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The function of Leydig's cells during stimulation of various components  of the 
adenylatecyclase system was studied in inbred mice of various lines. Mice of different 
lines were found to differ markedly in their production of testosterone during stimula- 
tion of a crude Leydig's cell suspension with ascending concentrations of chorionic go- 
nadotropin, cholera toxin, forskolin, and dibutyryl-cAMP. The ranking of the lines 
according to the maximal production of testosterone was virtually the same during 
exposure to steroidogenesis activators. 
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The genetic control of gonadal hormonal regulation 
is a current topic in the biology of animal breed- 
ing. Inbred lines of mice, which are relatively ho- 
mogeneous genetically, are a convenient object for 
such studies. Previously we found marked hereditar- 
fly determined differences between lines in plasma 
testosterone levels both in health at rest and during 
some types of zoosocial interactions [1,3]. Further 
studies carried out on 6 lines of mice with different 
blood testosterone levels revealed an appreciable ge- 
netic polymorphism in the production of testoster- 
one by decapsulated testicles in vitro under the ef- 
fect of chorionic gonadotropin and cAMP [2]. All 
these facts pointed to marked genetic differences in 
the regulation of testosterone biosynthesis by Ley- 
dig's cells of inbred mice of different strains. How- 
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ever, the mechanism of genetic control determining 
these differences is still little known, and only a few 
reports on this subject are available [9]. 

We carried out a comparative genetic analysis 
of testosterone production by Leydig's cells during 
stimulation of various components of the adeny- 
late-cyclase (AC) system in 6 inbred strains of 
mice with different plasma levels of testosterone 
[1,3], in vitro testosterone production by the tes- 
ticles [2], and the reproductive output and level of 
zoosocial dominance [4]. 

MATERIALS AND METHODS 

Experiments were carried out with adult male mice 
of six inbred lines: CBA/Lac, A/He, C57B1/6J, DD, 
YT, and PT. Leydig's cells were isolated from the 
testicles by the mechanical method [10], after which 
they were passed through a nylon filter and centri- 
fuged at 150 g for 5 rain. The sediment was resus- 
pended in 2 ml Eagle's medium presaturated with 
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carbogen (95% O 2 and 5% CO:) and containing 
0.1% bovine serum albumin. Leydig's cells suspended 
in Eagle's medium with phenol red (10 rag/liter) 
were counted in a Goryaev chamber using a phase- 
contrast microscope, as described previously [8]. In 
our experiment ,  using the indicated method  of  
Leydig cell isolation, these cells constituted about 40 
to 50% of the total amount of cells. All subsequent 
experiments were carried out with a crude suspen- 
sion of Leydig's cells. Such an approach was used 
previously to assess the reactivity of Leydig's cells 
during stimulation with chorionic gonadotropin [11]. 

Leydig's cells, 1.25x105 cells/ml (5)<104 ce]_lS 
per sample) were incubated in Eagle's med ium 
with the following agents: choriortic gonadotropin 
(Ca lb iochem)  0.2 to 150 m U ,  cho le ra  tox in  
(Sigma)  0.06 to 45 n g / m l ;  d i b u t y r y l - c A M P  
( C a l b i o c h e m )  1.1 to 800 gM; and fo r sko l in  
(Calbiochem) 0.04 to 32 gM. The samples were 
incubated in a bath with a shaker for 3 h at 34~ 
in a m e d i u m  with 95% O 2 and 5% CO 2. After 
incubation the samples were placed in an ice bath 
with 0.1 ml of  3 M HC104 added to destroy the 
cells and 0.35 ml of 1 M KOH to neutralize the 
incubated mixture. After 10 rain centrifugation at 
150 g the samples were poured into tubes and 
stored at -20~ prior to measurement  of the tes- 
tosterone level in them. The testosterone content  
was radioimmunoassayed in the samples using a 
highly specific antiserum to testosterone. 

The results were statistically processed by two- 
factor analysis of variance with due consideration 
for the nonuniformi ty  of the variances in the ex- 
perimental groups [5]. 

RESULTS 

Figure 1 shows that chorionic gonadotropin greatly 
boosted testosterone production in Leydig's cells of 
mice of all strains (F7.~9=38.8 , p<0.001). Another 
factor appreciably influencing this parameter is the 
genotype of the line (F5.19=34.1, p<0.001). Of spe- 
cial interest is the highly reliable interaction between 
the studied factors - genotype and stimulant dose - 
which is indicative of a different genotype-dependent 
reaction of Leydig's cells to chorionic gonadotropin 
(F35.19=4.0,/)<0.005). PT mice were the most reac- 
tive to the hormone. The highest increment of tes- 
tosterone production, surpassing the control value 26- 
fold, was observed in these animals. On the other 
hand, another strain of  mice, CBA/Lac, was char- 
acterized by the lowest testosterone production in 
response to stimulation with chorionic gonadotropin. 
The maximal increase of  the hormone in these 
animals surpassed the baseline level only 6-fold. The 

other four strains of mice were intermediate in their 
ability to produce testosterone during stimulation with 
chorionic gonadotropin. Analysis of  the causes of 
such pronounced differences among the lines led us 
to hypothesize that there are genetically determined 
structural changes in AC proteins which might in- 
fluence the enzyme activity and, hence, the produc- 
tion of  cAMP and testosterone. To check this hy- 
pothesis we used two activators of this enzyme, chol- 
era toxin and forskolm. 

