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The role of leptin in female reproduction is fairly well established in mammals, whereas
reports concerning leptin action in birds are scarce. The aim of the present study was to detect
leptin receptor (LEP-R) mRNA and to localize the leptin receptor protein in the oviduct of
laying hens 2h after ovulation by the RT-PCR method and immunocytochemical staining.
The RT-PCR reaction demonstrated expression of the long form of leptin receptor mRNA in
all examined oviductal parts (infundibulum,magnum, isthmus and shell gland) and theweakest
level was found in the isthmus. The expression of the short isoform was lower than the long
form in all examined tissue samples and no differences between oviductal parts were observed.
Immunostaining specific for leptin receptor was found in the walls of all examined oviductal
parts. The intensity of the immunopositive reaction was the strongest in the epithelium of all
examined parts of the oviduct and in the endothelium and muscles of blood vessels. The
weakest immunopositive reaction was observed in tubular glands, the connective tissue layer
and in circular and longitudinal muscles. The results obtained in this experiment suggest that
the oviduct may be a target tissue for leptin, where this polypeptide hormonmay participate in
egg formation and/or its transport through the oviduct of the domestic hen.
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Leptin has been shown to play an important role
in the regulation of food intake, energy metabo-
lism and reproduction (FRIEDMAN and HALAAS,
1998). In mammals leptin is produced mainly in
the adipose tissue (ZHANG et al. 1994) and also in
reproductive organs such as placenta, uterus (KAWA-

MURA et al. 2003), oviduct (KAWAMURA et al.
2002) and in embryonic tissue (TRAYHURN et al.
1999). Leptin receptor is a member of the class I
cytokine receptor family (FRIEDMAN & HALAAS

1998). In mammals as a result of alternative splic-
ing six isoforms of leptin receptor exist. They have
an identical extracellular domain and differ only in
the length of the intracellular domain.

Reports concerning the action of leptin in birds
are unsatisfactory. Leptin in birds is produced mainly
by the liver (TAOUIS et al. 1998; ASHWELL et al.
1999). The genes encoding the long form of leptin
receptor have been cloned in chicken (HOREV et al.
2000; OHKUBO et al. 2000) and turkey (RICHARDS

& POCH 2003). The short isoform of leptin recep-
tor has also been identified (LIU et al. 2006). It has
been demonstrated that in laying hens exogenous
leptin attenuates the negative effects of fasting on
ovarian function (PACZOSKA-ELIASIEWICZ et al.
2003) and the expression of mRNA of the long
form of leptin receptor has been found in the hypo-
thalamus (HOREV et al. 2000; PACZOSKA-ELIA-

SIEWICZ et al. 2003), the pituitary (PACZOSKA-ELIA-

SIEWICZ et al. 2003) and the ovary (OHKUBO et al.
2000; PACZOSKA-ELIASIEWICZ et al. 2003).

The oviduct of the hen develops rapidly after 16
weeks of age. It consists of five distinguishable re-
gions: infundibulum, magnum, isthmus, shell
gland and vagina. Subsequent to ovulation, the
ovum is engulfed by the infundibulum, where it re-
sides for approximately 15-30 min. The fertiliza-
tion of the ovum and the production of the first
layer of egg white occur in the infundibulum.
Next, the ovum passes to the largest portion of the
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oviduct, the magnum, where the majority of egg
white proteins are formed. The ovum remains in
the magnum for approximately 2-3h. Both inner
and outer shell membranes are formed in the next
portion of the oviduct, the isthmus, during 1.5h.
Calcification of the egg occurs in the shell gland
where the egg stays for about 18h. When this pro-
cess is finished, the expulsion of the egg com-
mences through the vagina (see GILBERT 1979).

