Volné radikaly a ateroskleroza



Tuky

jsou sloZene slouceniny
Chemickym charakterem patii k esteriim

Z kyselin obsahuji nerozvétvené alifatické kyseliny
Alkoholickou slozkou je glycerol

Glycerol jako trojsytny alkohol mize tvofit mono-, di- a triacylglyceroly
(v diivéjsi terminologii mono-, di- a triglyceridy)
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The structure of a phospholipid
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Figure A3. The structure of cholesterol.
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Shrnuti

Potravou jsou prijimany tyto zakladni latky tukovité povahy:
triacylglyceroly
cholesterol a jeho estery

fosfolipidy (predevsim lecithin)
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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.

Porter et al. Nature Reviews Drug Discovery 6, 231-248 (March 2007) | doi:10.1038/nrd2197



DIETARY FAT

oy
® nresTine
. ;
= BALE ACADS
LP - hpoprote.lnova lipaza. E
Stépi triglyceridy, mastné o ADIPCSE iy
kyseliny vstiebany, zbytek [ MUSCLE [
bohaty na cholesterol do jater. & CHYLOMICRCN sl e
HEHIIHLE.P-.T
l""'h
{\:FIII .
s RECESTOR |
l..l-'_
WLOL
1 irose B
L TISSUE, ¥
E MUGCLE CAPILLARY
i
S oL
I-::‘ ] L] ﬂ -
: >
- M
LEAT
i
HELE_D .;;;.'il
VLDL - very low density lipoprpteins | |
IDL - intermediate density lipoprotein

LDL - low density lipoprotein
HDL — high density lipoprotein




APOPROTEIN B8-100

UNESTERIFIED g CHOLESTERYL
CHOLESTEROL ’(

N p'e - ESTER
PHOSPHOLIPID 4SS

LDL, MAJOR CHOLESTEROL CARRIER in the bloodstream, is a spherical particle with a
mass of three million daltons and a diameter of 22 smanomceters (millionths of a millimeter). Ity
core consists of some 1,500 cholesters) esters. ench @ cholesterol molecule sttached by an ester
linkage 1o a long fatty acid chain. The oily core is shickded from the agueons plasma by a deter-
gent coat composed of 800 molecules of phosphotipid. 200 moteconles of unesteriticd cholester-
ol and one farge protein molecnle, apoprotein 2100, W hen blood cholesterol i vlesated, ine
creasing the risk of atheroseleronis, the reason is almost olw avsanincrease io vircalating 1L.O1,



Lipoprotein Subclasses
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LDL RECEPTOR, a glycoprotcin embed-
ded in the plasma membrane of most body
cells, was purificd from the adrenal gland by
Wolfgang J. Schneider in the authors' labora-
tory. David W. Russell and Tokue Yamamoto
cloned complementary DNA derived from
its messenger RNA. The DNA’s nucleotide
scquence wasdetermingd and from it the 839-
amino-acid sequence of the receptor’s pro-
tein backbone was deduced. Sites of attach-
ment of sugar chains to nitrogen (\) and oxy-
gen (0) atoms were identified, as was a stretch
likely to traverse the membrane. The actual
shape of the seceptor is not yet known; the
drawing is a highly schematic representation.
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CIRCULATING LDL (0p right) is taken into a cell by receptors
mediated endocytosis. LDL is bound by a receptor in a coated pit,
which invaginates and pinches off to furm a coated vesicle, Fusion of
several vesicles gives rise to an endosome, in whose acidie environ.
ment the LDL dissaciates from the receptor, which is recycled to the
cell surface. The LDL is delivered to a lysosome, where enzymes
break down the apoprotein 7-100 into amino acids and cleave the
ester houd o yicld unesterified cholesterol for membrane synthesis

and other cellular needs. The cellular level of cholesterol is self-regu.
lating, An oversupply of cholesterol has three metabolic effeets. It in-
hibits the enzyme HMG CoA reductase, which controls the rate of
cholesteral synthesis (7); it activates the enzyme ACAT, which esteri-
fies chulesterol for storage (2), and it inhibits the manufacture of new
LDL receptors by suppressing transcription of the receptor gene into
messenger. RNA (3), which would ardinarily be tramtated on ribo.
somes of the endoplasmic reticulum to make the receptor protein,




LDL receptor na jaternich a jinych bunkach =
zpetnovazebna regulace

Scavenger receptor na M¢ = fagocytoza bez regulace =
vznik penovych bunek = zaklad aterosklerozy

(Brown a Goldstein — Nobelova cena)



Atherosklerosa < atherogenese

trombogenese

= zUuzenl az uzaver cev.

