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SUMMARY

Intravenous infusion with [~*H]J-estradiol-178 (E,3H) at different rates were performed in ovariecto-
mized rats in order to obtain 1n the uter: varying levels of E;*H which remained constant after 30 min
of infusion. The relative increase of estrogen induced protein (I.P.) synthesis was measured at 90 min
of infusion, and correlated with the uterine level of E;3H obtained at 30 min. A highly significant
and linear correlation was obtained between I.P. synthesis and uterine levels below the tissue specific
binding capacity. E;3H in excess of the specific binding capacity was rapidly lost from the uterus
and did not induce a further significant increase in I.P. synthesis. Below the tissue binding capacity,
LP. synthesis was stimulated sub-maximally. Under these conditions, an increase in the infusion rate
could elicit a secondary (although more limited) increase in 1.P. synthesis. The successive stimulations
of L.P. synthesis were additive until the overall °, increase equivalent to the maximal stimulation,
was reached. This observation shows that the uterus is capable to respond to estrogen stimulation
by mncreasing I.P. synthesis to a limited extent. which will be termed the LP. synthesizing potentiality.
The latter corresponds closely to the tissue binding capacity and is available either for one or for
several successive stimulations, depending on the level of estradiol obtained in the uterus. That part
of the LP. synthesizing potentiality which has been used does then enter a refractory period during

which a similar level of estradiol does not further stimulate the L.P synthesis

INTRODUCTION

The synthests of specific proteins (induced proteins
or LP.) is an early event resulting from the action
of estradiol in the rat uterus[1,2]. This synthesis
requires the transcription of new mRNA [3] which
might be directly stimulated by the hormone-receptor
complex in the uterus. Alternatively. the LP.-mRNA
activity might be regulated at the translational level
by a specific inhibitor which in turn is blocked by
the nuclear estradiol-receptor complex [4]. The syn-
thesis of LP. is proportional to the amount of nuclear
bound estradiol, as was shown 1 in vitro experi-
ments [5]. However. both by in vitro and in vivo ex-
periments, 1t was shown that the rate of increase of
the I.P. synthesizing capacity, which was stimulated
by the hormone, leveled off rapidly, notwithstanding
the further increase of estradiol uptake within the nu-
cleus [S]. LP. synthesis then decreased and eventually
reached a refractory state lasting for about 40 h [4, 6].

In a previous work [7], we showed that this time
sequence of LP. synthesis was not modified by the
maintenance of a steady level of estradiol in the
uterus, and that the decrease in LP. synthesis
occurred in spite of the presence of residual L.P. syn-

* See footnote on p. 961 in the preceding paper.

thesizing potentiality, after a submaximal stimulation
with estradiol. This observation stressed the impor-
tance of the degree of the first “impact™ of the hor-
mone and of a graded response of L.P. synthesis. In
the present work. we studied the relationship between
the tissue level attained after E,*H administration
and the maximal LP. response observed after 90 min
of infusion.

MATERIALS AND METHODS

Experimental procedures have been described in
detail in the preceding report [7]. All L.P. responses
were measured after 90 min of infusion with E,*H
(time of maximal L.P. response with our procedure).
E,*H infusions were always done by sequential high
rate-short term (8 min) and low rate-long term infu-
sions.

RESULTS

1. E;*H levels in the uterus at 1/2, 1 1/2 and 4 hours
of infusion, and I.P. response at 90 minutes in function
of the infusion rates

Figure 1 shows that the E,H levels in the uterus
at 12,1 1/2 and 4 h increased in a parallel way with
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Fig. 1. Adult female rats 10-12 days postovariectomy, were
mfused during 8 mm at a high rate (upper figures on the
abscissa) and up to the indicated time at a lower rate
(lower figures on the abscissa). The curves indicate the rela-
tionship between E,3H imfusion rates and uterine E,*H
levels (in ng/g wet weight) at 1,2h (x — x). 1h 1,2
{O——-0) and 4h (A—-—A) of infusion and the IP. re-
sponse at 90 minutes (@— —®). Each point of the E,*H
levels 1s the mean +S.E.M. of the indicated number of
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mereasing infusion rates [ P response was not detect-

able at E,*H level below 1ngge Between 1 oand

2ng/g. LP. response became detectable and 1ty -

crease was then parallel to the increase in the uterus

E,*H level. Figurc 2 shows the same results obtamed

with higher infusion rates. E53H levels at (2.1 12
and 4 h again increased 0 a parallel way up o an
infusion rate of 10.8 pg-h + 500 ng h. For hgher rates
of 1nfusion, E,*H levels increased more steeply at
1'2h than at 1 1 2h. and remained constant at 4 h

