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SUMMARY

Glucocorticoids enhance the activity of a number of enzyme systems in fetal tissues. In the rabbit
fetal lung [*H]-dexamethasone binds to cytosol and nuclear receptors with a high degree of specificity
which is not competed for by other hormones or metabolites. The cytosol [*H]-dexamethasone-receptor
complex sediments at 4 s in sucrose density gradients in the presence of 0.6 M KCl and at approximately
7-8 s in the absence of salt, whereas the nuclear complex sediments at approximately 4-5s in the
presence or absence of 0.4 M KCl. At 37°C the saturation of nuclear binding sites is reached with
5 x 1078-1 x 1077 M [*H]-cortisol or with 1 x 1078 M [3H]-dexamethasone. There is an increase
in the uptake of [*H]J-cortisol by lung nuclei (c.p.m/mg DNA) with advancing gestation, beginning
on day 20 and reaching a maximum on day 28-30. A lower uptake is observed in lung nuclei of
the newborn, the one-month-old and the adult rabbit. The maximum uptake of [*H]-cortisol by fetal
lung nuclei correlates well with the concentration of surface-active phospholipids extracted from lungs
of rabbit fetuses.

[*H]-Dexamethasone binds to macromolecules in the cytosol and nuclei of fetal rabbit small intestine.
The binding is specific for steroids with glucocorticoid potency. There is a parallelism between the
increase in the total number of glucocorticoid binding sites in the cytosol and nuclei and the increase
in tissue weight up to term. The concentration of binding sites (pmol/mg protein or DNA) is maximum
at day 25 to 26 of gestation, followed by a decrease to adult levels within a few days of birth. Alkaline
phosphatase activity is first detectable on day 25 of gestation and increases rapidly thereafter. There
seems to be a temporal relationship between the development of the fetal rabbit small intestine and
the level of glucocorticoid receptors in the cytosol and nuclei.

INTRODUCTION confine ourselves to the rabbit fetal lung and fetal

small intestine.

The fetal lung was chosen as a model system
because it was shown that glucocorticoids could
accelerate lung maturation and the synthesis and
release of pulmonary surfactant in the fetal lamb [8]
and rabbit [9]. Glucocorticoids were shown to have
the ability to mature the fetal small intestine and to
induce alkaline phosphatase in this process [1].

Following on the classic work of Moog[1] it has
been well established that glucocorticoids play an im-
portant role in the maturation of a number of fetal
tissues. Glucocorticoids are also known to induce a
large number of enzymes in developing tissues. It has
been postulated that the initial stage in the action
of glucocorticoids is binding to specific cytoplasmic
sites, here referred to as receptors [2, 3]. Following
on the binding to specific receptors the hormones,
and particularly glucocorticoids, can trigger in target
cells specific changes in macromolecular synthesis.
The exact mechanism of how this is accomplished
in fetal tissues remains to be elucidated. During devel-
opment the action of a hormone such as glucocorti-
coid is the end point of several complex events such
as the stage of maturation of the tissue and whether
the process under control is stimulated during fetal
life or in the postnatal period [4]. Several model sys-
tems have been employed to study the action of glu-
cocorticoids during development. These have in-
cluded the embryonic neural retina where glucocorti-
coids induce glutamine synthetase[5], fetal rat

EXPERIMENTAL

All of the methods used in the studies to be de-
scribed have been published in detail [10-15].

RESULTS AND DISCUSSION

Glucocorticoid receptors in fetal lung. Because corti-
sol binds to corticosteroid binding globulin (CBG)
in plasma, we turned to the use of [*H]-dexametha-
sone in studying cytoplasmic binding in rabbit fetal
lung as this corticosteroid is not bound to CBG. In-

