
The hypothesis that environmental contam-
inants can disrupt endocrine function in
wildlife and in humans has attracted much
attention during recent years. Numerous
experimental studies have shown that repro-
duction may be at risk from chemicals
discharged into the environment (1–8).
Moreover, studies in wild species belonging
to various animal classes have suggested that
reproductive impairment may be caused by
environmental contaminants (9–12).
Reproductive effects are often insidious and
difficult to detect, and sometimes pass
undetected until population density is
severely reduced.

Laboratory studies have shown that some
environmental contaminants act as estrogen
receptor agonists, and such chemicals are
suspected to have caused estrogen receptor-
mediated disorders in wildlife. For example,
feminization of male gull embryos occurred
following injections of DDT at concentra-
tions similar to those found in gull eggs from
southern California (13). On the basis of
these findings, Fry et al. (14) postulated that
depression of breeding behavior in male gulls
by DDT compounds could be the cause of
reported female–female pairing and sex ratio
skew in colonies of breeding gulls. 

Numerous assays for the identification of
endocrine disruptors have been described.
Most are in vitro tests based on hormone
receptor binding or hormone-dependent cell
proliferation (15–19). The risk of producing
false negatives in these assays, mainly due to

lack of metabolic capacity, is of considerable
concern. Cells having some inherent meta-
bolic activity (20) and media containing hor-
mone-binding proteins (21) are used to imi-
tate the in vivo situation. However, when
using data obtained from in vitro testing, it is
still not possible to predict effects on the
whole organism, which is why in vivo tests
for detection of substances that disturb
endocrine function are required. In vivo tests
take into consideration many of the problems
associated with interpretation of results from
in vitro assays. It is possible to account for
metabolism, distribution, target organ avail-
ability, and excretion of various compounds
in in vivo tests. Furthermore, effects of eco-
logic relevance can be studied. Mammalian
in vivo tests for endocrine-mediated effects
are currently used in laboratories worldwide.
Examples of in vivo tests for estrogenic activi-
ty in rodents are the uterotrophic test (22,23)
and the prostate weight test (21,24). Avian
tests are not as developed or as widely used as
mammalian tests. A consequence of the lack
of standardized tests for endocrine disruption
in avian species is that much knowledge of
avian endocrinology has not yet been incor-
porated into the field of toxicology and envi-
ronmental science.

In mammals, the female is considered to
be the “nonhormonal” sex, meaning that
sexually dimorphic structures develop in a
feminine manner in the absence of sex hor-
mones. In birds, however, the male is regard-
ed as the nonhormonal sex and estrogen

plays a key role in differentiation of sexual
dimorphism. The role of estrogens in avian
sexual differentiation is primarily to inhibit
development of masculine characteristics
(25). In the Japanese quail, sexual dimor-
phism in terms of behavior and neuroen-
docrinology has been extensively studied for
over 25 years [see Balthazart et al. (26) for
review]. The importance of estrogen for the
organization of behavioral, neurochemical,
and neuroanatomical features is well estab-
lished (25,27–31). Female Japanese quail are
demasculinized by endogenous estrogens
and fail to show male-typical sexual behavior
in response to testosterone treatment in
adult life (32,33). Likewise, embryonic treat-
ment with estrogen during a critical period
of brain development results in an irre-
versibly depressed response in the adult male
to the activating effects of testosterone on
copulatory behavior (27,28); that is, exoge-
nous estrogens organize the male brain in a
nonmasculine way during embryogenesis.
The critical period for this demasculinization
ends around day 12 of incubation (28,29). 

Sexual behavior in male Japanese quail
consists of well-defined sequences (34,35)
that are easily observed and recorded under
laboratory conditions. Male copulatory
behavior consists of neck grab, mount
attempt, mount, and cloacal contact move-
ment. The sexual activity of the mature male
quail is generally very vigorous, thus offering
good opportunities to study deviations from
normal reproductive behavior.

The objective of this study was to devise
a test for detection of estrogenic effects in
male Japanese quail, the ultimate objective
being to examine sexual behavior in estro-
gen-treated birds. Behavioral aberrations
have been suggested as an important mecha-
nism of endocrine disruption in birds (36).
We examined changes in sexual behavior in
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relation to testis morphology and plasma
testosterone concentration.

The synthetic estrogens ethinylestradiol
(EE2) and diethylstilbestrol (DES) were the
test compounds used in this investigation.
EE2 is used as a contraceptive and has been
identified as a widespread environmental
pollutant released via effluent water from
sewage treatment works in the United States
(37) and Great Britain (38), and recently,
also in Sweden (39). High concentrations of
conjugated EE2 were found in bile of rain-
bow trout caged downstream of a Swedish
sewage treatment plant (39). DES is a syn-
thetic estrogen that was widely used in the
1950s and 1960s to prevent miscarriage. Its
use resulted in reproductive organ dysfunc-
tion in children of exposed women. The
Japanese quail was chosen as the test species
because it has been widely used as a research
animal and its physiology and neuroendo-
crinology are well characterized.

