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ANTIHYPERLIPIDEMIC AGENTS

Hyperlipidemia is the most prevalent indicator for susceptibility to
atherosclerotic heart disease; it is a term used to describe elevated plasma
levels of lipids that are usually in the form of lipoproteins. Atherosclerosis may
be defined as degenerative changes in the intima of medium and large
arteries. This degeneration includes the accumulation of lipids, complex
carbohydrates, blood products and is accompanied by the formation of
fibrous tissue and calcium deposition on the intima of the blood vessels. These
deposits or plaques decrease the lumen of the artery, reduce its elasticity, and
may create foci for thrombi and subsequent occlusion of the blood vessel.

Lipoproteins are macromolecules consisting of lipid substances (cholesterol,
triglycerides) noncovalently bound with protein and carbohydrate.

Prof. Dr. Ergin ERCIYAS, May 22, 2018
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ANTIHYPERLIPIDEMIC AGENTS

Cholesterol serves many life-sustaining functions. For example, the biosynthesis
of corticosteroids, sex steroids, and cell membranes depends on the presence of
this polycyclic structure. However, high levels of cholesterol, along with the
lipoproteins that transport it and its esters through the bloodstream, lead to
atherosclerosis, a predisposing factor in the development of coronary artery
disease/coronary heart disease (CAD/CHD). Likewise, an excess of serum
triglycerides leads to negative cardiovascular consequences and can induce
pancreatitis. Millions of individuals are at risk for these potentially fatal
pathologies.

The positive benefit of a low fat diet and regular exercise on maintaining healthy
plasma lipid and lipoprotein levels is well known. But, since lipids are produced
endogenously as well as acquired exogenously through food consumption,
heredity sometimes wins out over even the healthiest lifestyle. Drugs that
positively impact serum levels of lipids and lipoproteins can serve as the
therapeutic lifeline for patients with moderate or severe aberrations in serum
cholesterol, triglycerides, and/or lipoprotein levels.

Prof. Dr. Ergin ERCIYAS, May 22, 2018
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ANTIHYPERLIPIDEMIC AGENTS

Dyslipidemia: (Aberrations in the level of serum lipids and/or
lipoproteins.)

e Can lead to negative cardiovascular events, specifically, atherosclerosis and
CHD.

e Primary dyslipidemias result from genetic predisposition.

e Secondary dyslipidemias result from pathologic conditions or lifestyle choices.
e Hyperlipidemia: elevation of serum cholesterol, cholesterol esters, triglycerides,
and/or phospholipids.

* Increases risk of CHD.

e Hypertriglyceridemia increases risk of pancreatitis.

eHyperlipoproteinemia: elevation of the lipoproteins that transport lipids
through the bloodstream.

e Involves elevated low-density lipoproteins (LDLs) or very low-density
lipoproteins (VLDLs) and/or decreased high-density lipoproteins (HDLs).

David A. Williams PhD-Essentials of Foye’s Principles of Medicinal Chemistry-LWW (2016) 5
Prof. Dr. Ergin ERCIYAS, May 22, 2018



PHARA406 PHARMACEUTICAL CHEMISTRY IV 0 ! |

EMU-SPRING TERM

THERAPEUTIC APPROACHES TO THE TREATMENT OF
HYPERLIPIDEMIA AND HYPERLIPOPROTEINEMIA

e inhibiting intestinal reabsorption of bile acids (BAS).

e inhibiting triglyceride biosynthesis and VLDL formation
(niacin).

e inhibiting intestinal absorption of dietary cholesterol
(ezetimibe).

e stimulating serum triglyceride cleavage and clearance
(fibrates).

e inhibiting de novo cholesterol biosynthesis (HMG-CoA
reductase inhibitors).

Prof. Dr. Ergin ERCIYAS, May 22, 2018 6
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CLASSIFICATION OF ANTIHYPERLIPIDEMIC AGENTS

* Hydroxymethylglutaryl-coA (HMGCoA)reductase inhibitors
(Statins)

* Phenoxyisobutyric acid derivatives (Fibrates)
* Nicotinic acid derivatives (Niacin)

e Bile acid sequestrans

* Cholesterol absorption inhibitors (Ezetimibe)
* PCSK9 inhibitors

* Miscellaneous Antihyperlipidemic Agents

Prof. Dr. Ergin ERCIYAS, May 22, 2018 7
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HMG-COA REDUCTASE INHIBITORS (STATINS)

Statins, also known as HMG-CoA reductase inhibitors, inhibit
HMG-CoA reductase (3-hydroxy-3-methylglutaryl coenzyme A
reductase) an enzyme involved in the synthesis of cholesterol
especially in the liver. Decreased cholesterol production leads to
an increase in the number of LDL (low density lipoprotein)
membrane receptors, which increases clearance of LDL
cholesterol from circulation.

