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Expression of Leptin and Adiponectin in the Rat Oviduct
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SUMMARY In mammals, the oviduct is an important source of factors that play key roles in
reproductive and developmental events. The major components of oviduct fluid are oviduct-
specific glycoproteins, but other proteins are synthesized and secreted by the oviduct epi-
thelium. Leptin and adiponectin are two hormones originally identified in adipocytes that
play a critical role not only in the control of energy balance and metabolism but also in di-
verse functions such as reproduction. This study investigates the presence and distribution of
leptin and adiponectin in the rat oviduct through a combination of immunohistochemistry
and reverse transcription–polymerase chain reaction techniques. Using both techniques, it
has been detected that the oviduct of cycling rats expresses leptin and adiponectin. Immuno-
reactivity for both adipokines appears in the apical region of the secretory epithelial cells,
only in the isthmus and ampulla. The immunostain is stronger in the isthmus and changes
throughout the estrous cycle in the ampulla, increasing from proestrous to estrous. The re-
sults presented here are a further contribution to the identification of leptin and adiponectin
produced and secreted by the oviduct epithelium, which must be taken into account for a
better understanding of the reproductive events that take place in this organ.

(J Histochem Cytochem 55:1027–1037, 2007)
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THE MAMMALIAN OVIDUCT is not just a passive channel
for gamete and embryo transport but also encompasses
a very active secretory organ involved in several im-
portant reproductive events (Hunter 1998). Oviduct
fluid provides an optimal microenvironment for bio-
logical functions that contribute to the final matura-
tion of oocytes and spermatozoa (capacitation), gamete
transport, fertilization, and early cleavage-stage em-
bryo development (Hunter 1988,1998). Moreover, the
oviduct is a dynamic organ that undergoes significant
morphological, biochemical, and physiological modifi-
cations. These changes are associated with the different
sections of the oviduct as well as the stage of the repro-
ductive cycle and, thus, are controlled by the ovarian
steroids—estrogen and progesterone (Hunter 1998).

Oviduct fluid is composed of hundreds of macro-
molecules derived either by new secretion from oviduct
epithelium or serum transudate (Beier 1974; Buhi et al.
2000; Leese et al. 2001; Buhi 2002). Proteins consti-
tute a major component of oviduct secretion, many of
them being similar to those in serum (Gerena and Killian
1990). The protein pattern includes many enzymes, pro-
tease inhibitors, growth factors, and a group of OGP or
oviductins (Hunter 1988; Arias et al. 1994; Buhi 2002;
Killian 2004). In this context, identification and char-
acterization of other specific oviduct proteins and the
assessment of their potential role in early reproductive
events seems justified.

Reproduction in mammals is dependent on the avail-
ability of energy. In particular, it has been demonstrated
that a minimum weight for height is necessary for nor-
mal sexual function in women (Frisch and McArthur
1974). Adipose tissue participates in the regulation of
energy homeostasis, secreting a large number of biologi-
cally active adipokines (Frühbeck et al. 2001). Leptin and
adiponectin are two of the best-characterized adipokines;
both affect carbohydrate and lipid metabolism and are
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associated with increased insulin sensitivity (Frühbeck
et al. 2001; Guerre-Millo 2002; Ahima 2005; Mitchell
et al. 2005). These hormones have a broad pattern of
expression in the organism and are implicated in many
different functions, including reproduction. In this
context, special attention has been paid in recent years
to analysis of the link between reproductive function
and molecules involved in energy homeostasis, such as
adipocyte-derived hormones (Caprio et al. 2001; Guerre-
Millo 2002; Tena-Sempere and Barreiro 2002; Mitchell
et al. 2005).

