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Abstract The new therapeutic options available to clinicians treating dyslipidaemiain

the last decade have enabled effective treatment for many patients. The devel op-
ment of the HM G-CoA reductase inhibitors (statins) have been a major advance
in that they possess multiple pharmacol ogical effects (pleiotropic effects) result-
ing in potent reductions of low density lipoproteins (LDL) and prevention of the
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atherosclerotic process. Morerecently, the newer fibric acid derivativeshave also
reduced LDL to levels comparable to those achieved with statins, have reduced
triglycerides, and gemfibrozil hasbeen showntoincrease high density lipoprotein
(HDL) levels. Nicotinic acid has been made tol erable with sustai ned-release for-
mulations, andisstill considered an excellent choicein elevating HDL cholesterol
and ispotentialy effectivein reducing lipoprotein(a) [Lp(a)] levels, an emerging
risk factor for coronary heart disease (CHD). Furthermore, recent studies have
reported positivelipid-lowering effectsfrom estrogen and/or progestogen in post-
menopausal women but there arestill conflicting reportson the use of these agents
in dyslipidaemia and in females at risk for CHD. In addition to lowering lipid
levels, these antihyperlipidaemic agents may have directly or indirectly targeted
thrombogenic, fibrinolytic and atherosclerotic processes which may have been
unaccounted for in their overall successin clinical trials.

Although LDL cholesterol is still the major target for therapy, it islikely that
over the next several years other lipid/lipoprotein and nonlipid parameters will
become more generally accepted targets for specific therapeutic interventions.
Some important emerging lipid/lipoprotein parametersthat have been associated
with CHD include elevated triglyceride, oxidised LDL cholesterol and Lp(a)
levels, and low HDL levels. The nonlipid parametersinclude elevated homocyst-
eine and fibrinogen, and decreased endothelial-derived nitric oxide production.
Among the new investigational agents are inhibitors of squalene synthetase,
acylCoA: cholesteral acyltransferase, cholesteryl ester transfer protein, monocyte-
macrophages and LDL cholesterol oxidation. Future applications may include
thyromimetic therapy, cholesterol vaccination, somatic gene therapy, and recom-
binant proteins, in particular, apolipoproteinsA-1 and E. Non-L DL —rel ated targets
such as peroxisome proliferator-activating receptors, matrix metalloproteinases
and scavenger receptor class B type | may also have clinical significancein the
treatment of atherosclerosisin the near future.

Beforelipid-lowering therapy, dietary and lifestyle modification isand should
be the first therapeutic intervention in the management of dyslipidaemia. Al-
though current recommendations from the US and Europe are slightly different,
adherence to these recommendations is essential to lower the risk of atheroscle-
rotic vascular disease, more specifically CHD. New guidelinesthat are expected
in the near future will encompass global opinions from the expert scientific com-
munity addressing the issue of target LDL goal (aggressive versus moderate |ow-
ering) and the application of therapy for newer emerging CHD risk factors.

According to the Framingham Heart Study,!!
dyslipidaemia, which can range from hypercholes-
terolaemia to hypoapolipoproteinaemia, is one of
many modifiable major risk factors for coronary
artery disease (CAD), stroke and peripheral vascu-
lar disease (PVD). Hypertension, diabetes mellitus
and tobacco smoking are the other major risk fac-
tors. More specifically, dyslipidaemia can lead to
the development of coronary atherosclerosis, which
can be further accelerated in the presence of multi-
ple risk factors. The clinically relevant manifesta-
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tions of coronary atherosclerotic plaques are myo-
cardial infarctions (Mls) and unstable angina pec-
toris. In the US, 800 000 new MIs and 450 000
recurrent MIs occur each year, and about one third
of those patients affected die.l? The economic im-
pact of coronary atherosclerosisin the USis enor-
mous. For example, in 1993, the cost of CAD aone
to the nation’s economy was $US51 billion, the
largest contributor to the total cost of atheroscle-
rotic cardiovascular diseases that year ($US210
billion).[2 More recently, in 1998, the American
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Heart Association estimated that the total cost of
cardiovascular disease which included coronary
heart disease (CHD) and stroke was $US274 bil -
lion.[®!

Thegoal of thisreview istointroduceclinicians
to new and upcoming therapeutic options, includ-
ing those directed at targets unrelated to low den-
sity lipoprotein (LDL) cholesterol, for the treatment
of dyslipidaemia and atherosclerosis to prevent
CAD. Many of thenew therapeutic optionshavebeen
provoked by the clinical success of current agents,
such asthe HM G-CoA reductase inhibitors (statins).
Despite aggressive LDL cholesterol lowering with
the statins, a large proportion of individuals still
develop CAD or, in secondary prevention, have a
relapse of the disease.

1. Lipoprotein Metabolism and the
Atherogenic Process

A brief review of lipoprotein metabolism and the
atherogenic processis necessary to understand the
emerging therapies that will be discussed.

Cholesterol andtriglyceridefrom dietary fat are
solubilised by bile acids into lipid-protein com-
plexes and absorbed into the small intestine. The
complexes appear in a spherical shape and contain
triglyceride lipid droplets and cholesteryl esters
surrounded by polar phospholipids and proteins
called apolipoproteins.[45 Apolipoproteins play a
major role in binding, solubilisation and transport
of lipids. They are aso important indicators for risk
of CHD. In particular, apo A-l and -1 are reduced
in patients with dyslipidaemia as a result of de-
creased synthetic (transport) rate and increased frac-
tional catabolic rate.

Chylomicrons function to transport cholesterol
and triglyceride throughout the body and contain
primarily triglyceride, apo B-48, apo A-I, -Il and
-1V. In addition, apo C-I, -Il, -1l and apo E are
picked up by chylomicrons from circulating high-
density lipoprotein (HDL). Lipoprotein lipase
(LPL), located on endothelial cell wall, and hepatic
lipase (HL), located on endothelium of the liver,
are activated by apos C-1 and—I1 (C-111 may inhibit
LPL), subsequently breaking down triglyceride
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into free fatty acids, which are then absorbed into
tissues, converted back to triglyceride and stored.
Apo A-l, -11, apo Cs and phospholipids are trans-
ferredto HDL, leaving chylomicron remnants con-
taining cholesteral ester, apo E and apo B-48, which
are taken up by the liver.[®l The increased uptake of
these remnants reduces hepatic production of apo
B/E receptors. This process a so reduces uptake of
LDL and remnant particlesinto cells and increases
intracellular cholesterol.

Excessfat and carbohydrate intakeis converted
into triglycerides in the liver, which are packaged
into very-low-density lipoproteins (VLDLSs) and
transported to extra-hepatic tissues for storage or
production of energy. VLDLSs contain triglycerides,
cholesterol, cholesteryl esters, apo B-100, and apo
Csand apo E acquired from HDLs. The triglycer-
ides in VLDL particles are hydrolysed via LPL,
similar to chylomicrons. The resultant particle, rem-
nant VLDL and intermediate density lipoprotein
(IDL), contains apo B-100 and apo E, which are nec-
essary for interaction with LDL receptors in the
liver. Theliver takesup approximately 60% of IDL
via apo B/E receptors and the remaining is hydro-
lysed by HL to produce LDL particles. Therefore,
only apo B-100isreturned in this process and thus,
the loss of triglycerides from VLDL forms the
LDLs.9

The major function of LDLsisto carry choles-
terol in the blood to tissues. However, when intra-
cellular cholesterol is required, thereis an up-reg-
ulation of B/E receptors. The only apolipoprotein
that LDLscontainisapo B-100, whichisnecessary
for interaction with apo B/E receptors, and subse-
quent uptake into cells primarily in the liver, adre-
nal glandsand fatty tissue. Approximately 60 to 80%
of LDL particles are removed via hepatic and pe-
ripheral apo B/E receptors.[] Once L DL uptake oc-
curs, the cholesterol esters are hydrolysed to free
cholesterol, which is used to synthesise cell mem-
branes or hormones, as needed. Excessfree choles-
terol isre-esterified by acyl CoA : cholesterol acyl-
transferase (A CAT) and stored. Inaddition, increased
intracellular cholesterol inhibits HM G-CoA reduc-
tase, the rate limiting step for cholesterol biosyn-
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thesis (de novo), and decreases the synthesis of apo
B/E receptorsin an attempt to limit the uptake into
the cell.[4¢1 LDL can be modified by oxidation and
glycation (especialy in diabetes mellitus) reac-
tions, aggregation, association with proteoglycans
or incorporation into immune compl exes.[8l Modi-
fied LDL is associated with decreased recognition
of LDL by the apo B/E (LDL) receptor and increased
recognition by scavenger receptors on macrophages.
Subsequently, the uptake of L DL into macrophages
is increased, leading to the formation of lipid per-
oxides, accumulation of cholesterol esters, and foam
cell formation. !9

HDL is important for removal of cholesterol
from peripheral tissues. Nascent HDL s are synthe-
sised in the liver and small intestine, and contain
the apo A-I, -1I, C-I, -Il, -Il1l and E. The enzyme,
lecithin-cholesterol acyl transferase (LCAT), which
is activated by apo A-I, esterifies free cholesterol
in HDLs and peripheral tissues to cholesteryl esters,
resulting in the conversion of nascent HDL to HDL 3.
Further addition of esterified cholesterol resultsin
theconversionto HDL ,, whichisalso formed from
catabolism of chylomicrons and VLDLSs. Triglyc-
eride-richHDL, may be converted back into HDL 3
by HL. Cholesteryl estersin HDL are transferred to
other lipoproteins containing apo B (VLDL, IDL,
LDL) in exchange for triglycerides via chol esteryl
ester transfer protein (CETP). Reverse cholesterol
transport is the process whereby HDL rids excess
cholesterol from the tissuesto theliver, whereitis
excreted or reconstituted into cell membrane or
VLDL.[#l Patients with low CETP appear to have
alower incidence of CHD (discussed later in sec-
tion4.4.2) since cholesterol isnot transferred to the
atherogenic IDL and LDL, and subsequently trans-
ported to arteries.

Atherosclerosisisnow well recognised asanin-
flammatory disorder. Various atherosclerotic lesions
represent different stages of the chronic inflamma-
tory process in the artery. If the process is not
stopped or is overly aggressive, advanced compli-
cated lesions will develop. Advanced lesions often
have activeinflammation, rendering them vulnerable
to plaque rupture, thrombosis and acute coronary
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syndromes (i.e. unstable angina and non-Q-wave
M1).[9

Endothelial dysfunction is a key component of
the atherosclerotic process and occurs when there
is decreased production, release and/or activity of
endothelial-derived nitric oxide (NO), also known
as endothelial-derived relaxing factor (EDRF), an
endogenous protective vasodilator.[1%! The conse-
quences of decreased NO and a subsequently dys-
functional endothelium are: impaired vascular re-
laxation of endothelium; increased endothelial
permeability to leucocytes (mainly agranular mon-
ocytes), T lymphocytesand platel ets; rel ease of va-
soactive substances such as prostaglandins that in-
hibit platel et activation aswell as plasminogen that
iseffectivein lysing fibrin clots, pro-inflammatory
cell-cell signalling proteins called cytokines [e.g.
tumour necrosis factor (TNF)-a, interleukin (IL)-
1, interferon (IFN)-y and numerous growth factors
such as platel et-derived growth factor (PDGF) and
macrophage-colony stimulating factor (M-CSF)];
adhesion of leucocytes; and increased collagen pro-
duction by vascular smooth muscle cells (SMC).[11-13]
Endothelial dysfunctionis caused by many factors,
which may include; oxidised LDL; freeradical for-
mation (e.g. from smoking, hypertension or diabe-
tes mellitus); genetic mutations; increased plasma
homocysteine, lipoprotein(a) and fibrinogens; in-
fectious organisms (e.g. Chlamydia pneumonia,
Helicobacter pylori, herpesviruses, cytomegal ovi-
rus, periodontitis); mechanical injury (i.e. percuta-
neous transluminal coronary angioplasty); and/or
the release of vasoconstricting substances [e.g.
endothelin-1, thromboxane (TX)A2, angiotensin
| |] [9.14-16]

The dysfunctional endothelium compensates by
activating endothelial cellsand SMC proliferation.
These activated cells express cell-surface adhesion
molecules (CAM) which, in turn, promote chemo-
taxis and recruit more circulating leucocytes.!!
M onocytes which adhere to the vessel wall and mi-
grateinto the extravascular space differentiate into
macrophageswhich takeup oxidised LDL viaascav-
enger receptor pathway and become foam cells.
Oxidised LDL stimulates the secretion of mono-
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cytic chemotactic proteins and M-CSF by the en-
dothelium and SM Cs, whichleadsto further attrac-
tion of monocytes, adhesion and differentiation into
macrophages, as well as preventing the macro-
phages from leaving the intima and acting as cyto-
toxic agentsthat damage the endothelium and induce
thickening of theintima.[11.12] During this process,
some lipids are exported to plasmaby macrophages,
possibly viareverse cholesterol transport mediated
by increased HDL. Therefore, this repetitive pro-
cess initiates the creation of a lipid core with the
existing fatty streak.

Unstabl e atherosclerotic lesions (advanced ath-
eroma lesions) contain large amounts of oxidised
LDL and lipid-laden macrophages, and a thin, fi-
brous cap. Areasof high foam cell density contribute
to degradation and are prone to fissure, leading to
acute inflammation, plaque rupture, thrombus for-
mation and acute coronary events. Stable lesions,
on the other hand, contain eccentric lipid coresand
athick, fibrous cap. They can grow and eventually
occlude an artery, leading to occlusion and isch-
aemic episodes.[10.17.18] This accumulation of fibrous
tissue is a hallmark of the atherosclerotic plaque.
However, this does not occur in al individuals.
Lipid reduction lowers lipid influx and stabilises
the plague, which restores the injured endothelium
to produce NO and other vasodilatory secretions,
resulting in normalisation of endothelial cells. This
isstill considered afundamental event in theiniti-
ation of an atherosclerotic lesion.

Current and future treatments of atherosclerosis
are centred around reducing inflammation, im-
proving endothelial function and stabilising the
atherosclerotic plague. The major therapeutic ap-
proaches include aggressive lipid lowering, increas-
ing NO activity, inhibiting inflammatory cytokines
and treating infectious causes. This review article
will briefly cover thesetherapeutic approaches, but
will focus primarily on lipid-lowering therapy.

2. Approaches to Treatment

Asdiscussed, lipoproteinsremain aprimary tar-
get for promoting and developing newer agentsto
combat dyslipidaemia,!*9 particularly elevated LDL,
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which has conclusively been provento beinvolved
in atherogenesis and CAD. The current US treat-
ment guidelinesfocuson LDL cholesterol, and ag-
gressive treatment in the presence of CAD.[20 The
development of the statins has been a major ad-
vancement in treating hypercholesterolaemia and
their benefits have resulted in reduction of overall
total mortality in clinical trials.[2-251 However, in
an attempt to develop newer agents, the growing
knowledgein thefield of lipid disordershasfurther
focused on other atherogenic lipoprotein and non-
lipid parameters, and the process of atherosclerotic
lesion development.

