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Summary

To elucidate the relaticrship between steroidogenesis and sex diflerentiation in the duck, plasma,
testicular and uvatian testcsierone, estradial-17 8 and prepesterone conceniratinns in maie and lemale
embryas of day 11 1c 27 {(just hefare hatching) of incubation 2nd in |- 1o 7 day old male and
female ducklings were investigated by radicimmunaassays. Plasma estradiol-17 8 concenirations in
female embryos declined from very high at days Il and |5 of incubation and remained at lew levels
after hatching. Male plasma estradiol-17 & ccncentraticns were always lower than those ol the female
thraughaut this period. Plasma resiesierone and progesicrone concenlrations in koth scxes were low
during the emkbryonic stage, ku? then increased to peaks 3 days and | day alter hatching, respectively
Estradiol-17 # contents were much higher :n the left ovary than the right ovary or testes 1hroughout
the experimental perind The estradiol |7 /4 content aof the lefl avary was very high at day IS5 of
:rcubation, and decreased pradually thereafier. Rath in right avary ard testes, estradiol-17 # contents
were always low Testasterone and pragestercne contents in the lef ovary were low fram day 11 tc
23 of incubation, and reached a pcak | day after hatching. Progesterone centenis in the right ovary
and tesles were low levels aver the time pericd examined. Testosterone and progesterone contents were
much higher in the left ovary than the right ovary and tesles. The present resuits clearly demnnsirate
that the capacity of the emtryonic left avary of duck lc synihesize estradiol-17 4 and testcstcrone
is much higher than that of the embryonic teslis 1t is supgested that estreper secreted from the
embryonic ovary earlier than day 15 af incubator has an important rele :n female sexval differen-
tiation in the duck. and the sex of the avian species is basically male witk homozygous sex chroma-

somes (2.Z).
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introduction

Numeraus attempts have been made to
demonstrate the cntagenetic steroidogencsis  aof
mammals and birds. In mammals, it is generaly
apreed that the onset of produclion of the steroid
hormones takes place simulianeously :n the fetal
ovary and lestis, and that the fetal testis secretes
much more testestercne than the fetal
{George et al, 1978; Rigaudi€re, 1977) In con
trast with mammals, the embryonic lell ovary
in the chicken and the duck secretcs much more
cstradiol-17 B8 than the embryonic testes (Guichard

et al, 1977 Tanahe et al., 1983, 1986). Esiradiol
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17 B seereted during the embryonic stage especially
has an important role in female sex dificrentiation
of avian species (Guichard et al., 1977; Tanahe
et al., 1983, I986), but it is nat always under
stood why this sheuld te so. Morcoves, estradiol-
178 preduced in the embrycnic ovary pretects
the lefr Mullerian duct against Mullerian inhibiting
substance (MacLaughlin et al., 1683). bul in the
male, the Mbllerian duct regresses under the effect
of Miillerian inhibiting substance (Groenendijk-
Huirbers, 1562).

The present work undertaken 1o elucidate the
relationship between ontogenetic steroidogenesis
and sex diflferennation in the dnck by measuring
the levels af plasma and gonadal testosterane,
estradiol-17 A and progesierone in the cmbryonic
and postembryvonic male and female ducks. In
this paper, we like ta emphasize Ihe
endocrine functional differences hetween the left

wonld

and right ovaries and testes.
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Materials and Methods

Eggs were obtained from Khaki Campbell
ducks and were Incubated in an incubator at
38 + 0.5C and 72 £+ 0.5% relative humidity in
constant darkness. The eggs were hatched on day
28 of incubation. The ducklings were maintained
in an clectric brooder at 28-30°C, with feed and
water ad [zhuum on a 15L:9D photoperiod (lights
on at 05:00 and off at 20:00). Blood samples were
collected with a heparinized syringe by heart
puncture in 10 male and female embryos at days
I, 15, 19, 23 and 27 of incubation and in 10
ducklings of both sexes at 1, 3 and 7 days of
age. The blood samples were centrifuged lor the
separation of plasma, which was frozen and kept
at —207C until assay. Onc-tenth to ope half
milliliter plasma for the determination ol testo-
sterone, estradiol- 1748 and progestierone were used.
For the assay of these plasma sleroid hormones,
plasma samples were extracted with ethyl ether
and repealed three times. The extracts were
evaporated to dryness.

