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Abstract

Background—~Pups of normally nourished dams that are cross-fostered after birth to dams fed a
low protein (8% by weight) diet (postnatal low protein; PLP) grow slower during the suckling
period and remain small and lean throughout adulthood. At weaning, they have increased
expression in the arcuate nucleus (ARC) of the hypothalamus of the orexigenic neuropeptide Y
(NPY) and decreased expression of pro-opiomelanocortin (POMC), the precursor of anorexigenic
melanocortins.

Objectives and methods—We investigated, using third ventricle administration, whether 3-
month-old male PLP rats display altered sensitivity to leptin with respect to food intake, NPY and
the melanocortin 3/4-receptor agonist MTII, and using in situ hybridization or laser capture
microdissection of the ARC followed by RT-PCR, whether the differences observed were
associated with changes in the hypothalamic expression of NPY, or the leptin receptor, NPY
receptors, and melanocortin receptors.

Results—PLP rats were smaller and had reduced percentage body fat content and plasma leptin
concentration compared to control rats. Leptin (5 pg) reduced food intake over 0-48 h more in
PLP than control rats (P<0.05). Submaximal doses of NPY increased food intake less in PLP rats
than controls, whilst submaximal doses of MTII reduced food intake more in the PLP rats.
Maximal responses did not differ between postnatal low protein and control rats. Leptin (ObRb)
and melanocortin-3 (MC3R) receptor expression were increased in both ARC and ventromedial
(VMH) hypothalamic nuclei in PLP animals compared to the controls. MC4R, NPY Y1R and
Y5R and NPY expression were unchanged.
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Conclusion—Postnatal undernourishment results in food intake in adult rats being more
sensitive to reduction by leptin and melanocortins, and less sensitive to stimulation by NPY. We
propose that this contributes to increased leptin sensitivity and resistance to obesity. Increased
expression of ObRb and MC3R may partly explain these findings but other downstream
mechanisms must also be involved.
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Introduction

Growth patterns during early life influence the risk of developing metabolic diseases such as
obesity in later lifel. Rapid postnatal growth during early life is associated with long-term
susceptibility to obesity2. In contrast, slow growth during early postnatal life has been
associated with decreased obesity in later life. The Dutch Hunger Winter provides a natural
experiment to directly examine the long-term health effects of profound nutritional changes
at different stages of early life. Men exposed /n utero during early gestation show an
increased propensity to obesity; conversely those exposed in the last trimester of pregnancy
or in early postnatal life to the Dutch Hunger Winter had a reduced risk of obesity as
adults® 4. Similarly, breastfed infants have a lower growth rate over the first year of life than
formula-fed infants®, probably because their energy intake is lower and are less susceptible
to obesity as adults®.

Developmental programming studies in rodents support these findings. Using a variety of
rodent models, we and others have shown that reducing growth and weight gain during
lactation results in a permanent reduction in body weight and food intake, leanness when fed
on a chow diet, resistance to diet-induced obesity and improved insulin sensitivity’-11, The
precise molecular mechanisms linking altered nutrition in early life and long-term energy
balance are unclear. It has been suggested that programmed changes in the hypothalamus
mediate some of these effects'2. The hypothalamus differentiates in utero but continued
maturation occurs into early postnatal life in both rodents and humans?3: 14, Studies in
animal models have shown that during this period the expression of neuropeptides and their
receptors can be permanently altered by the maternal diet®-17.

We have demonstrated that maternal protein restriction during suckling leads to a permanent
reduction in body weight and food intake even when animals (postnatal low protein [PLP]
offspring) are weaned onto standard laboratory chow &. At weaning, these animals had a low
plasma concentration of the adipose tissue-derived, leptin, which should promote feeding,
but increased ObRb expression (signalling form of the leptin receptor). Downstream targets
of leptin action were also altered in postnatal low protein animals with increased
neuropeptide Y (NPY) and decreased pro-opiomelanocortin (POMC) expression in the
arcuate nucleus (ARC) of the hypothalamus 8. Since NPY promotes feeding, whilst a.-
melanocyte-stimulating hormone (a-MSH), which is derived from POMC, reduces feeding,
these changes might be expected to promote weight gain. However, these rats remain lean
with a reduced food intake throughout adulthood. This suggests that postnatal low protein
rats do not respond appropriately to elevated levels of NPY or the reduced levels of POMC
(and thus a-MSH).

