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L eptin inhibits norepinephrine and dopamine release from rat
hypothalamic neuronal endings
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Abstract

Noradrenergic and dopaminergic afferents arising from the brain stem to the hypothalamus still play a poorly characterised role in
food intake control. We have studied the effect of leptin, an adipocyte-derived hormone which has been implicated in the regulation of
feeding behaviour, on [*H]norepinephrine and [*H]dopamine release from perfused hypothalamic neuronal endings (synaptosomes) in
vitro. We have found that leptin (0.01-10 nM) does not modify basal, while it inhibits depolarization-induced norepinephrine and
dopamine release. We can hypothesize that at least part of the anorectic activity of leptin in the hypothalamus is effected through an
inhibition of noradrenergic and dopaminergic firing. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Leptin, a 16-kDa polypeptide hormone coded by the ob
gene (Zhang et al., 1994) and released into the blood by
adipocytes, plays a pivota role in signalling adipose store
repletion to the central nervous system. In ob/ob leptin-
deficient mice, obesity spontaneously develops (Zhang et
al., 1994) and leptin administration restores normal weight
(Halaas et al., 1995; Pelleymounter et al., 1995); in con-
trast, human obesity is characterized by elevated leptin
levels and it has been hypothesized that there is a resis-
tance to its effects in the central nervous system (Consid-
ine et al., 1996). The physiological actions of leptin are
mainly effected by the interaction with neuropeptides which
inhibit food intake and stimulate energy expenditure
(Campfield et al., 1996).

In the ventromedial hypothalamus, norepinephrine and
dopamine are known to modulate food intake (Shiraishi,
1991;Wellman et a., 1993; Yang and Meguid, 1995) and
receptors for leptin have been localized in the hypothala-
mus, including cathecolamine-stimulating neurons
(Hakansson et al., 1998).

In order to further investigate the hypothalamic media-
tors of the anorectic effect of leptin, we have studied the
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role of leptin in [*Hlnorepinephrine and [*Hldopamine
release from perfused hypothalamic neuronal endings (syn-
aptosomes) in vitro, both in basal conditions, and after
K" (15 mM)-induced depolarization.

2. Materials and methods
2.1. Animals

Male adult Wistar rats (200-220 g) were housed in a
thermoregulated environment (23 + 1°C), with automatic
control of light/darkness cycle. Food and water were
available ad libitum.

2.2. Drugs

Recombinant human leptin was kindly provided by
IRBM P. Angeletti (Pomezia, Italy).

2.3. Hypothalamic synaptosomes

Hypothalamic synaptosomes were prepared according
to Gray and Whittaker (1962). Briefly, male Wistar rats
(200-250 g) were sacrificed by decapitation, the hypotha-
lami quickly dissected, homogenized in 0.32 M saccharose
and centrifuged, first at 1000 X g for 5 min, and then at
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Fig. 1. Effect of leptin (0.01-10 nM) on depolarization-induced nor-
epinephrine release. The control group (white column) was perfused with
K*(15 mM) in Krebs—Ringer buffer for 3 min; the leptin groups
(hatched columns) were perfused with graded concentrations of leptin in
K" (15 mM) Krebs-Ringer buffer for 3 min, after a 20-min pre-incuba-
tion with leptin in Krebs—Ringer buffer. The columns represent the area
under the time—response curve (AUC) of the percentage of [*H]nor-
epinephrine recovered, with respect to total (fractions+filters); each
column represents the mean+ S.E.M. of three to five experiments per-
formed in triplicate; * P < 0.001.

12,000 x g for 20 min, to isolate neuronal endings from
cell nuclei and glia Then, the synaptosome suspension
was incubated, at 37°C, under O,/CO, 95/5%, pH 7.2—
7.4, in Krebs—Ringer buffer (mM /1: NaCl 125, KCI 3,
MgSO, 1.2, CaCl, 1.2, NaH,PO, 5, Tris-HCI 10, glucose
10, ascorbic acid 1), with either 0.05 wM norepinephrine,
[*HInorepinephrine, or 0.05 wM dopamine, [*H]dopamine,
for 15 min, to make synaptosomes uptake [*H]norepineph-
rine or [*H]dopamine, substituting for the endogenous
norepinephrine or dopamine pool. Then, synaptosomes
were layered onto 0.8 wM Millipore filters, placed into
37°C water-jacketed superfusion chambers (18 different
chambers for each experiment), and perfused with the
above buffer (0.6 ml /min). After 30 min, to alow stable
release (equilibration period), perfusate was collected in 2
min fractions, and after the first three to four fractions
(basal release) testing drugs were added to the perfusion
buffer for 10 min (stimulus), followed by 10 min with
Krebs buffer alone (return to basal). To evaluate the effect
of leptin on neurotransmitter release during depolarization
[3 min perfusion with K*(15 mM), after removal of
equimolar concentrations of Na* in perfusion buffer],
leptin was added, after the equilibration period, both 20
min prior (pre-stimulus) and 3 min during K*(15 mM)
perfusion (stimulus). Finally, beta-emission from perfusate
fractions, corresponding to [*HInorepinephrine or
[*H]dopamine release, was detected by liquid scintillation
scanning.