Cholera toxin is known to have a stimulating 
effect on AC by ADP ribosylation of Gs-protein, 
this resulting in constant activation of  the enzyme, 
despite the absence of the h o r m o n e  [12]. Our 
experiments with cholera toxin showed that the 
effects of the studied factors (genotype and stimu- 
lant dose) manifest themselves similarly as in ex- 
periments with chorionic gonadotropin. First, the 
toxin induced a marked stimulation of testosterone 
production (FT.xs=16.1, p<0.001). Second, the ob- 
served differences among the lines in terms of this 
parameter were pronounced (Fs.15=33.1, p<0.001), 
And, third, a reliable genotype-dependent  type of 
reaction to cholera toxin was detected (F3s.~5=3.1, 
/9<0.025). Similarly as with chorionic gonadotropin, 
the maximal production of testosterone was observed 
in PT mice. The peak of testosterone production in 
these mice surpassed the control values 22 times 
(Fig. 1). In contrast to PT mice,  in CBA/Lac 
males, just as in experiments with chorionic gona- 
dotropin, the capacity of cells to generate testoster- 
one in response to stimulation with cholera toxin 
was the lowest. Hormone production increased only 
five-fold in comparison with the control. Mice of 
the remaining strains ranked in the same order by 
their capacity to generate testosterone after stimu- 
lation with cholera toxin, as in experiments with 
chorionic gonadotropin. These results suggest that 
hereditary differences in the product ion  of test- 
osterone in the tested strains of mice are not  re- 
lated to the activity of AC Gs-protein. 

Another AC activator, forskolin, mediated its 
stimulating effect on steroidogenesis through activa- 
tion of an AC catalytic subunit [7]. This prepara- 
tion also caused an increase of testosterone produc- 
tion by murine Leydig's cells (F7.26=8.3, p<0.001), 
but its effect on steroidogenesis was less pronounced 
than that of chorionic gonadotropin and cholera 
toxin. Similar results were obtained by other au- 
thorities [6], who came to the conclus ion  that 
forskolin is a far less effective activator of steroido- 
genesis than gonadotropins. Clear-cut hereditary dif- 
ferences in testosterone production under  the effect 
of forskolin were revealed (F5.:6=14.4, p<0.001), but 
we did not fred any interaction between the exam- 
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Fig. 1. Ef lect  of chorionic gonadotropin (a), cholera toxin (b), forskolin (c), and cAMP (d) on testosterone product ion by 
Leydig's ceils of inbred mice. Abscissa: concentrations of preparations. Inbred strains el  mice: I) PT; 2) YT; 3) DD; 4) C57B1/ 
6J; 5) A /He ;  6) CBA/Lac. 

ined factors. At the same time, forskolin did not 
alter the previously established ranking of each mu- 
rine strain according to its capacity to produce tes- 
tosterone. For example, in PT and CBA/Lac mice, 
showing the most contrasting capacities to synthe- 
size testosterone, the maximal increase of its pro- 
duction after stimulation with forskolin exceeded the 
control value by 5 and 2 times, respectively (Fig. 
1). Hence, differences in testosterone production 
among the tested murine lines did not  depend on 
the activity of the AC catalytic subunit. 

The next series of experiments examined the 
direct stimulating effect on testosterone production 
of a secondary intermediate, dibutyryl-cAMP. This 
cyclic nucleotide caused a pronounced activation of 
testosterone generation by Leydig's cells of mice of 
all strains (FTA6=24.4, p<0.001). As with other ste- 
roidogenesis stimulants, we revealed highly reliable 
differences in testosterone product ion by murine 
cells of different lines under  the effect of cAMP 

(F5.16=31.7, p<0.001) and established a genotype- 
dependent pattern of reactivity to this cyclic nucle- 
otide (F~5.~6=3.2, p<0.01). Specifically, the maximal 
production of testosterone by Leydig's cells of PT 
mice was 27 times higher than the baseline value 
(Fig. 1), whereas Leydig's cells of  CBA/Lac mice, 
the least active strain in this respect, produced 
only 6 times higher amounts  of  the hormone in 
comparison with the control. As for the other 4 
murine strains, they ranked in virtually the same 
order by the capacity to produce the androgen in 
response to stimulation with cAMP as in experi'  
ments with other agents. 

Hence, we revealed pronounced hereditary dif- 
ferences in testosterone production by Leydig's ceils 
of different murine strains during stimulation of 
various components  of the AC system: of  the re- 
ceptor component  with chorionic gonadotropin, of 
AC Gs-protein with cholera toxin, of the AC cata- 
lytic subunit  with forskolin, and directly with a 
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secondary intermediate analog dibutyryl-cAMP. It 
is noteworthy that the ranking of strains by the 
maximal production of testosterone was virtually 
the same under the effect of the said steroidogen- 
esis activators. The differences in testosterone pro- 
duction were maximal (10-fold) between the ceils 
of PT and CBA/Lac mice. The persistence of ge- 
netic differences in the production of testosterone 
after stimulation of various components of the AC 
system allows us to speculate that the key (caus- 
ative) hereditary factors underlying the revealed 
genetic polymorphism of Leydig cell hormonal 
activity should be sought in the stages of steroid 
generation distal from cAMP production. 
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