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Obesidade

A obesidade é caracterizada pelo acimulo excessivo de gordura corporal no individuo.

4Kcal/g. Estoques na forma de glicogénio
Carboidratos hepatico e muscular. Excesso pode ser
convertido em triacilglicerois.

Macronutrientes Lipidios 9K.c?l/g. Estogues nos adipdcitos. Forma
eficiente de armazenamento de energia.
Proteinas 4Kcal/g. Turnover protéico.

Nat. Rev. Gastroenterol. Hepatol. 9, 577-589 (2012)
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Lipases lingual e gastrica

Gastrina



Ativacao da pro-colipase
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ENTEROSTATINA COLIPASE

E absorvida e vai
atuar no cérebro e
regular a fome e o
apetite por gorduras



Digestao Intestino Delgado

Secretina

JK, 2005.



Olestra

* Poliéster de sacarose esterificado com acido graxo

* Propriedades organolépticas e térmicas = AG

* Nao sofre acao das lipases

Eldridge, A.L. et al. Obesity Rev., 2001.
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Orlistate

* Inibidor das lipases gastrica e pancreatica

* Anel B-lactona : ligacao covalente nos sitios cataliticos

* Na dose de 120 mg/até 1 h apds as refeicoes — reduz
absorcao de lipidios em 30




Orlistate

Orlistat (Xenical, Lipiblock) € um inibidor reversivel da lipase
pancreatica, inclusive da colipase

Normalmente um individuo perde ~ 7 a 9 g de lipidios (em
uma ingestao de 100g).

Um pancreotopata pode perder de 40 a 50 ¢



Orlistate

:::::Zreas Dt s Mucosal cell
Colipase 7
Fat Xenical
From bile (triglyceride)
Bile acids

Micelle

Fat absorption Fat (triglyceride) leaves the
intestines without being degraded



AGCC
AGCM

H§

}

AGCC — AGCCH
AGCC

AGCC

HCO,




AGCL e 2-MG




Mobilizacao de

acidos graxos

Hormone Adenylyl

® | cyclase

a% )

Recepto N /

II'\_ J —r GE —r / \'-.
- 7 @”\ \ A

ATP cAMP |

| { |
I 1
|
|
|
¥
K

\ \)5' 3) [(P) | sensitive

f’/ ﬂ v [ lipase

Perilipin f ’ﬂ:
P ® ,

Lipid o
droplet | ﬁ#u

g-i :- ,-" F'ittj,-' acids

Triacyl- () |
glycerol ~ / Adipocyte

-

transporter
PKA A
.\-‘:_ o / @ |I %I
- /® Hormone-, | |

Fatty acid

(3 oxidation,
citric acid cycle,
respiratory chain

,\’ATP

CO,

Serum

If\l’/ albumin

Myocyte

Bloodstream



Prevaléncia Mundial da Obesidade
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Prevaléncia Mundial da Obesidade

Top 10 Most Obese Nations (%)

Not to scale
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Not to scale

USA UK Australia Russia Germany
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No Data

] <10% [ 10%~14%

Fig. 1. State-specific obesity prevalence among adults in the United States,

1990.

Plast Reconstr Surg 130: 948, 2012



No Data

<10% . 10%-14% .15%—19%

20%-24% ] 25%-29% [1230% |

Fig. 2. State-specific obesity prevalence among adults in the United States,

20009.

Plast Reconstr Surg 130: 948, 2012



OBESIDADE
Brasil

40% da populacdo - sobrepeso
19% (30 milhGes) - obesos

13,5 % sao mulheres

6,5 % sao homens 66% da populacdo - sobrepeso
33,4% (65,3 milhdes) - obesos
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OBESIDADE

Condicao patoldégicaem que 0 excesso de gordura corporea altera o
estado de saude do individuo.

Table 1 Cut-off points proposed by a WHO expert committee for the
classification of overweight

BMI* (kg m™) WHO classification Popular description
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“BMI is the weight in kilograms divided by the square of the height in metres. ] '

Table 2 Waist circumference predicts risk of metabolic complications =1 2
Increased risk Substantially increased risk ~5 §

T T R =1

Women =88 cm =88 cm WY o

Nature, v. 404, p. 635-643, 2000



Relative risk

OBESIDADE

@ Type 2 diabetes
B Cholelithiasis
X Hypertension
A\ Coronary heart disease

: —
=21 22 23 24 25 26 27 28 29 30

Body-mass index

Nature, v. 404, p. 635-643, 2000

I
24 26 26 27
Body-mass index



OBESIDADE

“Apple” vs. “Pear”

Androide (Maca)

gordura  centralizada

Ginecoide (péra)

o . Above the J 7EE i
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Subcutanea:

Mais de 80% dos estoques
de gordura corporal

Depdsitos: abdominal,
regiao do gluteo e do
fémur

Intra-abdominal:

10-20% em homens
5-10% nas mulheres

Depdsitos: omental,
mesentérica e epipldica.

