
PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 161. 119-122 (1979) 

Estrous Cycles, Decidual Cell Response and Uterine Estrogen and Progesterone 
Receptor in Fischer 344 Virgin Aging Rats (40503) 

SYED SAIDUDDIN AND HANS PETER ZASSENHAUS 
Department of Veterinary Physiology and Pharmacology, The Ohio State University, I900 Cofley Road, 

Columbus, Ohio 43210 

The aging female rat shows a variety of 
abnormalities in reproductive function. These 
include a gradual decline in the number of 
ova and frequency of ovulation, a decrease in 
litter size (l), irregular estrous cycles leading 
to constant estrus (2), pseudopregnancies of 
irregular length and finally anestrus in the 
oldest rats (3). Some or all of these changes 
are also seen in other laboratory rodents in- 
cluding mice, hamsters and rabbits (4, 5). 
Previous reports have suggested that the 
uterus may be the initial site of reproductive 
failure (6). Uteri of older rodents are less able 
to maintain transplanted ova (7), show a 
decreased decidual cell response (DCR) (8), 
have a lower uptake of estrogen and proges- 
terone (9, 10) and show decreased sensitivity 
to circulating progesterone (1 1). Since uterine 
function and the DCR primarily depend on 
the gonadal steroids, estrogen and progester- 
one (12), one explanation for the defects in 
uterine function in the aged animal may be 
a decreased sensitivity or abnormal biological 
response to these steroids. We report herein 
a comparison of the uterine estrogen and 
progesterone receptors from virgin, young (8- 
10 months) and old (>23 months) rats. 

Materials and methods. Animals. Virgin fe- 
male rats of the Fischer 344 strain were ob- 
tained from the National Institute on Aging 
(aged animal colony maintained at the 
Charles River Breeding Laboratory). Young 
rats were 6-8 months and old rats were over 
18 months when received in our laboratory. 
They were housed in an air conditioned room 
illuminated between 6 am and 8 pm. 

Materials. 1 ,2-[3H]~rogesterone (3H-P, 55.7 
Ci/mmol) and 6,7-[ Hlestradiol- 17p (3H-E, 
53 Ci/mmol) were obtained from New Eng- 
land Nuclear, Boston, MA. All other chemi- 
cals were reagent grade. 
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Tissue preparation and receptor assay. Rats 
were guillotined and the uteri were rapidly 
dissected out, stripped of adhering fat and 
mesometrium, slit lengthwise, blotted and 
weighed immediately. All further steps were 
done at 4". For assay of estrogen receptors 
(ER), the cytosol was prepared in TE buffer 
(10 mM Tris-HC1, 1.5 mM EDTA, pH 7.4) 
and assayed in triplicate for 3H-E binding as 
described previously ( 13). 

Progesterone receptors were assayed in 
triplicate using 3H-P in TTG buffer (50 mM 
Tris-HC1, 25% glycerol (v/v), 2.4 mM thiog- 
lycerol, 0.02% Na azide (w/v), 1 mM phen- 
ylmethylsulfonylfluoride, pH 7.4) by the dex- 
tran coated charcoal (DCC, 1% activated 
charcoal, 0.05% dextran T-70 in TTG buffer) 
adsorption method (14). 

Sucrose gradients. ER was analyzed by cen- 
trifugation through 5-20% sucrose gradients 
as described previously (13). Progesterone re- 
ceptors were analyzed by centrifugation 
through 5-10% sucrose gradients made in 
TTG buffer. Included in the gradients were 
10 nM 3H-P plus 1 pM cortisol. After centrif- 
ugation in Beckman SW 50.1 rotor for 22 hr 
at 48,000 rpm (216,000 g), approximately 0.2 
ml fractions were collected into tubes con- 
taining 0.5 ml DCC (in TTG buffer) plus 2 
mg/ml bovine serum albumin and 1 pM of 
unlabeled progesterone. After 10 min in ice 
with intermittent shaking, the charcoal was 
removed by centrifugation for 10 min at 1200 
g. The resulting supernatant was extracted 
with 3 ml toluene-isoamyl alcohol (19: 1 v/v) 
and 2 ml of this extract was removed for 
scintillation counting. Sedimentation values 
were determined from standards (ovalbumin, 
3.5s; bovine serum albumin, 4.4s; yeast al- 
cohol dehydrogenase 7.4s; catalase, l l .3S) 
run at the same time in parallel gradients. 

Protein and DNA determination. Protein 
was determined by the method of Lowry et 
al. (15), and DNA was quantitated by the 
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method of Burton (16). Student's t test was 
employed to test the significance of the re- 
sults. 

Results. Estrous cycles and decidual cell re- 
action. Vaginal smears were taken daily from 
all rats for a period of 4 weeks to determine 
the length of the estrous cycles. All ten young 
rats cycled regularly with a mean length of 
4.7 A 0.1 days, while none of the aged rats 
showed regular cycles. Most (8 out of 11) 
were pseudopregnant (mean duration 16.1 k 
0.9 days), two were in anestrus, while only 
one rat exhibited two consecutive cycles 
(length of 5 and 4 days) before entering pseu- 
dopregnancy . 

