Regulacao neural do
comportamento alimentar



Balanco energeético — regulacao ponderal

INGESTAO CALORICA GASTO ENERGETICO

1) Quando a ingestao caldrica ¢ maior que o gasto
energetico ocorre ganho de peso (acamulo da energia
excedente na forma de gordura corporal)

2) Quando a ingestao calorica ¢ menor que o gasto
energetico ocorre perda de peso (consumo das
reservas endogenas para suprir a demanda)



Precisao do organismo!

|1 grama de gordura = 9 kcal

Gasto energetico diario de um individuo adulto
=~ 2500 kcal

Situacdo hipotética: ingestao de 2550kcal (+2%)

Em 1 ano
— +50 kcal/dia X 365 dias
— 18250 kcal + 9 kcal/g=~ 2 kg
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Consumo de alimento Sinais de saciedade

Comportamento alimenlar

[~=—Refeicio —=|

Sinais de
saciedade

Figura 16.11

Modelo hipotético para a regulagao a curto prazo do comportamento alimentar.
Este gréfico mostra uma possivel maneira de regular o consumo de alimento por meio
de sinais de saciedade, os quais surgem em resposta 4 ingestdo de comida. Quando
os sinais de saciedade estao elevados, o consumo de alimento & inibido. Quando os si-
nais de saciedade caem para zero, a inibicdo desaparece e o consumo de alimento pre-
valece,
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Figure 3. Satiation and the Role of the Afferent Vagus Nerve and NTS
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Hormonios que Regulam a Ingestao Alimentar
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GLP-1
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PYY
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Sinalizacao por nutrientes e
hormonios do trato digestorio

* Apesar da importancia desses sinais para o
controle do 1nicio, duracao e término de uma
refeicao, outros mecanismos prevalecem a

longo prazo para regular o balango energético
— Por exemplo, disturbios nesses sistemas costumam

causar efeitos modestos na regulacao do balanco
energetico e mngestao alimentar no longo-prazo



Hipotalamo e regulacao do peso

e Inicio do século XX

— Lesoes do hipotalamo causam obesidade

e Décadas de 40 a 60

— Lesoes eletroliticas em areas hipotalamicas
especificas

— Centro da fome =¥ area hipotalamica lateral

— Centro da saciedade =@ nucleo ventromedial do
hipotalamo



(a) Sindrome hipotalamica
lateral

Lesdes do”
hipotalamo LesBes do

ra e
laler] hipotalamo
ventromedial

(b) Sindrome hipotalamica
ventromedial
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Leptina e regulacdao do balang¢o energetico

NAIFE

AFTER LEPTIN

Tuniible colour from polymer blands

Iceberg armadas and global climate
Homeotlic genes In insect evolution

Farooqi et al., 2006, Endocr Rev
27:710-718

Zhang et al., 1994, Nature
372: 425-432
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Receptor de leptina
Hipotalamo
* Neuronios
- I
L

LEPTINA | # 4
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Qual ¢ a funcao da leptina?

T

1 1/



Qual ¢ a funcao da leptina?

1 Leptina ‘

| Leptina -

Reducao na sensacao de fome
Aumento do gasto energético
Aumento da oxida¢ao de lipideos

Aumento na sensa¢ao de fome
Diminui¢ao do gasto energético
v" Supressio de fungdes que gastam energia

Alteragdes neuroendocrinas diversas
v" Com o intuito de poupar energia

Supressao da fun¢ao imunologica



P G

Scott, M. M., J. L. Lachey,
et al. (2009). "Leptin targets
in the mouse brain." J Comp
Neurol 514(5): 518-532.
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Glossario — Nucleos encefalicos

Arc ou ARH = nucleo arqueado do hipotalamo

LHA =» area hipotalamica lateral

NTS =>» nucleo do trato solitario

PVN ou PVH =» nucleo paraventricular do hipotalamo
VMH =» ntucleo ventromedial do hipotalamo

