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Daniel
Lambert

1770-1809

335 kg

“The most
corpulent man
of whom
authentic
records exist”

Died age 39, Heart
Disease




“A Voluptuary under the
Horrors of Digestion”

1792, James Gillray

Prince Regent
(Future King George IV of
England)




Etiologia de la Obesidad

Ingreso
calorico

Alimentos de alta
densidad caldrica
azucar y grasas

Gasto

i Calorico :

Sedentarismo

Susceptibilidad
Genética




Mecanismos del ingreso alimentario

Influencias familiare
y sociales

|

!

Factores sensoriales
eSabor

eOlor

e [extura

eEfecto visual

oEfectos de
e\/ariedad

eSaciedad al estimulo
eSensorial
ePalatibilidad

eTipo de alimento
eDisponibilidad real

Factores cognitivos

eControl conciente
eCreencias alimentarias
eAdvertencias

Mecanismos cerebrales
eModula factores sensoriales
mediante senales de sacieda
para producir sensacion de
recompensa y regulacion del

apetito.

Ingesta

Senales de Saciedad y Apetito
eHormonas del tej.Adiposo
eHormonas intestinales
eDistension gastrica




Los diferentes niveles de control del apetito
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Woods SC, et al. J Clin Endocrinol Metab. 2008;93(suppl1):537-S50.



Neuroregulacion del balance energético

Efectores Saciedad
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Amylin

GLP-1

Oxyntomodulin

PYY. s




Péptidos del tubo digestivo

que regulan el apetito
Cholecystokinin

Gall bladder contraction
Gastrointestinal motility

Pancreatic exocring
secretion Ghrelin
SEI:TEHI'I _ Hunger
Pancreatic exocrine _~" Growth hormone release
secretion o Gastrin
GIP Acid secretion
Incretin activity 3
Maotilin B

| Insulin and glucagon
Glucose homeostasis
Pancreatic polypeptide

Gastric motility
Duodenum Satiation

Amylin

L Glucose homeostasis
W Q’ Gastric motility
"‘ }L ,..-_— L% F

Mumhv KG. Bloom 5R. Nature. 2006:444:854-859. S

Gastrointestinal motility




| | Falty Acid Side Chain

g Iuinoe

Aming Acld Exchange

DPP-IV Inhibior

Péptido de 30 aa producido a partir del pre-proglucagon en el NTS y cel.L
Intestinales.

GLP-1 se produce e incluso acitva neuronas del NTS que se proyectan a
regiones claves del hipotalamo.

GLP-1 disminuye la ingesta en ratas. El antagonista GLP-1R Exendina
aumenta el apetito.

La administracion de GLP-1 activa neuronas en el nlcleo arcuato, PVN. NTS,
y area postrema.

Inhibe el apetito




Mecanismos potenciales para GLP.1 que
median en la disminucion de la ingesta y

del peso corporal

.« Enlentecimiento del vaciado gastrico

+« Saciedad
___ Directo (via NTS y/o hipotdlamo)

- Indirecto (via Aferentes vagales)




@ Otras acciones del GLP-1

@ Segregado por las células L-intestinales con la ingesta

® En humanos y en animales
- Incrementa la liberacion de insulina estimulada por glucosa

— Disminuye la secrecion de glucagon
— Disminuye el vaciado gastrico
- Reduce el apetito

# En animales in vitro

— Aumenta la transcripcion del gen de insulina

= Aumenta la masa y diferenciacion de las células B

Drucker DJ, Courr Pharm Des. 2001; 7: 13991412,
Orucker OJ. Mol Endocrinol, 2008;17:169-171.