OBESIDADE

Distribuicao do Tecido Adiposo

retroperitoneal preperitoneal

|' = ‘ Ari‘ V l;(:.;.‘ﬂ\
pancreas X { :\\
retroperitoneal = AU e T \ R

perinephric Abd sc

(superficial)

)' sc deep

omental

mesenteric

gluteal sc

thigh
(femoral) sc \

Molecular Aspects of Medicine 34 (2013) 1-11



FUNCTIONAL ADIPOSE TISSUE

DYSFUNCTIONAL ADIPOSE TISSUE

Subcutaneous

Elevated waist girth

Visceral Hypertriglyceridemic waist

= Favourable genotype
= Healthy diet

= Physically active

= Insulin sensitive

T Waist girth
+

Normal
triglycerides

+
= Unfavourable genotype
= Unhealthy diet :
= Sedentary Elevated
= Insulin resistant triglycerides

Canadian Journal of Cardiology 28 (2012) 642—-652



OBESIDADE

Obesos metabolicamente “normais”
Aproximadamente 25 % dos obesos.
“Fat-fit”.

Estudos sugerem que ao longo prazo, esses individuos
podem apresentar “sindrome metabdlica”.

Metabolicamente, esses individuos poderiam estar
situados entre os considerados “normais” e os obesos.

J. Obesity 1785526 (2015)



Gordura Abdominal e Imagens de Ressonancia Magnética

Visceral adipose tissue

/ Subcutaneous adipose tissue

Total body fat = 12-4 litres, Total body fat = 13-2 litres, Total body fat = 14-3 litres,
visceral fat = 0-63 litres visceral fat = 1-1 litres visceral fat = 1-2 litres

Total body fat = 16-8 litres, Total body fat = 17-3 litres, Total body fat = 21-4 litres,
visceral fat = 2-2 litres visceral fat = 1-8 litres visceral fat = 2-9 litres

Total body fat = 21-8 litres, Total body fat = 24-1 litres, Total body fat = 26-2 litres,
visceral fat = 3-6 litres visceral fat = 3.7 litres visceral fat = 3-6 litres

9 individuos com IMC = 24 Kg/m?

Nutrition Research Reviews (2012), 25, 150-161



Gordura Abdominal e Imagens de Ressonancia Magnética

Visceral fat = 1-1 litres Visceral fat = 1-2 litres

Visceral fat = 1-4 litres Visceral fat = 1-7 litres

Visceral fat = 1-8 litres Visceral fat = 4-2 litres Visceral fat = 4-3 litres

9 individuos com largura da circunferéncia abdominal de = 84 cm

Nutrition Research Reviews (2012), 25, 150-161



OBESIDADE

Excesso de gordura corporal em
individuos “normais”

Representam de 13 a 18% da populacao em geral

Apresentam IMC “normal” e fendtipo metabdlico
de obeso.

Resisténcia a insulina, lipidograma aterogénico,
pressao arterial elevada.

Sedentdarios com reduzido VO2 max.

Nutrition Research Reviews (2012), 25, 150-161

Idade, IMC e porcentagem de gordura
corporea semelhantes. A: 3,3L de gordura
visceral. B: 2,2L de gordura visceral.



OBESIDADE

Gordura ectdpica

Acumulo de gordura em outros tipos celulares
Lipotoxicidade

Figado, musculo esquelético, células B do pancreas

Subcutaneous fat Intermuscular fat

Atleta, 23 anos Voluntario, 35 anos Voluntario, 60 anos Diabético, 68 anos

Nutrition Research Reviews (2012), 25, 150-161



OBESIDADE

Etiologia
Resultado de um grupo de condicdes heterogéneas com multiplas causas.
Desequilibrio entre a ingestao e o gasto energético.

Interacdo entre fatores genéticos, ambientais e psicossociais.

