
Volné
 

radikály a ateroskleróza



Tuky
jsou složené

 
sloučeniny

Chemickým charakterem patří k esterům

Z
 

kyselin obsahují
 

nerozvětvené
 

alifatické
 

kyseliny
Alkoholickou složkou je glycerol

Glycerol jako trojsytný alkohol může tvořit mono-, di- a triacylglyceroly
(v dřívější

 
terminologii mono-, di-

 
a triglyceridy)









Shrnutí

Potravou jsou přijímány tyto základní
 

látky tukovité
 

povahy:

triacylglyceroly

cholesterol a jeho estery

fosfolipidy (především lecithin)





Štěpení
 

tuků
 

v
 

tenkém střevě
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DUODENUM

pankreatická

 lipasa

fosfolipasa

cholesterol 
esterasa

triacylglyceroly

fosfolipidy
(lecithin=
fosfatidylcholin)

estery 
cholesterolu
s mastnými 
kyselinami

soli

žlučových

kyselin

diacylglyceroly
monoacylglyceroly
mastné

 

kyseliny
glycerol

mastné

 

kyseliny
(lysolecithin)

volný cholesterol

Další

 

oddíly 
tenkého střeva střevní

 

lipasa monoacylglyceroly
glycerol
mastné

 

kyseliny





Hydrofobní

 

části žlučových kyselin se 
vnoří

 

do tukových kapének, hydrofilní

 
části zůstávají

 

na povrchu, to vede ke 
štěpení. Čím menší

 

kapénky, tím lepší

 
účinek pankreatické

 

lipázy

Hydrolýza triacylglycerolů

 

pankreatickou 
lipázou. Látka orlistat

 

(Xenical) inhibuje 
PL –

 

léčba obezity

Micely –

 

malé

 

agregáty lipidů

 

a žlučových kyselin. Micely přilnou 
k

 

povrchu epiteliálních buněk

 

a tuky jsou absorbovány prostou difuzí

 
nebo pomocí

 

transportního proteinu. Mastné kyseliny a 
monoacylglyceroly

 

jsou transportovány do ER, kde jsou resyntetizovány

 
triacylglyceroly. Poté jsou v GA tvořeny chylomikra

 

a exocytózou

 

jsou 
vypuzeny ven do lymfy. Tou se následně dostávají do krve.



Porter et al.

 

Nature Reviews Drug Discovery 6, 231–248 (March 2007) | doi:10.1038/nrd2197

Following

 

uptake

 

across

 

the

 

apical

 

membrane

 

of

 

the

 

enterocyte, the

 

products

 

of

 

gastrointestinal

 

(GI) lumen lipid digestion

 

—

 
monoglyceride

 

(MG) and

 

fatty

 

acid

 

(FA) —

 

can

 

either

 

diffuse

 

across

 

the

 

enterocyte

 

and

 

enter the

 

portal

 

vein

 

blood

 

or

 

be

 

re-synthesized

 
to triglyceride (TG) by either

 

the

 

2-monoglyceride

 

(2-MG) pathway

 

associated

 

with

 

the

 

smooth

 

endoplasmic

 

reticulum

 

(SER) or

 

the

 

a-

 
glycerol-3 phosphate

 

(G3P) pathway

 

associated

 

with

 

the

 

rough

 

endoplasmic

 

reticulum

 

(RER). TG formed

 

by these pathways

 

typically

 
enters

 

the

 

ER lumen and

 

is

 

assembled

 

into

 

lipoproteins

 

(LPs; represented

 

by orange

 

circles). LPs

 

are then

 

transported

 

to the

 

Golgi, 
exocytosed

 

from

 

the

 

enterocyte

 

and

 

taken

 

up

 

into

 

the

 

intestinal

 

lymphatic

 

system. As lipid contained

 

within

 

the

 

lipoprotein assembly

 
pathways

 

and

 

the

 

Golgi

 

is

 

destined

 

for transport to the

 

systemic

 

circulation

 

by the

 

intestinal

 

lymphatic

 

system, this

 

pool of

 

lipids

 

is

 
referred

 

to as the

 

lymph

 

lipid precursor

 

pool

 

(dashed

 

blue

 

line). A cytosolic

 

pool of

 

lipids

 

is

 

also

 

located

 

within

 

the

 

enterocyte. This

 

lipid 
pool comprises

 

excess

 

TG formed

 

by the

 

G3P pathway

 

and

 

endogenous

 

lipids

 

taken

 

up

 

from

 

the

 

intestinal

 

blood

 

supply

 

in the

 

form

 

of

 
either

 

FA or

 

chylomicron

 

(CM) remnants. The

 

cytosolic

 

lipids

 

are subject

 

to hydrolysis

 

by cytosolic

 

lipase and

 

the

 

digestion

 

products

 
formed

 

can

 

be

 

re-circulated

 

into

 

TG assembly

 

pathways. However, the

 

majority of

 

lipids

 

from

 

this

 

pool exit the

 

enterocyte

 

in the

 

form

 

of

 
TG or

 

free FA and

 

are taken

 

up

 

into

 

portal

 

vein

 

blood. The

 

pool of

 

lipids

 

that

 

is

 

transported

 

from

 

the

 

enterocyte

 

by the

 

portal

 

vein

 

is

 
therefore

 

referred

 

to as the

 

portal

 

lipid precursor

 

pool

 

(dashed

 

red

 

line). Recent

 

evidence suggests

 

that

 

the

 

trafficking

 

and

 

pooling

 

of

 
lipids

 

within

 

the

 

enterocyte

 

have

 

a significant

 

influence on the

 

intracellular

 

disposition

 

of

 

lipophilic

 

drugs. 



