Drugs for rlipidemia
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» The occurrence of CHD is positively associated with high total cholesterol
and more strongly with elevated LDL-C.

» Reduction of LDL-C is the primary goal of cholesterol-lowering therapy.
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» Lifestyle changes — modest | LDL-C and 1 HDL-C.

» Treatment with HMG CoA reductase inhibitors (statins) is the primary
treatment option for hypercholesterolemia.

» Statin therapy is recommended for four major groups.
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B. Treatment options for hypertriglyéeridemia

» Diet and exercise are the primary modes of treating hypertriglyceridemia.
» Niacin and fibric acid derivatives are the most efficacious in lowering TGs.
» Omega-3 fatty acids (fish oil) in adequate doses may also be beneficial.

» TGs reduction is a secondary benefit of the statins.
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DRUGS FOR HYP

HMG CoA REDUCTASE INHIBITORS
(STATINS)

» May be used alone or in combination. :
Atorvastatin LIPITOR

Fluvastatir LESCOL

» Drug therapy should always be Lovastatin MEVACOR
Pitavastatin LIVALD

: : : : Pravastatin PRAVACHOL
accompanied by lifestyle modifications. Rosuvastatin CRESTOR
Simwvastatin ZOCOR

MNIACIN
Niacin NIASPAN, SLO-NIACIN
FIBRATES
y ; Gemfibrozil LOPID
A8 LG ) 2 jhe JSG0 4 0 238 Jlaatiad (Sl (aele Fenofibrate TRICOR, LOFIBRA, TRIGLIDE
BILE ACID SEQUESTRANTS
Colesevelam WELCHOL

T | EARR @ Colestipol COLESTID
v . Cholestyramine QUESTRAM, PREVALITE
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CHOLESTEROL ABESORPTION
INHIBITOR

Ezetimibe ZETIA
OMEGA-3 FATTY ACIDS

Docosahexaenoic and eicosapentaenoic
acids LOVAZA, various OTC preparations
Icosapent ethyl vASCEPA

'A. HMG CoA reductase inhibifors (statins

» 3-Hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase inhibitors
(statins) lower elevated LDL-C — | in coronary events and death from CHD.

> first-line treatment for patients with elevated risk of ASCVD.
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echanism of action:
= Competitive inhibitors of HMG CoA reductase

Lovastatin, |
simvastatin, inhibiting de novo cholesterol synthesis
pravastatin, : |
deplete the intracellular supply of cholesterol

atorvastatin, r l
it t number of cell surface LDL receptors

: !
pitavastatin, internalize circulating LDLs.
rosuvastatin

7 (1 cholesterol synthesis and 1 LDL catabolism)
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e The most potent LDL-C - lowering statins

rosuvastatin, followed by simvastatin, pravastatin,

atorvastatin : 7
and then lovastatin and fluvastatin.
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» The statins also decrease TG levels and may increase HDL-C levels.
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ENDOPLASMIC RETICULUM / E.e <wmm HMG CoA reductase inhibitors

Statins inhibit HMG CoA reductase, i
leading to a decreased concentration i ~ 2NADPt
\ of cholesterol within the cell. HMG CoA ¢ ats /

Figure 23.5

Inhibition of HMG CoA reductase by the statin drugs. HMG CoA = 3-hydroxy-3-methylglutaryl coenzyme A; LDL = low-density
lipoprotain; VLOL = very—low-density lipoprotein.




erapeutic uses:
> Effective in lowering plasma cholesterol levels in all types of hyperlipidemias.
> Patients who are homozygous for familial hypercholesterolemia lack LDL

receptors and, therefore, benefit much less from treatment with these drugs.
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rmacokinetics:
> Lovastatin and simvastatin are lactones that are hydrolyzed to the active drug.
The remaining statins are all administered in their active form.

> Absorption of the statins is variable following oral administration.

> All statins are metabolized in the liver, with some metabolites retaining activity.
» Excretion: principally through bile and feces, but some urinary elimination occurs.