We therefore hypothesised that leptin would be more effective at reducing food intake in

postnatal low protein animals as a consequence of hypersensitivity to a-MSH and
insensitivity to NPY and have investigated the effects of centrally administered leptin, NPY
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and the a-MSH mimetic MTI1118, We also investigated whether differences in the expression
of receptors for leptin, NPY and a-MSH in the hypothalamic nuclei could explain any
differences in sensitivity to these neuropeptides.

Materials and Methods

Animals

Animal procedures were conducted in accordance with University of Cambridge and the
University of Buckingham project licences, under the UK Animals (Scientific Procedures)
Act (1986). Breeding was performed in the University of Cambridge. Control animals were
the offspring of Wistar rat dams fed a 20% (by dry weight) protein diet during pregnancy
and lactation. Postnatal low protein animals were the offspring of dams fed a 20% protein
diet during pregnancy that were cross-fostered after birth to dams fed an isocaloric 8%
protein diet, as described previously®. Offspring were weaned onto standard laboratory chow
diet at 21 days of age and housed at 22 °C on a 12:12 h light: dark cycle. Half of the males
from each litter were transferred to the University of Buckingham at six weeks of age for the
central neuropeptide sensitivity studies. The other half remained in Cambridge for gene
expression studies and magnetic resonance imaging (MRI) analysis (Echo MRI TM, Whole
Body Composition Analyzer, Echo Medical Systems, Houston, Texas). All studies were
conducted in 3-month-old male animals.

Measurements of leptin, NPY and MT11 sensitivity

A cannula was inserted into the third ventricle under gaseous anaesthetic (Isofluorane: Isoba,
Schering-Plough, Animal Health, Summit, New Jersey, USA) using coordinates from the
stereotactic rat brain atlas (coordinates based from the bregma: anterior-posterior (AP) —0.8
mm; Lateral (L) 0; dorsal-ventral (DV) —7.5 mm)1°. Its position was verified by a positive
drinking response over 15 min to angiotensin Il (20 pwg/ml in 2.5 ). Four animals out of 84
did not show a positive drinking response and were excluded. For measurements of acute
effects of leptin and MTII on food intake, rats were individually housed in wire-bottom
cages, fasted for 4 h, dosed at the beginning of the dark period and re-fed. NPY was given at
the beginning of the light cycle. Each peptide was given in 2.5 pl saline. Animals were
dosed using a Latin square design. There were at least 4 days between doses and it was
verified that normal feeding behaviour and body weight had been restored prior to
administration of the next dose.

Recombinant rat leptin (Preprotech, London, UK) was administered at a dose of 5 g
because this dose was the lowest that reduced food intake over 4 h significantly in a
preliminary study (data not shown). The doses of NPY and MTII (Bachem, Bubendorf,
Switzerland) were based on published data and doses routinely used by ourselves?0-22,
Plasma was stored at —80 °C prior to assay of leptin by ELISA (Crystal Chem Inc.
Immunoassay, Chicago, IL, USA).

In situ hybridisation

Brains were removed following an overnight fast, frozen immediately on dry ice and stored
at —80°C. Riboprobes for MC4R, ObRb, SOCS3 and MC3R were generated using partial rat
and human cDNA sequences respectively 23: 24, The jn situ hybridization methodology has
been described elsewhere 25 26, Five sections per slide through the ARC and three sections
per slide through the ventromedial hypothalamus (VMH) and paraventricular nucleus (PVN)
were used for analysis. Briefly, slides were air dried and exposed to Kodak BioMax MR
autoradiographic film (GE Healthcare, Little Chalfont, Bucks, UK). Film images were
corrected for background and quantified. A standard curve was generated from the 14C
autoradiographic microscales (Amersham Biosciences, UK.) using Image Proplus software
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(Media Cyernetics, Silver Spring, MD, USA). Integrated optical densities of areas of interest
for each section were calculated using the Image Pro Plus system. Data are averaged for
each slide for each animal.

