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SUMMARY

Intravenous infusions of [*H]J-estradiol-178 (E,>H) were performed in ovariectomized rats by a sequen-
tial short term-high rate and 2 long term-low rate infusion. With this procedure the uterine level
of E;3H was increased rapidly during the first 30 min of infusion, and remained constant thereafter.
The time course of estrogen induced protein synthesis (I.P.) has been studied by the differential in
vitro uptake of [*H]- or [**C]-leucine in uteri of stimulated and control animals respectively, according
to the method of Katzenellebogen and Gorski[5]. Despite the maintenance of a constant tissue level
of E;3H, it was observed that I.P. synthesis increased up to 90 min after the beginning of the infusion
and decreased thereafter to a low value by the 4th h. This decrease in the LP. response with time
did not correspond to the loss of the tissue responsiveness, as shown by the possibility of eliciting
a secondary LP. response by infusing a larger amount of E,*H while the primary LP. response was
declining. The experiments show that the LP. response to the estrogen stimulation is not dependent
on the maintenance of the stimulus in the tissue, and, conversely, that the maintenance of estradiol
in the tissue at a constant level neither increases nor maintains the primary LP. response, and does
not exhaust the capacity of response of the tissue to a second and stronger stimulus. This aspect

will be discussed further in the next paper [12].

INTRODUCTION

Estradiol-17p induces in the rat uterus the synthesis
of specific proteins (induced proteins or LP.), measur-
able in the cytosol as early as 40 min after the admin-
istration of the hormone in vive [1-3]. The synthesis
of these proteins has also been reported in vitro [4, 5].
1.P. synthesis has also been observed in cycling rats,
being maximal in proestrus [6]. The synthesis of LP.
on the other hand appears to be an early and tran-
sient response to estrogens. Indeed, after estradiol in-
jection, LP. synthesis increases for about 2 h, and de-
creases thereafter as a consequence of decreased LP.
synthesizing capacity of the tissue [2, 4, 7]; the latter
eventually enters a refractory state, during which no
LP. synthesis can be stimulated by further estradiol
injection [6, 71. The time sequence of the L.P. response
has been studied so far with acute injections of estra-
diol, where the true effect of time on the elicited I.P.
synthesis may be partially obscured by a dose effect,
since the estradiol level in the tissue is likely to be
modified throughout the period of LP. synthesis [7].

In the present work, we have tried to obtain a
steady level of the hormone in the tissue as rapidly
as possible and to maintain it for the complete
duration of the study. A continuous infusion tech-
nique eventually allowing the establishment of such
a constant level of estradiol regulated by an adequate

infusion rate, was adopted [8]. However, since, the
time, ie. 3h [9], required to reach equilibrium with
a single constant infusion was too long, and was un-
suitable for the study of a genuine time effect, we
realised a two step infusion method, where a short
term-high rate preceded a long term-low rate infusion,
in order to speed up the establishment of the equilib-
rium in the tissue, and realise a square wave of estra-
diol level in the uterus from the 30th min onwards.

MATERIALS AND METHODS

Materials. Wistar female rats, 60 days old, were
ovariectomized bilaterally and used either between
10-12 or 21-28 days later, in separate experimental
groups.

Estradiol-2,4,6,7[ *H] (E,>H) (85-105 Ci/mmol) was
obtained from New England Nuclear, and checked
for radio-chemical purity (at least 95%) on Sephadex
LH,, column chromatography.

The infusing solution of E,*H was prepared in
0.9% saline, containing 5% ethanol and 1g 9 BSA
(bovine serum albumin) in order to insure complete
solubility of estradiol. Infusing vols were 4.5 ml/h dur-
ing 8 min for the high rates infusion, and 0.45 ml/h
for the low rates infusion.
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L-leucine -4.5[*H] (30-50 Ci/mmole) and L-leu-
cine-['*C] (U) (more than 270 mCi/mmol) were
obtained from New England Nuclear and used with-
out further purification.

Electrophoresis was performed on Cellogel R.S.
strips 5 X 24 cm, on Multiphor type 2117 (LKB) elec-
trophoresis apparatus on a water cooled plate, in VT
ter buffer (Chemetron).

Radioactivity counting was performed in Instagel
(Packard) with a Tri-carb Packard Spectrometer.
After electrophoresis, cellogel strips were cut into seg-
ments of 5mm and first soaked with 0.5 ml soluene
(Packard) before addition of 5 ml instagel. Quenching
correction was done by external standard.

