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Introduction

Leptin arises from the Ob gene and is a 16 kDa cytokine, secreted 
mainly by adipose tissue.1 Its circulating levels are a reflection of 
whole-body fat stores. Structurally, leptin is composed of four 
antiparallel α helices and shares a high degree of homology with 
several members of the cytokine family, such as interleukin 2, 
prolactin or growth hormone.2 In addition to adipose tissue, sev-
eral organs have been identified as producing significant amounts 
of leptin, such as gastric epithelial cells,3 placenta4 and mammary 
glands.5 Numerous other cell types, such as gonadic cells,6 epithe-
lial intestinal cells7 and myocytes,8 are also able to secrete leptin, 
but its relation to biological actions only appear to be exerted at 
a local level.

In adults, leptin is involved in the control of numerous 
physiological functions related to metabolic regulation, growth, 
reproduction, immunity and bone remodeling.9 The phenotype 
observed in genetically leptin-deficient mice (ob/ob) illustrates 
the broad spectrum of leptin effects.10 In this model, leptin fail-
ure leads to well-characterized hyperphagia and massive obesity 
but is also associated with numerous physiological disturbances 
such as infertility, immune defects, altered thyroid function and 
respiratory dysfunctions.9,11

The postnatal leptin surge, described particularly in rodents, has been demonstrated to be crucial for hypothalamic 
maturation and brain development. In the present study, the possible general effects of this hormone on maturation of 
numerous peripheral organs have been explored. To test this hypothesis, we used a leptin antagonist (L39A/D40A/F41A) 
to investigate the effects of the blockage of postnatal leptin action on neonatal growth and maturation of organs involved 
in metabolism regulation, reproduction and immunity. For that purpose, newborn female pups were subcutaneously 
injected from days 2–13 with either saline or leptin antagonist and sacrificed at weaning. Organs were submitted to 
histological and immunohistochemical analyses.

Leptin antagonist treatment clearly impaired the maturation of pancreas, kidney, thymus and ovary. All these altera-
tions, at the organ level, occurred without changes in the whole-body mass of the animals. Leptin antagonist treatment 
induced: (1) a reduction in b cell area and a concomitant increase of a cells in Langherans islets in the pancreas, (2) a re-
duction in the number of glomeruli and a persistence of immature glomeruli in kidney, (3) an increase in the thymic 
cortical layer thickness, reflecting an unmatured stage, (4) a drastic reduction of the pool of primordial follicles, in ovaries.

All these results strongly argue for a crucial role of leptin for the achievement of organ maturation, opening new per-
spectives in the field of leptin physiology and organ development.
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By contrast, the biological effects exerted by leptin dur-
ing early phases of development and organ maturation remain 
largely unknown. It appears that in rodent neonates, the regula-
tion of leptin secretion differs completely from that observed in 
adults. In particular, a dramatic increase in leptin levels occurs 
during the first two weeks of life, independently of fat accretion 
and body weight gain, and is not involved in food intake regula-
tion.12-14 This postnatal leptin surge appears to be involved in the 
establishment of the hypothalamic neuronal network responsible 
for food intake regulation.15

In organs other than the brain, only a few studies investigated 
the developmental effects exerted by leptin. Our hypothesis was 
that leptin might be a cytokine involved in the maturation of the 
whole organism during the neonatal period. The recent availabil-
ity of competitive leptin antagonists16 has opened new opportuni-
ties to clarify the physiological role of leptin during specific periods 
of life. We previously demonstrated that the specific blockage of 
leptin action between postnatal days 2 and 13 resulted in a long-
term alteration of food intake regulation and a higher susceptibil-
ity to diet-induced obesity.17 Our aim during the present work 
was to investigate the consequences of blocking leptin effects 
during the same critical postnatal period with respect to general  
development and the maturation of numerous peripheral organs.



www.landesbioscience.com Organogenesis 89

 ReseARch pApeR ReseARch pApeR

the relative development of each adrenal layer, but no altera-
tions were observed when the treated and control animals were 
compared. In the seven other tissues where modifications were 
recorded, histological observations were supplemented by mor-
phometric analyses.