GLP-1 Reduce la ingesta alimentaria
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Efecto de un GLP-1 de accion
prolongada sobre glucosa y balance
energetico

Peso corporal

Nawck M. et al Diabetologia 2007




Glicentinay
Oxyntomodulina

Glicentina

-Hormona intestinal producida por las célulasay L
-Liberada durante la digestion

-Insulino-tropica, disminuye la acidez y el vaciado gastrico
-No hay todavia data disponible en humanos

Oxyntomodaulina
-37 aa, igual al glucagon mas su extension C terminal

-Segregado por las ceélulas L , luego de la ingesta, se une al
receptor GLP-1

-Reduce la ingesta alimenticia en humanos
-Puede aumentar el gasto energético évia el eje tiroideo?




Acciones centrales de PYY:s Yy Oxyntomodulina

. OXMyPYY3-36 se liberan
postprandialmente

-Accién primaria: sefales de saciedad
en el nucleo arcuato.

-Inhibicidn coordinada de neuronas
orexigenas Y activacion de anore-
xigenas

* -Reduccion del gasto energético
y del peso corporal.

vd Bloon SE Matuie Chn Practice, 2(11).812-620, 3000

13.06.2009 15:96




Impacto de la Oxintomodulina en la ingesta
alimentaria y en el peso corporal
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Las hormonas leptina e insulina ingresan al nucleo arcuato
hipotalamico para estimular las neuronas a-MSH/CART

mientras que inhiben NPY/AgRP.

Por lo tanto a nivel central activan los sistemas catabolicos e inhiben
los anabdlicos.

CRH * | Catabolic:
P Owxwvtoci Food intake +
Energy Expenr.litureT

MCH Anabolic:
" LHA T } Food mtdhef‘
Energy expenditure

NPY/AQRP f a-MSH/CART




Ghrelina: es un ligando enddgeno
del receptor secretagogo de GH

Se expresa en estomago
* Estimula la secrecion de GH

" Incrementa la adiposidad
disminuyendo la oxidacion
de las grasas y aumentando
la ingesta

Los niveles de Ghrelina
estan disminuidos en obesos

- Ghrelina disminuye luego
de una cirugia de bypass
gastrico




Receptor MC4R e ingreso alimentario

Leptin {1 POMC
and | AGRP
— {1 MC4R

signaling and !
food intake

MCA4R signaling
is ﬂb a-MSH

and I:u_,r AGRP

Leptin & NPY, which is synthesized in the same neurons as AGRP

Stimulatory inferactions in Solid lines; inhibitery in dashed lines

Adapted from SL Wardlaw JCEM 86:1442-1446, 2001




Los Endocanabinoides estimulan los circuitos anabolicos e
Inhiben los circuitos catabolicos en el hipotalamo

CRH * | Catabolic:
P Oxwvtoci Food intake +
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Endocannabinoids Increase Food
Intake Through CB,-Receptor Activation

it
23
3
22

RER (ini)
' Fimmoabant (g

Anandamide administration into

the ventromedial hypothalamus induces hyperphagia in
presatiated rats

Jarrehid MW, et 3l B SPnarnaecol 20081 34°1151-1154




Leptin tonically inhibits endocannabinoids in the
hypothalamus.

CRH * | Catabolic:
P Oxvtoci Food intake +
Energy E-l'pEI'I:‘.lih.lI'ET
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Effects of Endocannabinoid System
Overactivity

Excess food intake External stimuli
Highly palatable food {eg, nicotine;

\ Overactivity of EC System |

PERIPHERAL TISSUE

r = . !_ "
 Hypothalamus || Nucleus accumbens | | Adipocytes

T Appetite T Motivation to eatto smoka | T Fat .
- | accumulation

\d \J ¥

| Increased food intake | — | $ g‘f“"" "EISE’"““E
Ucose intdiarancea

‘ sustained tobacco dependence | Adiponectin
= L HDL-C

| T Triglycerides




¢Cual es la Causa de la Epidemia de Obesidad?

