
い

HORMONES AND BEHAVIOR16，147－157（1982）

Effects of Sex Steroids on Callin9, Locomotor Activity,and

　　SexualBehavior in Castrated Male Japanese Quail
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　Castraled male Japanese quail were implanted with Silasticcapsules containing

testosterone（T）.estradiol-17p（E2），邱-dihydrotestosterone（5p-DHT），A4-an-

drostenedione（A4），5a-androstanedione（A），5a-dihydrotestosterone（5a-DHT）

or with emply capsules. Caning，monitored continuously and automatically，was

induced significantlyby T and △4.Locomotor activity，also monitored contin-

uously by noor denection，was enhanced by T，A4，and E2. Additional data

conceming heterosexual and homosexual behavior were obtained from castrated

quails afterimplantation of T，A4，E2，or5a-DHT.T and △4restored hetero- and

homosexual behavior as did E，but to a lesser extent. 5a-DHT did not induce

either sexual behavior. Growth of the cloacal protrusion was induced in birds

implanted with T，A4，A，and5a-DHT but not with 邱-DHT and E2. These results

indicate that calljngand locomotor activityenhancement （ineluding sexual be-

havior）are -two difierent components of reproductive behavior which require

di狸erentandrogens or their metabolites to be activated.

　lt is well documented that androgens induce masculine sexual behavior

in males of vertebrate species (see for review Larsson， 1979; Silver，

0'Conne11，and Saad， 1979; Crew， 1979; for amphibian species see Kelley

and Pfaff，1976; Moore and Zoeller， 1979; Wada and Gorbman， 1977).

lt is now widely accepted that testosterone is converted in the central

nervous system to estradiol which activates masculine sexual behavior

in mammals (Christensen and Clemens， 1974; Edwards and Burge， 1971;

Fletcher and Short， 1974; S6dersten， 1973，but see Yahr and Gerling，

1978)and in birds (Adkins，1975; Adkins， 1977; Adkins and Adler， 1972;

Adkins and Pniewski， 1978).However，we know little concerning the

hormonal dependence of male vocalization in birds.Adkins and Pniewski

(1978)showed that in Japanese quail 5a-dihydrotestosterone and testos-

terone could induce caⅢng but estradiol did not. 0n the other hand， the

“bow-coo,"a vocalization of ring doves and pigeons， is stimulated by

testosterone but not by estradiol and dihydrotestosterone (Cheng and

Lehrman，1975; Hutchison， 1970; Pietras and Wenzel， 1974).So far a
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mechanism of induction of male vocalization by steroid hormones has

not been investigated fully.

　Recently，Wada(1981)established an apparatus to record the numbers

of cans emitted by a quail and its locomotor activity，and showed that

these behaviors are androgen dependent. Since the method used in the

study allowed fuU recording of both calling and locomotor activity with-

out any disturbance of the animals， it is useful to investigate how tes-

tosterone and its metabolites afiect these behaviors and whether these

behaviors are comparable with other behaviors such as mating and ag-

gressive behavior. This report provides the results concerning these two

pomts｡

　　　　　　　　　　　　MATERIALS AND METHODS

　Male Japanese quail (C｡z。,1£x;。z。,la湘paica)，purchased l¥oma

commercial source， were kept in recording cages enclosed in light-tight

boxes described elsewhere (Wada，1981).Brieny，the box was designed

to record the number of calls(crows)made by a quail，and locomotor

activity as the number of noor deflections. Each event was counted，

recorded，and printed out f1)revery clock hour. lnside the box illumi-

nation was provided by a nuorescent lamp， and a 24-hr light－dark cycle

was regulated by an external timer. Birds were given pelletized quail

food and water aj /治治丿謂.

　Six photostimulated quail under 16L:8D (lights on f¥om 0900 to 0100)

for 20 days beginning f¥om 5 weeks of age were castrated and remained

under the long day. After 2 weeks， they were implanted with two sub-

cutaneous Silasticcapsules (30 mm in length including sealing at the both

ends)containing testosterone (T).Two weeks after implantation， the

capsules were removed. lmplantation and removal of implants were car-

ried out without anesthesia. Thereafter，two capsules containing one of

the following were implanted in and removed from each bird every 2

weeks:　estradiol-1713 (E2)，5β-dihydrotestosterone(邱-DHT)，nothing

(empty)，△4 androstenedione (△4)，5a-androstanedione(A)，5(x-dihydro-

testosterone(5a-DHT)，and T. T was implanted again to check effects

of long-term castration. Capsules were made of Silastic medical-grade

tubing(3.18 mm o.d. ×1.57 mm i.d.)filled with the free form of the

steroid hormones mentioned above (Sigma Chemical Co.，St.Louis，

Mo.)and sealed with Silastic adhesive Type A. The capsules were in-

cubated overnight in saline solution at room temperature before implan-

tation.Before implantation and after removal of implants， they were

weighed to the nearest 0.1 mg to estimate weight loss during implantation.