Pancreas. In the endocrine pancreas, the Langherans islets 
of treated animals globally appeared to be stunted, made up of 
cells with a poorly developed cytoplasm and a high nucleocy-
toplasmic ratio, corresponding to weakly active cells (Fig. 2). 
In terms of islet cell appearance, they were seen to be smaller 
in the rlepm7.5 group (81.0 ± 3.9 μm² in rlepm7.5 vs. 95.3 
± 2.9 μm² in controls, p < 0.05). After cellular typing using 
immunohistochemistry, no difference in the distribution of a 
(glucagon-positive) and b (insulin-positive) cells was observed; 
centrally located b cells were surrounded by a thin rim of a 
cells. However, as shown in Figure 3, the share of the islet area 
occupied by β cells in rlepm 7.5 animals was reduced (49.6 ± 
1.8% in rlepm7.5 vs. 59.4 ± 1.2% in controls, p < 0.001) and 
was associated with a slight concomitant increase in the share 
of the islet area occupied by α cells (29.8 ± 1.2% in rlepm7.5 vs. 
25.2 ± 1.6% in controls, p < 0.05). In antagonist-treated rats, 
we thus observed a decrease in the β/α cell ratio (1.68 ± 0.24 in 
rlepm7.5 vs. 2.44 ± 0.21 in controls, p < 0.01). In the exocrine 
pancreas, acinar organization and cellular appearance did not 
differ between the two groups.

Kidneys. Histological organization of the renal parenchyma 
was normal. No changes to the corticomedullary ratio were 
observed. The histological appearance of urinary tubes was 
unchanged. Strikingly, numerous glomeruli in antagonist-treated 
animals appeared to be small and hypercellular, composed of 
small cells with euchromatic nuclei, when compared to those 
in control animals. This morphological aspect corresponded 
to immature glomeruli coexisting with those of a more mature 
nature (Fig. 4A). Consequently, as illustrated in Figure 4B, the 
mean size of glomeruli was decreased in the rlepm7.5 group 
when compared to the controls (2,369 ± 81 μm² in rlepm7.5 vs. 
2,831 ± 66 μm² in controls, p < 0.01). In addition, the number 
of glomeruli was reduced in rlepm7.5 animals (103 ± 2 glomeruli/
cm² in rlepm7.5 vs. 112 ± 2 glomeruli/cm² in controls, p < 0.05), 
and this was interpreted as a reduction in the total number of 
nephrons.

Liver. The trabecular organization of hepatocytes and cellu-
lar appearance were similar in both treated and control animals. 
Estimates of cell proliferation based on counts of hepatocytic 
mitosis did not reveal any differences between the two groups.

Lymphoid organs. The examination of spleen samples did not 
reveal any differences between the two groups, although particu-
lar attention was paid to red pulp and white pulp development. 
In order to assess extramedullary hematopoiesis, the number of 
megacaryocytes present in red pulp was also counted, but no 
difference was observed between treated and control animals 
(396 ± 26 megacaryocytes/μm² in controls vs. 435 ± 17 mega-
caryocytes/μm² in rlepm7.5, p > 0.05).

As shown in Figure 5A, the thymic lobules of rlepm7.5 ani-
mals were characterized by thicker cortical areas rich in lympho-
cytes, corresponding to tissue that was less involuted than that 

Figure 1. effect of neonatal treatment on general growth from birth 
to day 14 and on day 22. (A) Body weight curves of control and leptin 
antagonist-treated animals from d1 to d14. (B) The body weight (g) and 
length (cm) of control and leptin antagonist-treated animals at d22. 
Values represent the mean ± seM, n = 8 per group.

Results

Effect of neonatal leptin antagonist treatment on growth dur-
ing the suckling period. As shown in Figure 1A, control and 
leptin antagonist-treated animals experienced similar growth 
during the treatment period. At d22, there were no differences in 
the weight or length of the animals (Fig. 1B) nor in the weights 
of the different organs collected (Table 1), except for the spleen, 
which was significantly reduced in the rlepm7.5 group (198.3 ± 
14.2 mg in the rlepm7.5 group vs. 224.3 ± 7.3 mg in the control 
group, p < 0.01).

Effect of neonatal leptin antagonist treatment on tissue 
maturation. The effect of postnatal leptin disruption was inves-
tigated microscopically in several organs, including the heart, 
adrenal glands, pancreas, kidneys, liver, thymus, spleen, ovaries 
and lungs. In the heart and adrenal glands, particular special care 
was taken regarding observation of the relative size of the nucleus 
compared to the amount of cytoplasm, of cardiac myocytes and 
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physiological role of leptin in a non-genetically modified animal, 
during targeted periods and in a reversible manner.

