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Estrutura da Aula

Ø Ácidos graxos em alimentos

Ø Perspectiva histórica da compreensão da relação entre dieta e doenças cardiovasculares

Ø Lipoproteínas e transporte de lipídios no plasma

Ø Aterosclerose

Ø AG polinsaturados n-3 e AG saturados x doenças cardiovasculares

Ø Variabilidade das respostas a componentes da dieta na prevenção de DCV



Ácidos Graxos Saturados

ü Não apresentam duplas ligações.

ü Apresentam pontos de fusão mais elevados que os AG insaturados

ü Produzidos por todos os organismos.

ü O ácido palmítico é o produto direto da AG sintase.



Ácidos Graxos Polinsaturados

Ácidos graxos poliinsaturados (AGPI)
Sintetizados por algas unicelulares, plantas, microorganismos e alguns animais como certas espécies
de crustáceos (krill), nematoides (C. elegans) e artrópodes (B. argentifolii).

Para sintetizar AGPI, um organismo deve possuir dessaturases que atuem nos carbonos próximos ao
terminal metila (Δ12 e Δ15).
Os vertebrados possuem apenas Δ9 dessaturases e enzimas que inserem duplas ligações mais
próximas do grupo carboxila

AGPI de cadeia longa (C18) - presentes em altas concentrações em óleos vegetais como linhaça, soja,
girassol, etc. Plantas normalmente não produzem AGPI de cadeia muito longa

AGPI de cadeia muito longa (C20 – C22) – presentes em altas concentrações no óleo de peixes de águas
frias. Acumulam-se em organismos no topo da cadeia alimentar como atum, salmão, arenque, focas, etc.



C16:0  ácido palmítico

C16:1  ácido palmitoleico

C18:0  ácido esteárico

C18:1  ácido oleico
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Ácidos Graxos nos Alimentos

ü O ácido esteárico (C18:0) é mais abundantes em carnes de aves e mamíferos

ü O ácido palmítico (C16:0) é amplamente distribuído, encontrado especialmente no óleo de palma

ü AG saturados de cadeia média C12:0 – C14 são abundantes em óleo de côco e palma

ü AG saturados de cadeia curta e média C4:0 – C6:0 são abundantes em produtos lácteos

ü AGPI de cadeia muito longa (n-3) EPA e DHA (C20:5n3, C22:6n3) - abundantes em peixes de águas frias

apoptosis in a variety of tumor cells [45] while other SFA may also
influence apoptosis via the ceramide pathway through the induction
of ceramide de novo synthesis at several steps, including serine
condensation with palmitoyl-CoA [46].

3. Human milk SFA

The FA inmilk deserve special attention, sincemilk is the only food
that is produced by the animals' own biochemical machinery and
therefore provides insight into the animal's physiological needs and
evolutionary past. Humanmilk may consequently harbor information
on the importance of many nutrients, including SFA. Nevertheless, the
optimal human milk composition has been subject of study for
decades. There is e.g. no gold standard for the human milk FA
composition. This composition is dependent on the short- and long-
term maternal diet [47], while there is a lack of consensus regarding
the optimal maternal diet [48]. The large worldwide variability of the
human milk FA composition is testimony of the wide variety of foods
tolerated by human beings, with dietary FA and CHO as major
determinants [48]. There is, however, some degree of unity, and this is
notably the case for SFA.

SFA represent around 40–60 g% of humanmilk FA [49], while 14:0
and shorter-chain SFA (less than 12 carbons) usually represent each
about 10 g% [31] and 16:0 is about 22 g% [48] (Table 2). Despite the
large biological variation in the composition of human milk FA,
palmitate exhibits the lowest worldwide biological variation [48].
Myristic acid, 12:0 and shorter-chain SFA are produced in the
mammary gland under the influence of a unique uncoupling protein
that functions in the local de novo FA synthesis (DNL) from glucose.
These MCFA are largely incorporated into milk TGs, following a CHO-
rich meal [50]. It is, however, unlikely that, in the past, abundant
dietary CHO served as a major substrate for MCFA production in the
mammary gland, since the routine consumption of CHO-rich dietswas
not part of our culture until the start of the Agricultural revolution,
some 10,000 years ago [51]. The inhabitants of the island of Chole and
of Dar-es-Salaam, both in Tanzania, present low-CHO intakes from
grains and corn and high consumptions of coconut. Theirmilks exhibit
the highest caprylic acid (8:0) and 12:0 contents [51] (Table 2),
confirming MCFA incorporation into human milk lipids following
coconut consumption [51,52].

Milk MCFAmay confer many favorable properties to the newborn.
They serve as easily absorbable energy sources and exhibit broad-
spectrum antiviral and antimicrobial properties. Milk MCFA content
increases with advancing lactation [30,53], and the colostrum of
mothers delivering preterm presents a higher MCFA content than
those delivering at term [54]. MCFA in TGs entering the neonatal
gastrointestinal tract are easily released by tongue lipase. Subse-
quently, the pancreatic- and milk-stimulated biliary lipases can
process more effectively the already partially digested TGs [55].
Because of their polarity, the released MCFA are already largely
absorbed in the stomachof the neonate, and thereby acting as a rapidly
available energy source for the breastfed child. Lauric acid exhibits
antimicrobial properties, against, among others, Helicobacter pylori
[56], and operates synergistically with 1-monomyristyl as a bacteri-
ostatic agent in the formof 1-monolauryl [57]. Finally, it is noteworthy
that, in the developing brain, the essential FA alpha-linolenic acid is
mostly converted into SFA and cholesterol [58], which are the two
main culprits in the “lipid hypothesis” of CVD [14].

Summarizing the past two paragraphs, it is clear that SFA are not
essential nutrients by definition. They have, nevertheless, important
functions that deserve acknowledgement. Stigmatizing SFA and
removing them from our diet may not be the “magic bullet” in the
fight against the burden of typicallyWestern diseases of affluence. The
indisputably high human milk SFA content is testimony of their
beneficial effects, at least in breastfed infants.

4. The “lipid hypothesis” of Keys and its consequences

The “lipid hypothesis” supports the concept that fat, especially SFA,
as well as dietary cholesterol, raises blood cholesterol and thereby
contributes to CVD risk [13]. However, the preliminary data from 22
different countries did not support the hypothesis that fat intake was
unambiguously related with CVD (Fig. 1A) [59]. Data from 15
countries were excluded (Fig. 1B) in the published version of the
Seven Countries Study [13]. Nevertheless, the findings gave rise to the
first set of national dietary recommendations [59]. These recommen-
dations advised us to reduce total fat to 30 energy% and SFA to
10 energy%. They occurred despite the negative outcomes of RCTs
published between 1965 and 1978, i.e. prior to the first issue of these
recommendations in 1977 and 1983 in theUSA andUK, respectively. A

Table 1
Fat and FA content (saturated, monounsaturated and polyunsaturated) in different foods in g%