La comida "Basura” provoca Leptino-resistencia

Afferent Signals ﬁ Central Signals
. -

Stimulate - Inhibit

. MNPY Oraxin-»A a-MSH CART
| AGRP Dynormphin CRHUCH NE
galanin Endocannab  GLP-| 5-HT

External Factors l

| Efferent

Autonomic
Mervous

System

Food Availability,
Palatabifity

ut and Liver =*=— Meal Size -+—Food Intake «—

¥ /
FPancreas

Energy
Balance Energy  a——7e—
and Expenditure

o= | aptin | -— Adipose Tissue
Adipose
Stores

Adrenal Steroids -+ Adrenal Cortex : :
Adiponectin

Adapted from Gamgpfiald LA, at al. Sclence. 19982801382 1387: Pore D, at s (vabatologia, 19968:41:863-841




Endoplasmic Reticulum Stress Plays a Central Role
in Development of Leptin Resistance

-] T g B e = = = - N S L gt =N © NEIT
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. d dlimentacion engoraante Causa Leptino-resistencia

s Incremento de peso provoca Leptino-resistencia

altera el metabolismo del tejido muscular favoreciendo
el incremento de peso

Czcan L, etal, Call Mafab, 2005511 35-51




Endoplasmic Reticulum Stress Plays a Central Role
in Development of Leptin Resistance
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“Taking all of these phenomenons into account, we think
that it is possible that overconsumption of nutrients could
itself be a reason for development of leptin resistance”

“This line of thinking favors the fact that increased
adiposity and consequent hyperleptinemia decreases the
leptin action and creates the leptin resistance”

Qzecan L, et al, Calf Mafab, 200851 15-51



Otras Areas del Cerebro estan Involucradas
ademas del Hipotalamo

Los Circuitos de Recompensa también Influencian en la Conducta Alimentaria

Sistema mesollmblco
Dopammerglco

Adiccion
Placer (opioides)
Deseo (dopamina)

Motivacion
— Dopamina (bupropion: tratamiento para dejar de fumar)

— Opioides (Naltrexona: utilizada para tratar la dependencia
opioidea y alcholica)




Neurobiologia del apetito
apetito como adiccion

eAmigdalq, insula, corteza orbito-prefrontal y striatum
son elementos Centrales en el control de la
conducta alimentaria.

v Aprendizaje en relacion a la recompensa alimentaria

v'Prestar atencion y esfuerzo para lograr dicha recompensa

v'Cual es el valor que se le otorga ese estimulo en el medio
ambiente

v'Integrar esa informacion en relacion a la reserva energética
y a la disponibilidad alimentaria




Figure 2. Activation in a region of the anterior cingulate cortex
(Montreal Neurological Institute coordinates x, y, z: =9, 24, 27; z=4.64; false discovery
rate—corrected P.001) during milkshake cues vs tasteless solution cues
as a function of Yale Food Addiction Scale scores, with the graph of parameter
estimates (PE) from that peak.




Figure 3. Activation in a region of the medial orbitofrontal cortex
(Montreal Neurological Institute coordinates x, vy, z: 3, 42, —15; z=3.47; f
alse discovery
rate—corrected P=.004) during milkshake cues vs tasteless solution cues
as a function of Yale Food Addiction Scale scores, with the graph of parameter estimates
(PE) from that peak




Figure 4. Activation in a region of the dorsolateral prefrontal cortex (DLPFC)
(Montreal Neurological Institute coordinates X, y, z: —27, 27, 36; z=3.72;
falsediscovery rate—corrected P=.007) during anticipatory food reward
(milkshake cue vs tasteless solution cue) in the high food addiction
(FA) group vs the low FAgroup,
with the bar graphs of parameter estimates (PE) from that peak.