Laser-captured microdissection (LCM) and Quantitative Real Time PCR analysis

LCM was performed using a P.A.L.M. MicrolaserSystem (P.A.L.M. Microlaser
Technologies AG, Bernried, Germany) as described previously 27. Total RNA was isolated
using the RNAqueous Micro RNA extraction kit (Ambion, Applied Biosystems, Life
Technologies, Paisley, UK) and analysed using an Agilent BioAnalyzer (Agilent
Technologies, Edinburgh, UK). RNA amplification of LCM ARC nuclei samples was
performed using MegaScript T7 Amplification Kit (Ambion, Applied Biosystems, UK) in
combination with the GeneChip sample CleanUp Module kit (Affymetrix, Santa Clara,
California, USA). This method of amplification involves two rounds of T7-based /n vitro
transcription (IVT). NPY, and the NPY Y1 and Y5 receptors expression was measured using
Micro Fluidic Cards (Applied Biosystems, UK). Quantitative PCR reactions were performed
in duplicate using an ABI 7900HT (Applied Biosystems, UK). All procedures were carried
out in accordance to the manufacturer’s recommendation.

Statistical analysis

Results

Data were analysed using GraphPad Prism software, version 4.0, La Jolla, California, USA.
Baseline food intake, body weight, body composition, the percentage reduction in food
intake in response to leptin, /n situ hybridization and real time PCR of gene expression data
were analysed using an unpaired Student’s t test. The Mann-Whitney U-test was used to
compare the food intakes after administration of leptin (Table 2), because variances were
significantly different between control and PLP treatments. Plasma leptin levels were
analysed by the Kruskal-Wallis test followed by Dunn’s multiple comparison test because
variances differed between saline and leptin-treated rats. Absolute food intake in the NPY
and MTII experiments was analysed by two-way ANOVA with maternal diet and
administration of neuropeptide as the independent variables, followed by Bonferroni post
hoc tests. EDsg values for the effects of NPY and MTII were calculated from dose-response
curves for all NPY or MTII data (sigmoidal dose-response; variable slope) and analysed by
unpaired Student’s t-tests. The Welch correction was applied where variances were
significantly different between control and PLP groups, the Mann-Whitney U-test not being
possible with this analysis. EDsy is the dose that increases (NPY) or decreases (MTII) food
intake by half of the maximal effect as determined by sigmoidal dose-response curve fit
(curve equation: Y = Bottom + (Top-Bottom)/(1 + 10(09EDS0-X)y 'Results are presented as
means + SEM. Statistical significance for effects in the tables and figures is given as
*P<0.05; **A<0.01; ***P<0.001. For each outcome measured, no more than one animal per
litter was included. Therefore n represents number of litters as well as number of animals.

Body weight, body composition, food intake and plasma leptin

At three months of age postnatal low protein rats were smaller and had a lower food intake
than control rats. They also had lower body fat in both absolute terms and as a percentage of
body weight, and lower plasma leptin (Table 1). Absolute lean body mass was lower than in
control rats but percentage lean body mass was higher (Table 1).

Effect of leptin on food intake and plasma leptin concentration

Leptin reduced food intake in both the control and postnatal low protein groups over the first
2,4, 24 and 48 hours (£<0.05 at all time points) (Table 2). It did not have a significant effect
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in the first hour or in the 72 to 96 h period post administration (results not shown). The
effect of leptin was significantly greater over 0 to 48 h in the postnatal low protein than in
the control rats (Table 2). Leptin reduced body weight in the control and postnatal low
protein groups both at 24 hours and 48 hours post dosing (change in bodyweight at 24 hours
post dosing: control saline —0.1 + 1.9 g ; PLP saline —1.3 = 2.1 g; control leptin -5.2 £ 1.9 g;
PLP leptin =7 + 2.6 g and 48 hours post dosing: control saline 2.3 + 1.4 g; PLP saline 1.6 +
4.3 g control leptin —=6.9 £ 2 g; PLP leptin 7.5 + 3.1 g) although the effect of leptin on body
weight change in PLP versus controls was not significant at either time point.

The plasma leptin concentration rose following administration of i3v leptin, but there was no
difference in the increase between control and postnatal low protein rats (increases at 2 h
post-dosing: control 481 + 118 pM; PLP 434 + 88 pM) (Supplemental Figure 1). Studies
using human leptin showed that the increase in plasma leptin was due to the injected leptin
reaching the plasma, rather than an increase in endogenous leptin secretion (Supplemental
Figure 2).