Oils Dairy products Meat and fish

Fat and
FA

Coconut
oil a

Palm
oila

Fish oil
(cod liver)a

Olive
oila

Sunflower
oil (high
LA, N65%)a

Buttera Cheese,
parmesana

Milk,
cowa

Milk,
sheepa

Beef,
tenderloin,
rawa

Beef,
sirloin,
steak,
rawb

Chicken
(white
meat)b

Game
meat,
antelope,
rawa

Game
meat,
moose,
rawa

Fatty fish
(salmon,
Australian)c

Fat content 100.00 100.00 100.00 100.00 100.00 81.11 25.83 3.25 7.00 21.83 11.13 1.60 2.03 0.74 11.10
SFA 86.50 49.30 22.61 13.80 10.30 61.92 63.53 57.23 65.76 41.04 40.35 23.13 36.45 29.73 28.03
12:0 44.60 0.10 NA 0.00 0.00 2.79 3.38 2.37 3.41 0.18 0.22 0.00 0.00 NA NA
14:0 16.80 1.00 3.57 0.00 0.00 10.01 11.27 9.14 9.43 3.07 3.16 0.63 0.99 0.00 0.80
16:0 8.20 43.50 10.63 11.30 5.90 26.17 26.97 25.51 23.17 23.96 24.29 16.25 16.75 12.16 19.02
18:0 2.80 4.30 2.80 2.00 4.50 12.06 8.91 11.23 12.84 12.69 12.36 6.25 18.23 17.57 6.10
MUFA 5.80 37.00 46.71 73.00 19.50 28.13 29.09 24.98 24.63 42.42 42.81 30.00 23.65 20.27 25.80
18:1ω9 5.80 36.60 NA 71.30 19.50 25.03 25.77 24.98 22.26 37.29 37.80 25.00 23.65 18.92 16.70
PUFA 1.80 9.30 22.54 10.50 65.70 3.69 2.20 6.00 0.31 3.99 3.80 25.00 21.67 32.43 40.00
LA 1.80 9.10 0.94 9.80 65.70 2.25 1.05 3.69 2.59 2.57 2.44 15.00 12.32 18.92 2.90
AA 0.00 0.00 0.94 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.02 NA 0.12 0.07 5.10
ALA 0.00 0.20 0.94 0.80 0.00 1.45 1.15 2.31 1.81 1.15 1.19 0.63 3.45 4.05 0.80
EPA 0.00 0.00 6.90 0.00 0.00 0.00 0.00 0.00 NA NA 0.00 0.00 NA NA 6.60
DHA 0.00 0.00 10.97 0.00 0.00 0.00 0.00 0.00 NA NA 0.00 1.25 NA NA 24.60

Abbreviations: AA, arachidonic acid; ALA, alpha-linolenic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; LA, linoleic acid; MUFA, monounsaturated fatty acids; NA, not
available; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids.

a Data from [312].
b Data from [318].
c Data from [314].
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Abstract

The mantra that dietary (saturated) fat must be minimized to reduce cardiovascular disease (CVD) risk has dominated nutritional guidelines for decades.
Parallel to decreasing intakes of fat and saturated fatty acids (SFA), there have been increases in carbohydrate and sugar intakes, overweight, obesity and type 2
diabetes mellitus. The “lipid hypothesis” coined the concept that fat, especially SFA, raises blood low-density lipoprotein-cholesterol and thereby CVD risk. In
view of current controversies regarding their adequate intakes and effects, this review aims to summarize research regarding this heterogenic group of fatty
acids and the mechanisms relating them to (chronic) systemic low-grade inflammation, insulin resistance, metabolic syndrome and notably CVD. The intimate
relationship between inflammation and metabolism, including glucose, fat and cholesterol metabolism, revealed that the dyslipidemia in Western societies,
notably increased triglycerides, “small dense” low-density lipoprotein and “dysfunctional” high-density lipoprotein, is influenced by many unfavorable lifestyle
factors. Dietary SFA is only one of these, not necessarily the most important, in healthy, insulin-sensitive people. The environment provides us not only with
many other proinflammatory stimuli than SFA but also with many antiinflammatory counterparts. Resolution of the conflict between our self-designed
environment and ancient genome may rather rely on returning to the proinflammatory/antiinflammatory balance of the Paleolithic era in consonance with the
21st century culture. Accordingly, dietary guidelines might reconsider recommendations for SFA replacement and investigate diet in a broader context, together
with nondietary lifestyle factors. This should be a clear priority, opposed to the reductionist approach of studying the effects of single nutrients, such as SFA.
© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

The global burdens of the metabolic syndrome, and its conse-
quences, notably type 2 diabetes mellitus (DM2) and cardiovascular
disease (CVD) are alarmingly rising, producing enormous losses of life
quality in both developed and developing nations [1]. Most of these
burdens are preventable, since they are largely due to suboptimal
lifestyle, including excessive caloric intake, unbalanced diet, physical
inactivity, insufficient sleep, chronic stress, unhealthy environment
(e.g. smoking) and abnormal microbial flora [2–4]. Hominins have
facedmajor changes in both dietary and physical activity patterns and
body composition since our Paleolithic ancestors emerged on Earth
some 2.5 million years ago. Nowadays, there are striking differences
in dietary habits and rates of chronic diseases worldwide [5], and
therefore, the identification and targeting of dietary factors with the
greatest potential for reducing chronic diseases, notably DM2 and
CVD, are of major public health importance [6].

Fat, carbohydrates (CHO) and proteins are the primary energy-
containingmacronutrients consumed on a routine basis by humans. In
this context, the quality, rather than the quantity, of dietary CHO and
fat has become a relevant issue in the nutritional origins of
cardiometabolic conditions [6]. Among the macronutrients, fat
contains the highest amount of energy per gram. A “consumed
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Abbreviations: AHA, American Heart Association; CHO, carbohydrates;
CLA, conjugated linoleic acid; CRP, C-reactive protein; CVD, cardiovascular
disease; DHA, docosahexaenoic acid; DM2, type 2 diabetes mellitus; DNL, de
novo lipogenesis; EPA, eicosapentaenoic acid; FA, fatty acids; GI, glycemic
index; GL, glycemic load; GPR, G-protein-coupled receptor; HDL, high-density
lipoprotein; HDL-C, high-density lipoprotein-cholesterol; HPA, hypothala-
mus-pituitary-adrenal;HPG, hypothalamus-pituitary-gonadal; LA, linoleic acid;
LDL, low-density lipoprotein; LDL-C, low-density lipoprotein-cholesterol; LPS,
lipopolysaccharide; LBP, LBP, lipopolysaccharide-binding protein; MCFA,
medium-chain fatty acids; MESA, Multi-Ethnic Study of Atherosclerosis;
MUFA, monounsaturated fatty acids; NAFLD, nonalcoholic fatty liver disease;
NASH, nonalcoholic steatohepatitis; NFκB, nuclear factor kappa B; PUFA,
polyunsaturated fatty acids; RCT, randomized controlled trial; SCFA, short-
chain fatty acids; SFA, saturated fatty acids; TLR, toll-like receptor; TC, total
cholesterol; TG, triglyceride; VLDL, very low-density lipoprotein.
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Doenças Cardiovasculares

• Doenças cardiovasculares são responsáveis por 1/3 das mortes!

