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SUMMARY

In avian species, synthesis of sex steroids by embryonic gonads is regulated
by luteinizing hormone (LH) and follicle-stimulating hormone (FSH).
In order to elucidate the role of the two gonadotropins in gonadal axis
development during the second half of chicken embryogenesis, pituitary
expression of LH B subunit (LHB) and FSH B subunit (FSHf) mRNAs
as well as gonadal expression of LH and FSH receptor (LHR and FSHR)
mRNAs were determined on days 11 (E11) and 17 (E17) of embryonic de-
velopment and after hatching (DI). In the pituitary of the female embryo,
the gene expression of FSHP was the lowest on E11 and increased on E17.
In the male pituitary, the expression of FSHP did not differ among the stud-
ied days. The FSHB mRNA expression on E11 was higher in the male than
in the female pituitary gland. The expression of LH mRNA in the female
pituitary increased on D1 in comparison to E11. In the male pituitary gland,
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the expression of LHP gene was relatively constant. The expression of mRNA
encoding FSHR in the ovary increased on E17, while in testes it did not differ
among the studied days. There were no significant alterations in LHR gene
expression in the ovary or in the testes in the examined period however,
the gene expression on E17 was higher in the ovary than in the testes. We
observed positive correlations between the pituitary FSHB mRNA expression
and ovarian expression of FSHR mRNA (r=0.63; p<0.01) as well as between
LHB mRNA and LHR mRNA in the testes (r=0.65; p<0.01). The reported
alterations in gene expression of FSHf, LHP and their receptors between
sexes and among the stages of embryonic development indicate time-
and sex-dependent action of gonadotropins in gonads of chicken embryos.
Reproductive Biology 2009 9 3: 253-269.

Key words: FSHf, LHf, FSH receptor, LH receptor, ovary, testis, hypo-
physis, chicken embryo

INTRODUCTION

In chicken embryos, gonadal sex is bipotential and morphologically indis-
tinguishable up to six days of egg incubation. By days 8-10 of incubation,
the gonads differentiate enough to be morphologically recognized. Gonads
of genetic females (ZW heterozygotes) develop as asymmetric ovaries,
while gonads of males (ZZ homozygotes) develop as symmetric testes [25,
29]. Differentiation of the bipotential gonad is regulated by specific sex-
determining genes as well as by sex steroids [27, 29, 30]. In birds, estrogens
play an essential role in sex-dependent differentiation of the ovarian tissue
and the blockage of estrogen synthesis causes a phenotypical sex reversal
in the genetic female [1, 5, 8, 29].

In both female and male chicken gonads, secretion of sex steroids
is regulated by two pituitary gonadotropins, luteinizing hormone (LH)
and follicle-stimulating hormone (FSH), composed of common a [31], but
distinct B subunits [23]. The cDNA sequences for the avian LHp [20, 42]
and FSHP [28] have been determined. The gene encoding LHP is expressed
in chicken since day 4 of embryonic development and LHf} immunopositive
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cells start to appear in the ventral part of the caudal lobe in the anterior
pituitary gland on day 8 of egg incubation [16, 24]. Expression of mRNA
for FSHp is expressed from day 7, and immunopositive cells start to ap-
pear in the ventral part of the caudal lobe in the anterior pituitary gland
from day 8 of incubation. The distribution of FSH positive cells spreads
from the ventral part to the dorsal part in the caudal lobe around day 10
and the cells subsequently expand to the cephalic lobe from day 12 to
day 20 of embryogenesis [16, 24]. Previous studies demonstrated that LH
plays a regulatory role in embryonic steroidogenesis [10, 34]. Treatment
of female and male chicken embryos with equine LH on day 7.5 [38] or
with human chorionic gonadotropin (hCG) on day 8 of incubation [33]
increased plasma concentrations of estradiol (E,) and testosterone (T),
respectively. The function of FSH in steroidogenesis in chicken embryos
has already been investigated [9, 21], however its effect on gonadal func-
tion is not fully elucidated.