The mRNA expression of the long form of leptin
receptor has been obtained in mammalian ovaries,
uterus and testes (ZAMORANO et al. 1997;
GONZALES & LEAVIS 2003; KAWAMURA et al.
2003; ZERANI et al. 2004). Leptin receptor has
also been detected in the oviduct of mammals (LIU

et al. 2003; ZERANI et al. 2005), but so far it has not
been shown in the avian oviduct. Therefore, the
aim of the present study was to determine whether
mRNA of the short and long form of leptin recep-
tor is expressed in the oviduct of the laying hen and
to ascribe their relative contributions if both iso-
forms are expressed. The next purpose of this ex-
periment was to detect and immunocyto-
chemically localize the leptin receptor in the ovi-
ductal tissue.

Material and Methods

The experiment was carried out in accordance
with the principles and procedures of the Local
Animal Ethics Committee in Kraków on 34-week-
-old Hy-Line Brown laying hens (n=8), caged in-
dividually with free access to food and water, un-
der a photoperiod of 14L:10D. The time of
ovulation was determined by checking oviposition
at 0.5h intervals between 7.00 a.m. and 4.00 p.m.
for at least 2 weeks before selection for the test.
Ovulation was considered to occur 5 min after ovi-
position of the previous egg in the series. Birds
were decapitated 2h after oviposition/ovulation.

RNA isolation and RT-PCR reactions

Fragments of the middle part of each oviductal
segment (infundibulum, magnum, isthmus and
shell gland) were kept frozen in liquid nitrogen un-
til isolation of total RNA by using the TRI-reagent
(Molecular Research Center, USA), according to the
method described by CHOMCZYNSKI and SACCHI

(1987). RNA was dissolved in pure RNase free
water (Promega, USA) and kept at -80oC. The den-
sity of RNA was measured spectrophotometrically
using a Biophotometer (Eppendorf, Germany).
After DNase treatment using RQ1 RNase-Free
DNase (Promega, USA) the first strand comple-
mentary DNA (cDNA) synthesis from total RNA
was catalysed. Each 20 Fl RT reaction mixture
contained 5 Fg of total RNA, 200U M-MuLV re-
verse transcriptase (Fermentas, Lithuania), 0.5 Fg
oligo(dT)18 as a primer, 1mM of each dNTP, 20U
Ribonuclease Inhibitor (Fermentas, Lithuania).
The resulting first strand cDNA was used for PCR
reaction with primers (IBB PAN, Poland) de-
signed to amplify the regions of the chicken leptin
receptor encoding the extracellular and intracellu-
lar domains of the long form of leptin receptor, and
a further pair to amplify the intracellular region of
the chicken leptin receptor short form (LIU et al.,
2006). As a reference gene 18S rRNA was used
(Table 1). The 25 Fl PCR reaction mixture con-
tained 1 Fl of cDNA, 0.2 mM of each dNTP,
0.2 mM of each primer, 1.5 mM MgCl2 and 0.625U
of TaqDNA Polimerase (Fermentas, Lithuania).
The PCR reactions were performed in a Thermo-
cycler Gradient (Eppendorf, Germany). PCR prod-
ucts were resolved on 1.5% agarose gels contain-
ing ethidium bromide. The PCR products were
semi-quantitively determined from the density of
the gel band using the Scion Image for Windows
(Scion Corporation, Maryland, USA). The relative
density of each gene was compared with 18 S rRNA
products, and expressed as the mean of 8 samples.

Immunocytochemical localization of leptin receptor

Fragments of the middle part of each oviductal
segment were fixed in 4% formaldehyde in
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Table 1

Parameters of primers used in RT-PCR reactions and product size

Gene Position
GenBank
accession
number

Sequences: (5’-3’)
Primers

sequences
according to:

