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Effect of in vivo pre-treatment with oestradiol and either GnRH, GnRH agonistic analog or GnRH antag-
onistic analog on GnRH-stimulated secretion of LH in vitro
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Summary. In vivo treatment with GnRH or with GnRH agonistic analog (AG), but not with GnRH antagonistic
analog (ANT), depleted the LH stores of the rat pituitary gland: This depletion was potentiated by oestradiol.
Oestradiol augmented the in vitro LH response of the pituitary gland to GnRH. This augmenting effect of oestradiol
became smaller with increasing rates of in vivo administration of GnRH or AG, but not with ANT. With respect to
both depletion of the LH stores and suppression of the augmenting effect of oestradiol, AG ist about 20 times as

potent as GnRH.
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Qestradiol influences the gonadotropin response of the
pituitary gland to gonadotropin-releasing hormone (Gn-
RH). This influence of oestradiol can be positive or neg-
ative and may change over time. In ovariectomized
(OVX) rats the response is depressed immediately after
administration of oestradiol®! but becomes augmented
after some time . The response remains depressed in rats
with high serum GnRH levels, but increases as soon as
the GuRH levels decrease 3. These data demonstrate that
the effect of oestradiol on the gonadotrophs of the pitu-
itary gland is controlled by GnRH.

In this in vivo/in vitro study we investigated whether
GnRH analogs, too, influence the effect of oestradiol on
the pituitary gland. OVX rats were treated for 6 days
with either GnRH, ‘superpotent’ agonistic GnRH analog
(AG), or antagonistic GnRH analog (ANT), and with
oestradiol. LH responses were induced by GnRH in vitro
with hemipituitary glands.

Materials and methods

Animals. Two week ovariectomized Wistar rats (age 14—
16 weeks ;. about 200 g) were used. Ovariectomy was per-
formed in order to prevent ovarian hormones affecting
the response of the pituitary gland to exogenous hor-
mones. Operations (insertion of osmotic minipumps and
of Silastic implants, Dow Corning, Midland, MI, USA)
were performed under ether anaesthesia. Rats were killed
by decapitation.

In vivo trearments. In some of the rats, osmotic
minipumps (Alzet model 2001; Alza Corp., Palo Alto,
CA, USA) were implanted s.c.; other rats received a
Silastic ‘sham pump’, i.e., a piece of silicone elastomer
with the dimensions of a minipump. The day of implan-
tation was day 0 of the experiments. Minipumps released
either GnRH for 6 days at 25, 50, 100, 250 or 500 ng/h,
or agonistic analog of GnRH (D-Ser(Bu")®-des-Gly!°-
GnRH-cthylamide; Buserelin®* %), at 2.5, 5, 10.0, 25 and
100 ng/h and in a volume of 1 pl/h. This dose-range was
chosen because as an LH releasing factor, Buserelin is
10-100 times as potent as GnRH®. Another group of

rats received antagonistic analog of GnRH (Ac-D-4Cl-
Phe!-D-4-Cl-Phe?-D-Trp3-D-Phe®-D-Ala!®-GnRH;
Org 3009378, a gift of Organon Ltd, Oss, The Nether-
lands). ANT was dissolved in saline/polyethylene-glycol-
400 and injected s.c. at 09.00 h on days 0-5 (100 pg/in-
jection of 0.2 ml). This dose of ANT is 10 times as high
as the minimal dose required for blockade of ovulation in
the rat®. Control rats were injected with solvent only.
Oestradiol benzoate, dissolved in arachis oil, was injected
s.c. at 09.00 h on days 3 and 5 (3 pg/injection of 0.2 ml).
Perifusion of the pituitary gland. After decapitation, at
09.00 h on day 6, the pituitary glands were quickly re-
moved for perifusion as previously described . Briefly,
after removal of the pituitary glands the glands were cut
in half and washed for 10 min at 37°C in a perifusion
medium (Krebs-Ringer bicarbonate buffer containing
glucose and 1% (w/v) bovine serum albumin) gassed
with 95% O,/5% CO,. Thereafter, they were transferred
to perifusion chambers, with two hemipituitary glands
(from different animals) per chamber. The volume of the
chambers was about 300 pl. Gassed medium at 37°C was
pumped through the chambers at 134 + 1.4 pl/min using
a peristaltic pump. The perifusion was started after a
90-min pre-perifusion with medium only.