The biological action of LH and FSH in gonadal tissue is mediated
via membrane receptors for LH (LHR) and FSH (FSHR), respectively.
Since chicken LHR [14, 19] and FSHR [37, 43] cDNAs were sequenced,
the expression of chicken gonadotropin receptor genes has been studied
by several scientific groups in an attempt to elucidate: (i) the role of gonado-
tropins in differentiation of the bipotential gonad, and (ii) the establishment
of the hypothalamo-pituitary-gonadal axis (HPG) in chicken embryos [2, 3,
15]. Akazome et al. [3] demonstrated gonadal expression of LHR and FSHR
mRNAs on day 4 of egg incubation in both sexes. The amounts of gonadal
mRNA encoding LHR and FSHR in females exceeded those of males both
on day 6, when sexual differentiation of chicken gonads was initiated, as
well as on day 12 when gonadal differentiation was completed.

Despite numerous studies concerning the expression of gonadotropin
mRNA in the differentiated pituitary gland and their receptors in chicken
embryonic gonads, there are no data regarding their simultaneous mea-
surement and analysis during the last stages of incubation. Thus, the aim
of the present study was to investigate the relationship between the mRNA
expression of gonadotropins (LHP, FSHP) and their receptors (LHR
and FSHR) during embryogenesis.
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MATERIALS AND METHODS
Animals and collection of tissue

The experiment was approved by the Local Animal Ethics Committee
in Krakow. Fertilized eggs (n=180) of Hy-Line Brown strain were incubated
at standard conditions for 21 days (1-18 days of incubation: t=37.8°C, relative
humidity [RH]=55%, 19-21 days of incubation; t=37.2°C, RH=70%; incuba-
tor Masalles 65 DIGIT). The eggs were candled on day 5 of the incubation
to eliminate unfertilized eggs and dead embryos. On day 11 (E11) and day
17 (E17) of embryonic development and just after hatching (D1) embryos
were decapitated and sexed, and the pituitary gland, the left ovary in fe-
males and testes in males were isolated. Tissues were snap frozen and kept
in liquid nitrogen until total RNA isolation.

Total RNA extraction and reverse transcription

The total RNA of each tissue was isolated using TRI-Reagent (Molecular
Research Center, USA; [7]). The tissues were homogenized (UltraTur-
rax T25; IKA-Labortechnik, Germany), and phase separation was made
with bromochloropropane. RNA was precipitated from the aqueous phase
by mixing with isopropanol, washed with 75% ethanol and dissolved in pure
RNAase free water (Promega, USA). The concentration of RNA was
measured spectrophotometrically (Biophotometer; Eppendorf, Germany).
Each sample was tested for RNA degradation by separation on agarose
gel and spectrophotometrical analysis of absorbance 260/280 nm ratio.
To avoid genomic DNA contamination, RNA samples were treated with
DNAse (RQ1 RNase-Free DNase, Promega, USA). Reverse transcription
(RT) reactions were performed in 20 pl volume. The reaction mixture
contained 5 pg total RNA, 200U M-MuLV reverse transriptase (Fermen-
tas, Lithuania), 0.5 pg oligo(dT),; as a primer, I mM of each dNTP, 20U
Ribonuclease Inhibitor (Fermentas, Lithuania) and 4 ul of 5xreaction buffer
containing 250 mM Tris-HCI, 250 mM KCI, 20 mM MgCl,, 50 mM DTT
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(Fermentas, Lithuania). The resulting first strand of cDNA (1 pl) was used
for PCR reactions.

