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ABSTRACT KEYWORDS
GABA isthe main inhibitory neurotransmitter in the central nervous sys- Leptin;
tem. Leptin, the obese gene peptide, isinvolved in the regulation of feed- GABA -agonist;
ing behavior and energy balance. The present study was set to determine GABA ,-antagonist;
the changes of firing rate in the neurons of the preoptic area/anterior hypo- Firing rate;
thalamus (PO/AH) inmale Wistar rats after administration of leptin, GABA - Interaction;
agonist baclofen and GABA ,-antagonist CGP35348 applied separately or PO/AH neurons;
in combinations. In vitro experiments were made on PO/AH neurons by Rat;
conventional electrophysiological equipment, using brain dlice prepara- Braindices.

tion. To trace the changesin neuronal firing rate we used administration in
bolus of the experimental substances during constant perfusion of the
dlice preparation with artificial cerebrospinal fluid (ACSF). The separate
bolusinjection of leptinaswell as GABA ,-antagonist CGP35348 produced
significant increase of firing ratein rat PO/AH neurons, whilethe GABA ;-
agonist baclofen caused a decrease in firing rate. The probable synergy
between the effects of leptin and GABA ,-antagonist was not occurred. In
the opposite, effect of this combination was lower compared to the result
of the separate administration. When leptin was applied in combination
with GABA ;-agonist baclofen neither one of their separate effects ap-
peared.

The data from this study provide a new point of view concerning the
interactions of leptin and GABA.. These results are step of understanding
the complicate mechanisms involved in the interactions of neurotransmit-
ters and neuromodulators in the central nervous system.
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INTRODUCTION temperature¥. These neuronsare affected by different
neurotransmitters and neuromodul atorg?.

The preoptic areaof theanterior hypotha amus (PO/ Gamma-aminobutyricacid (GABA) isthemainin-

AH) playsaprominent roleinthermoregulationand  hibitory neurotransmitter inthe central nervoussystem.

strongly influenceseach of thelower effector areas. The - GABA could a so modify neurotransmission processes

neuronsin PO/AH are supposed to build aneurona  onthelevel of central temperaturecontroller - PO/AH
network which takespart inthecentral control of body  neurons,
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Theaction of GABA ismediated by receptors be-
longingtothreedistinct types, termed GABA , GABA
and GABA ¥, GABA and GABA receptorsform
membrane thannels (/f\ onotropic ré:ceptors), while
GABA receptorsbelongto thefamily of G-protein-
coupl ed receptors (metabotropic receptors). The sub-
stances altering body temperature induce specific
changesintheactivity and/or temperature sengtivity of
neuronsin the preoptic areaof the anterior hypothala-
mus(PO/AH). Experimentsinrat braindicespresented
that GABA and GABA agonists dose-dependently
decreased thefiri ng rate’of warm-sensitive and tem-
peraure-insengtive PO/AH neurons, whilethetempera:
turesengtivity of rat PO/AH neuronswasonly changed
by ligandsof GABA .-receptorsand thiseffect hasbeen
restricted to temperature-sensitive neurons.

Leptin, the obese gene peptide, isinvolvedinthe
regulation of feeding behavior and energy baance. The
actionof peripherdly rdleased leptina long-formleptin
receptorswithinthebrain representsafundamenta axis
in the regulation of energy homeostasis and body
weight!®. Inthelast yearsleptiniswidely studied not
only because of itsrelatively recent discovery but also
because of thevariety of itsown effectsand theinter-
action with other neuromodul ators or neurotransmit-
ters. Leptin regul ates energy balancelargely through
isoform B leptin receptor-expressing neurons (LepR
neurons) inthe brain®.,

In order to contribute to understanding the mecha
nismsof actionontheleve of the central temperature
controller - PO/AH neurons, theinteractionsbetween
leptin, GABA -agonistand GABA -antagonist on neu-
rona activity?fi ringrate) werestudiedinabraindlice
preparation of rat PO/AH neurons.

MATERIALSAND METHODS

Extracdlular recordings

Slices (400 um) from the preoptic area/anterior
hypothdamus (PO/AH) of maeWidar rats(200-220g)
were prepared and stored as previously described
Schmid and Pierau, 19937, Extracellular recordings of
the neuronal activity were madewith glass-covered
platinumviridium e ectrodesduring continuousperfusion
with oxygenated artificia cerebrospind fluid (ACSF)
at arateof 2ml/min. Neurona activity and slicetem-
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peraturewere recorded and stored on apersona com-
puter usngaCED (Cambridge Electronic Design)-com-
pany 1401 interface and the CED software spike 2,
and adigital taperecorder (DAT).

Temperature sengitivity of neuronswasdetermined
by application of sinusoidal temperature stimulusand
cd culated by acomputer programrelating thedischarge
rate of the neuron (binwidth =5 s) to the actua tem-
perature, and fitting either onelinear or two piecewise
regression linesthrough the datd®. The slope of the
steepest regression linewas used asthe temperature
coefficient (TC) of theunit. Changesin neuronal activ-
ity (firing rate, FR) were cal culated withtheaid of the
same computer program, providinginformationonthe
mean value of firing ratefor theduration of 1 min, re-
corded beforeand after application of the substances.
All dataare presented asmeans+ S.E.M. For statisti-
ca evaluation apaired t-test was performed.