• Aterosclerose é um fator comum a várias doenças cardiovasculares.

• Inúmeros mecanismos envolvidos na etiologia da aterosclerose –
inflamação, estresse oxidativo, desequilíbrio no metabolismo de
lipídios.

• Influenciadas por fatores genéticos e pelo estilo de vida/ ambiente
(dieta e atividade física).



O colesterol está envolvido com a aterosclerose

Em amostras de aorta com lesões ateroscleróticas, o conteúdo 

de colesterol livre é 7 x maior e o de colesterol esterificado 26

x maior que em aortas ”normais”.



Os ácidos graxos saturados estão associados com a dislipidemia



AG saturados e mortes por doenças cardiovasculares – The Seven Countries Study



AG saturados e trans e mortes por doenças cardiovasculares – The Seven Countries Study



Lipoproteínas e o Transporte de Lipídios Plasmáticos 

Quilomícrons VLDL LDL HDL

Densidade g/ml 0,93 0,93	-	1,006 1,019	-	1,063 1,063	-	1,21

Diâmetro nm 75	-	1200 30	-	80 18	-	25 	5	-	12

Triglicérides % 86 55 6 4

Colest.	e	ést.	de	colest. % 5 19 50 19

Fosfolipídios % 7 18 22 34

Apolipoproteínas % 2 8 22 42

				Apo	A	I + - - +
				Apo	A	II - - - +
				Apo	A	IV + - - +
				Apo	A	V - + - +
				Apo	B48 	+	(48%) - - -
				Apo	B100 - 	+	(25%) 	+	(95%) -
				Apo	C	I (+) + - +
				Apo	C	II + + - +
				Apo	C	III + + - +
				Apo	D - - - +
				Apo	E + + + +
				Apo	M - + - +

• O transporte de lipídios no plasma é complexo devido a sua hidrofobicidade.

Lipídios no plasma Concentração
mg/dL mM

Triglicérides 50 - 200 0,6 – 2,4

Fosfoglicérides 160 - 250 2,2 – 3,4

Colesterol 150 - 220 3,9 – 6,2

AG não esterificados 14 - 22 0,5 – 0,8

± 30 g de lipídios na circulação

• Lipoproteínas são partículas compostas por fosfolipídios, lipídios neutros e 
apolipoproteínas responsáveis pelo transporte dos lipídios na circulação. 



Lipoproteínas

• Esquema da estrutura de uma LDL

• A ApoB100 é uma proteína com 4257 resíduos de aminoácidos e 5 domínios distintos.



Quilomícrons

Metabolismo de quilomícrons – via extrínseca

• Após entrarem na corrente sanguínea, os quilomícrons recebem ApoC e ApoE das HDLs.

• ApoCII é importante para ativação de lipase lipoprotéica (LPL), que catalisa a
degradação dos triglicérides em AG e glicerol que são absorvidos pelos tecidos
periféricos e fígado. 80% dos triglicérides são removidos dos quilomícrons pela LPL.

• O que resta dos quilomícrons (quilomícrons remanescentes) contém ApoB48, ApoE e

lipídios como o colesterol da dieta.

• O fígado, que possui receptores para ApoE internaliza os quilomícrons remanescentes e
finaliza sua degradação.
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VLDL – lipoproteínas de densidade muito baixa e
LDL - lipoproteínas de densidade baixa

Metabolismo de VLDL e LDL – via intrínseca

• As VLDL são sintetizadas no fígado e após sua secreção recebem ésteres de colesterol,
ApoE e ApoC das HDL.

• ApoCII torna estas partículas suscetíveis a ação da lipase lipoprotéica (LPL), que

hidrolisa os triglicerídios, originando as VLDL remanescentes.

• Estas podem ser internalizadas pelo fígado ou serem alvo da lipase hepática, originando
as lipoproteínas de densidade intermediárias (IDL).

• As IDL perdem suas ApoE para as HDLs, originando as LDL que contém ApoB100.

• As LDL podem ser captadas pelos tecidos extra-hepáticos ou fígado (tecidos que
apresentam LDL-R), uma vez que possuem ApoB100.
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Lipoproteínas - HDL

Metabolismo de HDL – transporte reverso de colesterol

• Transporte reverso do colesterol é o transporte dos tecidos extra-hepáticos para o fígado
desempenhado pelas HDL. Tecidos extra-hepáticos não conseguem degradar colesterol.

• O metabolismo de HDL começa com a síntese e secreção de ApoAI e ApoAII pelo fígado e
mucosa do intestino delgado na circulação.

• Na circulação, ApoAI, ApoAII, colesterol e fosfolipídios formam as HDL discoidais. O
transportador ABCA1 é responsável pelo transporte de colesterol para o plasma.

• A proteína de transferência de fosfolipídios (PLTP) transfere fosfolipídios de lipoproteínas
ricas em triglicerídios para as HDL discoidais.

• A lecitina colesterol aciltransferase (LCAT), secretada pelo fígado se liga à ApoAI e cataliza
a reação: colesterol + fosfatidilcolina = éster de colesterol + lisofosfatidilcolina. Isso causa
aumento do conteúdo de ésteres de colesterol e diminuição da fosfatidilcolina na HDL.



Lipoproteínas - HDL

Metabolismo de HDL – transporte reverso de colesterol (cont.)

• Com a incorporação do colesterol captado nos tecidos extra-hepáticos na superfície da
HDL, forma-se a HDL3. Esta é enriquecida com colesterol e apolipoproteínas proveniente
das VLDL, originando as HDL2.

• Os lipídios presentes nas HDL podem ser captados pelo fígado de 3 maneiras:

① Captação seletiva de ésteres de colesterol através do “scavenger receptor B1”

② Atividade da proteína de transferência de ésteres de colesterol (CETP), que permite a
troca de ésteres de colesterol das HDL2 por triglicérides das VLDL, resultando em HDL2

carregadas de triglicérides e VLDL ricas em colesterol, similares à LDLs. A seguir, a
lipase hepática degrada os triglicérides das HDL2 carregadas com triglicérides, que se
tornam novamente discoidais ou HDL3. As LDL e VLDL ricas em ésteres de colesterol
são captadas pelo fígado devido à presença do receptor de LDL (LDL-R).

③ Captação de HDL2 pelo fígado através dos receptores para ApoE ou ApoA1.
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Aterosclerose
Iniciação da lesão aterosclerótica – estrias gordurosas (fatty streak)

ü Disfunção endotelial e retenção de lipoproteínas (ApoB) no espaço subendotelial;

ü Modificação das lipoproteínas e ativação das células endoteliais, que passam a expressar moléculas
de adesão e a recrutar leucócitos;

ü Transmigração de monócitos, que se diferenciam em macrófagos e internalizam as lipoproteínas,
tornando-se células espumosas.