Through epidemiological studies, many lipo-
protein and nonlipid parameters have been recently
identified which are associated with an increased
risk of cardiovascul ar events. To date, over 200 addi-
tional risk factorshavebeenidentified. Lipoprotein
parameters associated with an increased risk include
elevated Lp(@), increased triglycerides, remnant
particles, reduced HDL, oxidised LDL and small
dense LDL (pattern B).[28] However, the associations
have been inconclusive and the need or benefit from
diet or drug therapy isstill unclear. These emerging
CHD risk factors were unaccounted for in the orig-
inal Framingham Heart Study and may be reclas-
sified to be consistent with the National Cholesterol
Education Program (NCEP) ATP Il recommenda-
tions.[27] Elevated Lp(a) levels, 1 part LDL and 1
part apo(a), [>35 mg/dl; 90.5 mmol/L] may bein-
volved in the recruitment of monocytes to vessel
walls, and may participate in the atherogenic pro-
cess and interfere with fibrinolysis.[28] High serum
triglycerides may be a dependent and/ or indepen-
dent risk factor for cardiovascular disease.[29-32
Triglyceride-rich lipoproteinsinclude VLDL, IDL
and chylomicron remnants. Like oxidised LDL,
these lipoproteins can cross the vascular intima,
may be retained in the arterial wall longer than
LDL, and may cause detrimental effects to the wall
similar to oxidised LDL. Another possible mecha-
nism for the association of hypertriglyceridaemia
and CHD may berelated toincreased plasmaviscos-
ity.[32 In addition, small, dense LDL which is not
taken up by LDL receptors and is, therefore, sus-
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ceptibleto oxidation, hasbeen associated with high
serumtriglycerideand apoBinLDL, low HDL and
CHD. Theincreased small, denseL DL may be caused
by an increased transfer of cholesteryl ester from
LDL to triglyceride-rich lipoproteins and may be
more atherogenic than pattern A [larger, buoyant
LDL particle of normal diameter (>25nm) whichis
more frequent in most individuals]. The pattern B
(<25nm) type accounts for about 50% of the pa-
tients with CHD. Isolated low HDL (<10% of pa-
tients with CHD) is frequently associated with el-
evated triglycerides, leading to low levels of HDL
and subsequently an increased risk of CHD.[33
There is increased HDL -dependent transfer of es-
terified cholesterol from HDL to VLDL and LDL
particles. Improvement in HDL levels may en-
hance reverse cholesterol transport, act as an anti-
oxidant and profibrinolytic, and reduce adhesi on of
monocytes to endothelium.34

Among nonlipid parameters, increased level s of
homocysteine and fibrinogen are strong indicators
for CHD as well as C-reactive protein (CRP), an
inflammatory marker, and elevated plasminogen
activator inhibitor-1 (PAl-1).13% Recently, much at-
tention has focused on elevated homocysteine lev-
els (=16 pumol/L) and their association with an in-
creased risk of atherosclerosisof coronary, cerebral
and peripheral arteries, and cardiovascul ar death.[9
The cofactors, folic acid, pyridoxine (vitamin B6)
and cynancobalamin (vitamin B12), are essential for
homocysteine metabolism, and areinversely corre-
lated with plasma levels of homocysteine. Homo-
cysteine levelsalso correlate with kidney function,
smoking, levels of fibrinogen and CRPI3¢ Ele-
vated CRP may be a significant predictor of a fu-
ture coronary event, perhaps with or without overt
hyperlipidaemia. Investigations into the relative
importance of these emerging risk factors in pre-
dicting future cardiovascular events are ongoing
and will help determine when the broader recom-
mendations are needed in screening and treatment.

To improve morbidity and mortality associated
with lipid disorders, the discovery of pleiotropic
effects (multiple pharmacological effects) of exist-
ing agents and the discovery and development of
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different therapies that are potentially effective on
lipoprotein metabolism and atherosclerosis are cur-
rently being evaluated in animals and humans. As
aresult, agents with direct action on the thrombo-
genic medium, fibrinolytic process, and changesto
atherosclerotic processes on the arterial wall (e.g.
endothelial dysfunction, vasospasm, and cytokine
regulation of macrophages and smooth muscle
function) have been identified.[29

Research has identified novel therapies that di-
rectly enhance LDL receptor activity or that stim-
ulate hepatic apo A-1 production, which playsama-
jorroleinincreasing HDL. Furthermore, inhibitors
of different enzymes in cholesterol synthesis such
as HMG-CoA reductase and squalene synthetase
have been developed. In lipoprotein metabolism,
inhibition of ACAT, CETP, monocytes and macro-
phages, prevention of in vivo LDL oxidation with
novel antioxidants, and enhanced L PL activity has
demonstrated favourable results.[1%3% Future ther-
apiesmay include revised nutritional strategies, re-
introduction of thyromimetic agents, and identifying
certain types of patients for cholesterol vaccina-
tion, somatic gene therapy and recombinant apoli-
poproteins. In addition, there are ongoing investi-
gations evaluating the role of non-LDL-related
targetsincluding peroxisomeproliferator-activated re-
ceptors (PPARS), matrix metall oproteinases (MM Ps)
and scavenger receptor class B typel (SR-BI) [see
tablel].

3. Current Hypolipidaemic Agents

Clinical studies have exploited the advantages
and discovered therapeutic niches for existing hy-
polipidaemic drugs, and some drugs have pleiotro-
pic effects. Furthermore, research has led to their
improved efficacy and safety, which may also im-
prove patient compliance.

3.1 Fibric Acid Derivatives

3.1.1 Gemfibrozil

Gemfibrozil, an older fibric acid derivative (fibr-
ate), has the ability to lower triglycerides, moder-
ately lower LDL andincreaseHDL levels. All fibrates
reduce hepatic synthesis of VLDL and facilitate
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Table I. Current, new and future treatments of dyslipidaemia and atherosclerosis

Treatment strategies

Pharmacological agents or class?

Lipid parameters/mechanisms
Directly stimulate hepatic apo B/E (LDL) receptor uptake activity

Decrease bile acid absorption or promote chelation of cholesterol
Inhibit IBAT

Decrease dietary fat and cholesterol absorption

Inhibit pCEH
Inhibit ACAT activity
Increase LPL activity

Decrease CETP activity

Increase CETP activity
Increase HDL levels

Decrease triglyceride levels
Increase conversion of small, dense LDL to large, buoyant LDL
Prevent LDL oxidation

Inhibit cholesterol synthesis

Decrease apo B-containing lipoproteins
Increase apo A-l levels

Induce antibodies to bind to lipoproteins for removal by scavenger
macrophages

‘Liver-target’ genomic application using viral vectors (adenovirus,
retrovirus)

‘Over or under expression’ via transfer of desirable genes such as apo
E, A-l and LCAT

Enhance Scavenger Receptor Class B Type |

Non-lipid parameters/mechanisms
Inhibit thrombotic markers (e.g. fibrinogen, PAI-1, PAF-1)

Inhibit inflammatory markers [C-reactive protein, cytokines (TNF-a,
INF-y, IL-1), TXA2 PGE2, LTB4, CAMs]

Induce antiatherosclerotic activity [e.g. decrease SMC proliferation
and migration, improve endothelial function (release NO)]
Decrease homocysteine levels

Decrease Lp (a) levels

Inhibit monocytes and macrophages

HMG-CoA RIs, HRT, tamoxifen/raloxifene, thyromimetics (CGS
26214, -23425), imidazolidinyl-pyrimidine derivative (HOE-402)

Resins and cholesterol sequestrants

IBAT inhibitor (S-8921)

Resins and cholesterol sequestrants, soluble fibres, ACAT
inhibitors

pCEH inhibitor (WAY-121,898)

ACAT inhibitors

Fibric-acid derivatives (direct activator), NO-1886 (indirect
activators)

CETP inhibitors, fish oil,? oleate (monosaturated fats), isoflavin
(CGS-25159), hog plasma peptides, recombinant proteins (apo
E, apo A-l, HDL), HMG-CoA RIs

Probucol

Nicotinic acid, fibric-acid derivatives, HMG-CoA RIs, HRT,
tamoxifen/raloxifene, CETP inhibitors, ACAT inhibitors,
recombinant proteins, phenytoin®

Fibric-acid derivatives, fish oil, HMG-CoA RlIs, nicotinic acid
Fibric-acid derivatives

HMG-CoA RIs, fibric-acid derivatives, probucol, ACAT inhibitors,
fish oil, antioxidants [tocopherol (vitamin E) and ascorbic acid
(vitamin C), B-carotene], dietary supplements (polyunsaturated
fats, oleic acid, selenium, iron), NAC, aminoguanidine

HMG-CoA RIs, squalene synthetase (squalestatin-1,
RPR-107393) and epoxidase inhibitors (TU-2078, NB-598)

Nicotinic acid, ACAT inhibitors, fish oil
Thyromimetics
Cholesterol vaccination

Somatic gene therapy

Somatic gene therapy

Gene therapy, probucol, polyunsaturated fatty acids

HMG-CoA RIs, fibric-acid derivatives, HRT, nicotinic acid, fish oil

Leukotriene and IL inhibitors, NSAIDs, CAM inhibitors,
HMG-CoA RIs, fibric-acid derivatives, HRT, probucol, fish oil
HMG-CoA RIs, fibric-acid derivatives, ACAT inhibitors, probucol,
L-arginine, ACE inhibitors,® CAs®, NO synthase gene therapy
Folinic acid, pyridoxine (vitamin Bs), cynancobalamin (vitamin
B12), diet

Nicotinic acid, HRT, tamoxifene, raloxifene, fibric-acid
derivatives, thyromimetic, somatic gene therapy, HMG-CoA Rls,
acetylsalicylic acid (aspirin)©

Leukotriene inhibitors, fish oil, HMG-CoA RlIs, probucol, ACAT
inhibitors

0 Adis International Limited. All rights reserved.
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Table I. Contd

Treatment strategies

Pharmacological agents or class®

Enhance angiogenesis of vascular growth factors (VEGF, FGF, PDGF)

Inhibition of MMPs

Activate Peroxisome Proliferator Activated Receptors

Somatic gene therapy
MMP inhibitors, TIMP gene therapy

Natural prostaglandins, antidiabetics (traglitazone, ciglitazone,
rosiglitazone), fibric-acid derivatives, WY-14643

a Pharmacological agents or classes listed here may be represented by numerous or limited animal or human data and not necessarily

act upon all listed parameters/mechanisms.

b Refers to 3-polyunsaturated fatty acids (3-PUFA), also known as w-3 fatty acids.

¢ Nonhypolipidaemic agents.

ACAT =acylcoA:acyltransferse; ACE = angiotensin converting enzyme; apo = apolipoprotein; CAM = cell adhesion molecule; CAs = calcium
antagonists; CETP = cholestryl ester transfer protein; FGF = fibroblast growth factor; IBAT = ileal Na*/bile acid cotrasporter; HDL = high
density lipoprotein; HMG-CoA RIs = HMG-CoA reductase inhibitors (statin); HRT = hormone replacement therapy; IL = interleukin; INF-y =
interferon-y; LCAT = lecithin-cholesterol acyl transferase; LDL = low-density lipoprotein; LPL = lipoprotein lipase; Lp(a) = lipoprotein (a);
LTB4 = leukotriene B4; MMP = matrix metallaproteinase; NAC = N-acetylcysteine; NO = nitric oxide; NSAID = nonsteroidal anti-inflammatory
drug; PAF-1 = plasminogen activating factor-1; PAI-1 = plasminogen activator inhibitor-1; pCEH = pancreatic cholesteryl ester hydrolase;
PDGF = platelet-derived growth factor; PGE> = prostaglandin; SMC = smooth muscle cell; TIMP = tissue inhibitors of matrix metallo-
proteinases; TNF-a = tumour necrosis factor-a; TXA2 = thromboxane Az; VEGF = vascular endothelial growth factor.

VLDL catabolism by stimulating LPL. The result
is areduction in triglyceride levels. They aso in-
crease HDL as a result of stimulation of apo A-I
synthesis and reducing cholesterol transfer from
HDL toVLDL (asaresult of thedeclinein VLDL).
In addition, they may prevent CHD by affecting
LDL particlesize, whereby the fibrate may convert
the LDL particle from pattern B to pattern A. Fi-
brates may also reduce the lag-time of LDL oxida-
tion. After 12 weeks of gemfibrozil 600 mg/day, 23
patients with combined hyperlipidaemiahad marked
decreasesin levelsof autoantibodies against oxidised
LDL invivo.l3 Inaddition, gemfibrozil lowersPAI-1
levels, another CAD risk factor.[38] However, gem-
fibrozil may have a prothrombotic effect, which may
require coadministration with acetylsalicylic acid
(aspirin).[39.40]

3.1.2 Newer Fibrates

The newer fibrates, bezafibrate and fenofibrate,
also reducetriglycerides and increase HDL levels.
They haveamore potent LDL lowering effect, with
fewer nonresponders compared with gemfibrozil,
and may also lower plasma fibrinogen levels.[1941]
They may also decrease postprandial lipidaemia
and reduce Lp(a) levels.l245] A micronised formu-
lation of fenofibrate demonstrates increased absorp-
tion and more predictable plasma levels, allowing
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dosereductionsand once-daily administration. Mi-
cronised fenofibrate significantly reduced the pro-
inflammatory mediators (cytokines, TNF-a and
IFN-y) in addition to plasmalipids (total cholesteral,
triglycerides, apo B, LDL) in 10 patients with type
I1b hyperlipidaemia with peripheral atherosclerosis
compared with acontrol group.[“é! Thissmall study
confirmed that plasma levels of TNF-a and IFN-y
were higher in patients with atherosclerosis compared
with healthy controls, and that fenofibrate lowered
levelsof these cytokinesin the hyperlipidaemic pa-
tients by approximately 50%, after which they were
comparable with levelsin the controls.
Comparative studiesof fenofibratewith other cho-
lesterol lowering agents have demonstrated im-
proved lowering of triglyceride levels, and increased
HDL and decreased fibrinogen levels. In a12-week
study involving 130 patients with type Ila or 11b
hyperlipidaemia, micronised fenofibrate 200mg
was compared with simvastatin 20 mg/day.[*"! Fen-
ofibrate significantly decreased triglyceride (41.4
vs 16.5%) and increased HDL (18.5 vs 15%) levels
compared with simvastatin, whereas simvastatin was
significantly better at lowering LDL (34.9 vs 20.8%)
and total cholesterol (24.5 vs 19.4%) levels. In ad-
dition, fenofibrate significantly lowered fibrinogen
(10.2 vs +3.6%) and uric acid levels (25 vs 0%) com-
pared with simvastatin. The combination of simva-
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statin 40mg plus fenofibrate 200mg for 6 months
was compared with previous treatment of simva-
statin 40mg plus cholestyramine 32 g/day in 29 pa
tientswith severefamilial hyperchol esterolaemia.*8]
The combination of fenofibrate and simvastatin was
significantly better at reducing total cholesterol
(35Vvs29.3%), LDL (40.6 vs 37.1%) and triglycer-
ide (17.2 vs 12.5%) levels compared with simva-
statin plus cholestyramine. HDL levels increased
to agreater extent with fenofibrate, but the results
were not significant (20 vs 5%). However, the
LDL/HDL ratio was significantly improved with
fenofibrate (4 vs 3.6). Similar results were shown
when fenofibrate was compared with other statins,
including atorvastatin and lovastatin in patients
with combined hyperlipidaemia and type lla and
I11b hyperlipidaemia, respectively.l4950 Fenofibr-
ate produced a significant reduction in triglycer-
ides and increase in HDL levels, whereas the two
statins had equal to better lowering effect on total
LDL cholesterol levels when these agents were
compared. In addition, fibrinogen levels were sig-
nificantly increased by fenofibrate at one month
compared with lovastatin, but the results were not
significant at 3 months. These clinical trials sup-
port the drug’s potential use in type IV hyperlipi-
daemia (hypertriglyceridaemia) as well.

