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SUMMARY 

Using perifusion experiments, we were able to distinguish more accurately between the two release 
processes induced by the gonadoliberin (Gn-RF). Successive short pulses of Gn-RF are followed by 
similar peaks of LH and FSH release without any potentiation effect. Prolonged infusion of the Gn-RF 
induces first the acute response and then a sustained high release of both gonadotropins. As a result 
of this data, a model is proposed in which the amount of gonadotropin. released during the acute 
response following a Gn-RF pulse. can be taken as a measure of the pituitary sensitivity, whereas 
that obtained during the permanent infusion can be considered as a measure of the gland capacity 
to mobilize its gonadotropin pool. The sensitivity to the hypothalamic factor is independent from 
protein biosynthesis and it is increased by an oestradiol pretreatment. On the contrary, the intense 
mobilization of the gonadotropin pool is impaired by cycloheximide and unaffected by oestradiol. 
In our ex~rimental conditions. dihydrotestosterone tends to decrease the sensitivity of the pituitary 
to the Gn-RF though no significant differences could be registered. 

INTRODUCTION 

The m~h~isrns of the action of gonado~~rin 
(Gn-RF) have not yet been made clear; in particular, 
it is not clear whether the biosynthesis of any protein 
is required for gonadotropin release. Although some 
in oirro studies show that the release of LH or FSH 
is not-or only partly-impaired by inhibitors of pro- 
tein and RNA biosynthesis [l-4], other results show 
the contrary [S, 6). In fact, Gilbert and Edwardson[7] 
have distinguished between an acute effect of the 
Gn-RF insensitive to cycloheximide and a self poten- 
tiating effect impaired by the antibiotic, results that 
have been confirmed recently [S, 91. The search for 
any in cirro modulation by oestrogens or androgens 
of the LH and FSH cells’ responsiveness to the gona- 
doliberin does not take into consideration these two 
distinct effects. We thus found it highly desirable to 
set up dynamic conditions, in which pulses of the 
Gn-RF could be realized in the presence or absence 
of steroids and the release of both gonadotropins sub- 
sequently registered. First we were led to reinvestigate 
<arefully the bimodal pattern of gonadotropin release 

EXPERIMENTAL 

Wistar male rats (Centre d’Elevage R. Janvier) were 
used at 37-40 days old. 

&RF promoted gonadotropin release during perifu- 
sion 

A twin-cell perifusion apparatus built in our labor- 
atory [IO] was used. Four hemi-pituitaries were 

placed in each cell. at 37°C; gassed KRBG (Krebs- 
Ringer-bicarbonate-glucose solution) circulated from 
the bottom to the top of the cell at a flow-rate of 
12 ml/h, then 4-ml fractions were collected at 0°C into 
test tubes containing 0.2 ml of the diluting buffer used 
for radioimmunoassays (including 1% bovine serum 
albumin). The constant volume within the cells being 
0.4m1, the medium surrounding the glands was 
entirely renewed in 2 min. 

In order to establish exactly the influence of cyclo- 
heximide on the 2 steps of gonadotropin release, we 
determined in 3 preliminary incubations sets the mini- 
mum active dose of the antibiotic to be used, the 
kinetics of protein synthesis inhibition and its effect 
on the r.-fucose attachment to peptide chains (usually 
the iast step in the biosynthesis of glycoproteins and 
hence of LH and FSH). Using C3H]-valine and 
[3H]-fucose as precursors. we observed that IOpg of 
cycloheximide/ml medium is enough to block the pro- 
tein biosynthesis in 5 min at the ribosomal level up 
to 95% whereas the attachment of the sugar moiety 
to the previously synthetized chain is impaired by less 
than 5%. We thus used this concentration of anti- 
biotic in the subsequent experiments. 

First experiment At 80min intervals timed from 
the start of the perifusion, the Gn-RF was injected 
into both cells at a ~on~ntration of l~ng/ml over 
a period of IOmin. Immediately before the 2nd injec- 
tion, one of the cells was subjected to a Smin pulse 
of cycloheximide. The Gn-RF infusion was stopped 
2 h 40 min later and only the injection of KRBG was. 
prolonged for a further 80 min. 
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Steroid effect on the G-RF promoted acute gonada_ 

ri-opin release 
I I pg/ml Oestradla I 

Oestradiol-l7/3 or See-dihydrotestosterone. pre- 
viously dissolved in the minimum amount of absolute 
ethanol before dilution with KRBG. was continuously 
injected into the sample celt while KRBG plus the 
same amount of ethanol was injected into the control 
cell. 2 h 20min after the start and then at 80min 
intervals, both cells were submitted to 1Omin pulses 
of Gn-RF at a concentration of lOOng/mI. 