Aterosclerose
Progressão da placa

ü Células espumosas e endoteliais continuam recrutando leucócitos para o espaço sub-endotelial;

ü Células de músculo liso migram para a lesão, convertendo a estria gordurosa em uma lesão fibrosa;

ü Algumas células musculares tornam-se células espumosas pela internalização de lipoproteínas



Aterosclerose
Placa estável

ü Capa fibrosa com camadas de células musculares e matriz extracelular (colágeno...);

ü A capa fibrosa é mantida pela regulação da inflamação no núcleo da placa (secreção de citocinas
pró-inflamatórias e fagocitose de células mortas).



Aterosclerose
Placa vulnerável

ü Núcleo da placa com inflamação não-resolvida - fim do perfil anti-inflamatório;

ü Macrófagos inflamados são menos eficientes no efluxo de colesterol, resultando em necrose;

ü O ambiente inflamatório causa morte dos miócitos e redução da matriz da capa fibrosa;

ü A ruptura da capa fibrosa expões componentes pró-trombóticos e o trombo se forma – eventos clínicos
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© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

The global burdens of the metabolic syndrome, and its conse-
quences, notably type 2 diabetes mellitus (DM2) and cardiovascular
disease (CVD) are alarmingly rising, producing enormous losses of life
quality in both developed and developing nations [1]. Most of these
burdens are preventable, since they are largely due to suboptimal
lifestyle, including excessive caloric intake, unbalanced diet, physical
inactivity, insufficient sleep, chronic stress, unhealthy environment
(e.g. smoking) and abnormal microbial flora [2–4]. Hominins have
facedmajor changes in both dietary and physical activity patterns and
body composition since our Paleolithic ancestors emerged on Earth
some 2.5 million years ago. Nowadays, there are striking differences
in dietary habits and rates of chronic diseases worldwide [5], and
therefore, the identification and targeting of dietary factors with the
greatest potential for reducing chronic diseases, notably DM2 and
CVD, are of major public health importance [6].

Fat, carbohydrates (CHO) and proteins are the primary energy-
containingmacronutrients consumed on a routine basis by humans. In
this context, the quality, rather than the quantity, of dietary CHO and
fat has become a relevant issue in the nutritional origins of
cardiometabolic conditions [6]. Among the macronutrients, fat
contains the highest amount of energy per gram. A “consumed
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A ativação de TLR4 é um dos mecanismos de ação pró-inflamatória dos AG saturados

between SFAs and TLR4 signaling in causing fatty acid overload-asso-
ciated inflammatory diseases. The following sections will focus on this
rapidly expanding field, addressing the mechanistic roles of TLR4 in
SFA- or HFD-induced sterile inflammation and insulin resistance in a
variety of cells, tissues and organs.

2.3. Crosstalk between SFAs and TLR4 in insulin resistance

Systemic inflammation during nutritional excess is a pivotal con-
tributor to insulin resistance [65]. SFA- or HFD-induced chronic low-
grade sterile inflammation is one of the leading causes of insulin re-
sistance in peripheral tissues or organs [35,66,67]. TLR4 activation by
SFAs in cultured adipocytes, monocytes/macrophages, hepatocytes,
endothelial cells, and skeletal muscle cells significantly attenuated in-
sulin signaling, which could be completely abolished by TLR4 inhibi-
tion or deletion [27,38,48,51,68–71]. Either targeted inhibition or
naturally occurring mutations of TLR4 could rescue mice/rats from
HFD- or lipid infusion-induced insulin resistance in classical in-
sulinotropic tissues such as adipose tissue, thoracic aorta, skeletal
muscle and liver [27,34,38,51,52,57,66,72,73]. Both TLR4 expression
and responsiveness to its agonists were enhanced in various tissues
affected by insulin resistance [51,71]. TLR4 deficiency even protected
these tissues from HFD-induced endoplasmic reticulum (ER) stress [53],
a central contributing feature of peripheral insulin resistance and
T2DM. Therefore, elevated SFAs might trigger a detrimental positive
feedback loop resulting in the propagation of insulin resistance by ac-
tivating TLR4 signaling. A potential confounder from studies using mice
with global TLR4 deficiency or mutation is a reduction in body weight
of the animals under HFD conditions (from week 8 to 21) compared to
control [34,35,37,51,66,74,75], making it difficult to distinguish the
relative contributions of weight loss or TLR4 mutation in improving
insulin sensitivity. More in-depth investigations into the specific role of
TLR4 in tissues with high SFA metabolism are warranted.

3. Molecular mechanisms underlying the crosstalk between SFAs
and TLR4

Acylated SFAs within the lipid A moiety of LPS are responsible for
its biological activity through direct binding with the lipid binding sites
within TLR4, and removal of these saturated fatty acyl chains leads to
complete loss of endotoxic properties of LPS including its activation of
TLR4 signaling [76]. However, there are discrepant data in the litera-
ture. Early X-ray crystallographic analyses showed that saturated fatty
acyl chains of LPS directly occupy the hydrophobic lipid binding do-
mains of TLR4 to induce a dimerization that is essential for its activa-
tion. This property of LPS leads to the original hypothesis that SFA is a
possible ligand of TLR4 [25,77,78]. Later studies, however, demon-
strated that SFAs could induce dimerization of TLR4 and activation of
downstream signaling without direct interaction with lipid binding
domains of TLR4 [42,48], suggesting a diversified regulatory me-
chanism of TLR4 signaling and the subsequent immune response pro-
voked by various endogenous DAMPs including those of dietary origin.

On the other hand, data from studies using different experimental
approaches suggested that SFAs were unlikely to be TLR4 agonists.
First, a computational technique (atomically detailed molecular dy-
namics simulation) demonstrated that palmitic acid could not stabilize
the active TLR4/myeloid differentiation factor 2 (MD2) complex, a
conformational change that is fundamentally required for TLR4 acti-
vation [79]. Second, palmitic acid could not induce TLR4 dimerization
and endocytosis that are required for TLR4 activation [79]. Finally,
palmitic acid yielded a much slower and weaker TLR4-dependent pro-
inflammatory response than LPS [18,27,42,45,79–81]. These studies
incriminated adverse cell culture conditions (e.g., components in fetal
bovine serum, contaminated bovine serum albumin) that activated
TLR4 by priming cells to SFA-induced inflammation, in lieu of direct
TLR4 activation upon SFA exposure [79,82]. However, they fail to
pinpoint which cell culture components triggered TLR4 activation and

Fig. 1. Schematic diagram of SFAs-induced translocation, dimerization and endocytosis of TLR4. SFA stimuli facilitate the recruitment of inactive monomeric TLR4
into a lipid raft, after which TLR4 forms a homodimer in the presence of co-adaptor MD2, which is followed by dimerization of two TLR4/MD2 complexes that recruit
intracellular adaptor molecules to trigger MyD88-dependent signaling or the complex may be endocytosed into the cytoplasmic endosome network to initiate
MyD88-independent intracellular signaling cascade.

