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The development and regression of the Miillerian
ducts represent major events in the sexual develop-
ment of vertebrates (van Tienhoven, 1983). Miillerian
ducts develop in both male and female embryos. In
females the Miillerian ducts become the oviducts,
whereas in male vertebrates they regress. Studies in
mammals and in the chicken indicate that the regres-
sion is stimulated by Miillerian inhibiting substance
(i.e, MIS, also called anti-Miillerian hormone or
AMH) produced by the embryonic testis (Tran and
Josso, 1977; Josso, 1986; Donahoe et al., 1987; Josso et
al, 1993; Lee and Donahoe, 1993; Behringer et al,
1994).

In reptiles, Miillerian duct development and regres-
sion has been described in a number of species (re-
viewed by Fox, 1977; Raynaud and Pieau, 1985; also
see Austin, 1988, 1989, 1995). The Miillerian duct con-
sists of a ring of epithelial cells surrounded by a stro-
ma of mesenchymal cells. Some variation has been re-
ported in the regression of the Miillerian ducts among
reptiles. In the alligator, Miillerian duct regression ap-
pears similar to that in the chicken and in mammals,
in which a distinct “‘epithelial cuff” forms, and con-
sists of a swirl of condensed mesenchymal cells sur-
rounding the epithelial cells (Austin, 1989; 1995). In
contrast, the mesenchymal cells of the stroma in other
reptiles appear to shrink in size without forming a
cuff (Austin, 1988).

Although the MIS gene has not been cloned in rep-
tiles, data from a number of past studies are consistent
with the hypothesis that a testis-specific hormone
(presumably MIS) stimulates Miillerian duct regres-
sion: (1) Miillerian duct regression occurs soon after
testicular differentiation (reviewed by Fox, 1977; Ray-
naud and Pieau, 1985), (2) testicular grafts in alligators
stimulate Miillerian duct regression (Austin, 1989)
and (3) MIS cDNA has been cloned from embryonic
testes of a turtle (Wibbels and LeBoeuf, 1997; Wibbels
et al., 1998).

In the current study, Miillerian duct development
and regression is histologically examined in the red-
eared slider, Trachemys scripta. The study is specifically
designed to provide a detailed morphology and chro-
nology of Miillerian duct regression that can be used
to effectively design future studies addressing the
physiology underlying this event.

The red-eared slider turtle, T. scripta, was chosen for
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this study because it represents a useful system for
examining sex determination and sex differentiation
in reptiles (Wibbels et al, 1994, 1998). In particular,
its sex determination and gonadal differentiation have
been well-documented in previous studies (Crews et
al, 1991; Wibbels et al, 1991a, b, 1993, 1994, 1998;
Wibbels and Crews, 1992, 1995) and its eggs are com-
mercially available in large numbers. Freshly laid eggs
were obtained commercially (R. Kliebert, Hammond,
Louisiana). After transport to the laboratory, they
were placed in containers with moistened vermiculite
(vermiculite: water, 1:2). Previous studies indicated
that a continuous incubation temperature of 31 C pro-
duces all female hatchlings whereas an incubation
temperature of 26 C produces all male hatchlings (Bull
et al,, 1982; Crews et al, 1991; Wibbels et al., 1991a).
Eggs were assigned randomly to either a female pro-
ducing (31 C) or a male-producing (26 C) temperature.
Embryonic development was monitored by candling
eggs and by dissecting two to four eggs approximate-
ly twice a week to verify specific developmental stag-
es, based on criteria described for the snapping turtle,
Chelydra serpentina (Yntema, 1968).

To evaluate Miillerian duct development and re-
gression, eggs were dissected at stages 18, 19, 20, 21,
22, 23, and 26 at both male- and female-producing
temperatures (a minimum of five eggs per stage per
temperature). A complex of tissue which included the
kidneys (both mesonephros and metanephros), go-
nads, and adrenals was dissected from each embryo
and was fixed in Bouin's preservative. Fixed tissues
were infiltrated with paraffin, sectioned at 6-8 pum,
and stained with hematoxylin and eosin (Humason,
1972).

The portion of the Miillerian duct adjacent to the
gonad (i.e, in the same cross-sections as the gonad)
was used for the histological analysis. This region was
chosen since it represents an optimal region for use
in future studies utilizing Miillerian duct regression
as a bioassay for MIS activity. Specifically, it is closest
portion of the Miillerian ducts to the gonads (i.e, the
source of MIS) and it is easily removable along with
the mesonephros for in vitro studies. Additionally, the
gonads provide a reference point in histological cross
sections when attempting to compare Miillerian ducts
from different embryos.