Estimation of LH and FSH 
The collected fractions were spun at 4OOOOg to 

eliminate all particulate material before gonadotropin 
determination. The radioimmuno~says were per- 
formed using the kits for rat LH and rat FSH sup 
plied by the National Institute for Arthritis and Meta- 
bolic Diseases. The iodination of the hormone and 
the 1st precipitation were carried out according to 
NIAMD procedure; the 2nd precipitation was done 
using polyethyleneglycol 6OOO(PEG), a fast and in- 
expensive method which we have recently described 

EW. 

40 

t 

I pgfml Oestradml 
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Statistical evaluation 100 ng Gn RF/pulse 

An analysis of variance was used for the data con- 
cerning the effect of successive Gn-RF pulses on con- 
trol glands; a t-test was applied to the differences 
between pairs of steroid-treated and control hemi- 
pituitaries. 

Fig. 1. Influence of oestradiol on the LH release promoted 
by successive pulses of Gn-RF. 3 x IO min pulses of 100 ng 
&-RF/ml medium (black rectangles) have been per- 
formed; 4 hemi-pituitaries per cell; flow-rate; 12ml/h. 
Solid circles--control cell, superfused with KRBG + eth- 
anol. Open circles--sample cell. superfused from time 0 
with KRBG + ethanol + oestradioi at the dose indicated. 

RESULTS 

Cyclohexirnide action on gonadotropin release 

Figure 1 shows the results of the LH release arising 
from successive 10 min pulses of 1OOng Gn-RF/ml 
medium (control cells). At first, a very high non 
specific release was observed during the first 2 h; 
Thereafter. the base line was usually very good. As 
expected, the pituitaries gave an immediate discharge 
following the Gn-RF infusion (the same holds for 
FSH). The amount of LH and FSH released were 
estimated for each pulse after subtraction of the non 
specific output of hormone. 

We analyzed the effect of a 5 min pulse of cyclohex- 
imide on the successive steps mentioned above. The 
antibiotic was shown not to alter the LH and FSH 
releases resulting from a subsequent putse of Gn-RF 
(results not given in detail) whereas it immediately 
impeded the high release usually observed during the 
continuous infusion of the hypothalamic factor (Fig. 
2B). Though the antibiotic was quickly eliminated 
from the surrounding medium, the releases were only 
partly reinitiated. 

Steroid eSfPcts or gonadotropj~ release 

An analysis of variance of the data from the 8 inde- 
pendent experiments reported in Tables 1 and 2 give 
the following: LH between pulses F(2.21) = 0.44. 
FSH between p&es F(2.21) = 0.31. 

It follows that the successive pulses of Gn-RF elicit 
independent secretory responses of the pituitaries; 
hence, no self-potentiating effect of the hypothalamic 
factor can be registered. 

Figure 2A represents the releases of LH and FSH 
resulting from a continuous infusion of 10 ng Gn-RF/ 
mL The response is biphasic: during the 1st hour, 
LH and FSH surges occurred in the same way as 
in the pulse experiments: during the 2nd hour, the 
gonadotropin secretion increased, reached a plateau 
and then dropped to the base-line as soon as the 
Gn-RF was ~thdrawn. 

Oestradiol or dihydrotestosterone was con- 
tinuously infused during the experiment at the various 
con~ntrations reported in the Tables 1 and 2. Three 
successive Gn-RF pulses were given: the amounts of 
gonadotropins released were estimated for each pulse 
after subtraction of the respective base line values. 
It can be seen (Fig. 1) that oestradiol slightly increases 
the basal output whatever the dose (only 2 doses 
represented); the androgen has no effect. The analysis 
of data from Table 1 shows that an oestradiol pre- 

treatment increases the acute LH and FSH secretory 
responses of the pituitary to the Gn-RF, whatever 
the pulse numbers or the the dose of steroid. When 
the glands are superfused with dihydrotestosterone 
(data from Table 2). a decrease is frequently observed. 
but the results are not statistically significant. 
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hr 

Fig. 2. Influence of cycloheximide during the continuous 
infusion of Gn-RF. A-Control cell. Gn-RF (IO ng/ml) was 
infused between 1 h 20 min and 5 h 20 min (black bar). 
B-Sample cell. Gn-RF (10 n&ml) was injected as in con- 
trol cell; a 5 min pulse of cycloheximide was realized at 

the time indicated by an arrow. 

When the %-RF is continuously infused in the 

presence of oestradiol, the release pattern is the same 
as in Fig. 2. and the total output of LH in the medium 
during that period does not differ from the amount 
released in the absence of the steroid (results for 2 

Table 1. Influence of oestradiol-l7P on the releases of LH and FSH promoted by successive pulses of Gn-RF 

experiments: control 45.2 and 55.5 pg LH-RP-l/4 h; 
oestradiol-treated 45.5 and 66.7 pg LH-RP-l/4 h). 