B. Li, et al. 3URJUHVV�LQ�/LSLG�5HVHDUFK�����������������

�

• Ácidos graxos saturados recrutam Toll-like Receptor-4 (TLR4) para os lipid rafts

• Nos lipid rafts, formam-se homodímeros com as subunidades de TLR4

• A dimerização de TLR4 desencadeia uma cascata de sinalização intracelular que culminam na 
transcricão de citocinas pró-inflamatórias

previous studies have already excluded contamination by PRR agonists
in the cell culture systems [17,45,46,81] or in bovine serum albumin by
administration of water-soluble palmitic acid or lauric acid [81,83].

Despite these discrepancies and the lack of direct evidence that
shows binding of TLR4 by SFAs, prevailing opinion supports SFAs to be
agonists for TLR4. Mechanistically, SFAs promote translocation of TLR4
into lipid rafts in the plasma membrane for subsequent TLR4/MD2
complex dimerization and endocytosis (Fig. 1) [18,25,39,46,58,77,83].
Thereafter two downstream signaling cascades may be triggered in-
cluding MyD88-dependent and MyD88-independent pathways (Fig. 2),
which will be discussed in the following sections.

3.1. MyD88-dependent pathway

In the MyD88-dependent pathway initiated by SFAs or HFD, a
conformational change in TLR4 is required for the recruitment of cy-
tosolic adapter protein MyD88 and Toll/interleukin 1 receptor domain-
containing adaptor protein (TIRAP) [17,38,40,43,77,84]. The associa-
tion of TLR4-MD2 with the adaptor proteins TIRAP-MyD88 plays a
critical role in initiating TLR4 activation signaling by SFAs. Indeed,
MD2 or MyD88 knockout mice were protected against from palmitic

acid- or HFD-induced cell or tissue injury [50,58]. Crosstalk between
TLR4-MD2 and TIRAP-MyD88 phosphorylates IRAK [20,38,40,43],
which binds to its adaptor protein TRAF6, followed by activation of
transforming growth factor β-activated kinase 1 (TAK1) that in turn
switches on the inhibitory-κB kinase (IKK) and mitogen-activated pro-
tein kinase (MAPK) pathways [27,40,59,81,85,86]. The mobilization of
the IKK complex (IKKα, IKKβ, IKKγ) compels phosphorylation of in-
hibitory-κB (IκB) and activation of canonical NF-κB, culminating in
synthesis and secretion of numerous pro-inflammatory cytokines and
chemokines like interleukin (IL) 1α, IL1β, IL6, IL8, IL12, tumor necrosis
factor α (TNFα), COX2, interferon γ (IFNγ), C–C motif chemokine li-
gand 2 (CCL2), intracellular adhesion molecule (ICAM), vascular cell
adhesion molecule 1 (VCAM1), C-X-C motif chemokine ligand (CXCL)
1, CXCL2, suppressor of cytokine signaling 3 (SOCS3)
[17,18,25,27,34–40,43,45,46,48,51,52,67,71,78,79,81,83,84,87–89],
and many more. Furthermore, even transient phosphorylation of
phosphoinositide 3-kinase/protein kinase B (PI3K/Akt) causes a
downstream signaling cascade of TLR4/MyD88 to mediate lauric acid
or palmitic acid-induced NF-κB activation and gene expression [40,85].
Activation of MAPK by TAK1, including extracellular signal-regulated
kinase (ERK), c-Jun N-terminal kinase (JNK) and p38 stress-activated

Fig. 2. Overview of TLR4 signaling cascades activated by SFAs. SFAs stimuli trigger the dimerization of TLR4 to form TLR4/MD2 heterodimers, followed by
recruitment of adaptor molecules TIRAP or TRAM, leading to activation of MyD88-dependent or MyD88-independent signaling cascade. In the MyD88-dependent
pathway, translocation of TIRAP to the cell membrane enables further recruitment of MyD88 and the interaction of TIRAP-MyD88 senses active TLR4 and then
mobilizes and phosphorylates IRAKs. IRAKs then dissociate from MyD88 and engage TRAF6 to motivate interaction of TRAF6 with TAK1, which activates IKK and
induces IκB phosphorylation. Phosphorylated IκB undergoes ubiquitination and degradation by proteasomes, thus activating NF-κB and facilitating its translocation
into the nucleus to modulate the expression of pro-inflammatory cytokines. In addition to IKK, MAPK signaling pathway can be activated by TRAF6 and result in
nuclear translocation of AP1. Activation of NF-κB and AP-1 contributes to the expression of multiple pro-inflammatory cytokines such as TNFα, IL1β, IL6, etc. In the
MyD88-independent cascade, TRAM-TRIF pair of adaptor proteins interacts with TBK1 and IKK to initiate the phosphorylation of IRF3. IRF3 translocates to the
nucleus where IRF3 mediates the expression of interferons. Similar to the MyD88-dependent pathway, TRIF is also capable of recruiting TRAF6 and activating TAK1,
which in turn activates NF-κB. Meanwhile, SFA-induced TLR4 activation may facilitate ROS production and the subsequent translocation of NF-κB into the nucleus by
enhancing the activity of NADPH oxidase. Finally, SFA-activated TLR4 signaling may suppress insulin and leptin signaling transduction by inhibiting IRS1 and STAT3
respectively, but activate the renin-angiotensin system in a NF-κB-dependent manner.
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A B S T R A C T

Obesity is featured by chronic systemic low-grade inflammation that eventually contributes to the development
of insulin resistance. Toll-like receptor 4 (TLR4) is an important mediator that triggers the innate immune
response by activating inflammatory signaling cascades. Human, animal and cell culture studies identified sa-
turated fatty acids (SFAs), the dominant non-esterified fatty acid (NEFA) in the circulation of obese subjects, as
non-microbial agonists that trigger the inflammatory response via activating TLR4 signaling, which acts as an
important causative link between fatty acid overload, chronic low-grade inflammation and the related metabolic
aberrations. The interaction between SFAs and TLR4 may be modulated through the myeloid differentiation
primary response gene 88-dependent and independent signaling pathway. Greater understanding of the crosstalk
between dietary SFAs and TLR4 signaling in the pathogenesis of metabolic imbalance may facilitate the design of
a more efficient pharmacological strategy to alleviate the risk of developing chronic diseases elicited in part by
fatty acid overload. The current review discusses recent advances in the impact of crosstalk between SFAs and
TLR4 on inflammation and insulin resistance in multiple cell types, tissues and organs in the context of metabolic
dysregulation.

1. General view of SFAs-induced inflammation in metabolic
disease

The worldwide prevalence of obesity has doubled since 1980 such

that a total of 107.7 million children and 603.7 million adults were
obese in 2015 [1]. Obesity is a global epidemic resulting from an in-
terplay between genetic and environmental factors such as sedentary
lifestyle and unhealthy dietary habits characterized by a high
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A B S T R A C T

Obesity is featured by chronic systemic low-grade inflammation that eventually contributes to the development
of insulin resistance. Toll-like receptor 4 (TLR4) is an important mediator that triggers the innate immune
response by activating inflammatory signaling cascades. Human, animal and cell culture studies identified sa-
turated fatty acids (SFAs), the dominant non-esterified fatty acid (NEFA) in the circulation of obese subjects, as
non-microbial agonists that trigger the inflammatory response via activating TLR4 signaling, which acts as an
important causative link between fatty acid overload, chronic low-grade inflammation and the related metabolic
aberrations. The interaction between SFAs and TLR4 may be modulated through the myeloid differentiation
primary response gene 88-dependent and independent signaling pathway. Greater understanding of the crosstalk
between dietary SFAs and TLR4 signaling in the pathogenesis of metabolic imbalance may facilitate the design of
a more efficient pharmacological strategy to alleviate the risk of developing chronic diseases elicited in part by
fatty acid overload. The current review discusses recent advances in the impact of crosstalk between SFAs and
TLR4 on inflammation and insulin resistance in multiple cell types, tissues and organs in the context of metabolic
dysregulation.

