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IGURE 10-1 Proposed role of vascular endothelium in atherogenesis. Note: (1) Early endothelial damage, prompted by several factors including oxidized low-density lipoprotein (oxLDL), and hypothetically protected by the statins. Neutrophils roll on and adhere to the damaged endothelium to promote adhesion of macrophages. Vascular cell adhesion molecule (VCAM) promotes the binding of macrophages to the endothelium, after which they penetrate the endothelium to become activated and, by uptake of oxLDL, become foam cells. Activated macrophages also synthesize angiotensin-II (A-II) which in turn promotes oxidative stress that stimulates the formation of VCAM. angiotensin-II also promotes growth of vascular smooth muscle cells, an integral part of atherogenesis. ACE = angiotensin-converting enzyme. (Figure © LH Opie 2001.)
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Leukocyte–endothelial adhesion molecules
We now recognize that specific leukocyte adhesion molecules expressed by the endothelium, usually in response to inflammatory mediators such as cytokines, govern these adhesive interactions between white cells and the endothelium.
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Macrophage functions in atherogenesis: attachment
In lesion initiation, the early phase of atherogenesis, the first event that occurs in response to hypercholesterolemia is an attachment of leukocytes to the intact endothelium.
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Macrophage functions in atherogenesis: penetration
Once adherent, leukocytes respond to chemotactic stimuli by penetrating from the endothelial surface into the arterial intima.  The signals for this directed migration have only recently been elucidated.
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Macrophage functions in atherogenesis: activation
Once resident in the arterial intima, the mononuclear phagocyte undergoes activation.  It expresses scavenger receptors that can internalize modified low-density lipoprotein.  This promotes foam cell formation, as depicted by the yellow inclusions in the nascent foam cell in this diagram.
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Macrophage functions in atherogenesis: division
In addition to expressing scavenger receptors, one of the other important properties of the lesional macrophage is cell division.  Until recently, the signals that stimulate scavenger receptor expression and mitogenesis of macrophages had remained unknown.
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Molecular mediators of atherogenesis
Modern genetic technology has identified specific molecules involved in the early phases of atherosclerosis.  VCAM-1 and allied adhesion molecules cause binding of inflammatory leukocytes to the endothelium.  Chemoattractants such as MCP-1 cause the directed migration of leukocytes into the intima.  Activators such as M-CSF cause expression of scavenger receptors and release of cytokines, and serve as co-mitogens stimulating the division of macrophages in the evolving atheroma.
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Cell types in the human atheroma
The atheroma contains intrinsic vascular wall cells (endothelium and smooth muscle cells) and unwelcome visitors, the inflammatory leukocytes (monocytes/macrophages and T-lymphocytes).  The interactions among these cells are critical in atherogenesis, according to the current view.
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Schematic time course of human atherogenesis
In this timeline of atherosclerosis, note the compensatory enlargement as intimal thickening progresses, until later in the disease when luminal obstruction occurs.
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M-CSF expression in atheroma
The presence of M-CSF is shown by the brown staining in an artery from a hypercholesterolemic rabbit that has undergone balloon injury.  Note the overexpression of MCP-1 in the atherosclerotic intima.
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Anatomy of the atherosclerotic plaque
After the leukocytes have accumulated in the lesion, they often undergo death, sometimes by apoptosis, which can lead to a lipid core covered by a fibrous cap.
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Matrix metabolism and integrity of the plaque's fibrous cap
This slide depicts the current understanding of the dynamics of the plaque's stability and thrombogenicity.  The inflammatory cells can send molecular messages to the smooth muscle cells (interferon-g) that inhibit the ability of this cell type to synthesize new collagen to strengthen the plaque's fibrous cap.  In addition, the inflammatory cells can release proteolytic enzymes capable of degrading collagen and other structurally important constituents of the plaque's fibrous cap.  Thus, when there is inflammation in the intima, the collagen responsible for the integrity of the plaque's fibrous cap is under double attack, subject to both decreased synthesis and increased degradation.  This sets the stage for plaque disruption.  The inflammatory cells also are responsible for signaling and producing increased quantities of tissue factor, a potent procoagulant deemed responsible for thrombosis of ruptured plaques.
 