Expression of the FSHf, LHB, FSHR and LHR genes

The expression of FSHP and LHp in the hypophysis and FSHR and LHR
in the testes and left ovaries was investigated by RT-PCR. The primers
sequences used in PCR reactions, their localization in genome and product
size are shown in Table 1. All PCR amplifications were carried out in a total
volume of 25 pl PCR reaction mixture containing 1 pl of cDNA, 0.2 mM
of each ANTP, 0.2 uM of each primer, 1.5 mM MgCl, and 0.625U of TagDNA
Polimerase (Fermentas, Lithuania). The amplification of a housekeeping
gene (18S rRNA) was acquired in a separate sample. All PCR reactions were
performed in the Thermocycler Gradient (Eppendorf, Germany). The tem-
perature profiles used for PCR were programmed as follows: initial template
denaturation at 95°C for 5 min, denaturation at 95°C for 30s, annealing at
gene specific temperature (tab. 1) for 30s, followed by a final extension at
72°C for 30s. Thirty cycles of the appropriate profile were run, and the final
extension step for each gene amplification was increased to 7 min at 72°C.
Amplification products were separated by electrophoresis on 1.5% agarose
gel containing ethidium bromide. The PCR products were semi-quantitively
estimated from the density of the gel band using the Scion Image for Win-
dows Software (Scion Corporation, Maryland, USA). The relative density
of each gene product was compared with 18S rRNA products, and expressed
as the mean of six samples.

Statistical analysis

The data were analyzed by two-way ANOVA followed by Duncan’s mul-
tiple range test. Values were expressed as the mean+SEM and considered
significantly different at p<0.05 and highly significant at p<0.01. To es-
timate the relationship between the expression of gonadotropins mRNA
in the pituitary gland and the appropriate receptor in female or male go-
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nads correlation analysis was performed. These statistical analyses were
completed using SigmaStat 2.03 (SPSS Science Software, USA).

RESULTS

FSHp and LHP mRNAs were detected in male and female embryonic pitu-
itary glands on all examined days (fig. 1A). Similarly, expression of FSHR
and LHR mRNAs was demonstrated in the testes and left ovary during this
time (fig. 1B). In the female pituitary gland, the expression of FSH mRNA
increased (p<0.01) sharply by 436% on E17 compared to that on E11, and sub-
sequently decreased (p>0.05) by 42% on D1. In males, the pituitary expression
of FSHP mRNA on El1 was 5.6-fold greater (p<0.01) than that of females.
The high abundance of the transcript was maintained until hatching and did
not change among the examined stages of embryogenesis (fig. 2A). The ex-
pression of LHB mRNA in female pituitary gland did not differ between E11
and E17. However, in comparison with El11 it significantly increased (p<0.05)
by 41% on D1. There were no significant differences in the expression of LHf3
mRNA between sexes in each of the embryonic stages (fig. 2B).

The expression of FSHR mRNA in the left ovary on E17 was greater
by 138% in comparison with E11 (p<0.05). In testes, the expression of FSHR
did not differ (p>0.05) among the examined stages of embryogenesis.
However, FSHR expression was 71% greater on D1 than on El11 (fig. 2C).
The expression of LHR in the ovary and in the testes did not change among
stages. LHR expression on E17 was greater by 52% (p<0.05) in the ovary
than in the testes (fig. 2D).

The statistical analysis revealed that the pituitary expression of LHf mRNA
on E11 and DI in the female embryo was higher (p<0.05) in comparison with
the FSHP expression (fig. 2B vs. fig. 2A). Moreover, the ovarian expression
of LHR mRNA on El1 was higher (p<0.05) than the expression of FSHR
mRNA (fig. 2D vs. fig. 2C). Positive correlations (tab. 2) were found between
the expression of FSHB mRNA in the pituitary glands of the female embryos
and FSHR mRNA in the ovaries (p<0.01) as well as between the expression
of LHP mRNA in the male pituitary and LHR mRNA in testes (p<0.01).
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Figure 1. Exemplary expressions of mRNA encoding: FSHf and LH in the pitu-
itary gland (A) and FSH receptor (FSHR) and LH receptor (LHR) in the gonads
(B) of the chicken embryo. E11, E17: embryonic days 11 and 17; D1: day after
hatching; 18S rRNA: housekeeping gene; NC-negative control without cDNA;
MM-molecular marker (100-1000 bp)
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Figure 2. Semiquantitative analysis of mRNA expression (means=SEM) of FSHf3
(A) and LHP (B) in the pituitary gland as well as FSH receptor (FSHR; C) and LH
receptor (LHR; D) in the gonads of the chicken embryo. The relative density of each
gene product was compared with 18S rRNA product; n=6 independent experiments;
means with different superscripts designate significant (p<0.05) differences.