The study presented here was conducted
as two different experiments in which male
quail embryos were exposed to the test com-
pounds in ovo. In the first experiment,
dose–response relationships for EE2 and
DES were studied regarding male sexual
behavior, testis weight, testis morphometry,
and plasma testosterone concentration in the
adult bird. In the second experiment, DES-
treated prepubertal male birds had a Silastic
(Noax AB, Stockholm, Sweden) tube filled
with testosterone implanted to activate sexu-
al behavior in order to determine whether
the estrogen-induced depression of sexual
behavior observed in the first experiment
was most likely due to a persisting effect on
testosterone production or to an organiza-
tional effect on the brain.

Materials and Methods

Animals and chemicals. Fertilized Japanese
quail eggs weighing 11.8 ± 0.9 g [mean ±
standard deviation (SD)] were obtained
from a local breeder. 17α-Ethinylestradiol
(purity ≥ 98%), diethylstilbestrol (purity ≥
99%), and testosterone (purity > 99%) were
purchased from Sigma Chemical Co., St.
Louis, Missouri.

The eggs were incubated at 37.5°C and
60% relative humidity and turned every
third hour. DES and EE2 were dissolved in
an emulsion of peanut oil, lecithin, and
water (40,41) and injected into the yolks on
day 3 of incubation. Controls received emul-
sion only. Eggs were injected (20 µl/egg)
with a 27-gauge syringe through a small hole
punched with a needle at the blunt end of
the egg. Holes were sealed with melted
paraffin wax and the eggs were returned to
the incubator. On day 15 of incubation, the
eggs were placed in hatching boxes at 37°C
and 70% relative humidity until hatching

occurred between day 17 and 19. After
hatching, the chicks were raised in heterosex-
ual groups with turkey starter and tap water
provided ad libitum. The animal facility was
lit 16 hr/day. One week before starting
behavioral testing, the males were individu-
ally placed in metal cages with wood shav-
ings on the floor.

Behavioral testing. Sexual behavior was
studied in a test arena (50 × 40 cm; height
30 cm) with plywood walls, roof, and floor.
The front of the test arena was a metal grid
that allowed visual observation of the birds.
The floor was covered with wood shavings.
A receptive egg-laying female was placed in
the test arena, and the male was introduced
shortly after. Sexual interactions were
observed for 2 min. The behaviors scored
were neck grab, mount attempt, mount, and
cloacal contact movement. A mount attempt
was scored when a male, while neck grab-
bing, put one leg over female’s back. As sug-
gested by preliminary studies, the neck grab
and mount attempt were considered less
dependent on the receptivity of the female
than were the mount and cloacal contact
movement. A similar conclusion was drawn
by Alexandre and Balthazart (42). The
mount attempt was therefore used in the sta-
tistical analysis of the behavioral data. One
test was performed each day on 5 consecu-
tive days. Males that made at least one
mount attempt within the 2-min test period
were deemed sexually active. The perfor-
mance of each bird was scored on a scale
from 0 to 5, depending on the number of
positive tests. The scores of the birds in the
EE2- and DES-treated groups were statisti-
cally compared with those of their corre-
sponding control group. To reduce the risk
of bias due to differences in receptivity of the
females, each male was tested daily with a
different female than the day before. All tests
were performed as blind tests.

Testosterone analysis. Blood for testos-
terone analysis was collected from the wing
vein 1–2 days after the last behavioral test. All
blood samples were collected within 1 hr in
the morning so that blood was not sampled
close to the reported nocturnal surge of testos-
terone secretion (43). The blood samples were
immediately placed on ice, centrifuged, and
frozen at -20°C until analyzed. Testosterone
was determined using a solid phase radioim-
munoassay (RIA) kit (Coat-A-Count,
Diagnostic Products Co., Los Angeles, CA)
according to the manufacturer’s recommen-
dations. Serial dilutions of quail plasma con-
taining high concentrations of testosterone
produced displacement curves parallel to the
standard curve. The detection limit of the
assay (mean ± SD) was 0.3 ± 0.2 nmol/L. The
intra-assay coefficients of variation for three
control samples were 7.3% (4.4 nmol/L),

5.6% (19.5 nmol/L), and 10.3% (40.6
nmol/L). The corresponding inter-assay coef-
ficients of variation were 10.1, 9.6, and 8.9%.

Testis weight and morphometry. The
birds were killed by neck dislocation on the
same day as blood was sampled for testos-
terone analysis. Body weights and testis
weights were recorded. Gonado-somatic
index (GSI = 100 × testis weight/body
weight) and testis weight asymmetry (left
testis weight/right testis weight) were calcu-
lated. The gonads were fixed in 4% buffered
formalin for histologic examination. From
the same part of each left testis, a piece was
excised with a razor blade. Each sample was
embedded in paraffin wax (testes from EE2-
treated birds) or hydroxyethyl methacrylate
(testes from DES-treated birds). Sections (4
µm) were prepared from the paraffin-embed-
ded testes and stained with hematoxylin and
eosin. The methacrylate-embedded testes
were cut into 2-µm sections and stained with
toluidine blue. Four samples from the con-
trol group in the dose–response experiment
were accidentally lost.