The leveling off of the F,'H concentration in the
uterus at 4 h is analysed on Fig. 3. where E. 'H levels
n uterus and plasma at 4h are plotted against the
long term infusion rates, which determine the steady
level achieved at that time. 1t s shown that the
plasma levels increased linearly with creasing nfu-
sion rates. confirming the constant metabolic clear-
ance rate of the hormone over a wide range of infu-
sion rates, as reported previously [8]. E5*H levels in
the uterus showed a typical saturation curve. compar-
able to that described previously in adult and i im-
mature rats [9]. The plasma concentration at hall
saturation of the tissue (1 2 x 107" M) was alo
similar to the previous results [Y]. The saturating
level in the uterus (10- 11 ng, g wet weight) was similar
to the saturating level reported for immature rats [9].
However, in the present experiments the long term
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Fig 2. Same data as in Fig. | obtained in adult female rats, 21-28 days postovariectomy
infusion rates were realized 1n this group of amimals. Legends see Fig 1

80 133 300 675 180 500 900 900 1500 {500 ng/h
INFUSION RATES

Higher



Stimulation of early protein synthesis—I1I

UTERUS PLASMA

€,°H Ing/g) €, Hng/mi)
s ;
!5 430
{2
[
28 {18
Ju
{os
2 1 1 1
500 7000 1500

LONG TERM INFUSION RATE (ng/h)

Fig. 3. E;°H levels in the uterus (ng/g wet weight) and
in the plasma (ng/ml) at 4 hours of infusion, in function
of the long term infusion rates. The experiments were per-
formed 21-28 days postovariectomy. Each point 1s the
mean + S.E.M of the number of animals indicated. The
increase in E,*H level in the plasma shows a linear correla-
tion with the long-term infustion rate. (r = 0.992).

infusion was preceded by a short term (8 minutes)—
high rate infusion to speed up equilibrium as dis-
cussed earlier. Hence, the amount of estradiol given
to the animal in this short term-high rate infusion
was sufficient to induce water imbibition by 4 h. To
evaluate this effect, whole uteri of rats, infused during
either 1/2 or 4h, were compared on a weight basis
for similar rates of infusion. The results (Table 1)
show that the water imbibition at 4h was already
maximal (about 36%;) at an infusion rate of 10.8
ug/h + 500 ng/h, and was not increased further at an
infusion rate of 96 ug/h + 1,500 ng/h. At 30 min there
was no dose effect and the uterine weights were not
significantly increased above those of control animals,
confirming the absence of significant water imbibition
at this early time [10].

Taking into account the observed weight gain at
4h, it may be estimated that the saturating level in
the uterus (Fig. 3) was underestimated by approxi-
mately 36°;. The true saturating concentration is then
likely to be closer to 15 ng/g, if we refer to the uterine
weight at 30min, before water imbibition occurs.
However. the existence of the saturation process is
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not questioned, since the correcting factor is similar
both at 500 and at 1,500 ng/h infusion rates.

2. Correlation between E,*H level in the uterus at 30
minutes, and maximal 1.P. response at 90 minutes

In the preceding report [7], the importance of the
degree of the initial “impact” of estradiol with the
tissue on the maximal LP. response at 90 min was
shown. We then correlated the LP. response at 90 min
with the E,3H level in the uterus at 30 min. Taking
into account a saturating level of 15 ng/g wet weight
(corrected for water imbibition), the correlation was
done separately for I.P. responses obtained below and
above this level. E;>H Levels at 30 min were taken
from Fig. 1 and the mean values correlated with indi-
vidual LP. responses obtained at 90 min for the corre-
sponding rates of infusions. Figure 4. shows a linear
and highly significant correlation (P < 0.001) between
L.P. responses and E,*H concentration at 30 min,
below the saturating level. Above this level, no signifi-
cant increase of L.P. was seen, the maximal response
being of the order of 300%.