Effect of NPY on food intake

NPY dose-dependently stimulated food intake 2, 4 and 6 hours after dosing in both control
and postnatal low protein rats (P < 0.001). Maternal diet significantly affected the dose-
response curve over each time period (2 hours: £< 0.05; 4 and 6 hours: £< 0.0001).
Compared to the control animals, the postnatal low protein rats showed a significantly
blunted orexigenic response to the low (0.25 nmol) and mid (0.75 nmol) doses but not to the
high (2.5 nmol) dose during the first 6 hours post dosing (Figure. 1). These blunted
responses remained significant (P < 0.05) over 2 and 4 hours, but not over 6 hours, after
correction for the difference in food intake between the groups after administration of
vehicle. This was reflected in significantly increased EDsg values over each time period
(Table 3). NPY had no significant effect on body weight in either control or postnatal low
protein rats over the 6 hour period (data not shown).

Effect of MTIl on food intake

MTII dose-dependently reduced food intake 2, 4 and 24 hours after dosing in both control
and postnatal low protein rats (P < 0.001). Maternal diet significantly affected the dose-
response curve over each time period (£< 0.0001). Food intake following the mid dose of
0.01 nmol MTII was most different between control and postnatal low protein rats. This
difference was significant (P= 0.015) over 4 h after correction for the difference following
administration of vehicle. Food intake over 0-24 h following the high dose (0.10 nmol) was
lower in the postnatal low protein than in the control rats, but this difference was similar to
that following administration of vehicle (Figure. 2). ED5q values for MTII were significantly
lower in postnatal low protein than control rats over each time period (Table 3). MTII
reduced body weight in the control and postnatal low protein groups by 24 hours post dosing
(change in total bodyweight: control saline =1.2 + 1.6 g ; PLP saline 0.4 + 1.2 g; control
MTI1 0.01 nmol 1.2 £ 1.2 g; PLP MTI1 0.01 nmol -5.2 £+ 4 g and control MTI1I 0.03 nmol
—-6.6 + 1.3 g; PLP MTII 0.03 nmol -12 + 2.2 g) although the effect of MTII on body weight
change in PLP versus controls was not significant.

Hypothalamic gene expression

Expression of both ObRb and MC3R was higher in postnatal low protein than control rats in
both the ARC (P < 0.05 for both) and the VMH (£ < 0.01 for both) (Figure 3). Expression of
MCA4R in the PVN and NPY, NPY Y1R and NPY Y5R and suppressor of cytokine
signalling 3 (SOCS3) in the ARC was not significantly different between groups (Figure 4).
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Discussion

We have confirmed our finding8 that growth restriction during lactation, achieved by cross-
fostering male rat pups to dams fed a low protein diet, results in permanently reduced body
and fat pad weights, even when offspring are maintained on standard laboratory chow. We
have now shown that, at three months of age, these offspring are hypersensitive to the
anorectic effect of centrally administered leptin. This is consistent with their having a low
percentage body fat despite having a low circulating plasma leptin concentration.

Hypersensitivity to leptin may be partly due to increased ObRb expression. However, it also
involves neurons downstream of those that respond to leptin. Thus, the male postnatal low
protein rats were hypersensitive to submaximal doses of the MC3/4R agonist MTII, and
insensitive to NPY, as reflected in altered EDgq values for these peptides. These results are
consistent with our previous finding that the male postnatal low protein rats are lean despite
having increased NPY expression and decreased POMC expression in the ARC at
weaning?® and a report that POMC expression is reduced in ‘middle-aged” rats that are lean
as a consequence of early postnatal food restriction28.

Hypersensitivity to MTII may be due to increased expression of MC3R. However, an
involvement in the regulation of feeding is far better established for MC4R, the expression
of which was unaltered, than for MC3R. Some studies suggest that MC3R plays no role at
all in the regulation of feeding2®. In contrast, MC3R is found in areas of the hypothalamus
that regulate feeding (the arcuate nucleus and the ventromedial area), mice that lack MC3R
are obese, a stable agonist of the human MC3R stimulates feeding in rats, and some studies
have linked variants in MC3R with adiposity in humans. The stimulatory effect of the stable
MC3R agonist seems inconsistent with MC3R knockout mice being obese. This response
may be due to an autoinhibitory role of MC3R on POMC neurones, or it could be because
the stable agonist is only a partial agonist at the native rat receptor and inhibits its
constitutive activity30.

Just as leptin resistance is partly due to an elevated plasma leptin concentration31: 32,
hypersensitivity to MTII may be a consequences of a decreased synaptic melanocortin
expression, but if so it is surprising that MC3R but not MC4R expression increased.
Insensitivity to NPY was not associated with altered expression of NPY Y1 or Y5 receptors.
Mechanisms downstream of Y1, Y5 and possibly MCA4R receptors therefore appear to play a
role in altered sensitivity to MTII and NPY.