The histology of the left testis was evalu-
ated by measuring the diameter of randomly
selected tubules in each testis. The measure-
ments were made using a computer-assisted
Nikon Microphot FXA light microscope
(Nikon, Tokyo, Japan). Only tubules with
visible lumens were measured. Tubules
appearing oblique were measured over the
short axis of the tubular profile. The diame-
ters of 15–20 tubules in each testis sample
were measured, and the average tubule
diameter was calculated. All measurements
were done “blind.”

Dose–response experiment. Various doses
of EE2 (2 or 6 ng/g egg) or DES (6, 19, or
57 ng/g egg) were injected into the yolk of
the eggs. The quail were hatched and raised
in heterosexual groups until 7 weeks of age,
when they were separated into individual
cages. Sexual behavior tests were performed
the eighth week after hatching. The birds
were killed 1–2 days after the behavioral
tests, and body weight, plasma testosterone
concentration, GSI, testis weight asymmetry,
and tubule diameter were determined.

Implant experiment. A dose of 57 ng
DES/g egg was injected into the yolk of the
eggs. After hatching, the quail chicks were
raised in heterosexual groups until 3 weeks
of age, when they were separated into indi-
vidual cages. Four weeks after hatching, a
25-mm long Silastic tube (2 mm i.d., 3 mm
o.d.) filled with crystalline testosterone and
sealed with silicone glue was implanted sub-
cutaneously in the neck region of each bird.
The implants were cleaned with 70%
ethanol and then placed in 0.9% saline for
12 hr before implantation. Behavioral tests
were performed 1 week after implantation.
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Blood samples for determination of plasma
testosterone concentrations were collected
after the behavioral test. At autopsy, pres-
ence of the testosterone implant was verified
and body weight and cloacal gland area
(defined as longest length × greatest width)
were measured. 

Statistics. The values for the test end
points in the dose–response experiment were
statistically analyzed by the Kruskal-Wallis
test. When this test proved significant (p <
0.05), treated groups were compared with
the corresponding control using the Mann-
Whitney test. In the implant experiment, we
used the Mann-Whitney test to compare the
treated group with the control group.
Correlation between sexual behavior and
plasma testosterone concentration was tested
with the Spearman rank correlation test.
Differences were considered significant when
p < 0.05 for two-tailed tests.

Results

Dose–response experiment. Sexual behavior
was significantly depressed (p = 0.0048) fol-
lowing treatment with 6 ng EE2/g egg (0.07
µg/egg) (Figure 1A). A dose-dependent
decrease was noted following treatment with
DES, and the lowest dose causing a signifi-
cant (p = 0.045) effect was 19 ng DES/g egg
(0.22 µg/egg) (Figure 2A).

Neither GSI nor tubule diameter was
significantly affected by any of the treat-
ments (Table 1). Testis weight asymmetry
was significantly increased (p = 0.0073) by
treatment with 6 ng EE2/g egg (Figure 1B)
but not by any of the DES doses (Figure
2B). Plasma testosterone concentrations in
the treated birds did not differ significantly
from the control values. However, plasma
testosterone levels were numerically lower
than the control values at the two highest
doses of DES, whereas a slightly lower con-
centration than the control value was noted
at the highest EE2 dose (Table 1). No corre-
lation between plasma testosterone level and
frequency of sexual behavior was found in
the EE2- and DES-treated birds (Figure 1C,
Figure 2C). Body weight was not affected in
any of the treated groups (Table 1).

Implant experiment. Sexual behavior was
significantly reduced (p = 0.005) in the
testosterone-implanted birds treated in ovo
with 57 ng DES/g egg. The mean behavioral
scores (± SD) were 3.86 ± 1.46 and 1.00 ±
1.80 for controls (n = 8) and DES-treated
birds (n = 9), respectively. The depression of
sexual behavior was similar to that in the
birds treated with 57 ng DES/g egg in the
dose–response experiment. Plasma testos-
terone levels (mean ± SD) were 2.3 ± 1.6
nmol/L for the controls and 2.9 ± 1.9
nmol/L for the DES-treated birds. Sexual
behavior and testosterone concentration in

plasma were not correlated. The cloacal
gland area was significantly reduced by the
in ovo treatment with 57 ng DES/g egg (248
± 52 mm2 for controls and 191 ± 40 mm2

for DES-treated birds; p = 0.036). Body
weight was not affected by the treatment
(data not shown).

Discussion

Depressed male sexual behavior was the most
sensitive end point studied in the first experi-
ment. EE2 significantly depressed male sexual
behavior at 6 ng/g egg, but with and for DES,
a significant decrease was observed at 19 ng/g
egg. Moreover, we observed a dose–response
relationship for this effect. EE2 increased testis
weight asymmetry at 6 ng/g egg, whereas

DES treatment did not. Thus, this effect was
not observed consistently, even at the highest
dosage level used. The GSI and tubule diame-
ter were not significantly affected by EE2 or
DES, and plasma testosterone concentrations
did not differ significantly between the con-
trol group and the EE2- and DES-treated
groups. Consequently these end points are
not as sensitive as depressed sexual behavior
and are therefore not recommended as sole
indicators of estrogen exposure.