Reference:
Libby P. Molecular bases of the acute coronary syndromes. Circulation 1995;91:2844-2850.
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Inflammation can promote thrombosis
The interactions between platelets and the coagulation system are complex.  Platelets through CD40 ligation can increase tissue factor expression, which can accelerate blood coagulation. Via glycoprotein (gp) IIb/IIIa – integrin they adhere to fibrin and to injured endothelial cells (antagonists of gp IIb/IIIa: tirofiban, eptifibatid; abciximab protitelo proti gp IIb/IIIa)
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CRP and CV riskThus, we have seen that CRP is well known as a marker of inflammation, and elevated CRP correlates with an increased risk for cardiac events and mortality.  Many proven therapies such as aspirin, clopidogrel, and statins have a greater benefit on preventing cardiac events among patients with an elevated CRP.  In some cases, these agents also reduce CRP, such as the statins (but not aspirin).  Now, evidence from PROVE IT–TIMI 22 and REVERSAL has shown that targeting CRP levels may be a means of reducing atherosclerosis and optimizing clinical outcomes.  However, there is a need for additional data using different classes of drugs and/or CRP-based risk factor modification to bring full circle the notion that control of risk factors would be beneficial on CRP and on clinical outcomes. Thus, these are very promising times to look at CRP as a marker of overall vascular health that could be used to target our aggressiveness of medical therapy and lifestyle modification.
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FIGURE 10-2 Proposed round trip of cholesterol through the vascular endothelium and intima. Low-density lipoprotein (LDL) that is oxidized (oxLDL) promotes the formation of foam cells. LDL that remains unoxidized can potentially be reexported. High-density lipoprotein (HDL) acts hypothetically to help export lipid from the foam cells. .O2 = superoxide, representative of free radicals formed either in the endothelium or in foam cells, PDGF = platelet-derived growth factor, receptor = receptor for oxLDL, SR = scavenger receptor, A-II = angiotensin-II. (Figure ® LH Opie 2001.)
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Structure of HDL Particle 
The function of lipoproteins is to transport cholesterol and triglycerides (TGs) in the blood.  The five major families of lipoproteins are: chylomicrons, very-low-density lipoproteins (VLDLs), low-density lipoproteins (LDLs), intermediate-density lipoproteins (IDLs), and high-density lipoproteins (HDLs).  HDL is the smallest lipoprotein and contains the least amount of lipid.  This slide shows the structure of this lipoprotein particle.  HDL contains a lipid core of cholesteryl esters (CEs) and TGs surrounded by phospholipids and specialized proteins known as apolipoproteins (apos).  Apos are required for the structural integrity of lipoproteins and direct their metabolic interactions with enzymes, lipid transport proteins, and cell-surface receptors (as described in subsequent slides).  ApoA-I is a major component of all HDL particles and is synthesized in the liver and intestine (see next slide).  ApoA-II, the second most abundant apolipoprotein in HDL, is synthesized in the liver; its function is unclear.
 
References:
Havel RJ, Kane JP. Introduction: structure and metabolism of plasma lipoproteins. In: Scriver CR, Beaudet AL, Sly WS, Valle D, eds. The Metabolic and Molecular Bases of Inherited Disease. 7th ed. New York: McGraw-Hill; 1995:1841–1851.

Breslow JL. Familial disorders of high-density lipoprotein metabolism. In: Scriver CR, Beaudet AL, Sly WS, Valle D, eds. The Metabolic and Molecular Bases of Inherited Disease. 7th ed. New York: McGraw-Hill; 1995:2031–2052.
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Production of HDL by Liver and Intestine 
High-density lipoprotein (HDL) particles are formed in plasma from the coalescence of individual phospholipid-apolipoprotein complexes.  HDL and its major apolipoprotein, apoA-I, are synthesized by both the liver and the intestine.  The other primary apolipoprotein, apoA-II, is synthesized only by the liver.
 
References:
Eisenberg S. High-density lipoprotein metabolism. J Lipid Res. 1984;25:1017–1058.
Breslow JL. Familial disorders of high-density lipoprotein metabolism. In: Scriver CR, Beaudet AL, Sly WS, Valle D, eds. The Metabolic and Molecular Bases of Inherited Disease. 7th ed. New York: McGraw-Hill; 1995:2031–2052.
Hussain MM, Zannis VI. Intracellular modification of human apolipoprotein AII (apoAII) and sites of apoII synthesis: comparison of apoAII with apoCII and apoCII isoproteins. Biochemistry. 1990;29:209–217.
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HDL Metabolism and Reverse Cholesterol Transport 
Cholesterol that is synthesized or deposited in peripheral tissues is returned to the liver in a process referred to as reverse cholesterol transport in which high-density lipoprotein (HDL) plays a central role.  HDL may be secreted by the liver or intestine in the form of nascent particles consisting of phospholipid and apolipoprotein A-I (apoA-I).  Nascent HDL interacts with peripheral cells, such as macrophages, to facilitate the removal of excess free cholesterol (FC), a process facilitated by the ATP-binding cassette protein 1 (ABC1) gene.  FC is generated in part by the hydrolysis of intracellular cholesteryl ester (CE) stores.  HDL is then converted into mature CE–rich HDL as a result of the plasma cholesterol-esterifying enzyme lecithin:cholesterol acyltransferase (LCAT), which is activated by apoA-I.  CE may be removed by several different pathways, including selective uptake by the liver, ie, the removal of lipid without the uptake of HDL proteins (shown in this slide).  Selective uptake appears to be mediated by the scavenger receptor class-B, type I (SR-BI), which is expressed in the liver and has been shown to be a receptor for HDL.  CE derived from HDL contributes to the hepatic–cholesterol pool used for bile acid synthesis.  Cholesterol is eventually excreted from the body either as bile acid or as free cholesterol in the bile.
 