Fibratesmay also havebeneficial effectson glu-
cosehaemostasis. For example, gemfibrozil, and per-
haps the other fibrates, may improve insulin resis-
tance in patients with hypertriglyceridemiawho are
not diabetic but have glucoseintolerance, currently
known as cardiovascular metabolic syndrome, for-
merly called syndrome X .[51

Fibrates have demonstrated a positive clinical
outcome as shown with gemfibrozil inthe Helsinki
Heart Study.[52 In this study, there was a 34% re-
duction in death due to cardiovascular disease,
nonfatal MI, and fatal M1 in patients treated with
gemfibrozil. There was no difference in all-cause
mortality. Two angiographic trialswith third genera-
tion fibrates include the Progression and Regres-
sion of Minor Coronary Arterial Narrowing Feno-
fibrate Study,[354 in which angiographic regression
correlated with lower LDL levels, and the Bezafibr-
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ateCoronary Artery Intervention Trial (BECAIT),
which demonstrated a significant difference of
0.13mm in lumen diameter compared with place-
bo, a decrease in the extent of stenosis (3.4%) and
areduction in the coronary event rate (3 versus 11,
nearly 80%) in young patients with ahistory of Ml
treated with bezafibrate. The Lopid Coronary An-
giography Trial (LOCAT) also showed decreased
progression of coronary and bypass graft athero-
sclerosis in men with normal LDL and low HDL
levels receiving gemfibrozil .[56]

New clinical trials are testing the effects of fi-
brates on clinical outcomesin patientswith mild to
moderate hypercholesterolaemia and low HDL
levels. The Bezafibrate Infarction Prevention Tri-
als' 57 primary end-point is fatal or nonfatal Ml,
or sudden death in patients with dyslipidaemias.
Therecently published Veterans AffairsHigh Den-
sity Lipoprotein Cholesterol Intervention Trial
(HIT)!58 evaluated the time to occurrence of non-
fatal M1 or CHD death in men with CHD taking
extended-release gemfibrozil. The intent-to-treat
analysis from the HIT trial isthe first to show that
elevationin HDL may play acritical rolein reduc-
ing risk for CHD and stroke. Between 1991 to 1993,
gemfibrozil 1200 mg/day was compared with pla-
cebo in 2531 men <74 years of age with CHD and
LDL <140 mg/dl (3.62 mmol/L) [to increase recruit-
ment], HDL <40 mg/dl (1.3 mmol/L) and triglyc-
eride <300 mg/dI (7.76 mmol/L). The gemfibrozil-
treated patients had a 7.5% increase in HDL
compared with 1.8 in placebo recepients (absolute
increase of 2 mg/dl). Therewasno changein LDL
and a 24.5% decrease in triglyceride levels. The
relative risk reduction of CHD/nonfatal M| and
strokewere 22% (p=0.006) and 27%, (p=0.73; NS),
respectively. The reduction in death and cancer
were not statistically significant. The relatively low
increase in HDL levels indicate that there may be
other factorsthat led to the observed clinical bene-
fits. Of interest, aprimary prevention clinical trial,
the Air Force/Texas Coronary Atherosclerosis Pre-
vention Study (AFCAPS/TexCAPS), showed a7%
increase in HDL levels with lovastatin.[23] Thisre-
sult allowed the expansion of the Food and Drug
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Administration (FDA) indicationsfor lovastatin to
include the need to increase HDL levels. Recently,
atorvastatin and simvastatin have also received
FDA approval for elevating HDL levels. Thesere-
sultssupport the potential benefit of elevating HDL
levels, an effect often seen with fibratesand statins.

Two ongoing angiographic studies are examin-
ing the progression of CHD in patients with type 2
diabetes mellitus with mild to moderate hyperchol-
esterolaemia, including the Diabetes Atherosclero-
sis Intervention Study (DAIS),[59 an angiographic
regression trial with micronised fenofibrate, and
the Fenofibrate Intervention and the Event Lower-
ing in Diabetes (FIELD) study in 8000 patients
with mild to moderate lipid abnormalities and a
history of cardiovascular disease.[60.61]

3.1.3 Clofibrate

Fibrates have al so shown anegativeclinical out-
come with clofibrate in the Cooperative Trial on
Primary Prevention of |schaemic Heart Disease.[62
Clofibrate reduced the first major coronary event by
20% and nonfatal M1 by 25% compared with con-
trol. However, therewasno changein theincidence
of fatal M1, and there was greater all-cause mortal-
ity in the clofibrate group. Moreover, the World
Health Organization tria using clofibrate showed
an increased incidence of cardiac arrhythmias and
higher total mortality.[83l The drug isno longer rec-
ommended as a lipid-lowering agent because of
thislarge increase in overall mortality

3.2 Nicotinic Acid

Nicotinic acid (niacin) inhibits hepatic produc-
tion of VLDL and its metabolite LDL. In compar-
ison with other currently available hypolipidaemic
agents, the advantages of nicotinic acid are its po-
tent ability to increasing HDL (HDL, HDL ;) and
apo A-1 levels. Thisis accomplished by reducing
lipid transfer of cholesterol from HDL to VLDL
and delaying HDL clearance. Hypothetically, nic-
otinic acid may inhibit the HDL catabolism path-
way involving apo A-1 (by inhibiting the removal
of apo A-1 at the catabolic receptor or pathway -
“holoparticle uptake’) but not the SR-BI that medi-
ates selective cholesteral ester removal. This mecha-
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nism would increase circulating HDL levels with-
out significantly affecting cholesterol removal,
thereby augmenting reverse cholesterol transport
and other functions of HDL (discussed in section
4.12.3).1%4 Nicotinic acid al so produces modest de-
creasesintriglyceride and apo B levels, and signif-
icant decreases in Lp(a) levels. It has also demon-
strated a significantly favourable correlation with
changesin fibrinogen and LDL cholesterol levels.[6%]
Unfortunately, nicotinic acid is often poorly toler-
ated. Sustained-release formulations demonstrate
similar efficacy to the crystalline forms but produce
alower incidence of flushing. However, sustained-
rel ease formul ations have been associated with more
gastrointestinal disturbances and hepatotoxicity.[6¢!
These adverse effects may have been dose-rel ated,
and/or due to the type of preparation used.

A new extended-release, oncedaily, nicotinic acid
formulation was recently approved by the FDA. Its
efficacy and saf ety was maintai ned for up to 96 weeks
in onestudy with minor effects on hepatic enzymes.[67]
225 patients receiving this new extended-release
formulation as monotherapy completed the 96-
week trial and received a mean dose of nicotinic
acid 2000mg. A 20% decreasein LDL cholesterol,
a17% decrease in apo B, a 28% increase in HDL
cholesterol, a 13% decrease in total cholesterol, a
28% decrease in triglyceride and a 39% decrease
inLp(a) levels, and a31% favourable changein the
total/HDL cholesterol ratio from baseline were seen.
The incidence of flushing was about 75%. There
were statistically significant increases in levels of
hepati ¢ transaminases, alkaline phosphatase, direct
bilirubin, amylase, uric acid and leucocytes. The
study also observed significant changes in phos-
phorus and glucose levels, and platel et counts. Ac-
cording to the authors, these changesdid not appear
to pose clinically significant safety issues. How-
ever, the decrease in phosphoruswas anew finding
in nicotinic acid therapy. The efficacy and safety
profile of thisnew extended-release formulation in
clinical trials has been similar to those observed
with immediate-rel ease nicotinic acid.[67-70

Nicotinic acid can affect insulin resistance re-
sulting in glucose intolerance, and should be used
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cautioudly in patients with diabetes. However, in
one study, the combination of low-dose nicotinic
acid with pravastatin in 14 patients with diabetes
had little or no effects on glycaemic control and
favourable effectson thelipid profile.[”2] However,
patients receiving combination therapy should be
observed closely for the occurrence of myopathy,
especially with concomitant statin therapy. Nico-
tinic acid can aso decrease the secretion of uric
acid, resulting in increased uric acid levels. The
risk is dose-related and it should be used cau-
tiously, if at all, in patients predisposed to gout.[Z

Nicotinic acid hasdemonstrated favourabl e out-
comes in cardiovascular morbidity and mortdity in
6 major clinical trialsand, therefore, hashad asolid
foundation for its use.[”3 Nicotinic acid monother-
apy decreased the incidence of recurrent nonfatal
MI by 27% and cerebrovascular events by 26% after
6 years, and decreased total mortality by 10.6%
after 15 years of long term follow-up in the Coro-
nary Drug Project (CDP).[74 Other trials showed
benefits in coronary and total mortality, coronary
events, and angiographic progression and/or re-
gression. The Stockholm Ischaemic Heart Disease
Secondary Prevention Study (IHD) with nicotinic
acid plus clofibrate resulted in decreased risk of
ischaemic heart disease mortality by 36% and de-
creased total mortality by 26%.[7®! The Cholesterol-
Lowering Atherosclerosis Study (CLAS)I76.77]
and the Familial Atherosclerosis Treatment Study
(FATS)[78 were angiographic trials of nicotinic acid
plus colestipol, which demonstrated regression and
decreased progression of lesions, and decreased
cardiovascular events. In CLAS|, coronary angio-
graphy was performed 2 years after coronary artery-
bypass graft surgery (CABG). The change in pro-
gression of lesions from baseline was 39 versus
61% and the change in regression was 16 versus 2%
for the placebo group compared with the niacin/
colestipol group, respectively. In CLAS 11, an an-
giogram was performed 4 years after study initia-
tion. The change in progression of lesions from
baseline was 48 versus 85% and the change in re-
gression was 18 versus 6% for the placebo group
compared with the nicotinic acid/col estipol group,
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respectively. The FATS study demonstrated pro-
gressive disease in 25% of patients compared with
46% in the placebo group, regression in 39% of
patients compared with 11% in the placebo group,
and a 1.1% reduction from baseline in stenosis
compared with a 2% increase in the placebo group.
Although the effects on lesions with nicotinic acid
plus col estipol were significant although marginal,
the incidence of fatal/nonfatal M| with this treat-
ment was 6 versus 19% in the placebo group. The
combined results of nicotinic acid plus colestipol
and lovastatin plus colestipol in this trial demon-
strated a reduction in clinical events of 73%. The
marked reduction in clinical events despite the
minimal effect on stenosisled to the belief that the
current lipid-lowering drugs have aternate mech-
anisms of reducing cardiovascular clinical events.
The University of California-San Francisco Spe-
cialized Center of Research study was an an-
giographic trial with nicotinic acid plus colestipol
and lovastatin (in approximately half the patients)
which showed aregression of percent areastenosis
of 1.5 (p = 0.04) with a39% reduction in LDL.[7
The Harvard Atherosclerosis Reversibility Project
was another angiographic trial using pravastatin,
nicotinic acid, colestipol and gemfibrozil, which did
not demongtrate significant differencesin lesion pro-
gression or clinical coronary events but showed a
33% reduction in clinical events.[8

3.3 Probucol

Probucol reduces LDL levels by 10 to 15% and
HDL levelsby approximately 30% in patientswith
hyperchol esterolaemia. The mechanism by which
probucol decreases HDL is unclear, but it may be
partly asaresult of increasing the activity of CETP,
alipid regulatory process that isinvolved in lipo-
protein metabolism. A beneficial effect of probucol
isthat it prevents LDL oxidation. Therefore, pro-
bucol increases the resistance of LDL to oxidative
maodification to the more atherogenic form perhaps
becausethedruginvadestheinside of thelipid-rich
core of LDL. It reduces lipid peroxides via a free
radical scavenger action, and protectsLDL and Lp(a)
from oxidative damage in vitro. Thus, probucol
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may have a niche in the treatment of homozygous
familial hypercholesterolaemia (HFH).[19811 One
study showed that xanthoma (exposed body fat de-
posits) regression with probucol use in patients
with HFH was directly related to reductionsin HDL
levels.[82] After 3 years, the results of the Probucol
Quantitative Regression Swedish Trial (PQRST)
showed that probucol 1 g/day plus cholestyramine
8 to 16 g/day compared with cholestyramine alone
or placebo, reduced HDL and LDL levelsby 24 and
12%, respectively, and produced LDL particlesthat
were less susceptible to oxidation in 274 patients
with relatively advanced femoral atherosclerosis.[&3
However, the study failed to show aclinical benefit
from probucol. Probucol decreased atherosclerotic
lesions in Watanabe heritable hyperlipidaemic
(WHHL) rabbits, which was attributed to its anti-
oxidant effects rather than its lipid-lowering ef-
fects.[84

The Probucol and Multivitaminsin the Preven-
tion of RestenosisAfter Coronary Angioplasty trial
compared probucol alone with placebo, multivita-
mins [beta carotene, ascorbic acid (vitamin C) and
tocopherol (vitamin E)], or probucol plus multivi-
tamins with an end-point of reduction in the fre-
guency of restenosis after coronary angioplasty in
317 patients undergoing elective angioplasty.[83]
Interestingly, probucol alone, but not with multivi-
tamins, significantly reduced the rate of restenosis
after balloon angioplasty. The authors suggested that
the positiveeffectsobserved from probucol may have
been due to its powerful antioxidant effects which
may have prevented endothelial damage and LDL
oxidation secondary to angioplasty. The effects may
also have been due to inhibition of IL-1 secretion
by macrophages, which could have decreased the
secretion of MMPs by SMCs. MMPs are protein-
ases that destroy collagen and connective tissues
(discussed in section 4.12.2). Macrophages secrete
MMP-1, which has the same destructive effects.
Therefore, probucol may haveindirectly prevented
neointimal formation and/or affected the remodell-
ing of the extracellular matrix of the artery wall.

It must be noted that although probucol appears
to possess desirable properties for the treatment of
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hyperlipidaemia and atherosclerosis, the drug has
been withdrawn from the US market because of its
potential toinduce seriousventricular arrhythmias.
It should beavoided in patients, especially females,
who have QT prolongation or are currently taking
other drugs which prolong the QT interval .[8¢]

3.4 HMG-CoA Reductase Inhibitors

Theclinical successof the HM G-CoA reductase
inhibitors (statins) hasled to newer synthetic mole-
cules, which are more potent (atorvastatin) or equi-
potent (cerivastatin) onamilligram per milligram ba-
sis compared with synthetic fluvastatin. All statins
are competitiveinhibitors of HM G-CoA reductase,
therate-limiting step in cholesterol biosynthesis. The
reduction of intrahepatic cholesterol stimulates syn-
thesis of apo B/E (LDL) receptors in the liver,
thereby enhancing remova of LDL and VLDL rem-
nant particlesfrom circulation and further lowering
LDL. They also modestly increase HDL and lower
triglyceride levels as VL DL remnant particles are
cleared by newly synthesised apo B/E (LDL) re-
ceptors. At current FDA approved maximal doses,
atorvastatin 80mg is the most efficacious statin with
LDL reductions of 50 to 60%, followed by simva-
statin 80mg (47%), lovastatin 80mg (40%), pra-
vastatin 40mg (35%), cerivastatin 0.4mg (34%) and
fluvastatin 40mg (30%).187] Both atorvastatin and
cerivastatin exhibit improved activity for reducing
lipoproteins and improving tissue selectivity. After
54 weeks, compared with other statins, atorvastatin
demonstrated higher liver selectivity, longer inhi-
bitory effects and a potent reduction in LDL and
triglyceride levels.[88 The longer inhibitory effect
isprobably the reason for its higher potency, rather
thanitsliver selectivity. Atorvastatin demonstrated
a significantly greater reduction in LDL levels at
doses 10 to 40mg over milligram-equivalent doses
of the other statins. The patients evaluated had
baseline LDL levels of 2160 mg/dl (4.14 mmo/L)
andtriglyceridelevelsof <400 mg/dl (10.35 mmol/
L). The potency of atorvastatin was also demon-
strated in the Target-To-Treat trial which compared
the reduction in LDL levels with NCEP goals.[89
Approximately 32% of patients receiving atorva-
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statin (starting dose 10 mg/day) reached LDL goals
after 54 weeks compared with fluvastatin (1%),
lovastatin (10%) and simvastatin (22%). Some pa-
tients receiving these statins required frequent ti-
tration and the addition of colestipol (5g twice
daily) in order to achieve their LDL goals.

