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The testes of the monkey, Macaca fascicularis, from birth to adulthood and
of rats from puberty to adulthood were examined by both light and electron microscopy to
estimate the mitotic activity of the Leydig cells. In monkeys, mitotic activity was
measurable only in neonates : 2.3 %
0 in fibroblast-like cells.
0 in Leydig cells and 0.4 %
From measurements of 3
H-thymidine incorporation, mature Leydig cells were labeled in
neonates (2 %) and adult animals (1 %). The labeling indices were significantly increased
with increasing time after isotope exposure, and some pairs of labeled cells were found. In
prepubertal (28 days of age) and pubertal (45 days of age) rats, mitotic indices were 2 and
0.2 %, respectively, in the Leydig cells and 0.4 and 0.1 % in fibroblast-like and myoid cells,
respectively. Mitoses were not detected in postpubertal rats at 63 days of age. Taken
together, these results demonstrate the self-renewal ability of mature Leydig cells during
normal development.

Summary.

Introduction.
In most mammals, the Leydig cells differentiate in the fetal testis, regress at
and develop definitively at puberty (Christensen, 1975). Numerous
observations suggest that Leydig cells originate by differentiation from stem cells
(Christensen, 1975 ; Gondos et al., 1977 ; Camatini and Franchi, 1981 ; Fouquet
et al., 1983, 1984 ; Prince, 1984 ; Schulze, 1984). The concept of Leydig cell
precursors has recently received morphological and functional support (Kerr et
a/., 1985a,b ; Morris et al., 1986 ; Jackson et al., 1986 ; Risbridger et al., 1987). It
is also believed that Leydig cells are able to divide (Christensen, 1975). Certainly,
interstitial cells show mitotic activity during normal development (Roosen-Runge
and Anderson, 1959 ; Baillie, 1961 ; Hitzeman, 1962 ; Gondos et al., 1977) and
this activity increases during various experimental conditions (Chemes et al.,
1976 ; Aoki and Fawcett, 1978 ; Kerr et al., 1979 ; Christensen and Peacock,
1980). However, mitotic Leydig cells have been actually identified only in
cryptorchid rats (Kerr et al., 1979). On the other hand, studies on tritiated
thymidine incorporation in young rats have shown either labeled (Niemi and
Kormano, 1964 ; Okada, 1970) or unlabeled (Orth, 1982) Leydig cells. Thus, it
appears that the mitotic activity of Leydig cells is in need of careful analysis.
A recent light microscope radioautographic study in monkeys demonstrated
H-thymidine-labeled Leydig cells but failed to identify the mitotic figures
3
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(Fouquet and Raynaud, 1985). The present paper
evidence for the existence of mitoses in the mature
rats during normal development.

provides ultrastructural
Leydig cells of monkeys and

now

Material and methods.
1. Animals. - Fifteen male monkeys (Macaca fascicularis) raised in captivity
used, classified according to age and testicular development into five groups
(Fouquet et al., 1984) : neonates, 1 to 3 months ; infants, 6 to 24 months ;
prepubertals, 36 to 48 months (meiosis) ; pubertals, 48 to 54 months
3 for each period. Besides,
(spermiogenesis) ; adults, 56 to 70 months ; n
2 neonates and 2 adults, which had been injected with 3
H-thymidine and studied
previously by light microscope radioautography (Fouquet and Raynaud, 1985)
were re-examined by electron microscope radioautography as well.
Twelve male Sprague-Dawley rats were used and 3 stages of development
studied : prepubertal, 28 days (meiosis) ; pubertal, 45 days (spermiogenesis) ;
4 for each stage.
postpubertal, 63 days (complete spermatogenesis) ; n
were

=

=

2. Tissue

preparation. - As previously described (Fouquet et al., 1984 ;
Fouquet, 1987), the testes of young monkeys up to 24 months old and biopsies of
adult testes were fixed by immersion in a glutaraldehyde-paraformaldehyde
mixture. The testes of older monkeys (> 24 months) and rats were perfused with
the same fixative. The blocks were post-fixed in O
4 and embedded in Epon. In
0
S
each animal the blocks were selected at random ; semi-thin sections and adjacent
thin sections were prepared systematically to correlate light and electron
microscope observations.
3. Quantitative analysis. - For each block, one semi-thin section was used for
counting the number of interstitial cells and mitoses. These measurements were
performed at 1,000 X magnification using oil-immersion optics and an eyepiece
grid containing a square lattice of 100 points. The Leydig cells were identified by
their epithelioid shape, spherical nucleus, cytoplasm intensely stained with
toluidine blue and the presence of lipid droplets. The thin sections were used to
ascertain the identity of the mitotic cells. According to Christensen (1975), only
cells with a predominant smooth endoplasmic reticulum (SER) were classified as
mature or fully differentiated Leydig cells. Possible precursors or immature Leydig
cells with few SER cisternae were classified as fibroblast-like cells. About
1,000 Leydig cells/animal were scored after analysis of 16 blocks/adult or
pubertal monkey, 5 blocks/neonate, infant or prepubertal monkey and
4 blocks/rat.
4.