Genes
Monogenic syndromes Susceptibility genes
l Obesity
Metabolic rate Culture
Excercise Food intake

Environmental factors

Nature, v. 404, p. 635-643, 2000



Genética OBESIDADE

Grande variabilidade na susceptibilidade em desenvolver a obesidade em individuos expostos
ao mesmo ambiente

Heranca genética é responsavel por 40 a 70% da obesidade

Atividade fisica reduz a influéncia dos efeitos genéticos na obesidade

Leptina
Monogénica
produzido no tecido adiposo
LEP Leptina

principal indicador da adiposidade
LEPR Receptor de leptina

niveis plasmaticos = ao numero de

poMc Pro-opiomelanocortina adipdcitos e conteudo de gordura

PCSK1 Proproteina convertase subtisilina/Kesina tipo 1

MC4R  Receptor de melanocortina 4

SIM1 Homologo 1 da proteina single minder




OBESIDADE

Genética: sinalizacao da leptina

Hiperfagia
LEP Hiperinsulinemia
Hiperfagia E——
ipocitos
LEPR Atrasg na puberdade 1
LEP
POMC Leptina
PCSK1 | \
Obesidade infantil Nicleo PCSK1 POMC
MC4R Hipogonadismo / arqueado alfa-melanocortina
Hiperfagia Ceduca 1
Hiperinsulinemia o
e i NPY/Agouti
Hipotonia \ / ,F‘\ ;
Nucleo
Redugﬁo do MC4R paraventricular

apetite SIM1



Loci

*KCTD15
MTCH2
NUDT3
*RPLITA
*pTEP2
TNNIZK
*ZNF508
*TMEM1E0
*| RP1B
MTIF3
*FLI3STTO
*FANCL
CADM2
LRRNGC
FAIM2
*NEGR1
TFAP2B
NRXN3
MAP2KS
*ETV5
*REJ
SH2B1
OPCTL ——
*PRKD1
*GPRCSE
*GNPDAZ —
BDNF
SLC30A8
SEC16B
*MC4R
*TMEM18 —
FTO
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OBESIDADE

Poligénica

Resultado da expressdo de varios genes com a interacao com fatores
de risco ambientais

Andlise de polimorfismos

Genes associados com a obesidade infantil ou em adolescentes
podem nao ser os mesmos relacionados com a obesidade em adultos

i .
———

= FTO  fat mass and obesity associated gene
. INSIG2 insulin-induced gene 2
MCR4 melanocortin-4 receptor gene

—

0 'IZI'IIIED 1CI'III 151] ECHII EEDBCI DBED#CI
Increase in BMI per-risk allele (kg/m?)



OBESIDADE

Tamanho e Numero de Adipdcitos
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Obesidade
hipertroéfica

Obesidade

hiperplastica

4 A )
7-9 més gestacao

Até 3 anos de vida

Perda de peso : reduc¢ao da hipertrofia

Na adolescéncia




Histologia de Tecido Adiposo Marrom e Branco
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Dissipacao da
energia quimica
mediada pela UCP1

Tecido adiposo
“bege” adipocitos
termogénicos

Estoque de
triacilglicerois
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Resposta ao ambiente, farmacos e estilo de vida




Histologia de Tecido Adiposo Marrom e Branco
Imunoistoquimica para UCP1

Adipocyte
Mesenchymal
B v @ precursors @
lineage origins
MYF5-

M M
WAT adipocyte Endothelial BAT adipocyte Muscle
precursor precursor precursor satellite cell

Mature WAT
adipocytes

White Beige Brown
UCP1- UcP1-+ UCP1+



Regulacao da Termogénese

Cold stress

Noradrenaline

Brown
adipocyte

—_—
7000 >—PBAR

Increased metabolism
and thermogenesis

Obesity Reviews (2012) 13 (Suppl. 2), 69-82




Adipocinas

Table 1 | Sources and functionz of key adipokines

Adipokine

Leptin

Resistin

REP4
Lipocalin 2
ANGPTL2
TNF

IL-6

IL-18

CCL2
CXCLs
NAMPT
Adiponectin

SFRP5

Primary source(s)

Adipocytes

Peripheral blood mononuclear
cells (human). adipocytes
{rodent)

Liver. adipocytes, macrophages

Adipocytes, macrophages

Adipocytes, other cells

Stromal vascular fraction cells,
adipocytes

Adipocytes, stromal vascular
fraction cells. liver. muscle

Stromal vascular fraction cells

Adipocytes, stromal vascular
fraction cells

Stromal vascular fraction cells
(macrophages)

