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Oleos e gorduras
Triglycerides
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Triolein (a triglyceride)

(inside)

Essencial na formacao e
manutencao de membranas

Obesidade celulares



Lipidios e Epidemic

l'm-lul _\y L\ nr.\.vtL

Obesidade

Cancer de coélon



Lipidios: fonte
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Triglicerideos l% do total

lipidios

Triglycerides
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Triolein (a triglyceride)
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Synthesis CH3(CHg)sg — C — O — CH
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(0] ‘ Hydrolysis e U
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Tipos de acidos gra

Acidos graxos saturados

de cadeia média (8:0 e 10:0)

oléico (cis — 18:1)

Acido elaidico (trans — 18:1)

n-6 (deficiéncia: retardo do crescimento, lesdes de pele, insuf. Reprodutora, esteatose
hepatica, polidipsia)

Acido linoléico (18:2) (precursor do araquidénico — precursor de eicosanéides)

n-3 (deficiéncia: retardo do crescimento, reproducéo, redugio do aprendizados, visao
prejudicada)

Acido linolénico (18:3)
Acido eicosapentanoéico (EPA) (20:5)
Acido docosaexanéico (DHA) (22:6)



Acidos graxos

100 capeutes

Acidos graxos de cadeia curta: 2 - 4
carbonos

Acidos graxos de cadeia média: 6 a 10
carbonos

Acidos graxos de cadeia longa: >
carbonos

Omega-3 fatty acids are found
in oily fish like salmon and
flaxseed and canola oils



Acidos graxo

Oleic Acid Linoleic Acid
(one double bond) (two double bonds)

O, ,OH 0, ,OH o, ,OH
N Y
N \\C/ \C/

SATURATED  UNSATURATED POLYUNSATURATED
(18:0) (18:1) (18:2) (18:4)

Monoinsaturado
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Funcoes de poli

bolitos oxidados eicosandides (derivados de

0S paracrinos): prostaglandinas, tromboxanes,

A O O Lesaolinflamagao
zomponente da
membrana
celular

Estimulo para
clivagem dos PUFA
Fosfolipase A2

Acido linoléico
Acido araquidbnico
Acido eicosapentandico

Cicloxigenase Lipoxigenase

\ 4 A 4
1 | | ]

Prostaglandinas Tromboxanos Leucotrienos Lipoxinas Acidos graxos

hidroperéxidos

Esses hormonios alteram o tamanho e a permeabilidade dos vasos capilares, a atividade
das plaquetas e o processo de inflamagao



Acidos graxos trans e cis

IFSOOMNS—TSOOTRY: I 1SS

Oleic acid Elﬂidic a(id

Trans-fatty acids are found in fried
foods, commercial baked goods,
processed foods and margarine

Cis form
(puts kink

i otocatel Trans form

Quanto mais sélido a gordura menos
cis, mais saturado e carbono tem na
formula

© 1995 Moty ~Yeor Bock, Inc

Hidrogenacgao dos 6leos 1 viscosidade,
1 estabilidade a oxidacao lipidica, |
tempo de cozimento




Gordura soli

Glycerol + Fatty Acid = Fat

(a)

Saturated fats

Saturated fatty acid Unsaturated fatty acid

(o)
AR, [
| :\,4): R=C—(CH,);,CH,



Insaturados

Omega - 6 (encontrado na maioria dos tecidos)

------ 23} X))

T3 x|gatn Bt x|ghA
linoleic acid Mol X|EHAE2 cisH0{M O|F Z
(o]