3. Quantitative aspect of 1.P. synthesis response (I.P.
synthesizing potentiality)

In our previous report [ 7], we pointed out that LP.
synthesis decreased after 90 min despite the presence
of residual I.P. synthesizing potentiality. The experi-
ments described on Fig. 5 tentatively quantitate this
observation. In these experiments, the LP. response
was stimulated sequentially by repeating at given in-
tervals a high rate-short term infusion, in course of
a long term-low rate infusion. When the first stimulus
was maximal (Fig. 5A), giving a 300% LP. response,
a second stimulus was not able to elicit any further
response. When the first stimulus was submaximal
(Fig. 5B, C, E). a second or even a third stimulus were
able to induce L.P. responses, until the additive effects
of all stimuli totalled the maximal response of 300%,.
Hence, the effect of a subsequent stimulus (for in-
stance 96 ug/h for 8 min) could either be zero or maxi-
mal, depending on the residual LP. synthesizing
potentiality left over by preceding stimuli.

Table 1. Uterine weights (mean + S) in course of long term infusion with
estradiol-2, 4, 6, 7°H

Infusion rates
(short term (8 minutes)-high rate
+ long term-low rate.

Long term infusion time

0.5 ug/h + 1.25 ng/h (controls)
10.8 ug/h + 500 ng/h
24 ug/h + 900 ng/h
48 ug/h + 1,500 ng/h

96 ug/h + 1,500 ng/h

1/2h 4h % increase

497 +179 48 + 9.1 0
n==6 n==6

569 +34 776 + 147 36
n=28 n=13

5234+ 89 645+ 120 23
n="17 n=6

480 + 114 683 + 49 42
n=4 n=3

548 +53 790 +£53 44
n=28§8 n=3
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Fig 4 Relationship between LP. response at 90 min and
E.*H level in the uterus (ng/g wet weight) at 30 min of
E,>H infusion. E,?H levels at 30 min are the means taken
from Fig. 1 and 2 where the dispersions are indicated The
points are the individual LP. responses at 90 min for all
experiments performed at the corresponding infusion rates.
Linear correlation between the mean tissue level at 30 min
and the mdividual LP. responses are indicated separately
for tissue levels below saturation (up to 15 ng/g) and above
saturation (see text for details). Correlation coefficient and
statistical significance are indicated.

DISCUSSION

The dose-dependent response of 1.P. synthesis, fol-
lowing estradiol stimulation in vitro or in vivo. has
been documented by several reports [5, 11, 12] and
further confirmed by the present experiments. Indeed,
the I.P. response, maximal at 90 min, increased with
increasing rates of infusion of E,3H.

With the two step infusion method used in the
present work, it was further shown that the LP. re-
sponse was linearly correlated with the tissue level
of the hormone at equilibrium, up to the saturation
level. The latter was previously defined as the tissue
specific binding capacity [9]. Its value (108 mol/Kg)
18 similar to the concentration of uterine recep-
tors [13].

Estradiol taken up in vivo is rapidly translocated
into the nucleus, and an equilibrium appears to estab-
lish between cytosol and nuclear fraction, the larger
part of the hormone-receptor complex being located
in the latter [13]. This situation is obtained either by
injection [13] or in course of continuous infusion of
the hormone [14]. Hence, the tissue concentration of
E,*H is likely to represent mostly nuclear bound hor-
mone (estradiol contamination from circulating
plasma or even from extracellular fluid would be
minimal as evidenced from Fig. 3). The correlation
between L.P. response and tissue concentration below
the saturating level then fits with a similar correlation
between nuclear bound estradiol and I.P. response
obtained in vitro [5].

R Dt HERTOGH l. VANDERHEYDEN and E Exka

For the highest rates of infuston. levels of estradiol
in excess of the tissue specific binding capacity were
obtained at 30 min, but they had disappeared at 4 h.
Although subcellular repartition of estradiol has not
been analyzed in the present work, it appears that
the amount of estradiol 1n excess over the binding
capacity, was indeed loosely bound and rapidly disap-
peared from the tissue. This fraction of the tissue
estradiol was not able to further significantly imcrease
the I.P. response.