DISCUSSION

The chicken embryo is an excellent model for studying developmental
changes in the expression of hormones as well as their receptors during
the growth and differentiation of the endocrine system. In the present study,
we used this model to investigate LHf} and FSHf3 gene expression in the pi-
tuitary gland and FSHR and LHR in gonads of female and male embryos.
Our most significant results included: 1/ positive correlation between pitu-



262 Gonadotropins in chick embryos

Table 2. Coefficients of correlation (r) between the expression of FSHf or LH3
mRNA in the pituitary gland and their appropriate receptors in the gonads of the

female and male embryos.
FSHp LHP
Female Male Female Male
r=0.630 r=-0.133
FSHR p<0.01, n=18 NS, n=18
r=0.196 r=0.654
LHR NS, n=18 p<0.01, n=18

NS: not significant

itary expression of FSHB mRNA and ovarian expression of FSHR mRNA,
and 2/ positive correlation between pituitary LHB mRNA and testicular LHR
mRNA. These data suggest that FSHR and LHR expression in the ovary
and testes, respectively, is regulated by the appropriate gonadotropins. More-
over, they indicate the pivotal role of FSH in the ovarian and LH in testicular
development. On the other hand, the lack of correlation between e.g. pituitary
LHPB mRNA and ovarian LHR mRNA in female embryos may be explained
by the possibility of trans-activation of the receptor i.e. without requirement
of the ligand binding, which is an alternative mechanism to cis-activation
associated with activation of liganded receptor [12, 13].

It has been established that the HPG axis in chicken embryos appears
to be functional between 11.5 and 14.5 days of egg incubation [40]. During
this phase of embryonic development the pituitary expresses both LHf3
and FSHP subunits at the protein level [16, 24]. The pituitary expression
of LHB mRNA in the present study was greater than that of FSHf in both
female and male embryos. Similar results were shown in chickens by Maseki
et al. [16] who demonstrated that LHP and FSH} transcripts started to
be expressed on day 4 and day 7 of incubation, respectively, then, gradu-
ally increased during embryonic development reaching the maximal values
on day 20 [16]. We observed a similar increase in LHf mRNA expression
in female embryos.
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Pituitary expression of FSHf mRNA in the female embryo on E17 was
greater than that on E11. Higher expression of FSHB mRNA was observed
on El1 in the hypophysis in males than in females. In agreement with our
results, Rombauts et al. [26] found that starting from day 10 of egg incu-
bation, FSH plasma concentrations were significantly higher in male than
female embryos. In male embryos, the FSH plasma concentrations quickly
rose after day 10 to reach a peak on day 13. Thereafter, they progressively
decreased reaching the lowest values on day 20. In female embryos, plasma
concentrations of FSH remained low throughout the incubation period [26].
In our opinion, the lack of relationship between FSH mRNA expression
in the pituitary gland and plasma FSH level in male embryos suggests that
during the second part of chicken embryogenesis, synthesis of FSH seems
to be post-transcriptionally regulated by sex steroids.

The increase (1.4-fold) in pituitary LHB mRNA level was observed
in females between E11 and D1. Woods [38] demonstrated that plasma LH
is present in the male and female embryos on day 10.5. Plasma LH was
detected on days 10 and 12 of egg incubation in female and male embryos,
respectively [32]. Moreover, Gonzalez et al. [10] found that plasma LH
in females increased through development to reach a plateau near hatching
and that serum LH shows a maximum on day 19 of incubation. These results
are consistent with data obtained in our experiment.