liver [6], and chick embryonic liver [7]. In our labor-
atory, we have used the rabbit fetal lung, fetal small
intestine and fetal kidney as model systems for study-
ing glucocorticoid action. In this discussion, we will
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itially we determined the saturation kinetics using
both [*H]-cortisol and [3H]-dexamethasone. Using
rabbit fetal lung nuclei we determined that with
[®*H]l-cortisol in the medium in the concentration
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range of 5 x 10781 x 10~7 M saturation of the nuc-
lear binding sites is attained while with [*H]-dexa-
methasone saturation of the binding sites is realized
with a concentration of approximately 1 x 1078 M
[16]. In addition, it was also shown that most of the
binding is specific for both cytosol and nuclear bind-
ing macromolecules [11, 12]. A Scatchard plot of the
specific binding data for fetal lung cytosol was linear
and the apparent dissociation equilibrium constant
for the binding at 0°C was estimated to be
3.8 x 1079 M [12]. This indicated a single class of
receptor sites with high affinity for dexamethasone
and from the intercept with the abscissa it was poss-
ible to estimate that the concentration of glucocorti-
coid receptor sites in lung cytosol was between 0.4
and 0.6 pmol per mg protein for rabbit fetuses at 28
days of gestation, when these measurements were per-
formed. As is shown in Fig, 1, the [>H]-dexametha-
sone macromolecule complex in lung cytosol sedi-
ments at about 7s in sucrose gradients at low ionic
strength. In sucrose gradients containing 0.4 M KCl
(Fig. 1.b) the 7 s-dexamethasone-macromolecule
complex sediments at approximately 4 s, which is in
keeping with the behaviour of other steroid receptors
described {3]. The [*H]-dexamethasone macromole-
cule complex prepared with purified nuclei from rab-
bit fetal lung at day 28 of gestation, sediments at 4-5 s
in sucrose gradients containing no KCl or the pres-
ence of 0.4 M KCI (Fig. 2).

The nature of the [°H]-dexamethasone macromole-
cular complex from rabbit lung cytosol prepared at
day 28 of gestation was studied in several ways [12].
Heating of the lung cytosol at 60°C for 5min com-
pletely prevented binding with [*H]-dexamethasone.
Addition of p-chloromercuribenzoate (1 mM) to lung
cytosol had the same effect while addition of N-ethyl-
melamide (1 mM) reduced the binding to [3H]-dexa-
methasone by 50%,. Treatment with Pronase led to
a release of radioactivity from the complex but treat-
ment with RNase and DNase was without effect [12].
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Fig. 1. Effect of KCl on the sedimentation rate of

[*H]-dexamethasone-binding components of lung cytosol.

Gradients without KCl (a) were 10 to 30% sucrose and

those containing 0.4 M KCl (b) were 5 to 209 sucrose. BSA4,
bovine serum albumin. From [12].
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Fig. 2. Sucrose density gradient patterns of nuclear
extracts from rabbit fetal lung. The tissue was incubated
in FEagle’s HeLa medium containing 2.5 x 107%m
[3H]-dexamethasone for 2h at 37". Purified nuclei were
prepared and extracted with 0.01 M Tris—0.00i5M Na,
EDTA-0.6 M KCl buffer pH 8.5. Aliquots (0.2 ml) of the
nuclear extract were applied on 5 to 209 sucrose gradients
prepared in 0.01 M Tris—0.0015M Na, EDTA buffer, pH
7.6 without (O—O) or without (@———@) 0.4 M KCl. Centri-
fugation was performed at 297,000 x ¢ at 2° for 16h.
From [11].

Similar results have been obtained with purified fetal
lung nuclei [11] except that 23% of the radioactivity
was released with DNase and 179, with RNase com-
pared to 80% released with Pronase. These results
indicate that the dexamethasone binding complex is
a protein in nature and also point to a need for intact
sulfhydryl groups in the interaction of the hormone
with the cytosol and nuclear binding components.