Leptin is the product of the ob gene (Zhang et al.
1994). Circulating leptin concentrations are coupled to
energy stores (Loftus 1999), increasing in the fed state
and decreasing during fasting. Leptin is the signal that
informs the brain about the degree of adiposity. The
relationship between leptin and reproduction was first
studied in sterile mice with a homozygous mutation of
the ob gene (ob/ob mice) (Zhang et al. 1994). Leptin
administration restored fertility in both female (Chehab
et al. 1996) and male (Mounzih et al. 1997) ob/ob mice.
Leptin and its receptor have been shown to be expressed
in ovary (Karlsson et al. 1997; Spicer and Francisco
1997; Löffler et al. 2001; Ryan et al. 2002; Archanco
et al. 2003) and testis (Hoggard et al. 1997; Caprio et al.
1999; Tena-Sempere et al. 1999), as well as in several
other tissues of the reproductive tract. Identification of
leptin in these organs pointed out its participation in the
control of reproductive function in both sexes (Caprio
et al. 2001; Tena-Sempere and Barreiro 2002). Adipo-
nectin is also synthesized and secreted by adipocytes to
the blood stream (Scherer et al. 1995; Berg et al. 2002).
This hormone has also been documented in many dif-
ferent tissues of the organism such as the liver (Yoda-
Murakami et al. 2001), skeletal muscle (Delaigle et al.
2004), bone tissue (Berner et al. 2004), and cardiac
muscle (Pineiro et al. 2005). In addition to leptin, adipo-

nectin has also been described as an important regula-
tor of appetite and energy homeostasis, affecting insulin
sensitivity (Hotta et al. 2001; Diez and Iglesias 2003;
Heilbronn et al. 2003). In contrast to other adipokines,
adiponectin levels are reduced in cases of obesity and
increase in response to weight loss (Weyer et al. 1930).
Involvement of this hormone in many other biological
functions, including reproduction (Meier and Gressner
2004; Mitchell et al. 2005), has been put forward.
Adiponectin plasma levels present sexual dimorphism
in adult human and mice (Combs et al. 2004; Gui et al.
2004; Mitchell et al. 2005). Furthermore, some pathol-
ogies of the reproductive tract (estrogen-dependent dis-
eases) such as endometriosis (Dal Maso et al. 2004;
Takemura et al. 2006), breast cancer (Miyoshi et al.
2003; Mantzoros et al. 2004; Harvie and Howell 2006),
and uterine leiomyoma (Chen et al. 2004) are associated
with changes in serum adiponectin levels.

In a previous study, expression of leptin in the rat
ovary with a targeted distribution in oocytes and steroid-
producing cells was examined (Archanco et al. 2003).
Involvement of leptin in gamete maturation and early
embryo development in mammals (Antczak and Van
Blerkom 1997; Matsuoka et al. 1999; Kawamura et al.
2002,2003), events that take place in the oviduct, have
been proposed. Nonetheless, the pattern of expression
of leptin or any other adipokine in the oviduct and their
participation in oviduct functions remains to be com-
pletely disentangled. Likewise, expression of adiponectin
in the reproductive tract and its potential role in repro-
duction need to be clarified.

To address these issues, detailed identification of
leptin and adiponectin expression in the rat oviduct was
carried out by a combination of immunohistochemistry
(IHC) and reverse transcription–polymerase chain re-
action (RT-PCR) techniques. Results obtained in this
study provide further information about the implica-

Table 1 List of antisera used in IHC

Antiserum Code Source Antigen Type Sequence Dilution
Molecular

weight treatment

Leptin Ob (Y-20): sc843 Santa Cruz Biotechnology;
Santa Cruz, CA

Human Polyclonal 16–34 1:100 LM
1:50 EM

Yes

Adiponectin H-028-51 Phoenix Pharmaceuticals;
Burlingame, CA

Human Polyclonal 222–444 1:200 LM
1:100 EM

No

LM, light microscopy; EM, electron microscopy.