DISCUSSION 

The perifusion system clearly enables a dynamic 
study of gonadotropin release to be performed. Two 
hours after the start of KRGB infusion. the high non- 
specific release of LH and FSH ends and successive 
IOmin pulses of Gn-RF promote LH and FSH surges 
lasting about 60 min: this corroborates in this respect. 
previous results [I I, 123, but the so-called self-poten- 
tiating effect described in female rat pituitaries was 
not observed [l3]. It was further shown that when 
the glands are submitted to the continuous action of 
the releasing factor, a high sustained release follows 
the acute step. In order to explain these observations, 
we now propose a simplified model (Fig. 3) that pre- 
cisely shows what is usually called “self-potentiation” 
by several groups [8.9,13]. 

The hormone released during the acute response 
is contained in granules linked-or in close vicinity 
-to the plasma membrane (Fig. 3b); due to the rapid 
dissociation of the Gn-RF from its membranous 
receptors [ 143, successive pulses are independent and 
do not modify the membrane response. When Gn-RF 
is permanently renewed. a second process occurs 
which we interpret as an intense mobilization of the 
cellular LH and FSH pools (Fig. 3~); whether this 
mobilization is only a consequence of the sustained 
output of the hormones, or results from an intra- 
cellular action of the Gn-RF remains to be shown. 

When the time intervals between pulses were 
shortened such as in [13], the secretory response was 
close to what is observed during a continuous infu- 
sion. the mobilization of the gonadotropin pools 
being progressively increased. When glands are incu- 
bated in the presence of the hypothalamic factor [8]. 
the results of both steps are sequentially registered 

LH (pg/80 min) FSH @g/80 min) 
Oestradiol Pulse no. Pulse no. 

ngjml 1 2 3 I 2 3 

lo-” : 1.40 1.95 I .45 3.15 4.70 2.75 
z 3.30 3.65 3.40 3.25 3.50 3.90 

10-l ; 3.15 1.75 2.90 2.70 4.35 3.55 
z 3.55 3.40 3.90 4.10 5.10 4.30 

10 T 2.50 3.10 3.25 4.40 
E, 3.90 3.10 3.40 2.05 5.55 5.50 

1% T I .50 2.50 2.45 3.15 2.15 3.ocl 
E, 3.10 2.85 4.15 3.90 3.40 3.65 

m+u T 2.02 + 0.98 2.18 + 0.38 2.48 + 0.74 3.00 + 0.26 3.61 f 1.15 3.43 &- 0.73 
Ez 3.46 + 0.34 3.25 + 0.35 3.71 k 0.38 3.33 + 0.92 4.39 _+ 1.10 4.34 f 0.82 

f-test r(3) = 5.89 P < 0.01 r(3) = 3.79 P < 0.05 

4 hemi-pituitaries per cell were submitted to successive 10min pulses of Gn-RF at a concentration of lOOng/ml. 
Tbe first pulse occured 2 h 20 min after the start of KRBG (T) or KRBG + oestradiol (E2) perifusion; interval between’ 
pulses: 80 min LH-RP-I and FSH-RP-1 used as standards. 
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Table 2. influence of DHT on the release of LH and FSH promoted by successive pulses of Gn-RF 

LH (pg/80 min) FSH @g/80 min) 
DHT Pulse no. Pulse no. 
ngiml 1 2 3 1 2 3 

IO_-’ T 4.80 3.50 5.20 3.40 2.55 3.23 
DHT 4.00 2.75 4.55 2.83 1.70 2.40 

IO_’ T 3.18 5.15 3.53 I .95 3.70 2.00 
DHT 2.33 4.18 2.43 I .95 2.50 1.68 

103’ T 5.65 5.75 2.98 2.88 
DHT 4.90 3.70 5.75 2.58 2.18 3.98 

IO3 T 2.45 3.80 2.80 3.24 2.35 2.88 
DHT 2.45 4.90 2.60 2.60 3.63 2.78 

m+” T 3.48 * 1.20 4.53 t 1.04 4.32 + 1.38 2.86 + 0.80 2.90 k 0.60 2.75 k 0.52 
DHT 3.42 * 1.25 3.88 _+ 0.90 3.83 + 1.60 2.49 + 0.38 2.50 + 0.82 2.71 + 0.96 

r-test f(3) = 2.38 P < 0.1 f(3) = 1.07 P < 0.5 

Same experiment as described in Table I. oestradiol being replaced by DHT. (+ IO3 ng/ml instead of )Ong/ml). 

leading to an apparent self-potentiation. This model 

holds good at least for the male rat since the female 
pituitary may respond in another fashion due to its 
different endocrine status. An alternative explanation 
would be that the Gn-RF progressively increases the 
number of its own receptors. but it is difficult to 
understand why the lOOng/ml pulses of Gn-RF do 
not have any effect: furthermore. the 5 min cyclohexi- 
mide pulse (see Fig. 2) would probably be as ineffi- 
cient on this new set of receptors as in the 1st step 
of release. 