- Specificity of glucocorticoid binding. The [*H]-dexa-
methasone bound to the fetal lung cytosol receptor
is transferred to the nucleus in the same manner as
has been described for other steroid receptor sys-
tems [3]. One of the ways to assess the specificity
of the binding of a hormone to a receptor is to deter-
mine the competition of a variety of other steroid hor-
mones and metabolites for the binding site. Table 1
contains such data for [*H]J-cortisol binding to puri-
fied rabbit fetal lung nuclei and competition for the
binding sites by a 10-fold excess of non-labeled ster-
oids added to the incubation medium. Testosterone,
estradiol-178, progesterone and aldosterone do not
compete for the binding of [3*H]-cortisol, neither do
the reduced metabolites of cortisol or 17x-hydroxy-
progesterone, act as competitors. The ability to com-
pete for the [*H]-cortisol binding sites is proportional
to the glucocorticoid potency of the steroids tested
which are shown in Table 1 with two exceptions.
These are cortisone and 21-deoxycortisol. At 37°C cor-
tisone is converted to cortisol by rabbit fetal lung
nuclei but the reverse reaction does not occur [17].



Binding of glucocorticoids in fetal tissues

Table 1. Effect of nonlabeled steroids on nuclear uptake
of [3H]-cortisol in rabbit fetal lung

Nuclear uptake of

Competing steroid [3H]-cortisol

Testosterone 100
Progesterone 100
Tetrahydrocortisol 100
Estradiol-178 98
Aldosterone 95
38.118,172,21-Tetrahy-

droxy-pregn-5-en-20-one 81
17a-Hydroxyprogesterone 81
Allotetrahydrocortisol 78
Deoxycorticosterone 74
114-Hydroxyprogesterone 53
Corticosterone 47
11-Deoxycortisol 44
21-Deoxycortisol 34
Cortisone 25
Cortisol 19
6a-Methylprednisolone 13
9a-Fluorocortisol 9
Fluocinolone 8
Triamcinolone acetonide 8
Dexamethasone 7

From [11]

One-gram aliquots of rabbit fetal lung were incubated
in 10 ml of Eagle’s HeLa medium containing 1 x 10" M
[®H]-cortisol with or without a 10-fold excess of nonla-
beled steroid at 37° for 2 h. Each value is the average of
six determinations.

At 0°C, 21-deoxycortisol but not cortisone is still able
to compete for the [*H]-cortiso! binding sites in fetal
lung nuclei and it is unlikely that 21-hydroxylation
can occur under these conditions. It is possible that
21-deoxycortisol is an antiglucocorticoid in fetal lung
and a similar observation has been reported for this
steroid in rat thymus [18] where it inhibits the bind-
ing of cortisol to the cytosol receptor and blocks the
effect of cortisol on glucose uptake. Similar specificity
data involving competition for [*H]-dexamethasone
binding to the lung cytosol receptor has been
obtained [11].

Glucocorticoid binding as a function of gestation.
Figure 3 shows the uptake of [*H]-cortisol by fetal
rabbit lung nuclei and fetal liver nuclei as a function
of gestation, in the newborn, the month-old rabbit
and in the adult. The [*H]-cortisol uptake by lung
nuclei reaches a maximum at about 28-30 days of
gestation, falls slightly in the newborn and stays con-
stant in the one-month-old and in the adult rabbit.
The [*H]-cortisol uptake by lung nuclei is 4-5 times
higher than the uptake by liver nuclei pointing to
the fetal lung rather than the liver, in this species,
as the prime target for glucocorticoids. The maximum
[®*H]-cortisol uptake by fetal lung nuclei at 28-30
days of gestation correlates well with the time when
optimum amounts of surface active phospholipids can
be extracted from rabbit fetal lungs [19, 20]. The in-
crease of [*H]-cortisol uptake by fetal lung nuclei
with advancing gestation was not observed with
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[®*H]-dexamethasone uptake to lung cytosol as a
function of gestation.

Glucocorticoid receptors in fetal tissues. Ballard and
Ballard[21] described the [*H]-dexamethasone bind-
ing to the cytoplasmic fraction of human fetal lung.
Some of their data for the human fetus is shown in
Table 2. It is apparent from this data that the highest
uptake of [*H]-dexamethasone is to fetal lung cytosol
followed by the small intestine, liver and kidney. On
the basis of mg DNA, muscle has a high cytoplasmic
uptake of glucocorticoid.