Size of
product

Extracellular domain of
leptin receptor

1502-1523
2054-2073

AF169827
F: ATGGTCTGCAAACCCAAACGCA

R: AGGGAGCTTGGATATCTTTT
LIU et al. 2006 572 bp

Intracellular domain of long
form of leptin receptor

2749-2768
3607-3626

AF169827
F: GAATGAAGAAACTGCTCTGG
R: ACAGCTGTTCTCTGTGGTCT

LIU et al. 2006 878 bp

Intracellular domain of short
form of leptin receptor

1-18
197-216

AY348719
F: GAATGAAGAAACTGCTCTGG
R: TACAACTCATGTGCTGCATT

LIU et al. 2006 216 bp

18S rRNA
160-179
308-326

AF173612
F: CGCGTGCATTTATCAGACCA
R: ACCCGTGGTCACCATGGTA

PACZOSKA-ELIA-
SIEWICZ et al. 2003

167 bp



phosphate-buffered saline (pH 7.4) and embedded

in paraffin by routine procedure. The 6 Fm thick

sections of the examined oviductal parts were

stained by routine haematoxillin-eosin technique

or the avidin-biotin-horseradish peroxidase (HRP)

complex technique. The sections were dewaxed in

xylene and hydrated through a series of graded

ethanol and microwaved in 10mM citric acid (pH

6.0) for antigen retrieval. Next, they were incu-

bated in 1% H2O2 to inhibit the endogenous peroxi-

dase activity. Afterwards, sections were incubated

with normal goat serum and then with primary an-

tibody rabbit antiserum raised against recombi-

nant leptin-binding domain (LBD; aminoacids

419-624) of chicken leptin receptor purified by af-

finity chromatography. The sections were then in-

cubated with the secondary antibody (biotinylated

goat anti-rabbit, 1:350 in PBS; Vector Laborato-

ries) and with the avidin-biotin-peroxidase com-

plex StreptABComplex/HPR (DakoCytomation,

Denmark). The colour reaction was developed by

incubation with the DAB-H2O2 mixture. The

negative control was incubated without the pri-

mary antibody. To verify the specifity of the pri-

mary antibody, it was preincubated with re-

combinant chicken LBD before incubation with

tissue sections. The resulting immunocytochemi-

cal staining was the same as in the negative con-

trol, confirming the specifity of primary antibody

against leptin receptor.

Statistical analysis

Data were statistically analyzed by one-way
analysis of variance ANOVA followed by Stu-
dent’s t-test. Values are expressed as the mean
"SEM from 8 determinations and considered sig-
nificantly different at P<0.05.
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Fig. 1. Expression of mRNA of leptin receptors in the oviduct
of the laying hen (4 series were shown). A) reference gene
18S rRNA, B) extracellular domain of long form of leptin
receptor, C) intracellular domain of long form of leptin
receptor, D) short form of leptin receptor. M-Molecular
marker (100-1000bp), Inf-Infundibulum, Ma-magnum,
Is-Isthmus, SG-Shell gland.

Fig. 2. Semiquantitive analysis of expression of intracellular
domain (A), extracellular domain (B) and short form (C) of
leptin receptor mRNA in the chicken oviduct 2h after
ovulation (n=8, mean "SEM). a,b,c - means with different
letter differ significantly (P<0.05).



Fig. 3. A-D Haematoxyllin and eosin staining of hen oviductal parts: infundibulum (A), magnum (B), isthmus (C) shell gland
(D), F-I Immunocytochemical localization of leptin receptor in hen oviductal segments: infundibulum (E), magnum (F),
isthmus (G), shell gland (H), E negative control incubated without specific 1o antibody against leptin receptor. CE – cilliated
epithelium, CM – circular muscles, CT – connective tissue, LM – longitudinal muscles, TG – tubular glands.
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Results

RT-PCR reactions demonstrated that the mRNA
of leptin receptor long and short isoforms are ex-
pressed in all examined oviductal parts (Fig. 1).

High mRNA expression of the long form of re-
ceptor was found in the infundibulum, the mag-
num and the shell gland and was lowest in the
isthmus. (Fig. 2 a, b).

The expression of short isoform mRNA was
lower than the expression of long isoform of leptin
receptor in the hen oviduct (Fig. 2c). There were
no differences in expression of mRNA for short
form of leptin receptor between the examined parts
of the oviduct.