In our opinion. the acute release following a short 
pulse could be considered as a measure of the sensi- 
tivity of the gland whereas the sustained release 
would represent an estimation of the overall capacity 
of the pituitary. Indeed. in agreement with others 
[8.9. 131. we observed that the acute response is un- 
altered by cycloheximide whereas the 2nd step is 
severely impaired. Therefore, our interpretation differs 
slightly from that of de Koning PY a&g]: they claim 
that during the 1st phase. the Gn-RF promotes the 
biosynthesis of a protein which has the low turnover 
required for the 2nd step, enough molecules being 
already present in the glands at the beginning of the 
experiment. If this is the case. a 5 min pulse 80min 

Outside, , Inslde 

after the start of Gn-RF infusion (Fig. 2) would not 
exert any immediate effect; on the contrary. it is ex- 
tremely efficient. We conclude that either a specific 
protein with a very high turnover rate is required 
only for this 2nd step, which appears unlikely. or that 
by a still unknown process the antibiotic blocks the 
mobilization of the hormone pool. 

Concerning the action of oestradiol on the Gn-RF- 
induced gonadotropin release. numerous in viva ex- 

periments have revealed a negative or positive feed- 
back effect according to the conditions. but the results 
of in ritro experiments are still scarce and sometimes 
conflicting; Spona[ 151 describes an increased LH 
release in a 4 h incubation system in the presence of 
oestradiol while FSH remains unaltered; the same 
steroid is shown to slightly stimulate the basal release 
of both gonadotropins and to diminish the Gn-RF- 
stimulated release in pituitary cell culture [l6, 173. 
Two recent reports appear to be contradictory: on 
the basis of 8 h incubation experiments. de Koning 
er a/.[181 claim that oestradiol first inhibits and then 
increases the pituitary response to Gn-RF; in adeno- 
hypophyseal cultured cells. Drouin et a/.[191 show 
only an increased sensitivity of the LH response to 
the Gn-RF without any modification of the maximal 

a b d 

Fig. 3. Model for the acute release [I] and mobilization of the gonadotropin pool [2] through various 
Gn-RF treatments. a-basal rate of secretion: no Gn-RF. b-rate of secretion after a short pulse 
of Gn-RF. c-rate of secretion after a continuous infusion of Gn-RF. d-rate of secretion after a 

pre-treatment with oestradiol followed by a short Gn-RF pulse. 
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response; however, this effect can only be measured 

after 10 h of incubation in the presence of the steroid. 

We also observed a slight increase of the basal gona- 

dotropin secretion (Fig. 1); it can be further observed 
that oestradiol increases the sensitivity of the pituitary 
to pulses of the hypothalamic factor, whereas the 
overall capacity does not appear to be modified. It 

is certainly possible that we missed the early inhibi- 

tory step since our 1st Gn-RF pulse arises 2 h after 

the beginning of steroid infusion. Despite this fact. 
our results-apart from the time required for the oes- 

trogen to take effect-oncur quite well with those 

concerning only LH reported by Drouin et aQ193. 
The steroid either modifies the Gn-RF interaction 

with the plasma membrane as suggested by Spona 
[20,21] or slightly increases the number of granules 
in the vicinity of the membrane, which would also 
explain the slight increase of the basal release (see 

Fig. 3d). 
Concerning the androgens, we found no significant 

effect though a slight decrease was usually observed. 

Kao et a/.[223 reported a preliminary stimulation of 
LH and FSH release followed by a slight inhibition; 

Drouin and Labrie[23] have also shown a decrease 

in the sensitivity of the release mechanisms in the 
LH-secreting cells due to androgens, but in their cell 
cultures, the steroid has to be present for 40 h before 

the stimulation in order to get the maximal in- 
hibition: obviously, in our perifusion system, the 
androgen effect is smaller due to the shorter duration 

of its action. 
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Now added in proof-while this manuscript was being 
submitted. a report by Hopkins (Hopkins C. R. J. hiophys. 
Eiochern. cytol. 73, (1977) 685-695) appeared which de- 
scribes an analogous biphasic release pattern of LH under 
the influence of a continuous infusion of Gn-RF through 
a column filled with immobilized pituitary cells. 
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