References:
Fielding CJ, Fielding PE. Molecular physiology of reverse cholesterol transport. J Lipid Res. 1995;36:211–228.
Breslow JL. Familial disorders of high-density lipoprotein metabolism. In: Scriver CR, Beaudet AL, Sly WS, Valle D, eds. The Metabolic and Molecular Bases of Inherited Disease. 7th ed. New York: McGraw-Hill; 1995:2031–2052.
Acton S, Rigotti A, Landschulz KT, et al. Identification of scavenger receptor SR-BI as a high-density lipoprotein receptor. Science. 1996;271:518–520.
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Role of CETP in HDL Metabolism 
This slide shows the selective uptake of high-density lipoprotein (HDL) cholesteryl ester (CE), described in the previous slide, together with another important pathway of reverse cholesterol transport involving the action of plasma CE transfer protein (CETP).  CE can be transferred from HDL to apolipoprotein (apo) B-containing proteins, such as very-low-density lipoproteins (VLDLs) and low-density lipoproteins (LDLs), by CETP.  Through uptake of LDL by the liver via hepatic LDL receptors, cholesterol can then be returned to the liver, where it may eventually be excreted as bile.  (This slide also illustrates the current belief that only modified apoB-containing proteins are taken up by macrophages.  “Oxidation” is given as an example of modification.) 
 
References
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Tall AR. Plasma cholesteryl ester transfer protein. J Lipid Res. 1993;34:1255–1274.
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Role of Hepatic Lipase and Lipoprotein Lipase in HDL Metabolism 
Dietary (exogenous) fat is absorbed into chylomicrons (CMs).  In endogenous lipid synthesis, the liver synthesizes triglycerides (TGs) and cholesteryl esters (CEs) and packages them into very-low-density lipoproteins (VLDLs).  The enzyme lipoprotein lipase (LPL), bound to the surface of the capillary endothelium (especially in muscle and adipose tissue), hydrolyzes TG in CMs and in VLDLs.  Apolipoprotein C-II (apoC-II), found on CMs, is a required cofactor for LPL.  The free fatty acids generated from TG hydrolysis are a source of energy or fat storage, and the resulting CM remnant (CMR) is released and is eventually taken up by the liver.  VLDL, which contains the major structural protein apoB-100, is hydrolyzed by LPL to form intermediate-density lipoprotein (IDL).  
Secreted CMs contain apoAs, which are transferred with phospholipids into the high-density lipoprotein (HDL) fraction during lipolysis.  Similar HDL particles (HDL2) may be formed as a byproduct of the lipolysis of VLDL.  Hepatic lipase, found primarily on the endothelium of the hepatic sinusoids, hydrolyses HDL2 TG and phospholipids to form small HDL3 particles,2 which may be cleared by the kidney.
 
References:
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SESTAVINESESTAVINE APOPROTAPOPROT.. MESTO MESTO 

SINTEZESINTEZE
POTI POTI 

KATABOLKATABOLIZMAIZMA

HilomikroniHilomikroni
 (CH) in (CH) in 

ostankiostanki
 

CH)CH)

TrigliceridiTrigliceridi
 

(TG) (TG) 
in in holesterolholesterol

 
(C) (C) 

v v hranihrani, 10:1, 10:1

BB--48, E, A48, E, A--I, I, 
AA--IV, CIV, C--I, CI, C--

 II, CII, C--IIIIII
ČČrevorevo

HidrolizaHidroliza
 

TG z TG z 
LPL. Privzem LPL. Privzem 

ostankovostankov
 

CH v CH v 
jetrihjetrih

 
prekopreko

 
ApoEApoE

VLDLVLDL ‘‘EndogeniEndogeni’’
 

aliali
 jetrnijetrni

 
TG,   5:1TG,   5:1

BB--100, E, C100, E, C--I, I, 
CC--II, CII, C--IIIIII JetraJetra HidrolizaHidroliza

 
TG z LPLTG z LPL

IDLIDL
HolesterilniHolesterilni

 
estriestri

 (CE) in (CE) in 
‘‘endogeniendogeni’’

 
TGTG

BB--100, E, C100, E, C--
 II, CII, C--IIIIII

KatabolniKatabolni
 produktprodukt

 VLDLVLDL

50% v LDL, 50% v LDL, 
posredovanaposredovana

 
z z 

jetrnojetrno
 

lipazolipazo
 (HL), 50% (HL), 50% 

privzem v privzem v jetrajetra
 

z z 
ApoEApoE
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Pregled LPPregled LP

VRSTA LPVRSTA LP GLAVNE GLAVNE 
SESTAVINE SESTAVINE APOPROTAPOPROTEINIEINI MESTO MESTO 

SINTEZESINTEZE
POTI POTI 

KATABOLIZMAKATABOLIZMA

LDLLDL CECE BB--100100
KatabolniKatabolni

 produktprodukt
 VLDLVLDL

Privzem z LDLPrivzem z LDL--R R 
(~75% v (~75% v jetrihjetrih), ), 

posredovanposredovan
 

z z 
ApoBApoB--100100

HDLHDL FosfolipidiFosfolipidi, , 
CECE

AA--I, AI, A--II, E, CII, E, C--
 I, CI, C--II, CII, C--IIIIII

ČČrevorevo, , 
jetrajetra, , 

plazmaplazma

PrenosPrenos
 

CE v CE v 
VLDL in LDL. VLDL in LDL. 