A daily test period of 2 min was used to
determine the sexual activity of the male
birds. The length of the test period was cho-
sen on the basis of a preliminary study
in which 12 sexually active males were pre-
sented to receptive females for 2 min during
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Figure 1. (A) Sexual behavior (mean ± SD), (B)
testis weight asymmetry (mean ± SD), and (C)
sexual behavior versus plasma testosterone con-
centration in adult male Japanese quail treated in
ovo with ethinylestradiol (EE2). SD, standard devi-
ation. Doses were 0 (n = 14), 2 (n = 5), and 6 ng/g
egg (n = 7). Behavioral activity was scored as the
number of tests, given 1 per day for 5 consecutive
days, during which at least one mount attempt
(MA) occured. 
**p < 0.005.
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Figure 2. (A) Sexual behavior (mean ± SD), (B)
testis weight asymmetry (mean ± SD), and (C)
sexual behavior versus plasma testosterone con-
centration in adult male Japanese quail treated in
ovo with diethylstilbestrol (DES). SD, standard
deviation. Doses were 0 (n = 8), 6 (n = 7), 19 (n = 5),
and 57 ng/g egg (n = 7). Behavioral activity was
scored as the number of tests, given 1 per day for
5 consecutive days, during which at least one
mount attempt (MA) occured. 
*p<0.05. #p<0.001.
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5 consecutive days, giving a total of 60
opportunities for sexual interaction. At 51 of
these, male sexual behavior that consisted of
at least one mount attempt was noted. The
median latency to the first sexual interaction
was 5 sec, with a range of 2–120 sec. A 2-
min test period was considered to accurately
reflect the sexual activity of male quail. The
criteria for deeming males as sexually active
were chosen to minimize the risk of bias due
to female receptivity. The female may
respond to a male displaying neck grab by
running away, standing still, or displaying
pecking (35). As suggested from the prelimi-
nary study, a sexually active male is more
likely to show cloacal contact movement
with a highly receptive female. When a
mount attempt is followed by cloacal contact
movement, the male sometimes ceases dis-
playing mount attempts for a while, and
females trying to retreat cause the male to
display repetitively. Therefore we consider
discriminating between males displaying or
not displaying mount attempts to be more
accurate than grading the males according to
the number of mount attempts shown dur-
ing one test period.

In this study, EE2 caused a significant
reduction in male sexual behavior at one-
third to one-tenth of the DES dose. This
difference is consistent with recently report-
ed findings in our laboratory (44) regarding
the ability of these compounds to induce
ovotestis and Müllerian duct malformations
in quail embryos. To our knowledge, the
effect of EE2 on sexual behavior in birds has
not been studied previously. We found
effects of DES on sexual behavior at a lower
dose (0.22 µg/egg) than previously reported
(0.48 µg/egg; egg weight 8–10 g) by
Gildersleeve et al. (45). It should be noted,
however, that Gildersleeve and co-workers
injected DES dissolved in corn oil on day 1
of incubation at the sharp end of the egg,
probably into the albumen, whereas we
injected DES into the yolk on day 3.

Treatment with EE2 and DES affects
testis development in quail embryos (44),
which conceivably could lead to reduced
testosterone secretion in adult life. Low levels

of circulating testosterone may offer an expla-
nation for the absence of male-typical sexual
behavior in birds treated in ovo with estrogen-
like substances. It should be noted, however,
that in our experiments, sexual behavior and
plasma testosterone concentration were not
correlated, which suggests that the depressed
sexual behavior was due to an altered sensitiv-
ity of the brain to the activating effects of
testosterone rather than to reduced testos-
terone production by the testes. This sugges-
tion is further strengthened by the results
from the implant experiment in which all
quail were given a similar endocrine milieu
with regard to testosterone. The behavioral
effects recorded were similar to those observed
in the dose–response experiment. We there-
fore conclude that the effects observed in both
experiments were due to neurologically based
changes rather than to a persisting effect on
the gonads. As shown in the implant experi-
ment, low levels of circulating testosterone
were sufficient to activate male sexual behav-
ior in the quail. This observation supports our
conclusion that the effects seen in the
dose–response experiment were not due to
reduced testosterone secretion.

