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Lipid-lowering drugs are medications used to reduce elevated levels of
cholesterol and triglycerides, which in turn helps lower the risk of
coronary heart disease.
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Coronary heart disease remains one of the leading causes of mortality

among patients with cardiovascular disorders, and increased
concentrations of LDL cholesterol, triglycerides, and total cholesterol are
strongly correlated with its development.
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4 Hyperlipidemia (defined as elevated levels of cholesterol, triglycerides,
and LDL) may arise from: S
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inherited mutations, environmental influences; including diet
 certain therapies that induce increases in lipid levels.
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Atherosclerosis
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* A form of arterio-sclerosis characterized by the deposition of
atheromatous plaques containing cholesterol and lipids on the
innermost layer of the walls of large and medium-sized arteries.

 The nomenclature comes from the Greek words athero
( (meaning gruel or paste) and sclerosis (hardness) .
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In addition to the lipid, there are other Anatomyofth .. .~
cells found in the plaque such as: i st 1 Atherosclerotic Plaque
» The migrating smooth muscle cell s ___ Fibrouscap

> Endothelial cells =™
e Shoulder

> Fibroblasts “ﬁmwa”ﬁfﬁ>
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» Macrophages “foam cells” * oo
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*Macrophages are inflammatory cells that try to enqulf lipids and get rid of them, but
they eventually accumulate fat (especially oxidized LDL), giving them a foamy

appearance=hence the name foam cells. T R ———
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Normal and atheromatous coronary artery
'\

Atheroma
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Sk ien.  Normal coronary Atherosclerotic coronary

% notice the narrowing of the coronary artery, this reduces the perfusion of
blood to the heart and may lead to ischemia and other cardiac conditions.
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https://www.mayoclinic.org/diseases-conditions/left-ventricular-hypertrophy/symptoms-causes/syc-20374314
https://www.mayoclinic.org/diseases-conditions/left-ventricular-hypertrophy/symptoms-causes/syc-20374314
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- Graph illustration
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g This graph illustrates how different risk factors multiply the risk of
developing coronary heart disease (CHD) over an 8-year period,

showing the number of cases per 1,000 individuals.
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Increased cholesterol levels have the highest tendency to increase the

risk of coronary heart disease.

» Usually, patients at risk of coronary heart disease have more than one
risk factor. For example, many diabetic patients also have
hypertension, and many hypertensive patients may be smokers. These
risk factors add up and further increase the overall risk of developing

g coronary heart disease.
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Non- Modifiable Risk Factors
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Atherosclerosis might begin in the young but does not
precipitate organ injury until later in life.
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Men more prone than women to get elevated level of lipids,
but by age 60- 70 about equal frequency in both.
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Genetic differences in the metabolism of lipids, such as
variations in receptors or enzymes like lipases, which
could cause a genetic form of hyperlipidemia.
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Atherosclerosis

Types of Genetic differences (Familial history): zﬁ,‘::.ﬁiﬁ'.i’f:ff:m%t‘fﬁi' F;j._,am
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» Familial Hypercholesterolemia (FH): characterlzed by elevated
levels of LDL due to a Deficiency/mutation of LDL receptors.

» Familial Hyperchylomicronemia: characterized by elevated
levels of chylomicrons in the C|rculat|on due to a deficiency in
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lipoprotein lipase or apolipoprotein C2. —&s=arinmisimo s
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» Familial Combined Hyperlipidemia (FCHL): Combmed m:f
increase in the level of both VLDL and LDL due to increase -
production of VLDL in the liver, which will cause hyperlipidemia.

“*All of the above are considered types of hyperlipidemia
Underlined word are hyperlinked



https://my.clevelandclinic.org/health/diseases/22067-familial-hypercholesterolemia
https://my.clevelandclinic.org/health/diseases/22067-familial-hypercholesterolemia
https://my.clevelandclinic.org/health/diseases/22067-familial-hypercholesterolemia
https://my.clevelandclinic.org/health/diseases/22067-familial-hypercholesterolemia
https://www.ncbi.nlm.nih.gov/books/NBK551655/
https://www.ncbi.nlm.nih.gov/books/NBK551655/
https://www.ncbi.nlm.nih.gov/books/NBK592399/
https://www.ncbi.nlm.nih.gov/books/NBK592399/
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Modifiable Risk Factors i~
. (potentially controllable)
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Factors that affect hemostasis and thrombosis ™ Mm,wbswﬁ*jiﬁ;iﬂ °