Adipocytes, macrophages,
other cells

Adipocytes

Adipocytes

Binding partner or receptor

Leptin receptor

Unkniowmn

Retinol (vitamin A),
transthyretin

Unknown

Unknown

TNF receptor

IL-6 receptor

IL-18 receptor, IL-18 binding
protein

CCR2

CXCR2

nkriowwm

Adiponectin receptors 1 and 2,

T-cadherin, calreticulin—CD01
WHNTza

Function

Appetite control through the
central nervous system

Promotes insulin resistance and
inflammation through IL-6 and
TNF secretion from macrophages

Implicated in systemic insulin
resistance

Promotes insulin resistance
and inflammation through TNF
secretion from adipocytes

Local and vascular inflammation

Inflammation, antagonism of
insulin signalling

Changes with source and target
tissue

Broad-spectrum inflammation
Monocyte recruitment

Antagonism of insulin signalling
through the JAK-5TAT pathway

Monocyte chemotactic activity

Insulin sensitizer,
anti-inflammatory

Suppression of pro-inflammatory
WNT signalling



Adipocinas

Obese with mild Obese with full
metabolic dysfunction metabolic dysfunction
7 Inflammation

++ Metabolic control
4 Vascular function

Lean with normal
metabolic function

T Inflammation
4 Metabolic control
«» Vascular function

« Inflammation
«» Metabolic control
«» Vascular function

Crown-like
structure
Anti-inflammatory adipokines Pro-inflammatory adipokines
Adiponectin Leptin ANGPTLZ CCLZ
SFRP5 Resistin TNF CXCLS
RBP4 IL-6 NAMPT
LipocalinZ  IL-18




Relacao Tecido Adiposo — Figado na Obesidade
A Liver Adipose tissue

‘Adipose
tissue insulin
resistance

#Inflammation |

Hepatic
insulin
Activated resistance
immune response
Activated ( 4 Cytokines
stellate (systemic

cell .«

) Activated

Kupffer
cell
#Cytokines 4Cytokines
(sxstemic ‘ (mtmk
effects?) " cts?)
> <&



Terapia com Tiazolidinodiona (TZD) na NASH

B Liver

Hepatocytes

; ,< " ¥Cytokines
(systemic
effects)

Cytokmes

Adipose tissue

¥ Adipose

resistance

tissue insulin |

+ Inflammation

'Hopatlc
insulin
resistance

N, Kupffer

cell

¢Cytokines
(systemic
effects?)

Macrophage

+Cytokines

(systemic
effects?)

: IPPAR
: .l.. N ) i
Cytolkinesx

Cytokines




Fisiopatologia da NASH

Insulin-resistant

Active
steatohepatitis

Development
of steatosis

Steatohepatitis

L]
adipose tissue [r—— with fibrosis

# Lipolysis (#FFA)
+ Adipocytokines
¥ Adiponectin

Activation of

Increased 4 Lipotoxic inflammatory
triglyceride TG-derived pathways
synthesis metabolites

4 Glucose

Insulin
resistance

4Glucose
> production

[ # VLDL secretion |

4 / 8% [+HoLC]
g& + Small, dense

LDL-C

Figure 3. Schematic representation of the pathophysiology of NASH (see text for details).




Origem Fetal da Obesidade e do Diabetes mellitus 11

-

[}'lﬂlnutritiu}n } [Stress

A

Adult-onset
Obesity
. . Diabetes
Epigenetic changes i
DNA methylation etc. Dyslipidemia

/ Metabolic syndrome

i k1
[Chemimls } Steroids

8 L A

Environ Health Prev Med
DOI 10.1007/s12199-013-0328-8



Obesidade e microbioma

Proteobacteria

—

Actinobacteria —

Bacteroidetes

Firmicutes

WPhascolarctobacterium

Relative abundance (%)
0 5 10 15 20 25 30 35 40
1 1 1 JL 1 1 1 L 1

L/

Enterobacter +zzzx )
Haemophilus - [ Jod

Parasutterella O

Bifidobacterium
Bacteroides B 23w
Parabacteroides
Barnesiella
Butyricicoccus g
Alistipes
Coprococcus
Roseburia <
Oscillibacter
Subdoligranulum
Faecalibacterium
Ruminococcus <z
Blautia

Veillonella
Acetivibrio
Anaerovorax
Clostridium 4

unclassified comzcac—




Obesidade e microbioma

o
*
o

44 - HFD HFD+B29

42-
40-
38 -
36
34-
32-
30
28 -
26 -

Body weight (g)