Specific binding of [*H]-dexamethasone has been
found in the cytosol fraction of all fetal tissue exam-
ined. The concentration of [3H]-dexamethasone
required for the saturation of specific binding sites
of the cytosol fractions examined ranged between
1 x 1078 and 3 x 1078 M. In all instances the Scat-
chard plots of the data were linear and the apparent
dissociation constant of [ 3H]-dexamethasone binding
was in the range of 1.5 x 107°-8 x 10~° M. The con-
centration of specific binding sites for [*H]-dexa-
methasone in the cytosols of the different fetal tissues
studied is shown in Table 3. This data is calculated
as pmol of bound steroid per mg of cytosol protein
or per mg of tissue DNA. On the basis of DNA,
the amount of bound [*H]-dexamethasone was 3-5
times higher for placenta, kidney, lung and skin than
for liver, thymus and brain. Muscle, small intestine
and heart showed intermediate concentrations.

Comparison of fetal and adult rabbit tissues. In
Figure 4 are shown the sucrose gradients of cytosols
prepared from fetal tissues of rabbits at 28-30 days
gestation and adult females (2.3-3.1 Kg). With the
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Fig. 3. Changes in uptake of [3H]-cortisol (per unit DNA)
by lung and liver nuclei of the developing rabbit fetus and
of newborn and adult rabbits. Each point represents the
mean of 5-6 determinations. For each determination, lung
from all fetuses of the same litter (5-10 fetuses) were
pooled, the tissue was minced and a 1g aliquot of the
minces was incubated in 10 ml Eagle’s HeLa medium con-
taining 1 x 1077 M 3H-cortisol for 2h at 37° C. From
[10].
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Table 2. Occurrence of cytoplasmic receptor in various tis-
sues of a 16-wk gestation human fetus: site concentrations
and equilibrium dissociation constants

Dissoci-
Receptor site ation

Tissue concentration constant

pmol/mg  pmol/mg nM
protein DNA

Lung 0.21 0.78 5.7
Small infestine 0.16 0.64 56
Liver 0.13 0.23 43
Kidney 0.13 0.60 31
Heart 0.07 0.27 —
Muscle* 0.06 0.68 3.5
Skin* 0.015 0.25 - -

* Obtained from upper leg.
From [21]

exception of adult heart and muscle, the cytosol frac-
tion of all tissues studied contained macromolecules
which bound [3H]-dexamethasone and the complexes
sedimented at 7-8 s. This indicates that similar dexa-
methasone receptors are present in different rabbit
tissues during both fetal life and in the adult. The
cytosol of liver, kidney, small intestine and spleen has
a binding complex which sedimented at 4 s in addi-
tion to the 7-8 s complex suggesting that there are
differences in the nature of the glucocorticoid binding
of the different rabbit tissues.

Binding of glucocorticoids to rabbit fetal small intes-
tine. Following the incubation of [*H]-cortisol or
[3H}-dexamethasone with minces of rabbit fetal small
intestine taken from fetuses on day 28 of gestation,
the subcellular distribution of radioactivity found is
shown in Table 4. Most of the radioactivity from
[*H]-cortisol and [*H]-dexamethasone is in the nu-
clei or in the cytoplasmic fraction. When cytosols of
the fetal rabbit small intestine were subjected to su-
crose gradient centrifugation in the absence of KCI,
two peaks of radicactive material were found sedi-
menting at approximately 4s and 7s (Fig. 5a) In
the presence of 0.4 M KCl, the [?H]-dexamethasone
complex sediments only at 4s (Fig. 5b) In the
absence of salt and with the addition of a 10-fold
excess of non-labeled dexamethasone, the amount of
radioactivity bound to the 45 and 7s components
were greatly reduced (Fig. 3a). This indicates that
dexamethasone binds to both 4 s and 75 components
in the fetal small intestine and that there is a limited
number of binding sites in the cytosol from the fetal
small intestine.