Methods. Intravenous infusion of E,°H was per-
formed through the jugular vein as previously de-
scribed [8,10]. At the end of the infusion time the
animal was killed by decapitation. Blood was col-
lected and the uterus was rapidly removed. An aliquot
was taken for tissue radioactivity content as pre-
viously described [8]. Two thirds of the uteri {from
three rats, infused similarly, were pooled for leucine
incorporation. The uteri were slit open, cut into
smaller pieces and incubated at 37 for th in the
presence of 25 uCi L-leucine-4,5 [*H] in 1 ml PBS
buffer (Difco). Two uteri from control rats (infused
with saline) were incubated similarly with 5 uCi L-leu-
cine-['*C]. The incubating flasks were saturated with
0,-CO, (95-5) and maintained at 37 in a waterbath
under gentle shaking.

At the end of the incubation the uteri were blotted
with filter paper, and rinsed thrice in 25 ml Tris- HCl
buffer pH 7.5 at 0. Stimulated and control uteri were
then homogenized together with an all glass hom-
ogenizer in 0.6 ml Tris 10 mM-HCL-sucrose 0.25M
buffer, pH 7.5, and the low speed (800 g) supernatant
was obtained as previously described [9]. The low
speed supernatant was centrifuged again at 106,000
g for 15min to obtain the high-speed supernatant
(cytosol). One hundred ng of estradiol were added
to the cytosol in order to compete with E,*H for
the specific binding sites, and reduce to negligible
levels the contribution of E,*H to the amount of tri-
tium associated with the proteins (unpublished). The
cytosol was then dialyzed overnight at 4 against
50 mi of Tris-HCL-sucrose buffer.

50 ul Of the dialysed cytosol were then applied to
a cellogel R.S. strip and electrophoresis was run for
70 min at 430 volts and 1.2 to 1.5mA, with VT ter
transporting buffer. The cellogel strips were dried on
Whatman filter paper No. I and cut into 5 mm pieces
for tritium and '#C counting. I.P. synthesis was calcu-
lated from the *H/'“C ratio, according to Mayol {11],
as the °, increase above background (Fig. 1):

3H/'*C in peak area — basal *H;**C
x number of values in peak
basal *H/'*C
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Fig. 1. Labeling pattern of soluble uterine proteins separ-
ated by cellogel electrophoresis after an in vivo short term-
high rate (48 ug/h for 8 min) and long term-low rate
(1.5 ug/h up to 90 min) E,*H infusion to ovariectomized
rats. D indicates the point where the sample was deposed.
Treated uteri incorporated [*H]-leucine. Control uteri in-
corporated ['*CJ-leucine. Lower panel shows the *H/'*C
ratio for the different slices of the cellogel strip after elec-
trophoresis. The ¢, increase in L.P. synthesis was calculated
according to the formula derived from Mayol[11]. A
numerical example is shown.

RESULTS

1. Concentration of E,*H in the uteri in function of
the infusion time

Aliquots of uteri from animals infused with E,*H
were analyzed for radioactive content as previously
described [8]. Non metabolized E,*H accounts for
about 90%;, of the radioative material [8]. Hence, the
latter was expressed in terms of weight of E,3H per
g of wet tissue.

Figure 2 shows the E,*H concentrations for vary-
ing times of infusion ranging from 8-240 min, at dif-
ferent rates. In all these experiments, the short term-
high rate infusion lasted for 8 min, followed by a low
rate infusion of varying durations. It can be seen that
for infusion rates below 10.8 ug/h + 500 ng/h, a con-
stant tissue level of E,*H was maintained from the
30th minute up to the fourth hour. For higher rates,
the tissue levels decreased significantly during the
long term infusion (P < 0.005 between 30 and
240 min). Part of this decrease can be accounted for
by water imbibition, but it mainly represents a loss
of loosely bound hormone taken up initially in excess
of the tissue binding capacity. This aspect will be dis-
cussed in the second part of this work [12].



