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HYPOLIPIDEMICS

Page 2
                        

Plasma Lipids cholesterol and triglycerides
 Essential fatty acid linoleic acid and linolenic acid Poly-unsaturated Fatty Acid
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Lipids with special functions
 1.Phospholipids-next largest lipid component of the body after triglycerides
 lecithin, cephalins and glycolipids
 2.Lipoproteinstrigycerides+phospholipids+cholesterol with apoproteins
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APOPROTEINS
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Apo B-48 formed in the intestine, found in chylomicrons and their remnants
 Apo B-100 synthesized in the liver, found in VLDL,VLDL remnants (IDL), LDL and Lp(a) lipoproteins
 Apo A-I cofactor for lecithinApo C-II required cofactor for
 lipoprotein lipaseApo E required for uptake of
 lipoprotein remnants by the liver
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Triglyceride(mostly) +phospholipids +protein
 Apoproteins-B-48, C, E, A-I, A-IIB. VLDL-principal carrier of triglycerides Catabolism of VLDL results in the formation of LDL. (Beta-shift)
 Apoproteins-C species, B-100, E
 A. Chylomicrons
 Synthesis and Catabolism
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D. LDL-cholesteryl esters (mostly) Apoproteins-B-100
 E. HDL Apoprotein +phospholipids + cholesterol Apoproteins-A-I, A-II, C, E
 C. IDL- triglycerides + cholesteryl esters Apoproteins-B-100, E, C
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GOOD NEWS AND THE BAD NEWSHDL formed during the catabolism of
 chylomicrons. HDL2 is the major reason for the inverse correlation between HDL level and
 coronary risk. Low HDL---independent risk factor for coronary disease.
 Cigarette smoking is a major risk factor for coronary disease
 because it is associated with low level of HDL.
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Cholesterol Member of the large group of compound
 called STEROLS. Exogenous (present in food intake) Endogenous (synthesized in the cell) BILE ACIDS (80%)-breakdown products. Main site of metabolism LIVER and then intestines
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Characteristic cellular components in atherosclerotic plaques. They are transformed
 macrophages and smooth muscle cells that are filled with CHOLESTERYL ESTERS. They are the result of endocytosis of chemically
 modified lipoproteins via as many as 4 molecular species of scavenger receptors
 (inability of these receptors to be down regulated by high intracellular levels of
 cholesterol). Interaction of collagen, fibrin, calcium Occlude coronary vessels or rupture of unstable
 plaques> occlusive thrombus
 Foam Cells
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Predisposing Factors
 in developing CADAge: Male > 45 years of age
 Female > 55 years of age
 NOTE: Premature CAD 1* male below 55 female below 65 Cigarette smoking and Hyperglycemia Hypertension ≥140/90 Low HDL <40 mg Corticosteroids Obesity body mass index (BMI) >25 kg/m2 waist circumference male above 40 inches
 female above 35 inches
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Total Cholesterol< 200 mg/dl DESIRABLE
 200-239 mg/dl BORDERLINE to HIGH≥240 mg/dl VERY HIGH
 HDL <40 mg/dl LOW
 NOTE: <50 mg/dl as low for female>60 mg/dl HIGH
 Normal Values
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LDL<100 mg/dl OPTIMAL
 100-129 mg/dl NEAR OPTIMAL130-159 mg/dl BORDERLINE HIGH
 160-189 mg/dl HIGH>190 mg/dl VERY HIGH
 TRIGLYCERIDES<120 mg/dl NORMAL
 120-199 mg/dl BORDERLINE HIGH200-499 mg/dl HIGH
 >500 mg/dl VERY HIGH
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No CHD and 0-1 risk factor LDL >160
 No CHD +2 risk factors LDL>130