Table 2 List of primers used in RT-PCR

Primer GenBank Primers cDNA (bp)a Tab # Cycles

Leptin U22421 5¶-CCAGGATGACACCAAAACCC-3¶ 5¶-TCCAACTGTTGAAGAATGTCC-3¶ 405 56C 38
Adiponectin AF304466 5¶-TGTTCCTCTTAATCCTGCCC-3¶ 5¶-CAACATCTCCTGTCTCACCC-3¶ 228 57C 40
b-actin X03672 5¶-TCTACAATGAGCTGCGTGTG-3¶ 5¶-GGTCAGGATCTTCATGAGGT-3¶ 314 59C 24

abp, base pairs.
bTa, annealing temperature.
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tion of leptin and adiponectin in the female reproduc-
tive function.

Materials and Methods

Animals

TenWistar rats, aged 12 weeks and weighing 2306 5 g, were
used in this study. Animals were maintained under conven-
tional conditions with 12:12 hr light/dark cycle (lights on at
8:00 AM) and at an ambient temperature of 21 6 2C, with
water and standard laboratory diet (Rodent Toxicology Diet;
B and K Universal Ltd., Hull, UK) available ad libitum.
Vaginal smears were collected daily (between 9:00 AM and

10:00 AM) to determine the correct development of the es-
trous cycle, and only rats with consistent 4-day cycles were
used. All experimental procedures conformed to the European
Guidelines for the Care and Use of Laboratory Animals. The
study was approved by the Ethical Committee of the Univer-
sity of Navarra.

Animals were sacrificed by decapitation in either pro-
estrous (z5:00 PM) or estrous (z11:00 AM) phase (n55 per
group) to seek evidence of morphological differences in the
rat oviduct in relation to when the most significant changes
of gonadotropin concentrations occur during the estrous cy-
cle. No anesthetics were administered to avoid interferences
with biochemical values (Pérez-Llamas et al. 1992; Frühbeck
1995). Before dissection, blood samples were collected di-
rectly from the trunk, and the serum was stored at 220C
until quantification of luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) by radioimmunoassay (RIA). The
genital tract was exposed by abdominal incision, and the
oviducts were excised. After careful removal of peripheral
fat, one oviduct from each animal was fixed for 24 hr in
Bouin’s solution, dehydrated in ethanol, and embedded in
paraffin for structural and IHC analysis. The other oviduct
was weighed, immediately frozen in liquid N2, and stored at
280C for subsequent RNA isolation.

Part of the material was processed for ultrastructural
study. Small pieces were fixed overnight at 4C in 4% glu-
taraldehyde in 0.1 M sodium cacodylate buffer, pH 7.2, and
postfixed for 2.5 hr at 4C in 1% phosphate-buffered os-
mium tetroxide. For immunocytochemical studies, Zamboni’s
formaldehyde–picric acid mixture (Stefanini et al. 1967) was
used for 12 hr at room temperature. After fixation, all sam-
ples were dehydrated with ethanol, washed with propylene
oxide, and embedded in Epon (Luft 1961).

Figure 1 Histograms representing luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) concentrations in serum samples of
rats in proestrous and estrous phases. Data are mean 6 SEM of five
rats. **p,0.01 and ***p,0.001 vs proestrous byMann–WhitneyU test.

Figure 2 Detection of leptin and
adiponectin in the rat ovary (A,B) and
oviduct (C,D) by immunohistochemistry
(IHC). (A) Panoramic view of the rat
ovary label for leptin used as positive
control. Note the staining in oocytes
in the different follicular phases (ar-
rows), theca follicular cells (arrow-
heads), corpora lutea (asterisk), and
interstitial gland. (B) No immunore-
activity is obtained in a similar ovary
section treated with the adiponectin
antiserum. Representative sections of
rat oviduct immunostained with anti-
body against leptin (C) and adiponec-
tin (D). Bar 5 200 mm.
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RIA of LH and FSH

Serum concentrations were measured in duplicate by RIA using
a double-antibody method with kits supplied by the National
Institutes of Health (Bethesda, MD) and a previously described
microassay method (Sánchez-Criado et al. 1990). Rat LH-I-10
and FSH-I-9 were labeledwith 125I by the chloramine Tmethod
(Greenwood et al. 1963). All serum samples were assayed in
the same assay. The intra-assay coefficients of variation were
,8% (6% and 5% for LH and FSH, respectively). Assay sen-
sitivities were 3.75 pg/tube for LH and 20 pg/tube for FSH.
Hormone concentrations were expressed as ng/ml. All samples
were measured in the same assay.