Nema jedinou pti¢inu (> 200), vice
spolupusobicich faktoru:
,,Abnormalni‘ lipidy, hypertense, nikotin, DM,

hypercholesterolemie, geneticke dispozice, faktory srazeni
krve, homocystein, ...



Ceévni endotel

KliCové postaveni v ochrané cévni stény pred
atherosklerotickymi zménami

— Kontrola permeability

— Kontrola optimalniho prutoku

— Zaj1Sténi nesmacivosti povrchu (zabranéni adheze
a agregace trombocytl)

— Aktivace koagulace

— Kontrola fibrinolyzy, angiogeneze



Pusobeni endotelu
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Moditikace LDL

« Pfima oxidace apoproteinu B a PL

* Vazba aldehydu na aminoskupinu Lys = glykace
usnadnuje oxidaci LDL
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Figure 2. Activating Effect of LDL Infiltration on Inflammation in the Artery.

In patients with hypercholesterolemia, excess LDL infiltrates the artery and is
retained in the intima, particularly at sites of hemaodynamic strain. Oxidative
and enzymatic modifications lead to the release of inflammatory lipids that
induce endothelial cells to express leukocyte adhesion molecules. The maodi-
tied LDL particles are taken up by scavenger receptors of macrophages, which
evolve into foam cells.
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Table 2 -Initial Classification Based on Total Cholesterol and HDL Levels*

Cholesterol Level Initial Classification

Total Cholesterocl

< 200 mg/dl (5.2 mmol/L)

200-239 mg/dl (5.2-6.2mmol/L)
cholesterol

240 mg/dl (6.2 mmol/L) or greater

HDL Cholesterol
< 35 mg/dl (0.9 mmol/L)

*HDL indicates high-density lipoprotein

Desirable blood cholesterol

Borderline high blood

Low HDL cholesterol



Terapie vysoke hladiny cholesterolu
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LIVER GETS CHOLESTEROL for conversion into bile acids from
IDL and LDL taken up from the circulation () or by synthesizing
it de novo (2). A key step in the long synthetic pathway is reduction
of HMG CoA to mevalonic acid, a reaction catalyzed by the enzyme

HMG CoA reductase. The enzyme is inhibited by the drugs com-
pactin or mevinolin, whose side chain is so similar to that of HMG
CoA (colored frames) that it blocks the enzyme's active site. En-
zyme inhibition Jeaves liver dependent on uptake of IDL and LDL.



Food guide

i M\ Key <Fat (naturally occuring
Fats?yt)l;i?.lslﬂeets -y and added)
(UEE sparingly} S G?I:gea ;fm(;?si?‘gi fat and
Milk, Yogurt, added sugars in foods.
Cheese Meat, Poultry,
(2-3 servings) Fish, Dry Beans,
Eggs, Nuts
Vagsetables A (2-3 servings)
-5 ser- g
vings) Fruit
(2-4 servings)

_ Bread,
W Rice,

Pasta
(6-11 servings)



dietary recommendations

Eat plenty of fresh fruit and vegetables, at least five different
portions per day.

Minimize intake of fats and.red meats, but do not become paranoid
about it. Don’t worry about polyunsaturates versus saturates.

Check your cholesterol level. If 200 mg/100 ml or below don’t worry.
If at or above 250 mg/100 ml seek medical advice.

Consume no more than 300 units (200 mg) of vitamin E (d-a-
tocopherol, not dl-a-tocopherol) per day from a reliable source such
as the ‘own brand’ of a reputable chain drug store. Take with food as
you need fat to absorb it.

If you wish, consume up to 250 mg of vitamin C per day. Again,
select a reputable supplier (e.g. the ‘own brand’ of a reputable chain
drug-store). If you smoke, stop. If you can't, eat plenty of fruits and
vegetables and consider supplementing with more vitamin C (Table

2, p. 67).

Do not take any form of iron supplements unless there is a clearly
identified medical need monitored by laboratory tests.

We see no case at present for consuming f3-carotene supplements.




Positive Risk Factors

Age
Male 45 or older

Estrogen Status
Female 55 or older (or premature menopause) without estrogen replacement therapy

Family history of premature CHD
definite myocardial infarction or sudden death before 55 y of age in father or other first-degree
relative

Current cigarette smoking

Hypertension
blood pressure 140/90 or greater** or taking antihypertensive medication

Low HDL cholesterol
35 mg/dl [0.9 mmol/L} or less**

Negative Risk Factors***

High HDL cholesterol (60 mg/dl [1.6 mmol/L] or greater)
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Arteries become narrowed and blood
flow decreases in arteriosclerosis

Build up of fatty
substances m the
wall of the artery




with plague
deposits

ﬁ Catheter






- (v L0 intestine Blood Peripheral tissues

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 ABCAT1, 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
ABCALI 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/nature06796-13.2.jpg
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