We were able to demonstrate that the binding com-
ponents in the cytosol and nuclei were proteins in
nature and that the binding was specific by doing
competition studies similar to those described for the
fetal lung in Table 1.

In order to study the translocation of the [*H]-dex-
amethasone-macromolecular complex from the cyto-
sol to the nucleus minces of fetal small intestine were
incubated with [3H]-dexamethasone at 0°C for
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90 min. Then the minces were transferred to a steroid-
free medium and incubated at 37°C for 0,5 and 60
minutes. Then cytosol fractions and purified nuclei
were prepared and submitted to sucrose density gra-
dient centrifugation and the results are shown in Fig.
6. At the time of transfer (designated as 0 time) almost
all of the bound radioactivity was found in the cyto-
sol. When the temperature was raised to 37°C and
the minces incubated in the steroid-free medium for
5 min, there was a rapid fall of bound radioactivity
in the cytosol which did not change at 60 min and
a concomittent rapid increase in bound radicactivity
in the purified nuclei. At 60 min the nuclei had most
of the bound radioactivity which was present as a
45 complex whereas in the cytosol from whence it
came had both 7s and 4 s complexes.

Correlation of dexamethasone binding and alkaline
phosphatase activity. Alkaline phosphatase activity re-
flects the development of the fetal small intestine and
is known to increase with advancing gestation [22].
In order to compare the cytosol binding of [*H]-dex-
amethasone with alkaline phosphatase activity we
measured specific binding and then made Scatchard
plots to measure the Ky and the number of glucocor-
ticoid binding sites. The data shown in Fig. 7 were
expressed in two ways: as a function of the total
weight of intestine (Fig. 7A) and on the basis of
mg of cytosol protein (Fig. 7B). The specific dexa-
methasone binding sites expressed as pmol per total
weight of fetal small intestine was low at day 21 and
increased after day 23 of gestation until term (Fig.
7A). The increase in the number of binding sites
closely parallels the increase in the weight of the fetal
small intestine shown in Table 5. When the concen-
tration of binding sites was expressed as pmol per
mg cytosol protein, there was an increase which
attained a maximum value on about day 25 of ges-
tation and was followed by a gradual decrease to

Table 3. Concentration of specific [*H)-dexamethasone-
binding sites in cytosols of fetal tissues

Concentration of
binding sites*

pmoles/mg pmoles/mg
Tissue protein DNA

Kidney 046 + 0.04 1.83 £ 0.10
Lung 0.51 £ 005 1.62 £ 0.13
Fetal placenta 0.25 + 0.04 1.78 + 0.13
Skin 023 + 002 125 4 013
Muscle 0.21 + 0.02 0.95 + 009
Small intestine 0.17 £ 0.01 0.80 + 0.07
Heart 0.19 £ 0.02 0.69 + 0.11
Liver 0.17 + 0.02 0.49 + 0.05
Brain 0.08 + 0.01 041 + 0.06
Thymus 022 +£0.03 0.35 + 0.04

* Calculated from Scatchard plots of binding data. Each
value is the mean + S.E.M. of six determinations and
is expressed as picomoles of specificaily bound [*H]-dexa-
methasone per mg of cytosol protein or per mg of tissue
DNA.

From [13].
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Fig. 4. Sedimentation of cytoplasmic [*H]-dexamethasone-macromolecular complexes of various fetal
and adult rabbit tissues in sucrose gradients. Cytosols prepared from different tissues were incubated
for 2h at 0° with 1 x 10~8 M {*H]-dexamethasone. Following incubation, the samples were mixed
briefly with charcoal and centrifuged at 900 x g for Smin to remove the unbound labeled steroid.