Cerivastatin, although studied in doses as high
as 0.8 mg/day, has been approved by the FDA at a
dose of 0.3mg and more recently, 0.4 mg/day. Al-
though the number of completed clinical trialswith
cerivastatinislimited, it does not seemto offer any
additional clinical advantage over the other statins
at thistime. However, it may be agood economical
choice at equipotent doses of lovastatin, pravastatin
and simvastatin when patients require <35% re-
duction of LDL to meet their goal.

Although atorvastatin and cerivastatin have yet
to demonstrate areductionin CHD events, ongoing
clinical trials with these agents should provide the
answers in the near future. The much-awaited re-
sultswill add to the existing wealth of information
regarding the statin group of drugs and CHD events.
Notable clinica trias for primary prevention of
CHD include The West of Scotland Coronary Pre-
vention Study (WOSCOPS)!21l and the AFCAPS/
TexCAPS.[23] Notable trials for secondary preven-
tion include the Scandinavian Simvastatin Sur-
vival Study (4S),[%] the Cholesterol and Recurrent
Events (CARE) studyl?4 and the Long term Inter-
vention with Pravastatin in Ischaemic Disease
(LIPID) study.[22

The WOSCOPS, CARE and LIPID trias in-
volved pravastatin, whereasthe AFCAPS/TexCAPS
trial involved lovastatin and the 4Strial evaluated
simvastatin. WOSCOPS studied 6595 high-risk
patients with average total cholesterol level of 272
mg/dl (7.03 mmol/L) and HDL of 44 mg/dl (1.14
mmol/L), in which the treatment reduced the risk
for nonfatal M1 or CHD by 31% and therisk reduc-
tionin all-cause mortality by 22%. The CARE study,
which evaluated 4159 patients with CHD with an
average baseline total cholesterol level of 209
mg/dl (5.4 mmol/L) and LDL of 139 mg/dl (3.6
mmol/L) demonstrated a 24% decreased risk of
nonfatal Ml and CHD death. The LIPID trial was
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thefirst to show areductionin CHD mortality (24%)
in patients (n = 9014) with a history of MI or un-
stable angina and normal cholesterol levels [total
cholesterol level = 218 mg/dl (5.64 mmol/L)]. The
study recruited more elderly, more females and
more patients with diabetes than previous clinical
trials. A meta-analysis will soon be available com-
paring the results of the WOSCOPS, CARE and
LIPIDS trials. AFCAPS/TexCAPS studied 6605
low-risk patients with average baseline total cho-
lesterol levels of 221 mg/dl (5.72 mmol/L) and
HDL cholesterol levels of 37 mg/dl (0.96 mmo/L).
Lovastatin 20 to 40 mg/day reduced the risk of a
first major acute coronary event by 37%. Second-
ary prevention was also observed with simvastatin
in the 4S trial .[?3] In contrast to the CARE study,
patientsin 4S had elevated levels of both total and
LDL cholesterol, and experienced a30% decreased
risk in total mortality.

Although the above statin trials did not specif-
ically address optimal goals for LDL cholesterol
level lowering, current trials are addressing this
issue. Anongoingclinical trial [Study of Effective-
ness of Additional Reductions of Cholesterol and
Homocysteine (SEARCH)] is comparing aggres-
sive therapy with simvastatin 80mg versus 20mg.
Previously, the Post Coronary Artery Bypass Graft
trial (Post-CABG)[® trial involving lovastatin plus
warfarin showed that aggressive lowering of LDL
(to <100 mg/dl; 2.59 mmol/L) with lovastatin up
to 80 mg/day plus cholestyramine up to 8g/day, if
needed, may be better than moderate (to <130
mg/dl; 3.36 mmol/L) lowering with lovastatin 2.5
mg/day plus cholestyramine, if needed, at reducing
the progression of bypass graft atherosclerosis.
Thelow-dosewarfarin 1 mg/day did not affect ath-
erosclerosis. The Atorvastatin Versus Revascul ari-
sation Treatments (AVERT) showed that 87% of
patients (n = 341) who were candidates for coronary
angioplasty when randomised to atorvastatin 80
mg/day, wereableto reduce LDL to below 100 mg/dl
and remained on medical therapy for 18 months.[9%
The incidence of primary end-point (death, nonfa-
tal M1, stroke, need for subsequent revasculariation,
hospitalisation for angina, and resuscitated cardiac
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arrest) was 13% in the atorvastatin group versus
21%intheangioplasty group (p=0.045), with atrend
towards statistical significance. However, angiopla
sty provided better relief of angina (54 versus 41%
with atorvastatin). The mean baseline LDL level of
140 mg/dI (3.62 mmol/L) was|lowered to 77 mg/d
(2.99 mmol/L) in the atorvastatin group compared
with 118 mg/dl (3.05 mmol/L) in the angioplasty
group. It should be noted that the AVERT study
design allowed the use of atorvastatin, according
to clinical guidelines, for patients randomised to
angioplasty; thisexplainsthe chol esterol reduction
in the angioplasty arm of the trial.

The aggressive therapy studies, in addition to the
primary and secondary trials, suggest that therela-
tionship between lowering LDL levels and reduc-
tionin CHD eventsisnonlinear. |n other words, the
clinical benefits of cholesterol lowering with statins
diminishonce LDL fallsbelow acertain level, sug-
gesting that the relationship between LDL and rel-
ative risk for CHD may follow a curvilinear or a
threshold model.[%2 For example, in the CARE tridl,
no further risk reduction occurred once LDL levels
fell below 125 mg/dl (3.23 mmol/L), supporting
thethreshold model. Inthe4Strial, the datasuggest
that lower cholesterol levels give continuous but
progressively smaller decrements in CHD risk,
supporting the curvilinear model. Inthe Treating to
New Targets (TNT) clinical trial, atorvastatin will
be studied to determinewhether lowering LDL lev-
els below the current NCEP targets can further re-
duce the incidence of MI or death in patients with
preexisting CHD. This 5-year trial will investigate
whether there is greater clinical benefit in treating
patients to a lower target LDL goal of 75 mg/d
(1.94 mmol/L) compared with 100 mg/dl (2.59
mmol/L).[% The results from the primary and sec-
ondary prevention trials involving the statins sug-
geststhat they can reduce CHD events spanning the
entire continuum of risk —high-risk patientsat risk
for CAD (49), at intermediate-risk for CAD (CARE,
LIPID, WOSCOPS) and at low-risk for CHD
(AFCAPS/TexCAPS).

In addition to potent LDL lowering effects, the
statins possess other pharmacological effects that
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may have contributed to the prevention of athero-
sclerosis and thrombosis and the reduction in total
mortality reported in several clinical trials. These
nonlipid effects can be categorised as antiathero-
sclerotic and antithrombogenic effects since they
influence plague stability and thrombosis. Thereis
limited clinical evidence emerging which demon-
strates that the statins may regulate coronary arte-
rial tone by improving endothelial dysfunction as-
sociated with hyperchol esterolaemiaand CAD via
NO formation.[94-%] This antiatherosclerotic regu-
lation by the statins may improve coronary isch-
aemic symptoms and stabilise the atherosclerotic
plaque, particularly if administered early in the
course of an acute coronary event.[%! Statins may
interfere with SMC proliferation(97:%8! and migra-
tion.[9899] This occurs independently of their cho-
|esterol-lowering effect and differences among the
various statins may be related to their ability to
penetrate cells. Inhibition of monocyte-macrophages
and their inflammatory cytokine activity, subse-
quent foam-cell formation and increased resistance
to LDL oxidation are other potential mechanisms
by which the statins may alter the atherosclerotic
process.[1%9 Recently, the proinflammatory com-
ponent that occurs during atherosclerosis was sig-
nificantly diminished with a statin. Atorvastatin
diminished not just lipids and lesion size, but mac-
rophage infiltration and monocyte chemoattractant
protein-1 (MCP-1) in neointima inflammation. In
addition, TNF-a-induced vascular SMC MCP-1
expression and nuclear fraction-k3 (NF-k3) were
down-regul ated.[101]

Statins possess antithrombotic mechanismsthat
may beassoci ated with net atheroscl erotic changes 1!
These mechanisms include the inhibition of plate-
let activating factors and platelet aggregation, re-
duction of fibrinogen levels, suppression of tissue
factors and reduction of PAI-1 levels. These prop-
erties of statins may prevent or stabilise the athero-
sclerotic plague, particularly the ‘ vulnerable plaque’,
in which the lipid core of the lesion is exposed to
further platelet aggregation and LDL oxidation,
and subsequent inflammation. These favourable
nonlipid properties may have contributed to the re-
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duction of CHD events reported in several athero-
sclerotic regression trials, such as the Regression
Growth Evaluation Statin Study (REGRESS),[102
the Pravastatin, Lipids, and Atherosclerosisin the
Carotid Arteries(PLAC) study,[193] the M ulticentre
Anti-atheroma Study (MAAS)!1% and the Cana-
dian Coronary Atherosclerosis Intervention Trial
(CCAIT).[109] These potentia nonlipid mechanisms
of action of statins suggest that their beneficial ef-
fectsgo beyond LDL reduction. Thisindicatesthat
clinical decision making should not bebased solely
on surrogate end-points but on clinical outcomes,
the gold standard for assessing the efficacy of any
treatment.

3.5 Resins and Bile Acid Sequestrants

Cholestyramine and colestipol have been the
agents most used in this class of drugs. They are
desirable because of their nonsystemic mode of ac-
tion. They bind bile acidsin theintestine, resulting
in interruption of reabsorption of bile acids. This
lowers intrahepatic cholesterol and promotes the
synthesisof apo B/E (LDL) receptors. Theserecep-
tors bind LDL from plasma, resulting in a further
lowering of cholesteral in the blood. These agents
also minimally increase HDL viaintestinal forma-
tion of nascent HDL. Inthe Lipid Research Clinics
Coronary Primary Prevention Trial (LRC-CPPT),
the cholestyramine-treated group demonstrated a
19% reduction in CHD, which was associated with
each 11% decrement in LDL and 8% decrease in
total cholesterol levels.[198] Unfortunately, intoler-
anceto these agents makes compliance difficult for
large numbers of patients. Newer formulations such
as tablets, caplets, flavoured granules and ‘lighter
preparations’ have been associated with fewer gas-
trointestinal adverse effects.

Inorganic cholesterol sequestrants include bis-
muth salicylate plusmontmorillonite clay, aluminum
hydroxide and calcium carbonate antacids. Bismuth
salicylate with montmorillonite clay has a seques-
tering ability similar to cholestyramine.[1071 Alu-
minum hydroxide has been reported to moderately
decrease LDL levels.[108]
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3.6 Soluble Fibres

Research has aso been performed with natural
and semi-synthetic water-soluble dietary fibres,
which reduce the absorption of exogenous dietary
cholesterol. Essentially, these agents are poorly di-
gested polysaccharidesthat decrease passivetrans-
port of cholesterol substratesinto the intestinal lu-
men.[33 Since most cholesteral in the intestine is
biliary rather than dietary, these agents may also
reduceserum LDL levelsviaincreased LDL recep-
tor uptake activity in the liver.

Thereare several reasonsfor using solublefibre
supplements to treat hypercholesterolaemia. First,
the viscosity of the fibre may decrease absorption
of cholesterol from the gut. Secondly, fibre may
increase the excretion of bile acids in the faeces,
forcing the liver to produce more hile acids from
cholesterol to compensate. Thirdly, the fermenta-
tion of soluble fibre by colonic bacteria produces
short-chain fatty acids including propionates.
These in return are absorbed and converted to
succinyl-coenzymeA intheliver where chol esterol
synthesis may be inhibited.[109

Examples of natural water soluble fibres in-
clude psyllium, oat, guar and pectin. These agents
demonstrated areductionintotal cholesterol levels
of 15 to 20% in healthy volunteers and in patients
with type 2 diabetes[*19 The hypochol esterolaemic
activity of these natural soluble fibresismodest at
best in reducing absorption of cholesterol inanimal
and humans. In addition, the large doses required
have the potential for significant adverseintestinal
effects. Currently, semisynthetic soluble fibres are
being evaluated for preventing cholesterol entry
into the intestinal mucosa.

3.7 Hormone Replacement Therapy

The estrogens directly stimulate LDL receptor
activity, leading to marked reductionsin total and
LDL cholesterol levels, and moderate increasesin
HDL cholesterol levels.['1 In a study comparing
estrogen/progestogen with simvastatin 10mg daily
in 58 postmenopausal women with hyperchol ester-
olaemia, hormone replacement therapy (HRT) de-
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creased total cholesterol by 14%, LDL cholesterol
by 24% and L p(a) by 27%, and increased HDL cho-
lesterol by 7% and triglycerides by 29%. In com-
parison, simvastatin reduced total cholesterol by
26%, LDL by 36% and triglycerides by 14%, in-
creased HDL by 7% and had no effect on L p(a).[*12

Observational studies have shown that the ef-
fects of estrogens on the lipid profile may partly
account for their cardioprotective effect in post-
menopausal women with significant risk factors
for CHD. The Postmenopausal Estrogen/Progestin
Interventions (PEPI) Trial demonstrated marked
increase in HDL cholesterol levels with estrogen
alone as compared with the combination of estro-
gen plus progestogen. However, estrogen alone was
associated with ahigher rate of endometrial hyper-
plasiall%! Several other studies have shown that
estrogen may lower Lp(a), a CHD risk factor and
exhibit beneficial effects on the arterial wall in
women.[113-116] |n g recent study in 28 women tak-
ing conjugated estrogen 0.625mg and/or simva-
statin 10mg for 6 weeks, estrogen lowered PAI-1
and CAM E-selectin levels, in addition to lowering
LDL and Lp(a) and increasing HDL levels.[117]
This effect is unique in that it targets markers of
fibrinolysis and vascular inflammation.