Results were expressed as mean 6 SEM. Because data
were not normally distributed, the non-parametric Mann–
Whitney U test was performed. Level of significance was set
at p,0.05.

Immunohistochemistry

Light Microscopy. Single immunohistochemical staining was
performed on conventional paraffin-embedded sections (5-mm
thick) and semithin sections from Epon-embedded material
(1-mm thick), both placed on special microscope slides (Super-
Frost Plus; Menzel-Glaser, Braunschweig, Germany). Paraffin
sections were deparaffinized with xylene and rehydrated with
graded ethanol to water. Semithin sections were treated with
saturated sodium hydroxide diluted in ethanol 1:10 to remove
Epon (Mayor et al. 1961) and rehydrated to water. For both
fixations, endogenous peroxidase activity was blocked with
3% H2O2 for 10 min. When necessary (Table 1), slides were
placed in citrate buffer 0.01 M (pH 6.0) and heated in a
microwave oven for 15 min at maximum power (750 W) and
15 min at medium power (375 W) for antigen retrieval. Back-
ground blocking was performed with 1:20 normal goat serum
(Dako; Glostrup, Denmark) in Tris–HCl 0.05 M buffer, 0.5 M
NaCl, pH 7.6 (TBS) prior to incubation with specific antiserum.
Tissue sections were incubated overnight at 4C with the specific
antibody diluted in TBS (Table 1). The detection system used
was the Envision method (Dako) consisting of a goat anti-rabbit
IgG secondary antibody coupled to a peroxidase-labeled dextran
polymer. Sections were incubated with this reagent for 30 min
at room temperature and subsequently washed in TBS for
5 min and in 0.1 M sodium acetate/acetic acid buffer, pH 6.0,
for 5 min. Peroxidase activity was revealed using 0.03% 3,3¶-
diaminobenzidine (DAB; Sigma, St Louis, MO) in 0.1 M so-
dium acetate/acetic buffer acid, pH 6.0, containing 2.5%
nickel ammonium sulfate, 0.2% b-D-glucose, 0.04% ammo-
nium chloride, and 0.01% glucose oxidase (Shu et al. 1988).
The reaction was stopped by a wash in TBS. Finally, sections
were dehydrated and mounted with DPX.

Immunohistochemical controls included negative controls
incubated with normal goat serum and diluted 1:20 in place
of the primary antiserum and positive controls, using rat adi-
pose and ovarian samples.

Electron Microscopy. Thin sections from Epon-embedded
material were mounted on nickel grids. In the case of leptin
(Table 1), tissues were microwave heated in a citrate buffer for
10min at the lowest power, prior to the IHCprocedure. Sections
were incubated for 1 hr in 1% normal goat serum in buffer
(Tris–HCl-buffered saline 0.05 M, pH 7.2, 0.15 M NaCl, with
1% BSA and 0.05% sodium azide) as previously described
(Burrell et al. 1996). They were then incubated overnight at 4C
with the specific antibody (Table 1) diluted in buffer. Subsequent
steps, all carried out at room temperature, included rinses in
buffer, incubation for 1 hr with the gold-labeled secondary
antiserum (goat anti-rabbit) diluted 1:20 in buffer (antibody
colloidal 20-nm gold conjugate; BioCell Research Laborato-
ries, Cardiff, UK), and rinses in buffer again. Finally, sections
were double stained in uranyl acetate and lead hydroxide.