Substances

Leptin (OB) Rat Recombinant (Sigma, Germany),
Baclofen (Sigma, Germany) and CGP35348 (Sigma,
Germany) wereusedin thisstudy. Thedosesused dur-
ing theinvestigation were defined by literaturedataas
well asown previousy made experiments.

Regarding tofiring rate changes, Leptin (100 nM),
Baclofen (0.1 uM) and CGP35348 (10 uM) previously
prepared as stock solutionswere added separately or
incombinationsasbolus (0.1 ml) tothe perfusonwith
oxygenated ACSF.

Only one neuron per dicewastested.

RESULTS

Extracellular recordings were obtained from 24
neuronsin dices of the hypothalamic medial preoptic
areaof rats. Twelve extracellulary recorded neurons,
regardlessof their type of temperature sengtivity were
used to investigatethe changesinfiring rate by Leptin
(100nM) and GABA -antagonist CGP35348 (10 uM),
applied separatey or in combination by different order,
aswd| asthesamedes gn of experiment was used about
investigation of Leptin (100 nM) and GABA _-agonist
baclofen (0.1 uM).

Leptinincreasedfiring rate aswell asGABA -an-
tagonist CGP35348 produced significant increase of
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Figurel: Changesinfiringrateof rat PO/AH neuronsafter
application of L eptin CGP35348 and Baclofen
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Origina recordingsof firing rate (FR, imp/s) from
neuron of themedia preopticareainrat diceprepara
tion. Leptin and Baclofen (arrows, bolusinjection 0.1
ml of 100nM and 0.1 uM, respectively), applied sepa-
rately andin combination.

DISCUSSION

Therearemany evidencesfor leptin-GABA inter-
actionson different levels. Leptin actsinthebrainto
prevent obesity. Remarkably, thevast mgority of leptin’s
antiobesity effectsaremediated by GABAergic neu-
rons. Leptin, working directly on presynaptic
GABAergic neurons, reduces inhibitory tone to
postsynaptic POM C neurons. AsPOMC neuronspre-
vent obesity, their disinhibition by leptin action on pr-
esynaptic GABAergic neurons probably mediates, at
least in part, leptin’s antiobesity effects!.
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Figure2: Interactionsof Leptin and CGP35348 on firing rate of rat PO/AH neuron

firingrateinrat PO/AH neurons (Figure 1 and Figure
2), whilethe GABA _-agonist baclofen caused ade-
creaseinfiringrate (Figure 1 and Figure 3). Theprob-
ablesynergy betweenthe effects of leptinand GABA .-
antagonist was not occurred. In the opposite, effect of
this combinationwaslower compared to the result of
the separate administration (Figure 1 and Figure 2).
Whenleptinwasgppliedincombinationwith GABA _-
agonist baclofen neither one of their separate effects
appeared (Figure 1 and Figure 3).

Average change of firing rate (FR) [imp/g] in
extrace lulary recorded PO/AH neuronsafter bolusin-

jection 0.1 ml of Leptin 100 nM (L), CGP35348 10
uM (CGP) and Baclofen 0.1 uM (Bac) (separate and
combineadminigtration, respectively). Significant va-
ues. *p<0.05 (in comparison with separate application
of substances); means+ S.E.M; n- number of neurons
investigated.

Original recordingsof firing rate (FR, imp/s) from
neuron of themedial preoptic areainrat diceprepara-
tion. Leptin and CGP35348 (arrows, bolusinjection
0.1 ml of 100 nM and 10 uM, respectively), applied
separately and in combination.
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Figure3: Interactionsof L eptin and Baclofen on firingrateof rat PO/AH neuron

Recently, astrong GABA--ergic modulaion of leptin
was postulated. The data show a strong association
between leptinlevel sand dosesof GABA-mimetic ac-
tive substance clomethiazol €,

Leptininhibited norepinegphrine(NE) efflux fromthe
hypothaamusin adose-dependent manner. Recent re-
sultsdemongtratefor thefirst timethat | eptin could act
directly onthehypothd amustoinhibit NE efflux through
GABA. It was concluded that |eptin could probably
produceitscentra and neuroendocrineeffectsby modu-
lating NE and GABA levesinthe hypothalamug™¥.

Invitro changesof firing rate observed in PO/AH
neuronswerein correlationswithinvivo effectsdeter-
mined. Invivo results suggested that systlemicadminis-
tration of leptin produced s gnificant hyperthermiainrats,
aswell asthe GABA ,-antagonist CGP35348, while
the GABA ,-agonist baclofen caused decreasein core
body temperature. However, therewasn’t synergism in
hyperthermic effect of leptin and GABA ;-antagonist.
Theeffect of combination waslower than theeffects of
substances applied alone. Neither hyperthermic effect
of leptin nor hypothermic effect of GABA ,-agonist oc-
curred when leptin was applied just prior baclofenl*?.

CONCLUSION

There was not synergism between leptin and
GABA ;-antagonist or GABA _-agonist onfiring rate of
PO/AH neuronsinrats. Theseresults are step of un-
derstanding the complicated interactions of
neuromodul atory-acting substancesontheleve of cen-
tral temperature controller — the neurons of PO/AH.
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