The DCR in response to exogenous estro- 
gen (E2) and progesterone was tested in ovari- 
ectomized animals. One week following ovar- 
iectomy, rats were primed with E2 (0.5 pg/ 
100 g bw) daily for 3 days. Beginning on the 
fourth day rats were given a combination of 
E2 (0.05 &lo0 g bw) and progesterone (2.5 
mg/100 g bw) daily until autopsy. On the 
fourth day after E2 plus progesterone treat- 
ment, five sutures were placed in one uterine 
horn and the contralateral horn served as 
control. Five days following uterine trauma, 
all rats were killed and the uteri were weighed 
and examined for DCR. A response was con- 
sidered positive if the traumatized horn 
weighed at least three times the control (12). 
None of the aged rats (n = 3) showed a DCR 
while three out of four young rats reacted 
positively. 

Uterine wet weights, protein and DNA. The 
uteri from aged rats, after ovariectomy and 
E2 stimulation, weighed considerably more 
than uteri from the younger rats (Table I). 
The lower DNA/protein and soluble/total 
protein ratios, however, in the uteri of aged 
compared to young rats seem to indicate that 
much of the increased wet weight may be due 
to fibrous tissue, as has been observed in the 
aged hamster uterus by Rahima and Soder- 
wall (17). 

Uterine estrogen and progesterone receptor. 
After three daily injections of 5 pg EZ, the ER 
levels were significantly lower (P < 0.01, 
Table 11) in the old rats when compared to 
young rats. When 1.5 mg of progesterone was 
administered along with EZ on the third day, 
the ER levels were reduced significantly in 
the young rats, but not in the old. It has been 
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TABLE I. UTERINE W m  WEIGHT, PROTEIN AND DNA 
IN ESTROGEN TREATED YOUNG AND OLD RATS. 

mg cyto- 
mg total sol pro- mg DNA 
protein tein per per mg 

Wet wt per mg mg total Total Pro- 
(ma)" wet wt protein tein 

Young 429 0.15 0.26 0.036 
f39h fO.01 f O . 0 1  f0.002 

Old 785 0.15 0.19 0.026 
+97 +0.01 k0.02 f0.002 

~ 

" One week following ovariectomy, seven young and 
five old rats were injected sc with 5 pg estradiol daily for 
3 days and were killed on the 4th day. 

Average f SE. 

TABLE 11. UTERINE CYTOSOL ESTROGEN AND 
PROGESTERONE RECEPTOR LEVELS IN YOUNG AND OLD 

RATS". 

'H Steroid binding 
(fmoles) per mg 

Cytosol 
protein DNA 

Estradiol receptor: 
Young (6)* 
Old (3) 

Estradiol receptor after 
Progesterone treat- 
ment: 

Young (3) 
Old (3) 

Young (6) 
Old (6) 

Progesterone receptor: 

276f  lo' 2000k 100 
127 + 6 800+ 120 

169 f 6 
133 f 5 

1240 +_ 30 
770 f 180 

329 k 59 
258 +- 47 

2430 f 510 
1850 f 480 

One week following ovariectomy, rats were injected 
sc with 5 pg estradiol daily for 3 days. For estradiol and 
progesterone receptor, rats were killed on the 4th day 
without further treatment. To study the effect of proges- 
terone treatment on the amount of estradiol receptor, 
rats were injected on the 3rd day with 1.5 mg progester- 
one in addition to estradiol and were killed on the 4th 
day. 

Number in ( 
' Average f SE. 

) denotes the number of animals. 

shown previously (14, 18) that one of the 
actions of progesterone in the uterus is to 
inhibit the synthesis of ER. 

The concentration of progesterone receptor 
in the old rats, although tending to be lower, 
was not significantly different from that in 
the young animals. In the gradient analysis 
of the progesterone receptor, both young and 
aged rats showed a binding peak sedimenting 
at about 6s which could be abolished by the 
inclusion of excess unlabeled progesterone in 
the reaction mixture and gradients (Fig. 1). 
The young rats, however, also contained 
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peaks of progesterone binding at higher S 
values, which may represent multimers of the 
6 s  species. More striking was the difference 
in the sedimentation rates of the ER (Fig. 2). 
The ER from the uteri of aged rats sedi- 
mented at about 4.5s. In contrast, the recep- 
tor from young rats showed both a 7.5s and 
a 4.5s peak. 