1. General view of SFAs-induced inflammation in metabolic
disease

The worldwide prevalence of obesity has doubled since 1980 such

that a total of 107.7 million children and 603.7 million adults were
obese in 2015 [1]. Obesity is a global epidemic resulting from an in-
terplay between genetic and environmental factors such as sedentary
lifestyle and unhealthy dietary habits characterized by a high
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protein kinase (p38), upregulates the transcription factor activator
protein 1 (AP1) to induce its downstream pro-inflammatory cytokines
and chemokines [27,37,38,40,46,59,75,79,81,83,85,90,91].

Palmitic acid or HFD-activated TLR4/MyD88/IRAK/NF-κB sig-
naling also provokes nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase-dependent reactive oxygen species (ROS) production
to modulate pro-inflammatory responses [43,46,49]. SFA-initiated
TLR4/NF-κB pro-inflammatory signaling is partly dependent on NADPH
oxidase-induced generation of superoxide. Reduction of superoxide
synthesis by repression of NADPH oxidase suppresses lauric acid-in-
duced recruitment of TLR4 into lipid rafts and its subsequent dimer-
ization [77], thus mitigating palmitic acid-induced pro-inflammatory
signaling [43]. These data suggested a positive feedback loop in acti-
vating the TLR4/MyD88/IRAK pathway through downstream signaling
initiated by NADPH oxidase-mediated superoxide. In TLR4-induced
insulin resistance, palmitic acid-activated TLR4/IKKβ/NF-κB signaling
initiated a cascade of events that suppress phosphorylation of insulin-
mediated insulin receptor substrate 1 (IRS1), Akt, endothelial nitric
oxide synthase (eNOS) and PI3K activity, as well as nitric oxide pro-
duction that is crucial in maintaining a functioning vascular en-
dothelium [27,38,51]. Furthermore, palmitic acid-activated TLR4/
MyD88 signaling promoted leptin resistance via repressing signal
transducer and activator of transcription 3 (STAT3) [50], a transcrip-
tion factor involved in lipid metabolism and immune function [92].
Taken together, these findings provide novel insights into the molecular

bases whereby SFAs regulate TLR4 signaling and the subsequent in-
flammatory responses involved in the progression of multiple chronic
metabolic diseases.

3.2. MyD88-independent pathway

In MyD88-independent pathway, the adaptor protein Toll/inter-
leukin 1 receptor domain-containing adaptor protein-inducing inter-
feron β (TRIF) is recruited upon TLR4 activation by lauric acid [20,77].
This adaptor protein interacts with TRIF-related adaptor molecule
(TRAM) and recruits TNF receptor associated factor 3 (TRAF3) which
coordinates with TBK1 (TRAF family member-associated NF-κB acti-
vator binding kinase 1) and IKKi (also known as IKKε) to result in di-
merization and translocation of interferon regulatory factor 3 (IRF3), a
stimulant of interferon-inducible cytokines [17,20]. TRAM-TRIF pair of
adaptor proteins delays the activation of NF-κB signaling induced by
SFAs [17].

Collectively, multiple targets can potentially be exploited to dampen
TLR4-mediated immune responses during SFA-induced metabolic
aberrations, including endogenous agonists of TLR4, expression and
activity of TLR4 crosstalk with its adaptors, and their downstream
signaling molecules (Fig. 2).

Fig. 3. Overview of SFA-induced TLR4 activation in the regulation of inflammation and insulin sensitivity in integrated cells, tissues and organs. TLR4 is robustly
expressed in monocytes/macrophages upon SFA stimulation, which facilitates pro-inflammatory M1 phenotype transition via exaggerating the production of related
cytokines and chemokines through activation of NF-κB and MAPK (i.e. JNK, ERK, p38) signaling pathways. These mediators subsequently enter the circulation to
induce systemic and local inflammation and insulin resistance. In adipocytes/adipose tissue, SFA-activated TLR4 triggers the release of pro-inflammatory cytokines
and chemokines predominantly through the NF-κB and JNK pathways, which is followed by macrophage infiltration, ROS production, ER stress, as well as suppressed
adiponectin secretion and insulin signal transduction through IRS1 that eventually leads to insulin resistance. In liver, TLR4 is expressed in hepatocytes and
residential macrophages (Kupffer cells). SFA-elicited TLR4 activation in different liver cells mainly depends on NF-κB signaling to up-regulate pro-inflammatory
cytokines, adhesion molecules to result in severe macrophage infiltration, ER stress and insulin resistance. Similarly, TLR4 activation in skeletal muscles or fibroblasts
upon SFA challenge induces inflammation, ER stress and macrophage infiltration mainly in a NF-κB-dependent manner, whereas IRS1- or GLUT4-mediated insulin
signal transduction is diminished and this drives insulin resistance within skeletal muscle. SFA-activated pancreatic TLR4 reduces insulin secretion due to enhanced
chemokine secretion and macrophage infiltration within pancreas. In the central nervous system, SFA-induced TLR4 activation in different neuronal cell types leads
to inflammation, ER stress, oxidative stress and macrophage infiltration via NF-κB and MAPK signaling, and results in insulin and leptin resistance within the brain.
SFA-induced TLR4 activation in cardio-vasculature aggravates inflammation, oxidative stress and macrophage infiltration, as well as diminished IRS1-mediated
insulin signal, thus leading to insulin resistance in endothelial cells and cardiomyocytes.
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Obesity is featured by chronic systemic low-grade inflammation that eventually contributes to the development
of insulin resistance. Toll-like receptor 4 (TLR4) is an important mediator that triggers the innate immune
response by activating inflammatory signaling cascades. Human, animal and cell culture studies identified sa-
turated fatty acids (SFAs), the dominant non-esterified fatty acid (NEFA) in the circulation of obese subjects, as
non-microbial agonists that trigger the inflammatory response via activating TLR4 signaling, which acts as an
important causative link between fatty acid overload, chronic low-grade inflammation and the related metabolic
aberrations. The interaction between SFAs and TLR4 may be modulated through the myeloid differentiation
primary response gene 88-dependent and independent signaling pathway. Greater understanding of the crosstalk
between dietary SFAs and TLR4 signaling in the pathogenesis of metabolic imbalance may facilitate the design of
a more efficient pharmacological strategy to alleviate the risk of developing chronic diseases elicited in part by
fatty acid overload. The current review discusses recent advances in the impact of crosstalk between SFAs and
TLR4 on inflammation and insulin resistance in multiple cell types, tissues and organs in the context of metabolic
dysregulation.