RT-PCR

Total RNA was extracted from oviducts by homogenization
with an Ultra-Turrax R25 basic (IKA Werke GmbH; Staufen,
Germany) using TRIzol reagent (Invitrogen; Carlsbad, CA),
and RNA concentrations were determined from absorbance
at 260 nm. After initial treatment with DNase I (Roche;
Basel, Switzerland), RNA (1 mg) was reverse-transcribed with
a random hexamer and M-MLV reverse transcriptase (Gibco
BRC; Paisley, UK). Primers used to amplify leptin and adipo-
nectin cDNA (GenBank reference included) are detailed in
Table 2. The pair of primers was designed using the Oligo
4.05 Primer Analysis Software (National Biosciences; Plym-
outh, MN). cDNA was amplified in the appropriate number
and range of cycles and temperatures (Table 2). Each cycle
included the following parameters: 94C for 30 sec, specific
annealing temperature (Table 2) for 30 sec, and 72C for
30 sec, with a final extension step at 72C for 7 min. Am-
plification was linear under these conditions and was carried
out in a GeneAmp PCR System 2400 (Perkin-Elmer; Norwalk,
CT). All PCRs for each gene were performed at the same time
and with the same batch of Taq polymerase to reduce varia-
tions in PCR efficiency. Amplification of rat b-actin (Table 2)
was performed simultaneously on the same samples to assess
RNA integrity. Negative controls included amplifications: in
the presence of the RNA template and Taq polymerase but
in the absence of reverse transcriptase and in the presence of
distilled water in the place of RNA template. Amplified prod-
ucts were resolved in a 1% agarose gel with ethidium bro-
mide and visualized in a UV Transiluminator (Gel Printer Plus
System; TDI Tecnologı́a para Diagnostico e Investigación,
Madrid, Spain). RNA obtained from adipose samples was
used as positive control for the PCR.

Results

Serum LH and FSH Concentrations

In the present experiment we measured serum LH and
FSH levels in rats in the proestrous and estrous phases

’

Figure 3 IHC distribution of leptin (A,C,E,G) and adiponectin (B,D,F,H) in the four regions of the rat oviduct: fimbriated infundibulum (A,B),
ampulla (C,D), isthmus (E,F), and interstitial region (F,G), showing a similar pattern. The strongest staining is found in the epithelium of the
isthmus (E,F). Leptin immunostaining is faint in the ampulla and is located only in the apical region of the epithelium (arrowheads in C). The
fimbriated infundibulum (A,B) and the interstitial region (G,H) show no immunolabeling. Bar 5 80 mm.
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(n55). Hormone concentrations represented in Figure 1
are given in ng/ml. Samples obtained at proestrous were
significantly higher for both LH (p,0.001) and FSH
(p,0.01), which confirmed the validity of the experi-
mental conditions.

Immunohistochemical Localization of Leptin
and Adiponectin

The presence of leptin and adiponectin in the rat ovi-
duct was demonstrated by IHC with light (Figure 2–
Figure 5) and electron microscopy (Figure 6). Both adipo-
kines displayed a similar pattern of expression, their
immunoreactivities appearing in secretory cells of the
oviduct epithelium. Staining intensity was stronger for
adiponectin. The other layers of the wall (the thin sub-
epithelial connective tissue, muscularis, and serosa) were

negative. Samples of ovary and adipose tissue that ap-
peared near the oviduct in the same sections were used
as positive controls (Figure 2). In the ovary, leptin was
detected in oocytes, theca cells, corpora lutea, and inter-
stitial glands (Figure 2A). In contrast, IHC for adiponectin
was negative in the ovary (Figure 2B). Adipose tissue
was always positive for both antibodies. No immuno-
staining was observed in the negative controls.