First, medium without GnRH was pumped through the
chambers for 25 min to assess the basal secretion of LH;
thereafter the pituitary glands were exposed to medium
containing GnRH at the concentration of 1 ug/ml. Sam-
ples were collected over 5-min intervals. The high stimu-
lating concentration of 1 pg GnRH/m! in the perifusion
medium was chosen because owing to the GnRH
(-analog) treatment in vivo, only a high concentration of
GnRH is capable of inducing measurable LH responses
in vitro.

Measurement of LH. The two hemipituitary glands from
each perifusion chamber were homogenized in saline at
0°C using a Brown Potter homogenizer (final volume:
about 2.5ml). The homogenate was centrifuged at
2000 x g for 15 min at 4°C. The pellet was re-suspended
in 1ml of saline and again centrifuged at 2000 x g
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(10 min; 4 °C). The supernatants were combined and the
volume was adjusted with saline to 5 ml. The extract was
stored at — 20°C until assay of LH. The LH contents of
the pituitary glands after perifusion and the LH concen-
trations in the perifusion media were measured by double
antibody radioimmunoassay with anti-ovine LH as anti-
serum and rat LH as tracer !°. LH-RP-1, donated by the
NIADDK, was the reference preparation.

Parameters; statistics. The in vitro GnRH-stimulated re-
lease of LH was expressed in ng per 5 min per pituitary
gland. The maximal rate of GnRH-induced LH secretion
was calculated by subtraction of the rate of non-GnRH-
stimulated LH secretion from the ‘total’ rate of LH secre-
tion. The quantity of LH present in the pituitary gland at
the beginning of perifusion was estimated by adding the
pituitary LH content still present at the end of perifusion
and the total quantity of LH released during perifu-
sion 1,

Data are expressed as means +SEM. Statistical com-
parisons were made by analysis of variance (Kruskal-
Wallis; subsequently groups were compared in twos by
the Mann-Whitney U-test '?). Differences were consid-
ered to be statistically significant when p <0.05.

Results and discussion

Figure 1 shows that a 6-day treatment with GnRH or
AG caused a dose-dependent depletion of the pituitary
LH stores. Oestradiol potentiated the GnRH/AG-in-
duced depletion in animals which had been pretreated in
vivo with 100 ug GnRH or more or with 10 pg AG or
more. ANT had no effect on the LH content of the
pituitary gland, either alone, or in combination with
oestradiol.

It was found by interpolation that the in vivo infusion
rates of GnRH and AG necessary to reduce the LH
stores by 50% (ED-50) amounted to about 100 ng Gn-
RH/h and 5 ng AG/h in rats not treated with oestradiol
and about 75 ng GnRH/h and 5 ng AG/h in rats pretreat-
ed with oestradiol. On the basis of these ED-50s an
AG/GnRH potency ratio was calculated. This ratio was
15-20.

Figure 2 shows that after 6 days of pretreatment with
GnRH or AG there was an inverse relationship between
the in vivo rate of GnRH/AG infusion and the maximal
rates of GnRH-induced in vitro LH secretion. Moreover,
there was a positive effect of oestradiol on the LH re-
sponse. This effect decreased with increasing in vivo Gn-
RH/AG infusion rates and became negative at the higher
GnRH/AG infusion rates. Interpolation revealed that at
about 160 ng GnRH/h and 7.0 ng AG/h the effect of
oestradiol on the LH response was zero. The AG/GnRH
potency ratio calculated on the basis of these data was
about 23.