Aliquots of the supernatants (0.2 ml) were layered

on 10 to 30% sucrose gradients prepared in Tris-

EDTA buffer and centrifuged for 16 h at 297,000 x g at 2 in a Spinco SW 56 rotor. Fractions were
collected from the bottom of the tubes and assayed for radioactivity. Solid arrows, the sedimentation
position of bovine serum albumin (BS A4, 4.6 s); broken arrows, the 7 s region of the gradients. From [13].

adult levels a few days after birth (Fig. 7B). Similar
data was obtained when the concentration of binding.
sites was expressed as pmol/mg DNA. In Table 5,
it is seen that the cytosol protein increased linearly

Table 4. Subcellular distribution of radioactivity in
fetal small intestine following incubation with [*H]-

dexamethasone
Subcellular
fractions % of Total Radioactivity
[*H]-Cortisol [3H]-Dexa-
methasone
Purified
nuclei 18 + 3.2 13 +21
Mitochondria 5405 0
Microsomes 2+04 3413
Cytosol 75 + 2.7 84 + 3.1

Half-gram portions of minced small intestine from fetal
rabbits of 28-30 days of gestation were incubated with
20 0M of [*H]-dexamethasone or [*H]-cortisol in 10 ml
of Eagle’s basal medium at 37° for 2 h. Various subcellular
fractions were then prepared. The contents of radioactivity
for each fraction was determined and is corrected for non-
specific uptake by running parallel experiments with the
same amount of labeled hormone plus a 1000-fold excess
of non-labeled steroid. Each value represents the mean +
S.E.M. of 5 determinations.
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Fig. 5. Sedimentation profile in sucrose density gradients
of cytoplasmic [*H]-dexamethasone-receptor complexes of
small intestine from fetal rabbits of 27-29 days gestation.
Cytosol was incubated at 4°C with 10 nM [*H]-dexametha-
sone in the absence (closed circles) or presence (open cir-
cles) of 100nM of non-labeled dexamethasone. The
[*H]-dexamethasone—receptor complexes were first separ-
ated from the free steroids by the charcoal method. Ali-
quots of the charcoal supernatant (0.2ml) were then
layered on 10-30% sucrose gradients prepared in Tris-
EDTA buffer without (a) or with (b) 0.4 M KCI. The gra-
dients were centrifuged at 297,000 ¢ at 4°C for 16 h. Frac-
tions were collected from the bottom of the tubes. BSA,
bovine serum albumin. From [15].
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Fig. 6. Sedimentation profiles in 10-30% sucrose density gradients of bound radioactivity in the cytosol
and nuclear extracts of samples mcubated in the steroid-free medium at 37° for 0, 5. and 60 min.
Experimental details are given in the text.
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Fig. 7. Changes in the number of specific cytosol dexamethasone binding sites and alkaline phosphatase
activity in the small intestine during development. Rabbits from 21 days of gestation to 3 days after
birth were used. Specific [*H]-dexamethasone binding in the cytosol from the small intestine and
alkaline phosphatase were measured as described previously [15]. The number of determinations for
each point (mean and S.E.M.) is the same as that for cytosol protein and DNA determinations given
in Table 5. Arrows denote the time of birth. Part A expresses the data on the basis of intestinal
wet weight while Part B expresses the data per mg protein.

Table 5. Changes in intestine weight, cytosol protein, and DNA in the fetal rabbit intestine during

development

Age Intestine weight Cytosol protein DNA
days fintestine mg/g tissue mg/g tissue
Gestation
of fetuses
21 0.04 + 0.002* (38)t 214 +2.2% (5% 2.3 4+ 0.50% (5
23 0.07 + 0.002 42 290+ 10 (10 6.2 + 086 (10)
24 0.09 + 0.002 (61) 284 +05 (9 81 +073 %
25 0.16 + 0.006 (14} 351+ 21 (6) 76 + 124 (6)
26 0.18 +0.004 (18) 351415 (D 514073 (D
27 024 + 0010 (19 418 £ 27 (1) 7.5+ 060 (12
28 0.39 + 0.016 (23) 4.0 + 46 (12 78 036 (12)
29 0.53 + 0.010 (30) 46.5 + 1.5 (15) 75 +£029 (15)
30 0.63 + 0020 (16) 536+ 22 (9) 81 +021 9
Newborn

| 0.99 + 0.060 (7) 573+ 359 (N 734023

3 1.62 + 0040 (4 36.7 + 1.8 (10) 6.8 + 023 (1

* Mean + S EM.
+ Number of fetal or newborn rabbits used for intestine weight determination.
INumber of duplicate determinations done for cytosol protein and DNA.
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Fig. 8. Changes in the nuclear uptake of [*H]-dexamethasone by fetal small intestine with gestation.