HFD HFD+B29



Tratamento da obesidade

Set goals and propose lifestyle changes that are
realistic, individualized and aimed at the long-term

Weight-loss goal:
5-159% of body weight or 0.5-1 kg per week

\ 4

Management

Intensity of the intervention will depend on
level of risk (see Table 3) and the potential to
gain health benefits, and may include:

Nutrition:
Reduce energy intake by S00-1000 kcal/d

Physical activity:
Initially 30 min of moderate intensity 3-5 times/wk;
eventually increase to 60 min on most days

Behavioural interventions
Prevention and treatment of co-morbidities

Pharmacotherapy:
BMI=30 kg/m~? or BMI=27 kg/m~ —+ risk factors
Adjunct to diet and lifestyle modification

Bariatric surgery:

BMI=40 kg/m-~ or BMI =35 kg/m~ + risk factors
Consider if other weight loss attempts have failed;
requires lifelong medical monitoring




Tratamento da obesidade

Table 1 Standard population dietary recommendations

Nutrient/food

Recommendation

Total fat

Reduce to no more than 35%
food energy

Saturated fat

Reduce to no more than 11%
food energy

Total carbohydrate

Increase to more than 50% food
energy

Sugars (added)

Reduce to no more than 11%
food energy

Dietary fibre Increase non-starch
polysaccharides to 18 g per day
Salt Reduce to no more than 6 g salt

per day®

Fruit and vegetables

Increase to at least five portions
of a variety of fruit and vegetables
per day




The Basic Sevens ...

eat this way every day

\EAFY, GREEN, 5\
YELLOW VEG"‘Btgs

1 or more
servings

Children,

3 to 4 cups milk
Adults,

2 or more cups

/N ADDITION TO THE BAS/C 7...
EAT ANY OTHER FOODS you WANT

U'S DEPARTMENT OF AGRICULTURE

w
=
(2]
m
)

O1vi0d

>
&

3y
$3

Fats, Olls & Sweets KEY
USE SPARINGLY B Fat (naturally occurring and added)
K Sugars (added)
These symbols show fals and added sugars in foods,

Meat, Poultry, Fish, Dry Beans,

Milk, Yogurt &
Cheese Group Eggs & Nuts Group
2-3 SERVINGS 2.3 SERVINGS

Fruit Group

Vegetable Group
2.4 SERVINGS

3-5 SERVINGS

Bread, Cereal,
Rice & Pasta
Group
611
SERVINGS




STEPS TO A HEALTHIER YOU

A




Tratamento da obesidade
Activity
o Make enjoyable activities - such as walking, cycling, swimming,
aerobics and gardening - part of everyday life.

o Minimise sedentary activities, such as sitting for long periods watching

television, at a computer or playing video games.

o Build activity into the working day - for example, take the stairs instead

—

of the Iift, take a walk at lunchtime.



obesity reviews doi: 10.1111/].1467-789X.2011.00908.x

Supplement: Fat Metabolism

Key Papers from a meeting organized by the Product Research Group of
Lucozade Sport

Fat burners: nutrition supplements that increase
fat metabolism

[ increase fat oxidation

during exercise J [ suppress J
o7

appetite

acutely increase energy
expenditure

increase
weight loss

acutely increase fat
metabolism

prevent weight gain
after weight loss

cause long-term . :
adaptations that promote Impalrfat
fat metabolism absorption




obesity reviews doi: 10.1111/].1467-789X.2011.00908.x

Supplement: Fat Metabolism
Key Papers from a meeting organized by the Product Research Group of
Lucozade Sport

Fat burners: nutrition supplements that increase
fat metabolism

Caffeine Dinydroxyacetone Conjugated linoleic acid
(CLA)

Carnitine Ephedra Psyllium

Calcium Green tea extracts Pyruvate

Choline Hydroxycitrate (HCA) Leucine

Chromium Lipase Forskolin

Lecithin Ma huang Beta-sitosterol

Fucoxanthin Kelp Cayenne pepper
(Capsaicin)

Garcinia cambogia  Inositol Epigallocatechin-

3-gallate (EGCG)
Capsaicin Taurine Tea




Tratamento da obesidade

e Supressores do apetite

e Alteracao da absorcao de nutrientes

e Aumento do gasto energético

as part of a program that

includes diet, physical
activity, and behavior therapy.