The principal contribution of the present findings was to pro-
vide strong arguments in favor of adding leptin to the complex 
list of developmental actors during perinatal life. The rat neonate 
is particularly immature at birth, because most organ maturation 
occurs during the weeks that follow birth. It is thus an appropri-
ate animal model to study the final phases of organ maturation 
that normally occur during fetal life in superior mammals. In 
these species when affected by intra-uterine growth retardation 
(IUGR), a delay in organ maturation is also frequently observed. 
Interestingly, IUGR in both rats and humans is associated with 
lower perinatal leptin levels, suggesting a possible relationship 
between leptin and organ maturation.21,22

Our results clearly show that leptin may constitute a key hor-
mone for the maturation of numerous peripheral organs involved 
not only in metabolic functions but also in immunity and repro-
duction in rats. They may be also useful to better understand the 
situation observed in the case of IUGR in superior mammals.

In the pancreas, postnatal leptin blockage resulted in marked 
alterations to the histological structure of Langherans islets, char-
acterized by an increased a cell/b cell ratio. This change in islet 
composition might subsequently impair the ability to produce 
insulin and may consequently promote the installation of insulin 
resistance and type 2 diabetes.

In the kidneys, postnatal leptin blockage resulted in a reduced 
number of glomeruli and an apparent delay in their maturation. 

in control animals. This observation was confirmed by morpho-
metrical analyses (Fig. 5B) that indicated a 20% increase in cor-
tical layer thickness in the rlepm7.5 thymus (153.9 ± 7.7 μm vs. 
127.4 ± 4.7 μm in controls, p < 0.01).

Ovaries. The ovaries were similar in terms of organization 
in both groups. No differences were observed between the 
two groups regarding the number or size of tertiary follicles 
(10 ± 1 follicles/mm² with a mean size of 40,651 ± 4,136 μm² 
in controls vs. 10 ± 1 follicles/mm² with a mean size of 43,005 
± 7,035 μm² in rlepm7.5). Strikingly, the pool of primordial fol-
licles was decreased in rlepm7.5 animals (147 ± 20 follicles/mm² 
in rlepm7.5 vs. 223 ± 17 follicles/mm² in controls, p < 0.05). 
In situ cell death detection by the TUNEL assay did not evidence 
any differences between the two groups in ovarian apoptotic rates 
at d22. Interestingly, the rate of follicular atresia was, indeed, 
very low (between 0–2 atresic follicles per ovary section) in all 
animals, except for one in the rlepm7.5 group that displayed eight 
follicles undergoing apoptosis (data not shown).

Lungs. No changes were seen regarding the appearance 
of the pulmonary parenchyma. The determination of alveo-
lar surfaces did not reveal any differences between the groups 
(0.086 ± 0.004 mm² in controls vs. 0.092 ± 0.003 mm² in 
rlepm7.5, p > 0.05). The numbers of mature type II pneumo-
cytes, as evidenced by their cytoplasmic surfactant content, were 
similar in animals in both groups (27 ± 2 cells/mm² in controls 
vs. 23 ± 2 cells/mm² in rlepm7.5, p > 0.05).

Discussion

The organ maturation process during perinatal life is known to 
be regulated by a complex network of hormones and cytokines, 
acting both sequentially and in combination.18 Glucocorticoids, 
growth hormone, insulin-like growth factors, thyroid hormones, 
prolactin, estrogens and others additional hormones or cytokines 
act in a precise equilibrium to ensure harmonious development 
of the individual.19,20 The known phenotype of genetically leptin-
deficient mice (ob/ob), which display numerous abnormal organ 
dysfunctions may, in fact, originate from developmental defects 
that are not well documented. The leptin antagonist used dur-
ing our study constitutes a very powerful tool to understand the 

Table 1. effect of neonatal treatment on organ weight at d22

Organ weight (g) Control Rlepm7.5 p value

heart 344.7 ± 16.07 314.94 ± 11.1 p > 0.05

Adrenal 14.1 ± 1.0 13.6 ± 0.8 p > 0.05

Lungs 1107.3 ± 96.2 1120.9 ± 66.8 p > 0.05

pancreas 350.7 ± 24.3 372.8 ± 15.1 p > 0.05

Liver 2732.6 ± 108.3 2680.3 ± 89.2 p > 0.05

Brain 1718.2 ± 29.8 1699.9 ± 13.8 p > 0.05

Kidneys 809.8 ± 26.3 805.4 ± 18.2 p > 0.05

Thymus 357.2 ± 18.2 344.5 ± 11.3 p > 0.05

spleen 224.3 ± 7.3 198.2 ± 14.2 p < 0.05

Weights (mg) of the different organs collected at sacrifice on d22 from 
control and leptin antagonist-treated animals. Values represent the 
mean ± seM, n = 8 per group. 