Infections: Herpes virus; Chlamydla pneumonlae,;;ef;fu;;f:w e sl et

Obesity, sedentary lifestyle, stre 'S St s isodetary st -t s (Omeio) i
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Among all these factors, elevated serum cholesterol levels are unique
in the ability to drive atheroscler05|s in the absence of other risk factors.
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All these risk factors not only increase serum cholesterol levels but also

increase the risk of coronary heart disease. _
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Atherosclerosis:

What are the mechanisms leading to atherosclerosis lesions?

Two major sources of cholesterol in the body: www,m,m

:(Endogenous production) lalall ¢ Lyl

» endogenous production (liver, 1g/day)f\> ol o oo 1 iy 201 G 5] 3 sl I
» food (animal sources like meat and diary products) numbers mean. :Food -2
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Less than 100 0pt|maPJLd|J5M§U§JLl|W|}A Iia :(Optimal) 100 cye Jsi
S
129 — 100 Near optimal/above optimal SBL o e 5T QLT o )3 (553 :(Near optimal/Above optimal) 129 Jf 100 ;e
i)
159 — 130 Borderline high :us .. cs. (Borderiine high) 159 411 130 o
g
189 — 160 High*d@ul;Jw;;ﬂ,u@%aulmw@ﬁ@w:(mgm189@1160;,:
190 and above Very high s it uiay i oo ws i e st Very high) i 5i 190

%k . .
The patient should start treatment at this level I s i g
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> The total cholesterol should be measured. The borderline range {s 200 to 239 mg/dl and 240 mg/dl

H(HDL) ssadl Jg,imsdl 6

or above is considered a high risk. () 2 5 Sl 0. T HDL 5 55 3 DL s 5l L
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» Also, HDL(good cholesterol) should be measured. An HDL level above 60 mg/dl is considered

protective, while a level below 35 mg/dl is considered a risk.




Atherosclerosis: ‘==z
Mechanisms leading to atherosclerosis lesions
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» Cholesterol and fats are poorly soluble in blood and
therefore are transported via lipoproteins. _ “huioitooo i

» Lipoproteins-classified by the type and ratio of protein
and fats they contain which determines their size and
density.
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ApoE

ApoB ApoA

° VLD I:y VLDL (Very Low-Density Lipoprotein):
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[ ] I D P IDL (Intermediate-Density Lipoprotein):
.LDL 5 VLDL ¢y Gy oslaiie o

[ ] L D LDL (Low-Density Lipoprotein):
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»When dietary lipids are ingested, they are packaged into chylomicrons
and enter the circulation. _ =..oe-
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»>The liver is another source for lipids and cholesterol in addition it
secretes VLDL into the bloodstream. N
»Both VLDL and chylomicrons bind to specific receptors on adipose &:iismzss:
tissue and muscle, where their trlfgl cerides are hydrolyzed by it e
lipoprotein lipase, releasing free fatty acids.

»Other circulating lipoproteins include IDL and LDL, which also interact?
with specific receptors in peripheral tissues like muscles and liver. s .o

(Low-Density Lipoprotein) g Je isi LA oloant Lea
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»This circulation and receptor-mediated uptake are continuous
processes. Disturbances in these pathways can elevate lipid levels and
promote atherosclerosis, which increases the risk of coronary heart
disease. .. ... .cwiesis
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How does high cholesterol lead to atherosclerosis ?
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1. Increased LDL levels promote LDL ((“;jj,'ﬂﬂdﬁf)' e oy Sl 3 LDL Tl g
penetration into the vascular intima (the
innermost layer of a blood vessel wall) where
it accumulates and becomes oxidized into

mOdified LDL. elill WA ae Jelitll il gehall 2 LDL

+LDL Zuaalll LT 8 n 430l 3y Jual

Monocyte Vessel Lumen

(Macrophages): J] @uss Las delill LA oo £ 53 529 L4

(’> 352,01 ola Ll (Foam Cells).
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2. The modified LDL is engulfed by s cosass