Tratamento da obesidade

Box 1
Clinical criteria for pharmacologic therapy for obesity

Body mass index (BMI)>30 kg/m? or BMI>27 kg/m? in association with significant medical
complications

Failure of behavioral approaches, including diet and exercise regimens
No strong contraindications to the medication used

For continued treatment, weight loss of >4 pounds per month for each of the first three
months




Tratamento da obesidade

a Phentermine ¢ Sibutramine

5 HT or NE

Re-uptake

K ) transporter

Sibutramine

Hypothalamus
A) YP

° o

response

b Orlistat

Duodenal mucosa




Tratamento da obesidade
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Tratamento da obesidade

PARECE
'MILAGRE!

Um novo remédio faz
emagrecer entre

7 e 12 quilos em
apenas cinco meses.
E sem grandes
efeitos colaterais.
Saiba tudo sobre ele
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Tratamento da obesidade

TABLE IV. CRITERIA FOR BARIATRIC SURGERY.

BMI 240 kg/mn® or 235 kg/m~ with significant obesityv-related
comorbidities

Age 16H to HS yvears
Acceptable operative nisks

Documented Faillure to achieve long-term weight loss wath
nonsurgical approaches

Psyvchological stability and realistaic expectations

Well-intormed and motivated pabent with commiitment to
long-term lifestvle changes

Supportive famil v/social environment

Commitment to long-term follow-up

Resoluton of alecoholfsubstance abuse

Abzence of active psychosis, untreated severe depression
EMI = body mass imdex.

Adapted with permission from: Scdhneider BE, Muon BEC. Surgical manage-
ment of morbid obesity. Merbrefes Ceoore. 2005 :28-475=4 8507



Tratamento da obesidade

A resected gastric margin

limb




Tratamento da obesidade




Tratamento da obesidade

Fig. 6. Endoluminal sleeve. (A) Photograph of EndoBarrier gastrointestinal liner. (B)
Diagram of EndoBarrier position within the gastrointestinal tract showing food bolus within
the sleeve and bioliopancreatic secretions outside the sleeve. (Courtesy of GI Dynamics,
Lexington, MA; with permission.)



Tratamento da obesidade

Table 1. Nutritional Deficiencies Associated with
Bariatric Surgery*

Deficiency BPB/DS RYGBP SG/LAGB
Malnutrntion Common Less common Rare
Fat malabsorption Common Less common None
Vitamin B | deficiency Common Common None
Folate deﬁlf_:ienc}* Common Less common None
Thiamine deficiency Common Common Rare
Fat-soluble vitamin

deficiency Common Less common None
Iron deficiency Common Common Less

f common

BPB, biliopancreatic bypass; DS, duodenal switch; RYGBP, Roux-en-Y
gastric bypass; SG, sleeve gastrectomy; LAGB, laparoscopic adjust-
able gastric banding.



Diabetes




Diabetes

I Tipo 1 : juvenil (diagnosticada em criancas ou adolescentg

I Tipo 2 : mais comum, associada com a resisténcia a

Tipo gestacional : pode ocorrer durante a 242 semap
relacionada com agao hormonal placen

Principal causa de doencga renal em estagio terminal, cegueira em adultos jovens e
amputacoes das extremidades inferiores.

DIABETES DIABETES

DIABETES

¢i

< 126 mg/cl

PREDIABETES PREDIABETES | PREDIABETES
28.7% : = 100 mg/di z 140 mg/di
< B.7% < 100 mg/di < 140 mg/dl
NORMAL NORMAL NORMAL

AlC FPG OGTT



Diabetes

Diabetes Prevalence of Population
Ages 20 to 79

[] Less than 4.8

[Jag-84

B s4-13

W 13-189

Wi159-271

[] No data




Diabetes

Age-Adjusted Prevalence of Obesity and Diagnosed Diabetes
Among U.S. Adults Aged 18 years or older

BMI 230
1994

2010

D No Dana D <14 l-‘.‘f/- «=17.9% - 18006 <« 21 9% . 2% =« 259% .226.‘?1".

Diabetes
1994

2010

S
O NoDaa [0 <45% H49%-59 @erme=T4% N7 -89 HE=97

7
[ CDC's Division of Diabetes Translation. National Diabetes Surveillance System CDC
Vo available at hitp:/Mmww.cdc gov/diabetes/statistics



Captacao da glicose

Transportadores
GLUT 1 cérebro, eritrécitos, células renais

GLUT 2 hepatocitos, célula B-pancreatica, intestino delgado, tubulo renal, cérebro.
Capacidade glico-sensora.