2.4. Analysis of data

Catecholamine release has been calculated as either the
means + SE.M. of the percentage of [*HInorepinephrine
or [*H]dopamine recovered in each fraction respect to total
(fractions + filter) or the means + S.E.M. of the area under
the time-response curve (AUC); each group represents the
mean + S.E.M. of three to five experiments performed in
triplicate. Treatment and control group means are com-
pared by the Student—Newman—Keul test and group differ-
ences considered significant for P < 0.05.

3. Reaults

We have found leptin, in the dose range 0.01-10 nM,
does not modify basal norepinephrine and dopamine re-
lease (means+ S.E.M. of the percentage of [*H]nor-
epinephrine or [*H]dopamine recovered in each fraction
with respect to total. Norepinephrine: Krebs—Ringer buffer,
1.12 + 0.02; leptin 0.01 nM, 1.13 + 0.01; 0.1 nM, 1.14 +
0.01; 1 nM, 1.12 + 0.01; 10 nM, 1.12 4+ 0.01. Dopamine:
Krebs—Ringer buffer, 1.67 + 0.04; leptin 0.01 nM, 1.55 +
0.02; 0.1 nM, 1.54+0.03; 1 nM, 1.70 + 0.01; 10 nM,
1.69 + 0.15). In order to investigate a possible modulatory
role of leptin in neurotransmitter release, such as potentia-
tion or inhibition of stimulated release, we have incubated
the synaptosomes with leptin (0.01-10 nM) 20 min before,
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Fig. 2. Effect of leptin (0.01-10 nM) on depolarization-induced dopamine
release. The control group (white column) was perfused with K* (15
mM) in Krebs—Ringer buffer for 3 min; the leptin groups (hatched
columns) were perfused with graded concentrations of leptin in K* (15
mM) Krebs—Ringer buffer for 3 min, after a 20-min pre-incubation with
leptin in Krebs—Ringer buffer. The columns represent the area under the
time—response curve (AUC) of the percentage [3H]dopami ne recovered,
with respect to total (fractions+filters); each column represents the
mean+ SE.M. of three to five experiments performed in triplicate;
*P < 0.05, **P < 0.001.
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and during a 3-min depolarizing stimulus, which was
induced by raising the K* concentration to 15 mM in the
Krebs—Ringer perfusion buffer. Leptin alone did not mod-
ify basal neurotransmitter release, while it caused a dose-
dependent inhibition of depolarization-induced norepineph-
rine (Fig. 1) and dopamine (Fig. 2) release. The maximal
inhibitory effect was similar for both neurotransmitters, but
the EC., + S.E.M. was lower for norepinephrine (0.25 +
0.02 nM) respect to dopamine (6.30 + 0.15 nM).

4, Discussion

The hypothalamus has long been considered to be the
site of the feeding regulatory center, since it was shown
that lesions of the media hypothalamus lead to increased
food intake and obesity (Wellman et al., 1993). Leptin
receptors have been localized throughout the hypothalamus
(Hakansson et a., 1998), and it has been suggested that
leptin can regulate adipose store repletion by reciprocally
modulating stimulating and inhibiting transmitters in the
feeding regulatory areas of the hypothalamus, resulting in
a decrease in food intake and an increase in energy expen-
diture. Leptin has been shown to stimulate corticotrophin
releasing hormone (CRH) (Costa et al., 1997; Raber et al.,
1997; Brunetti et a., 1999), pro-opiomelanocortin
(Schwartz et al., 1997; Thornton et al., 1997), and prosta-
glandin E, and F,, (Brunetti et al., 1999) in the hypothala
mus, which all mediate anorectic behaviour. In contrast,
leptin inhibits neuropeptide Y, galanin and melanin-con-
centrating hormone gene expression in the hypothalamus,
where these peptides display stimulatory effects on feeding
(Sahu, 1998).

