
In1. J. De,'. BioI. -12: 621-o2-t (1998)

Short COIl/rilm/ioll

Differentiated aspect of female and male
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ABSTRACT In the mouse, Sryis expressed by somatic cells in the genital ridge and leads to initiate
the transformation of the indifferent gonad into a testis. Here, we have examined the segmented
female and male mesonephroi over the developmental period when the initiation of seminiferous
cord formation takes place, We have generated three-dimensional models which reveal structural
differences between male and female mesonephric tubules at 11.5,13.5 and 14.5 days post co;tum.
We evaluate, following structural parameters, that form and orientation of the tubules could evolve
differently in both sexes. We propose that the structural organization of the mesonephric tubules
presents an early dimorphism.
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There is now abundant evidence that Sry is the testis-determin-
ing gene on the mammalian Y chromosome (Gubbay et al., 1990;
Sinclair et al., 1990). Sryis expressed at 10.5 and 11.5 days post
coitum (pc) by somatic cells in the genital ridge, when gonads of
both male and female mouse embryos are morphologically indis-
tinguishable (Koopman et aI., 1990).

There are two major gonadal somatic cell lineages: the sup-
porting cell lineage (Sertoli cells in the testis and granulosa cells
in the ovary) and the steroidogenic lineage (Leydig cells in the
testis and theca cells in the ovary). The Sertoli cell lineage has
been shown to be critical in sex determination (Palmer and
Burgoyne, 1991). It has been shown in XXIXY chimaeric mouse
testes, that the Sertoli cell population is predominantly XY
(Burgoyne et al.. 1988; Patek et a/., 1991). Sry is believed to act
in the pre-Sertoli cells based on genetic analysis of XX/XV
chimeras (Burgoyne and Palmer, 1993).

On the basis of histological analysis, several studies indicate
that these cells may be derived in whole or in part from the
mesonephros, suggesting that pre-Sertoli cells are contributed to
the mesonephric tubule cells (Upadhyay et al.. 1981; Wartenberg,
1981; Merchanf-Larios and Taketa, 1991; Wartenberg et al.,
1991).

In the mouse, the mesonephros appears to be the provision of
some of the stromal cells (Buehr et al., 1993). Moreover, the
attached mesonephros is thought to be required in cord formation .\hhrt1';(/1;0I1I IHl'rfilllhi\I!(JIJ/'1":a.allgk;SI~.'nd('I('nllillillgll'gi'1I1 ()fy,.\.;I1('a;
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Our present knowledge of the structural components of the
mesonephros in the mouse is mostly based on the reconstrUction
produced by graphical methods (Bovy, 1929). I

We are interested in characterizing mesonephric tubules devel-
opment in the male and female mouse mesonephroi during testis
organogenesis. By three-dimensional reconstruction, we have
been able to examine anatomical differences of the mesonephric
region. In this study, we have compared the morphological charac-
teristics of the mesonephric tubules at three stages: 11.5, 13.5 and
14.5 days pc (Table. 1). !

By 11.5 embryonic days, the 3-D models of mesonephroi
present numerous convoluted tubules which are directly'con-
nected to the Wolffian duct (Figs. 1 and 2). In both mal~ and
female embryos, the tubules occupy the cranial two-thirds of the
mesonephros. Only in female embryo, the more cranial tubule
presents several connections with the Wolffian duct, when gonads
of both XX and XY embryos are morphologically alike (Fig.!2).

By 13.5 embryonic days, tubules in the mesonephros appear

to be degenerating and fragmented. The female mesonephric
region reveals the same structural particularity than at 11.5 (jays
pc (Fig. 4). This structural particularity can help us to distinguish
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Fig. 1. The 3.D model of male mesonephric region at E11.5. Bar. 9Opm.
Fig. 2. The 3-D model of female mesonephric region at E11.5. Bar,

90pnl
Fig. 3. The 3.0 model of male mesonephric region at E13.5. Bar, 70pm.
Fig. 4. Stereo view of the female mesonephric region at E13.5. viewed
along a fivefold axis. V,ewpoints are displaced by :t 3° relative to the
perc~lved Ime of sight. Bar, 70 Jim.
Fig. 5. Histological section of a tubular zone at the level of the rostral
part of the ovary.
Fig. 6. The external contours of distinct tubules of the previous
sections were manually drawn and scanned. Then, each contour Ime
was ~om'erted mto polygonal lines. as ~"'ecan see here.
Fig. 1. SerialiV stacked outlines of the rostral female mesonephric
regio1n at En.5.
Fig. ~. After gathering several contours. the surfaces were rebuilt by
juxtaposition of layers of triangles. This figure shows the Mullerian duct
(md)
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a female mesonephros from a male one and shows that the
mes~nephros has a sex differentiated aspect (Figs. 4 and 3).