The rat oviduct is z1 cm long, extremely convo-
luted, and is comprised of four morphologically distinct
segments: fimbriated infundibulum, ampulla, isthmus,
and interstitial portion. The distribution of leptin and
adiponectin showed regional differences all through
the oviduct (Figure 3). Noteworthy is that the strongest
signal both for leptin and adiponectin was observed in the
epithelium of the isthmus (Figures 3E and 3F). Immuno-
reactivity also appeared in the ampulla, with variations in

Figure 4 Consecutive sections of the ampulla in estrous, with some oocytes present in its lumen. (A,B) Note that there are some follicular
cells surrounding the postovulatory oocytes. Leptin (A,C) and adiponectin (B,D) are clearly detected in the oviduct epithelium and in the
peripheral follicular cells enclosing the oocytes (arrowheads). However, the postovulatory oocytes are not immunohistochemically reactive for
either of the two antibodies (asterisk). (C,D) In the epithelium, staining is observed in the apical membrane of ciliated cells (arrows) and in
secretory cells (arrowheads). Labeling is stronger when the adiponectin antiserum is used (D). Bars: A,B 5 80 mm; C,D 5 40 mm.
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the intensity between leptin and adiponectin (Figures 3C
and 3D); adiponectin stains stronger than leptin. More-
over, we observed variations in staining among the dif-
ferent reproductive states studied (Figures 3C and 3D
and Figure 4). In the other regions, fimbriated infun-
dibulum (Figures 3A and 3B) and the interstitial portion
(Figures 3G and 3H), leptin and adiponectin were ab-
sent. Likewise, uterine tissue observed in some slides
was always negative for both antisera.

With the exception of the ampulla, the two phases of
the estrous cycle studied in this work, proestrous and
estrous, did not show differences in the morphology of
the distinct segments of the oviduct or in the locali-
zation of leptin and adiponectin. In the ampullary re-
gion, significant variations correlated with the stage of
the reproductive cycle were observed. In proestrous sam-
ples, when the mucosa was highly folded and ciliated
epithelial cells predominated, a faint reaction restricted
to the apical membrane of some cells in contact with

the central lumen of the duct was usually observed for
both antisera (immunostaining for leptin shown in
Figure 3C). Immunoreaction was absent for both leptin
and adiponectin in a number of samples (Figure 3D).
In the estrous phase, when postovulatory oocytes were
present in the lumen and the mucosa presented less
branched folds, the ampulla was strongly labeled (Fig-
ure 4). It is worth mentioning that there is a dramatic
increase in the number of secretory cells of the epithe-
lium, which is responsible for the labeling (Figures 4C
and 4D). In this case, the eggs at the lumen were nega-
tive for both antisera and were surrounded by several
layers of follicular cells (corona radiata), which inter-
acted directly with the oviduct and showed a few posi-
tive cells.

In the isthmus at estrous and proestrous, most of
the epithelial cells displayed strong leptin and adipo-
nectin immunoreactivity (Figure 5 and Figure 6). In
semithin sections, staining appeared in the apical cyto-

Figure 5 Semithin sections of Epon-embedded isthmus show secretory cells immunostained for leptin (A) and adiponectin (B). (C,D) A similar
stain pattern is observed in contiguous sections treated with the periodic acid Schiff technique. Bar 5 10 mm.
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plasm of the secretory cells and had a granular aspect
(Figures 5A and 5B). This IHC pattern of immuno-
reactivity for both hormones was very similar to the
staining obtained with the periodic acid Schiff technique
(Figures 5C and 5D). Under the electron microscope,
immunoreactivity for both proteins was consistent with
the light microscopy results. The signal for leptin and
adiponectin appeared in the apical secretory granules
and in the long stereocilia characteristic of the secretory
cells of the rat oviduct (Figure 6). In both cases, ciliated
cells were not labeled.

Expression of Leptin and Adiponectin mRNA

PCR products amplified using the specific primers for
leptin showed a clear band at the predicted size of
405 base pairs in the oviduct and the ovary extracts, as
in the adipose samples used as control tissue (Figure 7).