Radioautography. - For light microscopy, 1-!m semi-thin sections were
dipped in Ilford K5 emulsion (llford Ltd., Ilford, U.K.), diluted 1:2 and exposed at
4 °C for 14 weeks. Radioautographs were developed in D 19 Kodak for 4 min at
18 °C and fixed 10 min in 30 % sodium thiosulfate. For electron microscopy,
1 /4-!m sections were dipped in Ilford 14 emulsion diluted 1:3. After 12-month
exposure, the radioautographs were developed in Kodak D 19 B.

grains over the nucleus were considered
non-specific background grains were extremely few in number
(< 0.5 grain/1,000 x
). The labeling index at each time interval was expressed
2
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as the percentage of labeled nuclei for an average of 1,000 Leydig cells and for
10,000 other interstitial cells including fibroblasts, myoid cells and macrophages,
counted as described above in the quantitative analysis.
The interstitial cells with ! 3 silver

to be labeled since

5. Statistical analysis. - In each animal, the percentage and mitotic index of the
Leydig cells (LC) and other interstitial cells were calculated from the total number :
number of LC/total number of interstitial cells x 100, number of mitotic LC/total
number of LC x 100. When these percentages were subjected to a Chi
-test, no
2
significant differences were found among the animals in any of the age groups.
± SEM) for each group
Therefore, the final values were expressed as the mean (
and a one-way analysis of variance was used to determine significant quantitative
differences. For comparison of the labeling indices at different times after isotope
-test was used.
2
exposure in each animal, a Chi

Results.

Monkeys. - During the neonatal period (1 to 3 months) the Leydig cells
± 0.9) of the whole interstitial cell population. Most other
represented 9.6 % (
cells were fibroblast-like cells of varying shape and size but some macrophages
and mast cells were also encountered. The mitotic figures were extremely few but
the cell type was rarely reliably identified with light microscopy. After ultrastructural observation of adjacent thin sections, Leydig cells in mitosis
(2.3 1
/00 + 0.3) could be identified (fig. 1), as well as mitoses in fibroblast-like
cells oo
(0.44 °/ ± 0.06). In infants and prepubertals, the percentage of Leydig
cells remained practically constant (9.2 ± 0.9 ; 9.4 ± 0.8) ; it fell significantly
(6.0 ± 0.2, P < 0.025) in pubertals but did not change further in adults. In spite

large number of interstitial cells examined from infancy to adulthood,
mitotic figures were detected in any cell type.
The incorporation of 3
H-thymidine in interstitial cells of 2 neonates and 2
adult monkeys was estimated by radioautography of semi-thin sections ;
ultrastructural observation of adjacent thin sections was used to ascertain the
identity of the labeled cells (figs. 2, 3). As clearly shown in table 1, some Leydig
cells and fibroblast-like cells were labeled 1 to 4 h after 3
H-thymidine injection,
and a significant increase of the labeling indices was noted 7 to 15 days later.
Only single labeled cells were seen initially, whereas about half of the labeled cells
observed later were found in pairs (fig. 2). A greater proportion of pairs of labeled
cells might have been expected if numerous adjacent sections had been analysed
of the very
no

systematically.

Rats. - In the younger rats studied (28 days), the population of interstitial
cells consisted of Leydig cells (30 %), myoid cells, fibroblast-like cells of varying
shape and size and macrophages. Mitoses were frequently encountered but, as in
monkeys, some mitotic cells were not reliably identified in semi-thin sections. The
mitotic figures were easily classified after ultrastructural observation of the
adjacent thin sections (table 2). Most of these mitoses occurred in mature Leydig
cells (figs. 4, 5, 6) but also in myoid cells and fibroblast-like cells. In subadult rats

(45 days), the percentage of Leydig cells was significantly increased (P < 0.001)
but their mitotic activity was dramatically decreased (P < 0.001) as in the other
interstitial cells. No mitoses were detected in postpubertal animals.
Discussion.