Figure 2. effect of neonatal treatment on the histological structure 
of pancreatic islets. (A) Representative pancreas sections show-
ing Langherans islets from control and leptin antagonist-treated 
rats. Bars = 100 μm. (B) Determination of islet cell size in control and 
rlepm7.5 animals. Values represent the mean ± seM, n = 7 and n = 8 
in the control and rlepm7.5 groups, respectively. *p < 0.05 between 
control and rlepm7.5 animals.



www.landesbioscience.com Organogenesis 91

Concerning lymphoid organs, our results clearly showed that 
postnatal leptin blockage profoundly modified the structure 
of the thymus and decreased the spleen weight. These changes 
appeared to be consecutive to a delay in thymus and spleen matu-
ration. Numerous studies have already demonstrated the effects 
of leptin in the regulation of thymopoiesis, the immune response 
and hematopoiesis processes.11,25 Leptin deficiency in ob/ ob mice 
results in chronic thymic atrophy, cell-mediated immune defi-
ciency and reduced spleen cellularity.26 Our study using non-
genetically modified animals born with a normal weight, provides 
additional arguments in favor of a crucial role for leptin specifically 
during neonatal life in the establishment of immune functions.

In the ovaries, our results showed that leptin blockage induced 
a drastic reduction in the pool of primary follicles. In the rat, 
oocyte selection occurs during the early postnatal period follow-
ing two successive waves of follicle apoptosis, one that occurs just 
after birth and the other during the third week of life.27 It has 
been shown previously that the second wave of follicle atresia may 
be leptin-modulated, because leptin injections in 21-day old rats 
decreased the incidence of follicular apotosis.28 Our findings sug-
gest that the first wave may also be leptin-dependent, and that 
this hormone may consequently play a major role in determining 
the final number of follicles.

In the lungs, postnatal leptin blockage did not appear to 
cause any clear effects on organ maturation. This result contrasts 
with several studies carried out during fetal life, demonstrating 
an important role for leptin in the lung development of differ-
ent species, such as rodents or primates.29,30 At that stage, leptin 
receptors have been identified in the pneumocyte type II cells, 
which are responsible for synthesizing pulmonary surfactant and 
are developmentally regulated during late phases of gestation.29,30 
The lack of efficacy of leptin blockage during our study may sug-
gest that its action on lung maturity is probably restricted to the 
gestational period in normal animals. However, in IUGR ani-
mals, postnatal leptin treatment may be effective in correcting 
developmental defects in the lungs as suggested by our previous 
study performed in IUGR piglets.31

The mechanisms of leptin action during this period remain to 
be clarified in further studies. Two hypotheses can be proposed. 
The first involves a direct action of leptin on peripheral target 
organs, while the second implies a centrally mediated action, 
either through stimulation of the hypothalamo-pituitary axis or 
via the modulation of nerve activity to promote general growth 
and development.

A direct leptin effect is supported by the fact that the long 
form of the leptin receptor has been identified during fetal and 
early postnatal life in numerous organs.32,33 In addition, expres-
sion of the leptin receptor gene and leptin binding appear to be 
regulated developmentally, reinforcing a possible functional role 
for leptin during specific windows of organ development.34 From 
a cellular point of view, leptin has been shown to exert prolifera-
tive and antiapoptotic activities in a variety of cell types, particu-
larly in b cells,35 granulosa cells36 and lymphoid cells.11

On the other hand, it might be suggested that the actions 
of leptin on general growth and organ maturation are medi-
ated by stimulation of the hypothalamo-pituitary axis. Studies 

To our knowledge, no study so far has documented a possible 
link between leptin and normal kidney development. In rodents, 
postnatal kidney maturation is associated with the achieve-
ment of nephrogenesis processes by the end of the first postna-
tal week,23 and renal development in the rat may be profoundly 
affected by postnatal events such as nutritional restriction.24 The 
alterations in kidney development observed during our study 
suggest that leptin may participate in the complex hormonal 
system that controls kidney maturation after birth, at least in  
the rat.