Figure 2 also shows that in vivo treatment with ANT
suppressed the in vitro LH secretion by about 45%. This
indicates that during perifusion the antagonist still (part-
ly) occupied the GnRH receptors of the gonadotrophs.
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Figure 1. Pituitary content of LH in ovariectomized rats on day 6 of
treatment with GnRH, GnRH agonistic analog, AG, or GnRH antago-
nistic analog, ANT. GnRH and AG were s.c. infused at 0, 25, 50, 100, 250
and 500 ng/h and 2.5, 5, 10, 25 and 100 ng/h, respectively; ANT was
injected s.c. at 100 pg/day. N = 3-7. Rats were injected with either oil
(hatched bars) or oestradiol benzoate (closed bars). Values are means
+ SEM.

For the effect of GnRH and AG: O, @ p < 0.05 compared with control
value (ANOVA and Mann-Whitney U-test); for the effect of oestradiol
benzoate: *p < 0.05 compared with oil-treated rats at the same dose of
GnRH or AG (one-sided) or ANT (two-sided) (Mann-Whitney U-test).
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Figure 2. Maximal GnRH-induced secretion of LH by perifused anterior
pituitary tissue from ovariectomized rats. The concentrations of GnRH
in the medium was 1 pg/ml. Rats had been pretreated for 6 days with
GnRH, GnRH agonistic analog, AG, or GnRH antagonistic analog,
ANT. See further: legend to figure 1.
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Still, ANT did not affect the effect of oestradiol. We
therefore conclude that in contrast to GnRH and AG,
ANT did not prevent the augmenting effect of oestradiol.
Although both GnRH, AG and ANT firmly bind to the
GnRH receptors of the gonadotrophs 3, receptor bind-
ing is not sufficient to exhibit intrinsic GnRH activity:
for this the receptor-ligand complex must be internal-
ized 1% 15, GnRH antagonists are not internalized after
binding to the GnRH receptor 1. The present results
therefore suggest that, like induction of LH release, pre-
vention of the augmenting effect of oestradiol requires
internalization of the GnRH/Ag-receptor complex. In-
teraction between GnRH/AG and oestradiol, therefore,
probably does not take place at the level of the binding
of ligands to the GnRH receptor.

Probably it is not a question of binding of ligands to the
oestrogen receptor, ¢ither, as we demonstrated recently
that the positive effect of the non-steroidal oestrogen
analog clomiphene on the GnRH-induced LH response
is not prevented by GnRH 7| in spite of the fact that this
drug firmly binds to the oestrogen receptor 5.

We conclude that superpotent GnRH agonists are also
superpotent with regard to prevention of the positive
effect of oestradiol, and the GnRH antagonists are inef-
fective in this respect. We suggest that GnRH/AG-
oestradiol interaction does not take place at the level of
the receptors of GnRH or oestradiol.
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EGF receptor induction and insulin-EGF overlap in Tetrahymena
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Summary. Offspring generations of Tetrahymena pretreated (imprinted) with insulin showed a greater binding
capacity for the hormone than offspring of untreated ones. The epidermal growth factor (EGF) imprinted for insulin
to a greater degree than insulin itself, and vice versa: insulin imprinted for EGF more efficiently than EGF itself.
These phenomena can be explained by the overlap of insulin and EGF on one another’s receptors in Tetrahymena.
Key words. Tetrahymena; EGF; insulin; hormonal imprinting; receptors.

Although the hormone receptors of higher organisms are
genetically encoded, they begin to function only after
adaptation to the appropriate hormone!. Receptor ad-
aptation (amplification) takes place as a rule in the early
postnatal period, when primary interaction with the ap-
propriate hormone gives rise to hormonal imprinting
that accounts for stabilization of the binding capacity
characteristic of adulthood ?. Unicellular organisms do
not have encoded receptors, but possess certain mem-
brane structures which are able to recognize environmen-
tal signal molecules. These structures can be imprinted by

hormones of higher vertebrates, responding to these by
modification of the binding capacity and of certain func-

" tional parameters* *. It follows that hormonal imprint-

ing can also take place at the unicellular level and ac-
count for formation of genuine receptors which persist
over many offspring generations. For example, primary
interaction of the unicellular organism Tetrahymena with
insulin resulted in the formation of specific insulin recep-
tors, as substantiated by displacement and saturation
experiments °. The insulin molecule displayed a full im-
printing potential also after deprivation of its 5-C termi-