Immunostaining specific for leptin receptor was
found in the wall of all examined oviductal parts.
The most intense immunostaining was observed in
cilliated cells of the epithelium of all examined
parts of the oviduct. In the infundibulum a strong
colour reaction was also obtained in connective
tissue and muscles. In the magnum, apart from the
ciliated cells, a very intense reaction was observed
in tubular gland cells, goblet cells, muscles and
connective tissue. In the isthmus an intense reac-
tion was also observed in glandular tissue and
muscles. In the shell gland the staining was hardly
visible in muscles and connective tissue. In the
wall of the examined oviductal parts, an intense re-
action was observed in epithelium, both in the
outer mucous membrane and inner cilliated epi-
thelium and also in endothelium and muscles of
blood vessels localized in the connective tissue.
Immunoreactivity in the tubular glands, connec-
tive tissue and circular and longitudinal muscles
was less intense (Fig. 3).

Discussion

To our knowledge, the present study is the first
concerning mRNA expression of both long and
short isoform of leptin receptor in the chicken ovi-
duct. Previously, in mammalian oviduct, mRNA
expression of long form of leptin receptor was de-
tected (LIU et al. 2003; ZERANI et al. 2005), but
there were no data on other isoforms of leptin re-
ceptor. Moreover, so far there were no reports on
the detection of leptin receptor in the oviductal tis-
sue in birds. ZERANI et al. (2005) detected positive
immunohistochemical staining of leptin receptor
in the cytoplasm of the secretory cells of the rabbit
oviduct.

The differing expression of mRNA of two iso-
forms of leptin receptor obtained in this study is
striking. The expression of the short form of leptin
receptor was obtained in all examined tissues,

whereas there are no reports concerning the short
form of leptin receptor expression in the oviduct of
any animal. According to suggestions of
BAUMANN et al. (1996) and TARTAGLIA (1997),
this truncated form exhibits partial or no signalling
capabilities and it may have alternative functions
such as uptake, transport or clearance of leptin
from circulation, but BRANN et al. (2002), and
HEGYI et al. (2004) have shown that some signal-
ling events can be initiated by the short isoforms
and/or involve other pathways, such as mitogen-
activated protein kinase (MAPK). In the laying
hen, expression of the short form of leptin receptor
mRNA has been previously detected in pituitary,
liver, kidney, ovary, lungs, but interestingly, it has
not been detected in hypothalamus (LIU et al.
2006).

The expression of the long form of leptin recep-
tor was higher than the expression of mRNA of the
short form of receptor. Statistically significant dif-
ferences in expression of mRNA of the long form
of receptor among oviductal segments were de-
tected. In the isthmus the expression was lower
than in other parts of the oviduct.

ZERANI et al. (2005) suggested that leptin may
modulate prostaglandin synthesis in the oviduct of
rabbit. Prostaglandins in the mammalian oviduct
affect muscular activity and enable oocyte trans-
port. It is now recognized that different regions
and types of muscle respond differently to prosta-
glandins. In birds, as in mammals, prostaglandins
are synthetized in the oviduct (RZ¥SA 1978, 1981)
and they are involved in smooth muscle contractil-
ity and ovum transport (TALO & KEKALAINEN

1976; RZ¥SA 1978). The presence of prosta-
glandins was detected in each oviductal segment
(RZ¥SA 1978, 1981). It has been shown that in-
trauterine administration of several prostaglandins
caused premature oviposition in quail, chicken,
and turkey (HERTELENDY 1974; RZ¥SA 1978;
HAMMOND et al. 1981). Participation of prosta-
glandins in the regulation of oviductal motility
(OLSON et al. 1978; WECHSUND & HOUVENAGHEL

1978; OLSON et al. 1981; RZ¥SA 1981) may sug-
gest the possible cooperation of leptin with prosta-
glandins in the regulation of the activity of avian
oviduct.