Adhesion Endothelium
MCP-1
Q‘Ecmpgasges forming foam cells. Molactilas LDL
T Ll a3 1 (Cytokines) Lisiaml 3l o (5525 s consen ) fgnald] Lol "
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3. T esg macrop fages release cytokines tha Modified
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recruit more in lamma.torg cells, and secrete Cytokines Q LDL Growth Eactors
growth factors that stimulate smooth muscle Meta”oprote”']ases

proliferation, as well as metalloproteases that
contribute to tissue degradation.

uwlmww sl syl 3slaall 4
lyidl olhaa ole (Atherosclerotic Plaque) Lusac Gk 045<5 o) syqsf“ll_,uml s JSo

&
Cell Proliferation

Macrophag o Ce” Matrix Degradation
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4. These combined processes lead to the

formation of the atherosclerotic plaque.
which increases the risk of coronary heart _

disease.
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The figure shows correlation between serum cholesterol levels and
cellular cholesterol levels. To reduce overall lipid levels, the therapeutic
goal is to decrease VLDL and LDL while increasing HDL, which helps

counteract hyperlipidemia. Several drug classes achieve this:

(\> (Statins) e bstiadl 1
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Upregulate LDL receptors and inhibit HMG-CoA reductase, the key
enzyme in endogenous cholesterol synthesis.

«

° ( 9 :(Fibrates) l,ulill .2
2 F l b rates . .PPAR-alpha Ly 3,k o (lipoprotein catabolism) duiaall o liss ! Jad judad ole Joad olyuldlls
. HIDL b o Gty L3N ol lasins G205 o] 55y Loo DI gy 2! Giaall wliig ol A1) 5% (iipoprotein lipase) Skl criseselll paisl daddy lar

Enhance lipoprotein catabolism by activating PPAR-alpha, which
increases lipoprotein lipase activity and promotes the clearance of
triglyceride-rich lipoproteins.

> :(Bile Acid Sequestrants) &sliuall fuaesll olidll 3

3.Bile acid sequestrants: e v s oty

adll (03 LDL Slysinns GAdA (06 e loy Las dagan Fyshiie Galan] £ LY JysiandsS a a3l aladioal ole 2SI Saay s
Bind bile acids in the intestine and prevent their reabsorption, forcing
the liver to use more cholesterol to synthesize new bile acids, ultimately

lowering LDL levels.

18
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Treatment

:(Statins) ol 1

Drugs which lower Cholesterol Soiiun o s

(Pravastatin) clisls, s (Atorvastatin) onslicld, 537 ((Simvastatin)

e Statins (simvastatin, atorvostatin, pravastatin) decrease

RN

0. ‘:);Jlﬁ (P m‘:f Hmorss
LDL by 30-50%. Block HMG CoA reductase s G GOl ) s 5
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* Increase expression of LDL receptor in the liver, further ==
decreasing circulating LDL. L s
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Statins mechanism of action =&eeew.
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> Statins work in two important ways. ssssusseniimmncca 0 o l  HiGCon
- First, they block the enzyme HMG-CoA reductase, which normally 1 /sy "ecieio
converts HMG-CoA into mevalonic acid, an essential building block WE
for cholesterol. By reducing mevalonic acid levels, statins decrease vevalonste bohonntte
the body’s own cholesterol ProdUCtioN. i s o s et g s s o oy g i e i ¢ Phosphomevaonai kinase

pall o LAl il (g5 S5 ] 5 Lo« mLaulf oo pall a (LDL) LAl S i oI A15) (0 el cobiiaad | sae

- This also triggers an increase in LDL receptors synthesis by Mevalonate-5-pyrophosphate

Isapentenyl-PP Mevalonate-5-pyrophosphate

liver, which helps remove LDL, the “bad” cholesterol, from the ormerase 00,4’y decarboxyiase

Dimethylallyl-PP -— Isopentenyl-5-pyrophosphate (PP)
blood, lowering serum LDL levels. ... ... / FamesytPP syrihase
e ] i ol bl

c—meJSoujfs)ldl Luvdb.h'-.uﬂ'mu;:ed.lej‘:!!c'—-s.éﬂ'thOAqummhth.Mlda‘ Slisinall Jasadl Loge LS s a0 Geranyl PP
» But statins do more than just lower cholesterol. Mevalonic acid is l Fermesy\oP syrihase
° BISPHOSPHONATES

also needed to make molecule called isopentenyl-5- SeranyigeramytPp ramepp

pyrophosphate, which is used to produce compounds like farnesyl Geranjgerany Squalne syrthase
pyrophosphate and geranylgeranyl pyrophosphate. These s“”z'e"sequamne