Tissues were obtained from fetal or newborn rabbit of various ages as indicated. In vitro nuclear

uptake of [*H]-dexamethasone was measured as described previously [15]. The nuclear uptake is

expressed as (a) pmol of [*H]-dexamethasone/mg DNA and (b) pmol of [3H]-dexamethasone/total

weight of intestine. The number of determinations is shown above or below each value (mean +
S.E.M.). Arrows indicate the day of birth.

but the DNA leveled off at day 24 of gestation. The
Kp of the binding of dexamethasone to the cytosol
receptors in the fetal small intestine throughout the
period of gestation studied remained unchanged, the
value obtained varied from 2.0-4.5nM. Alkaline
phosphatase was measurable on day 25 of gestation
and the enzyme activity continued to increase after
birth (Figure 7 A and B). When alkaline phosphatase
was first detected on day 25, the fetal small intestine
had the highest concentration of dexamethasone
binding sites expressed on per mg protein. Thereafter,
the enzyme activity continued to increase even though
the concentration of binding sites was decreasing.

A similar study was done comparing the specific
binding to purified nuclei and the data is shown in
Fig. 8. In this figure the specific binding was calcu-
lated as pmol per mg DNA (Fig. 8a) or as pmol
per total weight of small intestine (Fig. 8b). There
was a rapid increase in the nuclear uptake of
[3H]-dexamethasone from day 22 of gestation which
reached a peak on day 26 and was followed by a
biphasic decline to a low level five days after birth
(Fig. 8a). When the uptake was calculated on the
basis of the weight of the whole intestine, there was
a gradual increase in the specific binding which
reached a peak value at about day 28 but increased
further after birth and plateaued up to day 5 post-
natally. The pattern observed here is almost identical
to that seen in Fig. 7 for the specific binding to the
cytosol receptor and suggests that the nuclear binding
follows closely on the changes in receptor concen-
tration in the cytosol.

It is clear that specific glucocorticoid binding sites
are present in rabbit fetal small intestine before alka-
line phosphatase activity can be measured in this tis-

sue. This temporal relationship suggests that the
availability of the relatively high concentrations of
glucocorticoid receptors may be needed to trigger the
maturation process, leading to the induction of an
enzyme such as alkaline phosphatase. Further in-
creases in alkaline phosphatase activity with advanc-
ing gestation was not paralleled by an increase in
glucocorticoid receptor concentration implying that
enzyme synthesis, once triggered, does not depend on
enhanced binding. This phenomena has been
observed in several other systems such as the chick
neural retina [5.23] in the rat uterus [24, 25]. In the
small intestine of the suckling rat, maximum concen-
tration of cytoplasmic glucocorticoid binding sites
were found on day 10 of postnatal life [26]. In this
system the time lag between the maximum glucocorti-
coid receptor concentration and changes in enzyme
activity may depend on the time of migration of
enterocytes in moving from the base into the tip of
the villus of the small intestine [27].
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DISCUSSION

Farrell. Have you ever examined fetal lung for the possi-
bility of regional differences with respect to corticosteroid
receptors? The reason I ask this question is that there is
now sound evidence indicating that the upper or cephalad
lobes reach a differentiated state prior to the time that
the lower lobes show the presence of surfactant. Could
this be due to increased uptake of steroid hormone, occur-
ring before the lower lobes are stimulated?