Studies in various animal species have
shown that hormonal manipulation during
organization of the brain can lead to changes
in adult sexual behavior (25,46,47). The
medial preoptic nucleus (POM) is a sexually
dimorphic structure in the hypothalamus,
related to activation of copulatory behavior
in male quail (30,48). Male sexual behavior
in the Japanese quail is activated by testos-
terone, which is locally converted to estrogen
by the enzyme aromatase in the POM. The
effects on male sexual behavior seen in our
experiments are consistent with results from
earlier studies on exposure of quail embryos
to estradiol (25,29). Injection of 5 µg estradiol
benzoate/egg before day 12 of incubation irre-
versibly demasculinized male embryos, and
the adult males lacked male-typical sexual
behavior in response to testosterone (28). The
neural characteristics organized by early steroid
action and underlying sexual dimorphism in
reproductive behavior of quail are not yet
understood. However, some characteristics of

the POM, organized by estrogen during the
critical embryonic period, have been
described. In male quail, vis-à-vis females, the
POM is innervated by a dense network of
vasotocin-immunoreactive fibers (49). Male
quail embryos treated with 25 µg estradiol
benzoate on day 9 lost the vasotocin
immunoreactivity of the POM, simultaneous-
ly losing the capacity to display copulatory
behavior as adults (50). Balthazart (51)
showed that treatment of male quail embryos
with estradiol benzoate on day 9 of incubation
depressed preoptic aromatase activity in adult-
hood. Treatment of male embryos with a dose
of estradiol benzoate high enough to reduce
adult copulatory behavior also affected neu-
ronal size in the dorsolateral part of the POM
in adults (52). These characteristics of the
POM have been shown to be organized by
embryonic treatment with estrogens, and this
reinforces the conclusion that the depressed
sexual behavior observed in our experiments
was most likely due to an organizational effect
on the developing brain. It cannot be excluded
that estrogen treatment primarily affects the
embryonic testis resulting in an increased syn-
thesis of endogenous estrogens, altering the
hormonal milieu, and secondarily affecting
brain development. However, Scheib et al.
(53) found that the induced ovotestis does not
produce more estrogens than a normal testis.

Exposure to 2 ng EE2 or 2 ng DES/g egg
during sexual differentiation of the gonads
induces formation of ovotestes in male quail
(44). In the present study we did not find his-
tologic changes in the testes of the adult birds.
It has been shown that an ovotestis induced
in a quail embryo may not persist until adult-
hood (54); this is consistent with our results.
However, the persistence of ovotestes may be
dose dependent, and in ongoing studies we
are examining the histology of the testes of
estrogen-treated birds at different time points
from hatching until sexual maturity.

There is normally a close correlation
between testis weight and the number of
germ cells in the testis (55). Generally, there
is also a positive relationship between the
diameter of the seminiferous tubules and the
spermatogenic activity of the testis (56). In
the adult birds in our first experiment, no
significant changes in GSI or tubule diame-
ter were seen following exposure to DES or
EE2. This finding indicates that testicular
function was not affected in this experiment.
However, ultrastructural examination of the
testes and studies on sperm viability would
be required to finally exclude an effect on
testicular function. Tubule diameter in the
EE2-treated groups and their controls dif-
fered from the diameter in the DES-treated
groups and their controls. This discrepancy
was due to the embedding of the testes in
metacrylate and paraffin wax, respectively.
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Table 1. Body weight, GSI, plasma T concentration, and diameter of the seminiferous tubules (mean ± SD)
in adult male quail treated in ovo with EE2 or DES.

No. Body GSI (% of T concentration Tubule diameter
Treatment males weight (g) body weight) (nmol/L) (mm)

Control for EE2 14 158 ± 12 2.9 ± 0.5 12.7 ± 2.3 0.23 ± 0.02
EE2 (2 ng/g egg) 5 155 ± 12 3.1 ± 1.0 13.7 ± 3.5 0.22 ± 0.01
EE2 (6 ng/g egg) 7 155 ± 13 2.9 ± 0.4 9.8 ± 3.6 0.24 ± 0.03
Control for DES 8 176 ± 11a 2.9 ± 0.6a 13.7 ± 3.3 0.31 ± 0.02b

DES (6 ng/g egg) 7 171 ± 20 2.8 ± 0.4 14.1 ± 2.6 0.28 ± 0.02
DES (19 ng/g egg) 5 172 ± 18 2.6 ± 0.7 11.9 ± 6.2 0.29 ± 0.04
DES (57 ng/g egg) 7 169 ± 14 3.0 ± 0.7 9.5 ± 5.4 0.31 ± 0.03

Abbreviations: DES, diethylstilbestrol; EE2, ethinylestradiol; GSI, gonado-somatic index; SD, standard deviation;
T, testosterone.
an = 5. bn = 4.



The cloacal gland is a foam-producing,
androgen-dependent structure that becomes
demasculinized by embryonic exposure to
estrogen, such as estradiol benzoate (25).
The reduction in cloacal gland area noted in
DES-treated birds in our second experiment
is consistent with previous findings after in
ovo treatment with estrogen (25,28). We
therefore suggest that measurement of the
cloacal gland area should be included as an
end point when testing contaminants for
estrogenic effects in birds.

EE2 and DES treatments were per-
formed on separate occasions, and the fre-
quency of sexual behavior in the controls dif-
fered on these two occasions. The reason for
this is probably naturally occurring varia-
tions within the controls. Schein et al. (57)
reported marked variability in sexual perfor-
mance levels both among and within male
Japanese quail. The importance of large con-
trol groups in this type of behavioral experi-
ment should be emphasized.