Privzem HDL C v Privzem HDL C v 
hepatocitehepatocite

Lp(aLp(a)) CECE BB--100, 100, apo(aapo(a)) JetraJetra NeznanoNeznano
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LASTNOSTI APOLIPOPROTEINOV ILASTNOSTI APOLIPOPROTEINOV I

APOLIPOPROTEINAPOLIPOPROTEIN MESTO SINTMESTO SINT.. VLOGAVLOGA

ApoAApoA--II JetraJetra, , ččrevorevo
SestavinaSestavina

 
HDL, HDL, kofaktorkofaktor

 LCAT, ligand LCAT, ligand zaza
 

HDLHDL--R, R, 
reverznireverzni

 
transport transport CC

ApoAApoA--IIII JetraJetra

TvoriTvori
 

--SS--SS--
 

komplekskompleks
 

z z 
apoEapoE--2 in E2 in E--3, 3, karkar

 prepreprepreččii
 

vezavovezavo
 

apoapoEE--2 2 
in in apoapoEE--3 3 nana

 
LPLP--RR

ApoBApoB--100100 JetraJetra StrukturniStrukturni
 

protein VLDL, protein VLDL, 
IDL, LDL, ligand LDLIDL, LDL, ligand LDL--RR

ApoBApoB--4848 ČČrevorevo StrukturniStrukturni
 

protein protein 
hilomikronovhilomikronov

 
(CM)(CM)
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LASTNOSTI APOLIPOPROTEINOV IILASTNOSTI APOLIPOPROTEINOV II

APOLIPOPROTEINAPOLIPOPROTEIN MESTO SINTMESTO SINT.. VLOGAVLOGA

ApoCApoC--II JetraJetra AktivatorAktivator
 

LCAT. LCAT. ModuliraModulira
 vezavovezavo

 
ostankovostankov

 
CM CM nana

 
RR

ApoCApoC--IIII JetraJetra KofaktorKofaktor
 

LPLLPL

ApoCApoC--IIIIII JetraJetra ModuliraModulira
 

vezavovezavo
 

ostankovostankov
 CM CM nana

 
RR

ApoEApoE
JetraJetra, , momožžganigani, , 
kokožžaa, , gonadegonade, , 

vranicavranica

Ligand Ligand zaza
 

LDLLDL--R in R in zaza
 ostankeostanke

 
CM, CM, reverznireverzni

 transport C (HDL z transport C (HDL z apoEapoE))

Apo(aApo(a)) JetraJetra Modulator fibrinolizeModulator fibrinolize
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PregledPregled
••  Nastanek Nastanek aterosklerotiaterosklerotiččneganega

 plakaplaka
••  Metabolizem lipidov v plazmi Metabolizem lipidov v plazmi 

((lipoproteinovlipoproteinov))
••  Zdravila, s katerimi lahko Zdravila, s katerimi lahko 

vplivamo na te procesevplivamo na te procese
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Pregled zdravil za zdravljenje Pregled zdravil za zdravljenje 
hiperlipidemijhiperlipidemij

••
 

Inhibitorji HMGInhibitorji HMG--CoACoA
 

reduktazereduktaze
••

 
Smole, ki veSmole, ki vežžejo ejo žžololččne kislinene kisline

••
 

EzetimibEzetimib
••

 
Derivati Derivati fibrifibriččnene

 
kisline (kisline (fibratifibrati))

••
 

Nikotinska kislina (Nikotinska kislina (niacinniacin))
••

 
ProbukolProbukol

••
 

Kombinacije zdravilKombinacije zdravil
••

 
Druga zdravilaDruga zdravila
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HMGHMG--CoACoA
 

reduktareduktazznini
 

inhibitorjiinhibitorji

••
 

HidroksiHidroksi--metilmetil--glutarilglutaril--CoACoA
 

reduktazareduktaza
 

––
 kkljuljuččnini

 
(rate limiting) (rate limiting) encimencim

 
pripri

 
sintezisintezi

 holesterolaholesterola
••

 
HMGHMG--CoACoA

 


 
mevalonskamevalonska

 
kislinakislina

••
 

PPosledicaosledica:  :  
 

konckoncentracijaentracija
 

hholesterolaolesterola
••

 
PPoveoveččanaana

 
ekspresijaekspresija

 
genagena

 
zaza

 
HMGHMG--CoACoA

 reduktazoreduktazo
••

 
PPoveoveččanaana

 
ekspresijaekspresija

 
genagena

 
zaza

 
LDLLDL--RR

••
 

PPoveoveččanoano
 

odstranjevanjeodstranjevanje
 

LDLLDL
••

 


 
konckoncentracijaentracija

 
LDLLDL



Inštitut za farmakologijo in eksperimentalno toksikologijo, Medicinska fakulteta, Univerza v Ljubljani



Inštitut za farmakologijo in eksperimentalno toksikologijo, Medicinska fakulteta, Univerza v Ljubljani

*
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FarmaFarmakokokinetikakinetika

••
 

DDobraobra
 

obsorpcijaobsorpcija
 

iz prebaviliz prebavil
••

 
EEkstrakcijakstrakcija

 
v v jetrihjetrih

 
((mestomesto

 delovanjadelovanja))
••

 
IIzlozloččanjeanje

 
prekopreko

 
jeterjeter

 
((metabolizemmetabolizem))

••
 

VVezavaezava
 

nana
 

plazplaz. . beljbelj.  ( > 90% ).  ( > 90% )
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KliniKliniččna uporabnostna uporabnost

••
 

ZmanjZmanjššajo ajo morbiditetomorbiditeto
 

in mortaliteto pri in mortaliteto pri 
izbranih bolnikihizbranih bolnikih

••
 

IndiciraniIndicirani
 

pri bolnikih z manifestno pri bolnikih z manifestno 
aterosklerozo in tistih z veaterosklerozo in tistih z veččjim tveganjem jim tveganjem 
za koronarno bolezenza koronarno bolezen