GLUT 3 neurodnios, placenta e testiculos

GLUT 4 musculo esquelético e cardiaco, tecido adiposo branco e marrom. Estimulado pela
insulina

GLUT 5 transportador de frutose, intestino delgado e testiculos
SGLT 1 duodeno, jejuno e tubulo proximal do néfron

SGLT 2 tubulo proximal do néfron



Captacao da glicose

O O
Glucose—(Q) O

Insulin receptor

Secretory
vesicle

GLUT 4
transport protein

Insulin binds
to receptor

Signal
transduction
cascade

Glucose —‘ ‘

Glucose
enters cell

GLUT 4



Captacao da glicose

Insulin & [Glucose) high @

et

l (Glucose] |,
Signal = Ak
cascade 2
ADP
| G-6-P
Liver cell Hexokinase-mediated conversion

of glucose to G-6-P keeps
intracellular [glucose] low.

Low insulin

[Glucose] |,

Glycogen stores
and
gluconeogenesis




Insulina

Exocrine (out)

/
Acinar cells secrete pancreatic
enzymes into pancreatic duct

Cross-section of
the pancreas

Endocrine (in)
The pancreas secretes

insulin in response to
glucose levels in the blood

Islets of Langerhan cells secrete
hormones into blood vessels



Insulina

A——C-ter preproinsulin
chain A
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U chain B
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A C-ter proinsulin
chain A
chain C
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Insulina: célula B pancreatica

Glicose
@ cLut-2

Receptor § B Leucina e arginina
de sulfonilureia

|

Hormonios intestinais
- o (incretinas)
Proteina canal Q@ @
de K‘ 0 e—————=—=ac-
inativada Insulina 0
T Insulina
Insulina

Despolarizagao | !
da membrana M’fowndﬂa Influxo de Cal“’/ J

-_—




Hormonios intestinais

Increased lipolysis
Islet neogenesis Increased fatty acid synthesis

} }
% Qi

Sy N
B cells Adipocytes
A T f
- = GIP
» GLP1|——»
Gastrin | e \

Ghrelin | <¢—————— Stom

Increased nausea
Increased satiety
Decreased food intake
Decreased body weight

Decreased
gastric emptying

glucagon
secretion

Pancreas

Pancreas

Decreased Increased

glucose
sensing

glucose-dependent insulinotropic polypeptide

glucagon-like peptide

Increased insulin secretion
Increased insulin biosynthesis
Increased J3 cell proliferation
Increased 3 cell survival



Insulina e exercicio fisico

Insulin

Insulin Receptor




|nSUIina Tecido adiposo

4 Captacao de glloose @
¢ Lipogénese =Y
¥ Lipdlise

/ Insulina\

Musculo estriado Figado

¢ Captacao de glicose ¥ Gliconeogénese
¢ Sintese de glicogénio 4 Sintese de glicogénio
% Sintese proteica 4 Lipogénese



Diabetes tipo 1

Autoimune, destruicao das células 8

Susceptibilidade genética:
polimorfismos nos genes
MHC 1 e MHC 2

Fatores ambientais:
Infeccdes virais, como
caxumba, rubéola e
citomegalovirus

Massa de celulas B

Predisposigao

(?) Evento predisponente

genetica 1 Anormalidades
i1 imunolégicas
' patentes
11
n Liberagao | Perda progressiva
1 normal  da liberagao
1 de insulina 1 de insulina
: i
h |
' | Glicose ' Diabetes
I i normal | patente
i |
h .
i :
h |
. |
h |
¥ |
. i
3 i

5 10 15 20 25

|dade (anos)



Diabetes tipo 2

Resposta diminuida dos tecidos
periféricos a insulina e disfuncao
das células B

Susceptibilidade genética:
polimorfismos nos genes
TCF7L2 e PPARG

| Obesidade \

'
Adipocinas

}

FFAs Inflamagao
|

3

| Resisténclia a Insulina !l

lihota
pancreatica

Compensacao Falha das
das células B células B

Células N 6&&@
; S
SLow
Secregao ¥ 4 ¥ ‘ J % [
deinsulina  Normal Aumentada Diminuida
pelas células p
Glicose Norial Tolerancia a glicose Diabetes
sanguinea de normal a prejudicada melito