VTA =» area tegmentar ventral

LPBN =» nucleo parabraquial lateral

CEA =>» nucleo central da amigdala



Glossario — Neuropeptideos

AgRP =» peptideo relacionado a agouti

NPY =>» neuropeptideo Y

MCH =» horménio concentrador de melanina
Orexina (hipocretina)

POMC =» pro-opiomelanocortina

a-MSH =» hormoénio estimulante de a-melanocitos
MC4R =» receptor de melanocortinas do tipo 4
CCK =» colecistocinina

5-HT =» serotonina



Neurdnios de 2% ordem influenciados
pela leptina — nucleo paraventricular

do hipotalamo

PVH

Fibras AcRP s

" PVH

AT

* Controle do comportamento alimentar
* Controle de sistemas endocrinos (hormonios da tirdide e adrenal,

ocitocina € vasopressina)

* Controle do sistema nervoso autonomico (simpatico €

parassimpatico)

Sobreposicio

160 pam




Neuronios de 2% ordem influenciados
pela leptina — area hipotalamica lateral

Orexina




Via dopaminergica mesolimbica —
regulacdo da motivagao

NS

160 pm

Depamina Dopamina



Food Reward in the Absence
of Taste Receptor Signhaling

lvan E. de Araujo,’-%>8" Albino J. Oliveira-Maia,'-®-"8 Tatyana D. Sotnikova,? Raul R. Gainetdinov,?
Marc G. Caron,* Miguel A.L. Nicolelis,'-3-°> and Sidney A. Simon'-2:°
Neuron 57, 930-941, March 27, 2008
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Outras vias que regulam a ingestao
alimentar — via serotoninergica

Serotonina Swum _ Serotonina



Activation of Central
Melanocortin Pathways by
Fenfluramine

SCIENCE VOL 297 26 JULY 2002

Serotonin Reciprocally Regulates
Melanocortin Neurons to Modulate Food Intake

Neuron 51, 239-249, July 20, 2006




Outras vias que regulam a ingestao
alimentar — via dos endocanabinoides

Plant-derived cannebinokd
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Nature Reviaws | Cancar



Resisténcia a
Leptina

Leptina




Recombinant Leptin for Weight Loss
in Obese and Lean Adults

A Randomized, Controlled, Dose-Escalation Trial

1568 JAMA, October 27, 1999—Vol 282, No. 16
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A 0,01 mgikg per Day
O 0.03 mg/kg per Day
a 010 mg/kg per Day
® (.30 mg/kg per Day







America’s Rising Obesity Rate

Percent of obese Americans




Mecanismos que causam resisténcia a
leptina
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Balland & Cowley, Front Neuroendocrinol 39:59, 2015
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Inflamacao e obesidade

Adipocytes

CD4* Treg cells
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Microbiota, inflamacao
e obesidade

= __ SCFA production a=

~ Bile-acid metabolism
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Insulin resistance and obesity

Johnson & Olefsky, 2013



Mecanismos que induzem obesidade

Ambiente obesogénico

SEDENTARIMO
baixo gasto
energetico

HIPERFAGIA
alimentos altamente
palataveis e caloricos

g

T Peso corporal OBESIDADE

'Adiposidade

4

Il Secrecdo de leptina

ISecregéo de insulina
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N |

RESISTENCIA
A LEPTINA

RESISTENCIA -

A INSULINA

J Transporte de leptina
para o SNC

l Sinalizacao da leptina e

insulina (particularmente
no ARH)

1 Reguladores negativos da
sinalizacao de leptina e
insulina (SOCS3 ou PTPs)

‘I Inflamacao hipotalamica

Estresse do reticulo
endoplasmatico

Alteracoes na microbiota



Futuras terapias farmacologicas no
tratamento da obesidade

* Medicamentos que aumentam a sensibilidade a
leptina!