Stimulation of early protein synthesis—I

INFUSION RATES

E:Hnglg
oz:l o
014
o

054125%
] . any —3F 054125
02
3
1] N/{_\i—"i//i_\l 16 » 80
1
s 54.875%
]
2
54 675
6 m
‘
2
10 l)_,————f —3 100,500
5] A
53
m] N 24 +900%
o)
25
20
15
wd 8 +1500°
2 '
20
04 96 +1500°
)mlh ng/h
S 1 t I
0 30 90 180 240

INFUSION  TIME (min}

Fig. 2. Uterine E,*H concentration (ng/g wet weight) at
varying times, ranging from 8-240 min, in course of con-
tinuous infusion of E,>H at different rates. Ovariectomized
rats 10-12 days or 21-28 days (*) postovariectomy were
subjected to an initial short term-high rate (0.5-96 ug/h
for 8 min) followed by a long term-low rate (1.25-1,500
ng/h) in vivo infusion with E, H. At the indicated times
the animals were killed and the uter1 removed for measure-
ment of the radioactivity, which was expressed as ng/g of
wet weight. Each point represents the mean + 1 S.D. of
at least 5 animals. Points without S.D. are the means of
3 animals.

2. Time sequence of 1.P. response in the presence of
a constant level of E,*H in the uterus

I.P. response was measured at several times after
the initiation of the E,*H infusion. Figure 3 shows
the progressive increase of L.P. response from 15 min-
utes up to 90 minutes and the subsequent decrease
with time down to almost zero at 4 h whilst the tissue
level of E,3H remained constant at about 6 ng/g. The
indicated time refers to the duration of the infusion
period; it should be recalled that incubation of uteri
in the presence of leucine, following the infusion
period, lasted for 1 h.

Figure 4 shows the time sequence of L.P. synthesis
for varying rates of infusion, ranging from 0.5 ug/h
(short term-high rate) + 1.25 ng/h (long term-low rate)
to 96 ug/h + 1,500 ng/h. At all these rates, L.P. syn-

* The word “impact” in this and the following paper
[12] is used in its original meaning of “collision”: a forcible
striking together that sets the struck body in motion
(Webster).
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thesis was maximal at 90 min, and decreased there-
after in a rather parallel way. Both the maximal level
of LP. (Fig. 4) and the constant level of E,3H prevail-
ing in the uteri (see Fig. 2) were different for all these
infusion rates.

From this set of experiments, it appeared that the
maintenance of the E,*H level in the uterus did not
increase any further or even maintain LP. synthesis.
The experiment described on Fig. 5 was designed to
test the importance of the degree of “impact™ of the
hormone, as compared to its long term maintenance
in the tissue, on the LP. response. In this experiment
the high rate infusion (96 ug/h) was reduced to 1.5 min
and the low rate infusion (500 ng/h) was pursued dur-
ing only 13.5min in one group (B) or up to 180 min
in the other group (A). When the infusion was
stopped after 15min (1.5 + 13.5), the tissue levels of
E,*H were significantly lower at 90 and 120 min as
compared to the animals maintained under con-
tinuous infusion. However, the LP. response noted
at 90, 120 or 180 min respectively were not different
between the two groups.

3. Time sequence of 1.P. response and I.P. synthesizing
potentiality

Figure 6 compares two experiments, in which simi-
lar tissue levels of E,*H were achieved. In experiment
A, the short term-high rate infusion was omitted and
the tissue level increased slowly to its maximal level
at 3 h. In experiment B, the maximal level was already
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Fig. 3. Time sequence of I.P. response of ovariectomized
rat uteri in course of E,’H infusion at a rate of 5.4 ug/h
(8 min) + 67.5 ng/h. Left panel: 3H/**C ratio on the cello-
gel strip slices after varying times of infusion. (See methods
for details). Right panel: filled columns indicate %, L.P. in-
crease at varying times calculated from the 1sotope ratio
(see Fig. 1). Empty columns indicate mean uterine E,*H
content in ng/g wet weight at corresponding times for the
three individual animals in each experiment (black dots).
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Fig. 4. Time course of I P response of ovariectomized 1at
uteri from 15min to 4 h, at varying mfusion rates Short
term (8 minj-high rates (ug h) and long term- low rates
(ng/h) are respectively: (1). 0.5 + 125: (2). 16 + 80: (3):
204 13; (4) 54 + 675, (5): 54 + 675, (6)° 10.8 + 500
(7): 48 + 1,500, (8): 96 + 1.500. 1.P. values are the
means + SEM. of the number of experiments indicated
as unbracketed figures