1. General view of SFAs-induced inflammation in metabolic
disease

The worldwide prevalence of obesity has doubled since 1980 such

that a total of 107.7 million children and 603.7 million adults were
obese in 2015 [1]. Obesity is a global epidemic resulting from an in-
terplay between genetic and environmental factors such as sedentary
lifestyle and unhealthy dietary habits characterized by a high
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Abbreviations: ATF3, activating transcription factor 3; ACC1, acetyl-CoA carboxylase 1; AP1, activator protein 1; Akt, protein kinase B; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; BMDCs, bone marrow-derived dendritic cells; BMP4, bone morphogenetic protein 4; CCL, C-C motif chemokine ligand;
CD, cluster of differentiation; CNS, central nervous system; COX2, cyclooxygenase 2; CVD, cardiovascular disease; CXCL, C-X-C motif chemokine ligand; DAMPs,
damage-associated molecular patterns; DCs, dendritic cells; DIO, diet-induced obesity; eNOS, endothelial nitric oxide synthase; ER, endoplasmic reticulum; ERK,
extracellular signal-regulated kinase; FAS, fatty acid synthase; GLUT4, glucose transporter 4; HFD, high-fat diet; HMGB1, high-mobility group box 1; HA, hyaluronan;
IFNγ, interferon γ; ICAM, intracellular adhesion molecule; iNOS, inducible nitric oxide synthase; IKK, inhibitory-κB kinase; IκB, inhibitory-κB; IL, interleukin; INS2,
insulin 2; IRAK, interleukin 1 receptor-associated kinase; IRF3, interferon regulatory factor 3; IRS1, insulin receptor substrate 1; JNK, c-Jun N-terminal kinase; LPS,
lipopolysaccharide; MAPK, mitogen-activated protein kinase; MCP1, monocyte chemoattractant protein 1; MD2, myeloid differentiation factor 2; MHC, major
histocompatibility complex; MIP1, macrophage inflammatory protein 1; MMP, pro-matrix metalloproteinase; MyD88, myeloid differentiation primary response gene
88; NADPH, nicotinamide adenine dinucleotide phosphate; NEFAs, non-esterified fatty acids; NF-κB, nuclear factor-κB; NO, nitric oxide; NOX4, NADPH oxidase 4;
p38, p38 stress-activated protein kinase; PAI1, plaminogen activator inhibitor 1; PAMPs, pathogen-associated molecular patterns; PDX1, pancreas and duodenum
homeobox protein 1; PI3K, phosphoinositide 3-kinase; PPARγ, peroxisome proliferator-activated receptor γ; PRR, pathogen recognition receptor; ROS, reactive
oxygen species; SAA, serum amyloid A; SCD1, stearoyl-CoA desaturase 1; SFAs, saturated fatty acids; siRNA, small interfering RNA; SOD2, superoxide dismutase 2;
SOCS3, suppressor of cytokine signaling 3; STAT3, activator of transcription 3; T2DM, type 2 diabetes mellitus; TAK1, transforming growth factor β-activated kinase
1; TBK1, TRAF family member-associated NF-κB activator binding kinase 1; TIRAP, Toll/interleukin 1 receptor domain-containing adaptor protein; TLRs, Toll-like
receptors; TNFα, tumor necrosis factor α; TRAF3, TNF receptor-associated factor 3; TRAF6, TNF receptor-associated factor 6; TRAM, TRIF-related adaptor molecule;
TRIF, Toll/interleukin 1 receptor domain-containing adaptor protein-inducing interferon β; USFAs, unsaturated fatty acids; VCAM1, vascular cell adhesion molecule
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A B S T R A C T

Obesity is featured by chronic systemic low-grade inflammation that eventually contributes to the development
of insulin resistance. Toll-like receptor 4 (TLR4) is an important mediator that triggers the innate immune
response by activating inflammatory signaling cascades. Human, animal and cell culture studies identified sa-
turated fatty acids (SFAs), the dominant non-esterified fatty acid (NEFA) in the circulation of obese subjects, as
non-microbial agonists that trigger the inflammatory response via activating TLR4 signaling, which acts as an
important causative link between fatty acid overload, chronic low-grade inflammation and the related metabolic
aberrations. The interaction between SFAs and TLR4 may be modulated through the myeloid differentiation
primary response gene 88-dependent and independent signaling pathway. Greater understanding of the crosstalk
between dietary SFAs and TLR4 signaling in the pathogenesis of metabolic imbalance may facilitate the design of
a more efficient pharmacological strategy to alleviate the risk of developing chronic diseases elicited in part by
fatty acid overload. The current review discusses recent advances in the impact of crosstalk between SFAs and
TLR4 on inflammation and insulin resistance in multiple cell types, tissues and organs in the context of metabolic
dysregulation.

1. General view of SFAs-induced inflammation in metabolic
disease

The worldwide prevalence of obesity has doubled since 1980 such

that a total of 107.7 million children and 603.7 million adults were
obese in 2015 [1]. Obesity is a global epidemic resulting from an in-
terplay between genetic and environmental factors such as sedentary
lifestyle and unhealthy dietary habits characterized by a high
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Ácidos graxos Polinsaturados n-3 Protegem contra Dislipidemia



Efeito anti-hipertensivo
ü Os AGPI n-3 protegem contra a hipertensão por diferentes mecanismos:

ü Produção de prostaglandinas vasodilatadoras

ü Inibição da enzima conversora de angiotensina, reduzindo a pressão arterial

ü Inducão de Cyp450, contribuindo para a ativação da eNOS, aumentando NO – vasodilatacão

Os AG polinsaturados n-3 Protegem contra a Aterosclerose



Efeito anti-inflamatório
ü Inibição da formação de lipid rafts
ü Inibição de NFkB via ativação de PPAR gama
ü Síntese de resolvinas e eicosanoides
ü Competição com ác. araquidônico pela formação de eicosanoides