After blood samples were taken, the embryos
or ducklings were killed, and testes or left and
tight ovaries were removed. The tissue was
triturated with 0.25 ml of 099 NaCl using a
loose-fitted Tellon-glass homogenizer. The homo-
penate was extracted four-times with ethyl ether
and the extracts were evaporated to dryness. The
dry extracts of plasma and the tissues were re-
dissolved in 0.2 ml of 1% bovine serum albumin-
phosphate buffer saline. The radioimmunoassay
of testosterone, estradiol-17 8 and progesterone
were carried out as described previously (Tanabe
et al., 1983). All antisera and antibodies used
in the radicimmunoassays for steroid hormoncs
and the cross-reactivities ol these antisera in this
study are the same as those also described in
the previous paper (Tanabe ct al, 1983). The
radicactivity was measured with a liquid scintil-
lation spectrometer (1.59000, Beckman, Calif.).

These data were analyzed using Studenl’s t
test, Duncan’s new multiple range test and
Mann-Whitney U test (Yoshida, 1983).

Results
Changes in plasma concentrations of cstradioi-

17 B, testosterone and progesterone of embryonic
and postembryonic ducks are illustrated in (igures

6

I, 2 and 3, tespectively. These dula were analyz-
ed between sexes using Student’s t test. Plasma
estradiol-17 4 concentrations in lemale embryos
were very high at days J1 and 15 of incubation
(figure ). There was a rapid drop at day [9
of incubation, which continued to decrease until
day 27 of incubation. The concentration dropped
to below the detectable level, and remained low
up to 7days of age. Male plasma estradioi-1758
was steady at low levels, being less than about
20 pg/ml throughout the experimental period.
Much higher estradiol-17 /1 concentrations in the
plasma of female embryos than those of the male
embryos were observed in this study. Plasma
samples in days 11, |5 and {9 of incubation
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Figure 1. Plasma estradiol-17 8 concentrations for
rale (@a—a) and female (o0—o0)
embryonic and postembryonic ducks, (P)
represénts poolec samples from 10-1%
embryos. Figures in parentheses show
number cf embryos or birds. Vertical lines
represent SEM and horizontal dotted line
indlcate not detectable level (6.0 pg/ ml).
* Difference between the sexes is statis
tically significant at 5% level by Stu-
dent’s 1 test.
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were pooled and each concentration of the steroid
hormone was measured, so that statistically sig-
nificant sex difference was observed only at day
23 of incubation (p < 0.05).

Plasina testosterone concentrations were low
during the embryonic stage in the male and the
female, rapidly increased after hatching, and rose
to the peak from 1 to 3 days of age in both
sexes (figure 2). No significant sex difference
(p > 0.05) was observed in testoslerone concen-
tration of the plasma, but higher concentration
of the hormone in the female than the male was
observed throughout the experimental period of
this study.
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Figure ?. Pasma testosterone concentrations for
male (e —-a) and ftemale (o0—o)

embryonic and postemrbryonic ducks. (P)
represents poolec samples fram 10-15
embryos. Figures in parertheses show
numbcrs of embryos or birds. Vertical hines
represent SEM.

Plasma progesterone concentrations remained
at low levels from day 15 to 23 of incubation,
but increased rapidly and reached a peak | day
after hatching, and remained at high levels there
after. Na significant sex difference was observed
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in plasma progestérone cancentrations (figure 3).
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Figure 3. Plasma progesterone concentrations for
male (e —w8) and female (o c¢)
embryoric and postembryonic ducks. (P)
represcnts poolec samples from 10-15
embryos. F.pgures in pareriheses show
rumbers of embryos or birds. Vertical
lines represent SEM.

Testicular and ovarian contents of estradiol-
17 A, testosterone and progesterone of embryonic
and postembryonic ducks are given in table 1,
2 and 3, respectively. These data were analyzed
among same ages using Duncan's new multiple
range test and Mann-Whitney U test. Estradiol-
17 /3, testosterone and progesterone contents were
almost much higher in the left ovaries of female
embryo and duckling than in the right ovary and
testes during the embryonic and postembryonic
stages. Dilferences helween both sexes were sta-
tistically significant (p < 0.05) in most cases,
excepl for progesterone content until day 23 of
incubation. Estradiol-17 2 content of the left ovary
increased aboul 3-fold from day 11 lo reach a
peak at day 15 of incubation. and decreased
gradually after the peak (table 1). The fall con-
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tinued until 7 days of age after hatching. In
contrast with the left ovary, testicular and right
ovarian conlenls remained at low levels over the

time penod measurcd and were less than detect-
able level (<6 pgfgland) afller day 23 of incu-
bation.