Statins are used to treat hyperlipidemia and are the most
effective drugs in lowering LDL cholesterol.

Prof. Dr. Ercin ERCIYAS, May 22, 2018 8
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Statin pharmacophores

e Statins must be anionic to anchor to HMGR Lys’3>,

The dihydroxyheptan(en)oic acid segment is essential.
e Hydroxyls at chiral C3 and C5 have important interactions at HMGR and must have the
proper absolute configuration.
e C3 requires the R configuration.
e Optimal configuration at C5 depends on C6—C7 saturation status. Dihydroxyheptanoic acid
statins have 5R stereochemistry and dihydroxyheptenoic acids have the 55 configuration.

The ring component of statins is of two general types:
e Naturally occurring statins have a 2’,6’-dimethylhexahydronaphthylene ring system
substituted with a methylbutyrate ester at C8'.
e Addition of an a-CH; to the methylbutyrate group (lovastatin vs. simvastatin) increases
activity two-fold.
e Synthetic statins have heteroaromatic ring systems. Isopropy! (or cyclopropyl) and p-
fluorophenyl substituents contribute to receptor affinity.
e Statins with polar functional groups positioned to bind to Arg®® and Ser>®> (rosuvastatin,
atorvastatin) show significant increases in affinity and potency. Statins with polar functional
groups forced to interact with lipophilic HMGR residues (pravastatin) show decreased affinity
and potency. Prof. Dr. Ergin ERCIYAS, May 22, 2018 9
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ROSUVASTATIN-HMGR INTERACTION

Stronger bonds than
form with atorvastatin
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METABOLISM

Pravastatin Less active
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METABOLISM
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STATINS

* Lovastatin, simvastatin, and pravastatin, compose
the list of approved HMG-CoA reductase inhibitors
for the treatment of hyperlipidemia in patients.

e Lovastatin and simvastatin are lactones and
prodrugs, activated by hydrolysis in the liver to
their respective B-hydroxy acids. Pravastatin, in
contrast, is administered as the sodium salt of the
B-hydroxy acid.

15
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(1S,3R,75,8S,8aR)-8-[2-[(2R, 4R)-4-hydroxy-6-oxo-tetrahydro-2H-pyrane-2-
yl]ethyl] -3,7-dimethyl-1,2,3,7,8,8a-hexahydronaphtalene-1-yl (S)-2-
methylbutyrate

16
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[(1S,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-hydroxy-6-oxooxan-2-yl]ethyl]-3,7-
dimethyl-1,2,3,7,8,8a-hexahydronaphthalen-1-yl] 2,2-dimethylbutanoate 17
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* It reduces LDL levels of cholesterol and
triglycerides in the blood, while increasing levels of
HDL.

e Simvastatin is also used to lower the risk of stroke,
heart attack, and other heart complications in
people with diabetes, coronary heart disease, or
other risk factors.

18
Prof. Dr. Ergin ERCIYAS, May 22, 2018



PHAR406 PHARMACEUTICAL CHEMISTRY IV
EMU-SPRING TERM

(3R,5R)-7-[(1S,2S,6S,8S,8aR)-6-hydroxy-2-methyl-8-[(2S)-2-methylbutanoyl]oxy-
1,2,6,7,8,8a-hexahydronaphthalen-1-yl]-3,5-dihydroxyheptanoic acid

19
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This drug is the most rapid acting of the three HMG-CoA
reductase inhibitor drugs, reaching a peak concentration in
about 1 hour. The sodium salt of the B-hydroxy acid is more
hydrophilic than the lactone forms of the other two agents,
which may explain this property. In addition, the open form
of the lactone ring contributes to a more hydrophilic agent
results in less CNS penetration. This explains, in part, why
pravastatin has fewer CNS side effects than the more
lipophilic lactone ester of this class of agents. Absorption of
pravastatin following oral administration can be inhibited by
resins such as cholestyramine because of the presence of the
carboxylic acid function on the drug. The lactone forms of
lovastatin and simvastatin are less affected by
cholestyramine.