••
 

NeuNeuččinkoviti (razen inkoviti (razen atorvastatinaatorvastatina) pri ) pri 
homozigotnihomozigotni

 
drudružžinski inski hiperholesterolemijihiperholesterolemiji
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StranskiStranski  uuččinkiinki

••
 

RRelelativnoativno
 

skromniskromni
••

 


 
jetrnejetrne

 
transaminazetransaminaze

 
––

 
previdnost previdnost 

pri jetrnih boleznihpri jetrnih boleznih
••

 
MMiopatijaiopatija

 
((

 
rabdomiolizarabdomioliza

 
))

–– kontrolakontrola
 

kreatinkreatin
 

fosfokinazefosfokinaze
 

( CPK )( CPK )
–– 0,1% 0,1% pacientovpacientov

 
z z blablažžjimjim

 
miomiozzitisomitisom

–– verjetnostverjetnost
 

veveččjaja
 

pripri
 

sosoččasniasni
 

uporabiuporabi
 fibratovfibratov

 
in in nikotnikotinskeinske

 
kkislineisline

Predstavitelj
Opombe o predstavitvi
Several theories have suggested that statin myotoxicity may be due to intracellular cholesterol depletion, or interference with oxidative phosphorylation pathways. Exact mechanisms are yet to be fully defined. Role of Coenzyme Q10?
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SmoleSmole, , kiki
 vevežžejoejo

 žžololččnene
 kislinekisline

••
 

DelovanjeDelovanje
 

v v ččrevesurevesu
 

––
 

ni sistemskih uni sistemskih uččinkovinkov
••

 
PPreprerepreččevanjeevanje

 
enterohepatienterohepatiččnene

 
cirkulacijecirkulacije

 žžololččnihnih
 

kkislinislin
 

( 97 % )( 97 % )
••

 


 
izloizloččanjeanje

 
iziz

 
telesatelesa

••
 

HHolesterololesterol
 


 

žžololččnnee
 

kislinkislinee
••

 


 
konckonc. . HolesterolaHolesterola

––
 


 

konckoncentracijaentracija
 

HMGHMG--CoACoA
 

reduktazereduktaze
––

 


 
sintsintezaeza

 
LDLLDL--RR

––
 


 

sintsintezaeza
 

cholcholesterolaesterola
 

in TGin TG
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PredstavnikaPredstavnika

••  HolestiraminHolestiramin

••  KolestipolKolestipol
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KliniKliniččna uporabnostna uporabnost

••
 

Uporabne v kombinaciji s statini Uporabne v kombinaciji s statini 
(ob nezadostnem u(ob nezadostnem uččinku)inku)

••
 

Kot Kot monoterapijamonoterapija
 

pri bolnikih s pri bolnikih s 
povepoveččanim holesterolom in anim holesterolom in 
normalnimi trigliceridi, normalnimi trigliceridi, čče so statini e so statini 
kontraindiciranikontraindicirani
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StranskiStranski
 

uuččinkiinki

••
 

NNapihnjenostapihnjenost
 

v v trebuhutrebuhu
••

 
ZZaprtjeaprtje

••
 


 

alkalnealkalne
 

fosfatazefosfataze
 

((jetrajetra) ) --
 

zmernozmerno
••

 
HHipertipertrrigliceridemijaigliceridemija

••
 

InterakcijeInterakcije
 

s s šštevilnimitevilnimi
 

zdravilizdravili
 

nana
 

nivojunivoju
 absorpcijeabsorpcije::

––
 

tiroksintiroksin
––

 
kardiotonikardiotoniččnini

 
glikozidiglikozidi

––
 

antikoagulansiantikoagulansi
––

 
nekaterinekateri

 
tiaziditiazidi

––
 

nekateranekatera
 

antilipemiantilipemiččnana
 

zdravilazdravila::
••

 
nekaterinekateri

 
statinistatini

••
 

gemfibrozilgemfibrozil
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EZETIMIBEZETIMIB

••
 

Relativno novo zdravilo (ZDA Relativno novo zdravilo (ZDA ––
 

2002, 2002, 
SLO SLO ––

 
2005)2005)

••
 

Selektivna Selektivna inhibicijainhibicija
 

absorpcije absorpcije 
holesterola in holesterola in fifitosteroltosterolovov

 
v v ččrevesu.revesu.

••
 

EzetimibEzetimib
 

se vese vežže v e v luminalniluminalni
 

membrani membrani 
epitelnihepitelnih

 
celiccelic

 
((brush borderbrush border))

 
v v ččrevesu.revesu.