 With CHD or CHD equiv LDL>100
 Lifestyle MODIFICATION
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Primary Hyperlipoproteinemi
 as
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A. Primary chylomicronemia Familial lipoprotein lipase or cofactor deficiency
 Increased VLDL and chylomicrons
 B. Familial hyperglyceridemia Severe--↑ VLDL, chylomicrons Moderate- ↑ VLDL, may ↑chylomicrons
 C. Familial combined hyperlipoproteinemia
 ↑VLDL, ↑LDL, ↑VLDL and LDL
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D. Familial dysbetalipoproteinemia ↑ VLDL and chylomicron remnants
 E. Familial hypercholesterolemia Heterozygous or homozygous ↑LDL
 F. Lp(a) hyperlipoproteinemia ↑Lp(a)
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SECONDARY CAUSES OF HYPERLIPOPROTEINEMIA
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A. HypertriglyceridemiaDM, alcohol ingestion,
 severe nephrosis, estrogens, uremia, corticosteroid excess, hypothyrodism,
 glycogen storage disease, hypopituitarism, acromegaly,
 Immunoglobulin-lipoprotein complex disease, lipodystrophy, isotretinoin
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B. Hypercholesterolemia Hypothyrodism
 Early nephrosis, resolving lipemia Immunoglobulin-lipoprotein complex disorder,
 anorexia nervosa, cholestasis, hypopituitarism, corticosteroid excess
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Frederickson/WHO classification of Hyperlipoproteinemia
 Type Lipoprotein
 Elevated
 Cholesterol
 TGAtherosclerosis
 Risk
 DRUG TREATMENT
 I Chylomicrons + +++ NS NONE
 IIa LDL ++ NS HIGH Statins +/ resins
 IIb LDL +VLDL ++ ++ HIGH Fibrates, Statins resins
 III VLDL ++ ++ moderate Fibrates
 IV VLDL + ++ moderate Fibrates
 V Chylomicrons + VLDL
 + ++ NS None
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Management of dyslipidemia
 MAINTAIN IDEAL BODY WEIGHTBEHAVIOR MODIFICATION
 DIETREGULAR EXERCISE
 HYPOLIPIDEMIC AGENTS
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LIPID ALTERING DRUGS
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A. VLDL SECRETION INHIBITORS Niacin (Nicotinic Acid)
 B. FIBRIC ACID DERIVATIVES Clofibrate, Fenofibrate, Bezafibrate, Gemfibrozil
 C. BILE ACID BINDING RESINS Cholestyramine, Colestipol
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D. HMG ( 3 hydroxy-3 methyl glutaryl )-CoA REDUCTASE INHIBITORS Simvastatin, Lovastatin,
 Pravastatin, Fluvastatin
 Rosuvastatin, Atorvastatin
 E. PROBUCOL
 F. INHIBITORS OF INTESTINAL STEROL ABSORPTION
 Ezetimibe
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NIACIN (Nicotinic Acid)
 VLDL & LDLinhibition of VLDL secretion, in turn
 decreasing LDL no effect on bile acid production reduction of circulating fibrinogen reduces
 thrombus formation & atherogenesis inhibition of cholesterogenesis w/c
 hepatic uptake of LDL catabolism of HDL is decreased (increase effect on HDL)

Page 27
                        

NIACIN
 THERAPEUTIC USES alone or in combination a/ bile acid resin,
 lovastatin of neomycin
 DOSE bid or tid w/ meals, start w/ 100 mg &
 increasing to 2-6 gm/day
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NIACIN TOXICITY
 harmless cutaneous vasodilation w/ warm sensation(prostaglandin mediated)
 premedicate with aspirin pruritis, rashes, dry skin, acanthosis
 nigricans nausea, abdominal discomfort
 Rx ~ take antacid
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NIACIN TOXICITY
 transaminase & alkaline phosphatase
 blood sugar uric acid arrythmia toxic amblyopia
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FIBRIC ACID DERIVATIVES (D FIBRATES)
 VLDL; LDL ↓ & HDL Pharmacokinetics comes from clofibric acid bound to albumin & distributed to
 extracellular space & tissues excreted in urine as glucoronide half life = 12 hrs.