In the case of primary or secondary prevention,
studies of HRT have yielded conflicting results. The
Heart and Estrogen/progestin Replacement Study
(HERS) Research Group concluded that estrogen
0.625mg plus medroxyprogesterone 2.5 mg/day
had no significant effect on primary (nonfatal Ml
or CHD death) or secondary (coronary revasculari-
sation, unstable angina, congestive heart failure, M,
stroke, transient ischaemic attack, PV D and overal
mortality) outcomes compared with placebo.[118]
The study involved 2763 postmenopausal women
with CHD who were followed for approximately 4
years. Therewas alack of an overall effect despite
an 11%reductionin LDL and a10%increasein HDL
levels compared with placebo (p < 0.001). How-
ever, there was a trend toward statistical signifi-
canceif the study had continued. The majority (45%)
of these patients were receiving lipid-lowering
agents. The treatment group experienced a higher
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rate of thromboembolic eventsand galIbladder dis-
ease. The results of this study contradict previous
studiesregarding HRT and the prevention of CAD.
Thediscrepancy may bedueto previousstudiesbeing
observational, different characteristics of study pop-
ulations and differences in treatment regimens, in-
cluding theuse of different progestogen formulations
or of unopposed estrogen. Another recent study from
Duke University, North Carolina, in 1857 post-
menopausal women with CAD found similar re-
sultsto the HERStrial .[119 33% of 111 women who
started HRT post-MI were hospitalised within 12
monthsfor unstable anginawith no deaths. 17% of
women not taking HRT were hospitalised within 1
year and and 4% died. In addition, 21% of 413
women taking HRT before their first M1 and who
continued taking HRT afterwards, were hospitalised
with unstable anginawithin 12 months. Four women
(1%) in this group died. The authors suggest that
the thrombogenic properties of estrogens may partly
explain the findingsin these studies. Currently, es-
trogen does not have an FDA approved indication
for either the regulation of lipids or the reduction
of CHD.

The Women's Health Initiative (WHI), begunin
1992 and to becompletedin 2007, isalargeclinical
investigation currently enrolling 63 000 postmeno-
pausal women 50 to 79 years of age to determine
the major causes of morbidity and mortality in
older women. One of the objectives of the clinical
trial is to compare estrogen with the combination
of estrogen/progestogen to prevent CHD, which
will include 27 500 women.[220 Hopefully, the re-
sults of this trial will answer some questions with
respect to the use of estrogen alone versus combi-
nation therapy for the prevention of unfavourable
outcomes in postmenopausal women with CHD.
Some of the unresolved issues with HRT are the
lack of controlled clinical trials, endometrial ef-
fects, preferred progesterone dosage regimen and
resumption of menses (with cyclical therapy).

3.8 Tamoxifen/Raloxifene

Other sterol therapies used in postmenopausal
women such as tamoxifen and raloxifene, used in
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breast cancer and for the prevention of osteoporo-
sis, respectively, have been demonstrated to reduce
total and LDL cholesterol. Tamoxifen has been as-
sociated with lower rates of MI, although higher
rates of thromboembolic diseases have been re-
ported.l12l] Raloxifene has been shown to lower
fibrinogen and Lp(a) levelsin addition to increas-
ing HDL, without raising triglycerides.[122]

4. New and Future
Antihyperlipidaemic Agents

Future advances may include refining existing
lipid-lowering agents, altering activity of other en-
zymes involved in lipoprotein metabolism, inhib-
iting other enzymes of cholesterol synthesis, devel-
oping drugsto target specific risk factorsand drugs
directed at protecting the arterial wall against ath-
erosclerosis. Asthereislimited availability of hu-
man data, much of theinformation provided in this
section involves animal data.

4.1 Newer Fibric Acid Derivatives

Lifibrol is acompound that combines all of the
desirable properties of a fibric acid derivative.
Lifibrol markedly lowers LDL, apo B, postpran-
dial lipids and Lp(a) levels.[123-123 Ciprofibrate is
the latest addition to this class, which is currently
undergoing clinical evaluation.

4.2 New Bile Acid Sequestrants

To further improve efficacy, patient tolerance and
compliance, alarge number of bile acid sequestrants
have been derived from cholestyramine and coles-
tipol by modifying their organic structuresthrough
aprocess called quaternisation.[107.126] Colesevelam,
a nonabsorbed hydrogel with bile acid-sequestering
properties has recently become available. It been
show to lower LDL cholesterol at a dosage of 1.5
t0 3.75 g/day without constipating effects.[127] Water
soluble derivatives include 3,3-ioene, N-(cyclo-
alkyl) alkylamines and poliglusam (chitosan; CP-
88488).133.107] Oral poliglusam has shown promis-
ing results. In poliglusam-fed mice without apo E,
therewas a64% reduction in blood cholesterol and
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a 40 to 50% inhibition of atherogenesis of the
aorta and aortic arch after 20 weeks.!'28] | nsoluble
quaternised polystyrenes are a so undergoing clin-
ical testing. Other strategies are to functionalise
polysaccharides or to use cross-linked poliglusam,
kanamycin or neomycin.[33 However, the clinical
applications of these strategies are not yet known.

Natural and synthetic bile acid sequestrants
such as saponins have been extensively investi-
gated and may be effectivein thetreatment of mod-
erate hypercholesterolaemia.l33 These agents cause
cholesterol precipitation, interference withmicelle
formation or bile acid absorption.[19 The synthetic
saponin, tiqueside (CP-88818), similar to pama-
queside (CP-148623), isa3-tigogenin cellobioside
which inhibits dietary and biliary cholesterol ab-
sorption and reduces chol esterol inanimalsand hu-
mans.[129.130] Pamaquesideisamodified derivative
of tiqueside with advanced efficacy and 10 to 30
times greater potency.[131

A novel inhibitor of cholesterol absorption, the
ileal Na*/bile acid cotransporter (IBAT) inhibitor,
S-8921, demonstrates similar properties to bile
acid sequestrants. After 2 weeks, serum chol esterol
was reduced by 29 to 37% and faecal excretion of
bile acid increased by 60 to 80% in WHHL rabbits
compared with controls. In addition, aortic athero-
sclerotic lesionswere reduced.[132 IBAT inhibitors
appear promising but require future clinical inves-
tigations for the treatment of hyperchol esterolaemia.

4.3 New Direct Low-Density Lipoprotein
(LDL)-Receptor Activators

HOE-402 is an imidazolidinyl-pyrimidine de-
rivative representing a novel agent that directly
stimulates LDL receptor activity. HOE-402 at a
dose of 100 mg/kg, reduced cholesterol levels by
50% after one month of treatment in heterozygous
WHHL rabbits.[133 In male hamsters fed choles-
terol diets plus HOE-402, whole body LDL pro-
duction was 20% lower in the treatment group
compared with controls, and plasma clearance of
LDL was 2.1-fold higher. The study further dem-
onstrated that HOE-402 had a more direct action
on hepatic LDL receptor activity rather than ain-
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direct intestinal effect on cholesterol absorption &f -
ter 3 weeks.[134 When observed in human hepatic
cells(Hep G2 cells), LDL receptor activity wassig-
nificantly increased, independent of the HMG-CoA
reductase pathway.[33 However, theclinical signif-
icance of this particular agent needs confirmation
from human clinical trias.

4.4 Alteration of Cholesterol Metabolism

4.4.1 AcylCoA:Cholesterol
Acyltransferase Inhibitors

A new investigational approach totreat and pre-
vent atherosclerosis is to alter the activity of en-
zymes or proteins involved in regulating lipopro-
tein metabolism.l One approach is to inhibit
ACAT, which is a ubiquitous enzyme responsible
for esterifying excessintracellular cholesterol. Ex-
cess cholesterol is stored in the core of lipoprotein
particles and, subsequently, may develop into an
atheroma. The activity of ACAT is therefore en-
hanced by the presence of intracellular cholesterol.
However, whether inhibition of ACAT will prevent
atherosclerosisis not yet clear.

ACAT inhibition may also reduce the synthesis
of VLDL, which isa product of cholesterol esteri-
fication.[333% [nhibition of cholesterol esterifica-
tion would allow more cholesterol to come to the
cell surface and subsequently be shunted into the bile
acid poal. In rabbits with endogenous hyperchol-
esterolaemia, ACAT inhibition reduced LDL levels
by 43% and VLDL by 62% in cholesterol-fed rab-
bits compared with those receiving placebo.[13%]

ACAT inhibitors have al so reduced the overpro-
duction of apo B-100—containing lipoproteins.[136.137]
Apo B-100 is the major protein in LDL that binds
to LDL receptors. Thus, in the presence of elevated
LDL levels, the liver increases production of apo
B-100—containing lipoproteins, leading to CAD.
One study showed that ACAT inhibition with FCE-
27677 decreased secretions of apo B-100—containing
lipoproteins and cholesteryl ester load in human
HepG2 cells, whereas gemfibrozil and lovastatin
had no effect.136] Similar results were demon-
strated in casein-fed rabbits given FCE-276771137]
and in miniature pig hepG2 cells with avasimibe
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(CI-1011).1238] ACAT inhibitors may be useful in pa-
tientswith overproduction of apo B-1003—containing
lipoproteins.

Another ACAT inhibitor HL-004 showed pre-
vention of cholesterol ester-rich foam cellsand the
stimulation of large amounts of free cholesterol from
pre-established foam cellsin the presence of HDL
in mice peritoneal macrophages.[139 |t also reduced
serum cholesterol levels and simultaneously de-
creased hepatic cholesteryl ester content and in-
creased free cholesterol in cholesterol-fed rats.[147]
These studies suggest that the inhibition of foam
cell formation and regression by the ACAT inhibi-
tors may prevent the atherosclerotic process on the
arterial wall.

ACAT is aso necessary for absorption of cho-
lesterol from the intestines. The ACAT inhibitors
lecimibide (DuP-128) and CL-277082, reduce in-
testinal cholesterol absorption but do not provide
reductions in elevated serum cholesterol.[141.142]
However, other ACAT inhibitors, such as the
dedecamanide derivative CI-976, the methylphenyl
urea derivative E-532, and the N-arylurea derivative
FR-186054, have reduced serum cholesterol with
concomitant antiatherosclerotic activity at enzyme
inhibiting doses in cholesterol-fed rabbits and
normolipidaemic volunteers[143-146] More recently,
avasimibe (CI-1011) and YM-17E demonstrated
prevention and regression of atherosclerosisin an-
imals.[147.1481 HI_-004 prevented progression of ath-
erosclerosisin cholesterol-fed rabbits as aresult of
inhibition of cholesterol absorption in the intes-
tine.[149] The synthetic cholesterol absorption in-
hibitor, SCH-48461 showed marked inhibition of
cholesterol absorption in cholesterol-fed hamsters,
rats, dogs, rabbits and rhesus monkeys, but not in
normal chow-fed animals. Although more studies
arerequired, preliminary dataindicate that this agent
can potentiate the activity of statins when combined
with them without interfering with lipid processing
proteins.[13% The ACAT inhibitor, CL-283796 is
being evaluated in phasel| studies. Theseand other
potential ACAT inhibitorsmay enhancetheactivity
of 7-a-hydroxylase, the rate-limiting step in the
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conversion of cholesterol to bile acid, without syn-
thesising cholesterol at the same time.

Research continues to improve the antiathero-
genic potential of ACAT inhibitors. For example,
one ACAT inhibitor hasthe ability toinhibit TXA,
formation, and severa others have been modified
with the addition of an antioxidant moiety.[*¥ The
development of eldacimibe (ACA-147) may bethe
first ACAT inhibitor to demonstrate these pleiotro-
pic effects. Eldacimibe has been reported to prevent
atherosclerosis in cholesterol-fed rabbits with the
ability tolower LDL levels, prevent LDL oxidation
andincrease HDL levels.[!51 Theureidophenol de-
rivative T-2591 demonstrated marked inhibitionin
vitro of copper ion and endothelial cell-induced
LDL oxidation compared with probucol. This
agent will be studied in animal modelsto evaluate
its effects on atherogenesis.[*52 Another method to
enhance ACAT activity isto combine ACAT inhi-
bitors with existing hypolipidaemic agents. Coad-
ministration of atorvastatin plus CI-976 synergis-
tically lowered total cholesterol and lipoprotein
cholesterol in addition to reducing atherosclerotic
lesionsin cholesterol-fed rabbits.[153]

There are many ongoing clinical studies with
ACAT inhibitors. Preliminary reportsin humanssug-
gest poor gastrointestinal tolerability, although the
development of water-soluble ACAT inhibitors may
solve this problem.[1> Overall, the use of ACAT
inhibitors in the future appears promising. They
may modify the atherosclerotic process by multiple
mechanisms: preventing storage of lipidsin the ar-
terial wall, blocking cholesterol absorption in the
intestines, preventing LDL oxidation and increas-
ing serum levels of HDL.

4.4.2 Cholesteryl Ester Transfer Protein Inhibitors

Although the clinical implications have not
been delineated, CETP inhibition has opened up a
new pathway to study for drug development in an
attempt to alter the regulation of lipid transport/
metabolism. CETPis responsible for the transfer or
exchange of cholesteryl ester carrying HDL and tri-
glyceridesin VLDL.[*55] CETP allows for the dis-
posal of cholesteryl esters which are deposited in
HDL, thusenabling thelipoproteinsto returnto the
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smaller HDL 3, which is more suitable for interac-
tionwith thecell membrane. However, HDL ;ismore
dense (higher protein content) and may possess a
higher degree of atherogenicity. Cholesteryl ester
transfer to VLDL isfollowed by lipolysisof VLDL
into LDL, from which cholesteryl esters are elim-
inated by the high affinity receptor route.[3?!

There is ambiguity in the understanding of the
mechanism of CETP. Thetransfer of cholesteryl ester
fromHDL toLDL and VLDL by way of CETPoccurs
normally in reverse cholesterol transport. In some
instances, this process may be detrimental since it
transfers more cholesterol from HDL to the athero-
genic LDL and VLDL. A support to this atherogenic
hypothesis of CETP comesfromitsabsenceinrats,
which exhibit a low incidence of atherosclerosis.
A cohort of Japanese patients with CETP deficiency
had high HDL levelsand life longevity.[156] | nhibi-
tion of CETPmay provideelevated HDL levelsand
shunt cholesterol away from atherogenic lipopro-
teins. CETPinhibition in rabbits demonstrated these
marked increasesin HDL levels.[351571 |n contrast,
one study observed that Japanese men with reduced
CETP levels were at increased risk for CHD.[158]
The rationale was that they had inefficient HDL
function because of their incapacity to dispose of
stored cholesteryl esters, and on poor recognition
of triglyceride-enriched LDL by the LDL recep-
tors.[159] | n spite of the ambiguity, CETPinhibition
has been studied in humans. Future studieswill need
to address whether, and in whom, such agents can
produce a net benefit.