Figure 3. effect of neonatal treatment on the composition of Langher-
ans islets. (A) Immunolabelling for insulin and glucagon in representa-
tive pancreas sections from control and leptin antagonist-treated rats. 
Bars = 100 μm. (B) Areas of β and α cells expressed as a percentage of 
the total islet area in control and rlepm7.5 animals. Values represent the 
mean ± seM; n = 7 and n = 8 in the control and rlepm7.5 groups, respec-
tively. *p < 0.05, **p < 0.01 between control and rlepm7.5 animals.
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performed in vivo in the rat and pig have clearly demonstrated 
that leptin can modulate the secretion of GH, glucocorticoids, 
gonadotropins and thyroid hormones,37-40 all of which are 
involved in growth and organ maturation. In addition, activation 
or inhibition of the neuronal network in superior hypothalamic 
nuclei, such as the paraventricular nuclei, may modulate the bal-
ance between sympathic and parasympathic activities, leading to 
cell metabolism changes, as has been clearly demonstrated during 
bone remodeling.41

In conclusion, leptin appears to be an important cytokine that 
is involved not only in the establishment of food intake regula-
tion but also as a factor that participates in the complex hormonal 
system that prevails during perinatal life with respect to the 
maturation of numerous organs. Because leptin levels are highly 
sensitive to nutritional status, an unbalanced diet may compro-
mise the harmonious development of neonates by impacting 
organ maturation and promoting the establishment of long-term 
pathologies.

Material and Methods

Animals. The investigational protocol was approved by the 
Animal Ethics Committee (Comité Régional d’Ethique sur 
l’Expérimentation Animale, Ile-de-France Sud). Gestationally 
timed, pregnant Wistar rats from our breeding stock were housed 
individually with free access to water and food. They were housed 
under constant conditions of ambient temperature (20–22°C), 
hygrometry (around 50%) and light (12:12 h light:dark cycle 
from 07:00 to 19:00) and fed with a standard chow diet. One day 
after they were born (birth = d0), 40 female pups were weighed, 
and among them, 16 pups of similar weight were selected in 
order to obtain homogeneous groups in term of developmental 
stage. They were then assigned to two dams until weaning (d21) 
and followed daily for body weight until d14. The litters were 
equalized in term of total number of pups and number of pups 
assigned to each treatment group.

Neonatal treatment. A rat leptin mutant (L39A/D40A/F41A, 
designated as rlepm) was prepared as previously described in ref-
erence 16. The pups were weighed and received daily subcutane-
ous injections between 17:00 and 18:00 from d2 to d13 with 
either NaCl (control group, n = 8) or the leptin antagonist at a 
dose of 7.5 μg/g/day (rlepm7.5 group, n = 8). Special syringes 
(0.3 mlU-100 insulin, 29G, Terumo, France) were used to mini-
mize pain and enable a maximum injection volume of 50 μl.

Tissue collection. At d22, the animals were weighed, mea-
sured (nose to tail length) and sacrificed after deep anesthesia 
with an intra-peritoneal injection of 30 mg/kg sodium pentobar-
bital. The lungs, heart, pancreas, liver, kidneys, spleen, thymus, 
peri-gonadic adipose tissue and ovaries were collected, weighed 
and fixed with a 4% paraformaldehyde-phosphate buffer solution.

Histology and immunochemistry. The organs were processed 
using standardized procedures (Ruehl-Fehlert, Exp Toxic Pathol 
2003; 55:91–106). Cutting levels were chosen as follows: trans-
versal section of the right caudal lobe for the lungs, longitudinal 
horizontal section of the left lobe for the pancreas, transversal 
sections of the left lateral lobe for the liver, transversal section 

Figure 4. effect of neonatal treatment on the histological structure of 
the kidney. (A) Representative kidney sections from control and leptin 
antagonist-treated rats. Arrows indicate fetal glomeruli. Bars = 100 μm. 
(B) Density and size of glomeruli in the renal cortex of control and leptin 
antagonist-treated animals. Values represent the mean ± seM, n = 8 per 
group. *p < 0.05, **p < 0.01 between control and rlepm7.5 animals.

Figure 5. effect of neonatal treatment on thymus maturation. (A) Rep-
resentative thymus sections from control and leptin antagonist-treated 
rats. Arrows indicate cortical layer. Bars = 100 μm. (B) Determination 
of cortical layer thickness (μm) in control and rlepm7.5 animals. Values 
represent the mean ± seM, n = 8 per group. **p < 0.01 between control 
and rlepm7.5 animals.
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using biotinylated secondary antibody (Dako, 1:300), streptav-
idin-peroxidase complex (Dako, 1:300) and then 3,3'-diamino-
benzidine (DAB). Immunolabeling for insulin was performed 
using a rabbit secondary antibody (Dako, 1:25) coupled with an 
alkaline phosphatase and detected with fast red as the chromogen 
(Dako).