The present findings, which show that leptin inhibits
depolarization-induced norepinephrine (Fig. 1) and dopa
mine (Fig. 2) release from isolated neuronal endings in
vitro, further extend previous reports showing leptin is able
to reduce excitatory postsynaptic currents in the hypothala-
mus (Glaum et al., 1996), possibly by activation of ATP-
sensitive K™ channels (Spanswick et al., 1997), and point
to a possible role for catecholamines in leptin signalling in
the hypothalamus. It is well-established that neurons aris-
ing from the paraventricular nucleus of the hypothalamus
play a key role in food intake control, by inhibiting the
nucleus of the solitary tract and the dorsal nucleus of the
vagus in the brain stem (Kirchgessner and Sclafani, 1988)
and leptin receptors have been demonstrated in the par-
aventricular nucleus (Hakansson et al., 1998). The par-
aventricular nucleus, in turn, is largely innervated by nora-
drenergic and dopaminergic fibers arising from the brain
stem (Swanson and Sawchenko, 1983). Norepinephrine
release from presynaptic terminals in the paraventricular
nucleus stimulates food intake (Leibowitz and Brown,
1980), an effect which seems to be mediated by o ,-adren-
oceptors (Wellman et al., 1993). Moreover, chronic infu-
sion of norepinephrine into the ventromedia hypothalamus

induces obesity in rats (Shimazu et a., 1986). Interest-
ingly, ob/ob genetically obese mice, which are character-
ized by loss of the leptin gene, and db/db geneticaly
obese mice, which are lacking in the leptin receptor gene,
have been found to display increased norepinephrine levels
in the hypothalamus (Lorden et a., 1975; Currie and
Wilson, 1992): this has been hypothesized to underlie their
obesity, even if increased brain norepinephrine levels in
leptin-deficient rodents do not imply increased noradrener-
gic function, but could result from decreased norepineph-
rine release. On the other hand, the role of hypothalamic
dopamine in feeding control is still unsettled: on one side,
both amphetamine, a dopamine reuptake inhibitor, and
dopamine itself microinjected into the perifornical hypo-
thalamus have been shown to inhibit food intake (Gillard
et a., 1993); on the other hand, dopamine dose-depen-
dently increases food intake when injected into the lateral
hypothalamus (Shiraishi, 1991) and hypothalamic
dopamine levels are significantly higher in obese than in
lean rats (Yang and Meguid, 1995).

In conclusion, our findings, which show that leptin is
capable of inhibiting depolarization-induced norepineph-
rine and dopamine release (Figs. 1 and 2), support an
enhancing action on feeding by norepinephrine and
dopamine in the hypothalamus. This could explain part of
the anorectic activity of leptin by inhibition of dopaminer-
gic and noradrenergic fibers in the hypothalamus.

Acknowledgements

This work was supported by CNR and MURST grants.
We are grateful to Dr. M. Amitrano and P. Del Cecato for
the skilful technical assistance, and C. Moalino for the
careful typing of the manuscript. We also acknowledge Dr.
R. Laufer, IRBM P. Angeletti, Pomezia, Italy, for gener-
oudly providing leptin.

References

Brunetti, L., Orlando, G., Michelotto, B., Ragazzoni, E., Vacca, M.,
1999. Leptin stimulates prostaglandin E,, and F,,,, but not nitric oxide
production in neonatal rat hypothalamus. Eur. J. Pharmacol. 369,
299-304.

Campfield, L.A., Smith, F.J,, Burn, P., 1996. The OB protein (leptin)
pathway—a link between adipose tissue mass and central neura
networks. Horm. Metab. Res. 28, 619-632.

Considine, R.V., Sinha, M.K., Heiman, M.L., Kriauciunas, A., Stephens,
T.W., Nyce, M.R,, Ohannesian, J.P., Marco, C.C., McKee, L.J,
Bauer, T.L., Caro, J.F., 1996. Serum immunoreactive-leptin concen-
trations in normal-weight and obese humans. N. Engl. J. Med. 334,
292-295.

Costa, A., Poma, A., Martignoni, E., Nappi, G., Ur, E., Grossman, A.,
1997. Stimulation of corticotrophin-releasing hormone release by the
obese (ob) gene product, leptin, from hypothalamic explants. Neurore-
port 8, 1131-1134.

Currie, P.J., Wilson, L.M., 1992. Y ohimbine attenuates clonidine-induced
feeding and macronutrient selection in geneticaly obese (ob/ob)
mice. Pharmacol. Biochem. Behav. 43, 1039-1046.



240 L. Brunetti et al. / European Journal of Pharmacology 372 (1999) 237—240

Gillard, E.R., Dang, D.Q., Stanley, B.G., 1993. Evidence that neuropep-
tide Y and dopamine in the perifornical hypothalamus interact antago-
nistically in the control of food intake. Brain Res. 628, 128—136.