Consistent with previous studies of reptiles, the
Miillerian ducts in T. scripta formed in a cranial to
caudal direction with Miillerian duct formation reach-
ing the level of the gonad at approximately stages 18
to 19. Figure 1 shows cross sections of typical Miil-
lerian ducts (in the region adjacent to the gonads)
from various stages of embryonic development at
male-producing and female-producing temperatures.
Once formed, the Miillerian ducts consisted of a ring
of epithelial cells surrounded by a stroma containing
mesenchymal cells (see Fig. 1E, F). The ring of epithe-
lial tissue formed from within an accumulation of coe-
lomic epithelium (Fig. 1A, B) referred to as the Miil-
lerian crest (Raynaud and Pieau, 1985) which was near
the Wolffian duct. In the region adjacent to the gonad,
this ring of epithelial cells formed between stage 18
and 19 (Fig. 1C, D) and was then surrounded by a
stroma containing mesenchymal cells (Fig. 1E, F). The
formation and development of the Miillerian duct was
similar at both the male- and the female-producing
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temperatures through approximately stage 20-21 (Fig.
1A-F). In males, Miillerian duct regression was no-
ticeable in some embryos at stage 22 and was obvious
in all embryos examined at stage 23 (Fig. 1G, 1). Dur-
ing Miillerian duct regression there was a loss of mes-
enchymal cells in the stroma, and the ring of epithelial
cells shrank (Fig. 1G, I). During this same time period
in the female, both the stroma of mesenchymal cells
and the ring of epithelial cells continue to proliferate
(Fig. 1H, J). By hatching (i.e, stage 26) the Miillerian
ducts were absent in males, whereas in females the
oviducts were distinct.

During the current study, testicular differentiation
(based on histology) was detectable by approximately
stage 19 to 20. This is consistent with a previous study
of gonadal differentiation in T. scripta using the same
incubation temperatures (for 1991a). Thus, Miillerian
duct regression occurred shortly after the sexual dif-
ferentiation of the testes.

The results indicate that the morphology of Miille-
rian duct development in T. scripta is similar to that
described for other reptiles (Raynaud and Pieau, 1985)
with the duct arising within a zone of coelomic epi-
thelium covering the embryonic kidney (Fig. 1). The
region of the Millerian duct adjacent to the gonad
begins to form at approximately stage 18 to 19, a time
period during which the gonads are just beginning to
sexually differentiate (Wibbels et al,, 1991a). In male
embryos, the Miillerian ducts begin to regress at ap-
proximately stage 22 and regression is obvious by
stage 23. During regression, there is a gradual loss of
mesenchymal cells in the stroma surrounding the ring
of epithelial cells. However, an “epithelial cuff” such
as that described for the alligator (Austin, 1989, 1995)
does not form in T. scripta.

The chronology of Miillerian duct regression indi-
cates that it occurs within several embryonic stages
after testicular differentiation becomes noticeable.
These results are similar to those reported in previous
studies of reptiles showing a temporal sequence in
which Miillerian duct regression occurs soon after tes-
ticular differentiation (reviewed by Fox, 1977; Ray-
naud and Pieau, 1985; also see Austin, 1988, 1989).
These findings are consistent with the hypothesis that
the reptilian testis produces a regressor hormone (pre-
sumably MIS) soon after it differentiates.

The results of current study provide a foundation
for effectively designing studies addressing the phys-
iology underlying Miillerian duct regression in T
scripta. For example, these data provide the basis for
developing an organ culture bioassay system in T
scripta for investigating the physiology of Miillerian
duct regression. Based on the current results, the me-
sonephms/Miﬂlcriau duct r:omplex can be dissected
from stage 19 to 21 embryos (i.e. after the Miillerian
ducts have formed but before they have regressed)
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and placed into short term culture in a similar fashion
to studies of Miillerian duct regression in the mam-
mals (Picon, 1969; Donahoe et al., 1977). The devel-
opment of such a bioassay system is a prerequisite for
investigating the putative role of MIS during Miille-
rian duct regression.
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Fic. 1.

Miillerian duct differentiation and regression in the red-eared slider, Trachientys scripta. Cross sections

of Miillerian ducts and Wolffian ducts from the region of the mesonephros near the gonad are shown from
male-producing temperature (26 C) in A, C, E, G, and [, and female-producing temperature (31 C) in B, D, |
H, J. Embryonic stage 18 (A and B), stage 19 (C and D), stage 21 (E and F), stage 22 (G and H), and stage 23
(I and J) are shown. Embryonic staging was based on criteria from Yntema, 1968. ¢ = Miillerian crest, m =
miillerian duct, w = Wolffian duct, scale bar on left of each photo represents 50 pm.
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