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1. Introduction

Rat testes have been demonstrated to synthesize
testosterone during foetal life [1,2]. Testosterone
secretion could be observed in vitro and enhanced
with dibutyryl cyclic adenosine-3'-5'-monophosphate
(dibutyryl cyclic AMP) [3] and with LH [4]. It has
been accepted that in adult testes, LH-induced
testosterone biosynthesis was mediated by cyclic
AMP [5]. However, low levels of LH have been found
to stimulate steroidogenesis without detectable
changes in cyclic AMP levels [6]. Several hypotheses
have been advanced: the analytical method for
cyclic AMP could be insufficiently sensitive to detect
small differences or inadequate to measure eventual
variations in a particular intracellular compartment
[7]. These disadvantages could be avoided by testing
adenylate cyclase activity.

The present communication describes cyclic AMP
generation measured by the conversion of radioactive
ATP in homogenates of foetal testes. The results
obtained suggest that adenylate cyclase activity is
present in foetal rat testes and that it can be increased
by NaF and by LH. Higher LH concentrations are
required to stimulate adenylate cyclase activity than
testosterone secretion.

2. Materials and methods

Rat testis tissue was obtained from 15—20-day-old
foetuses (Sherman strain). Gestational age was
based upon the timing of coitus [8]. Ovine LH (NIH-
LH-519, 1.01 unit/mg) was a gift from the National
Institute of Arthritis, Metabolism and Digestive

North-Holland Publishing Company — Amsterdam

Diseases, Bethesda, Maryland. ATP (disodium salt),
cyclic AMP, creatine phosphokinase (214 i.u./mg) and
creatine phosphate were obtained from Calbiochem,
San Diego, California,, Dowex AGS0W-X8 cation
exchange resin (200—400 mesh, H") from Bio-Rad,
Richmond, California and neutral aluminium oxide
90 aktiv neutral from Merck, Darmstadt, Germany.
Cyclic [*H] AMP (ammonium salt, 27 Ci/mmol)
stored at —20°C in water/ethanol (50:50) was
purchased from the Radiochemical Centre, Amersham
and [a-32P] ATP (ammonium salt, 9.3 to 28.6 Ci/mM)
stored at —20°C in aqueous solution from New England
Nuclear Corp. Boston.

Testes were homogenized in a Kontes glass homo-
genizer in Tris—HCl 10 mM, pH 7.4, 0.25 M sucrose
and 3.2 mM MgCl, at 2-4°C; homogenates were used
as the source of adenylate cyclase immediately after
preparation. In some experiments, homogenates were
centrifuged at 800 X g for 10 min and the pellet was
washed twice and resuspended in the same volume
without sucrose, Reactions were carried out in a final
volume of 100 gl which contained 100 mM Tris—HCI,
pH 7.4, 0.25 mM ATP, 0.6 uCi [«-?P]ATP, 1 mM
cyclic AMP, 20 mM phosphocreatine, 0.8 to 10 mM
MgCl, and 50 to 200 ug of enzyme at 36°C. The
reaction was initiated by the addition of enzyme
and terminated by adding 150 ul of a diluting solution
composed of 50 mM Tris—HCl pH 7.4, 5 mM cyclic
AMP, 3 mM ATP and 4.5 X 1072 uCi of cyclic [*H]
AMP and incubating at 60°C for 3 min. Cyclic AMP
was separated by sequential chromatography on
columns of Dowex cation exchange resin and
aluminium oxide [9]; the eluate was collected into
plastic counting vials with § ml scintillation liquid
(Unisolve). The *H and ¥P radioactivities were
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determined in an Intertechnique liquid scintillation
counter. The 3P content of the samples was corrected
for cyclic AMP recovery determined from the *H
content and for the blank value corresponding to a
sample diluted immediately after the addition of
enzyme. The blank value (with or without enzyme)
was 3 to 5 cpm 2P (0.0004%). Recovery of cyclic
[*H) AMP was approximately 80%.

Protein was determined according to Lowry et al.
[10] with the use of bovine serum albumin
standard.

3. Results and discussion

The amounts of cyclic AMP formed were found to
increase linearly with incubation time (0 to 30 min)
both with total homogenates and pellets. In both
cases fluoride stimulated adenylate cyclase activity;

a time course relationship was also observed with
fluoride (fig.1). A relationship between enzyme
concentration (55 to 223 pg) and cyclic AMP preduc-
tion was established (fig.2).

Stimulation of the adenylate cyclase activity was
abserved when LH was added to the incubation
medium (figs.2-3). Basal and LH-stimulated adenylate
cyclase aclivities were measured in the presence of
increasing magnesium concentrations ranging from
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Fig.1. Accumulation of cyclic AMP as a function of time
under basal conditions (¢) or after stimulation by 102 M
fluoride (4). Total homogenate = LOSB ug/ml ( Yand
pellet: 1770 ug/mil (- - - -} from 20-day-old testes. Incubation
medium with 0.8 mM MgCl,.
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Fig.2. Relationship between enzyme concentration and
cyclic AMP production in the absence () and prescnce (@)
of LH (50 ug/ml). Total homogenate from 20-day-old
testes. Incubation time = 30 min. Incubation medium with
5 mM Mg(l,.

