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The aim of this study was to develop a method to test the anti-androgenic e#ects of
chemicals in birds. Male Japanese quail were castrated to lead the regression of cloacal

protrusion, and they were treated with testosterone or flutamide, an anti-androgenic

chemical, after - weeks of castration. Then changes in the size of cloacal protrusion area

were measured. The cloacal protrusion area increased until Day +. in birds implanted

with silastic tube containing testosterone. In testosterone-stimulated birds, the growth of

cloacal protrusion was significantly suppressed by injection with a dose of +*,*** mg/+**
g BW of flutamide. However, significant suppressive e#ects of flutamide were not

observed with doses lower than +*,*** mg/+** g BW. The size of cloacal protrusion

reached the maximum by Day 2 followed by decreasing from Day +- in the birds

implanted with silastic plate containing +mg testosterone. The growth of cloacal

protrusion was significantly suppressed by daily i.p. injection with +*,*** mg flutamide.

These results suggest that the cloacal protrusion of Japanese quail is a useful marker to

test the anti-androgenic e#ects of chemicals in avian species.
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Introduction

Endocrine disruptors are chemicals that may exert hormone-like e#ects, and

disturb the e#ects of endogenous hormones, leading to the disorder of endocrine

functions in animals. There are reports that some chemicals are estrogenic, whereas

others exert anti-androgenic e#ects which may cause significant problems in the

endogenous endocrine functions. Chemicals such as vinclozolin and ‘p,p-DDE showed

anti-androgenic e#ects to cause abnormality of male reproductive functions and behav-

ior in mammals (Brien et al., ,*** ; Andrate et al., ,**, ; Hotchkiss et al., ,**,).

Because the endocrine disruptive e#ects of a chemical may di#er among animal species,

development of the method for screening of chemicals, namely testing method whether

they have endocrine disruptive potency, is needed for each animal species. Although the

estrogenic e#ects of chemicals could be evaluated by measuring the level of vitellogenin

mRNA expression in the liver (Ichikawa et al., ,**-), the method to test anti-
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androgenic e#ects of chemicals has not yet been established in avian species.

The cloacal gland of Japanese quail is a target tissue of androgen that contains

androgen receptors (Massa et al., +32* ; Kaku et al., +33-), and the cloacal region

develops and protrudes in association with testicular growth in male Japanese quail.

The size of the cloacal protrusion can be measured on its surface without any invasive

operation. The measurement of the cloacal protrusion size has been used as an external

indicator of testicular development of quail (Sachs, +301 ; Siopes and Wilson, +31/).

The cloacal protrusion is regressed by castration in matured male quail. The regressed

cloacal protrusion of castrated quail could redevelop by injection of birds with testoster-

one, whereas administration of anti-androgenic chemicals may disturb it.

The goal of our study was to develop a method to test anti-androgenic potency of

chemicals in birds. We implanted testosterone together with an anti-androgen chemical

to castrated quail, and the changes in the cloacal protrusion area were measured. Two

methods were tried for the implantation of testosterone, namely implantation of silastic

tubes containing testosterone (Experiment +) and silastic plate containing testosterone

(Experiment ,). Flutamide that shows anti-androgenic e#ects in mammals (Neri et al.,

+31, ; Neri and Kassem, +32.) through competitive receptor binding was used as a

test-chemical for anti-androgenic e#ects.

Materials and Methods

The birds used in this study were male Japanese quail of approximately sixty days

old. They were kept in individual cages with lighting conditions of +0L : 2D and +.L :

+*D in Experiments + and ,, respectively, and provided feed and water ad libitum.

They were castrated as reported by Matsunaga et al. (,**,) and kept for - weeks, when

the cloacal protrusion was completely regressed. Then subcutaneous implantation of

testosterone and daily i.p. injections with or without flutamide were performed in these

birds.

In Experiment +, testosterone implants were silastic tube (Dow Corning 0*,�,0/ :

OD�*.3/mm ; ID�*.,0mm ; Corning Inc., Corning, NY) filled with crystalline

testosterone (Sigma Chem. Co., MO, USA) as described by Wada (+32+, +32,, +32.).

The length of an implant filled with hormone was -*mm, and one tube was implanted

in one bird because preliminary experiments using one to three implants showed that

one implant was enough to cause the development of the cloaca. Corn oil was used as

vehicle, and flutamide (Nippon Kayaku Co., Tokyo, Japan) was dissolved in corn oil

for test solution. Vehicle (+** ml/+** g BW) or test solution (+, +** or +*,*** mg/+**

g BW) was i.p. injected daily into each bird.