Another possible explanation of the role of
leptin, mediated by its receptors present in the ovi-
duct, may be modulation of immune response as
was previously detected in birds (LOHMUS et al.
2004) as well as in mammals (GAINSFORD et al.
1996; SANCHEZ-MARGALET et al. 2002; CALDEFIE-
-CHEZET et al. 2003). Sperm storage and fertiliza-
tion occurs in the oviduct, but it is also a site of bac-
terial colonization. The predominant colonization
sites of Salmonella entheritidis in the oviduct of
the laying hen are tubular glands of the isthmus
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(DE BUCK et al. 2004). WITHANAGE et al. (2003)
showed an increase in lymphocyte and macro-
phage subpopulations in the oviducts of infected
hens. These reports and results obtained in this ex-
periment, suggest that leptin in the oviduct of the
laying hen may play a role in stimulation of im-
mune response in case of infection.

There is no data concerning the exact time of the
onset of leptin synthesis in chicken embryo and it
cannot be excluded that leptin is secreted into the
egg during its formation. Leptin mRNA expres-
sion was detected on the 5th day of embryogenesis
in the whole chicken embryo and on the 17th day in
the liver and yolk sac (ASCHWELL et al. 1999).
The expression of the long form of leptin receptor
mRNA was detected in the chorioallantoic mem-
brane of chicken embryo on day 11 of incubation
(GRZEGORZEWSKA et al. 2005) and on the 14th day
of embryogenesis in turkey embryonic brain, liver
and yolk sac (RICHARDS & POCH 2003). Leptin
may also stimulate angiogenesis during chicken
embryogenesis (BOULOUMIE et al. 1998; RIBATTI

et al. 2001) and in the Japanese quail in ovo injec-
tion of recombinant leptin accelerated embryonic
and postembryonic development (LAMOSOVA et
al. 2003). These results suggest the role of this
polypeptide hormone in the development of the
chicken embryo.

In the oviduct of the laying hen, leptin may also
participate in calcium absorption and storage. Dur-
ing calcification of the egg shell 2-2.5g of calcium
is deposited per day into the egg shell, representing
over 10% of the whole body stores of calcium
(HODGES 1969; SIMKISS & TAYLOR 1971). Leptin
is known as a regulator of bone formation process
(PARHAMI et al. 2001; GALUS & W£ODARSKI

2004; FAN et al. 2007; GAD 2007; HANDSCHIN et
al. 2007). Hence, it cannot be excluded that leptin
takes part in shell building in the hen oviduct.

Unlike mammals, the oviduct of a laying hen is
characterized by a high rate of metabolic processes
connected with egg formation during its passage
through the oviductal segments. During each ovu-
latory cycle hen lays an egg weighing 50-70g, rep-
resenting 1.5% of its body weight (GILBERT 1971).
Egg formation is a very energy-consuming pro-
cess, and different metabolic pathways are in-
volved in it. Leptin, a metabolic hormone, may
stimulate expression of genes encoding egg white
proteins.

In conclusion the results of this study, demon-
strating the presence of leptin receptors in oviduc-
tal segments of the hen (i.e infundibulum,
magnum, isthmus, shell gland), indicate that the
oviduct is a target tissue for leptin. This polypep-
tide hormone can exert its physiological effect on
chicken oviduct functions, such as formation and

passage of the egg. Further experiments are
needed in order to explain the role of different iso-
forms of leptin receptor in the oviduct, the mecha-
nism of signal transduction and to propose the
mechanism of leptin action during the production
of the egg.

Acknowledgements

The authors wish to thank Prof. Arieh GERTLER

from the Institute of Biochemistry, Food Science
and Nutrition, Faculty of Agriculture, The Hebrew
University of Jerusalem, Rehovot, Israel, for the
generous gift of antibody against chicken leptin re-
ceptor.

References

ASHWELL C., CZERWINSKI S. M., BROCHT D. M.,
MCMURTRY J. P. 1999. Hormonal regulation of leptin ex-
pression in broiler chickens. Am. J. Physiol. 276: 226-232.