••
 

MMoleolekularnakularna
 

tartarččaa
 

ezetimibezetimibaa
 

je je 
prenaprenaššalec za alec za sterolesterole

 
((sterol sterol 

transportertransporter).).
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EzetimibEzetimib
 

--
 

uuččinkiinki

••
 

ZniZnižžanje LDL anje LDL ––
 

mehanizem podoben kot mehanizem podoben kot 
pri smolahpri smolah

••
 

PovePoveččan nivo an nivo HDLHDL

FarmakokinetikaFarmakokinetika

••
 

BioloBiološška uporabnost variabilnaka uporabnost variabilna
••

 
Razpolovni Razpolovni ččas okrogas okrog

 
22 22 urur

••
 

Metabolizem: Metabolizem: ezetimibezetimib--glukuronidglukuronid
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EzetimibEzetimib
 

––
 

stranski ustranski uččinkiinki

••
 

Relativno skromniRelativno skromni
••

 
BoleBoleččine v trebuhuine v trebuhu

••
 

Mialgija (pogostejMialgija (pogostejšša ob a ob 
kombinaciji s statini)kombinaciji s statini)
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DerivatiDerivati
 

fibrifibriččnene
 

kislinekisline
 

((fibratifibrati))
••

 
Delovanje preko Delovanje preko PPARsPPARs

 
((peroxisomeperoxisome

 
proliferatorproliferator

 activatedactivated
 

receptorsreceptors))
 

(jedrni receptorji (jedrni receptorji ––
 

regulacija regulacija 
transkripcije razlitranskripcije različčnih genov nih genov ––

 
LPL, LPL, ApoAApoA, , ……))

••
 


 

VLDLVLDL
••

 


 
HDLHDL

••
 


 

aktivnostaktivnost
 

LPL  LPL  
 


 

VLDL  VLDL  
 


 

IDLIDL
••

 


 
sintsintezoezo

 
ApoCApoC--III   (III   (kiki

 
je inhibitor LPL)je inhibitor LPL)

••
 


 

sintsintezoezo
 

VLDL  v VLDL  v jetrihjetrih
••

 


 
aktivnostaktivnost

 
in in agregacijagregacijoo

 
trombocitovtrombocitov

••
 


 

CRPCRP
••

 
FenofibratFenofibrat

 


 
urikozuriurikozuriččnono

 
delovanjedelovanje
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PredstavnikiPredstavniki::

••
 

KlofibratKlofibrat
••

 
GemfibrozilGemfibrozil

••
 

FenofibratFenofibrat
••

 
BBezafibratezafibrat
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FarmakoFarmakoinetikainetika::

••
 

HHitraitra
 

in in skorajskoraj
 

popolnapopolna
 

absorpcijaabsorpcija
••

 
tt11/2/2

 
razlirazliččenen

 
pripri

 
razlirazliččnihnih

 predstavnikihpredstavnikih::
–– gemfibrozilgemfibrozil

 
1 h1 h

–– fenofibratfenofibrat
 

20 h20 h

••
 

IIzlozloččajoajo
 

se se kotkot
 

glukuronidiglukuronidi
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StranskiStranski
 

uuččinkiinki::

••
 

OOd d stranistrani
 

GITGIT
••

 
RRedkoedko:   :   
––

 
alergalergiiččnini

 
ppojaviojavi

––
 

sspremenjenipremenjeni
 

jetrnijetrni
 

encimiencimi

••
 

MMiozitisiozitis
••

 
NNagnjenostagnjenost

 
k k holelitiaziholelitiazi

••
 

InterakcijeInterakcije::
––

 
antikoagulansiantikoagulansi

 
( ( 

 
uuččinekinek

 
))

––
 

inhibinhibitorjiitorji
 

HMGHMG--CoACoA
 

reduktazereduktaze
 

((miozitismiozitis))
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NikotinskaNikotinska  kislinakislina  ((niacinniacin))

••  VitaminVitamin
••    produkcijaprodukcija

 VLDLVLDL
––

 
sintsintezaeza

 
TG TG 

––
 

dotokdotok
 

FFA do FFA do jeterjeter

••    HDL   ( ? HDL   ( ? mehanizemmehanizem))
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FarmakokinFarmakokinetika in setika in stranskitranski
 uuččinkiinki

••
 

DDobraobra
 

absorpcijaabsorpcija
••

 
KKratekratek

 
tt1/21/2

 
( ( 

 
1 1 uraura

 
))

••
 

NNavalaval
 

krvikrvi
 

v v zgzgornjiornji
 

del del telesatelesa
 

(flushing)(flushing)
––

 
udeleudeležženostenost

 
PG   (PG   (NSAID zmanjNSAID zmanjššajo ta uajo ta uččinekinek

 
))

••
 

PPruritusruritus
 

((povezanpovezan
 

s s prejprejššnjimnjim))
••

 
MMotenaotena

 
funkcijafunkcija

 
jeterjeter

––
 


 

transaminazetransaminaze
••

 


 
tolerancatoleranca

 
glukozeglukoze

••
 

PPalpitacijealpitacije
 

((pogostopogosto
 

spremljajospremljajo
 

navalenavale
 

krvikrvi))
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ProbukolProbukol
••

 
AntioksidantAntioksidant

••
 

ZZeloelo
 

lipofilnalipofilna
 

snovsnov
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UUččinkiinki
 

probukolaprobukola

••
 


 

LDL   ( LDL   ( spremenjenaspremenjena
 

sestavasestava
 

))
••

 
UUččinkovitinkovit

 
tuditudi

 
pripri

 
homozigotnihomozigotni

 
drudružžinskiinski

 hiperholesterolemijihiperholesterolemiji
••

 


 
HDL  (HDL  (mmehanizemehanizem

 
nini

 
jasenjasen) ) 

••
 


 

CETPCETP
••

 