attained after 30 min, thanks to the high rate-short
term infusion preceding the long term—low rate infu-
sion. The maximal L.P. synthesis was obtained after
3h in experiment A and. as expected. after 90 min
in experiment B. In both instances. the .P. synthesis
decreased once the maximal level had been reached.
It should. however, be stressed that the maximal level
attained was twice as high in experiment B as com-
pared to A. despite a similar maximal tissue level of
E,*H. Although the cumulative response in A and
B cannot possibly be compared, since the TP re-
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Fig. 5. I P responses at varymng time mtervals after con-
tinuous (A) or interrupted (B) E,3H infusion of ovariecto-
mized rats. Group B- high rate infusion® 96 ug/h for
1.5mmn. Low rate infusion: 500 ng/h interrupted after
13.5 mm. Group A. high rate infusion: 96 ug’h for 1.5 min.
Low rate infusion: 500ng'h up to the indicated times
Upper panel. °, imcrease i 1P. synthesis. (Mean of
number of experiments indicated by the dots) Lower
panel: uterine E;*H level (mean + S.D of six animals) mn
ng/g wet weight (The 15 min column shows the tissue con-
centration which is common to both groups)
(*) P < 0.005 between A and B (Student’s “t" test).
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Fig. 6 Time sequence ol 1 P response 1n two parallel ex-
periments where similar tissue levels of E,*H were
attamed, erther after conttnuous infusion of 500 ng/h of
E,*H from time zero (A), or after short term-high rate
infusion (10.8 ug/h for & min) followed by long term-low
rate infusion at 500 ng, h (B). Vertical arrows show the time
when an additional short term-high rate infusion of E,*H
(96 ug/h for 8 min) was given. * complementary rise
in LP. synthesis () or E,*H level at 90 minutes after
the second stimulation with estradiol E.*H levels arc the
means of 3 animals.

sponse 1n experiment A was more spread in time than
in experiment B. it can be concluded that for a similar
tissue level of E5*H. a higher maximal LP. response
was induced when the degree of impact was realized
within a short time.

The decrease in L.P. synthesis in both groups on
the other hand. did not correspond to the exhaustion
of the capacity of response of the uterine tissue (I.P.
synthesizing potentiality) [12]. Indced. as shown also
on Fig. 6. a second impact with a high dose of estra-
diol, when the 1.P. response was decreasing, was ablc
to elicit a secondary rise in I P. response although
not to the same extent as the first maximal response
{a more quantitative discussion of this point appears
in the next paper [12])

DISCU SSION

Uterine growth 1s stimulated by estrogens, provided
the hormone remains bound to the tissue for several
hours [13-16]. However, itiation of early manifes-
tations of estrogen action does not require a pro-
longed presence of the hormone. and it can be
obtained not only with estradiol-17f, but also with
less active estrogens such as estriol which is less firmly
bound within the target tissue [13- 17]. The stimu-
lation of I.P. synthesis appears to be an early and
transient phenomenon {7]. Nevertheless, its apparent
close relationship with the hormone receptor complex
binding to the nucleus [5, 18] makes 1t a valuable
model to study some characteristics of the cell re-
sponse to a specific stimulus

[.P. synthesis starts with a lag period of about
40 min [2]. although the LP.. synthesizing capacity
increases promptly after the impact of estrogen with
the cell [5. 7] Our results show that LP. synthesis
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was measurable already after 15 min of infusion. This
early time however, should be corrected by taking
into consideration the 1h in vitro incubation phase
in the presence of leucine, during which L.P. synthesis
occurs.

The maximal LP. synthesis takes place after 13h
of infusion, a data which also fits with the reported
values, taking into account the same correction factor
[4,7]. The decrease in LP. synthesis after 2h corre-
sponds to a decrease in L.P. synthesizing capacity, as
discussed by De Angelo et al.[7]. In De Angelo’s ex-
periments, as well as in others, estradiol was adminis-
tered as a single injection, which involved a non
steady state of the hormone at the tissue level. In
our work, we have maintained the tissue level con-
stant throughout the time period. Nevertheless, LP.
synthesis decreased after 13h of infusion, suggesting
that the LP. response is conditioned by the degree
of the initial “impact™ of the hormone with the cell.
The maintenance of the hormone in the tissue at this
same “impact” level, will neither result in further LP.
synthesis, nor in the maintenance of the initial syn-
thesis, even in the presence of a residual I.P. synthe-
sizing potentiality as shown on Fig. 6.