Os AG polinsaturados n-3 Protegem contra a Aterosclerose

Review

Marine omega-3 fatty acids and inflammatory processes: Effects,
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Inflammation is a condition which contributes to a range of human diseases. It involves a multitude of cell types,
chemicalmediators, and interactions. Eicosapentaenoic acid (EPA) anddocosahexaenoic acid (DHA) are omega-3
(n−3) fatty acids found in oily fish and fish oil supplements. These fatty acids are able to partly inhibit a
number of aspects of inflammation including leukocyte chemotaxis, adhesion molecule expression and
leukocyte–endothelial adhesive interactions, production of eicosanoids like prostaglandins and leukotrienes
from the n−6 fatty acid arachidonic acid, production of inflammatory cytokines, and T-helper 1 lymphocyte re-
activity. In addition, EPA gives rise to eicosanoids that often have lower biological potency than those produced
from arachidonic acid and EPA and DHA give rise to anti-inflammatory and inflammation resolving mediators
called resolvins, protectins and maresins. Mechanisms underlying the anti-inflammatory actions of marine
n−3 fatty acids include altered cell membrane phospholipid fatty acid composition, disruption of lipid rafts, in-
hibition of activation of the pro-inflammatory transcription factor nuclear factor kappa B so reducing expression
of inflammatory genes, activation of the anti-inflammatory transcription factor peroxisomeproliferator activated
receptor γ and binding to the G protein coupled receptor GPR120. These mechanisms are interlinked, although
the full extent of this is not yet elucidated. Animal experiments demonstrate benefit from marine n−3 fatty
acids in models of rheumatoid arthritis (RA), inflammatory bowel disease (IBD) and asthma. Clinical trials of
fish oil in RA demonstrate benefit, but clinical trials of fish oil in IBD and asthma are inconsistent with no overall
clear evidence of efficacy. This article is part of a Special Issue entitled “Oxygenatedmetabolism of PUFA: analysis
and biological relevance”.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

1.1. Inflammation: an overview

Inflammation is a key part of the host's defence mechanism against
pathogenic organisms. Inflammation creates an environment that is
hostile to pathogens, it initiates pathogen killing, and it induces changes
of metabolism in the host. The inflammatory response involves interac-
tions amongst many cell types and the production of, and responses to,
a vast number of chemical mediators. Key early steps in the inflamma-
tory response are an increased supply of blood to the site of inflamma-
tion and an increase in vascular wall permeability that permits plasma
and largemolecules to cross the endothelium, so delivering solubleme-
diators to the site of inflammation. Leukocytes migrate from the blood
stream into the surrounding tissue, a process promoted by release of
chemoattractants from the site of inflammation and by the up-
regulation of adhesion molecules on the endothelium. These newly ar-
rived and activated leukocytes then release chemical mediators at the
site of inflammation. These mediators may include lipid-derived medi-
ators (e.g. prostaglandins (PGs), leukotrienes (LTs), endocannabinoids,

Biochimica et Biophysica Acta 1851 (2015) 469–484

Abbreviations: AEA, arachidonoyl ethanolamide; 2-AG, 2-arachidonoylglycerol; ARA,
arachidonic acid; CB, endocannabinoid receptor; COX, cyclooxygenase; DHA,
docosahexaenoic acid; DP, prostaglandin D receptor; DPA, docosapentaenoic acid; EP,
prostaglandin E receptor; EPA, eicosapentaenoic acid; GP130, glycoprotein 130; IBD, in-
flammatory bowel disease; ICAM, intercellular adhesion molecule; IκB, inhibitory subunit
of nuclear factor κB; IL, interleukin; LOX, lipoxygenase; LT, leukotriene; LX, lipoxin; MCP,
monocyte chemoattractant protein;MMP,matrixmetalloproteinase;MyD88,myeloid dif-
ferentiation primary response gene 88; NFκB, nuclear factor κB; NSAIDs, non-steroidal
anti-inflammatory drugs; PAF, platelet-activating factor; PG, prostaglandin; PPAR, peroxi-
some proliferator activated receptor; RA, rheumatoid arthritis; RXR, retinoid X receptor;
Th1, T-helper 1; Th2, T-helper 2; Th-17, T helper 17; TLR, toll-like receptor; TNF, tumour
necrosis factor; TX, thromboxane; VCAM, vascular cell adhesion molecule.
☆ This article is part of a Special Issue entitled “Oxygenatedmetabolism of PUFA: analy-
sis and biological relevance”.
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Modulação do metabolismo de lipídios – efeitos na expressão gênica
Inibição da síntese e aumento da β-oxidação de ácidos graxos

Fatores de transcrição modulados por AG

• PPARα - peroxisome proliferator activated
receptor alpha

• SREBP-1c – Sterol regulatory element binding
protein

• LXRα – liver X receptor alpha

• HNF-4α – Hepatic nuclear factor 4 alpha

• NF-κB – Nuclear factor kapp B

Os AG polinsaturados n-3 Protegem contra a Aterosclerose



Modulação do metabolismo de lipídios
Inibição da síntese e aumento da β-oxidação de ácidos graxos no fígado – consequência na
secreção de triglicérides

Os AG polinsaturados n-3 Protegem contra a Aterosclerose



Principais motivos de fracasso dos estudos de intervenção com AGPI n3:
• Dose equivocada
• População inadequada

• Estudos mal controlados
• Baixa complacência
• Qualidade do suplemento
• FATORES GENÉTICOS

Variabilidade das respostas a componentes da dieta na prevenção de DCV



Variabilidade das respostas a componentes da dieta na prevenção de DCV



Daidzeina e Doenças Cardiovasculares

• Fitoestrógenos são compostos fitoquímicos cuja estrutura se assemelha ao estradiol

• Isoflavonas são uma classe de polifenóis com atividade fitoestrogênica

17-β-estradiol
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RESUMO

ØNo começo do século 20 identificou-se a associação do colesterol com a aterosclerose. Na década de 50, foi
estabelecida a relação entre os AG saturados, dislipidemia e doenças cardiovasculares e o efeito benéficos dos AG poli-
insaturados n-3 na redução dos lipídios plasmáticos.

Ø Lipoproteínas são compostas for apolipoproteínas e lipídios responsáveis pelo transporte de lipídios no sangue .
ü Quilomícrons são secretados pelo intestino e transportam os lipídios da dieta;
ü VLDL são lipoproteínas liberadas pelo fígado, ricas em triglicerídios
ü LDL são derivadas das VLDL e são ricas em colesterol;
ü HDL são formadas na circulação pela captação de colesterol dos tecidos, que será transportado ao fígado.

ØDesenvolvimento da Aterosclerose
ü As placas de aterosclerose iniciam-se pela infiltração de LDL no espaço subendotelial e atração de monócitos que ao fagocitarem

essas partículas se convertem em células espumosas, originando as estrias gordurosas.
ü Com o passar do tempo acumulam-se células espumosas e há migração de células da musculatura lisa para a lesão aterosclerótica,

formando a capa fibrosa.
ü Em estágios avançados da doença e em condições pró-inflamatórias, a capa fibrosa rompe-se, expondo o núcleo da lesão e causando

a formação do trombo.

ØO excesso de AG saturados na dieta é um fator de risco para as doenças cardiovasculares:
ü Estimulam vias de sinalização pró-inflamatórias de várias formas, entre elas a ativação de Toll-like receptor 4;

ØAG polinsaturados n-3 previnem doenças cardiovasculares através de diferentes mecanismos:
ü São substrato para a síntese de mensageiros lipídicos antinflamatórios;
ü Afetam a composição dos lipídios de membrana influenciando a formação de lipid rafts;
ü Previnem a hipertensão arterial;
ü Ativam o fator de transcrição PPAR⍺, que estimula a expressão de genes envolvidos na oxidação de AG e inibe a lipogênese.

ØO efeito de nutrientes e compostos fitoquímicos da dieta nas doenças cardiovasculares depende amplamente de
fatores genéticos e da microbiota intestinal.