Prof. Dr. Ergin ERCIYAS, May 22, 2018
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(3R,5R)-7-[2-(4-fluorophenyl)-3-phenyl-4-(phenylcarbamoyl)-5-
propan-2-ylpyrrol-1-yl]-3,5-dihydroxyheptanoic acid (Lipitor).

21
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This drug also possesses the heptanoic acid side chain, which is
critical for inhibition of HMG-CoA reductase. Although the side
chain is less lipophilic than the lactone form, the high amount of
lipophilic substitution causes this agent to have a slightly higher
level of CNS penetration than pravastatin, resulting in a slight
increase in CNS side effects. Even so, its CNS profile is much
lower than that of lovastatin.

Atorvastatin reduces levels of LDL and triglycerides in the blood,
while increasing levels of HDL.

Atorvastatin is used to treat , high cholesterol and to lower the
heart complications in people with type 2 diabetes, coronary
heart disease, or other risk factors.

Atorvastatin is used in adults and children who are at least 10
years old.

Prof. Dr. Ergin ERCIYAS, May 22, 2018
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* It should not be taken by pregnants or breast-
feeding women or patients with liver disease.

 Serious drug interactions can occur with certain
medicines.

* In rare cases, atorvastatin can cause a condition that
results in the breakdown of skeletal muscle tissue,
leading to kidney failure.

e Atorvastatin is only part of a complete program of
treatment that also includes diet, exercise, and
weight control.

23
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(E,3R,5S)-7-[3-(4-fluorophenyl)-1-propan-2-yl-1H-indol-2-yl]-3,5-dihydroxyhept-
6-enoic acid

24
Prof. Dr. Ergin ERCIYAS, May 22, 2018



EMU-SPRING TERM

PHAR406 PHARMACEUTICAL CHEMISTRY IV @! |

It is very similar to pravastatin. It possesses a
heptanoic acid side chain that is superimposable over
the lactone ring found in lovastatin and simvastatin.
This side chain is recognized by HMGCoA reductase.
Also, much like pravastatin, the CNS side effects of
this lipid-lowering agent are much lower than those
of the agents that possess a lactone ring.

* Lowering high cholesterol and triglycerides in certain
patients. It also increases high-density lipoprotein
(HDL) cholesterol levels. It is used along with an
appropriate diet.

25
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(E,3R,5S5)-7-[4-(4-fluorophenyl)-2-[methyl(methylsulfonyl)amino]-
6-propan-2-ylpyrimidin-5-yl]-3,5-dihydroxyhept-6-enoic acid

Lowering high cholesterol and triglycerides in certain patients. It
also increases high-density lipoprotein (HDL) cholesterol levels. It
is used to slow atherosclerosis in patients with high blood
cholesterol levels. It is used in certain patients to reduce the risk
of heart attack or stroke. It is used along with an appropriate diet

26
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Rosuvastatin bioavailability decreases in the presence of
antacids due to chelation of divalent and trivalent metal ions.
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(E,3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl]-3,5-
dihydroxyhept-6-enoic acid

Lowering high cholesterol and triglycerides in certain
patients. It also increases high-density lipoprotein
(HDL) cholesterol levels. It is used along with an
appropriate diet.

Prof. Dr. Ergin ERCIYAS, May 22, 2018

28



PHAR406 PHARMACEUTICAL CHEMISTRY IV \\f."! |

EMU-SPRING TERM

FIBRATES (Phenoxyisobutyric Acids )
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FIBRATES

* Fibric acid derivatives or fibrates are regarded as broad-
spectrum lipid lowering drugs. Their main action is to decrease
triglyceride levels but they also tend to reduce low density
lipoprotein (LDL) cholesterol levels and help to raise high
density lipoprotein (HDL) cholesterol.

 Fibrates appear to activate a protein called peroxisome
proliferator-activated receptor alpha (PPAR-alpha). PPAR-alpha
activates the enzyme lipoprotein lipase and ultimately results
in decreased formation of very low-density lipoprotein (VLDL)
cholesterol (which is converted into LDL cholesterol) and
triglycerides and an increase in HDL cholesterol.

30
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Ethyl 2-(p-chlorophenoxy)-2-methylpropionate

— CHy O

Cl \ / 0 Cli C=—0—CH,CH,

CHa

Clofibrate is prepared by a Williamson synthesis, condensing
p-chlorophenol with ethyl a-bromoisobutyrate.