In our previous report [7]. 1t was shown that the
I.P. response was not maintained despite the persis-
tance of a constant level of estradiol in the uterus.
Alternatively, it was shown that the I.P. response was
dependent on the degree of the first “impact™ of the
hormone with the tissue: the maintenance of the tis-
sue level of the hormone was not critical to the induc-
tion of the L.P. response. This degree of impact. which
gives an L.P. response directly proportional to its im-
portance, might then be related to the nuclear level
of the hormone receptor complex which is reached
after estradiol administration.

The significance of the degree of “impact™ is further
stressed by the L.P. synthesizing “potentiality”, which
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Fig S. Time sequence of 1.P. response 1n constant infusion
experiments, where short term (8 min)-high rate infusions
were done in repetition. I.P. response was measured 90 min
after each short term infusion. The time sequences of I P
response are indicated after the first (@——@, the second
(x~—-x) and the third (O- - - -O) short term-high rate -
fusion. The arrows and the corresponding figures indicate
the times and the rates of the short term infusions. The

- corresponding long term-low rates infusions which follow

the short term ones are the same as in Fig. 1 and 2 a,
b and ¢ are the increments of LP. responses above basal
level of corresponding infusion time On the right, the sum
of the increments are computed for each experiment. Adult
female rats ovariectomized for 21-28 days, were used.
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might be defined as the total capacity of response
of the tissue. When all this potentiality has been used
up by a maximally stimulating impact, the tissue
enters a refractory period of 40h[6]. However, a
weaker “impact” will leave some LP. synthesizing
potentiality in the tissue. The latter will not be
affected by the hormonal movements taking place
below the hormonal level realized at the first “im-
pact”, but will elicit a supplementary IP. response
if a degree of “impact”, greater than the first one:
is realized.

What is really meant by degree of “impact” is at
the present time only speculative. However, the close
correlation between IP. response and tissue level of
E,>H below saturation strongly suggests a critical
role played by the cytosol receptor, as already put
forward by Anderson et al. [15]. The cytosol receptor
could be translocated to the nucleus according to a
dynamic equilibrium depending on the estradiol level
within the tissue [14, 16.17]). The dynamic exchange
of the hormone between the subcellular fractions
would not further exhaust the residual (unused) cytosol
receptor pool [7], although increasing the tissue level
of the hormone would displace more cytosol receptor
to the nucleus and induce a further increase of LP.
synthesis. The LP. synthesizing potentiality would
then be directly linked to the amount of “unused”
receptor left in the cytosol. This scheme, however,
appears too simplistic if one considers the delay exist-
ing between the replenishment of cytosol receptor
(24h) and the recurrence of the LP. response
(40 h) [6]. In addition, rapid resynthesis of receptor
has been evoked by several authors [18, 19]. It should
then be considered that the newly synthesized recep-
tor remains in an inactive state for several hours, un-
less some other mechanism were responsible for the
refractory state. Lack of uterine response to estradiol
has also been described during the early development
of the rat. despite the presence of specific receptors
in the cytosol and their ability to be translocated to
the nucleus under the influence of estrogens [20-22].
Hence. a nuclear factor may be responsible for the
tissue refractoriness both in developing uteri and
after estradiol stimulation. In the latter situation
estradiol binding in nuclei has been shown to exist
in multiple forms [13, 23], differing in solubility [24],
exchangeability [25] and specificity [26]. The physio-
logical significance of this complexity is at present
ill understood [26] so also the role played by the L.P.
response itself [4, 24].

The present data are in favor of a quantitative rela-
tionship between a limited capacity of response of
the uterus (called I.P. synthesizing “potentiality” to
avoid confusion with IP. synthesis “capacity” [4]
which implicates the presence of already formed
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active m-RNA) and the amount of specific binding
of estradiol in the tissue as a whole. The total LP.
synthesizing potentiality is used up when tissue bind-
ing capacity has been saturated. Whether the second-
ary fractional or total refractoriness of the tissue is
secondary to a lack of nuclear translocation of active
cytosol receptors or to a nuclear “blockade” remains
an open question.
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