In the ovaries, apoptosis was evaluated using the TUNEL 
technology with an in situ cell death detection kit (Roche, 
Mannheim, Germany) and carried out according to the manu-
facturer’s instructions.

Morphometric analyses. Blind histological measure-
ments were made using a digital camera (Nikon DXM 1200, 
Champigny, France) combined with image-analysis software 
(Nikon Imaging Software).

In the kidneys, as many microscopic fields as necessary were 
selected at random in the cortical region of the sample so as to 
observe at least 100 glomeruli per sample (15 ± 1 glomeruli per 
field). The glomeruli were counted (reproducibility coefficient, 
calculated as 100% coefficient of variation, was 92.6%), and 
glomerular density was calculated in numbers of glomeruli/μm². 
Mean glomerular size was determined using the Ferret minimal 
diameter on at least 40 glomeruli per sample (reproducibility 
coefficient: 87.0%).

In the pancreas, the total islet area and the area corresponding 
to α cells (as identified by glucagon immunolabeling) were mea-
sured for five islets in each sample (reproducibility coefficient: 
92.3%). The percentage islet area occupied by these cells was 
then calculated. The total numbers of cells and β cells identified 
by insulin immunolabeling were also determined on at least 220 
islet cells in order to calculate the percentage of β cells among 
total islet cells (reproducibility coefficient: 93.9%).

In the liver, the number of hepatocytic mitosis was estimated 
on 10 high magnification fields randomly selected.

In the thymus, the minimum cortex thickness was measured 
in at least 15 lobules per sample (reproducibility coefficient of 
variation: 99.6%).

In the ovaries, follicles were classified according to their mor-
phological stage of development (primordial, primary, secondary 
and tertiary) and then counted (reproducibility coefficients for 
primordial and tertiary counts: 97.1% and 97.8%, respectively). 
Ovary size was determined using the Ferret minimal diameter 
and follicular density was calculated.

In the lungs, the total number of mature type II pneumocytes 
identified by their PAS-positive cytoplasmic content was deter-
mined on 30 fields (reproducibility coefficient: 90.7%). Alveolar 
surface was also estimated, a measure of the total area occupied 
by the lumen of the alveoli, by analyzing five high-magnification 
fields (reproducibility coefficient: 93.2%).

Statistical analysis. Unpaired t-tests were performed to com-
pare the control and rlepm7.5 groups for all the parameters stud-
ied using the GraphPad Software. For all analyses, differences 
with a p value <0.05 were considered to be significant. All values 
are expressed as mean ± SEM.

through the tip of the papilla for the kidneys, transversal section 
at the largest extension of the organ for the spleen, longitudinal 
section of the thymus and a transversal section of the ovaries. 
Tissue samples were embedded in paraffin wax, processed into 
8-μm thick sections and stained using a routine hematoxylin-
eosin-safran staining method. Lung sections were further stained 
using the Periodic Acid Schiff (PAS) technique to enable the 
detection of surfactant glycoproteins and the identification of 
type II pneumocytes.

In the pancreas, the identification of β cells (insulin+) and 
α cells (glucagon+) was performed by immunochemistry using 
a guinea pig anti-porcine insulin antibody (Dako, Glosdrup, 
Denmark, 1:50) and a mouse anti-porcine pancreatic glucagon 
antibody (Sigma, St. Louis, USA 1:2,000), respectively. Briefly, 
paraffin-embedded sections were pre-treated in citrate buffer 
(Dako) (98°C, 40 minutes), followed by incubation in 3% hydro-
gen peroxide for 10 minutes. The sections were then incubated 
for 30 minutes with 20% normal goat serum (Dako) and 0.2% 
Tween (Sigma, Steinheim, Germany). Primary antibodies were 
incubated in 2% goat serum, 2% BSA (Sigma) and 0.2% Tween 
overnight at 4°C. Immunolabeling for glucagon was performed 

Figure 6. effect of neonatal treatment on ovary. Representative ovary 
sections from control and leptin antagonist-treated rats. Arrow heads 
indicate primordial follicles. Bars 10 μm. (B) Number of antrum and pri-
mordial follicles relative to ovary area in control and rlepm7.5 animals. 
Values represent the mean ± seM, n = 5 and n = 8 in the control and 
rlepm7.5 groups, respectively. *p < 0.05 between control and rlepm7.5 
animals.
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