　During the whole experimental period, the numbers of callsand activity

counts were recorded and the area of the cloacal protrusion of each quail

was measured with a ruler every 2 or 3 days.

　For estimation of sexual behavior， intact photostimulated male birds

(20－25 days of photostimulation under 16L:8D)，castrates(2 weeks afler
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castration)，and castrates with implants (10－13 days after implantation

of two Silastic capsules containing A4，T，E2，or 5a-DHT)were used.

0bservations were carried out between 1030 and 1300. For heterosexual

interaction，a receptive， egg-laying female quail was placed in an ob-

servation cage (35×39×39 cm high)covered with kraft paper and

illuminated from above. A small cage (15×30×　16 cm high)was

attached to the observation cage but the two cages were separated by

a partition. Each experimental bird was placed in the small cage for l

min and then the partition was removed. During the next 3 min， duration

of head grabbing and the number of cloacal contact movements were

observed through a one-way glass and recorded. For homosexual inter-

action，a castrated male bird was placed in the observation cage instead

of a fema】e bird and observed for 2 min.

　Statistical analyses were carried out by Student's z test，Mann一肌/hitney

びtest，or Fischer's exact probability test.

　　　　　　　　　　　　　　　　　　RESULTS

　Figure l shows the effects of various steroid hormone treatments on

calling，locomotor activity，and growth of the cloacal protrusjon during

the whole experimental period jn a group of six birds. The effects of

photostimulation，castration，and T replacement on calling and locomotor

activity have already appeared elsewhere (Wada，1981)，and a part of

the results are repeated here for comparison. Both T and A4 effectjvely

induced calling in the castrated birds.As for activity enhancement， T，

△4，and E2 were effective (Fig.1).Failure of A and 5a-DHT to induce

calling and enhancement of activity was not due to effects of long-term

castration，since a second T implantation again induced both behaviors.

　The numbers of calls and locomotor activity，respectively，during each

period of steroid hormone treatment， were combined for each bird to

obtain recovery rates against those of the firstT session. Then the means

of the group were calculated for calling and locomotor activity(Fig.2).

T and △4 were the hormones to induce calling in castrated quail. The

birds implanted with △4called most f¥equently during the firsthour after

the lights were turned on as in T-implanted birds (Wada，1981).0ther

than T and △4，0nly E2 significantly enhanced locomotor activity (Fig.

2).

　T，△4，A，and 5a-DHT were equivalently effective in any individual

in stimulating growth of the cloacal protrusion (Fig.1).

　Amounts of steroid hormones released from the implanted capsules

during 2 weeks are shown in Table l. There were differentialrates of

release in diflbrent steroid hormones.

　ln both heterosexual and homosexual interactions， similar bouts of

behavior，which included head grabbing， mounting，and cloacal contact

movement，were observed. Since it was dinicult to discriminate between
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　FIG.1.Changes in numbers of calls，locomotor activity，and area of the cloacal pro-

trusion（CPA）during the whole experimental period in a group of six birds. The C with

a down arrow indicates the day of castration. Up arrows and down arrows thereafter

indicate the day that Silastic capsules， containing steroid hormones mentioned below， were

implanted and removed， respeetively. T， testosterone; E2， estradiol-17β;5β-DHT.5β-

dihydrotestosterone; emp･， without any sleroid hormone; A4，androstenedione; A. 5a-an-

drostanedione; 5a-DHT， 5a-dihydrotestosterone.T was imp】anted again at last｡
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　FIG.2.EfTects of various steroid hormones on calling (white columns)and locomotor

activity(dotted columns).The data are expressed as percentage recovery rates during the

treatment considering the value of the firstT session as 100％.The values are the means

of six birds with standard errors indicated hy bars. Significant difierences from the value

for the empty capsu】e sessjon are shown: *j)＜0.05 and **j)＜0.01(z test).Abbreviations

are the same as in Fig. 1.

male copulatory behavior to the male and male aggressive behavior to

the male in these observations， the words homosexual and heterosexual

behavior were used for description of the behavior observed in homo-

sexual interaction and heterosexual interaction.