 
Apo AApo A--II

••
 

Inhibicija Inhibicija transportatransporta
 

holesterolaholesterola
 

skoziskozi
 

ččrevesnorevesno
 stenosteno

••
 

MotenjeMotenje
 

sintezesinteze
 

holesterolaholesterola
 

v v zelozelo
 

zazaččetnietni
 

stopnjistopnji
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FarmakokinetikaFarmakokinetika

••
 

SSlabalaba
 

in in nepredvidljivanepredvidljiva
 

absorpcijaabsorpcija
 ((boljboljššaa

 
ob ob jemanjujemanju

 
s s hranohrano))

••
 

KKopiopiččenjeenje
 

v v mamaššččevjuevju
––

 
vrhvrh

 
kkonconcentracijeentracije

 
v v plazmiplazmi

 
dosedosežženen

 
popo

 
4 4 

mesecihmesecih

••
 

DDokazljivokazljiv
 

v v plazmiplazmi
 

ššee
 

6 6 mesecevmesecev
 

popo
 prenehanjuprenehanju

 
jemanjajemanja
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StranskiStranski
 uuččinkiinki

••
 

GIT  (GIT  (diarejadiareja
 

, navzea), navzea)
••

 
GGlavobollavobol, , omotiomotiččnostnost

••
 

PPodaljodaljššanjeanje
 

QQ--T T intervalaintervala
––

 
kkontraindontraindiciraniciran

 
pripri

 
uporuporabiabi

 
antiaritmikovantiaritmikov, , 

TCA, TCA, fenotiazinovfenotiazinov

••
 

KontraindiciranKontraindiciran
 

pripri
 

bolnikihbolnikih,  ,  kiki
 

nisoniso
 

nana
 dietidieti

 
z z malomalo

 
mamaššččobeobe
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Effects of LipidEffects of Lipid--Modifying Drugs Modifying Drugs 
on HDLon HDL--C LevelsC Levels

NiacinNiacin
 


 

1515––35%35%
FibratesFibrates

 


 
1010––15%15%

EstrogensEstrogens
 


 
1010––15%15%

StatinsStatins
 


 

55––10%10%

Belalcazar LM et al. Progr Cardiovasc Dis 1998;41:151–174

Predstavitelj
Opombe o predstavitvi
Effects of Lipid-Modifying Drugs on HDL-C Levels 
Since patients with low high-density lipoprotein cholesterol (HDL-C) levels are at increased risk of clinical coronary artery disease (CAD) events, these patients require aggressive treatment with lifestyle modifications and available pharmacologic agents.  Drugs that increase HDL-C levels include niacin, fibrates, estrogens, and statins.  Until recently, statins had been considered to have only a modest effect on raising HDL-C, with most studies showing a < 10% increase in HDL-C concentrations.

Reference:
Belalcazar LM, Ballantyne CM. Defining specific goals of therapy in treating dyslipidemia in the patient with low high-density lipoprotein cholesterol. Progr Cardiovasc Dis. 1998;41:151–174.�
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Drug Effects on HDL: Niacin 
This slide illustrates the possible mechanism by which niacin increases high-density lipoprotein (HDL) levels.   Niacin decreases very-low-density lipoprotein (VLDL) synthesis by the liver, which results in increased levels of HDL.  By selectively decreasing triglyceride (TG) synthesis, through the inhibition of both the synthesis and esterification of fatty acids, niacin accelerates hepatic intracellular post-translational degradation of apolipoprotein (apo) B.  Niacin also selectively decreases hepatic removal of apo A-I (but not cholesterol ester) from HDL. 

References:
Jin F-Y, Kamanna VS, Kashyap ML.  Niacin accelerates intracellular apoB degradation by inhibiting triacylglycerol synthesis in human hepatoblastoma (HepG2) cells. Arterioscler Thromb Vasc Biol. 1999;19:1051–1059.
Jin F-Y, Kamanna VS, Kashyap ML.  Niacin decreases removal of high-density lipoprotein apolipoprotein A-I but not cholesterol ester by Hep G2 cells: implication for reverse cholesterol transport. Arterioscler Thromb Vasc Biol. 1997;17:2020–2028.

Acronyms used in slide:
A-I = apolipoprotein A-I; ABC1 = ATP-binding cassette protein 1; B = apolipoprotein B; C-II = apolipoprotein C-II; CE = cholesteryl ester; CM = chylomicron; CMR = chylomicron remnant; FC = free cholesterol; HDL = high-density lipoprotein; HL = hepatic lipase; IDL = intermediate-density lipoprotein; LCAT = lecithin:cholesterol acyltransferase; LDLR = low-density lipoprotein receptor; LPL = lipoprotein lipase; TG = triglyceride.
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Drug Effects on HDL: Fibrates 
This slide illustrates the mechanisms by which fibrates increase high-density lipoprotein (HDL) levels.  The mechanisms of action of fibrates are only partially understood, but they appear to activate specific transcription factors belonging to the nuclear hormone receptor superfamily, the peroxisome proliferator-activated receptors (PPARs).  PPAR- mediates fibrate action on HDL-cholesterol levels via transcriptional induction of synthesis of the major HDL apolipoproteins (apoA-I and apoA-II) as well as lipoprotein lipase.  Fibrates decrease hepatic apoC-III transcription, thereby enhancing clearance of triglyceride-rich lipoproteins.

