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Binding capacity of rat liver glucocorticoid
receptor in different periods after single

neonatal benzpyrene treatment (imprinting)
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Newborn rats of both sexes were treated (imprinted) with 20 µg of benzpyrene. Two
hours, 2 days, 1, 2, 3 weeks, 1 month and 2 months after imprinting the liver glucocorticoid
receptors were studied for binding of dexamethasone. Two-hour and 2-day values were not
appreciable. One week after treatment the receptor’s affinity was extremely low both in control
and treated treated animals. Two weeks after imprinting a significant difference in density (lower)
and affinity (higher) was observed between the male treated and control animals. At 3 weeks and
one month the binding capacity of treated and control animals was equal however, at 2 months
Bmax of males increased and that of females decreased significantly in the neonatally benzpyrene
treated animals. This means that for the development of perinatal imprinting effect a long time is
needed, and the effect is manifested after a period of lability.

Keywords: hormonal imprinting, benzpyrene, glucocorticoid receptor, newborn, liver

At the perinatal critical period when the hormone receptor meets the target
hormone the first time, hormonal imprinting develops, which is needed for the
completion of receptor maturation and the normal response of the cell (4, 5). However,
in the presence of excess amount of the target hormone or molecules, similar to it
(members of the same hormone family, synthetic analogues, drugs or environmental
pollutants with similar structure, etc.) faulty imprinting develops (6, 7) causing the
abnormal binding capacity and disparate response of the cell for life, which is
manifested in the morphology and biochemical characteristics of the organs studied as
well as in the (sexual) behavior of the animals (2, 3, 8, 11, 16, 18, 19). Even some
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genetic alterations occur (10). Some of these alterations can be manifested in case of
peptide, amino acid or steroid type hormones alike (7). Nevertheless, the time of the
effect of imprinting is not known, therefore it is not easy to find the proper time for the
first demostration of the altered binding capacity of the receptors. As benzpyrene was
one of the “best” foreign molecules which provoked faulty imprinting of steroid
receptors, in the present experiments we studied the binding capacity of liver
glucocorticoid receptors in different time points after imprinting with a single neonatal
benzpyrene treatment.

Materials and Methods

Newborn (before 24 h after birth) Wistar rats of both sexes of our closed breed
were used in the experiments. The animals were treated with 20 µg/animal benzpyrene
(Sigma, USA). Livers of the animals were removed in ether narcosis for receptor kinetic
analysis 2 hours, 2 days, 1, 2 and 3 weeks, 1 and 2 months after benzpyrene treatment.
For the measurements pooled liver homogenates were used up to 2 weeks of life, later
on individual livers were studied. Each measurement was done in duplicate and the
experiments were repeated at least three times.

Preparation of cytosol fractions

All procedures were performed at ice/water temperature. Tissues (1.5 ml/g wet
weight) were cut into pieces and homogenized in Tris-HCl buffer containing 1.5 mM
EDTA (pH 7.4), freshly supplemented with 20 mM molybdate and 2 mM dithiotreitol,
with a motor-driven glass-teflon Potter homogenizer. Homogenates were centrifuged at
100,000 g for 60 min at 4 °C and the supernatants were used for receptor assays. Protein
content was estimated by the Coomassie blue method.

Glucocorticoid receptor assay for liver cytosol

Five hundred micrograms of protein was incubated with 10, 5, 2.5, 1.25, 0.6, 0.3
and 0.15 nM 3H-dexamethasone (Amersham, Buckinghamshire, UK; spec. act.
1.8 TBq/mmol) in the absence or presence of 1000-fold molar excess of unlabeled
ligand (dexamethasone, Sigma, Mo. USA) in a total volume of 100 µl at 0 °C for 18 h.
Bound glucocorticoid was separated by the charcoal method and counted in OptiPhase,
HiSafe (Pharmacia, Lund, Sweden, 35% efficiency). Radioactivity measured in the
presence of 1000-fold molar excess of unlabeled ligand was regarded as nonspecific
binding.
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Analysis of the results

They were carried out by the computer program EBDA and LIGAND written by
McPherson (13, 14); EBDA was used to process raw data. Ligand (non-linear curve
fitting program) was used to obtain final parameter estimates, on the basis of Scatchard
analysis. Statistical analysis of final parameters was calculated by the computer program
DATAANALYSIS, v.1.0 (analysis of variance, simple F-test comparison).