Ol= Hu
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Insaturados

> Omega 3: acido graxo linolénico (C18: 3@
> Omega 3: acido graxo eicosapentanoi

> Omega 3: acido graxo docosahe

> Acido graxo linolénico poc

> Quanto mais insaturac

» Excecgao: co




Saturado Numero de carbonos

Cadeia curta Cadeia curta

Manteiga

Manteiga
Oleo de coco

Cadeia média

Oleo de palma
Oleo de coco

Oleo de coco, manteiga

Palmitico 16 Gordura animal, éleo vegetal

Estearico 18 Gordura animal, 6leo vegetal



Insaturado

Cadeia longa

16
18
18

inolénico 18
Araquidoénico 20
Acido eicosapentanéico 20
Acido docosahexanéico 22

Peanut Oil

DS graxos

Manteiga, 6leo de sementes
Maioria das gorduras e 6leos
Oleo de milho e algodao
Oleo de soja
Oleo de amendoim
Oleo de peixe

Oleo de peixe

- Omega-3 fatty acids are found
et ’.\, in oily fish like salmon and
1y flaxseed and canola oils




v"Formados por glicerol, acido g
fosforo.

v Tipos: fosfatidilcolina c
fosfatidilserina




Fosfolipidios

» Ingestao média: 1 a 3g/dia (2% total de
lipidios)

» Lecitina (emulsificante natural nos ovos;
presente em membranas celulares)

» Nao é essencial, é sintetizada no figado

Figure 5.12 The structure of a phospholipid

» Lecitina previne o acumulo de gordura na

r CHOLINE }

a rté ri aS ? PHOSPHATE ﬁ(

-

» Suplementos nao sao absorvidos
Na digestao sao hidrolisados a ¢
graxos, fosfato e colina

» FATTY ACIDS

O Hydrophilic
head
cgé, Hydrophobic
t tails
ol

CHy L
Publishing Comy

L2eRERERe

Hydrophobic tails
of
o

2ggerRagggerze

(a) Structural formula (b) Space-filling model (c) Phospholipid symbol

Copyright © The Benjamin/Cummings Publishi

pany, Inc., from Campbell's BIOLOGY, Fourth Edition.



Outros lipidios

Esterol - Colesterol
> E um lipidio alcool — contém o grupo hidro
» Gordura animal

» Constitui hormoénios, vitamina D
celular, mielina

» Adulto = 0,2% do pesc
» Sintetizado no fi

» O colesterc



Outros lipidios

Esterol - Fitosterol

» Fonte - plantas

» EX. sitosterol que compete com o ¢

Substancias parec

» Hidrocarbonetos, d

» Nao podem
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Digestao e absorcao de |

CH-O-CO-R’
sn-1,3- or a,a’-isomer

?HZO—CO—R

HO-C-H

AR
-

sn-1,2- or a,B-isomer

Diglicerideo

Lipase lingual
Lipase gastrica
Lipase Intestinal



Digestao e absorcao de lipidios

Lipase ) o
w ' | gastricae Absorption Of Food Lipids
T intestinal
4 R _ Simple michelle Intestinal
H—('!i-o-(‘/\/\/\/\ Fosfo"pases Trg|ycerides _ Fatty acid nestna
+ NO Conjugated bile acid lumen

M‘>¢~/\/\/\/\ /, ‘\r 1,b PhOSphthldo
ey 9MG, <~ /
i i / ﬁ O 7 Short chain fatty acids Unstirred

2. Mixed michelle Q water layer

.....

I Q ATP
Phospholipids MG TG 3 R O

(PL) @ )/cylesterol \/

holesterol ester Enterocyte

T Smooth endopolasmic reticulum

Exocyt05|s — QO - lipoprotein

- lipoprotein
ﬂ s Lacteal




Absorption Of Food Lipids

1. Simple michelle Intestinal

: : . Fatty acid
Triglycendes = TG 1.C)
9y Conjugated bile acid lumen

Phospholipids
¢ (PL)

Short chain fatty acids Unstirred
Q2 Q water layer

2. Mixed michelle

IMG, N /
o)

nnnnn

Lo vV
)/(yleste rol
holesterol ester

Smooth endopolasmic reticulum

PL
Chylomicron

Exocytosis — QO - lipoprotein

Composto por 85 a 95% de triglicerideos de ﬂ ||p0pr0te|n LaCteal

origem da dieta (exdgeno), pequena quantidade coat KM
Fig. 22-13 de colesterol livre e fosfolipidios e 1 a 2% de c

proteinas

ecombinacgao de acidos graxos e monoglicerideos (na célula da mucosa intestinal) —» TG