In Experiment ,, a silastic plate (/�/�,mm ; +mg testosterone/plate) made of

a mixture of Silopot +2. (silicon type, Dow Corning Co., Kanagawa, Japan) and

crystalline testosterone was subcutaneously implanted in each bird as described by

Ubuka et al. (,**+). Flutamide was dissolved in *./� carboxymethylcellulose at

concentrations of +, +** or +*,*** mg/+** ml, and +** ml of each solution or vehicle was

i.p. injected daily into each bird. The average body weight was ++..3�,.. g (mean�
SE, n�,*). Carboxymethylcellulose solution has been used as the vehicle of flutamide.
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The cloacal protrusion area (long axis X short axis of cloaca protrusion) was

measured for +. or ,, days in Experiments + and ,, respectively (Fig. +). Five or six

birds were used in each experimental group. Significance of di#erences in the value of

cloacal protrusion area among di#erent flutamide-treated groups within one measure-

ment day was examined by one-way ANOVA, followed by Duncan’s multiple range

t-test. Significance was taken when P�*.*/.

Results

The cloacal region was largely protruded and showed reddish in color before

castration, whereas it was significantly regressed in size and became pale in color within

- weeks of castration (Fig. +). In Experiment +, the cloacal protrusion area increased

until Day +. in each experimental group except for the group treated with + mg flutamide,

in which the size of cloacal protrusion showed a peak on Day +*. The cloacal

protrusion area was significantly smaller in +*,*** mg flutamide-treated group than

vehicle-injected one from Day 1 to +. of treatment, whereas there was no significant

di#erence between control and + mg or +** mg flutamide treated groups (Fig. ,).

In Experiment ,, the cloacal protrusion area reached the maximum in each

experimental group by Day 2, followed by decreasing from Day +-. The cloacal

protrusion area was significantly smaller in +*,*** mg flutamide-treated group compared

with control group from Day 2 to Day +- of treatment (Fig. -).

Discussion

We have examined whether the cloacal protrusion of Japanese quail is a useful

marker to test the anti-androgenic e#ects of chemicals in birds. The principle of the test

was that the cloacal protrusion would be regressed by castration in matured male quail,

and then regrowth of the cloacal protrusion would be induced by implantation of

testosterone, whereas anti-androgenic chemicals might suppress such e#ects of testoster-

one. These anti-androgenic e#ects may be evaluated by measuring the size of the cloacal

protrusion.

The current results showing that the growth of cloacal protrusion was induced by

Fig. +. The cloacal protrusion of healthy (a) and castrated (b) mature male Japanese

quail. L and S show the long and short axis of the cloacal protrusion for the

measurement of the area, respectively. Note the marked regression of the

cloacal protrusion of castrated quail (- weeks after castration).
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testosterone implantation support the previous reports that the cloacal gland grows

under the stimulation of androgen (Sachs, +301 ; Siopes and Wilson, +31/). Two

di#erent methods were examined for the testosterone implantation, namely implanta-

tion by silastic tubes and by silastic plates. Both implantation methods induced a

significant growth of cloacal protrusion in control birds. The cloacal protrusion area

increased until Day +. in silastic tube implantation method, whereas it reached a peak

by Day 2 with declining from Day +- in silastic plate implantation method. These

results suggest that both implantation methods are useful to evaluate the e#ects of

Fig. ,. Changes in the cloacal protrusion area of castrated male quail implanted

with testosterone (silastic tube method) and injected with or without

flutamide. Flutamide was i.p. injected daily at a dose of *, +, +** or +*,***

mg/+**g BW. Each bar represents the mean�SE of the cloacal protrusion
area (n�/ in + mg flutamide treatment group, and n�0 in the other groups).

Bars with di#erent letters are significantly di#erent (P�*.*/) within each

examination day.

Fig. -. Changes in the cloacal protrusion area of castrated male quail implanted

with testosterone (silastic plate method) and injected with or without

flutamide. Flutamide was i.p. injected daily at a dose of *, +, +** or +*,*** mg.

Each bar represents the mean�SE (n�/). See Fig. , for other explanations.
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testosterone on the growth of cloacal protrusion.

The cloacal protrusion area was significantly smaller in the birds injected daily with

+*,*** mg flutamide (per +** g BW or per bird) than control birds in both Experiments

+ and ,. Injection with lower dose of flutamide did not suppress the growth of cloacal

protrusion induced by testosterone. Thus, it could be concluded that the higher dose of

flutamide significantly suppressed the e#ect of testosterone on cloacal growth. There-

fore, the current results suggest that fulutamide exerts anti-androgenic a#ects in avian

as it does in mammalian species, and also the cloacal protrusion is an excellent marker

to evaluate the anti-androgenic a#ects of chemicals.

In conclusion, we suggest that the cloacal protrusion of Japanese quail is a useful

marker to test the anti-androgenic a#ects of chemicals in birds. In this method,

castrated quail will be implanted with a silastic tube (-*mm in length) filled with

testosterone or silastic plate containing +mg testosterone, and will be injected with

di#erent doses of test substances. The value of the cloacal protrusion area on Day 1 or

Day 2 is recommended to be used to evaluate the anti-androgenic a#ects of chemicals

because the cloacal protrusion was not undergoing declining, and significant e#ect of

flutamide was observed on these days.
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