TABLE 1. ESTRADIOL-17 8 CONTENT IN TESTES, LEFT OVARY AND RIGHT OVARY CF EMBRYONIC AND
POSTEMBRYONI|C DUCKS

Age in S Fistradioi-17 @ (pgfgiand) o
days Testes Left ovary Right ovary )
Embryo
| 138.72 4 34.01 (18)® 362.19 £ 37.61 (15)° 5847 &+ 613 (158
15 1981+ 1.79 (13 1,061.23 £ 39.02 (15)° 14075 + 1285 (IS)"
19 16.46 + 1.00 (1772 742.57 + 51.43 (14)®° 68.20 + 6.49 (14)*
23 1192 £ 1.85 (15® 771.56 + 59.06 (19)® 21.16 & 344 (197
27 < 60" ( 8)° 507.58 4+ 114.25 ( )" < 6.0* (6f
Duckling
| < 6.0* { 3y® 25194 4 32.02 (7P < 6.0* ("%
3 < 6.0% (7 94.26 &£ 27.43 ( 8)®° < 6.0* ( &
7 < 6.0* (5" 107.76 £ 25.€4 ( 7P < 6.0* (M

Values are mean £ SEM. Numbers in parentheses are shown for the samples collecied n this study. Within
rows (at same age), values with diflerent superscript letiers are significantly different (p < 0.05) by Duncan’s new
multiplc range test and Mann-Whitney U test.

" Nol delectable, being less thau 6.0 pg/gland.

Testesterone content of the left ovary remained
at low levels untii day 23 of incubation (table
2). The levels were higher in the left ovary than
in testes and the right aovary. At day 27 of
incubation, just before hatehing, testoslerone

content increased markedly, and reached a peak
I day after hatching. Testosterone contents of
the right ovary werc low and was less than
detectable Jevel (<7.5 pg/gland) until hatching.
The fevel of the right ovary increased a hitte after

TABLF 2. TFSTOSTERONE CONTFNT IN TESTES, LEFT OVARY AND RIGHT OVARY OF EMBRYONIC AND

POSTEMBRYONIC DUCKS

Age in Testosterone {pg/gland)
days Testes Left ovary Right ovary N
Embrya
H 1044 4+ 1.06  (18)° 8§62 +090 (1582 < 7.5% (15»
15 .71+ 151 (13 1630 + .76 (15)F° < 7.5% (15"
19 775+ 076 (7 1132 +£ 098 (14)° < 7.5% (148
23 8934+ 136 (15" 1264 £ 084  (19)° < 7.5* (19)°
27 969+ 137 (8 2090 £ 1,77 (6F < 7.5% L 6®
Duckling
| 1754 £ 219 ( 82 2664 4:3.24 ()¢ 1124 £2.73 (70
3 876 +£1.58 () 19.04 + 4.55  ( 8y 12958 4295 ( 3¢
7 1421 + 339 ( 5y 1768 +438 {7 = sy (7

Valugs are mean + SEM. Numbers in parentheses are shown for the samples ccllected in this study. Within
rows (at same age), values with different superscript letters are significantly different (p < 0.05) by Duncan’s new

multiple range test and Mann-Whitney U test.
* Nor detectahle, being less than 7.5 pg/gland.
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hatching. but returned into undetectable levels.
In contrast with the ovary, testicular testosterone
content was much lower than the lelt ovary, but
was slightly highcr than the right ovary. Testicular
content was low during the embryonic stage and
tended 10 increase slightly from 1 to 7 day after
hatching.

Progesterone contents of the left ovary was
low from day 11 to 23 of incubations, but
rapidly increased at day 27 of incubation and
remained at peak values until 3 days of age. This

value decreased markedly at 7 days of age (table
3). In the nght ovary, progesterone contents
remained at low levels throughoui the experi-
mental period, and were much lower compared
with the left ovary after hatching (p < 0.05).
Progesterone contents were higher in the testes
than in the ovary at day 11 of incubation, The
teslicular content decreased gradually urntil the
time of hatching, but rose to a peak at 1 day
of age.

TABLE 3. PROGESTEROCNE CONTENT IN TESTES, LEFT QVARY AND RIGHT CVARY OF EMBRYONIC AND

POSTEMBRYONIC DUCKS

Age in Progesterone (ng/gland)
days Testes Left ovary Right ovary
Embryo
11 1.57 £ 0.06 (18)° 0.99 + 0.03 (152 111 +0102 ISy
15 084 £ 012 (138 0.68 + 0.07 (15 074 + 010 (ISP
19 0.58 4+ 0.06 (17)° 0.39 4+ 0.04 (14)8 0.46 + 0.06 (|4
23 0.55 + 0.12 (15 0.60 £0.10 (197 0.65 £ 007 (19
27 0.36 £+ 0.04 { 8)» 2,42 £+ 0.9) { 6)F 132+ 024 (6™
Duckling
| 1.33 £ 0.22 (& 1.53 + 0.51 (P 0.31 +009 (79
3 0.32 + 0.08 (7e 3.04 £ 083 (8P 0.77 £ 0.02 ()
7 019 4+ 0.04  ( 5° LI0£030 (7P 030+ 012 (TP