Figure 6. Activation in a region of the lateral orbitofrontal cortex
(Montreal Neurological Institute coordinates X, y, z: —42, 42, —12; z=-3.45;
false discoveryrate—corrected P=.009) during consummatory reward
(milkshake receipt vs tasteless solution receipt)
in the high food addiction (FA) group vs the low FA group,
with the bar graphs of parameter estimates (PE) from that peak.
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m La extirpacion de la amigdala anula la
atraccion por las caracteristicas del
alimento ej. Aroma

m Dopamina proveniente del cerebro
mesolimbico produce efecto hedonico

m Ghrelina refuerza mientras que
insulina y leptina inhiben el deseo
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= Algunos individuos reaccionan con mas impulsividad
ante ciertos alimentos (Caroline Davis)

Los opioides promueven los alimentos de alta

densidad energética estimulan el deseo y lentifican la
saciedad

La amigdala recibe multiples estimulos tales como

textura, aromas, sabores, temperatura y controles de

las hormonas peptidicas intestinales.(su lesion quita

'c__estlml.;lo de los alimentos muy caloricos y las ganas de
umar




‘|‘- La lesion del area prefrontal o su atrofia produce
hiperfagia a veces con preferencia por alimentos
mas elaborados (sindrome del gourmand)

La hiperactividad (epilepsia) provoca un simil
anorexia nerviosa que cede con la terapia

anticonvulsivante

El area prefrontal derecha elige mejor los
alimentos cuanto mayor es su desarrollo. Los
obesos desarrollan mas el hemisferio izquierdo,

También influye en la percepcion de la imagen
corporal.

La disfuncion del area prefrontal derecha por
atrofia provoca incremento de la alimentacion,
sobretodo fast food




Modelo cerebral de la
obesidad humana

s La alimentacion en los humanos se
puede dividir en refleja o reflexiva

= La refleja depende de los circuitos

neurohipotalamicos y de los
neuropeptidos que controlan el apetito
y la saciedad.

= Por encima se ubica la reflexiva que
involucra conductas relacionadas con
criterios sociales y culturales.

Cultura del alimento sano, de la figura
esbelta, etc.




Mecanismo hipotético de “Alimentacion Progresiva”
para generar un continuo Incremento de peso

"\ El Cerebro no puede detectar
cuanta reserva energética

Alimentacion Leptino tenemos
Ricaen HCy Resistencia
Grasas En el SNC

- U
n 1) Disminucion de

" JAumenta ingesta la sensacion de
EAER LT d_e i J)Incrementa peso Saciedad
Endocanabinoides

2)Incremento de 2 )Antojos alimen-

Resistencia a la tarios
Insulina y Leptina

Wang J, st al, Habafas, 2001 80(121:2T86-2791; DiMarzo VY, parsconal communication




El futuro: Tratamientos combinados

Bupropion

- — _." L A} -r
PYY analog

Pramlintide

Manrx) . Science. 2003;299:846-849. lllustration by Katharine Sutlift
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4@ Liraglutide Effects on Glycemic
Control and Body Weight

Liraglutide (qd) ™ 0.045mg O 0.225mg A 045mg MEM060mg @ 0.75mg

Metformin © 1,000 mg bid
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*Mean baseline A1C for all groups: 6.8% to 7.5%.
TSignificant difference compared to metformin.

Feinglos MN et al. Diabet Med. 2005;22:1016-1023.




HYPOTHALAMUS

Lateral hypothalamus Circulation

VENTRALTEGMENTUM




LEAD-4: Effect of Liraglutide in Combination
With Metformin and Rosiglitazone on Body
Weight in Patients With Type 2 Diabetes

M Liraglutide (1.2 mg/qd) + metformin (1 g/bid) + rosiglitazone (4 mg/bid) (n=178)
M Liraglutide (1.8 mg/qd) + metformin (1 g/bid) + rosiglitazone (4 mg/bid) (n=178)

Placebo + metformin (1 g/bid) + rosiglitazone (4 mg/bid) (n=177)
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Zinman B et al. Diabetologia.

ap<0.05 vs placebo. 2008;51(suppl 1):Poster 898.