BAUMANN H., MORELLA K. K., WHITE D. W., DEMBSKI M.,
BAILON P. S., KIM H., LAI C. F., TARTAGLIA L. A. 1996.
The full-length leptin receptor has signaling capabilities of
interleukin 6-type cytokine receptors. Proc. Natl. Acad. Sci.
USA 93: 8374-8378.

BOULOUMIE A., DREXLER H. C., LAFONTAN M., BUSSE R.
1998. Leptin, the product of ob gene, promotes angiogene-
sis. Circ. Res. 83: 1059-1066.

BRANN D. W., WADE M. F., DHANDAPANI K. M., MAHESH
V. B., BUCHANAN C. D. 2002. Leptin and reproduction.
Steroids 67: 95-104.

CALDAFIE-CHEZET F., POULIN A., VASSON M. P. 2003.
Leptin regulates functional capacities of polymorphonuclear
neutrophils. Free Radic. Res. 37: 809-814.

CHOMCZYNSKI P., SACCHI N. 1987. Single-step method of
RNA isolation by acid guanidinium thiocyanate-phenol-
chloroform extraction. Anal. Biochem. 162: 156-159.

DE BUCK J., PASMANS F., VAN IMMERSEEL F., HAESE-
BROUCK F., DUCATELLER. 2004. Tubular glands of the isth-
mus are the predominant colonization site of Salmonella
enteritidis in the upper oviduct of laying hens. Poult. Sci. 83:
352-358.

FAN D., CHEN Z., CHEN Y., SHANG Y. 2007. Mechanistic
roles of leptin in osteogenic stimulation in thoracic ligament
flavum cells. J. Biol. Chem. 282: 29958-29966.

FANTUZZI G. 2006. Leptin: Nourishment for the immune sys-
tem. Eur. J. Immunol. 36: 3101-3104.

FRIEDMANN J. M., HALAAS J. L. 1998. Leptin and the regula-
tion of body weight in mammals. Nature 395: 763-779.

GAD H. I. 2007. The potential osteogenic effects of systemic
leptin and insulin administration in streptozotocin-induced
diabetic female rats. Saudi Med. J. 28: 1185-1190.

GAINSFORD T., WILLSON T. A., METCALFD., HANDMAN E.,
MCFARLANEC., NGA., NICOLA N. A., ALEXANDER W. S.,
HILTON D. J. 1996. Leptin can induce proliferation, differ-
entiation, and functional activation of hemopoietic cells.
Proc. Natl. Acad. Sci. USA 93: 14564-14568.

GALUS R., W£ODARSKI K. 2004. New factors affecting bone
remodeling. Ortop. Traumatol. Rehabil. 6: 120-122.

GILBERT A. B. 1979. Female genital organs. (In: Form and
Function in Birds. A. S. King, J. McLelland eds. Academic
Press, London) 1: 237-360.

A. K. GRZEGORZEWSKA et al.184



GONZALEZ R. R., LEAVIS P. C. 2003. A peptide derived from
the human leptin molecule is a potent inhibitor of the leptin
receptor function in rabbit endometrial cells. Endocrine 21:
185-195.

GRZEGORZEWSKAA., JACEKT., LISM., PACZOSKA-ELIASIE-
WICZ H. E. 2005. Expression of leptin receptor in the cho-
rioallantoic membrane of chicken embryo. 14th Intern. Symp.
of Polish Network of Molecular and Cellular Biology
UNESCO/PAS „Molecular and Physiological Aspects of
RegulatoryProcessesof theOrganism”,Materials.Pp.162-163.

HAMMOND R. W., KOELKEBECK K. W., SCANES C. G.,
BIELLIER H. V., HERTELENDY F. 1981. Plasma prostaglan-
din, LH, and progesterone levels during the ovulation cycle
of the turkey Meleagris gallopavo. Gen. Comp. Endocrinol.
44: 400-403.