Bile Acid Absorption In Terminal lleum
Lumen of the terminal ileum - an essential organ

2. Diffusion 1. Co-transport
2
Unconjugated Conjugated i
. hile ar:Jidg hile acid ‘ Na
N I
~
&
i ‘ Nat
\ ‘(
3. B“? acid-macromolecule
Terminal
ileum cell

4. Carrier for facilitated transport

Fig. 23-2

KVic




Lipideos absorvidos pararorsistemafintaticoy
exceto acido graxoes de caderaimedialqueNvan
direto paraiarcirculacaoiportals

0 constituidas por 50% de triglicerideos, 40% de colesterol e fosfolipidios e 10% de proteinas
3asicamente colesterol e TG
: Basicamente colesterol




Quilomicron
VLDL
LDL
HDL

Aufbau der Lipoproteine

Phospholipide
Capa hidrofilica

Apoproteine

Glykosylierung
ergibt hiydrophile
Hiille

Hydrophobes

Innere der
Mizelle erlaubt

Modulam a atividade
de enzimas,
direcionando as LP aos

Einschluss locais de catabolismo e
lipophiler interagindo com
Kmm onenten receptores especificos

Triglyceride
Cholesterinester




Transporte de lipidios de origem alimer

Acidos graxos livres + monoglicerideos + colesterol sao in
macroagregados moleculares (quilomicrons) sob a form
colesterol livre e esterificado e fosfolipideos.

Ocorre no reticulo endoplasmatico das célule
para o complexo de Golgi e, por exocitose
mesenteérica.

Quilomicron + lipoproteina lipase
células endoteliais)— hidrolise
e tecido adiposo

Alguns acidos graxc
circulacao geral.

Quilomicre
advindos




Transporte de lipidios de origem h

Formadas as VLDL (ricas em TG) no reticula
hepatdcitos, a partir da hidrélise de TG nos

VLDL + lipoproteina lipase periféri
endoteliais)— remanescentes de

IDL — captados pelo figado e
LL hepatica — LDL (com

tecidos periféric




Transporte reverso de colesterc

HDL: ésteres de colesterol; sintetizada n
remodelacao intravascular de LP rica €

Colesterol livre, fosfolipideos €
quilomicrons e VLDL perde

HDL.: transporte de co
serem eliminados




Transporte e metabolismo ¢

Acido graxo e monoglicerideo — Célula

3-oxidacao de lipidios

ey

PSSR Sy

Acetil CoA - Ciclo de krebs



Acido graxo e monoglicerideo — Célula

Acetil CoA I0—— =  Colesterol



Acidos graxos es

Acido linolénico

Acido linoléico

Crescimento Células cone na retina
Reproducao Sinapse

Integridade da pele Crescimento; reproducao

Acido linoléico —5a 10% VCT Acido linolénico — 0,6 a 1,2%
VCT
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Lipidios — fonte de energia

1 grama = 9kcal
T 2 — 3 vezes o valor ¢

Carne magra — &°




Lipidios — saciedade e vitami

Deixa o estomago lentamente (£ 3,3

Dietas com quantidades mod
mais eficazes no controle de
pobres

Carreadores da

Dieta pa




Lipidios — palatabilidade

Textura e sabor do ali

Flavorizantes e
dissolvidos




Lipidios — reserva energetic

lkg tecido adiposo — 7700kcal
Adipocitos (90% € gordura
Adipocitos — globulo

Massa gorda:

Gordura b




Lipidios — reguladores

Transported
molecules

Carrier
molecule |

Lipidios regulam o fluxo de materiais na célula



Lipidios — reguladores

Acidos graxos
Omega3

Acidos graxos
Omegab

a.k.a. Eicosanoids Hormaonios locais

PGF,,; uterine TXA, PGI,
muscle (Thromboxane); (Prostacyclin);
contractant vasodilator; vasodilator
platelet
aggregator




Eicosanoides

Blood clot formation

/ey Clotting factors

’—‘m— Platelets
Fibrin

Red blood cells




Eicosanoides - precursores

Acido graxo araquidonico
Cold Marrkeana
Acido
araquidonico

Leukotnanas




Eicosanoide

do graxo linolénico

Oleo de soja Oleo de canola  Oleo de peixe

DHA e EPA



EPA e DHA

T Acido araquidénico -
™ prostaglandina -
T obstrucao arterial



Fontes de gordura

Comparison of Dietary Fats

POLYUNSATURATED FAT
SATURATED FAT | | Linokicadd aglwmwm:u

Apha-linoknie aud

(an Omoga-3 Fatty AS8) oy acid content acemalized 10 100%

Canola oil

Safflower ol

Sunflower oil

Com oil R 579 .

Olive oil 15% | 9% [—1% 75%
Soybean oil 15% 5 23%
Peanut oil 19% 48%
Cottonseed oil |27% N 3 B - 19%
Lard® ]ms % [—1% 47%
Beef tallow™  |48% 2% — 1% 49%
Palm oil 51% 10% |t Trace 39%
Butterfat* 68% 3% —F |—1% 26%
Coconut oil 91% 2% —+| 7%

* Chokstarol Contant (mgTiep) Lard 12, Beel Tallow 14; Buttarfat 33. No cholestesel in sy vegetable-based o,
Source; POS Pilct Plart Corpacation, Saskatoon, Saskatchewan, Jens 1594



Fontes de gordura

Principais fontes de 0mega 3: peixes
cavala, enguia

Processamento e armaze
afetar a composicao de ac




Variedade de alimentos
pobres ou sem lipidios. Isso
¢ bom ou ruim?

Low-Fat Cooki;»g
Canadian-Style

- - e

.-



Fontes de gordura: ¢

Produtos de origem vegetal . .
Produtos de origem animal



Fontes de gordura: vegetais ricos em li

255

16% gorra 30% gordura

m



Lipidios: recomendacoes
Acido graxo linoléico: 5 —10 % (3 — 6g); o

OMS - 3% do VCT de acido graxo lin

OMS - gestacgao e lactacao — 4

Acido graxo linolénico — (
1% VCT

Relagao omegab: ¢

Lipidio tote




Acceptable Macronutrient Distribution Ranges (AMDR)

Intervalos de distribuicdo aceitavel de macronutrientes

MACRONUTRIENTES PORCENTUAL DE ENERGIA
1-3ANOS | 4- 18ANOS | ADULTOS
Gorduras Totais 30-40 | 25-35 <@
(w-6) acido linoléico 5-10 5-10 5-10
(w-3) acido linolénico 0,6-1,2 | 0,6-1,2 | 0,6-1,2
Carboidratos 45-65 | 45-65 (@
Proteinas 5 - 20 10 - 30 (@




Lipidios: consumo no Brasil

Sul, sudeste e centro-oeste 30% VCT: sa
monoinsaturado 8%; polinsaturado 9-119

Nordeste € norte: 22 a 24% VC
monoinsaturado 6%; polinsa

AG n-3: 6leo de linhag
AG n-3: pescadc
AG n-6:




Dieta hipolipidica

CHRONIC PANCREATITIS

Evaluation of Steatorrhea

STEATORRHEA

—

PANCREAS SMALL INTESTINE
Function Structure Function Structure

Bentiromide | Abdominal D-xylose Small bowel x-ray
test X-ray

Ultrasonogram
CT scan
ERCP

Usar triglicerideo de cadeia média e curta



Dieta hipolipidica - <

Normal, Healthy  Fatty, Cirrhosis




Dieta hipolipidica - < 25%VCT ou < S(
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Dieta hipolipidica - <25%VCT ou < S0g/dia