Vagus nerve =* Nucleus of solitary tract

Paraventricular nucleus

Lateral hypothalamus
* Cerebral cortex

Stomach NPY / AGRP

L]

Sympathetic nervous
system

Brainstem nuclei

*IIIIIIIIIIIIIIIIIIIII

Intestine - ‘:" _:' W
PYY3-36 "~ ';l. l
*:' FPOMC
-‘: Hypothalamic 4 Feeding
Pancreas
: arcuate nucleus T Metabolic rate

1 Gastric emptying




é Glucagon-Like Peptide-1

e Secreted from intestinal L-cells with meal ingestion
¢ |In humans and animals
— enhances glucose-stimulated insulin release

— decreases glucagon release
— slows gastric emptying
- reduces food intake
e |n animals and in vitro
— Increases insulin gene transcription
- increases [}-cell mass and ji-cell differentiation

Drucker DJ, Courr Pharm Des. 2001; 7: 13991412,
Orucker OJ. Mol Endocrinol, 2008;17:169-171.




Lot

Once-Weekly vs Twice-Daily Exenatide
In Type 2 Diabetes: Body Weight

Exenatide LAR®
(n=148), baseline 102 kg

Exenatide twice a ﬂa'g.l'
(n=14T), baseline 102 kg
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mvestigational. LAR=leng-acting releass. Drucker DJ o1 ol [Published online ahead of pring
September 8, 2008). Lancel dok 10§80 14 0-8F J60E )51 2064,
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Change in Body Weight Following
82 Weeks of Exenatide Treatment
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Blonde L ot al. Diabetes Obes Metab. 2006;8:436-447,



Liraglutide

+

-Una dosis diaria es efectiva

-Posee efectos beneficiosos en la
glucemia y peso corporal en pacientes

diabeéticos

-Estimula la liberacion de insulina,
suprime la gluconeogenesis y provoca

= hauseas-







Complementary Central Action in Obesity
PYY .3 and Oxyntomodulin

« OXM and PYY . .
released post-prandially
— Primary action = as satiety

signals in hypothalamic
arcuate nucleus

— Coordinated inhibition of
orexigenic neurons and
activation of anorectic
neurons

« Animal/human studies

— Reduced energy intake and
weight loss

Wenme ¥ and Bloom SB Matiie Chn Practice. 2(11).012-630, 20008

13.06.2009 15:96




Leptin/Endocannabinoid
Interaction in
the Lateral
Hypothalamus

FReproduced from Jo YH, et al. Meuron
200548 1055-1066.

Hyperphagia fram loss of
laptin ﬁ.ignaling

Lapdw

Normalization by CBygp

antagonists (rimonabant)

LH ¢ W8OH
LER Ao tyraptc e

HWH\E,_‘-HE___.




The control system over caloric homeostasis is
complex, relying upon several types of signals

S wiarte MY, & &l Wadure 2000804 661611




1 ton of food = 1 million calories in 1 year

I
L ¥ Energy
W expenditure

Genetics and Environment

Sweet, high fat foods Alcohol; smoking
Hormones to suppress appefite Excess calories
Storing fat; energy expenditure Physical inactivity




Pharmacotherapy

Lifestyle Modification

/

\

Physical Activity

yramid|

Obese Class 3
BMI = 40 kg/mé?

Obese Class 2
BMI = 35 kg/m?

Obese Class 1
BMI > 30 kg/m?

Overweight
BMI = 25 kg/m?
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 Optimal Weight: Lossi Goalsi

« Optimal rate of weight loss is 1-2 kg, or
2-4 pounds, a month.

« Aim for a deficit of 500 kcal/day to

achieve a weight loss of a pound (or
3500 kcal) a week

* A 500 kcal deficit diet would amount to
approximately 20-30% decrease in
average daily Tood intake
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Age r'E.JuTEd Weughf Gnm Eunnnt BE

Small weight gain with time represents
natural history and not loss of efficacy
since full theoretical weight
suppression remains fully maintained
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o INorguicksfixes! i

“Just pull my sweet tooth™

Sanirgd: 1989 H L. Schbwadson




' Novel Anti-obesity Drugs:

Appetite suppressants that target
» Leptin (recombinant leptin)
» Meuropeptide Y
» Melanocortin-4 receptor
~ Cannabinoid receptors (CE1 antogonist-rimonabant)

# Dopamine (ecopipam)
&hrelin antagonist
PYY3-36
Ciliary nueroptrophic factor - Axokine

Selective [i; adrenergic receptor ogonists to increase energy
expenditure

Fat mobilization via lipolysis, inhibitors of fat digestion and
absorption

MNutrient partitioning to favour lean body mass




Is IE.'.PTIIH the brain

P e T T aEara T
'is a fat-

derived lipostat
signaling hormone




 Recombinant; Leptin Tiherapy.

+ Randomized, double-blind, placebo-
controlled trial in 54 lean and 73 obese
adults (BMI 30-36) for 4-24 weeks

~ Dose-dependent weight loss in obese subjects
»0.7 to 7.1 kg

+ Antileptin antibodies present in 38% and
/1% at 4 and 24 weeks

* Injection site reactions common

* Majority of obese subjects are leptin
resistant!

Adapted from Heymsfield et al, JAMA 2B2:1568-1575, 1959
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* Hippocampus
* Basal Ganglia
 Cortex

* Cerebellum

* Hypothalamus
* Limbic

structures

* Brainstem
« 51 tract
« Immune cells &

tissues




Endocannabinoid
R

i

=

B Endocannabinoids:

- Syn?hemzed on demand from
lipid precursors in postsynaptic
cell

r Activate CB, receptors
presynaptically, then degraded

immediately
= Act as retrograde messengers
+ Inhibit neurotransmitter release

B CB, receptors:

» Play a key role in food intake,
energy balance and lipid and
glucose metabolism

WV D Marzo 20058
V Di Marzo 1598
R Wilsan 2002

System Is.
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+ food intoke (palatable & non-palatable food)
iEnn‘I'rnl of nicotine dependence

3

FA oxidation sl | | Body weight

Rimonabant

Metabolic
peripheral effects

+ Hyperinsulinemia

T Insulin sensitivity

Adiponectin — | —
T HDL-C
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I I motivation to eat 1 Insulin resistance

+ HDL-C

T e e anI-H:&HW 1T
+ Glucose uptake

Increased fat storage _/JI + Adiponecti
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N,

M Bensaid M 2003: U Pagotte 2005: D Osei-Hyiaman 2005: V DiMarze 2005; ¥L Liu 2005




The only way fo keep
healthy is Jo eat whﬂf you
mﬂﬂfjﬂrirﬁfﬁ iy
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yﬂu would rﬂ?her rot du

Mark Twain (1835 - 1910)
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Weight Reductions With 3.5 Years of
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Adiposity Signals: Leptin
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COR-1, I1: Body Weight,
Percentage-of:Change Frem

_702)

Basel?ne
|

Placebo (N = 290): -1.8% , NB16 (N = 284): -6.7%* Placebo (N = 267): -1.4%
NB32 (N = 296): -8.1%* NB32 (N = 434): -8.2%*

NB = naltrexone/bupropion. *COR-Il: NB observed data are NB32/NB48 pooled (N = 825); no differences were observed for patients
rerandomized to NB32 vs NB48. LS mean + SE; *P < .001 vs placebo at all timepoints. COR-II: week 56 ITT-LOCF data from patients
rerandomized to NB32 are double weighted to account for the prespecified exclusion of patients rerandomized to NB48. ITT-LOCF: patients
with a baseline and > 1 postbaseline weight measurement while on study drug.

Press release. October 27, 2009. Available at:

http://ir.orexigen.com/phoenix.zhtml?c=207034&p=irol-newsArticle&ID=1346886&highlight Accessed April 29, 2010.







Modelo simplificado de los mecanismos
de regulacion del peso corporal

Senales aferentes
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£ 2007 Aronne L), Adapted from Camplicld LA, et al. Science.
1998 280:1383-1387; Porte [, et al. Diabelologio. 1998:41:863-881.
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