Leydig cells have a biphasic pattern of development. It is admitted that,
during their two growth periods, new Leydig cells may arise by differentiation of
stem cells and also by division of mature cells (Christensen, 1975). The
differentiation process of Leydig cells is documented in a number of species (see
Introduction for references), but it remains speculative, and the identity of stem
cells is still controversial. Likewise, the mitotic activity of Leydig cells is often
invoked but is still to be clearly demonstrated. For example, mitoses in Leydig
cells have been reported in the fetuses and young of rats (Roosen-Runge and
Anderson, 1959) and in young mice (Baillie, 1961 ; Hitzeman, 1962) but mitotic
cells were not actually identified in paraffin sections. The incorporation of 3
Hthymidine in presumptive Leydig cells of young rats was also observed in paraffin
sections (Niemi and Kormano, 1964 ; Okada, 1970), whereas no labeling was
detected at the same age (1 to 21 days) in semi-thin plastic sections (Orth, 1982).
these different results might be related to preparative methods but more
probably to Leydig cell identification which was more reliable in the latter work.
A number of experimental models have been developed in rats, inducing
either Leydig cell hyperplasia (Chemes et al., 1976 ; Aoki and Fawcett, 1978 ; Kerr
et al., 1979 ; Christensen and Peacock, 1980) or destruction followed by extensive
regeneration (Kerr et al., 1985b ; Morris et al., 1986 ; Jackson et al., 1986 ;
Risbridger et al., 1987). Most of these studies claimed, but did not show, that
Leydig cell mitotic activity might account for their increase in number. Chemes et
a/. (1976) provided evidence for a correlation between interstitial cell mitosis and
the increase in Leydig cell number detected in paraffin sections, but only Kerr et
a/. (1979) identified mitotic Leydig cells using the electron microscope.
Thus, the problem of the mitotic activity of mature Leydig cells has not been
clearly resolved because mitotic figures were rarely reported and not convincingly
identified. During testicular development the interstitial cell population changes
considerably, showing varying proportions of mesenchymal or fibroblast-like cells,
differentiating or immature Leydig cells, mature cells and also myoid cells,

macrophages and mast cells. Most of these cell types are potential candidates for
activity. With a light microscope, the characteristics distinguishing certain
interphasic cell types, for example mature Leydig cells and their possible
mitotic

precursors, are not very evident, and are even less so when the cells are in
mitosis. Indeed, in such an heterogeneous population of interstitial cells
ultrastructural observation had to be used to identify the mitotic Leydig cells ; this
Htype of observation was also useful in ascertaining the identity of some 3
thymidine-labeled cells. Therefore, in the present work using both light and
electron microscopy of successive sections, errors in the estimation of mitotic
indices and labeling indices were greatly minimized.
In monkeys, both direct (mitotic figures) and indirect (
H-thymidine labeling)
3
evidence of Leydig cell mitotic ability was obtained in the young. In adults, as
previously reported (Fouquet and Raynaud, 1985), only labeled cells were
observed. However, owing to the greater number of cells carefully examined in
better conditions, it has been possible, in the present work, to demonstrate with
certainty a significant increase in their labeling indice with increasing time. This
fact and the occurrence of pairs of labeled cells strongly suggest that Leydig cells
are also able to divide in adult monkeys.
In rats, simple ultrastructural observation was sufficient to demonstrate
mitoses in mature Leydig cells during pubertal development. Except for this
growing adult generation of Leydig cells, there is no evidence for mitoses in the
Leydig cells of younger rats (Orth, 1982) and sexually mature animals. However,
in adult rats isolated Leydig cells were shown to synthesize DNA (Abney and
Carswell, 1986), suggesting renewal ability.
It is not known if mitoses also occur in the Leydig cells of other species,
except in humans where mitotic figures have been identified in adult testes (Amat
et al., 19861. Taken together these recent results support the concept of the selfrenewal of mature Leydig cells.
Requ en juin 1987.
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Des testicules de singes (Macaca fascicularisJ, de la naissance à la maturité sexuelle et,
de rat en périodes pubertaire et adulte ont été examinés par microscopie optique et
électronique afin d’estimer l’activité mitotique des cellules de Leydig. Chez le singe, une
activité mitotique n’est mesurable que chez les nouveau-nés (0-3 mois) : 2,3 %
0 pour les
cellules de Leydig et 0,4 %
0 pour les cellules de type fibroblaste. Comme le montre
l’incorporation de thymidine tritiée, des cellules de Leydig matures sont marquées chez le
nouveau-né (2 %) et l’animal adulte (1 %). Les indices de marquages augmentent
significativement avec l’augmentation du temps succédant à l’exposition au précurseur et,
des paires de cellules marquées sont alors observées. Chez les rats en développement
pubertaire à 28 et 45 jours les index mitotiques sont respectivement : 2 % et 0,2 % pour les
cellules de Leydig ; 0,4 % et 0,1 % pour les cellules myoïdes et de type fibroblaste. Les

mitoses ne sont pas décelables chez les rats postpubères (63 jours). Au total, ces résultats
démontrent la capacité de multiplication des cellules de Leydig matures au cours du
développement normal.
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