Blockage in right
coronary artery




Lipidio e doenca degenerativa

Blockage in right
coronary artery



Mechanisms of [schemia




Doenca coronariana




Doenca coronariana

Area of brain deprived of blood

Blood clot

Blood unable to pass clot



Doenca coronariana

Low Density Lipoprotein (LDL)

lipi ' Cholesteryl
Phospholipid » 2 Caol ery

Triglycenide

gnc terified

holesterol

Figure 1. High Density Lipoprotein

Free cholesterol




LDL colesterol

Acidos graxos palmitico e
miristico T LDL

Acido graxo
monoinsaturac

Palmitic Acid

o} 0 o} Q
O o O o
Extra

@ Hydrogen @ Oxygen @ Carbon

hydrogen

Carboxyl
group

Glycerol + Fatty Acid = Fat

(a)

Saturated fats

; |
-~ . H—C—OR
L= H—C—OR
Stearic acid H_?_OR
H
R=

Saturated fatty acid Unsaturated fatty acid

0o

P [
) R=C—(CH,);7CHs




LDL colesterol

Acido graxo linoléico ¥ /—N\ /—\
LDL e colesterol, porém o H,,Ce (CH,), —COOH

excesso pode { HDL linoleic acid

T 4cido graxo polinsaturadc

— calculo biliar, tumor ¢ \/_\/_\/=\

imunossupressao (CHy); —COOH
linolenic acid

Linoléico 7 —




LDL colesterol

Structure of Lipids
r
: Glycerol
T 7T Acido graxo tre .
H — | Fatty Acid | o
| ° Il
Saturado T LDL H-C-0OH g —lFan\lACId | HO-C —
&
H- (|3 OH o | Fatty Acid | Carboxyl Group
H-C-0H
I
H
Saturated fatty acid Unsaturated fatty acid
O HHH HH HH OH H H H
L e O o I
HO-C-C-C-C-C-C-C-C-H HO_(l-JI\_(I:_(lhc_E::C_(l:_H
I T T
HH HH HHH |1| |l| |1|
Low Density Lipoprotein (LDL)
Phospholipid Cholesteryl

Ester
Tnglycende

Unesterified
Cholesterol

ApoB-100



Metabolismo do colesterol

Colestiramina se liga
colesterol dos sai
absorcao

Bad and Good Lipids

CH, CH, CH, CH,
CH CH, CH

N
CH, CH,
(D
Gallbladder
containing 1
HO / galistones

nnnnnnnnn Cholesterol
double bond

(a)
CH,OH

CHy| (b)
HO OH
CH,
o

Cortisol




Doenca cronica degenerativa

= Normal prostate

r,—‘ = ’

» s Prostate cancer
) fﬂ:E
SIS

N NS e s =




Substitutos de gordura

Menos caloria

Olestra,

. No-Calorie Cooking Oil: Table
Mesma textura, saciedade, Sugar plus Added Fatty Acid Groups

palatabilidade CH,0R

2 CH,OR_oO.
g A H g}ycl(:SIdlc H
inkage
oR u/l H R
Moléculas o  Mvon
OR

carboidrato/amido “like” +
agua — gel lipidio “like”

Stellar — 1kcal /g

Slendid — substituto de
lipidio baseado em pectina

Oatrin — gel de carboidrato
+ agua

Olestra — poliéster de
sacarose



Substitutos de gordura

Simplesse — ba
proteina - sQ
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ase in Seven Countries

b. Physiol. Hyg., Univ. Minnesota, Sch. Pub. Health, Minneapolis

Circulation 1970, 41 (suppl. 1) :1



9 anos) de 7 paises, durante 5

* lugoslavia

Circulation 1970, 41 (suppl. 1) :1



0 proxima entre % das calorias provindas de
morte por doenca coronariana (DAC) em 10 anos;

dia do CT altamente correlacionada com morte por DAC;



cooperative study on the epidemiology of coronary heart disease
d 12, 770 men 40 to 59 years old in Finland, Greece, Italy, Japan, the
Is, the United States and Jugoslavia, who were re-examined 5 years later.
United States of a total of 125 deaths during the 5 years 62 were due to coronary
disease, in Finland 38 of 111, in the Netherlands 16 of 50, and in all other groups
only about 1 in 8.