The phenomenon of leptin hypersensitivity that we have identified is not a simple mirror
image of that of leptin resistance in obesity. Leptin resistance is associated with enhanced
sensitivity (or at least no reduction in the response) to MTI133-38, Thus, resistance to leptin is
not due to resistance to melanocortins, whereas in our model, enhanced sensitivity to leptin
was associated with enhanced sensitivity to melanocortins. It is less clear whether altered
sensitivity to NPY contributes to or opposes leptin resistance, and therefore mirrors or fails
to mirror the contribution of NPY resistance to leptin hypersensitivity in postnatal low
protein rats. A report that describes an enhanced feeding response to NPY in diet-induced
obesity is in a minority3°. These authors were also in a minority which found that elevated
leptin was associated with decreased NPY expression.

Taking into account any differences in food intake between control and postnatal low
protein rats following administration of saline, feeding responses to maximal doses of NPY
and MTII did not differ between control and postnatal low protein rats: only responses to
submaximal doses differed. This implies that there are “spare receptors” 40 that couple NPY
and MTII to feeding. In other words, not all these receptors have to be activated in normal
rats to elicit a maximal response. Therefore some reduction in the number of NPY receptors
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or their coupling to feeding can occur without there being a reduction in the maximum
possible response; equally an increase in the number of melanocortin receptors will not
increase the maximal response. Sensitivity to NPY and MTII will alter, however. This is
important to bear in mind when studying sensitivity to NPY and MTII in situations of
altered leptin sensitivity.

The experiments that we have described on the effect of leptin on feeding were conducted
using central (third ventricle) administration, which is in close proximity to the ARC?41: 42,
This has allowed us to relate sensitivity to leptin to sensitivity to NPY and MTII, which have
to be administered centrally to study their effects upon food intake. It might be argued that it
is more physiologically relevant to administer leptin peripherally. It has been suggested that
transport of leptin across the blood-brain barrier concentrates leptin in the ARC to a degree
not seen after right intracerebroventricular injection®3. Reduced transport of leptin across the
blood-brain barrier is a possible cause of leptin resistance, and so increased transport might
contribute to hypersensitivity to leptin. However, the effects of intraperitoneally
administered leptin on food intake, especially rapid responses and those elicited by low
doses, are partly mediated via the vagus nerve, possibly reflecting the role of gastric rather
than adipocyte leptin#4-47. Furthermore, blood levels of leptin achieved with doses of leptin
that are usually given intraperitoneally to assess leptin sensitivity are far above physiological
concentrations 48, Thus the intraperitoneal route may not model physiology better than the
third ventricle route, and it may even be inferior.

We can discount the possibility that i3v-administered leptin elicited any of its effect on food
intake by raising peripheral leptin levels. There was an increase in the plasma leptin
concentration following administration of 5 g leptin, but this was 2000-fold lower than the
increase in plasma leptin in response to intraperitoneal administration of 1 mg/kg leptin,
which is a dose below that (2 mg/kg, ip) which inhibits food intake significantly over 0-1 h
and longer time periods (data not shown). Moreover, the increase in leptin concentration was
not different following its administration to control and postnatal low protein rats. This
provides no insight into the activity of the blood-brain barrier for leptin because transport of
intracerebroventricularly administered leptin to the periphery appears to be due to
reabsorption of cerebrospinal fluid43.

A recent study in rats that were selectively bred to be sensitive to diet-induced obesity has
demonstrated that large litter rearing confers enhanced sensitivity to the anorectic effect of
leptin and protects the offspring from becoming obese*?. Large litter-reared diet-induced
obese neonates had increased ARC binding of leptin to its extracellular receptors consistent
with our finding of increased expression of ObRb. VVoluntary exercise beginning from soon
after weaning also provides protection from later obesity for at least 10 weeks after
termination of exercise and increases sensitivity to leptin®0-52, Thus the long term effects of
exercise may involve similar mechanisms to those described here. In these same studies,
restriction of energy intake pre-weaning provided long term protection from obesity,
consistent with our results. Restriction of energy intake at later times was ineffective.