Glaum, S.R., Hara, M., Bindokas, V.P., Lee, C.C., Polonsky, K.S., Bell,
G.l., Miller, RJ.,, 1996. Leptin, the obese gene product, rapidly
modulates synaptic transmission in the hypothalamus. Mol. Pharma-
col. 50, 230-235.

Gray, E.G., Whittaker, V.P., 1962. The isolation of nerve endings from
brain: an electron microscope study of cell fragments derived by
homogenization and centrifugation. J. Anat. 96, 79—-87.

Ha&kansson, M.L., Brown, H., Ghilardi, N., Skoda, R.C., Meister, B.,
1998. Leptin receptor immunoreactivity in chemically defined target
neurons of the hypothalamus. J. Neurosci. 18, 559-572.

Halaas, JL., Ggiwaa, K.S, Maffei, M., Cohen, SL., Chat, B.T,,
Rabinowitz, D., Lalone, R.L., Burley, SK., Friedman, JM., 1995.
Weight-reducing effects of the plasma protein encoded by the obese
gene. Science 269, 543-546.

Kirchgessner, A.L., Sclafani, A., 1988. PVN-hindbrain pathway involved
in the hypothalamic hyperphagia-obesity syndrome. Physiol. Behav.
42, 517-528.

Leibowitz, S.F., Brown, L.L., 1980. Histochemical and pharmacological
analysis of noradrenergic projections to the paraventricular hypothala
mus in relation to feeding stimulation. Brain Res. 201, 289-314.

Lorden, JF., Oltmans, G.A., Margules, D.L., 1975. Centra cate-
cholamine levels in genetically obese mice (ob/ob and db/ db).
Brain Res. 96, 390—-394.

Pelleymounter, M.A., Cullen, M.J., Baker, M.B., Hecht, R., Winters, D.,
Boone, T., Collins, F., 1995. Effects of the obese gene product on
body weight regulation in ob/ob mice. Science 269, 540-543.

Raber, J., Chen, S., Mucke, L., Feng, L., 1997. Corticotrophin-releasing
factor and adrenocorticotrophic hormone as potential central media
tors of ob effects. J. Biol. Chem. 272, 15057—-15060.

Sahu, A., 1998. Evidence suggesting that galanin (GAL), melanin-con-
centrating hormone (MCH), neurotensin (NT), proopiomelanocortin
(POMC) and neuropeptide Y (NPY) are targets of leptin signaling in
the hypothalamus. Endocrinology 139, 795-798.

Schwartz, M.W., Seeley, R.J., Woods, S.C., Weigle, D.S., Campfield,
L.A., Burn, P.,, Baskin, D.G., 1997. Leptin increases hypothalamic
pro-opiomelanocortin mRNA expression in the rostral arcuate nu-
cleus. Diabetes 46, 2119-2123.

Shimazu, T., Noma, M., Saito, M., 1986. Chronic infusion of norepineph-
rine into the ventromedial hypothalamus induces obesity in rats. Brain
Res. 369, 215-223.

Shiraishi, T., 1991. Noradrenergic neurons modulate lateral hypothalamic
chemical and electrical stimulation-induced feeding by sated rats.
Brain Res. Bull. 27, 347-351.

Spanswick, D., Smith, M.A., Groppi, V.E., Logan, S.D., Ashford, M.L.J,,
1997. Leptin inhibits hypothalamic neurons by activation of ATP-sen-
sitive potassium channels. Nature 390, 521-525.

Swanson, L.W., Sawchenko, P.E., 1983. Hypothalamic integration: orga-
nization of the paraventricular and supraoptic nuclei. Annu. Rev.
Neurosci. 6, 269—-324.

Thornton, J.E., Cheung, C.C., Clifton, D.K., Steiner, R.A., 1997. Regula-
tion of hypothalamic proopiomelanocortin mRNA by leptin in ob/ob
mice. Endocrinology 138, 5063-5066.

Wellman, P.J., Davies, B.T., Morien, A., McMahon, L., 1993. Modula
tion of feeding by hypothalamic paraventricular nucleus a1- and
o 2-adrenergic receptors. Life Sci. 53, 669-679.

Yang, Z.J.,, Meguid, M.M., 1995. LHA dopamine activity in obese and
Zucker rats. Neuroreport 6, 1191-1194.

Zhang, Y., Proenca, R., Maffei, M., Barone, M., Leopold, L., Friedman,
JM., 1994. Positional cloning of the mouse obese gene and its human
homologue. Nature 372, 425—-432.