Within countries there were no significant differences in incidence of the disorder
between regions except in rural Finland where the east had significantly more than the
west.

Cigarette smoking, body fatness and relative bodyweight did not seem to explain
population differences in incidence of the disorder, but there was a tendency for
incidence to be related to the prevalence of hypertension, serum cholesterol values
and saturated fatty acids in the diet. There were no statistically significant relations
between habitual physical activity and the incidence of coronary heart disease. There
was no indication that incidence was inversely related to the incidence of any other
disease.

Circulation 1970, 41 (suppl. 1) :1



Dietary intake of saturated fatty acids and mortality from cardiovascular
disease in Japanese: the Japan Collabﬂratwe Cohort Study for
Evaluation of Cancer Risk (JACC) Study'™

Kazumasa Yamagishi, Hirovasu Iso, Hiroshi Yatsuva, Naohito Tanabe, Chigusa Date, Shogo Kikuchi, Akio Yamamaoto,
Yuraka Inaba, and Akike Tamakoshi for the JACC Study Group

Am J Clin Nutr 2010;92:759-65.




de AGS associa-se ao risco de morte
sonsomem pouco AGS.

anos de acompanhamento

astionario de Frequencia Alimentar

Am J Clin Nutr 2010:92:759-65.



ociacao inversa entre ingestdao de AGS e mortalidade por

uémico ou hemorragico.

Nao houve associagao entre ingestdo de AGS e hemorragia

subaracnoide ou doenca cardiaca.



A single nucleotide polymorphism in the 3-hydroxy-3-methylglutaryl-
coenzyme A reductase gene (HMGCR) influences the serum triacylglycerol

relationship with dietary fat and fibre in the European Prospective
Investigation into Cancer and Nutrition in Norfolk (EPIC-Norfolk) study

Renata N. Frﬂ-itﬂﬂl'z*, Kay-Tee E]lawz, Kelvin Wus, Richard Buwmanj, Hannah J f:-ﬂ"f:-r}r3, Robert Lubc-nz,
Nicolas J. Wareham® and Sheila A. Bingham™+

1DENE.S', School of Nutrition and NUPEB, Federal University of Ouro Preto, Ouro Preto, Brazil

*CNC, Department of Public Health and Primary Care, University of Cambridee, Cambridee, UK

*MRC Dunn Human Nutrition Unit, Cambridge, UK

MRC Epidemiology Unit, Cambridge, UK

British Journal of Nutrition (2010), 104, 765-772



uéncia do SNP (rs17238540) no gene da
a relacao com lipides séricos e ingestao de
estudo: Norfolk, UK, 1993 a 1997

tica: 23.011 0 2, 45a 75 anos

etodos: Questionario de Frequencia Alimentar e Pyrosequencing

(sequenciamento DNA para determinar genotipo da HMGCoA r) em
uma populacao com dados de lipidograma disponiveis.

British Journal of Nutrition (2010), 104, 765-772



%), TG (4-29%), GG (0-6%) e G (2-

elacao positiva entre TG sérico e ingestao AGS
sem relacao entre TG e ingestdao AGS

TG + GG: relacao inversa entre TG e ingestao de fibras (>



0s com o alelo G podem mostrar uma resposta
enor nivel de TG com restricao de AGS e aumento de

omparados aos homozigotos para o alelo T).

Uma intervencao dietética efetiva para controle dos lipides

séricos pode variar de acordo com o genotipo da HMGCoA .

British Journal of Nutrition (2010), 104, 765-772