Although the development of compoundsto in-
hibit CETP is ongoing, current drugs such as pro-
bucol have been shown to raise CETP levels and
reduce HDL , levels.[160 A syntheticisoflavan, CGS-
25159, has produced favourable changes in lipo-
protein profiles in hamsters by down-regulating
CETP and subsequently increasing HDL levels[161
HDL is alarger lipid and contains more choles-
terol than the smaller HDL 3. Therefore, inhibition
of CETPincreases the cholesterol-carrying capac-
ity of HDL and may increasetheefficacy of reverse
cholesterol transport.
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Among the various mechanisms exhibited by
marine fish oils [such as 3-polyunsaturated fatty
acids (3-PUFA)], they decelerate CETP activity
and lower triglyceride levels, which may protect
against CHD (discussed in section 5). In addition,
oleate, afree-fatty acid, enhancesbinding of CETP
to lipoproteins to be displaced later from the sur-
faceby lipid transfer inhibitor protein (LTIP). LTIP
isasecond plasmaprotein that bindsto lipoproteins
and inhibits CETPactivity by displacing CETPfrom
the lipoprotein surface. In laboratory experiments,
oleate suppressed LTIP activity and allowed maxi-
mum CETP-mediated lipid transfer between all li-
poproteins.[162] After 12 weeks, pravastatin 40 mg/
day reduced CETP activity without changesin trans-
fer of HDL-cholesteryl ester toward the denser
LDL subfraction in 6 patients with HFH.[163]

One study demonstrated that the hog plasma
peptides, P28 and P20, suppressed activity against
CETP. P20 was injected into cholesterol-fed rabbits
and one hour later 75% of CETP activity was sup-
pressed for 30 hours. Cholesterol levels were re-
duced by 30% and HDL levels were increased by
32%. Cholesterol levels returned to pre-treatment
levels after 48 hours.[164]

4.4.3 Pancreatic Cholesteryl Ester

Hydrolase Inhibitors

Thedevelopment of anovel pancreatic cholesteryl
ester hydrolase (pCEH) inhibitor, WAY-121898, may
have clarified that both pCEH and ACAT play a
rolein cholesterol absorption and may vary among
different animal speciesand different dietary intakes.
After parenteral administration of WAY-121898 in
cholesterol-fed or chow-fed rabbits, inhibition of
pCEH reduced liver cholesteryl ester content and
cholesterol absorption but had relatively little ef-
fect on ACAT. However, when administered orally
in cholesterol-fed hamsters, cholesterol was lowered
without altering cholesterol absorption suggesting
another mode of action, possibly inhibition of liver
CEH.[169]

4.4.4 Enhancers of Lipoprotein Lipase Activity

Understanding the role of LPL activity has
opened up pathwaysin the development of lipid reg-
ulation modifying agents. LPL deficiency has been
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associated with an increased risk of CHD.[166-168]
In a process preceding CETP activity, LPL is re-
sponsible for VLDL catabolism with a subsequent
loss of triglyceride and increase in HDL. Animal
data have suggested that increased VLDL catabo-
lism might lead to increased LDL levels resulting
inan atherogeniclipid profile. However, fibric acid
derivatives are indirect activators of LPL and they
have favourable effects on serum lipids. In addi-
tion, the direct activator, NO-1886, enhances L PL
activity and may exhibit antiatherosclerotic activ-
ity. This agent has lowered triglyceride levels, in-
creased HDL levels and reduced atheroma forma-
tion in animals.[169

4.5 Inhibitors of Cholesterol Synthesis

Asalready elucidated (in section 3.4), the statins
inhibit the early rate-limiting step in cholesterol
synthesis, the conversion of HM G-CoA to meval o-
nic acid. Mevalonic acid is necessary for the syn-
thesis of cholesterol as well as nonsterol products
such as dolichols and ubiquinones. Dolichols are
necessary for glycoprotein synthesis. Ubiquinones
are antioxidants that are involved in cell electron
transport, serving asimportant component for mus-
cle cell function. The inhibition of ubiquinones
might block their beneficial antioxidant effectsyet
may explain the occurrence of myositis associated
with the statins.[35170

A number of potential pharmacological strate-
gies have beeninvestigated in an attempt to inhibit
cholesterol biosynthesis at alater step than HM G-
CoA reductase in order to preserve the synthesis of
non-sterol products. Theinhibition of varioussteps
in cholesterol synthesis requires effective LDL re-
ceptor activity. Inhibition of squalene synthetase
has been reported to up-regulate LDL receptor ac-
tivity, thereby enhancing removal of LDL choles-
terol 1171 Squal ene synthetase catalyses sterol bio-
synthesis by converting farnesyl pyrophosphate to
squalene, which is later converted into choles-
terol 1351701 Squal estatin-1 (zaragozic acid A), iso-
lated from phoma species, is a potent inhibitor of
squalene synthetase in rat hepatocytesin vitro and
in rat liver in vivo. Squal estatin-1 reduces the pro-
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duction of farnesol formation in mice,[*7 and it
has reduced serum cholesterol up to 75% in mar-
mosets.[170173 Oral administration of RPR-107393
to rats and marmosets at a dosage of 30 mg/kg twice
daily and 20 mg/kg twice daily, respectively, pro-
duced a greater reduction of cholesterol than lo-
vastatin or pravastatin.!1’4 Squalene synthetasein-
hibitors or squal estatins have poor bioavailability
and are therefore difficult to deliver to the desired
site of action.

Another strategy isto inhibit squal ene epoxidase,
which prevents the conversion of squalene to cho-
lesterol. Two examples of this class of agents, TU-
2078 and NB-598, have been reported to inhibit
squal ene epoxidase formation | eading to decreased
intracellular concentration of cholesterol by acti-
vation of LDL receptors.[170175.176] However, this
increases the levels of squalenein the human liver,
and the consequences of this are unknown at this
time.

Other potential targets of cholesterol biosynthe-
sis include oxidosqualene cyclase or feedback in-
hibition of HMG-CoA reductase expression with
polar sterol derivatives.[1771 Another potential area
of cholesterol reduction is inhibition at an earlier
step through the interference with the conversion of
acetyl-CoA .[178 Specific inhibitors of sterol pro-
duction of farnesyl/pyrophosphate:protein farnesyl
transferase is another approach in slowing SMC
proliferation, thus regulating vascular growth in the
atherosclerotic process.[179 Although not fully elu-
cidated, the consequences of depleting squalene-
derived products may also alter the rate of tran-
scription, HM G-CoA reductase, mMRNA stability or
translation of key proteinsinvolved in cholesterol
homeostasis.!187

4.6 Monocyte and Macrophage Inhibitors

Monocyte recruitment to areas of endothelial
damage, subsequent penetration through the inti-
ma into extravascular space to form macrophages,
and secretion of cytokines (IL-1, TNF-a) are early
steps in the atherosclerotic process. The vast ma-
jority of the macrophages then engulf oxidised LDL
to produce foam cells. More specifically, the path-
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way involves inflammatory activation of mono-
cytes, which synthesise secretory metabolites of
the arachidonic acid cascade (activation of eicosa-
noids) including prostaglandins (PGE,) and leuko-
triene B4 (LTB,). Monocytic production of TXA;
and PGE; is via the cyclooxygenase (COX) path-
way as opposed to leukotrienes which are formed
from the lipoxygenase pathway, and function as
regulators of alergic and inflammatory reactions.
LTB, is the most potent chemoattractant and acti-
vator of other monocytes and leucocytes.

Although alteration in dietary lipids may mod-
ulate the monocytic response, specific therapeutic
strategies that target monocyte function or endo-
thelium-provoked factors to inhibit atherosclerotic
development have been investigated. PUFA and
their derivative eicosapentaenoicacid (EPA) antag-
onise TXA,, PGE; and LTB,4 production by mono-
cytes because they serve as substrates or compete
with arachidonic acid for metabolism products of
both the COX and lipoxygenase pathways. Thus, the
production of EPA metabolites has reduced pro-
inflammatory activity. In addition, 3-PUFA may in-
hibit IL-1and platel et activating factorswhich may
affect the atherosclerotic process.[351811 After 8
weeks administration in rabbits of PD-146176, a
specific leukotriene inhibitor, the progression of
monocyte-macrophage enrichment of an athero-
sclerotic lesion was decreased without changesin
cholesterol levels.l182 Current leukotriene antago-
nists are promising agentsin the treatment of other
inflammatory conditions including asthma; how-
ever, future interventional studies may provide al-
ternative optionsin the treatment of atherosclerosis.

With regard to other studied agents, the use of
oleic acid or ACAT inhibitorsto reducelL-1inthe
monocyte-macrophage cell line has been unsuc-
cessful to date.l183] The statins may have a more
pivotal role in reducing macrophages, which may
have contributedto their successin alteringtheath-
erosclerotic process.[100]

4.7 Thyromimetic Therapy

Thyroid hormones have potent chol esterol -l ow-
ering action dueto the up-regulation of LDL recep-
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tors. Dextrothyroxine (DT4) was among the first
commercialised agents used for this effect. How-
ever, the large doses required led to potentially se-
rious cardiovascular adverse events and, therefore,
limited itsuse.[184 Contamination of DT4 with thy-
roxine may have sensitised the myocardium to epi-
nephrine (adrenaline) and induced life-threatening
arrhythmias. Recently, research has dissociated the
thyromimetic effects from the hypolipidaemic prop-
erties, leading to thyroxine analogues with little to
no adverse cardiovascular effects.[19]

One such example is CGS-26214, a thyroxine
compound with afluorinated ring. This compound
is hepatosel ective, sparing the drug from cardiac and
thermogenic effects.[283] It produced areduction in
LDL of 31% in hypercholesterolaemic rats at adose
of 1 pg/kg, which was equivalent to that obtained
with 25 ug/kg of liothyronine.188l It produced are-
duction in cholesterol in the rats and in normo-
cholesterolaemic dogs in a dose-dependent manner.
Innormal chow-fed monkeys, CGS-26214 reduced
Lp(a) levels by 43% at 30 pg/kg as well as LDL
levels. Thisis consistent with what is observed in
studies of hypothyroid patients receiving thyroid
hormones.[187] | n pati entswith hyperthyroidism re-
ceiving drugs such as thiamazole (methimazole),
Lp(a) levels have been observed to increase once a
euthyroid state is achieved.[188]

Another thyroxine analogue with cardiac sparing
effects, CGS-23425, reduced LDL levels by 44%
in hyperchol esterolaemic ratsat adose of 10 ug/kg.
In addition, there was adose-dependent increasein
apo A-1, an activator of L CAT which promotescho-
lesterol transport from peripheral tissues.[18 This
feature may be useful for both prevention and re-
versal of atherosclerosis. Both CGS-23425 and CGS-
26214 promote the clearance of chylomicrons after
afat load, perhaps because of their selectivity for
the liver.[19.185]

Thyroxine analogues under investigation may
be useful because of their ability to lower LDL and
Lp(a) levels, increase apo A-1, and reduce post-
prandia fat load in patients with hyperchol esterol-
aemia without any serious cardiovascular adverse
effects as observed with earlier compounds.
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4.8 Cholesterol Vaccination

Cholesterol vaccination has been proposed and
tested as a technique for lowering serum cholesterol
by enhancing clearance of lipoproteins viathe re-
ticuloendothelial system (RES).[1% Antibodies to
cholesterol occur naturally in human plasma. The
theory behind vaccination is to induce antibodies,
whichwill bindto cholesterol incirculating VLDL,
LDL or IDL, thereby opsonising them for removal
by scavenger macrophages, especialy Kuppfer célls.
The up-regulation of LDL receptors would further
lower serum LDL levels.[191.192]

Since cholesteryl esters are the predominant form
of cholesterol found in both serum and atheroscle-
rotic plagues, synthetic antigens containing choles-
terol esters covalently coupled to various carrier pro-
teins as haptens have been synthesised. One study
demonstrated the effects using both bovine and hu-
man albumin chol esterol -sebacate antigens in ath-
erogenic fat-fed rabbits. Therabbitswereimmunised
weekly for 6 weeks, followed by booster shotsat 3
to 4 week intervals for up to 15 weeks. The im-
munised rabbits showed a 25 to 35% decrease in
total cholesterol levelsand 90% suppression of aortic
atherosclerotic plaques.[1% Another part of this
study demonstrated beneficial effectsof immunisa-
tion administered during 9 months even when the
rabbits were fed cholesterol for the entire period.
However, plague lesions gradually returned after
the 9-month period. The maximum reduction in se-
rum total cholesterol by these synthetic antigenswas
an average of 330 mg/dl (8.54 mmol/L). This ca-
pacity is of interest since serum cholesterol levels
in cholesterol-fed rabbits may exceed 1000 mg/dl
(25.86 mmol/L) whereas in human's, serum cho-
lesterol levels are in the 200 to 450 mg/dl (5.17 to
11.64 mmol/L) range. The reduction observed may
be the maximum capacity of the RES to eliminate
serum cholesterol.

Another study demonstrated inhibition of neointi-
mal response to balloon injury in hypercholestero-
laemic rabbits after immunisation with homologous
oxidised LDL.[1%8] The 2 studies described indicate
that cholesterol immunisation should be tested un-
der conditions that do not exceed the capacity of
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the RES, and that are moretypical of the human pop-
ulation. In addition, astrategy for vaccination against
atherosclerosis and restenosis is necessary.

4.9 Somatic Gene Therapy

It may take several yearsbefore somatic genether-
apy makes an impact as a lipid-regulating agent.
One method isto insert the gene coding for normal
LDL receptorsinto liver cells. Thisisa'liver-target’
genomic treatment using viral vectors such as
retroviruses or adenoviruses implanted into cells
drawn from the patient. The gene expression must
be stable and nontoxic, and the delivery mecha-
nism should be safe and efficient.[194

Theabsence of LDL receptorsin HFH servesas
a model for investigating gene therapy in CHD.
One study, using retrovirus-mediated LDL recep-
tor gene therapy, reduced LDL by 6 to 23% in 3 of
5 patients with HFH.[193]

Adenoviruses may prove more useful than retro-
viruses as viral vectors because of their high effi-
ciency at transfection and their effectivenessin non-
replicating cells. Delivery of human LDL receptor
DNA via adenovirus in vivo to WHHL rabbits re-
sulted in decreased serum cholesterol .[1961 However,
the transgene expression was stable for only 7 to
10 days and cholesterol levels returned to baseline
within 3 weeks. Subsequent doses were largely in-
effective because of the development of neutralis-
ing antibodies.

Halting the atheroscleratic process may be ac-
complished by regulating vascular growth or tone
without specifically altering lipoprotein concentra-
tions. Vascular endothelial growth factor (VEGF),
aregulator of angiogenesis, may be used to stimu-
latecollateral vessel growth in patientswho are not
eligiblefor angioplasty, but who have occluded su-
perficial arteries. The effects of VEGF are particu-
larly mediated by stimulated NO and epoprostenol
(prostacyclin) secretion in the vascular wall. Gene
delivery of VEGF has been accomplished in this
setting using a coated balloon catheter.[197.198] Gene
transfer studies using VEGF are of great interest
in the treatment of coronary atherosclerosis, post-
angioplasty restenosis, postbypass atherosclerosis,
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PVD and graft failures.[199200 Fiproblast growth
factors (FGF) act on vascular endothelium and an-
giogenesis. Adenovirus—-mediated expression of
these FGF have induced cellular proliferation and
angiogenesisin mice.[2021 Administration of antibod-
iesagainst PDGF that cause cell proliferation have
also limited necintimal response to coronary bal-
loon injury in rats.[202

Another possibility is transfection of apo E,
which is capable of directly interacting with non-
LDL-receptor-regulated pathways, such as lipo-
protein receptor-rel ated proteins.[293 The removal
of the apo E genein animals has caused abrupt, non-
diet-induced, severe atherosclerosis, whereas the
overexpression of apo E has made the animals re-
sistant to diet-induced atherosclerosis.[204 Adeno-
virus-mediated gene transfer of human LPL ameli-
orates hyperlipidaemia associated with apo E and
LDL-receptor deficiencies in mice.[20%

A simpler approach is by an in vivo system, in
which viral DNA is directly injected or genes are
positioned in specific territories. Vira DNA may be
directly delivered at the arterial level onto plagues
or artery thromboses via angioplasty.l3¥ Gene de-
livery may also include adventitial, intravascular and
intramuscular gene transfer. However, current ef-
forts are directed toward improving gene transfer
and vector development making it more efficient
and less immunogenic.