Solomon. Yes that is a good question. Actually we
haven’t addressed ourselves to that question. I want to
leave some of the details to you. I don’t want to say a
word about the surfactin release from the lining of the
fetal lung. But there is a problem here of compartmentali-
zation. You see glucocorticoid receptors in fetal lung rather
before you can detect surfactin in the lining. The body
of the lungs seems to have glucocorticoid receptors. We
have published a study on glucocorticoid in the rabbit fetal
blood; it is present and seems to be made by the fetal
adrenal. We have difficulty with compartmentalization
from the maternal or fetal compartments. It is present in
a free form. The free versus CBG bound fraction, the free
increases in the fetal compartment towards term, in the
maternal compartment it does not do so, there is no associ-
ation, so if it is there it is in a right form, not bound
to CBG at the right time. But it is there long before you

can see surfactin activity at the lining of the lung. you
see it in the body of the lung.

McEwen. You demonstrated the receptor activity in ani-
mals that had intact adrenal secretions. They had their
own steroids circulating, and yet you got binding of labeled
dexamethasone. Do you have any way of estimating to
what extent those receptors were occupied by endogenous
corticosterone?

Solomon. We have been washing them out.

McEwen. How so?

Solomon. In the in vivo experiments of course you are
always faced with the endogenous. I have not gone into
great detail but we started with in vivo experiments inject-
ing the glucocorticoids directly into the rump of the fetus
and then isolated the nuclear—cytosol fractions in vitro after
the in vivo injection because we have done a whole lot
of in vitro studies. It is always a problem because we know
from the data published initially by Manson that the level
of endogenous steroids markedly affects the binding of the
steroid to the receptor on a protein basis.

McEwen. All right, let me say what I am driving at.
We find in the brain that it is possible with [*H]-dexa-
methasone to get the same labeling in vivo of cell nuclear
receptor sites in intact animals as we obtain in adrenalecto-
mized animals, as long as the intact animals have resting
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corticosterone levels. If intact rats are stressed, there is
a reduction in the amount of dexamethasone which binds.
Perhaps there is a binding site for dexamethasone which
normally responds only to high corticosterone levels, ie,
a stress receptor. Recently, Neil Maclusky and Barbara
Turner in my laboratory have been able to separate into
two populations the glucocorticoid binding macromole-
cules of rat brain cytosol by means of isoelectric focusing.
One of the populations prefers dexamethasone; the other,
corticosterone. Is it possible that the same thing may exist
in the fetal lung?

Solomon. It is. Giannopoulus two years ago published
evidence for a specific dexamethasone receptor.

McEwen. And has he also been able to see a corticoster-
one receptor?

Solomon. Yes in the cytosol there are two separate recep-
tors. There is the dexamethasone receptor which is separ-
able with difficulty (of course all inductive backtracking)
from the hydrocortisone. There is a definite separation in
the two activities.

McEwen. And 1 think there is also evidence for this in
kidney from Edelman’s lab in San Francisco. Perhaps this
is a general characteristic of glucocorticoid responsive
tissues.

Pasqualini. In your data you showed that in the fetal
lung cortisone is converted to cortisol. Do you have some

data on the conversion of cortisol to cortisone”

Solomon. | must repeat that in the nuclei cortisone is
converted to cortisol but not the reverse.

Pasqualini. And in the cytosol?

Solomon. In the cytosol, at the time that this was pub-
lished, there wasn’t any interest. So the cytosol wasn’t
done, if you remember the publication. But in the cytosol
there is some back and forth.

Pasqualini. What is it mainly?

Solomon. Tt is mostly from E to F and not F to E. Do
you know there is a big controversy on this subject? You
and Egon Dicsfalucy published on the subject originally
and not a lot of other people have published papers in
this area in the human. If you want me to review what
this story is, it is messy. Some people have confirmed and
some people have not been able to confirm your original
findings.

Pasqualini. 1 think that you must consider the animal
species. We have demonstrated that in human fetus, corti-
sol is largely converted to cortisone which was confirmed
by others. Furthermore, it is well known that in fetal
human plasma the concentration of plasma cortisone is
many times that of cortisol. This significant conversion of
cortisol to cortisone was demonstrated also in fetal guinea
pig but at the present we have not investigated other spe-
cies.