2,3 oxidosqualene

molecules are necessary for the prenylation of certain intracellular e
o o 0 =, . NADPH ualene
roteins, particularly RhoA, a G-protein that needs prenylation to renvLre oIEMEA Lajst;‘iﬁx"dm
attach to the cell membrane and function properly. PROTEINS  UBIQUINON
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Statins mechanism of action (Continued)

“RNOA cyisys il .1
Al Tulall &gl le 55 g3 RNO KiNase ps siak Gl <ot RNOA cpigys aemss Loies
g il el Lla¥ e il Las cagonll Lueg¥ls Gl CiSllag il o] ugis pall s Bal) (o aalias 1 oSas cdayio ROA il sl 13)
» Active RhoA then stimulates Rho kinase, a kinase that influences
cardiovascular functions and can contribute to harmful effects, such as
increased blood pressure and thus it increases the risk of cardiovascular

disfunction, if overactivated. /7f;i';?ﬁ?;fﬁijﬁ'ﬁﬁjcacidw@.@mmﬁmw.

woldlly G gandl Laes¥ (sle 3,Lall RhOA &l 250 e Jliss Rho kinase a3l blas Jli Lae (RNOA Lawiils Gandity ol aoi celiisllidl aan JulSS sk e
» By reducing mevalonic acid, statins limit the prenylation and activation of
RhoA, which in turn reduce the activity of Rho kinase and these signaling

pathwauys.

> In this way, statins achieve a dual protective effect making them highly
effective not only for treating hyperlipidemia but also for protecting the heart
and blood vessels. susesest s s 2

Hagaie Dloa puls LT U caull (o (LDL) SLaall Jg i SI lysinns Gada o b Ulad conad o lisilica e
L) cGamaall QLT G LI G S i I ad5e
el (Al St fe wiss sl Lueg¥l s 5 0Sar il RNOA Lapttd JlES M (o Tyl Lueg¥ly Mol Gylane
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LIPID-LOWERING DRUGS: Statins

HMG-CoA (3-hydroxy-3-methylglutaryl-coenzyme A) reductase inhibitors.
The reductase catalyses the conversion of HMG-CoA to mevalonic acid?;;m'“gf:;ﬁgyww,

The inhibition will block the synthesis of CHO (Cholesterol) in the liver: ww o
decrease hepatic CHO synthesis: lowers total cholesterol and LDL

I g oIl 3] 5 ] 5.
o il g ] AL
I 05 LDL. 5 €I g el 2l 202

increase in synthesis of CHO receptors
+ increased clearance of LDL

o £ Sl
BT o el coldiall oda oSl o4 (receptors
A 3 eI s ginn QAR (o ablony Las cadll (50

Several studies demonstrated positive effects on morbidity and mortality.

> sl Lslall B3

. . C
Relatively few side-effects... = oo o i ot sot ot ot i sttt 1 2 stz i m i e

Slulill 5 gl (alaad¥ ! g Kiidie Bole oyslslits ol gl o8 Lala (opliaall GBas o380k 54 :(Myopathy) oLaall J3tie¥ e
However, adverse effects: myopathy (increased in patients given combined therapy
with nicotinic acid or fibrates) _ oo i i s s s s e s st
il o A s 1 (S Jseds I

Should not be given during pregnancy (Category X, since cholesterol is important for
fetal development and its inhibition can cause teratogenicity in the fetus)



Competitive Inhibitors of HMG-CoA Reductase
“Statins ”

° Simvastatin HMG- a3y sl lladio goa 3 Ll 460 peadgs wdll]
‘ o8 el I lginne A8A] ‘us:,.f. «lls <CoA Reductase
* Mevastatin. o
* Lovastatin. obgballand
(Simvastatin) (lilissw.
° P rava Stati n. (Mevastatin) cxibicslise.?
(Lovastatin) ¢nilielsel.3
° Fluva statin . (Pravastatin) oalbicls .4
(Fluvastatin) (pililésls.5

° Ato rva stati n. (Atorvastatin) ¢xiliuls,s31.6
. (Rosuvastatin) (iliclsgys,. 7
* Rosuvastatin.