Aher rebuilding 3-D models. at each following stage E11.5.
E 13.5 and E 14.5. four parameters have been taken on three male
and three female mesonephroi. These parameters are the volume
(V), ihe area (A) and the length (L) of each tubule; and the angle

I

(a) formed between the main axis of the Woiffian duct and the
straight line passing through the emergence of the tubule. In the
case of abortive tubule, the major axis is chosen. As indicated in
Figure. 9, the values are expressed as means ~ SE. Fischer's F
test by the System SAS was used to analyze statistical differ-
ences. The measurements reveal significant differences between
male and female tubules (p<O.05):

3

at E11.5, on the volume of the connected tubules (Pr>F=.0144).
at E13.5. on the area of the connected tubules (Pr>F=.0372)
and of the abortive, isolated tubules (Pr>F=.0236). and on the
angle of the connected tubules (Pr>F=.0149).
at E14.5, on the area of the connected tubules (Pr>F=.0196)
and on the angle of the connected tubules (Pr>F=.0021).

.

These numerical results emphasize the 3-D modeling results and
show anatomical differences of the mesonephric region. Although
the length of the tubules remains statistically not significant between
male and female mesonephros, different forms (volume or area) of
the tubule are demonstrated from E11.5to E14.5. Only. at E13.5and
E14.5, when the gonad differentiation is complete, the orientation of
the connected tubules is significantly different between male and
female mesonephric region. This result suggests that the tubules
which participate to the rete testis or the rete ovarii are recognized by
a differentiated organization. The observations of the 3-D study at
E11.5 suggest that it should be regarded probably as an early
mesonephric dimorphism.

Experimental procedures

.

Specimens
SPF outbred mice, OF1 Ico: OF1 (lOPS Caw), (stock maintained by

the Departmenl. colony of R. Janvier, 53680 Le Genest, France) were
used. The embryos were obtained from natural mating of mice. For
embryo collections the time point of vaginal plug observation was desig-

nated as 0.5 days post coitum. (E followed by the number of the day).
Three embryos with the same sex were collected per female in preg-

nancy for each stage of the development of the mesonephros. The uterine

hams were dissected. Embryos enclosed within their membrane were also
sexed by the chromatin test of Farias, Kajii and Ganner (1967). This test
was taken up again by other authors (Jost 1972). A piece of amnion was
stained with 1°0 acetic orcein and examined lor the presence of Barr bodies
in female nuclei.

For histology, the mouse embryos were fixed in Souin's fluid for 5 to 12
h depending on age and size of embryo, transferred to graded ethanol. and
finally embedded in paraHin. Embedded specimens were serially sectioned

at 5 11mand stained with hematoxylin and eosin.
The light microscopical analysis of the prepared specimens was

restricted to the rostral pan of the mesonephros including mesonephric
duct(s) and its tubules. Overall. each mesonephros yielded an average of

100 sections, that was performed in E11.5, E13.5 and E14.5 stages
(Table 1).

Reconstruction method
As shown in Figure. 5. histological section of the mesonephric tubular

zone allows to realize 3-D reconstructions. Here. from twelve successive
histological sections. we have rebuilt a figure of bifurcation (Fig. 7). The
external contours of distinct tubules were manually drawn and scanned.
Then. each contour line was converted into polygonal line (Fig. 6). The
surfaces are rebuilt thanks to the GOCAD (GeOlogical Computer Aided-
Design) software. They were defined by juxtaposition of layers of triangles

whose vertices are elements of the different polygonal lines obtained
previously. An advantage of the use GO CAD software is based on the
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Major characteristics
EI1.5 (A and BI E13.5 IC and DI E14.5 IE and F)

sex nmtb nmtu ns sa nmtb nmtu ns sa
male 6 2 175 3b 3 3 69 1ic
male 7 6 134 3b 3 4 71 2b
male 5 6 91 4 5 72 1ic
female 2 5 115 1se 4 5 78 2ic
female 1 10 147 1se 2 3 63 1se
female 6 2 140 2 4 85 1se
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Discrete Smoothing Interpolation (OS!) method (Martel. 1992). This effi-

cient method permits the reduction of small irregularities of microtomy as
shown in Figure. B. It computes the x, y and z coordinates of the free
vertices. and produces an adjusted smoothing by a spatial redistribution of
the free vertices of the triangles.

Once the various parts of the mesonephros are reconstructed, several

parameters were measured with GOCAD program.

The reconstructed surfaces have been gathered for recreating the
different parts of the mesonephros.

Statistical Analysis
The values were expressed as means :t SE (Standard Error). The

comparison of variance was used to analyze statistical differences (signifi-
cantly different with Fischer's F test).
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