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MECHANISM OF ACTION
 ligands for the peroxisome proliferator activated receptor alpha(PPAR a) protein
 Stimulates β-oxidative degradation of fatty acids
 clearance of triglyceride by in lipoprotein lipase
 ↓ liver VLDL & ↑ liver LDL uptakefecal excretion of cholesterol is
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Therapeutic usageHYPERTRIGLYCERIDEMIA Familial dysbeta lipoproteinemia no effect on patient w/ Congenital
 Deficiency of lipoprotein lipase (Primary Chylomicronemia)
 Dose = 1 gm bid
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ADVERSE EFFECTS
 nausea, abdominal discomfort/ myalgia MYOPATHY, ↓ K + cholelithiasis (increased biliary cholesterol)
 enhances hypoglycemic effect of sulfonylureas
 potentiates anticoagulant effect of coumarin & indanedione by platelet activity
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Rare : rhabdomyolysis/ dermatitis~ hepatic toxicity bone marrow depression arrythmia renal dysfunction ~ libido in men breast tenderness in men brittle hair / alopecia
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GEMFIBROZIL
 congener of clofibrate↓ VLDL & activity of lipoprotein lipasea free carboxylic acidabsorbed in intestine & bound to plasma proteins goes thru entero-hepatic circulation may cross placenta half-life – 1 ½ hrs. 70% excreted thru kidneys
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MECHANISM OF ACTION activity of lipoprotein lipase VLDL , modest LDL = HDL
 Therapeutic Use= triglycerides more effectively than
 clofibrateDose = 600 mg oral bid
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Toxicity skin rash / GIT & muscular
 symptoms (myopathy) transaminase & alk phos./ potentials
 coumarin & indanedione hepatic / renal dysfunction
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OTHER CONGENERS
 FENOFIBRATEmore potent than clofibrate in
 decreasing LDL excreted in the Kidney100 mg tid
 BEZAFIBRATE more potent than clofibrate 200 mg tid
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BILE ACID BINDING RESIN Colestipol & Cholestyramine
 useful only for hyperlipoproteinemia w/ LDL only
 if TG & LDL are high, these drugs may even VLDL
 Pharmacodynamicsinsoluble in water; not absorbed in GITthe resin binds bile acid in the GIT lumen
 & prevent their reabsorption
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Mechanism of Action bile acids & cholesterol metabolites are
 normally absorbed in jejunum & ileum when the resin is given, it binds w/ the
 bile acid & thus excreted w/o being absorbed
 ↑ uptake of LDL & IDL fr plasma results from up regulation of LDL receptors in the liver
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THERAPEUTIC USES for patient w/ Heterozygous familial
 Hypercholesterolemia LDL & cholesterol is if used in patient w/ combined
 Hyperlipidemia, VLDL may so add niacin useful to itching patient w/ cholestasis &
 bile salt accumulation
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useful in Treatment of digitalis toxicity to prevent further absorptionDOSAGE 5 gm Colestipol
 4 gm Cholestyramine granular prep in sachet mixed w/ juice or water at 2-3 doses/
 day w/ each meal
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BILE ACID RESINS TOXICITY
 Constipation, bloating sensation/ heartburn diarrhea/ steatorrhea/ malabsorption of Vit. K leads to hypoprothrombinemia malabsorption of folic acid chance of gallstone formation ~ rare dry flaking skin impaired absorption of some drugs
 ~ digitalis ~ vancomycin ~ thiazide ~ thyroxin~ warfarin ~ iron ~ tetracycline ~ folic acid ~ phenylbutazone ~ aspirin
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COMPETITIVE INHIBITOR OF HMG – CoA
 REDUCTASE ( D STATINS)
 Lovastatin/ Simvastatin/ Pravastatin/ Atorvastatin/ Rosuvastatin
 Pharmacokinetics Lovastatin, Simvastatin~ inactive lactone
 ~ hydrolyzed in GIT to active betahydroxyl Pravastatin ~ active Lovastatin ~ 30% is absorbed in GIT
 ~ of this amount, 90% goes to liver & excreted into bile, while 10% is excreted in urine
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MECHANISM OF ACTION
 PARTIAL INHIBITION OF THE ENZYME & IMPAIR
 SYNTHESIS OF ISOPRENOIDS & THE PRENYLATION
 OF PROTEIN.