HANDSCHIN A. E., TRENTZ O. A., HEMMI S., WEDLER V.,
TRENTZO., GIOVANOLI P., WANNER G. A. 2007. Leptin in-
creases extracellular matrix mineralization of human osteo-
blasts from heterotopic ossification and normal bone. Ann.
Plast. Surg. 59: 329-333.

HEGYI K., FULOP K., KOVACS K., TOTH S., FALUS A. 2004.
Leptin-induced signal transduction pathways.Cell. Biol. Int.
28: 159-169.

HERTELENDY F. 1974. Effects of prostaglandins, cAMP,
seminal plasma, indomethacin, and other factors on oviposi-
tion in the Japanese quail, Coturnix japonica. J. Reprod.
Fert. 40: 87-93.

HODGES R. D. 1969. pH and mineralion levels in the blood of
the laying hen (Gallus domesticus) in relation to eggshell
formation. Comp. Biochem. Physiol. 28: 1243-1257.

HOREV G., EINAT P., AHARONI T., ASHDAT Y., FRIEDMAN-
-EINAT M. 2000. Molecular cloning and properties of the
chicken leptin receptor (CLEPR) gene. Mol. Cell. Endocri-
nol. 162: 95-106.

KAWAMURA K., SATO N., FUKUDA J., KODAMA H.,
KUMAGAI J., TANIKAWA H., NAKAMURA A., TANAKA T.
2002. Leptin promotes the development of mouse preim-
plantation embryos in vitro. Endocrinology 143: 1922-1931.

KAWAMURA K., SATO N., FUKUDA J., KODAMA H.,
KUMAGAI J., TANIKAWAH., MURATAM., TANAKAT. 2003.
The role of leptin during the development of mouse preim-
plantation embryos. Mol. Cell. Endocrinol. 202: 185-189.

LAMOSOVA D., MACAJOVA M., ZEMAN M., MOZES S.,
JEZOVA D. 2003. Effect of in ovo leptin administration on
the development of Japanese quail. Physiol. Res. 52: 201-209.

LIUL. L., QIAO J., WANGY. Z., CHENY. J., GAO Y. Q. 2003.
Expression of leptin and leptin receptor system in woman re-
productive organs. Zhonghua Yi Xue Za Zhi. 83: 666-668.

LIU X., DUNN I. C., SHARP P. J., BOSWELL T. 2006. Molecu-
lar cloning and tissue distribution of a short form chicken
leptin receptor. Dom. Animal. Endocrinol. 32: 155-166.

LOHMUS M., OLIN M., SUNDSTROM L. F., TROEDSSON M.
H., MOLITOR T. W., EL HALAWANI M. 2004. Leptin in-
creases T-cell immune response in birds. Gen. Comp. Endo-
crinol. 139: 245-250.

OHKUBO T., TANAKA M., NAKASHIMA K. 2000. Structure
and tissue distribution of chicken leptin receptor (cOb-R)
mRNA. Biochim. Biophys. Acta 1491: 303-308.

OLSON D. M., BIELLIER H. V., HERTELENDY F. 1978. Shell
gland responsiveness to prostaglandins F2a and E1 and to ar-
ginine vasotocin during the laying cycle of the domestic hen
(Gallus domesticus) Gen. Comp. Endocrinol. 36: 559-665.

OLSON D. M., BIELLIER H. V., HERTELENDY F. 1981. The
role of prostaglandins in oviposition. Advan. Physiol. Sci.
33: 185-195.

PACZOSKA-ELIASIEWICZ H. E., GERTLERA., PROSZKOWIEC
M., PROUDMAN J., HRABIA A., SECHMAN A., MIKA M.,
JACEKT., CASSY S., RAVERN., RZASA J. 2003. Attenuation
by leptin of the effects of fasting on ovarian function in hens
(Gallus domesticus). Reproduction 126: 739-751.

PARHAMI F., TINTUT Y., BALLARD A., FOGELMAN A. M.,
DEMER L. L. 2001. Leptin enhances the calcification of vas-
cular cells: artery wall as a target of leptin. Circ. Res. 88:
954-960.