Discussion. The DCR depends on a defined 
sequence of the proper amounts of Ez and 
progesterone (19). Moreover, it is well known 
that E2 promotes the synthesis of its own 
receptor as well as the receptor for progester- 
one, whereas progesterone inhibits the syn- 
thesis of at least the former (20). Our present 
study shows that abnormalities in the char- 
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FIG. 1. Sedimentation analysis of the uterine proges- 
terone receptor through 5- 10% sucrose gradients made 
in TTG buffer, with the inclusion of 10 nM [3H]proges- 
terone plus 1 p M  cortisol. Animals were ovariectomized 
and 1 week later primed for 3 days with 5 pg estradiol 
daily. On the 4th day, the rats were killed, cytosol 
prepared and incubated, and sedimentation performed 
as described in the methods. Aged rats: o----O, young 
rats: M. 
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FIG. 2. Sedimentation analysis of the uterine estro- 
gen receptor through 5-2095 sucrose gradients made in 
TE buffer. Hormone treatments were the same as in Fig. 
1. Cytosol was prepared, incubated with ['Hlestradiol, 
and centrifuged through the gradients as stated in the 
methods. Aged rats: O--Q young rats: M. 

acteristics of the uterine ER are present in the 
aged rat, which may partially be responsible 
for the failure in reproduction. The aged rat 
has a greatly reduced quantity of ER. This is 
in agreement with preliminary reports in mice 
(2 1) and rats (22), though in the latter abstract 
it was reported that prolonged administration 
of E2 (7-1 1 days, 12 pg/lOO g bw) resulted in 
levels of ER that were not significantly dif- 
ferent in mature and senescent rats. 

The measurements for cytosol ER were all 
conducted at 4", at which temperature only 
available, unbound receptor sites are de- 
tected. It is possible that the decreased ER 
levels in the aged animals were an artifact of 
the assay in that varying amounts of residual 
E2 from the injections might still have been 
present either in the cells or the interstitial 
spaces (23). This would have led to binding 
of the unlabeled E2 by a fraction of the 
receptor population during homogenization. 
That this was not occurring was shown by a 
preliminary experiment in which the amount 
of uterine ER was determined 24 hr after the 
last E2 injection by both the 4" binding assay 
and the cytosol exchange assay, which mea- 
sures both free and filled sites (13). Both 
methods yielded the same amount. 

It has been demonstrated that the level of 
nuclear bound estrogen correlates with the 
degree of tissue stimulation by E2 (24). The 
decreased quantity of ER in the aged rat 
uterus, therefore, may render it less sensitive 
to E2 and cause the failure in the DCR. 
Furthermore, we have shown that the aged 
rat uterus is less sensitive to progesterone as 
measured by the inhibition of ER synthesis 
upon progesterone administration. This de- 
cline in sensitivity is not due to decreased 
levels of progesterone receptor since no sig- 
nificant differences between young and old 
rats were found. Blaha and Leavitt have like- 
wise reported no significant reduction in the 
content of uterine progesterone receptor in 
the aged golden hamster (25). Whether these 
apparent defects in the steroidal response of 
the tissue are due to alterations in the recep- 
tor, as indicated by the altered S values, is 
not known presently. It should be noted, 
however, that the sedimentation characteris- 
tics of receptors are quite sensitive to assay 
conditions, including ionic strength of the 
buffers (26). 
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The aged rat has decreased levels of ER in 
the brain (27) which was correlated with a 
reduction in E2 induced stimulation of ace- 
tylcholinesterase activities (28). Also, studies 
with mice and rats indicate decreased levels 
of glucocorticoid receptors (29). The infertil- 
ity of the aged animal may be due to defects 
in several sites in the hypothalamic-pituitary- 
gonadal axis. Our results show that end organ 
(e.g., the uterus) abnormalities in the steroid 
receptor are present. Indeed, our studies and 
those cited above may indicate that decreased 
hormonal sensitivity in the aged animal may 
be a widespread phenomenon and may be 
correlated with changes in the receptor for 
these hormones. 

Summary. We have compared the estrous 
cycles, decidual cell response and the quan- 
tities and biochemical characteristics of the 
estrogen and progesterone receptors in the 
uterus of aged (>20 months) and young (<lo 
month), virgin rats. Whereas the young ani- 
mals showed estrous cycles of normal dura- 
tion, the aged rats were either pseudopreg- 
nant or in anestrus. Old rats failed to show a 
decidual cell response. Uteri from ovariecto- 
mized estrogen primed rats weighed signifi- 
cantly more in the aged compared to the 
young rats. In the old rat, the absolute 
amount of estrogen receptor was less than 
half the amount found in the young animals. 
The progesterone receptor levels were similar 
in both age groups. Administration of pro- 
gesterone failed to decrease estrogen receptor 
levels in the old rats. The young animals had 
a greater proportion of progesterone receptor 
population sedimenting at higher S values 
than the receptors from aging animals. Simi- 
larly, the uterine estrogen receptor of the aged 
rat sedimented at approximately 4.5S, 
whereas the young rats showed estrogen re- 
ceptors sedimenting at both 7.5s and 4.5s. 
These studies indicate that reproductive fail- 
ure in the aging rat, as demonstrated by a 
lack of decidual cell response, is accompanied 
by changes in the receptors for progesterone 
and estrogen. 

We thank Dr. D. C. Gibson, NIH for the supply of 
virgin young and old F344 rats and Mrs. A. Myers for 
her excellent help in the preparation of the manuscript. 
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