < 0.01)
when compared to the concentration on days 5 and 8
or to the corresponding M segment or to the AM
segment of the nontraumatized uterine horn (Figs 3
and 4). Some increase was also observed in the M
segments of the traumatized uterine horn on days 10
and 12, which though markedly lower (P < 0.01) than
the corresponding AM segment, was significantly
more (P <0.05, nuclear ER on day 10 and P <0.01,
cytosolic ER on days 10 and 12) when compared to the
M segment of the nontraumatized uterus. The non-
decidualized (nontraumatized) uterine horn generally
presented a low concentration of ER in both the AM
and the M segments. A transient increase (P < 0.01, vs
day 8) observed in only the cytosolic ER concentration
in the AM and M segments on day 10 of the estrous
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cycle was not maintained (days 10 vs 12, P <0.01,
Fig. 4).

PR concentration

The concentration of nuclear as well as cytosolic PR
registered a significant decrease (P < 0.01) in both the
AM and M segments 3 days after traumatization
(Figs 5 and 6). Except for the nuclear PR con-
centration, which was significantly more in the AM
segment of the traumatized uterine horn than the
corresponding M segment (P < 0.05) or the AM seg-
ment of the nontraumatized uterine horn (P < 0.01),
the concentration of PR was almost similar in all the
other segments. This was followed by a marked in-
crease (P < 0.01, vs days 8 or 10) in the cytosolic as well
as nuclear PR in the AM segment of the decidualized
(traumatized) uterus on day 12 to reach levels even
higher (P < 0.05) than that observed on the day of
traumatization (i.e. day 5 of the cycle). Some increase
in cytosolic as well as nuclear PR was also observed on
day 12 in the M segment of the traumatized uterine
horn (P < 0.05, vs day 10; P < 0.01, vs corresponding
segment of the nontraumatized uterine horn) and
the AM segment of the nontraumatized uterine horn
(P < 0.01, vs corresponding M segment), but the levels
were markedly lower (P < 0.01) than that in the AM
segment of the traumatized uterus. The nuclear and
cytosolic PR concentration in the M segment of the
nontraumatized uterine horn remained low throughout
days 8-12 (P < 0.01, vs corresponding segment on day
5) of the estrous cycle.

DISCUSSION

Results of this study provide evidence of high per-
ipheral plasma E, and P concentration coinciding with
the period of maximal endometrial sensitivity of the
uterine endometrium to decidualizing stimulus, as well
as during trauma induced decidualization. Findings
also reveal an almost similar concentration of nuclear
and cytoplasmic ER and PR and surface ultrastructure
in the AM and M segments of the uterus on the day of
endometrial sensitivity. The receptor concentration
altered with advancing decidualization, being highest
in the AM segment of the decidualized (traumatized)
uterine horn and lowest and almost unaltered in the M
segment of the nontraumatized uterine horn.