Another strategy is to inhibit the expression of
certain genes. Antisenseoligonucleotidescan beused
to control gene expression and protein synthesis at
several points. Potential applications include inhi-
biting SMC proliferation in the arterial wall. Stud-
ies have shown that antisense oligonucleotidesin-
hibit SMC proliferation in vitro and in animal
models directed at c-myb and c-myc genes.[206.207]
Perhaps another possibility is the overexpression
of apo A-1 or LCAT by adenovirus-mediated gene
transfer in patients with atherosclerosis associated
with low HDL levels. Overexpression of apo A-I
and LCAT may increase serum HDL levelsto im-
prove reverse cholesterol transport.

Current clinical trials have shown that gene
therapy (therapeutic angiogenesis) may provide a
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promising new approach to dyslipidaemia, athero-
sclerosis and restenosis.[2%81 Two studies are cur-
rently enrolling patients treated with adenovirus-
mediated VEGF12; and FGF-4 genetransfer in CAD
and/or CABG, and CAD, respectively. Thesefind-
ings are exciting in that the results emphasise the
potential importance of targeting growth factors. In
addition, NO synthesis gene therapy may provide
arapid amelioration of vascular markers of inflam-
mation involved in atherosclerosis, which was
demonstrated in rabhbits.[209]

4.10 Recombinant Proteins

Research inmolecular biology hasled totheuse
of recombinant proteins for parenteral administra-
tion. The administration of recombinant apo E may
significantly improve lipoprotein metabolism. As
previously discussed, apo E is a scavenger mole-
culethat hasarolein reverse cholesterol transport.
Apo E-containing lipoproteins have a high affinity
for liver cell membranes, which are responsiblefor
the uptake of dietary cholesterol via chylomicron
remnants. Injections of apo E into WHHL rabbits
increased chylomicron remnant clearance, thereby
reducing cholesterol levels.210211 One study infused
apo E 70mg into rabbits and demonstrated areduc-
tion in serum cholesterol of 20 to 40% within 2 to
3 hours.[2121 Apo E 30mg 3 times per week for 8.5
months in rabbits resulted in a 40% reduction of
aortic lesions.[213] Although parenteral administra-
tion of apo E appearsto be promising, thereduction
in lesions has not been associated with significant
falsin cholesterol levels.

The association between elevated HDL and re-
duced cardiovascular risks are well established. The
use of whole HDL or of apolipoproteins dramati-
cally reduced aortic lesions in rabbits in homolo-
gous HDL-very high density lipoprotein (VHDL)
lipoprotein fraction-treated groups. The elevated
HDL also caused aregression of atherosclerosisin
rabbits with established lesions.[224 The responsi-
ble component for the resistance to form athero-
sclerotic lesionsin the aortic vessel wall in rabbits
fed ahigh-fat diet wasthought to be dueto apo A-I.
In addition, HDL exerts a epoprostenol-stabilising
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property attributed to the apo A-1 component,[215]
and apo A-1 may havedirect fibrinolytic activity as
seen in vitro.[216]

Studies have demonstrated the direct effects of
apo A-l and HDL ininhibiting atherosclerotic pro-
gression and stimulating regression of atheroscle-
rosis.[217.218] More specifically, the use of the re-
combinant dimer, apo A-lwijano (A-Im), which is a
natural mutant for apo A-1, has been associated
with areduced risk of arterial disease.[229 In addi-
tion, the dimer may have fibrinolytic activity.[220
Two cholesterol-fed rabbit studies using recombi-
nant A-ly dimer showed similar reductions in
restenosisand decreased SMC proliferation, onein
peripheral angioplasty and the other in carotid peri-
vascular manipul ation.[221-223]

The effects of apo A-1 and HDL in humans re-
quires extensive and well-controlled clinical stud-
ies. Other recombinant proteins under study to re-
duce atherosclerotic lesions include monoclonal
antibodies against arterial graft factors and direct
antagonists of cell proliferation, such asleukaemia
inhibiting factor.[224]

4,11 Prevention of LDL Oxidation

As briefly discussed in sections 1 and 2, in ad-
dition to limiting circulating lipids and altering
lipoprotein metabolism, therapies are directed at
protecting the arterial wall against atherogenesis.
Multiple mechanisms are required to halt or pre-
vent the atherosclerotic process. Among them are
slowing LDL oxidation in the subintima and en-
hancing epoprostenol production. Others include
blocking the production of growth factors associa-
ted with atherogenesis, such as PDGF, and increas-
ing the production of growth factors that improve
vascular tone, such as NO. These mechanisms are
briefly discussed here.

Oxidation can damage lipid and protein compo-
nents of LDL particles.® Freeradicalsin vitro dam-
age unsaturated fatty acid side chains, which gen-
erate morefreeradicalsleading to acontinuouscycle
of oxidative damageand rancidity inthecore of the
LDL particle. Furthermore, this process damages
apolipoproteins causing both fragmentation and
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aggregation. Oxidised LDL is cytotoxic to endothe-
lial cells, SMCsand fibroblasts,[22% and more potent
than glycated LDL in stimulating foam cell forma-
tion after uptake by macrophage scavenger recep-
tors. Oxidised LDL, acting as apotent chemotactic
factor al so promotes|eucocyte recruitment and ad-
hesion to the endothelium.[228] LDL glycation is a
nonenzymatic reaction of glucose with apo-B, the
surface protein of LDL. Itisaccelerated in patients
with diabetesthereby contributing to the atherogenic
process. Atherosclerosis may be associated with
oxidative modifications of both protein and LDL
particles. One study showed that antioxidants in-
hibited oxidised epitopes on human serum albumin
and apo A-l aswell asL DL particles.[2271 Thissug-
geststhat atherosclerosisis not only caused by ox-
idised LDL. More study is needed to determinethe
effectsof oxidativemodifications on atherogenesis
in vivo, as the proposed effects remain largely hy-
pothetical.

Although inconsistent, a number of antioxidants
including probucol, tocopherol, ascorbic acid, -
carotene, selenium and others have been observed
to inhibit diet-induced atherosclerosis in anima
models and in humans.[228] Under normal circum-
stances, endogenous antioxidants are available in
the plasmato prevent native LDL oxidation. Sev-
eral observational data suggest that dietary and
supplemental antioxidants may lower the risk for
CHD.

Probucoal, in addition to its lipid-lowering prop-
erties, prevents LDL oxidation and subsequent
foam cell formation in vitro.[3% In animal models,
probucol prevents atherogenic lesions, possibly be-
cause of its antioxidant properties.[229 One study
demonstrated that probucol may reduce atherogen-
esis by mechanisms not shared by all antioxidants.
The combination of 0.025% probucol plustocoph-
erol 1000 1U and 0.05% of the probucol analogue,
BM-150639 was compared with varied dose pro-
bucol plus placebo in 10 LDL receptor-deficient
rabbits. Inthe varied dose probucol group (average
0.091% probucol), there was a reduction of aortic
atherosclerosis by 51.7% versus the untreated
group (p < 0.005). However, both treatment groups
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had similar antioxidant prevention of plasmaLDL.
L ag-time measurement of the formation of conju-
gated dienes providesameasure of resistanceto LDL
oxidation and is an indicator for atherogenic risk.
However, it seemsthat both tocopherol and probu-
col sufficiently prolonged thelag-timebefore LDL
oxidation, but therewas only aweak correlation with
atherosclerotic activity in thisstudy.[230.231 Thein-
vestigational probucol analogue, MDL-2831, re-
duced triglycerides and nonesterified fatty acids
without losing its antioxidant property in diabetic
animals.[232 However, as shown by the PQRST
tria, thereis conflicting datafor the potent antiox-
idant probucol. Although probucol reducesthe de-
velopment of experimental atherosclerosisand im-
proves endothelial function, there was no decrease
in progression of PvD.[83]

Tocopherol has demonstrated astrong and inde-
pendent inverse association with CAD.[233] To-
copherol protectsLDL fromlipid peroxidation and
heavy oxidative modification of LDL may occur if
tocopheral is depleted. Increasing the plasma con-
centration of tocopherol may delay the oxidation
of LDL.[234 Tocopherol 800 IU/day reduced thio-
barbituric acid reactive substance (TBARS), a mea
sure of oxidation and lipid peroxidation products,
in patients with hyperchol esterolagmia.[239 In ad-
dition, tocopherol 600 |U/day or ascorbic acid 1.5
g/day prevented anincreasein plasmaTBARS, na-
tive LDL and smooth muscle-containing LDL as-
sociated with cigarette smoking.[238! Among thevita-
mins, tocopherol showsthe most consistent effects
at lowering LDL oxidation. [3-carotene and ascor-
bic acid have no effect to amid to moderate effect
on oxidative ability.[237] B-carotene inhibits LDL
peroxidation and macrophage modification of LDL,
thereby decreasing the uptake and degradation of
oxidised LDL by the macrophage scavenger receptor
in vitro.[234 In theory, it should have antiatheroge-
nic effects. However, in the Alpha-Tocopherol, Beta
Carotene Study that was not designed to primarily
evaluate cardiovascul ar endpoints, 3-carotene sup-
plementation failed to show clinical benefit.[238]
Ascorbic acid is a water-soluble antioxidant that
inhibits LDL peroxidation by destroying aqueous
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free radicals before they enter the lipid phase. When
ascorbic acid isdepleted and radical senter thelipid
phase, tocopherol is the primary free radical scav-
enger. Ascorbic acid also helps regenerate the ac-
tive form of tocopherol by reducing the tocopher-
oxyl radical. Ascorbic acid has only had a weak
correlation with the incidence of CAD.[234 The
combination of tocopherol, ascorbic acid and f3-
carotene did reduce L DL oxidation, but may not be
superior to tocopherol administration alone.[239.240]

In vitro selenium has also demonstrated an an-
tioxidant effect on LDL. Selenium is an integral
part of the antioxidant enzyme, glutathione perox-
idase.[241] Levels of this naturally occurring intra-
cellular antioxidant enzyme may be reduced in pa-
tients with atherosclerosis. One study in rabbits
that were given selenium (glutathione) supplemen-
tation (22 pg/day) to the diet demonstrated an in-
crease in glutathione peroxidase levels.[242 This
may prevent atherosclerosis when combined with
other antioxidants such as tocopherol and ascorbic
acid. These results were significant compared with
placebo (without selenium) or positive control (pro-
bucol, mean dose of 406 mg/day). After 22 weeks,
tocopherol plusselenium equally inhibited aortic ath-
erosclerosis compared with probucol viaa mecha-
nism that is probably independent of effects on li-
poprotein levels.

Among the investigational antioxidants, agents
such as pimagedine (aminoguanidine; pimagedine
hydrochloride) or its derivatives may have afuture
roleinreducing L DL glycation and oxidation.[8:243]
In Europe, another antioxidant, silibinin (CAS
22888-70-6), is currently being evaluated for its
effects on LDL oxidation and vascular smooth
muscle proliferationinvitro.[244 Earlier laboratory
experiments showed that the drug prolonged the lag-
time of both LDL auto-oxidation and copper ions,
as assessed by diene formation. Other agents like N-
acetylcysteine (NAC) and thiazolidine-4-carboxylic
acid have reduced the effects of oxygen radicalsin
vivo. One study showed a reduction of matrix-
degrading capacity of macrophage-derived foam
cellsinvivo andin situ by NAC in cholesterol-fed
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rats.[24°1 More research is required to establish these
utilities in the prevention of CAD.

Current drugssuch asthestatinsmay prevent LDL
oxidation. Lovastatin (40 mg/day) and pravastatin
(40 mg/day) reduced LDL oxidation induced by
copper ions by 30 and 37%, respectively, after 24
months of treatment.[246]

With a better understanding of the process of
LDL oxidation, pro-oxidants such ashomocysteine
and iron have been found to be associated with
CAD. Intake or blood levels of folate areinversely
related to levels of homocysteine. Therefore, are-
duction of blood homocysteine levels may be
achieved with supplemental folic acid and/or com-
bination with pyridoxine and cyanocobalamin.
Possible mechanisms for hyperhomocysteinaemia's
negative effects in CAD are that homocysteine is
toxic to the endothelium, is prothombotic, increases
collagen production and decreases the availability
of NO. Reduction of homocysteinelevelsby folate,
pyridoxine and cyanocobalamin supplementation
should therefore, prevent endothelial dysfunction
and improve coronary outcomes. Clinical trialsare
ongoing to determine if these co-factors can prevent
or cause the regression of atherosclerosis.[9:247]

There are substantial differencesin the biologi-
cal properties of various antioxidants mentioned in
this section and data are limited. Few conclusions
can be drawn about what role antioxidant therapy
will ultimately have in the prevention of athero-
sclerosis and clinical outcomes. Hopefully, ongoing
clinical trialsin the secondary prevention of CAD
will confirm earlier findings and show evidence of
the benefit of reducing new cardiovascular events.

The CambridgeHeart Antioxidant Study (CHAQS)
evaluated the effects of high dose tocopherol 400
IU to 800 IU compared with placebo, at reducing
therisk of MI in 2002 patients with angiographic-
ally proven coronary atherosclerosis. The results
demonstrated that tocopherol therapy lowered the
risk of the combined end-point of death and non-
fatal M1 by 47%. However, thereweremore cardio-
vascular deaths in the tocopherol group compared
with placebo. Therefore, the authors concluded that
the benefit was due to a reduction in nonfatal MI.
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They postulated that the reason for theincreasein
cardiovascul ar deaths may berelated to differences
in antioxidant effects on the biological processes
leading to death and M1.[248] The Lyon Diet Heart
Trial also showed benefit for aMediterranean diet
high in fruits and vegetables[?*? The adverse
event reduction in this trial and in the CHAOS
study was not associated with change in choles-
terol levels. TheWomen's Antioxidant and Cardio-
vascular Study (WACS) isan ongoing randomised,
double-blind, placebo-controlled secondary pre-
vention trial to observe the benefits of tocopherol,
ascorbic acid, [3-carotene and/or placebo in 8000
females =40 years of age with CHD. The primary
end-points include nonfatal MI, stroke, coronary
interventions and overall mortality.[250 Angioten-
sin converting enzyme (ACE) inhibitorshavedem-
onstrated antiatherosclerotic and antioxidant activ-
ity unrelated to lipid-lowering effects[?1 The
Heart Outcome Prevention Evaluation (HOPE)
trial iscurrently evaluating the effectiveness of the
ACE inhibitor ramipril and tocopherol 400 |U/day
ontheprogression of CAD in patientswith existing
CHD. The 5-year trial has completed enrolling pa-
tientsandisintheprocess of follow-up evaluations
of the patients. The preliminary results appear
promising; an additional 2-year follow-up hasbeen
initiated to the tocopherol-treated arm since there
may be a trend toward lower risk of cancer. The
ramipril-treated arm was prematurely discontinued
because of positive results, but the final published
results are eagerly anticipated.

4,12 Other Developing Modalities

Currently, there is much interest in additional,
non-LDL related therapeutic strategies to prevent
CAD. Aspreviously stated in section 1, atheroscle-
rosisis considered an inflammatory disorder. The
formation of atherosclerotic lesions is a multicel-
lular process in which lipids and the extracellular
matrix accumulate in the intima of arteries and a
local inflammatory response is elicited secondary
to activation of macrophages, T-lymphocytes,
SMCs and endothelial cells. Various researchers
have targeted these strategies and they are briefly
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discussed here. The studies are limited to animal
data but may carry clinical significance in the fu-
ture for humans.