However, adiponectin expression was found in the
oviduct and at very low levels in the rat ovary (Figure 7).
These PCR results agreed with the IHC results, where
no presence of adiponectin was detected (Figure 2B).
As expected, adiponectin mRNA expression was de-
tectable in adipose tissue.

Figure 6 Isthmus secretory cells observed in thin sections immunostained with leptin (A,B) and adiponectin (C,D). Gold labeling appears in the
long stereocilia and the apical secretory granules. (C,D) Details of A and B, respectively. Bars: A 5 1.23 mm; B–D 5 1 mm.T
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As a positive control, rat b-actin was assayed in all
specimens to verify the efficiency of cDNA synthesis
from extracted RNA (Figure 7).

Discussion

This study examined the expression of two adipocyte
hormones (adipokines), leptin and adiponectin, through-
out the different regions of the rat oviduct. The identifi-
cation and potential role of these two hormones in the
oviduct will be discussed.

The mammalian oviduct is a dynamic organ in which
important reproductive functions take place, including
gamete transport and maturation, fertilization, and early
cleavage-stage embryonic development (Hunter 1998).
During late follicular development and estrous, this or-
gan undergoes the most significant physiological and
biochemical modifications that contribute to the estab-
lishment of an optimal microenvironment for both gam-
etes and the early embryo. Analyses of oviduct fluid
have demonstrated temporal and spatial distribution of
macromolecules (Buhi 2002). Because the time an em-
bryo spends at the oviduct is essential for its proper de-
velopment, a more extensive and refined knowledge and
understanding of the first environment to which em-
bryos are exposed is necessary.

Different facts indicate that there is a link between
adipokines and female reproduction. The two hormones
studied in this work, leptin and adiponectin, are two of
the best-characterized adipokines and have been related
to reproductive performance. Different central and pe-
ripheral effects of leptin and adiponectin have been de-
scribed in relation to reproduction (Caprio et al. 2001;
Mitchell et al. 2005). The wide pattern of expression de-
scribed for leptin suggests that this hormone has a direct
role in many different functions such as ovulation, ste-
roidogenesis, and embryo development (Duggal et al.
2000; Caprio et al. 2001; Mitchell et al. 2005). How-
ever, the possible implications of adiponectin in ovarian
functions have received almost no attention (Mitchell
et al. 2005).

In the oviduct, studies of the expression and activity
of adipokines are also limited to leptin, suggesting its
possible involvement in the early-developing embryo
(Kawamura et al. 2002; Craig et al. 2005; Mitchell et al.
2005). Until now, adiponectin expression in the oviduct
has not been documented, and only a few studies have
addressed the expression of leptin in the human, porcine,
and mouse oviduct (Kawamura et al. 2002,2003; Liu
et al. 2003; Craig et al. 2005). First, leptin and its recep-
tor (mRNA and protein) were identified in the oviduct
epithelium of the pregnant mouse, with weaker expres-
sion in virgin and non-pregnant mice (Kawamura et al.
2002,2003). However, leptin was not detected in the
oviduct fluid because of its very small quantities. In the
human oviduct, expression of leptin and its receptor has
also been detected by in situ hybridization and IHC (Liu
et al. 2003). Moreover, it has been demonstrated that
leptin, but not its receptor, is produced in the porcine
oviduct (Lin et al. 2000; Craig et al. 2005).