In conclusion, studying altered sexual
behavior in the Japanese quail requires limited
resources and can be done in a relatively short
time because of the rapid maturation of the
species. We plan to perform behavioral stud-
ies in our laboratory with environmental con-
taminants that are suspected estrogens; the
potencies of EE2 and DES presented in this
paper will serve as valuable comparisons with
potencies obtained in future studies. The in
vivo test described here took a total of 11
weeks from incubation and included effects
on an environmentally important variable
(sexual behavior). Chemicals other than estro-
gen receptor agonists that affect neurochemi-
cal systems involved in sexual behavior can
also be studied in the test system described.
For example, dopamine agonists/antagonists
(58,59) and aromatase inhibitors (60,61) have
been shown to affect sexual behavior in the
quail. Thus, sexual behavior in the quail is an
end point that can be used in testing a variety
of environmental contaminants in the search
for neuroendocrine-disrupting contaminants.

REFERENCES AND NOTES

1. Bryan TE, Gildersleeve RP, Wiard RP. Exposure of
Japanese quail embryos to o,p´-DDT has long-term
effects on reproductive behaviors, hematology and
feather morphology. Teratology 39:525–536 (1989).

2. Peterson RE, Theobald HM, Kimmel GL. Developmental
and reproductive toxicity of dioxins and related com-
pounds: cross-species comparisons. Crit Rev Toxicol
23:283–335 (1993).

3. Crews D, Bergeron JM, McLachlan JA. The role of estro-
gen in turtle sex determination and the effect of PCBs.
Environ Health Perspect 103(suppl 7):73–77 (1995).

4. Fry DM. Reproductive effects in birds exposed to pesti-
cides and industrial chemicals. Environ Health Perspect
103(suppl 7):165–171 (1995).

5. MacLellan KNM, Bird DM, Fry DM, Cowles JL.
Reproductive and morphological effects of o,p´-dicofol
on two generations of captive American kestrels. Arch
Environ Contam Toxicol 30:364–372 (1996).

6. Crain DA, Guillette LJ Jr, Rooney AA, Pickford DB.

Alterations in steroidogenesis in alligators (Alligator mis-
sissippiensis) exposed naturally and experimentally to
environmental contaminants. Environ Health Perspect
105:528–533 (1997).

7. Gray LE Jr, Ostby J. Effects of pesticides and toxic sub-
stances on behavioral and morphological reproductive
development: Endocrine versus nonendocrine mecha-
nisms. Toxicol Ind Health 14:159–184 (1998).

8. Steinmetz R, Mitchner NA, Grant A, Allen DL, Bigsby RM,
Ben Jonathan N. The xenoestrogen bisphenol A induces
growth, differentiation, and c-fos gene expression in the
female reproductive tract. Endocrinology 139:2741–2747
(1998).

9. Fox GA. Epidemiological and pathobiological evidence of
contaminant-induced alterations in sexual development in
free-living wildlife. In: Chemically-Induced Alterations in
Sexual and Functional Development: The Wildlife/Human
Connection (Colborn T, Clement C, eds). Princeton,
NJ:Princeton Scientific Publishing Co, 1992;147–158.

10. Guillette LJ Jr, Gross TS, Masson GR, Matter JM,
Percival HF, Woodward AR. Developmental abnormali-
ties of the gonad and abnormal sex hormone concentra-
tions in juvenile alligators from contaminated and control
lakes in Florida. Environ Health Perspect 102:680–688
(1994).

11. Facemire CF, Gross TS, Guillette LJ Jr. Reproductive
impairment in the Florida panther: nature or nurture?
Environ Health Perspect 103(suppl 4):79–86 (1995).

12. Lye CM, Frid CLJ, Gill ME, McDormick D. Abnormalities
in the reproductive health of flounder Platichthys flesus
exposed to effluent from a sewage treatment works. Mar
Pollut Bull 34:34–41 (1997).

13. Fry DM, Toone CK. DDT-induced feminization of gull
embryos. Science 213:922–924 (1981).

14. Fry DM, Toone CK, Speich SM, Peard RJ. Sex ratio skew
and breeding patterns of gulls: demographic and toxico-
logical considerations. Stud Avian Biol 10:26–43 (1987).

15. Soto AM, Justicia H, Wray JW, Sonnenschein C. p-
Nonyl-phenol: an estrogenic xenobiotic released from
”modified” polystyrene. Environ Health Perspect
92:167–173 (1991).

16. Thomas P, Smith J. Binding of xenobiotics to the estro-
gen receptor of spotted seatrout: a screening assay for
potential estrogenic effects. Mar Environ Res 35:147–151
(1993). 

17. White R, Jobling S, Hoare SA, Sumpter JP, Parker MG.
Environmentally persistent alkylphenolic compounds are
estrogenic. Endocrinology 135:175–182 (1994).

18. Gaido KW, Leonard LS, Lovell S, Gould JC, Babai D,
Portier CJ, McDonnell DP. Evaluation of chemicals with
endocrine modulation activity in a yeast-based steroid
hormone receptor gene transcription assay. Toxicol Appl
Pharmacol 143:205–212 (1997).