ol ] Jae 4l

‘HMG-CoA reductase a5 €uwdlis olbiis S Joai SLSblle

o ca¥ ) 1ia s YA o 011 o Uil E 03] e gl ] m3¥ ) 52
LDL olgions GAGA (o e Lons Los puanll (5 S sioadsSI] 1) Julss

aall o8 (GLall JgsialsSIl)
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Competitive Inhibitors of HMG-CoA Reductase

ol ! Joe LT .4

€€ e 99 e )] HMG-COA s (5 psloas 531l HMG-COA reductase assil s isle Jass o liglicd s
a I n S el £ 5] (o Bl By sty celllid

aull (o LDL lsiene Ji5 oIl 5y anliSl) 5] Sl 1A o

‘:’ Although these drugs haUe the Same MEV/:{SOTATlN . LOVAi;AT|N ) SlMVAj;ATlN ) PRAV:SOTAT|N
mechanism, all inhibit HMG-CoA RO O O

reductase, they differ in their ME M[ Ml e E i
pharmacokinetics: : o

HsC HsC”
:(Pharmacokinetics) Lilsall jailasll oé olstayl .1

1‘ Degree Of Oral absorpti)on"- el Sall o clgs JS polustiol e g tpadll ol s TaTIN ATORVASTATIN ROSUVASTATIN
2. First-pass metabolismi i i s HO\CcozNa (oHaoH S

L0 e s Ldlad oo i Lao < LpmLnttal sy a1
H O OH OH

3. Plasma half-life (Atorvastatin and " O+EA A

N

F 7
Q Rosuvastatin = longest, once daily dosing). @ L CHH, @ e Lo N
N ol g lsall i Suta ) i Ll (g pandl i @ )N\ |
Gage 5amly ey o G L Lol e s b Laged (5l 5 il @ F Sy

“*Also, they exhibit differences in their | soue I,

(] d
LD L—lowerlng potencg: DL i i Ll plele PITAVASTATIN

Jaieadsll Slisione G (o8 Tllad SV Loa (oliaulisys; 5 obialiysls

° . ™ . 1 Reaction Catalyzed by HMG-CoA Reductase
» Highest: Atorvastatin, Rosuvastatin. o O o O o5
o e e Cat+ "~ >coo ! ¢ coo- i coo-
H (LDL ass Lllas ol NADPH + H NADPH + H*
 Lowest: Fluvastatin 2=ussi . . o R e T o
(6oAY) iYL Tylie LDL olisinne SCoA CoA
HMG-CoA intermediate MEVALONATE




LIPID-LOWERING DRUGS: Statins.
Pharmacodynamics

Y olaliadl o il sligiose GadA o8 Loartiull ga¥ oay «olisliudl (Pharmacodynamics) dulsall 4uabiall HEY1 £y adbedll
ol 58 (AT Bske ST LET L) <y JiaandsSIl sle Liid S35

**Promising pharmacodynamic actions:

( ; :(Endothelial function) dsilest Glaall dilag (puuas .1

Improved endothelial function. w.wsis e, s ww ot sz e e s .
Leg¥l AIJ‘ml)JQ;vALJ.LuJ EATSVURSYYRAT Y > ul.m@ui‘aw\;:uﬁjﬁwullﬂm

Opalyad!

Reduced vascular mflammatlon and platelet aggregablllty Sevsemas

Slaladl 0065 e (o ae by
:(Antithrombotic action) jixall slas ,iG .3

Antithrombotic action. == s s
Stabilization of atherosclerotic plaques, so they wouldn’t rupture
and activate thrombosis, and eventually cause embolism, s

Las coluwea? ! 38300 iy 5 ¥ ey (] (0 Lossanall
Clall sl o1 e Loall Sl GLoY | Sha o JI5y

Increased neovascularlzatlon of ischemic tissue’™ ... . . .
:(Enhanced fibrinolysis) sl Jlaill 53325 .6 Tbﬁﬁf ﬁ“@ﬁjﬁfﬁﬁf

Enhanced flbrlnolyS|s S el ol 1 ey M e 53 5
Immune suppression s sionsr
Osteoclast apopt05|s and increased synthetic activity in

:(Osteoclast apoptosis) allall sle ol 50l .8

Osteo b la Sts o blailldul) oé seliw Las (Osteoclasts) Luaaldl LI 5o (] gugi 18 o Lsbidle

allaall fan (03 1da 5a5 (Osteoblasts) Luakall WAL o6 olatll




LIPID-LOWERING DRUGS: Statins.