4.12.1 Peroxisome Proliferator-Activated
Receptors Activators

PPARsaretranscription factorsbelonging to the
nuclear receptor gene family.[252.253 Thethree sub-
typesa, & and y function as ligand-dependent tran-
scription factors by binding to specific response
elementstermed peroxisome proliferator-response
elements and regulating the expression of target
genes. PPAR-a and -y are known to regulate the
expression of genes involved in lipid metabo-
lism.[%54 They have also demonstrated inhibition
of inflammatory cytokine production by stimu-
lated monocytes/macrophages as well as produc-
tion of MMPs, which are associated with athero-
sclerotic plagque rupture.[253.255] Thus, there is the
hypothesis for the function of PPARs at the level
of the vascular wall which, independent of their
roleinlipid metabolism, could modul ate the patho-
genesis of atherosclerosis.

Some natural prostaglandins and synthetic anti-
diabetic thiazolidinedones[ciglitazone, troglitazone,
rosiglitazone (BRL-49653)] are ligands for PPAR-y,
while hypolipidaemic fibrates and certain eicosa-
noids (LTB,) areligandsfor PPAR-a.[252.253] Treat-
ment with troglitazone inhibited SMC proliferation
and decreased the intima and media thickness of
carotid arteries in humans.[256]

Fibrates may inhibit apo C-111 transcription by
this process.[57] In cholesterol-fed rabbits, fenofi-
brate, anew fibrate, decreased atherosclerotic plaque
formation in thoracic aorta, in the absence of any
effect on lipoprotein levels.[258 Fenofibrate also
lowered CRP fibrinogenand IL-6 levels, al of which
are markers of inflammation.[25% In the BECAIT
and LOCAT interventiontrials, thefibratespreven-
ted the progression of coronary atherosclerosis, in
the absence of marked lowering of plasma athero-
genic lipoprotein levels.[5556] Another PPAR-0 se-
lective activator, WY-14643, a so inhibited inflam-
matory responses in human aortic SMCs.[259 These
findings carry enormous clinical significance, par-
ticularly in patients with diabetes.
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4.12.2 Matrix Metalloproteinases Inhibitors

Extracellular matrix turnover is integral to the
pathology of atherosclerotic plaque development.
The erosion of the fibrous cap, plaque rupture and
MI are associated with attenuation of the extracel-
lular matrix.[260] This hasled to the hypothesisthat
an altered balance between matrix degrading en-
zymesand their endogenousinhibitorsisakey fac-
tor in determining the stability of the plague cap.[261
Matrix degrading metalloproteinases (MMP-2,-9)
are believed to play a primary role in the turnover
of the vascular extracellular matrix. Increased lev-
els of MM Ps show increased expression and/or ac-
tivation in atherosclerotic plagues.[261.262 They may
also be correlated with lesion severity.[2631 These
MMPs and their proteolytic enzymes are tightly
controlled by endogenous tissue inhibitors of ma-
trix metalloproteinases (TIMP-1, -2, -3).[262] How-
ever, it is not clear if sufficient amount of TIMPs
are produced to inhibit the increased activity of
MMPs in atherosclerosis. It is presumed that an
excess of MMPs over TIMPs promotes extracel lu-
lar matrix turnover. Studies have demonstrated this
excess of MMPs over TIMPsin human atheroscle-
rotic plaques and plaques from balloon-injured
aortas and iliac arteries from cholesterol-fed rab-
bits.[261.264] This suggests a possible therapeutic
role for synthetic MMP inhibitors or TIMP gene
therapy.1265.266]

4.12.3 Scavenger Receptor Class B

Type | Enhancers

TheHDL receptor SR-B1 mediatesthe selective
uptake of plasma HDL cholesterol by theliver and
steroi dogeni c tissues. Asaconsequence, SR-BI can
influence plasma HDL cholesterol, HDL structure,
biliary cholesterol levels, and the uptake, storage
and utilisation of cholesterol by steroid hormone-
producing cells.[267] The finding that overexpres-
sion leadsto significant increasesin biliary choles-
terol content is consistent with gene-targeting
studies that suggest an important role for SR-BI in
reverse cholesterol transport.[268-2701 |n addition to
HDL, SR-BI can also bind to other ligands, includ-
ing LDL, VLDL, apo’s and can mediate efflux of
unesterified cholesterol from cells to HDL .[271-273]
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The theory isif the activation of SR-BI increases
reverse cholesterol transport and increasesHDL cho-
lesterol, overexpression may promote antiathero-
genesis. The antiatherosclerotic effect from adeno-
virus—or transgene-medi ated hepatic overexpression
of SR-BI has been shown in cholesterol and fat-fed
mice. [267,274]

Pharmacological stimulation of endogenous SR-
BI activity may also produce antiatherogenic effects,
possibly because of itsimportance for reverse cho-
lesterol transport. Some hypolipidaemic agents have
shown that they can influence HDL concentrations
and the process of reverse cholesterol transport. For
example, probucol, a hydrophobic antioxidant drug,
when administered to mice, showed a 2-fold in-
crease in selective uptake of cholesteryl esters com-
pared with control mice after being incubated with
SR-Bl-transfected ovary cells.[279 Although the
study did not show overexpression of SR-BI, pro-
bucol or its metabolites increased selective choles-
teryl ester uptake in vivo by modifying HDL in a
way that caused enhanced interaction with SR-BI.
This mechanism may be partly responsible for the
effects seen of probucol on atherosclerosis and
restenosis.

PUFA have a so been shown to up-regul ate SR-
Bl expression and HDL cholesteryl ester uptakein
hamsters.[276] Substitution for saturated fatty acids
with PUFA in the diet increased expression of SR-
Bl receptors and lowered plasma HDL cholesteryl
ester levels but did not affect reverse cholesterol
transport, although the plasma HDL was low.

Interestingly, there may be treatment available
in the forseeable future for preventing loss of par-
oxonase, afat-complex protein from HDL that pre-
vents LDL triggering vascular inflammation. Ex-
ogenous supply of these enzymes may counteract
the adverse effects of LDL.[277]

5. Nutritional Strategies

Lifestyle modificationsincluding diet, exercise,
smoking and decreasing acohol intake are essen-
tial in the management of dyslipidaemia. Strict di-
etary intervention is important for prevention and
treatment of CHD since it may lower cholesterol
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by at least 6%.2781 A diet low in total and saturated
fat and cholesterol, and high in complex carbohy-
dratesisthe cornerstone of treatment in hyperchol -
esterolaemia. Dietary interventions have been speci-
fied for individual swith or without CHD according
to their baseline LDL levels.[22 The American diet
typically contains 36 to 37% of calories from fat.
The NCEP guidelines advocate less than 30% of
total calories from fat; including less than 10% as
saturated fat with the remaining 20% equally dis-
tributed between polyunsaturated and mono-unsat-
urated fat (Step | diet).[29 The Step | diet further
restricts saturated fat.

In terms of dietary fats, saturated fats, as in
meat, containing long-chain stearic acid and short-
chainfatty acids[caproic acid (10 : 0) and caprylic
acid (8 : 0)] areless likely to increase LDL levels
compared with palmitic, myristic and lauric fatty
acids.135279 Therefore, the consumption of various
dietary fats may or may not offer benefits in pre-
venting atherosclerosis. For example, polyunsatu-
rated fat compared with oleic acid (monounsaturated
fat) is more likely to promote LDL oxidation.[28]
Thereby, oleic acid may also directly interferewith
the inflammatory response that characterises early
atherogenesis and modulates gene expression for
endothelial leukocyte adgesion molecules.[281]
Thus, a diet rich in fish oil such as 3-PUFA may
reduce VLDL and triglyceride levels. In addition,
there is evidence that 3-PUFA may possess anti-
atherosclerotic and antithrombogenic activity.[282]
Epidemiological studies have shown a44% reduc-
tion in al cardiac-related death and a 67% reduc-
tion in risk of sudden death from MI in patients
consuming 35¢g of fish versus those who did not
consume fish.[283] In addition, dietary intake of 3-
PUFA 4 g/day for 12 weeks has reduced triglycer-
ides (mostly VLDL) by 24%.[284 Thus, fish oil may
potentially be combined with other lipid-lowering
agentsasathird-lineagent for the treatment of type
IV/V hypertriglyceridaemiain patients not able to
tolerate nicotinic acid or fibric acid derivatives.
However, consumption of dietsrich in fish oil of
any kind may slowly promote LDL oxidation be-
causethey are polyunsaturated fats. Thiswasdem-
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onstrated in one study where tocopherol levels de-
clined in response to diets containing large amounts
of fish 0il.[289] This may represent accelerated de-
pletion of tocopherol in the environment of in-
creased free-radical formation.

Asdescribed in earlier sections, dietary interven-
tions such as soluble fibres, fish ails, synthetic or
substituted fats, and natural dietary antioxidants
may slow down the atherosclerotic process. One
study showed that a 20z serving (564) of oat bran
or oatmeal lowered LDL by 15%.[28¢1 The dose-
dependent reduction in LDL levels was due to the
amount of oat bran, which contains the soluble fi-
bre, B-glucan. Another study demonstrated a sim-
ilar trend using the soluble fibre, psyllium hydro-
philic mucilloid.[287]

Dietary flavonoids (asin red wine) may a so have
antioxidant properties, but their association with
CAD inhumansisuncertain. Dietary supplements,
including medical foods (e.g. Heartbar), of argi-
nine,[288 a NO precursor, enhanced endogenous NO
formation in vivo to reduce monocyte accumulation
and cdll proliferationin cholesterol-fed rabbits,[288:289
In humans, intracoronary arginine showed im-
proved endothelium-derived NO in dysfunctional
coronary segments in patients with atherosclero-
sid2% and syndrome X.[12.291]

In summary, regular exercise, alcohol restriction,
smoking cessation, reducing dietary fats and sup-
plementation with solublefibres, fish ail or various
antioxidants may prevent atherosclerotic progres-
sion. With regard to a low-fat diet, however, the
benefits are inconclusive. Independent of choles-
terol lowering, high-fat diet may also impair endo-
thelial function and increase thrombogenicity, yet
substitution of alow-fat diet may not fully negate
these harmful effects. A diet high in polyunsatu-
rated fats may enhance L DL oxidation, possibly by
overwhelming mechanisms of oxidative metabo-
lism. On the other hand, LDL oxidation may be
prevented by various dietary interventions, which
could affect the atherosclerotic process in a bene-
ficial way.
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6. Recommendations

With all the information available on the pre-
vention of atherosclerosis and the reduction of car-
diovascular events, there is still aneed to consider
the best treatment options for individual patients.
Itisimportant to follow NCEP guidelines, asthese
remain the minimum standard of practice for treat-
ing hypercholesterolaemia. It isimperativethat pa-
tient compliance to diet, lifestyle modifications
and drug therapy are strongly enforced. With drug
therapy, at least 2 years of continuous lipid-lower-
ing therapy is required before any reduction in the
risk of CHD is seen.[299 |n the case of statins, at
least one year of drug adherenceisrequired to pro-
duce clinical benefits. Many patients withdraw
from drug therapy during the first year, leading to
inadequate control. All clinicians can improve pa-
tient compliance to NCEP guidelines. The impor-
tance of lowering LDL isfar less pervasive among
US adults. Approximately only 18 to 46% achieve
NCEP-defined target LDL goals. The importance
of meeting LDL goals, especially in those patients
with CAD (<100 mg/dl) for secondary prevention,
were demonstrated where aggressive therapy with
statinswas ableto achieve LDL goalsand favourable
CHD outcomes.[21.293] The publication of NCEPIIb
is forthcoming and eagerly anticipated. These up-
dated recommendations may reflect the current
emerging risk factors for CHD such as elevated
homocysteine, Lp(a) and triglyceride levels, low
HDL levels, and subgroups such as the elderly,
postmenopausal women and people with diabetes.

Although current drugs, when added to low-fat
diet and lifestyle changes, are effective, ongoing re-
search on lipidsisidentifying new and better alter-
nativesthat may provewell tolerated and effective.
LDL cholesterol is still the most used surrogate
marker, but clinical outcomes are favoured. There
is a movement towards more aggressive (<85
mg/dl) versus moderate lowering of serum lipids.
Although this is not unequivocally established, it
issupported by clinical trials. Indeed, LDL aphere-
sis using dextran sulfate cellulose column has re-
ceived approval in the USfor patients with inade-
guate response to diet and drug therapy with LDL

0 Adis International Limited. All rights reserved.

cholesterol levels 2200 mg/dl (5.17 mmol/L) and
CAD, or LDL cholesterol levels =300 mg/dl (7.76
mmol/L) without CAD.[2%4 The treatment of hy-
percholesterolaemia is being applied to the entire
spectrum of patients — those with CHD and those
at seemingly low-risk for CHD. Whenever possi-
ble, clinical trial data can and should be applied to
individual treatment decisions. The new treatments
discussed in this review may prove valuable as a
substitute and/or in combination with current drugs.
Thereisagreat heed to conduct well designed clin-
ical trialsto assess emerging agents and their com-
bination with existing agents, in order to assess ef-
ficacy and, moreover, safety.

7. Conclusion

With improvements in the understanding of the
pathophysiology of dyslipidaemiaand what makes
lipoproteins atherogenic, the discovery and devel-
opment of agents in the future will focus on the
specific causesof thedisease. Sinceatherosclerotic
lesions can occur even with marked plasma LDL
reduction, other atherogenic or thrombogenic in-
fluences contribute greatly to atherogenesis and
subsequent CAD. Thisis evident with the current
agents, nicotinic acid, probucoal, fibrates and statins,
in that their multiple target effects have produced
beneficial effectsasdemonstrated in clinical trials.
Newer derivatives of current agents will hopefully
be developed with improved safety profiles.

In the near future, new pharmacological agents
will reduce serum cholesterol levels and slow or
reversethe progression of atherogenesis. ACAT in-
hibitors reduce fat and cholesterol absorption. The
development of eldacimide is promising since the
drug possesses multiple target effects such as low-
ering LDL, increasing HDL and protecting against
LDL oxidation. Agentssuch asthe CETPinhibitors
that increase HDL levels could enhance reverse
cholesterol transport. Various dietary and exogenous
antioxidants prevent L DL modification. Moreover,
alterations of macrophage formation may also halt
atherogenesis. In addition to the statins, the squa-
lene synthetase inhibitors reduce the synthesis of
cholesterol. Gene therapy and cholesterol vaccina-
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tion may be valuable in patients with diminished,
defective or missing hepatic LDL receptors. Paren-
teral recombinant proteins such as apo E and A-I
may increase HDL levels and enhance the reverse
cholesterol transport process. In addition, fully un-
derstanding the role of non-LDL—related targets
such asPPARs, MM Ps and SR-BI may bring about
new treatment modalities.

Currently, aggressive therapy with agents pos-
sessing pleiotropic effects or combination therapy
isfavoured, particularly in patientswith recent cor-
onary events. Early aggressive treatment stabilises
plagues and subsequently improves clinical out-
comes. New drugs will be developed to specifically
control Lp(a) or homocysteine, or to correct defects
in CETPand LPL activity of lipoprotein metabolism.

Overall, researchisidentifying agentsto correct
the underlying disease and moreover, which patients
will derive the most benefit from these new phar-
macological interventions. In the future, the influ-
ence of genetic variation will determine a patients
response to specific drug therapy, thereby improv-
ing the recognition, treatment and prevention of
CAD.
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