　Table 2 shows the behavioral frequencies of hetero- and homosexual

behavior in intact photostjmulated， castrated，and implanted castrated

birds.Almost all the intact photostimulated birds showed hetero- and

　　　　　　　　　　　　　　　　　　　　TABLE I

　　　　Amounts of Hormones Released From the Silastic Capsules During 2一肌/eek

　　　　　　　　　　　　　　　　　　　　lmplantation“

Hormone

implanted

　　(mg)

Hormone
released

　(mg)

Testosterone

　(First session)

　(Last session)

Estradiol-1713

5β-Dihydrotestosterone

ﾑ4-Androstenedione

5a-Androstanedione

5a-Dihydrotestosterone

36.3±0.29゛

33.1±0.43

50.6士2.28

22.3±0.90

44.0±0.92

37.1±1.01

43.8±0.90

Ｉ

3.2

2.2

0.6

±0.32c

±0.08

±O』6

4.2士0.32

7.9±0.36

9.1±0.47

0.6±0.21

　゜After removal， the capsules were drjed f1)r2 weeks at room temperature，and weight
loss was calculated.

　゛Mean±SEM.

　‘･The values are not corrected fbr the changes observed in the empty capsules (0.18
=!=0.216 mg gain).
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homosexual behavior. However，castrated control birds never showed

any sexual behavior. T restored both hetero- and homosexual behavior

in castrated birds to the level of the intact photostimu】ated birds.A4 also

induced heterosexual behavior， but was not so effective on homosexual

behavior.E，activated heterosexual behavior in three out of six birds

but frequencies of behavior were less than those of T- and △4-implanted

birds.E2 was also partially efiective in inducing homosexual behavior｡

　　　　　　　　　　　　　　　　　　DISCUSSION

　These results demonstrate that calling and enhancement of motor ac-

tivity(together with homo- and heterosexual behavior)are activated by

diflerent steroid hormones. Calling is induced by T and △4，butincreased

activityis induced by E2 as well as T and △4，suggesting that expression

of the latterbehavior needs aromatization of T to E｡.This aromatization

hypothesis was firstpresented by Naftolin， Ryan，and Petro (1972)，and

it has been well documented that E2 is the active metabolite to induce

male sexual behavior in mammals (Christensen and Clemens， 1974; Ed-

wards and Burge， 1971; Fletcher and Short，1974; S6dersten， 1973)and

also　in　birds(Adkins，1975;　Adkins　and　Adler，1972;　Adkins　and

Pniewski，1978).Thus，androgens which can be converted to E2 are

behaviorally effective，whereas androgens incapable of such conversion

when administered alone are not (mammals: Beyer， Larsson，P6rez-Pal-

acious，and Morali， 1973; Beyer and Rivaud， 1973; MCDonald， Beyer，

Newton，Brien，Baker，Tan，Sampson，Kitching，Greenhi11，and Prit-

chard，1970; birds: Adkins， 1977).Activation of quail mating behavior

by TP was blocked by concurrent administration of the antiestrogens

(Adkins and Nock， 1976).These studies allindicate that E2 is the active

metabolite of T in the central nervous system. E2 was also effective in

enhancing general motor activity as shown in this experiment. Roy and

Wade(1975)have also shown that E2 but not DHT is effective in in-

creasing spontaneous activity in rats. ln this sense， enhancement of

locomotor activityis in the same behavioral category of steroid specificity

with sexual behavior. Enhancement of locomotor activityin this species

might be one of the reproductive behaviors， since Watson(1970)showed

that testosterone implantation in red grouse resulted in birds becoming

more aggressive and more exploratorily active，resulting in the enlarge-

ment of a territory. 0n the other hand， calling does not require aro-

matization，but is activated directly by T and A4，indicating that calling

is diflerent from mating and aggressive behavior. Two components might

possibly be different in specificity of steroid receptors.

　ln the present experiment， E2 did not fully enhance locomotor activity，

nor did it fully restore hetero- and homosexual behavior (Figs.1，2，and

Table 2).This might be due to lack of enough E2 in circulation in the

E2-implanted birds to activate these behaviors. Table l shows that E2
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is diflicult to release from the implanted Silastic capsules. ln fact，Tsutsui

and lshii (1981)showed that ir!jection of a sufficient amount of E2 was

more effective in inducing aggressive behavjorthan T and △4 jn male

japanese quail｡

　Adkins and Pniewski(1978)showed that 5a-DHT was a more potent

stimulator of calling than T in Japanese quail. This was not fbund in the

present experiment. l cannot explain the reason for the difnlrent results

between two experiments with the same species. Several differences in

the experimental designs are apparent， however.Adkins and Pniewski

(1978)observed calling only for 10 min during the nrst 2-hr period after

lights were turned on. This period is certajnly the time when quail caII

most frequently (Guyomarc'h and Thiboult， 1969; Wada， 1981).How-

ever， in both the TP and DHTP treatment groups， but especially in the

TP groups， calling was not so extensive in their experimental birds.