19. Bolger R, Wiese TE, Ervin K, Nestich S, Checovich W.
Rapid screening of environmental chemicals for estro-
gen receptor binding capacity. Environ Health Perspect
106:551–557 (1998).

20. Soto AM, Sonnenschein C, Chung KL, Fernandez MF,
Olea N, Serrano FO. The E-SCREEN assay as a tool to
identify estrogens: an update on estrogenic environmen-
tal pollutants. Environ Health Perspect 103(suppl
7):113–122 (1995).

21. Nagel SC, vom Saal FS, Thayer KA, Dhar MG, Boechler
M, Welshons WV. Relative binding affinity-serum modi-
fied access (RBA-SMA) assay predicts the relative in
vivo bioactivity of the xenoestrogens bisphenol A and
octylphenol. Environ Health Perspect 105:70–76 (1997).

22. Rubin BL, Dorfman AS, Black L, Dorfman RI. Bioassay of
estrogens using the mouse uterine response.
Endocrinology 49:429–439 (1951).

23. Dorfman RI, Dorfman AS. Estrogen assays using the rat
uterus. Endocrinology 55:65–69 (1954).

24. vom Saal FS, Timms BG, Montano MM, Palanza P,
Thayer KA, Nagel SC, Dhar MD, Ganjam VK, Parmigiani
S, Welshons WV. Prostate enlargement in mice due to
fetal exposure to low doses of estradiol or diethylstilbe-
strol and opposite effects at high doses. Proc Natl Acad
Sci USA 94:2056–2061 (1997).

25. Adkins EK. Hormonal basis of sexual differentiation in the
Japanese quail. J Comp Physiol Psychol 89:61–71 (1975).

26. Balthazart J, Tlemcani O, Ball GF. Do sex differences in the
brain explain sex differences in the hormonal induction of
reproductive behavior? What 25 years of research on the
Japanese quail tells us. Horm Behav 30:627–661 (1996).

27. Whitsett JM, Irvin EW, Edens FW, Thaxton JP.
Demasculinization of male Japanese quail by prenatal
estrogen treatment. Horm Behav 8:254–263 (1977).

28. Adkins EK. Effect of embryonic treatment with estradiol
or testosterone on sexual differentiation of the quail
brain. Neuroendocrinology 29:178–185 (1979).

29. Schumacher M, Hendrick JC, Balthazart J. Sexual differ-
entiation in quail: critical period and hormonal specifici-
ty. Horm Behav 23:130–149 (1989).

30. Panzica GC, Viglietti-Panzica C, Balthazart J. The sexual-
ly dimorphic medial preoptic nucleus of quail: a key brain
area mediating steroid action on male sexual behavior.
Front Neuroendocrinol 17:51–125 (1996).

31. Ottinger MA, Abdelnabi MA. Neuroendocrine systems
and avian sexual differentiation. Am Zool 37:514–523
(1997).

32. Adkins EK. Embryonic exposure to an antiestrogen mas-
culinizes behavior of female quail. Physiol Behav
17:357–359 (1976).

33. Balthazart J, De Clerck A, Foidart A. Behavioral demas-
culinization of female quail is induced by estrogens:
studies with the new aromatase inhibitor, R76713. Horm
Behav 26:179–203 (1992).

34. Adkins EK, Adler NT. Hormonal control of behavior in the
Japanese quail. J Comp Physiol Psychol 81:27–36 (1972).

35. Hutchison RE. Hormonal differentiation of sexual behav-
ior in Japanese quail. Horm Behav 11:363–387 (1978).

36. Ankley G, Mihaich E, Stahl R, Tillitt D, Colborn T,
McMaster S, Miller R, Bantle J, Campbell P, Denslow N,
et al. Overview of a workshop on screening methods for
detecting potential (anti-) estrogenic/androgenic chemi-
cals in wildlife. Environ Toxicol Chem 17:68–87 (1998).

37. Tabak HH, Bloomhuff RN, Bunch RL. Steroid hormones
as water pollutants II. Studies on the persistency and
stability of natural urinary and synthetic ovulation-
inhibiting hormones in untreated and treated waste-
waters. Dev Ind Microbiol 11:367–376 (1981).

38. Desbrow C, Routledge EJ, Brighty GC, Sumpter JP,
Waldock M. Identification of estrogenic chemicals in STW
effluent. 1. Chemical fractionation and in vitro biological
screening. Environ Sci Technol 32:1549–1558 (1998).

39. Larsson DGJ, Adolfsson-Erici M, Parkkonen J, Petersson
M, Berg AH, Olsson P-E, Förlin L. Ethinyloestradiol—an
undesired fish contraceptive? Aquat Toxicol 45:91–97
(1999).

40. Brunström B, Örberg J. A method for studying embry-
otoxicity of lipophilic substances experimentally intro-
duced into hens‘ eggs. Ambio 11:209–211 (1982).