The present study showed that on E17 FSHR mRNA expression
in the ovary was higher than in the testes. We observed a significant increase
in ovarian FSHR mRNA expression on E17 in comparison with the E11.
These results are in agreement with data of Mao et al. [15] who by means
of Northern hybridization found that the levels of FSHR mRNA in the left
embryonic ovaries remained very low from days 10 to 16 of egg incuba-
tion, and then increased after day 17 reaching a plateau on days 1-14 after
hatching. The authors showed a similar increase in FSHR mRNA expression
in the testes. We did not observe any significant changes in mRNA expres-
sion of FSHR in male gonads.

Several experimental approaches revealed that FSH acting via FSHR
plays a crucial role in the gonadal development in chicken. FSH stimulates
cell proliferation and sex steroid synthesis in the left ovary [21, 34, 36]
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and the testes [17, 18, 21, 22]. Woods et al. [41] demonstrated that there was
a significant increase in the numerical density of the FSH positive cells
of the whole ovary between days 12.5 and 19.5. This implies that the increase
in FSH receptor mRNA expression is probably related to some physiological
changes within the gonads at the time approaching hatching. Velazquez et
al. [36] showed that in vitro treatment of the left ovary of a chicken em-
bryo with FSH resulted in a dose-dependent stimulation of DNA synthesis
in the immature ovary. Pedernera et al. [21] observed the proliferative ef-
fect of FSH in the left ovary on days 15 and 18 of chicken embryogenesis.
In the same ovary, estradiol and testosterone secretion were stimulated after
FSH treatment on days 8-18 of chicken embryo development. Gémez et al.
[9] demonstrated that the effects of FSH are associated with the induction
of aromatase and 3f3-hydroxysteroid dehydrogenase activity. The testicular
tissue displayed a FSH response as an increment in cell proliferation [21,
22, 18]. The in vitro effect of FSH on cell proliferation and steroid hormone
secretion differed in the gonads with the age of the embryo [21].

Woods et al. [40] detected the LH-binding cells in the ovary and testes
as early as on day 6.5 of the chicken embryogenesis. Akazome et al. [2]
using in situ hybridization demonstrated that cells expressing LHR mRNA
started to appear in chicken embryos on day 7 and 14 in the ovary and tes-
tis, respectively. Using the quantitative PCR, they were able to detect LHR
mRNA in the gonads of both sexes between days 4 and 6 of embryogenesis
[3]. The early ovarian expression of LHR mRNA is related to the earlier sex
steroid production in females.

In the present study, the LHR mRNA expression was found on El11
in male and female gonads. This expression was higher in the ovary than
in the testes only on E17. This difference was not as spectacular as that
shown by Akazome et al. [3] who found on day 12 of egg incubation a se-
venfold higher expression of LHR mRNA in the ovary than in the testes.
Mao et al. [15] established that the expression of LHR mRNA was higher
in the ovary than in testes until day 18 of incubation. LHR mRNA expres-
sion in testes started to increase from day 20 of incubation. Surprisingly,
in 7-day-old chicks it was higher in the testes than in the ovary possibly
reflecting the gonadal steroidogenic activity.
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The results of the present study showed that gonadal LHR mRNA ex-
pression in males was lower than in the females and showed a tendency to
increase as embryogenesis advanced. The presence of LHR and its changes
in the chick embryonic gonads indicate that in both the ovary and testes, LH
acts as an important modulator of processes associated with gonadal growth
including steroidogenesis and cell proliferation. LH stimulates estradiol
synthesis and secretion from the left ovary in vivo [33, 34, 39] and in vitro
[10] as well as testosterone synthesis by embryonic testes in vitro [4, 6, 21].
Moreover, recent studies have shown that LH injected during embryonic
development inhibits oogonial proliferation and induces meiotic prophase
and follicle formation in the ovaries of newly-hatched chicks [11].