RIBATTID., NICOB., BELLONIA. S., VACCAA., RONCALIL.,
NUSSDORFER G. G. 2001. Angiogenic activity of leptin in
the chick embryo chorioallantoic membrane is in part medi-
ated by endogenous fibroblast growth factor-2. Int. J. Mol.
Med. 8: 265-268.

RICHARDS M. P., POCH S. M. 2003. Molecular cloning and
expression of the turkey leptin receptor gene. Comp. Bio-
chem. Physiol. 136: 833-847.

RZ¥SA J. 1978. Effects of arginine vasotocin and prostaglan-
din E1 on the hen uterus. Prostaglandins 16: 357-372.

RZ¥SA J. 1981. Prostaglandin production by the hen oviduct
in vivo and in vitro. Advan. Physiol. Sci. 33: 177-183.

SANCHEZ-MARGALET V., MARTIN-ROMERO C., GONZALEZ-
-YANES C., GOBERNA R., RODRIGUEZ-BANO J., MUNIAIN
M. A. 2002. Leptin receptor (Ob-R) expression is induced in
peripheral blood mononuclear cells by in vitro activation and
in vivo in HIV-infected patients. Clin. exp. Immunol. 129:
119-124.

SIMKISS K., TAYLOR T. G. 1971. Shell formation. (In: Physi-
ology and Biochemistry of the Domestic Fowl. J. D. Bell, B.
M. Freeman eds. Academic Press, London) 3: 1331-1344.

TALO A., KEKALAINEN R. 1976. Ovum promotes its own
transport in the oviduct of the Japanese quail. Biol. Reprod.
14: 186-189.

TAOUIS M., CHEN J. W., DAVIAUDC., DUPONT J., DEROUET
M., SIMON J. 1998. Cloning the chicken leptin gene. Gene
208: 239-242.

TARTAGLIA L. A. 1997. The leptin receptor. J. Biol. Chem.
272: 6093-6096.

TRAYHURN P., HOGGARD N., MEREER J. G., RAYNER D. V.
1999. Leptin: fundamental aspects. Int. J. Obes. Relat. Me-
tab. Disord. 1: 22-28.

WECHSUND E., HOUVENAGHEL A. 1978. Effect of prosta-
glandins on oviduct tone in the domestic hen in vivo. Prosta-
glandins 15: 491-505.

WITHANAGE G. S., SASAI K., FUKATA T., MIYAMOTO T.,
LILLEHOY H. S., BABA E. 2003. Increased lymphocyte sub-
populations and macrophages in the ovaries and oviducts of
laying hens infected with Salmonella enterica serovar
Enteritidis. Avian Pathol. 32: 583-590.

ZAMORANO P. L., MAHESH V. B., DE SEVILLA L. M.,
CHORICH L. P.,. BHAT G. K., BRANN D. W. 1997. Expres-
sion and localization of the leptin receptor in endocrine and
neuroendocrine tissues of the rat. Neuroendocrinology 65:
223-228.

ZERANI M., BOITI C., ZAMPINI D., BRECCHIA G.,
DALL’AGLIO C., CECCARELLI P., GOBBETTI A. 2004. Ob
receptor in rabbit ovary and leptin in vitro regulation of cor-
pora lutea. J. Endocrinol. 183: 279-288.

ZERANI M., BOITI C., DALL’AGLIO C., PASCUCCI L.,
MARANESI M., BRECCHIA G., MARIOTTINI C., GUELFI G.,
ZAMPINID., GOBBETTIA. 2005. Leptin receptor expression
and in vitro leptin actions on prostaglandin release and nitric
oxide synthase activity in the rabbit oviduct. J. Endocrinol.
185: 319-325.

ZHANG Y., PROENCAR., MAFFEIM., BARONEM., LEOPOLD
L., FRIEDMAN J. M. 1994. Positional cloning of mouse obese
gene and its human homologue. Nature 372: 425-432.

Leptin Receptor and Chicken Oviduct 185