0.8 to 10 mM (table 1). Both activities increased
until 7.5 mM Mg, but the stimulatory effect of LH
was weaker above 2.6 mM Mg. The effect of calcium
on the enzymatic response to LH was alsc examined.
When the Ca concentration increased above 107 M,
basal and LH-stimulated cyclase activities were
progressively inhibited (table 2). Similar observations
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Fig.3. Accumulation of cyclic AMP as a function of time under
basal conditions () or after stimulation by 500 ug/ml LH ().
Total homogenate from 20-day-old testes (854 ug/ml).
Incabation medium with 0.8 mM MgCl,.
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Table 1
Effect of magnesium on basal and LH-stimulated adenylate cyclase activities
Mg®* Picomoles cyclic AMP/30 min/mg protein  Ratio
final concentration
(mM) Control LH (50 pg/ml) LH/control
0.8 225 330 1.46
2.6 327 508 1.55
5.0 489 574 1.14 X
1.5 587 708 121
10.0 558 649 1.16

20-day-old testes. Total homogenate (1095 ug/mi). No calcium added. Means of
duplicate assays.

Table 2
Effect of calcium on basal and LH-stimulated adenylate cyclase activities

Ca™ Picomales cyclic AMP/30 min/mg protein Ratio
final concentration
(M) Control LH (50 pg/ml) LH/control
10-¢ 511 641 1.26
Fx10°¢ 565 703 1.24
103 555 679 1.22
1074 501 507 1.01
10-? 131 162 1.24

20-day-old testes. Total homogenate (890 ug/ml). Incubation medium with 5 mM
MgCl, — Means of duplicate assays.

have been made in other cyclase systems, especially worthy that the stimulation of adenylate cyclase
in ACTH-stimulated adrenal tissue [11]. activity induced with LH occurs earlier than the
According to the preceeding results, the dose stimulation of steroidogenesis described previously
response relationship between LH and cyclic AMP [4]. so cyclic AMP could be the second messenger
synihesis was tested in an incubation medium in the foetal testis. LH concentrations from 0.05 ug/
containing 0.8 mM Mg and no Ca (fig.4). It is note- ml induced increasing adenylate cyclase activities. A
~ previous study demonstrated a weak effect of 100 pg/
o " ml LH (ovine NIH-LH) on the enzymatic activity of

homogenates from adult rat testes incubated with
non radioactive ATP [12]. Recent results indicate a
more important effect with about 1 pg/ml LH (same
l . origin) on prepubertal rat testes [13]. However con-
- centrations of LH below 0.05 ug/ml were not effective
in stimulating adenylate ¢yclase activity while stimula-
s { . . . . tion of testosterone production could be elicited by
0.8 °.2 * Fg,,:.om s 1 ng/ml LH [4] . So the discrepancies previously

. i observed between the concentrations required for the
Fig4. Effect of LH concentration on adenylate cyclase stirnulation of testosterone production and enhance-
activity. Total homogenate from 20-day-old testes {1060 ug/ 3 N
ml). Incubation time = 10 min. Incubation medium with ment of cyclic AMP concentration [6] were confirmed
0.8 mM MgCl,. Correlation coefficient r = 0.953. when adenylate cyclase activity was tested. However
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Table 3
Adenylate cyclase activities of rat testes during the foetal period.

Picomoles cyclic AMP/30 min/testis

Age ug protein/testis

{days) Control LH (50 yg/ml) NaF (107% M)
i5 i4 0.44 (2) 0.48 (2) 3.30 (1)
17-18 40 2,39 (D) 2.65(2) 22.34 (1)

20 98 12.11 ¢2) 18.16 (2) 91.85 (1)

Tatal homogenate (420 to 1040 ug/ml). Incubation medium with 0.8 mM MgCl, . No
calcium added. In parentheses, number of duplicate assays.

the experimental conditions were not the same; the
stimulation of testosterone production was obtained
using intact testes in a medium of different composi-
tion.

An approximately 1.5-fold increase in adenylate
cyclase activity was the maximum that could be
obtained in 20-day-cld foetal testes following a 10
min incubation with LH. The stimulatory effect was
weaker in younger testes (table 3). The effect of LH
on testosterone secretion was also more pronounced
with 20-day-old testes than with younger ones [4].
To obtain a higher stimulaticn of adenylate cyclase
activity and to demonstrate the specificity of the
response to LH, it would be necessary to test the
hormone on isolated interstitial cells. Unfortunately
such a preparation would be difficult to cbtain with
foetal testes at a stage when it is not yet possible to
separate interstitial cells from seminiferous cords.
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