In long term infusion experiments, by sequential
tritium labeled and unlabeled estradiol, we have
observed that the hormone was in a constant equilib-
rium between the several subcellular fractions, as a
result of a continuous flow of hormone through them
[8, 19, 20]. It thus appears that these hormonal move-
ments will be without effect on the LP. synthesis, as
long as they remain below the initial “impact” level.

After a first estradiol stimulation, a refractory
period of up to 40 h has been described [6] during
which time no further 1P. synthesis can be obtained.
A similar or even longer refractory period follows the
administration of anti-estrogens [21]. During that
refractory period however. estradiol can still be taken
up by the cell nuclei and bound in a form similar
to the estradiol receptor complex [21]. In the present
work, it is pointed out that this refractory period in-
volves only that part of the L.P. synthesizing poten-
tiality which has been used up in the first stimulation.
The presence of residual LP. synthesizing potentiality
would not be affected by the hormonal exchange tak-
ing place below the hormonal level realized at the
first “impact™. When the hormonal level in the tissue,
hence the degree of the “impact™, was slowly in-
creased as shown on Fig. 6, the L.P. response was
delayed and spread over a longer period of time: the
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maximal LP. response was lower although the tissue
level reached eventually the same value as when the
tissue content was increased rapidly. In both in-
stances, however, a subsequent decrease in LP. re-
sponse occurred despite the existence of a residual
L.P. synthesizing potentiality. This observation again
stresses the importance of the degree of “impact”, the
nature of which will be discussed further in the next

paper [12].

Acknowledgement—The financial support of the Fonds
National de la Recherche Scientifique Médicale Belge,
Grant No. 3.4533.75, is gratefully acknowledged.

REFERENCES

1. Notides A. and Gorski J : Proc. natn. Acad. Sci. U.S.A.
56 (1966) 230-235.
2. Barnea A. and Gorskt J.:
1899-1904.
3. Gorskt J., Denar! J. H.,, Eilon G., Frolik C. and Sla-
baugh M.: J. steroid Biochem. 6 (1975) 459-460.
4, Mayol R. F. and Thayer S. A.: Biochemistry 9 (1970)
2484-2489.
5. Katzenellenbogen B. S. and Gorski J.: J. biol. Chem.
247 (1972) 1299-1305
6 Katzenellenbogen B. S.:
289-297.
7. De Angelo A. B. and Fujimoto G. I.: Proc. natn. Acad.
Sci. U.S.A. 70 (1973) 18-21.
8 De Hertogh R., Ekka E.. Vanderheyden 1. and Hoet
J. J.: Endocrinology 88 (1971) 165-174.
9. De Hertogh R., Ekka E.. Vanderheyden 1. and Hoet
J. J.. J. steroid Biochem. 4 (1973) 289-299,
10. De Hertogh R., Ekka E., Vanderheyden 1. and Hoet
J. J.: Endocrinology 87 (1970) 874-880.
11. Mayol R. F.: Molec. Cell. Endocrinol. 2
133-146.
12. De Hertogh R., Ekka E., Vanderheyden L: J. steroid
Biochem. 8 (1977) 965-969.
13. Anderson J. N,, Clark J. H. and Peck E. J.: Biochem.
biophys. Res. Commun. 48 (1972) 1460-1468.
14. Anderson J. N., Peck E. J. and Clark J. H.: Endocrino-
logy 96 (1975) 160-167.
15. Lan N. C. and Katzenellenbogen B. S.: Endocrinology
98 (1976) 220-227.
16. Hardin J. W.. Clark J. H., Glasser S. R. and Peck
E. J.: Biochemistry 15 (1976) 1370-1374.
17. Webster R. A. and Hamilton T. H.: Biochem. biophys.
Res. Commun. 69 (1976) 737-743.
18. lacobell1 S.: Nature New Biol. 245 (1973) 154-155.
19. De Hertogh R.. Ekka E., Vanderheyden I. and Hoet
J. 1.2 J. steroid Biochem. 4 (1973) 301-311.
20. Ekka E., De Hertogh R., Vanderheyden I. and Hoet
J. 1.0 Acta Endocr., Copenh. Suppl. 177 (1973) 242.
21. Katzenellenbogen B. S. and Ferguson E. R.: Endocrino-
logy 97 (1975) 1-12.

Biochemistry 9 (1970)

Endocrinology 96 (1975)

(1975)