* Exemplos:
— Leptina + amilina

— Inibidores de proteinas fosfatases da via da leptina
(PTP1B)



Drogas para tratar a obesidade —
retiradas do mercado

Withdrawn

Fenfluramine’?*%®

-, 37106

Sibutramine

F-'. imona bEl it 107-116

of serotonin

* Serotonin re-uptake
inhibitor

* Noradrenalin and
serotonin re-uptake
inhibitor

* Cannabinoid 1
receptor antagonist

Anfetamina ou derivados

* Hallucinations,
valvulopathy, pulmonary
hypertension

* |ncreased risk of heart attack
and stroke in patients with high
risk of cardiovascular disorders

e Risk of suicide

* Approved by the
FDA in 1973
¢ Withdrawn in 1997

* Approved by the
FDA in 1997
* Withdrawn in 2010

e Approved by the
EMA in 2006*
* Withdrawn in 2009




Drogas para tratar a obesidade —
disponiveis na atualidade

Approved

Phentermine®857

Orlistat (Roche)™™2¢

Lorcaserin (Arena
Pharmaceuticals)*3-1#

Phentermine +
topiramate (Qsymia,
formerly Onexa;
Vivus) 156161

* An amphetamine that
increases the release
of noradrenaline,
dopamine
and serotonin

* Pancreatic lipase
inhibitor

* 5-hydroxytryptamine
receptor agonist that
is more specific than
previous compounds
on the market, for
example, fenfluramine

* Phentermine:
mechanism of
action as above

* Topiramate:
anticonvulsant,
precise mechanism
of action unknown

Prozac (Fluoxetina)

» Cardiovascular: elevation in
blood pressure, tachycardia

* CNS: insomnia, restlessness,
alters sexual behaviour,
hormonal secretion and mood

s Steatorrhoea, fecal
incontinence, flatulence,
and malabsorption of
fat-soluble vitamins

* Rare cases of severe liver injury

» Potential risk of kidney injury

* Headache, dizziness,
nausea, valvulopathy

* Possible carcinogenic
effects in rodents

* Possible teratogenic
effects with topiramate
* Canincrease heart rate

* Approved by the FDA
in 1959

* Recommended for
short-term use
(less than 3 months)

* Approved by the FDA
in 1999

* Approved by the FDA in
June 2012

* Under evaluation by the EMA

* Post-marketing, long-term
cardiovascular outcomes
trial required

* Approved by the FDA in
July 2012

* Post-marketing, long-term
cardiovascular outcomes
trial required




Drogas para tratar a obesidade —

Bupropion +
naltrexone

FDC

Liraglutide

Cetilistat

Bupropion +
zonisamide

FDC

Tesofensine

Velneperit

Brand name
(developer)

Contrave

{Orexigen and
Takeda)

Victoza®
(Novo

Nordisk)

Cametor
(Norgine and
Takeda)

Empatic
(Orexigen)

(Neurosearch)

(Shionogi)

em fase de testes

Stage of
development

Pre-registered

Phase llI

Phase |l

Phase

Phase

Frequency
and route of

administration

Twice-daily oral

Once-daily

injectable

Three times
daily oral

Twice-daily oral

Once-daily oral

Once-daily oral

Mechanism of
action

Dopamine and
norepinephrine
reuptake inhibitor,
opioid receptor
antagonist

Glucagon-like
peptide 1 analogue

Lipase inhibitor

Dopamine and
norepinephrine
reuptake inhibitor,
antiepileptic drug

Dopamine,
norepinephrine and
serotonin reuptake
inhibitor
Neuropeptide Y5
receptor antagonist

Safety and
tolerability
concerns

Minor increase

in heartrate and

blood pressure

Nausea,

hypoglycaemia,

risk for
pancreatitis

Gastrointestinal

side effects

Somnolence,
dizziness,
confusion,
nausea

Increase in heart

rate and blood

pressure, mood

alteration

Potential liver
signal

Undergoing

10,000 patient
FDA-mandated
pre-marketing CVOT

A lower dose
formulation is on the
market for type 2
diabetes

No data reported
since 2010

Development on hold

Previously in
development for
Parkinson's and
Alzheimer's disease

Follow-on compound
in development




Cirurgia bariatrica

Roux-en-Y Gastric Bypass (RNY)
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Cirurgia bariatrica

Laparoscopic Sleeve
Laparoscopic Gastric Bypass Gastrectomy Adjustable Gastric Band