Administration of leptin to rat dams during pregnancy and lactation reduces postnatal (as
well as /n utero) growth and protects their offspring from diet-induced obesity 3 54,
However, administration of leptin to dams during pregnancy alone resulted in thinner
offspring, even though postnatal growth was not reduced®®. Thus the protective effect of
leptin is not simply due to reduced postnatal growth.

In conclusion, leanness in rats achieved by cross-fostering to dams fed on a low protein diet
is associated with increased sensitivity of feeding to centrally administered leptin and MTII,
a melanocortin 3/4 receptor agonist, and with decreased sensitivity to neuropeptide Y. These
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effects may be partly due to increased expression of ObRb and MC3R, but other
downstream mechanisms must also play a role. Early post-natal nutrition has a lifelong
influence on hypothalamic function, the underlying mechanisms of which require further
investigation, but which may involve changes in epigenetic regulation during early
hypothalamic development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Food intake following central administration of NPY. Food intake was measured 2, 4 and 6
hours after administering NPY to three-month-old control (l) and PLP (A) rats (n = 13 to
18). EDg values are given in Table 3 n=16-20 per group. */<0.05; **/2<0.01 for absolute
food intake differences between control and PLP rats.
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Figure. 2.

Food intake following central administration of MTII. Food intake was measured 2, 4 and
24 hours after administering MTII to three-month-old control (H) and PLP (A) rats. ED5g
values are given in Table 3 n=13-18 per group. */<0.05; **A<0.01; ***/<0.001 for
absolute food intake differences between control and PLP rats.

syduosnuelA Joyiny sispun4 DA @doing ¢

Int J Obes (Lond). Author manuscript; available in PMC 2013 February 01.



syduiosnuel Joyiny sispun4 JINd adoin3 ¢

syduosnuelA Joyiny sispun4 DA @doing ¢

Stocker et al.

Page 14

150+ *%

*
* [ Control
BN PLP
1004 & I x x I I
50~
0
Figure. 3.

Gene expression of ObRb, MC3R and MC4R and SOCS3 in hypothalamic nuclei. Gene
expression was measured in serial brain sections from overnight fasted animals by /n situ
hybridisation. Data expressed as means + SEM. n = 6-8 per group, */<0.05; **/<0.01 for
absolute differences between control and PLP rats.

% of mean control

Int J Obes (Lond). Author manuscript; available in PMC 2013 February 01.



syduiosnuel Joyiny sispun4 JINd adoin3 ¢

syduosnuelA Joyiny sispun4 DA @doing ¢

Stocker et al.

Page 15
150
1 Control
° I Bl PLP
S 100- I I
(8]
c
©
£
«w 50+
15}
X
C T ] I
& 2 S
N \2) Q
Q.(x Q.{\ N
< A

Figure. 4.

Gene expression of NPY, NPY Y1R and NPY Y5R in hypothalamic nuclei. Gene
expression was measured in laser capture microdisssected arcuate nuclei from overnight
fasted animals by quantitative PCR. Data expressed as means + SEM. n = 6-8 per group
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TABLE 1

Characteristics of developmentally programmed animals

Body lean (g)

% Body fat

% Body lean

Food intake (g/24 h)

Plasma leptin (pM)

M easur ement Control Postnatal low protein (PLP)
Body weight (g) 411+16  311+10™°
Body fat (g) 544+51 321+17°

278+10  224+8™*
13111 104+05%
67.6+1.0 722+107
30010 248407

431+36  271+597F

Students unpaired t-test

*
P<0.05

*:

A
P<0.01.

s1dLIOSNUBIA JoLINy sispund JINd 8doin3 g

*:

Aok
P<0.001.
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Body weight and composition (n = 8), 24-hour food intake and 4-hour fasted plasma leptin (n = 12) were measured in 3-month-old offspring.
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TABLE 2

Food intake following central administration of leptin

Time (h) from i3v leptin % Reduction in food intake
Control Postnatal low protein

0-2 27.5+39 241x79

0-4 16.6 6.0 25.7+115

0-24 127+20 242+109

0-48 163+19 3611+11.07

Page 17

Three-month-old rats received saline or 5 g recombinant leptin i3v. Data are expressed as the percentage reduction in food intake for each animal
given leptin compared to when it was given saline (n= 9-13).

*
P=0.035 for effect of leptin in PLP compared to control rats by Mann-Whitney U-test (n = 9-13). The reductions in food intake elicited by leptin

were all significant (< 0.05).
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