» Their half-lives are variable.
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Characteristic Atorvastatin Fluvastatin Lovastatin Pitavastatin Pravastatin Rosuwvastatin Simvastatin

Serum LDL cholesterol
reduction produced (%)

@ » = @ = :

Serum triglycerice
reduction preduced (%) 10 16 18 18 18
: @

Serum HDL cholesterol
increase produced (%)

Plasma half-lifa (h)

Penetration of central

nervous system No No Yes Yas No No Yes
Renal excration of
absorbed dose (%) 2 <6 10 15 20 10 13
Figure 23.6

Summary of 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase inhibitors. LDL = low-density lipoprotein;
HDL = high-density lipoprotein.

14

> Elevated liver enzymes (liver function should be evaluated).

* Hepatic insufficiency can cause drug accumulation.
» Myopathy and rhabdomyolysis.
» May increase the effect of warfarin.

» Contraindicated during pregnancy and lactation.
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B. Niacin (nicotinic acid)
| LDL-C (by 10% to 20% )

» Niacin 1 HDL-C (The most effective agent)
1 TG (by 20% to 35% at typical doses of 1.5 to 3 grams/day)

» Niacin can be used in combination with statins (lovastatin ).
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1. Mechanism of action:

> Strongly inhibits lipolysis in adipose tissue,
— | production of FFA (major precursor for TG
synthesis in the liver).

— | hepatic VLDL production,

— | LDL-C plasma concentrations.

Triglyceride

T 6{ |||||||||||||||||| Niacin
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erapeutic uses:
» Useful in the treatment of :
sfamilial hyperlipidemias.

sother severe hypercholesterolemias (in combination with other agents).
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3. Pharmacokinetics:

» Niacin is administered orally.
> It is converted in the body to nicotinamide.

» Niacin, its nicotinamide derivative, and other metabolites are excreted in
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verse effects:

» The most common side effects of niacin are:
* intense cutaneous flush and pruritus.
* nausea and abdominal pain.
* hyperuricemia and gout (Niacin inhibits tubular secretion of uric acid).
* Impaired glucose tolerance and hepatotoxicity.

» The drug should be avoided in hepatic disease.
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C. Fibrates

l serum TGs
T HDL levels.

Fenofibrate

gemfibrozil } are derivatives of fibric acid —

1. Mechanism of action:

» PPARs (nuclear receptor ) that regulates lipid metabolism.

> PPARs are activated upon binding to their natural ligands (fatty acids or
eicosanoids) or antihyperlipidemic drugs

— 1 expression of lipoprotein lipase — | TG concentrations.

> Fenofibrate is more effective than gemfibrozil in lowering TG levels.
> Fibrates — 1 the expression of apo Al and apo All — 1 HDL-C level.
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Chylomicron

VLDL

Tissues,

Capillary (fore.g.,
ADIPOSE)
[+ Gemfibrozil

Lipoprotein
lipase

Free fatty
acids

DL

Shed .

. Therapeutic uses:
» Used in the treatment of hypertriglyceridemias.

» They are particularly useful in treating type III hyperlipidemia (in which
IDL particles accumulate).
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3. Pharmacokinetics:

» Gemfibrozil and fenofibrate are completely absorbed after oral administration

and distribute widely, bound to albumin.
> Fenofibrate is a prodrug, which is converted to the active fenofibric acid.
» Both drugs undergo extensive biotransformation and are excreted in the

urine as glucuronide conjugates. v
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verse effects:

> The most common adverse effects are mild GI disturbances.
» Form gallstones (increased biliary cholesterol excretion).
» Myositis (inflammation of a voluntary muscle).

» The use of gemfibrozil is contraindicated with simvastatin.

» Both fibrates may increase the effects of warfarin.

> Fibrates should not be used in patients with severe hepatic or renal
dysfunction or in patients with preexisting gallbladder disease.
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D. Bile acid—binding resins

Cholestyramine
colestipol — | LDL C (less than those observed with statins).
colesevelam

1. Mechanism of action:

> Cholestyramine, colestipol, and colesevelam are anion-exchange resins that bind

negatively charged bile acids and bile salts in the small intestine.