Reference:
Staels B, Dallongeville J, Auwerx J, et al. Mechanism of action of fibrates on lipid and lipoprotein metabolism. Circulation. 1998;98:2088–2093.

Acronyms used in slide:
A-I = apolipoprotein A-I; ABC1 = ATP-binding cassette protein 1; B = apolipoprotein B; C-II = apolipoprotein C-II; CE = cholesteryl ester; CM = chylomicron; CMR = chylomicron remnant; FC = free cholesterol; HDL = high-density lipoprotein; HL = hepatic lipase; IDL = intermediate-density lipoprotein; LCAT = lecithin:cholesterol acyltransferase; LDLR = low-density lipoprotein receptor; LPL = lipoprotein lipase; TG = triglyceride.
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Drug Effects on HDL: Statins 
This slide illustrates the mechanism by which statins affect high-density lipoprotein (HDL) metabolism.  All statins are inhibitors of hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase, the rate-limiting step in cholesterol biosynthesis. The predominant effect of statins is to increase low-density lipoprotein (LDL) clearance, thus reducing LDL cholesterol levels.  Only recently have studies begun to examine the effects of statins on HDL cholesterol (HDL-C) levels and HDL metabolism and to determine whether pharmacologic differences among statins lead to differing effects on HDL-C levels.  Statins not only inhibit cholesterol synthesis but are also believed to increase apolipoprotein A-I production, and may inhibit the activity of hepatic lipase, leading to increased production of mature HDL. 

Reference:
Schaefer JR, Schweer H, Ikewaki H, et al. Metabolic basis of high density lipoprotein and apolipoprotein A-I increase by HMG-CoA reductase inhibition in healthy subjects and a patient with coronary artery disease. Atherosclerosis. 1999;144:177–184.

Acronyms used in slide:
A-I = apolipoprotein A-I; ABC1 = ATP-binding cassette protein 1; B = apolipoprotein B; C-II = apolipoprotein C-II; CE = cholesteryl ester; CM = chylomicron; CMR = chylomicron remnant; FC = free cholesterol; HDL = high-density lipoprotein; HL = hepatic lipase; IDL = intermediate-density lipoprotein; LCAT = lecithin:cholesterol acyltransferase; LDLR = low-density lipoprotein receptor; LPL = lipoprotein lipase; TG = triglyceride.
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Combination Therapy Adding Niacin or a Fibrate to a Statin 
This slide lists the pros and cons of adding niacin or a fibrate to a statin.  The advantages include improved reduction of triglyceride (TG) and increase of high-density lipoprotein cholesterol (HDL-C); possibly increased reduction of low-density lipoprotein cholesterol (LDL-C) (with niacin or fenofibrate); reduced Lp(a) (with niacin); increased LDL particle size; decreased fibrinogen (with fibrates); and the availability of angiographic data.  The disadvantages include increased cost and complexity; increased myositis risk; increased hepatitis risk (with niacin + statin); the potential for other drug interactions; and the lack of outcome data.
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Essential fatty acid families
There are two families of fatty acids (FA) that are essential nutrients in the human diet, the omega-6 (or n-6) and omega-3 FAs. These FA families derive their names from their molecular structure. The omega-6 FA all have their last double bond on the 6th carbon counting from the methyl end (the omega, or nth, carbon). Similarly, the terminal double bond for the omega-3 family is on the 3rd carbon from the omega end.��The primary dietary omega-6 FA is linoleic acid (LA), which has 18 carbons and 2 double bonds (C18:2 n-6). It is found in abundance in liquid vegetable oils, with safflower oil containing about 75% linoleic by weight and corn oil about 50%. A small portion of the linoleic acid that is consumed is converted to arachidonic acid (AA). AA is the precursor for a bewildering array of eicosanoids (20-carbon FA metabolites) including all the 2-series prostaglandins, thromboxane A2, prostacyclin (PGI2), the 4-series leukotrienes, and a variety of cytochrome P-450 metabolites. These compounds mediate inflammatory responses, stimulate platelet aggregation, and produce vasoconstriction. Although these are all essential metabolic functions, in excess and unopposed they can promote atherosclerotic disease and thrombus formation.��The omega-3 FA begin with -linolenic acid (ALA), the short-chain omega-3 FA (C18:3 n-3) that is found in large quantities in flaxseed oil (about 55%) and to lesser extents in canola (about 10%) and unhydrogenated soybean oil (about 7%). A very small fraction (<5%, perhaps <1%) of ingested ALA is converted into eicosapentaenoic acid (EPA), one of the long-chain omega-3 FAs found in fish oils, and even less is converted into docosahexaenoic acid (DHA), the other "fish oil" omega-3. Feeding EPA and DHA will lower tissue levels of AA by inhibiting its synthesis and by taking its place in membrane phospholipids. In addition, the same enzyme systems that convert AA into eicosanoids can utilize EPA (if it is present) to produce a similar array of eicosanoids, here, the 3-series prostaglandins and the 5-series leukotrienes. These eicosanoids are typically less active than those made from AA, and thus, when EPA and DHA are in the diet, the eicosanoid balance shifts to a less inflammatory, less thrombotic, and less vasoconstrictive state.
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••  http://www.lipidsonline.org/http://www.lipidsonline.org/
••  http://www.heartpoint.com/http://www.heartpoint.com/
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