LP –

 

lipoproteinová

 

lipáza. 
Štěpí

 

triglyceridy, mastné

 
kyseliny vstřebány, zbytek 
bohatý na cholesterol do jater. 

VLDL –

 

very

 

low

 

density

 

lipoproteins
IDL –

 

intermediate

 

density

 

lipoprotein
LDL –

 

low

 

density

 

lipoprotein
HDL –

 

high

 

density

 

lipoprotein 











LDL receptor na jaterních a jiných buňkách = 
zpětnovazebná

 
regulace

Scavenger
 

receptor na Mφ
 

= fagocytóza bez regulace = 
vznik pěnových buněk = základ aterosklerózy

(Brown a Goldstein
 

–
 

Nobelova cena)



Atherosklerosa

= zúžení až uzávěr cév.
Nemá jedinou příčinu (> 200), více 

spolupůsobících faktorů: 
„Abnormální“ lipidy, hypertense, nikotin, DM, 

hypercholesterolemie, genetické dispozice, faktory srážení 
krve, homocystein, …

atherogenese

trombogenese



Cévní endotel

Klíčové postavení v ochraně cévní stěny před 
atherosklerotickými

 
změnami 

–
 

Kontrola permeability
–

 
Kontrola optimálního průtoku

–
 

Zajištění nesmáčivosti
 

povrchu (zabránění adheze 
a agregace trombocytů)

–
 

Aktivace koagulace
–

 
Kontrola fibrinolýzy, angiogeneze



Působení endotelu



Modifikace LDL

•
 

Přímá oxidace apoproteinu
 

B a PL

•
 

Vazba aldehydu na aminoskupinu Lys
 

= glykace
 usnadňuje oxidaci LDL



Další
 

obrázky

















Terapie vysoké hladiny cholesterolu



















Lipoprotein metabolism

 

has a key

 

role in atherogenesis. It

 

involves

 

the

 

transport of

 

lipids, particularly

 

cholesterol and

 

triglycerides, in the

 

blood. 
The

 

intestine

 

absorbs

 

dietary

 

fat

 

and

 

packages

 

it

 

into

 

chylomicrons

 

(large

 

triglyceride-rich

 

lipoproteins), which

 

are transported

 

to peripheral

 
tissues

 

through

 

the

 

blood. In muscle

 

and

 

adipose

 

tissues, the

 

enzyme lipoprotein lipase breaks

 

down

 

chylomicrons, and

 

fatty

 

acids

 

enter these 
tissues. The

 

chylomicron

 

remnants

 

are subsequently

 

taken

 

up

 

by the

 

liver. The

 

liver loads

 

lipids

 

onto

 

apoB

 

and

 

secretes

 

very-low-density

 
lipoproteins

 

(VLDLs), which

 

undergo

 

lipolysis

 

by lipoprotein lipase to form

 

low-density

 

lipoproteins

 

(LDLs). LDLs

 

are then

 

taken

 

up

 

by the

 
liver through

 

binding

 

to the

 

LDL receptor (LDLR), as well

 

as through

 

other

 

pathways. By contrast, high-density

 

lipoproteins

 

(HDLs) are 
generated

 

by the

 

intestine

 

and

 

the

 

liver through

 

the

 

secretion

 

of

 

lipid-free apoA-I. ApoA-I then

 

recruits

 

cholesterol from

 

these organs

 

through

 

the

 
actions

 

of

 

the

 

transporter

 

ABCA1, forming

 

nascent

 

HDLs, and

 

this

 

protects

 

apoA-I from

 

being

 

rapidly

 

degraded

 

in the

 

kidneys. In the

 

peripheral

 
tissues, nascent

 

HDLs

 

promote

 

the

 

efflux

 

of

 

cholesterol from

 

tissues, including

 

from

 

macrophages, through

 

the

 

actions

 

of

 

ABCA1. Mature

 
HDLs

 

also

 

promote

 

this

 

efflux

 

but

 

through

 

the

 

actions

 

of

 

ABCG1. (In macrophages, the

 

nuclear

 

receptor LXR upregulates

 

the

 

production

 

of

 

both

 
ABCA1 and

 

ABCG1.) The

 

free (unesterified) cholesterol in nascent

 

HDLs

 

is

 

esterified

 

to cholesteryl

 

ester by the

 

enzyme lecithin

 

cholesterol 
acyltransferase

 

(LCAT), creating

 

mature

 

HDLs. The

 

cholesterol in HDLs

 

is

 

returned

 

to the

 

liver both

 

directly, through

 

uptake

 

by the

 

receptor 
SR-BI, and

 

indirectly, by transfer to LDLs

 

and

 

VLDLs

 

through

 

the

 

cholesteryl

 

ester transfer protein (CETP). The

 

lipid content

 

of

 

HDLs

 

is

 
altered

 

by the

 

enzymes

 

hepatic

 

lipase and

 

endothelial

 

lipase and

 

by the

 

transfer proteins

 

CETP and

 

phospholipid

 

transfer protein (PLTP), 

affecting

 

HDL catabolism. www.nature.com/.../images/nature06796-f3.2.jpg 
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