There may have been some suppressive factors during observations

which happened to cause the difierences. 0n the other hand， the design

of the present experiment allowed quail to call without any suppressive

effects， and also calling was observed forthe whole experimental period.

lt is true that calling was observed during 5a-DHT as well as A and E2

treatments， but the numbers of counts were very low compared with

those of T and A4 (Figs.l and 2).Another difflrence was in the method

and dose of the steroid hormones administered. ln this experiment， the

hormones were administered by implantation of Silastic capsules instead

of by ir!jection. As is shown in Table l，the amounts of hormones released

from the capsules were djliilrent for each steroid and very sma】lcompared

with the amounts of hormones given in the injection experiments. This

differential rate of release through Silastic capsules has already been

demonstrated by Balthazart and Hirschberg (1979a)in chicks. 5a-DHT

was a very slow penetrator， about one-fifth as fast as T. However，5a-

DHT implants could induce full growth of the cloacal protrusion (Fig.

1)，indicating that enough hormone was present in the circulation. An-

drostanedione，a 5a metabolite ofﾑ4 which had the highest release rate

in this experiment， also had no effect on calling and enhancement of

locomotor activity. ln male ring doves and pigeons， 5a-DHT had no

effect on the “bow-coo,"a vocalization of these species (Cheng and

Lehrman，1975; Hutchison， 1970; Hutchison， 1971; Martinez-vegas，

1974; Murton， Thearle，and Lons， 1969; Pietras and Wenzel， 1974; Saad

and Silver， 1979).Therefore，failure of 5a-DHT to induce calling was

not due to a lower concentration of hormone; rather it indicated that 5(x-

DHT，which is the active metabolite for peripheral tissues， was not

involved in expression of the behavior in this species｡

　However， among mammalian species， there is a great species variation

in the responsiveness to 5a-DHT (see Larsson， 1979).Thus，in rats，

rabbits，hamsters，and one strain of mice， DHT has a weak stimulatory
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effect on male sexual behavior. ln the rhesus monkey， DHT is potent，

but less so than T; in the guinea pig it is as potent as T.

　0n the other hand， 5a-DHT restores the growth of the cloacal pro-

trusion in castrated birds， and this gland of the male Japanese quail is

known for its dependence on circulating androgens (Sachs，1969; Adkins

and Adler， 1972; Adkins， 1977).T，&｡and A， as well as 5a-DHT， were

all eflective in inducing growth of the gland. Furthermore，T，ﾑ４，ａｎｄ

Ａ ａｒｅ ａｌｌ ｃａｐａｂｌｅ ｏｆ ｂｅｉｎｇ ｍｅｔａｂｏｌｉｚｅｄ ｔｏ ５ａ-ＤＨＴ． Ｔｈｅｒｅｆｏｒｅ，５ａ-ＤＨＴ

ｓｈｏｕｌｄ ｂｅ ｔｈｅ ａｃｔｉｖｅ ｍｅｔａｂｏｌｉｔｅ ｏｆ ｔｈｅ ａｎｄｒｏｇｅｎｓ ｆｏｒ ｓｔｉｍｕｌａｔｉｏｎ ｏｆ ｇｌａｎ-

ｄｕｌａｒ ｇｒｏｗｔｈ．

　邱-DHT had essentially no effect on quail behavioror peripheral an-

drogen-dependent tissues， as is also the case in rats (BeyerEf aj.，1973).

ln avian species， however，513-DHT is the dominant metabolite in the

hypothalamus(chicken: Nakamura and Tanabe， 1974; starling: Massa，

Cresti，and Martini， 1977)and邱metabolites of T were eflbctive in

inducing juvenile copulatory behavior in chicks (Balthazart and Hirsch-

berg，1979b).These results in chicks are contrary to those of Adkins

(1977)and of the present experiment in Japanese quail. This might be

due to species differences and ages， together with difierences in behav-

ioral test procedures. The former study employed observations with an

anesthetized female or the hand-thrust test， whereas one of the latter

investigations employed observations with conscious， receptive females

and the other observed calling and locomotor activity， which are spon-

taneous. i¥e have to be cautious when extrapolating to mature behavior

from the results obtained in juvenile individuals. Furthermore，results

obtained by the hand-thrust test are not necessarily assumed to be a

reflection of adult copulatory behavior. There are still conflicts， but邱-

DHT might have a role in the central nervous system other than induction

of sexual behavior， at least in this species.
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