In species like the rat, mouse and gerbil that exhibit
facultative delay of implantation, endometrial sensi-
tivity for decidualization is brought about by the
luteal phase nidatory estrogen secreted shortly
before implantation, which induces proliferation of the
endometrial stroma conditioned by the luteal proges-
terone [cf. 3, 21]. This has been confirmed in ovari-
ectomized animals, where estrogen given after several
days of P treatment induces mitotic activity in the
stroma, and priming with estrogen reduces the time
necessary for the effect of P to manifest [18]. In guinea
pigs, too, significant stromal mitoses, similar to that
occurring normally on days 5 and 6 of the estrous cycle,
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Fig. 3-6. Uterine nuclear and cytosolic ER (Figs 3 and 4) and PR (Figs 5 and 6) concentration during
high endometrial sensitivity and development of induced decidualization following unilateral scissor-cut
traumatization. Trauma was given on day 5 of the estrous cycle and animals autopsied 3, 5 and 7 days
post-traumatization (i.e. on days 8, 10 and 12 of the estrous cycle). Each point represents mean of three
determinations. Cross bars indicate standard error of means. *P < 0.05, ®P < 0.01; vs corresponding value on
day of high endometrial sensitivity, i.e. day 5 of the estrous cycle; °P < 0.05, °P < 0.01; vs corresponding
preceding day concentration; °P < 0.05, P < 0.01; vs corresponding M segment; 2P < 0.01; vs corresponding AM
segment of nontraumatized uterine horn; "P < 0.05, P < 0.01; vs corresponding M segment of nontraumatized
uterine horn. ( ), AM segment of traumatized uterine horn; (—@—), M segment of traumatized uterine
horn; (---), AM segment of nontraumatized uterine horn; (- - -); M segment of nontraumatized uterine horn.
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could be induced in ovariectomized animals only if
estrogen was administered at the end of P treatment,
suggesting secretion and a role of estrogen in stromal
proliferation during the luteal phase of the cycle [6].
While this differential response has been related to lack
of proper estrogen priming [19], peak mitotic activity in
the stroma and glandular epithelium coinciding with
increased estrogen secretion have been observed during
high endometrial sensitivity in intact animals [20].
It is also postulated that luteal estrogen though not
obligatory for implantation in this species, probably
synergizes with P in the normal preparation of endo-
metrium. However, under the experimental con-
ditions [8], limited preparation obtained with P alone
appears sufficient to allow implantation [2, 6]. Evidence
of a similar facilitatory role of estrogen in implantation
and pregnancy maintenance is available in species like
the rabbit [21] and the ewe [22], where, too, implan-
tation does not appear to depend upon the presence of
prenidatory estrogen. It is also reported that in some
species like the hamster [23] and the guinea pig ([5, 24]
and this study), high levels of circulating estrogen,
sometimes even higher than in species like the rat
which requires luteal estrogen for implantation [3] have
been observed at the expected time of implantation.
Others like the rhesus monkey, exhibit a shift in
the ratio of P to E, levels in the endometrium at the
time of implantation and an increased occupancy of
nuclear ER and PR during the fertile cycles, suggestive
of subtle estrogenism in the process of endometrial
preparation for ovo-implantation [25].

Like most laboratory rodents, implantation in the
guinea pig initiates on the AM side [26]. It is also
only along the AM side that insertion of glass or
paraffin beads into the subepithelial stroma of the
endometrium [27] or a complete scissor cut along the
entire length of the uterus [9] induced optimal decidual
response in this species. In the present study, however,
we did not observe any significant difference in
the concentration of E, or P receptors (although their
concentration was high) or the surface ultrastructure
between the AM and the M segments of the uterus
on day S, i.e. during the period of high endometrial
sensitivity in this species. Interestingly, in most species
including the guinea pig[9] and the human [28], the
period of maximal endometrial sensitivity to the blasto-
cyst stimulus for decidualization is well defined. In the
mouse, it has also been demonstrated that when oil is
injected intra-luminally, the decidual reaction is always
initiated on the AM side and the pieces of tumor or
muscle placed in the uterine lumen always attach on the
AM surface [1]. It is, however, not clear whether the
luminal surface on the AM side of the endometrium is
in any way preferentially attractive to the blastocyst.
The available information on the morphological and
biochemical alterations associated with endometrial
sensitivity is limited and includes better vascularization
of the AM than the M side in rats [1], appearance of
abundant large ectoplasmic projections or pinopods
on the luminal surface in rats [29] and humans [30]
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and appearance of specific proteins in the uterine fluid
in species like rabbit [31], ferret and mink [1].

It is also reported that in the cyclic guinea pigs,
peripheral plasma P concentration starts decreasing
after day 9{32,33]. In the present study, however,
high peripheral plasma P concentration attained on
day 5 was not only maintained but showed a further
increase on day 12 of the cycle, i.e. 7 days after
unilateral uterine decidualization in cyclic animals.
These findings confirm the reported [9] luteotrophic
action of the decidual tissue in the guinea pig like that
in the rat [34].

We have, however, observed a marked increase in
the concentration of both ER and PR in the AM
segment of the traumatized (decidualized) uterus with
advancing decidualization. Comparatively low receptor
concentration in the M segment of the traumatized
uterus and AM segment of the nontraumatized uterus
and almost basal levels in the M segment of the
nontraumatized uterus also correlate well with the lack
of decidual response in these segments.

The findings of this study, together with the reported
increase in certain estrogen responsive parameters such
as uterine blood flow and intra-uterine oxygen tension
[7] and high circulating estrogen and P concentration
during the maximal endometrial sensitivity and in-
duced decidualization ([7, 20] and this study), suggest
a possible role of both estrogen and P in induction of
endometrial sensitivity and decidual growth in this
species.
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