Data obtained in this study show that leptin and
adiponectin are expressed in the rat oviduct and follow
a superimposable pattern of distribution. Specifically,
both the protein and mRNA for the two adipokines
have been localized. This is the first report of adipo-
nectin expression in the oviduct. The strongest signal
for both leptin and adiponectin appeared in the secre-
tory cells of the isthmus. Moreover, electron microscopy
revealed, for the first time, that these hormones are
localized in the secretory granules and in the long stereo-
cilia, suggesting that they are secreted to the oviduct
fluid. Such an exocrine mechanism of secretion has also
been reported for gastric leptin present in the exocrine
granules of the chief cells of the stomach (Bado et al.
1998). Furthermore, immunostaining also appears in
the epithelium of the ampulla, showing differences as-
sociated with the estrous cycle. Staining intensity in the
ampulla increased from proestrous to estrous, suggest-
ing that ovarian steroids regulate leptin and adiponectin
expression. These results are consistent with the rapid
cyclic changes easily recognized in the gross morphology
of the rat oviduct and that are most evident in the

Figure 7 Representative analysis of
leptin (left panel) and adiponectin
(middle panel) mRNA expression in
rat oviduct (Lane 1) and ovary (Lane 2)
samples by RT-PCR. The size of the
predicted amplified product leptin
(405 bp), adiponectin (214 bp), and
b-actin (314 bp) are indicated at right.
M is the molecular weight marker
(Ladder 100). RNA from adipose tissue
was used as positive control (Lane 3)
and distilled water as negative control
(Lane 4).
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ampulla (Shirley and Reeder 1996). In this region, cili-
ated epithelial cells prevail before ovulation, whereas
secretory cells are more numerous at the postovulatory
stages. In addition, activity of the secretory cells is in-
creased at estrous and metestrous, which may explain
our observation that leptin and adiponectin expression
are higher in the estrous oviduct.

Our results highlight that the maximum expression
for the two adipokines was found in the isthmus (where
spermatozoa and early embryos are located) and in the
ampulla at estrous (where oocytes are present), which
adds further weight to the observation that leptin may
have direct effects on oocyte quality and embryo devel-
opment (Antczak and Van Blerkom 1997; Matsuoka
et al. 1999; Kawamura et al. 2002,2003). Adiponectin
also seems to participate in these functions although
observations are still preliminary (Downs et al. 2002;
Lord et al. 2005). It has been previously shown that
both leptin protein and mRNA are present in the pre-
ovulatory oocyte in the rat ovary (Archanco et al. 2003).
However, no expression of either leptin or adiponectin
has been detected in the postovulatory oocyte. In the
cumulus cells surrounding the postovulatory oocyte,
both hormones stained slightly, supporting the notion
that these cells remain active and enhance the pro-
cesses in the lumen of the oviduct (Hunter 1998). In the
literature, the presence of leptin in female gametes or
embryos is not always consistent and depends on the
different species studied and/or methods used (Antczak
and Van Blerkom 1997; Cioffi et al. 1997; Kawamura
et al. 2003). Taking all the data into consideration, it
is likely that leptin may act in a paracrine and/or auto-
crine manner, produced by maternal organs and/or by
the embryos themselves (Kawamura et al. 2003).

In conclusion, we have described the presence of
leptin and adiponectin in the rat oviduct. Although the
physiological significance of these two hormones re-
mains to be clarified, it seems plausible that they may
have important roles in all local functions from trans-
port and maturation of the oocytes, spermatozoa, and
embryos to fertilization.
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Pérez-Llamas F, Zamora S, Rosique MJ, Sastre JF (1992) Effects of
inhalation of ethyl-ether on glycemia and on some variables of
intermediate metabolism in rats. Arch Int Physiol Biochim Biophys
100:335–337

Pineiro R, IglesiasMJ, Gallego R, Raghay K, Eiras S, Rubio J, Diéguez
C, et al. (2005) Adiponectin is synthesized and secreted by human
and murine cardiomyocytes. FEBS Lett 579:5163–5169

Ryan NK, Woodhouse CM, Van Der Hoek KH, Gilchrist RB,
Armstrong DT, Norman RJ (2002) Expression of leptin and its
receptor in the murine ovary: possible role in the regulation of
oocyte maturation. Biol Reprod 66:1548–1554

Sánchez-Criado JE, Bellido C, Galiot F, López FJ, Gaytan F (1990)
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