Articles™

Developmental Synergism of Steroidal Estrogens in Sex Determination
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Gonadal sex in the red-cared slider wartle, Trachenys seripra, is determined by incubation temper-
ature during embryonic development. Evidence suggests that temperature determines sex by
influencing steroid hormone metabolism and/or sensitivity: steroidogenic enzyme inhibitors or
exogenous sex steroid hormones and their man-made analogs override (or enhance) temperature
effects on sex determination. Specifically, nonaromatizable androgens and aromatase inhibitors
induce testis differentiation at female-producing temperatures, whercas aromatizable androgens
and estrogens induce ovary differentiation at male-producing temperatures. Moreover, natural
estrogens and temperature synergize to produce more females than would be expecred if estrogens
and temperature had purely additive effects on sex determination. In this study, we use sex rever-
sil of turtle embryos incubated at a male-producing temperature to examine synergism among
steroidal estrogens: estrone, 17B-estradiol, and estriol. A low dose of 17B-estradiol (200 ng)
showed significant synergism when administered with a single low dose of estriol (10 ng).
Likewise, a single low dose of estrone (250 ng) had a synergistic effect when combined with the
same low dose of estriol (10 ngh. We conclude thar the weak natural estrogens estrone and 17-
estradiol synergize with a low dose of the more potent estriol to reverse gonadal sex during the
critical period of sexual differentiation. These results suggest that weak environmental estrogens
may also synergize with stronger natural estrogens. Key words estradiol, estriol, estrogen, estrone,
synergy, temperature-dependent sex determination. Eweiron Health Perspece 107:93-97 (1999),
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A number of man-made compounds mimic
estrogens, although with a lower potency
than natural steroidal estrogens (1-3).
When considered individually, these chemi-
cals may exist in the environment in con-
centrations too low o be of concern. In
combination, however, low dosages of these
same compounds may act synergistically to
produce 3 strong estrogenic response. This
low-dose synergy was first shown with poly-
chlorinated biphenyls (PCBs) using an i
vivo sex-reversal assay in the red-cared slider
turtle ( Trachemys seripra) (4). Although the
pesticides endosulfan and dieldrin were
reported to produce similar synergy using a
veast gene expression system (5), subse-
quent studies failed o replicare this resule
(6,7}, Thus, controversy still surrounds
environmental estrogens and whether they
exhibic synergistic activiey. This is an espe-
cially important question because low
dosages of PCBs and pesticides could posc a
health risk through inappropriate activation
of estrogen-regulated processes. Indeed,
naturally occurring steroidal estrogens play
a prominent role in early development and
in adult reproductive function through
their effects on cell differendation and cel-
lular organization of the ovary (8-16).

The developmental effects of steroidal
esrrogens are even more pronounced in the
red-cared slider wirde because sex steroids

have been implicated in the process of tem-
perature-dependent sex determination {14).
Gonadal sex in this and many other reptiles is
determined by embryonic incubation rem-
perature. In this particular specics, cggs incu-
bated at constant emperatures below 28.6°C
develop as males, eggs incubaced ar or above
29.6°C develop as females, and increasing
temperature within the narrow 28.6-29.6°C
range produces increasing proportions of
females (72). Morcover, temperarure has its
effect during a eritical period of develop-
ment. If embryes incubaring at a male-pro-
ducing temperature are shifted during the
middle third of incubation to a temperature
that produces females, the embryvos develop
as females. This temperature-induced sex
reversal, however, is ineffective when the
temperature shift occurs after the middle
third of incubation. Analagous shift experi-
ments from female- to male-producing tem-
peratures verify that the middle trimester is in
fact the temperature-sensitive period (TSP)
of development. Incubation temperarure also
has a quantitative effect on sex determination
such that a given period of exposure 1o a
higher temperature produces a stronger femi-
nizing effect than the same period of expo-
sure 1o a lower temnperature (13, 14).
Importantly, these remperature effects
can be overridden (e, sex can be reversed)
by applying exogenous steroids to the egg
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during the TSP: estrogens and aromarizable
androgens induce female sex determination at
male-producing temperatures and nonaroma-
tizable androgens induce male sex determina-
tion at female-producing remperatures
(£2.05-20N. ﬂ]tlmugh there 15 some h:.'pn:rrm-
phy of oviduces following exposure 1o estriol
ot to high doses of 17[-estradiol {(estradiol),
the ovarics of hormone-determined females
are indistinguishable from the ovaries of rem-
perature-determined Females (22,23,
Likewise, the testes of hormone-determined
muales appear normal even though the phallus
is overly developed in dibydrotestosterone-
wreated tuntles (18). In additon, the steroidal
estrogens estrone, estradiol, and estriol have
strong dosage effects thar synergize with incu-
bation temperature to induce ovarian differen-
tiation. The potency of these estrogens
changes with increasing temperature such cha
estriol is much more potent than estradiol and
estrone at 4 male-producing incubation tem-
perature, and estrone becomes as potent as
estriol with increasing temperature (23).
Synergy also oceurs between certain hydroxy-
lated PCBs (). When applied in combina-
tion, these compounds have a much stronger
estrogenic effect than would be expected
based on their individual effects. Owerall,
these results suggest that temperature influ-
ences scx steroid hormone metabolism and/or
sex steroid hormone sensitivity and that syner-
gism is an integral part of TSD.

In this study, we used various combina-
tions of three natural estrogens, estrone,
estradiol, and estriol, to examine their syn-
ergy in sex reversal of turdle embryos incu-
bated at a male-producing temperature.
Resules of this and previous studies eluci-
date a possible mechanism contributing o
synergy between steroidal estrogens and
incubation temperature. The synergistic
effects among these natural estrogens not
only improve our understanding of T5D
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