41. Brunström B, Darnerud PO. Toxicity and distribution in
chick embryos of 3,3´,4,4´-tetrachlorobiphenyl injected
into the eggs. Toxicology 27:103–110 (1983).

42. Alexandre C, Balthazart J. Effects of metabolism
inhibitors, antiestrogens and antiandrogens on the
androgen and estrogen induced sexual behavior in
Japanese quail. Physiol Behav 38:581–591 (1986).

43. Ottinger MA, Follett BK. Circulating levels of luteinizing
hormone and androgen in mature male Japanese quail
over 24 hours. Poult Sci 66:1411–1413 (1987).

44. Berg C, Halldin K, Fridolfsson A–K, Brandt I, Brunström B.
The avian egg as a test system for endocrine disrupters:
effects of diethylstilbestrol and ethynylestradiol on sex
organ development. Sci Total Environ 233:57–66 (1999).

45. Gildersleeve RP, Tilson HA, Mitchell C. Injection of
diethylstilbestrol on the 1st day of incubation affects
morphology of sex glands and reproductive behavior of
Japanese quail (Coturnix coturnix japonica). Teratology
31:101–110 (1985).

46. Wilson JA, Glick B. Ontogeny of mating behavior in the
chicken. Am J Physiol 218:951–955 (1970).

47. Whitsett JM, Vandenbergh JG, eds. Hormonal
Influences on Brain and Behavioral Development. New
York:Academic Press, 1977.

48. Balthazart J, Surlemont C. Androgen and estrogen
action in the preoptic area and activation of copulatory
behavior in quail. Physiol Behav 48:599–609 (1990).

49. Viglietti-Panzica C, Garcia-Ojeda E, Aste N, Castagna C,
Panzica GC. Sexual dimorphism of vasotocin system in
the Japanese quail [abstract]. Soc Neurosci Abstr 23:799
(1997).

50. Panzica GC, Castagna C, Viglietti-Panzica C, Russo C,
Tlemcani O, Balthazart J. Organisational effects of estro-
gens on brain vasotocin and sexual behavior in quail. J
Neurobiol 37:684–699 (1998).

51. Balthazart J. Correlation between the sexually dimorphic

Articles • Xenoestrogens and quail sexual behavior

Environmental Health Perspectives • Volume 107, Number 11, November 1999 865



aromatase of the preoptic area and sexual behavior in
quail: effects of neonatal manipulations of the hormonal
milieu. Arch Int Physiol Biochim 97:465–482 (1989).

52. Aste N, Panzica GC, Viglietti Panzica C, Balthazart J.
Effects of in ovo estradiol benzoate treatments on sexual
behavior and size of neurons in the sexually dimorphic
medial preoptic nucleus of Japanese quail. Brain Res
Bull 27:713–720 (1991).

53. Scheib D, Guichard A, Mignot T-M, Cedard L.
Steroidogenesis by gonads of normal and of diethyl-
stilbestrol-treated quail embryos: radioimmunoassay on
organ cultures. Gen Comp Endocrinol 43:519–526 (1981).

54. Scheib D, Reyss-Brion M. Feminization of the quail by
early diethylstilbestrol treatment: histoenzymological
investigations on steroid dehydrogenases in the
gonads. Arch Anat Microscop Morphol Exp 68:85–98
(1979).

55. Zenick H, Clegg ED. Assessment of male reproductive
toxicity: a risk assessment approach. In: Principles and
Methods of Toxicology (Hayes AW, ed). New York:Raven
Press, 1989;275–310.

56. Sinha Hikim AP, Amador AG, Klemake HG, Bartke A,
Russel LD. Correlative morphology and endocrinology of
sertoli cells in hamster testis in active and inactive states
of spermatogenesis. Endocrinology 125:1829–1843 (1989).

57. Schein MW, Diamond M, Carter CS. Sexual performance
levels of male Japanese quail (Coturnix coturnix japoni-
ca). Anim Behav 20:61–67 (1972).

58. Balthazart J, Castagna C, Ball GF. Differential effects of
D1 and D2 dopamine-receptor agonists and antagonists
on appetitive and consummatory aspects of male sexual
behavior in Japanese quail. Physiol Behav 62:571–580
(1997).

59. Castagna C, Ball GF, Balthazart J. Effects of dopamine
agonists on appetitive and consummatory male sexual
behavior in Japanese quail. Pharmacol Biochem Behav
58:403–414 (1997).

60. Adkins EK, Koutnik DL, Morris JB, Pniewski EE, Boop JJ.
Further evidence that androgen aromatization is essential
for the activation of copulation in male quail (Coturnix
coturnix japonica). Physiol Behav 24:441–446 (1980).

61. Foidart A, Harada N, Balthazart J. Effects of steroidal
and non steroidal aromatase inhibitors on sexual behav-
ior and aromatase-immunoreactive cells and fibers in
the quail brain. Brain Res 657:105–123 (1994).

Articles • Halldin et al.

866 Volume 107, Number 11, November 1999 • Environmental Health Perspectives

EHP'



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