Both acid and ester are active; the latter is preferred for

medicinal use.

31
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Clofibrate is hydrolyzed rapidly to 2-p-chlorophenoxy-2-
methylpropionic acid by esterases in vivo and, bound to serum
albumin, circulates in blood. The acid has been investigated as a
hypolipidemic agent. It is absorbed more slowly and to a smaller
extent than is the ester. The aluminum salt of the acid gives even
lower blood levels than p-chlorophenoxy-2-methylpropionic acid.

Clofibrate can lower plasma concentrations of both triglycerides and
cholesterol, but it has a more consistent clinical effect on
triglycerides.

Clofibrate is tolerated well by most patients; the most common side
effects are nausea and, to a smaller extent, other gastrointestinal
distress.

32
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It helps reduce cholesterol and triglycerides in the blood. High levels
of these types of fat in the blood are associated with an increased risk
of atherosclerosis.

It has structural features represented in clofibrate. The primary
difference involves the second aromatic ring. This imparts a greater
lipophilic character than exists in clofibrate, resulting in a much more
potent hypocholesterolemic and triglyceride lowering agent. Also, this
structural modification results in a lower dose requirement than with
clofibrate or gemfibrozil.

Fenofibric acid is a lipid-lowering agent. It works by increasing a
certain substance that helps to remove triglycerides from the blood.
This also helps the body to decrease the amount of other bad
cholesterol in the blood.

Prof. Dr. Ergin ERCIYAS, May 22, 2018
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CHs

CHs

5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoic acid

35
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It is a congener of clofibrate that was used first in the treatment of
hyperlipoproteinemia in the mid-1970s. Its mechanism of action
and use are similar to those of clofibrate. Gemfibrozil reduces
plasma levels of VLDL triglycerides and stimulates clearance of VLDL
from plasma. The drug has little effect on cholesterol plasma levels
but does cause an increase of HDL.

Gemfibrozil is used together with diet to treat very high cholesterol
and triglyceride levels in people with pancreatitis.

36
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SAR

e The pharmacophore for fibrate antihyperlipidemics is
phenoxyisobutyric acid. SAR is summarized on next slide.

e Fibrates anchor to PPARa through an ion—dipole bond with
Tyr.464

e Fibric acid pKa is approximately 3.5. The fibrate anion
predominates at pH 7.4.

e Fibrate esters must hydrolyze to release the active anion.

e PPARa is flexible. A spacer of up to three carbons between
isobutyrate and aryloxy groups is permitted.

e Spacer groups augment molecular lipophilicity and promote
gastrointestinal and hepatic membrane penetration.

Prof. Dr. Ergin ERCIYAS, May 22, 2018 37
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Variable substitution pattern impacts lipophilicity
(oral absomtion, hepatic extraction) and metabolic
vulnerability (duration of action, dosing regimen,

risk of drug-drug interactions) n = 0-3 Impacts lipophilicity,

\ oral absorption
Essential
CH
: u@_ l ey / anchoring

i
\ o- (CHZ)n-? -C‘o © anion (esters

;/ CH, are prodrugs)

Essential Essential isobutyric
phenoxy moiety acid moiety
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Clinical Applications
e Fibrates are well tolerated and effective in lowering serum
triglyceride and VLDL levels.
e With appropriate precautions/restrictions, fibrates can be used in
combination with other antihyperlipidemics in complex
dyslipidemias.
e Fibrates can sometimes induce liver function test abnormalities.
e Fibrates are contraindicated (gemfibrozil) or used with caution
(fenofibrate) in severe renal dysfunction.

e |f gemfibrozil-statin cotherapy is warranted, fluvastatin should be
considered since it does not compete for the glucuronidating
isoform used by gemfibrozil.

40
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Fibrates and Vision Preservation
Dyslipidemia is a significant risk factor for diabetic
retinopathy.
e Fenofibrate has shown value in preventing/halting
progression of blinding macular edema in diabetic patients
taking statins.
e Fenofibrate/simvastatin combination therapy has been
shown to reduce diabetic retinopathy progression by 40%
compared to simvastatin monotherapy.
e Patients on fenofibrate have a lower risk for retinopathy-
related laser treatment and nontraumatic limb amputation
compared to placebo.