> The resin/bile acid complex is excreted in the feces — | bile acid concentration.

— 1 conversion of cholesterol to bile acids in the hepatocytes.

— | intracellular cholesterol concentrations,

— 1 hepatic uptake of cholesterol-containing LDL particles,

— | plasma LDL-C (mediated by an up-regulation of cell surface LDL receptors).
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Untreated hyperlipidemic
patient

Small
intestine

Maost of the bile acids and salts
that are secreted into the
intestine are reabsorbed.

Hyperlipidemic patient treated
with bile acid-binding resins

Cholestyramine, colestipol, or
colesevelam form an insolulble
complex with the bile acids and
salts, preventing their reabsorption
from the intestine.

Figure 23.10
Mechanism of bile acid—binding
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resins.

. Therapeutic uses:
» Are useful for treating type IIA and type IIB hyperlipidemias.

> Have little effect on plasma LDL levels.
» Colesevelam is indicated for type 2 diabetes due to its glucose-lowering effects.
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3. Pharmacokinetics:

» After oral administration, they are neither absorbed (insoluble in water)

nor metabolically altered by the intestine.
» Instead, they are totally excreted in feces.
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verse effects:

» The most common side effects are GI disturbances (constipation, nausea).
» Colesevelam has fewer GI side effects than other bile acid sequestrants.

» May impair the absorption of the fat-soluble vitamins (A, D, E, and K),
and they interfere with the absorption of many drugs (ex, digoxin, warfarin,
and thyroid hormone) — should be taken at least 1 to 2 hours before, or 4 to
6 hours after, the bile acid-binding resins.

» These agents may raise TG levels and are contraindicated in patients with
significant hypertriglyceridemia (=400 mg/dL).
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E. Cholesterol absorption inhibitor

> Ezetimibe selectively inhibits absorption of dietary and biliary cholesterol in the small
intestine,

— | in the delivery of intestinal cholesterol to the liver.

— | hepatic cholesterol stores and 1 in clearance of cholesterol from the blood.

» Ezetimibe lowers LDL cholesterol by approximately 17%.

» Ezetimibe is primarily metabolized in the small intestine and liver

via glucuronide conjugation, with subsequent biliary and renal excretion.

» Patients with moderate to severe hepatic insufficiency should not be treated with ezetimibe.

» Adverse effects are uncommon with use of ezetimibe.
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F. Omega-3 Ja

» Omega-3 polyunsaturated fatty acids (PUFAs) are essential fatty acids that are
predominately used for TG lowering.

> Essential fatty acids inhibit VLDL and TG synthesis in the liver.

» The omega-3 PUFAs are found in marine sources (tuna, halibut, and salmon).

» Approximately 4 g of marine-derived omega-3 PUFAs daily :

— | serum TGs by 25% to 30%, with small 1 in LDL-C and HDL-C.

» OTC or prescription fish oil capsules (EPA/DHA) can be used for supplementation.
» The most common side effects include GI effects and a fishy aftertaste.

> May increase the effects of anticoagulants or antiplatelets.
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G. Combination drug therapy

> It is often necessary to use two antihyperlipidemic drugs to achieve
treatment goals in plasma lipid levels.

» The combination of an HMG CoA reductase inhibitor with a bile acid-
binding agent is very useful in lowering LDL-C levels.

» Simvastatin and ezetimibe, as well as simvastatin and niacin, are
currently available combined in one pill to treat elevated LDL cholesterol.
» Combination drug therapy is not without risks (Liver and muscle

toxicity occurs more frequently with lipid-lowering drug combinations).
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TYPE OF DRUG EFFECT ON EFFECT ON EFFECT ON
LDL HDL TRIGLYCERIDES

" bitor statin) i # H
Fibrates f i AL
Wiacin H Mt W

Bile acid sequestrants 'lr'H T T

Chaolesterol absorption

inhibitor } } {

Figure 23.12

Characteristics of antihyperlipidemic drug families. HDL = high-density lipoprotein; HMG CoA = 3-hydroxy-3-methylglutaryl
coenzyme A; LDL = low-density lipoprotein.
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