Results and Discussion

In the livers removed 2 hours or two days after benzpyrene treatment the receptor
binding values of treated animals were so confused that the computer program was not
able to evaluate them. This points either to the strong effect of the treatment, or the slow
elimination of the benzpyrene. One week after treatment there were very high Kd
values, which shows low affinity of receptors. In that time there was no difference in the
density of receptors of control and treated animals (Tables I and II) independently of
their sexes. However, at two weeks in male animals, significant difference was observed
both in Bmax and Kd. At the same time there was no difference between female control
and treated animals. At three weeks and 1 month the values of both sexes were similar
in case of control and treated ones. At two months the density of receptors significantly
increased in males and decreased in females, without any significant differences in Kd.

The binding capacity of liver glucocorticoid receptors develops slowly. The
number of binding sites are low at fetal age and begin to increase after birth (1, 17).
Hormonal imprinting influences the receptors during that time (7). In earlier experiments
the failure of receptors, caused by imprinting was measured in adolescent or adult age
and its effect was always found, as was found also in the present experiment.

Table I

Dexamethasone binding capacity (Bmax and Kd values, 10–9 M) of male rat liver at different points of time
after single neonatal benzpyrene imprinting

Time Control Bmax Benzp. Bmax Control Kd Benzp. Kd

1 week 4.12 ± 0.12 4.3 ± 1.54 23.0 ± 6.59 11.4 ± 0.07
2 weeks 5.31 ± 0.54 3.20 ± 0.98* 11.83 ± 2.13 4.10 ± 2.15**
3 weeks 1.73 ± 0.44 1.93 ± 0.62 3.03 ± 0.83 4.03 ± 1.07
1 month 1.73 ± 0.72 1.91 ± 0.91 3.67 ± 0.83 4.51 ± 1.90
2 months 2.95 ± 0.12 3.67 ± 0.07** 6.92 ± 1.06 8.63 ± 1.90

* = p<0.05, ** = p<0.02
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Table II

Dexamethasone binding capacity (Bmax and Kd values, 10–9 M) of female rat liver at different points of time
after single neonatal benzpyrene imprinting

Time Control Bmax Benzp. Bmax Control Kd Benzp. Kd

1 week 2.38 ± 1.7 3.65 ± 0.29 11.34 ± 10.33 10.84 ± 8.90
2 weeks 3.30 ± 0.45 3.36 ± 0.54 4.55 ± 1.11 4.02 ± 0.31
3 weeks 2.22 ± 0.29 2.05 ± 0.1 3.89 ± 0.15 4.93 ± 0.44
1 month 1.41 ± 0.59 1.88 ± 0.78 3.22 ± 0.2 5.12 ± 1.22
2 months 1.87 ± 0.06 1.43 ± 0.23* 6.03 ± 0.32 5.79 ± 0.11

* = p<0.05

However, the results mentioned above have demonstrated that time is needed for the
manifestation of the effect of imprinting and this is about two months in case of liver
glucocorticoid receptors. Nevertheless, on the basis of the present experiments, the
significant appearance of imprinting effect in the 2-week specimens, and its
disappearance at 3 weeks and one month is hard to explain. The signs of lability could
be observed also before 2 weeks, manifested in the confusion of results at 2 hours and
two days as well, as in the low affinity at one week. The unmaturity of receptors in this
period is expressed in the control animals, too, represented by the high Kd values in
them. However, from the third week there is a “calm” period of receptor binding and
this is disturbed by the effect of imprinting in both sexes at the second month.

The other problem is that at two weeks, only the male animals produced
significant differences from the control under the effect of imprinting, and at two
months, when the direction of the effect was opposite. However, there are differences in
the maturation of male and female steroid receptors, which can explain this
phenomenon (15), and especially in the case of benzpyrene imprinting, when single
neonatal treatment caused a 35% elevation of receptor number in adult males, without
any change in females (9), or differences were found concerning sexual behavior
depending on the sex (8). These differences are in close connection with the disparate
microsomal enzyme systems of males and females (12).

The main conclusion of the experiment is that after a period of lability the
imprinting is stabilized around two months of age. However, this is valid only to the
glucocorticoid receptors of the liver, as there are data on the tissue to tissue differences
in the ontogeny of glucocorticoid receptors (17) and this cannot remain without
influence to the effect of imprinting.
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