To summarize, results of this study showed that mRNA expression
of LH and FSH in the pituitary gland and their receptors in gonads changes
during egg incubation. Sexual dimorphism in the gene expression indicates
a sex- and time-dependent role of FSH and LH during gonadal develop-
ment. To our knowledge, this is the first report concerning the simultaneous
determination of mRNA expression of gonadotropin and their receptors
in female and male chicken embryos during egg incubation. The increase
in mRNA expression of FSHf} in female hypophysis and FSHR in the ovary
on day 17 suggests that the transcription of FSHR mRNA might be directly
regulated by FSH. A similar interrelationship probably exists between
pituitary LHB mRNA expression in males and LHR mRNAs in the tes-
tes. These assumptions are supported by the positive correlation between
FSHf and FSHR mRNA expression in female and LHf and LHR mRNA
expression in male embryos. Further investigations are needed to explain
the interrelationship between pituitary and gonadal function in develop-
ing chicken embryos.

ACKNOWLEDGEMENTS

This work was supported by a grant from the Polish Committee of Scien-
tific Research (KBN, Warsaw) No. 2 PO6D 020 29 and DS 3243/KFZ. The
results of this study were previously partly presented at the 15% Interna-



266 Gonadotropins in chick embryos

tional Symposium of Polish Network of Molecular and Cellular Biology
UNESCO/PAS “Molecular and Physiological Aspects of Regulatory Proc-
esses of the Organism”, Krakow, 2006.

REFERENCES

4,

5.

6.

10.

I1.

12.

. Abinawanto, Shimada K, Yoshida K, Saito N 1996 Effects of aromatase inhibitor on

sex differentiation and levels of P450 (17alpha) and P450arom messenger ribonucleic
acid of gonads in chicken embryos. General and Comparative Endocrinology 102 241-
246.

. Akazome'Y, Yasugi S, Park MK, Mori T 1997 Ontogeny of the expression of messenger

ribonucleic acid encoding lutropin receptor in chicken embryos. Zoological Science
14 363-367.

. Akazome Y, Abe T, Mori T 2002 Differentiation of chicken gonad as an endocrine

organ: expression of LH receptor, FSH receptor, cytochrome P450c17 and aromatase
gene. Reproduction 123 721-728.

Bobes RJ, Castro JI, Miranda C, Romano MC 2001 Insulin modifies the proliferation
and function of chicken testis cells. Poultry Science 80 637-642.

Bruggeman V, Van As P, Decuypere E 2002 Developmental endocrinology of the re-
productive axis in the chicken embryo. Comparative Biochemistry and Physiology.
Part A, Molecular and Integrative Physiology 131 839-846.

Castro JI, Romano MC 1994 The effects of fetal serum and gonadotropins on testos-
terone production by cultured chick testicular cells. Domestic Animal Endocrinology
11 261-269.

. Chomcezynski P, Sacchi N 1987 Single-step method of RNA isolation by acid guani-

dinium thiocyanate-phenol-chloroform extraction. Analytical Biochemistry 162 156-
159.

. Elbrecht A, Smith RG 1992 Aromatase enzyme activity and sex determination in chick-

ens. Science 255 467-470.

. Gomez Y, Velazquez PN, Peralta-Delgado I, Mendez MC, Vilchis F, Juarez-Oropeza

MA, Pedernera E 2001 Follicle-stimulating hormone regulates steroidogenic enzymes
in cultured cells of the chick embryo ovary. General and Comparative Endocrinology
121 305-315.

Gonzalez CB, Charreau EH, Aragones A, Lantos CP, Follett BK 1987 The ontogenesis
of reproductive hormones in the female embryo of the domestic fowl. General and
Comparative Endocrinology 68 369-374.