41
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NIACIN (NICOTINIC ACID)

Niacin (nicotinic acid) is a water-soluble B vitamin (vitamin
B3), which inhibits the synthesis of cholesterol and
triglycerides, therefore Ilowers total cholesterol and
triglyceride levels, and raises HDL cholesterol levels.

It occurs naturally in plants and animals, and is also added to
many foods as a vitamin supplement.

Niacin is used to treat and prevent a lack of natural niacin in
the body, and to lower cholesterol and triglycerides in the
blood. It is also used to lower the risk of heart attack in people
with high cholesterol who have already had a heart attack. It
is sometimes used to treat coronary artery disease (also called
atherosclerosis).

42
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e Niacin must be anionic to be an effective
AN O antihyperlipidemic.
| e The carboxylic acid is essential. Nonionizable
amides (e.g., nicotinamide) are inactive.
N e Essentially, any change made on the niacin

The carboxylic acid (pKa 4.76)
and pyridine nitrogen (pKa 2.0)
make niacin amphoteric. It
exists predominantly as the
active anion at pH 7.4.
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Cholestyramine (Questran)
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SAR
e BAS contain permanently or potentially cationic
amines that strongly bind intestinal glycocholic and

taurocholic acids.
e Cholestyramine and colesevelam are quaternary

amines and exhibit pH independent action.

45
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Cholestyramine is used to lower high levels of
cholesterol in the blood, especially low-density
lipoprotein (LDL).

Cholestyramine powder is also used to treat itching
caused by a blockage in the bile ducts of the
gallbladder.

46
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CHOLESTEROL ABSORPTION INHIBITORS
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(3R,4S)-1-(4-fluorophenyl)-3-[(3S)-3-(4-fluorophenyl)-3-
hydroxypropyl]-4-(4-hydroxyphenyl)azetidin-2-one
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EZETIMIBE

Ezetimibe is used to treat hypercholesterolemia .

Ezetimibe is sometimes given with other cholesterol-
lowering medications.

Cholesterol absorption inhibitors reduce the absorption of
dietary and biliary cholesterol through the intestines.
Therefore it decreases the amount of intestinal cholesterol
that is delivered to the liver.

Cholesterol absorption inhibitors are used to treat
hyperlipidemia, by lowering LDL cholesterol and total

cholesterol.

49
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e The 1,4-diaryl-B-lactam structure is important to activity.

e Phenolic and alcoholic hydroxyls keep ezetimibe localized
in the small intestine.

e p-Fluoro groups block intestinal CYP-mediated aromatic
hydroxylation, prolonging duration of action.
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Proprotein Convertase Subtilisin/Kexin Type 9
(PCSK9) is an enzyme that binds to low-density
lipoprotein receptors (LDL receptors), which stops
LDL being removed from the blood, leading to an
increase in blood levels of LDL. The PCSK9 inhibitor
blocks the PCSK9 enzyme, resulting in more LDL
receptors available to remove LDL from the blood,
which produces in a decrease in LDL blood levels.

52
Prof. Dr. Ergin ERCIYAS, May 22, 2018



PHAR406 PHARMACEUTICAL CHEMISTRY IV 7
EMU-SPRING TERM g
EVOLOCUMAB

Evolocumab is a human monoclonal antibody. It
works by helping the liver reduce levels of LDL.

Evolocumab is used together with a low-fat diet and
other cholesterol-lowering medications.

Evolocumab is also used in people with heart or
blood vessel problems caused by plaque build-up or
hardening in the arteries (also called
atherosclerosis, or arteriosclerosis).
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EVOLOCUMAB

Evolocumab is not known whether evolocumab will lower
the risk of stroke, heart attack, or other heart complications
in people with high cholesterol.

PCSK9 is a protein that targets LDL receptors for
degradation and thereby reduces the liver's ability to
remove LDL cholesterol from the blood.

In 2015 it cost about $14,300 USD per year. One article
calculated this to be about $400,000 to $500,000
per Quality-adjusted life year (QALY), which did not meet
"generally accepted"” cost-benefit thresholds. The authors
calculated that an annual cost of $4,500 would meet an
acceptable $100,000 per QALY standard. It is made
by Amgen
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ALIROCUMAB

Alirocumab is a human monoclonal antibody. It
works by helping the liver reduce levels of LDL
cholesterol.

Alirocumab is used together with a low-fat diet and
a "statin."” Alirocumab is also used to treat heart
disease atherosclerosis.
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