 (decreased concentration of C within the cell)
 Low intracellular cholesterol=↑ LDL receptors affinity…> ↑ fractional catabolic rate of LDL & the liver extraction of LDL precursors
 Increased number of LDL receptors promotes uptake of LDL from blood
 Low intracellular cholesterol decreases the secretion of VLDL
 LDL / TG / HDL Cholesterol
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Therapeutic Use/ doseuseful aloneor in combination w/ bile acid binding
 resin or niacin
 Contraindications
 ~ pregnancy ~ lactating women
 ~ children
 Dose: 10 – 80 mg/day
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Comparison of all the different statins (Atorvastatin,fluvastatin, lovastatin, pravastatin,
 rosuvastatin, simvastatin)
 Serum LDL reduction produced (50%)-A and R
 Serum triglycerides reduction produced(29%)-A followed by P
 Serum HDL increase produced(12%)-P and S
 Penetration of CNS (increased)- L and SRenal excretion of absorbed dose(20%)-P
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STATINS TOXICITY
 1. serum aminotransferases malaise, anorexia, ↓ LDL
 ~ if > 3x normal, discontinue drug increase risk if given w/ niacin
 2. creatine kinase activity general muscular pain w/ heavy physical
 activity rhabdomylysis w/ myoglobinuria w/c lead
 to renal shutdown
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myopathy w/ Lovastatin aloneincidence if used with clofibrate,
 niacin, cyclosporine, erythromycinDC drug if creatinine kinase is 2x
 normallens opacitylupus like hypersensitivityDC if patient has other serious illness,
 trauma, or will undergo major surgery
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PROBUCOL
 does not resemble other drugsmechanism of action unclearinhibit sterol biosynthesisimprove transport of cholesterol
 from periphery to liverlipophilic goes to adipose tissue & stays
 there for a long time
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LDL only marginallyreduces atherogenesis by inhibiting
 formation of foam cells in intimaHDL substantially500 mg bidtoxicity = arrythmiadisadvantage = lowers HDL too
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INHIBITORS OF INTESTINAL STEROL ABSORPTION
 EZETIMIBE selective inhibitor of intestinal absorption of
 cholesterol and phytosterol causing reduction of LDL levels.Target of the drug
 NPC1L1 (transport protein)half life is 22 hoursexcreted in the feces (50%) administered with fibrates and reduced with
 cholestyramine5-20 mg per dayused in primary hypercholestrolemia
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EZETIMIBE
 lowers TG by 6%Increases HDL-C by 1.3 %Lowers LDL-C by 17%liver function test initially and
 at 2-4 months
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TREATMENT WITH DRUG COMBINATION
 USEFUL WHEN:1. LDL levels are significantly increased
 during treatment of hypercholesterolemia with a resin
 2. LDL & VLDL levels are both ↑ initially3. LDL & VLDL levels are not normalized w/
 a single agent4. Elevated levels of Lp(a) or HDL deficiency
 coexist w/ other hyperlipidemias
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DRUG COMBINATION
 1. FIBRIC ACID DERIVATIVES & BILE ACID BINDING RESINS
 > in familial combined hyperlipidemia intolerant of niacin; risk of cholelithiasis
 2. HMG CoA REDUCTASE INHIBITORS & BILE ACID BINDING RESINS
 > familial hypercholesterolemia but may not control levels of VLDL in some patients with familial combined hyperlipoprotinemia
 > statins one hr before or 4 hrs after the resins
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3.NIACIN & RESINS Controls VLDL levels during resin therapy
 of familial combined hyperlipoprotinemia or other disorders involving both ↑ VLDL & LDL levels
 Rx: heterozygous familial hypercholesterolemia
 4. NIACIN & STATINS In familial hypercholesterolemia Most effective & practical combination
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5. STATINS & EZETIMIBE
 > synergistic in primary hypercholesterolemia & in homozygous familial hypercholesterolemia
 6. TERNARY COMBINATION OF RESINS, NIACIN & STATINS
 > In severe disorders involving elevated LDL
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