Gonzalez-Moran MG 2007 Effects of luteinizing hormone treatment on oogenesis
in ovarian germ cells of the chick (Gallus domesticus). Domestic Animal Endocrinol-
ogy 33 154-166.

Jeoung M, Lee C, Ji I, Ji TH 2007 Trans-activation, cis-activation and signal selection
of gonadotropin receptors. Molecular and Cellular Endocrinology 2 137-143.



Grzegorzewska et al 267

13.Ji 1, Lee C, Jeoung M, Koo Y, Sievert GA, Ji TH 2004 Trans-activation of mutant
follicle-stimulating hormone receptors selectively generates only one of two hormone
signals. Molecular Endocrinology 18 968-978.

14. Johnson AL, Bridgham JT, Wagner B 1996 Characterization of a chicken luteinizing
hormone receptor (cLH-R) complementary deoxyribonucleic acid, and expression
of cLH-R messenger ribonucleic acid in the ovary. Biology of Reproduction 55 304-
309.

15. Mao X, Zhang C, Saito N, Shimada K 2000 Expression of messenger ribonucleic acids
of luteinizing hormone and follicle-stimulating hormone receptors in the embryonic
and posthatch gonads of the chicken. Japanese Poultry Science 37 212-220.

16. Maseki Y, Nakamura K, Iwasawa A, Zheng J, Inoue K, Sakai T 2004 Development
of gonadotropes in the chicken embryonic pituitary gland. Zoological Science 21 435-
444,

17. Mendez-Herrera MC, Tamez L, Candido A, Reyes-Esparza JA, Pedernera E 1998 Fol-
licle stimulating hormone increases somatic and germ cell number in the ovary during
chick embryo development. General and Comparative Endocrinology 111 207-215.

18.Mi Y, Zhang C, Xie M, Zeng W 2004 Effects of follicle-stimulating hormone and an-
drogen on proliferation of cultured testicular germ cells of embryonic chickens. General
and Comparative Endocrinology 138 237-246.

19. Mizutani T, Minegishi T, Nonobe Y, Abe Y, Hasegawa Y, Wakabayashi K, Kamiyoshi
M, Miyamoto K 1998 Molecular cloning and functional expression of chicken luteiniz-
ing hormone receptor. Biochimica et Biophysica Acta 1397 1-8.

20.Noce T, Ando H, Ueda T, Kubokawa K, Higashinakagawa T, Ishii S 1989 Molecular
cloning and nucleotide sequence analysis of the putative cDNA for the precursor mol-
ecule of the chicken LH-f subunit. Journal of Molecular Endocrinology 3 129-137.

21.Pedernera E, Solis L, Peralta I, Velazquez PN 1999 Proliferative and steroidogenic
effects of follicle-stimulating hormone during chick embryo gonadal development.
General and Comparative Endocrinology 116 213-220.

22. Peralta I, Romano MC, Velazquez PN 2004 Proliferative and steroidogenic effects
of follicle-stimulating hormone on cultured chick embryo testis cells. Poultry Science
83 1193-1198.

23. Pierce JG, Parsons T 1981 Glycoprotein hormones structure and function. Annual
Review of Biochemistry 50 465-495.

24. Puebla-Osorio N, Proudman JA, Compton AE, Clements KE, Decuypere E, Vande-
sande F, Berghman LR 2002 FSH- and LH-cells originate as separate cell populations
and at different embryonic stages in the chicken embryo. General and Comparative
Endocrinology 127 242-248.

25. Romanoff AL 1960 The Avian Embryo: Structural and Functional Development, pp.
816-853, Brett-Macmillan Ltd., The Macmillan Company, New York.

26. Rombauts L, Berghman LR, Vanmontfort D, Decuypere E, Verhoeven G 1993 Changes
in immunoreactive FSH and inhibin in developing chicken embryos and the effects of es-
tradiol and the aromatase inhibitor R76713. Biology of Reproduction 49 549-554.