Diabetes tipo 2

Resisténcia a insulina

Principal fator: obesidade visceral

Acidos graxos livres: gordura visceral é mais lipolitica do que a subcutanea
acidos graxos livres prevalecem sobre os triacilglicerdis
acumulo de diacilglicerol e ceramida: toxicos
ativam a fosforilacao aberrante de receptores de
insulina
aumento da gliconeogénese

Adipocinas: adiponectina melhora a sensibilidade a insulina
resistina reduz a sensibilidade a insulina
obesidade reduz a producao de adiponectina e aumenta a de

resistina

Inflamagao: IL-6 e TNF aumentam o estresse celular
ativacao de vias antagonistas a da insulina em tecidos periféricos




Diabetes tipo 2

Resisténcia a insulina @

Fat Cells

Fatty Acids

T Lipid metabolites
ER stress (JNK)
Mitochondria damage
{ Insulin signaling

Insulin Resistance




Diabetes:
complicacoes

TGlucose

oxidase . ..

3 _f__ 4
NADPH
oxidase

component
v proteins

Ser or ThrResidue J

Z CDC42 p38 ERK JNK PI3K  JAK
g Rac MAPK Akt STAT
f

CH, — TTranscription factors (NF-xB, APl and EGR)) —
N-Linked Glycosylation 1

TVCAMI, ICAM), CCL2, E-selectin, tissue factor and endothelin




Diabetes: complicagoes

Microangiopatia
Infartos vasculares cerebrais
Hemorragias

Retinopatia
Hipertensao ggzg; &
Infarto do miocardio
Aterosclerose
Perda de ilhotas
Insulite (Tipo 1)
Nefrosclerose Amiloide (Tipo 2)
Glomerulosclerose /
Arteriosclerose
Pielonefrite
Aterosclerose vascular
periférica

Gangrena

Neuropatia periférica Infecgdes

Neuropatia autonémica



Diabetes: efeito dos BCAAs

N

Variation due to age, gandarand ethnicity

Lifestyla and ganatic factors Induce obesity

!

Fat accumulation and Inflammation cause
adlpose fissue remodeling

Changed hormone/cytokine secration In adipose

tissue { ¥ adipone

ctim, 4 leptin, atc.)

Impalred mitochondrial

FA and BCAA oxidation

In adipose tissue and muscle

BCAAs

contribute to
dizease

progression

n T+ BCAA
Accumulation of cytotoxic and release
mitotoxic Intermediates Y
from FA and BCAA breakdown
(BCKAzg, acyl-CoAs, acylcarnitines?) 4 muscle
proteclysis

h

Paripheral and hepa

tic Insulln rasistance

ki

Pancraatic hypersecretion of Insulin

B-cell dysfunction leads to dysglycemila

BCAAs
Improve B-cell
dysfunction




Diabetes: metformina

Hepatocyte




Diabetes: perspectiva de tratamento

hESC and iPSC Stem cells G acell

outside pancreas Q@ B cell
D) (e.g. bone marrow)




Diabetes

PORTIONS HAVE GROWN
S0 HAS TYPE 2 DIABETES, WHICH
CAN LEAD TO AMPUTATIONS

CUT YOUR PORTIONS. CUT YOUR RISK.

s Call 311 for your Healhy Eating Packet

A
PORTIONS HAVE GROWA
SO HAS OBESITY, WHICH CAN LEAD
TO MANY HEALTH PROBLEMS

CUT YOUR PORTIONS. CUT YOUR RISK.
» Call 3Il for your Healthy Eating Packet

=l faradentoppatqulrimpiatiy

3

\ B £, _
—
==_ LS PORTIONS HAVE GROWN

SO HAS OBESITY, WHICH CAN LEAD
TO MANY HEALTH PROBLEMS

CUT YOUR PORTIONS. CUT YOUR RISK.

» Call 31 for your Healthy Eating Packet




Atividade

Suponha que vocé trabalhe com informacao cientifica em uma industria
farmacéutica.

Vocé deve elaborar material de divulgacao para propagandistas.
Também faz parte da sua funcao participar de consultas publicas em 6rgaos

regulatorios e também participar de reunides em hospitais particulares e
secretarias de saude que estao em processo de compra de insumos.

Elabore um texto a ser utilizado por propagandistas e outro para ser distribuido em
reunides regulatorias a respeito de um novo inibidor da lipase pancreatica.

Ressalte os efeitos benéficos, colaterais e possiveis deficiéncias nutricionais.