Values are mcan + SEM. Numbers m parentheses arc shown (or (he samples collected in this study. Within
rows (at samc age), values with differcnl superscript letters are significantly different (p < 0.05) by Duncan’s new

multiple range test and Mann-Whitney U aest,

Discussion

The present results demonstrate that the Jeft
ovary of embryonic and postembryonic {(until 7
days of age) ducks is much more active than
the right ovary or the testes in the biosynthesis
of sex steroid hormones, such as estradiol-174,
testosterone and progesterone. Previous reports
also show that the embryonic ovary of the
chicken and the duck are more active than the
embryonic (estis {Guichard et al, 1977, [979;
Tanabe et al., 1979, 1983). These studies, however.
were Hmited 10 comparisons belween ontogenetic
steroidogenesis in the male testis and the femalc
ovary. The present study demonstrates that _he
capacity of the embryonic left ovary of the duck
1o synthesis estradiol-17 8 and  testosterone s
much higher than the cmbryonic right ovary and
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testis. Gonzalez et al. (1987) reported the respon-
siveness of the two ovaries in the chick embryos
from day 13 to 21 of incubation to ovine LH
in vitro, and snggested that LI stimulation to
the left ovary in vitro leads to a predominant
secrelion of progesterone at all times during the
embryanic  development, and of cstradiel-17 2
except in the last period of incubation, while the
right ovary exhibits low sensitivity to LH. There
fore. the repert of Gonzalez et al. (1987) strongly
supports the view the embryanic left ovary is
more aclive than embryome right ovary either
in chickens or ducks. The present study supporls
the hypothesis that estradiol-17 # secreted from
the embryonic ovary at early embryonic stage,
such as at day 11 ol incubation, has an impor-
tant role in the female sexual differentiation in
the duck. Furthermore, plasma cstradiol-17 2
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concentrations in female embryos al days 1l and
15 of incubation were very high compared with
male, whereas differences between the sexes in
plasma progesterone and testosterone concentra-
tons. The present study shows (hal a higher
progestcrone concentrations in the right embryonic
ovary compared to the left ovary or the testes
may be due to the low activities of several ste-
roidogenetic e¢nzymes in the right ovary, These
results can also be compared to those of himataka
et al. (1988), who reparted on the steroidogenesis
in the lelt ovary and the testis of the chick
embryo. Tanabe et al. (1986) showed thal the
male chicken tcstis after hatching secreted morc
testosterone Lthan the female chick ovary. This
observation in the immature chicken is different
from that in the duckling after hatching observed
in this study. There 1s a functional difference in
the pgenital gland of the chicken and the duck
afler hatching,

The ontogenctic aspects of steroidogencsis in
the avian species are quite different from those
in the mammalian species. In the guinea pig
(Rigaudi€re, 1977) and the rabbit (George et al.,
1978), it has been reported that the fetal testis
is more active than the fetal ovary. In the {etal
rabbit, the anset of estradiol-17 5 svnthesis by
the ovary occurs simultaneously with the onset
of testosterone synthesis by the testis, but elevated
concentrations of plasma estradiol-!7 8 are nol
observed in Lhe female embryo. Thesc findings
indicate that ovarian estradiol 17 & would prob-
ably affect locally within the developing ovary
and that the endeocrine function of the fetal ovary
scems to be not essential to the formalion of
the female phenatype (George et al., 1978). The
inductien  of the development of the female
phenotype in the rabbil by the rcmoval of genital
glands in both sexes prior to the onsct of the
phenotypic differentiation was demonstrated by
Jost (1972). These reports strongly suggest that
the sex of the mammals with male heterozygosity
(XX/XY) is basically female which has homo-
zygous sex chromosomes (XX), and the male is
the (nduced scx by androgen secretion in the fetal
testis.

In the avian species, it has been known that
hens could be masculinized by same experimental
procedures. Testicular gralts into the extraem-
hryonic coelom of 3-day-old chicken embryos
induces alrophy of the ovaries in both sides and

R0

regression of the Maullerian ducts (Sugiyama et
al., 1989). Removal of the ieft ovary within 14
days alter hatching causes the masculinization
of the right gonad in the chicken (Kagami and
Tomita, 1990). When estrogen is administrated
to the malec cmbryo of Japancse quail at day
4 of incubation, Ihe left gonad develops an
ovary-like structure, but it become testicular tissue
showing spermatogenesis in a4 good many of
genital gonad in these adult birds (Ro and
Kondo, 1977, 1979). Furthermore, the preseni
results in the duck embryos demonsirate that the
capacity of the embryonic left ovary 1o synthesize
estradiol-1738 on the day 15 of incubation is
more than 100 times that of the embryonic testis.
It is strongly suggested that the sex of the avian
specics is basically male having homozygous sex
chromosomes (Z.7).
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