27.Sechman A 2005 Molecular mechanisms of sex determination in birds. (in Polish)
Medycyna Weterynaryjna 61 19-23.



268 Gonadotropins in chick embryos

28. Shen ST, Yu JY 2002 Cloning and gene expression of a cDNA for the chicken follicle-
stimulating hormone (FSH)-beta-subunit. General and Comparative Endocrinology
125 375-386.

29. Shimada K 2002 Sex determination and sex differentiation. Avian and Poultry Biology
Reviews 13 1-14.

30. Smith CA, Sinclair AH 2004 Sex determination: insights from the chicken. BioEssays
26 120-132.

31. Tager HS, Steiner DF 1974 Peptide hormones. Annual Review of Biochemistry 43
509-538.

32.Tanabe Y, Saito N, Nakamura T 1986 Ontogenic steroidogenesis by testes, ovary,
and adrenals of embryonic and post-embryonic chickens (Gallus domesticus). General
and Comparative Endocrinology 63 456-463.

33. Teng CT, Teng CS 1977 Studies on sex-organ development: the hormonal regulation
of steroidogenesis and adenosine 3’:5’-cyclic monophosphate in embryonic-chick
ovaries. Biochemical Journal 162 123-134.

34. Teng CT, Teng CS, Bousfield GR, Liu WK, Ward DN 1982 Differential response
of growing and regressing chicken ovaries to gonadotropic hormones. General
and Comparative Endocrinology 48 325-332.

35. Van Tuinen M, Sibley CG, Hedges SB 2000 The early history of modern birds inferred
from DNA sequences of nuclear and mitochondrial ribosomal genes. Molecular Biology
and Evolution 17 451-457.

36. Velazquez PN, Peralta I, Pedernera E 1997 Proliferative effect in vitro of follicle-
stimulating hormone on the left ovary of the chick embryo. General and Comparative
Endocrinology 105 40-49.

37. Wakabayashi N, Suzuki A, Hoshino H, Nishimori K, Mizuno S 1997 The cDNA clon-
ing and transient expression of a chicken gene encoding a follicle-stimulating hormone
receptor. Gene 197 121-127.

38. Woods JE 1987 Maturation of the hypothalamo-adenohypophyseal-gonadal (HAG)
axes in the chick embryo. Journal of Experimental Zoology Suppl 1 265-271.

39. Woods JE, Mennella JA, Thommes RC 1981 The hypothalamic-adenohypophyseal-
gonadal axes in the developing chick embryo. I. LH sensitivity. General and Compara-
tive Endocrinology 45 66-73.

40. Woods JE, Scanes CG, Seeley M, Cozzi P, Onyeise F, Thommes RC 1989 Plasma LH
and gonadal LH-binding cells in normal and surgically decapitated chick embryos.
General and Comparative Endocrinology 74 1-13.

41. Woods JE, Damianides-Keenan M, Thommes RC 1991 FSH- and TSH-binding cells
in the ovary of the developing chick embryo. General and Comparative Endocrinology
82 487-494.

42.You S, Foster LK, Silsby JL, El Halawani ME, Foster DN 1995 Sequence analysis
of the turkey LH P subunit and its regulation by gonadotrophin-releasing hormone
and prolactin in cultured pituitary cells. Journal of Molecular Endocrinology 14
117-129.

43.You S, Bridgham JT, Foster DN, Johnson AL 1996 Characterization of the chicken
follicle-stimulating hormone receptor (cFSH-R) complementary deoxyribonucleic



Grzegorzewska et al 269

acid, and expression of cFSH-R messenger ribonucleic acid in the ovary. Biology
of Reproduction 55 1055-1062.

44. Zhang C, Shimada K, Saito N, Kansaku N 1997 Expression of messenger ribonucleic
acids of luteinizing hormone and follicle-stimulating hormone receptors in granulosa
and theca layers of chicken preovulatory follicles. General and Comparative Endo-
crinology 105 402-409.