il 58 Eisally ESaalisall GaSload]] e Eany apled]

4ilgall LS5all ua (4 (Lipid-Lowering Drugs) 1 1
e s it armacokinetics

++* Pharmacokinetics "
« Well absorbed when given orally. 22 e oo i

. . 3. Lnculys daTLY 2
* Extracted by the liver (target tissSue) . G seh s i st s o1 s b s ctse i

Js5ianlsSIl lasinns Sl

* Undergo extensive presystemic biotransformation, the first pass«

:(Presystemic Biotransformation) iull daaslsall oslelidl! .3
o Lgn Jasad odle iy e el 355001 o) Ll | Jas o i

effect, which is, again, variable among different drugs. sy s oo

s sde el £ 53 onun Bl G Taliin 3 Tusa¥ 1 a3 ale

» Simvastatin is an inactive pro-drug that needs to undergo activation by the
live ﬁ”‘wﬂlﬂl oada 8 Flad (5K oS sl b Juadl ) ¢ By (Pro-drug) s yu <lsa sa (Simvastatin) st e

* These drugs are metabolized by CYP450, posing a risk for drug-drug

:CYPAB0 dhaualyy 5313all Sl 4 Q

interaction, for example: - worresocus e i phu

SLslid! 00 e 555 08 w0331 138 daals Lo Llaass i ol 5 AY 1 Lsa¥l ] ia Las ((Drug-drug interactions) 4ss¥ g calelis a8 Lulaall sae

= Statins metabolized via CYP450 can interact with warfarin, requiring

e ol Lo (530 sl clga) ol o)l s Jelis 5 CYPA50 e Ledliion] s (o3l s lisliaal e

L P
prothrombin time MoONITONING. & e img st o
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LIPID-LOWERING DRUGS: Statins.
Clinical uses

T Loall Tty Gl Al cLiial oo Lgilil Ll 1 (->) i
. " ; o oyl ol ol od Lol JSLdl sia 1S5 Sl Jl&i auiied oGl
gl A puaall Lasill Jia) Gl cpal it G yal e (ygilag il oyl o Dbl | Tt Lol g Lulall Slan¥l bya LlEgll il L5l Lyl le a‘tﬁro‘éj;[of:ésgsé). I;jL“‘l °f“{|«&i# Sl *
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» Secondary prevention of myocardial infarction and stroke in
patients who have symptomatic atherosclerotic disease
(angina, transient ischemic attacks) following acute myocardial

. . ol Galhed e Y1 Ll .2
|nfa rCt|On or StI’O ke° ﬁ-S'@L;L;l:Ls?u-mf,ui)l%Jhﬂn&g“:wﬂlf&?l@%'ﬂ'&'ﬁ@:’t‘@’!'&:’e@”‘é“"‘:;‘-‘]ﬂ“gu"“'

» Primary prevention ofgr;cwéarlzldrsegsehrbﬁ?ya:fleﬁts who are at
high risk because of elevated serum CHO concentration,
especially it there are other risk factors for atherosclerosis.

» Atorvastatin lowers serum CHO in patients with homozygous

gfamiliar hypercholesterolemia

‘(Homozygous Familial Hypercholesterolemia) (5l,sll aall JsiewdsS bays oys Gysilas il gudyll (o8 JgyiaadSI (A48 .3
oo b & 55 sm9 c@ilysll Al Jg il boyi oy isilan ol oudybl (o adll (08 Jg s Slisions Julfil ausio (Atorvastatin) ol isis
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(Pleiotropic effects) illsgll soasia JEYI rrdss adbod!
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e~ LIPID-LOWERING DRUGS: Statins.
Pleiotropic actions.

(\> :(Endothelial function) dsilesll Llasdl diuksg (puans .1

» Improve endothelial function. =:= e |
» Upregulate eNOS, which is the enzyme that synthesizesg

o . . ° :eNOS (Endothelial Nitric Oxide Synthase) aulaii 3absy .2
(NO) el il 40T £ 3] oo 3 8350 5311 @NOS il i o liiliadl
nitric oxide (NO), a potent vasodilator. o =z a oo |
aall 3805 (peunty

» Anti-inflammatory, reduce odds of plague rupture.

‘(Anti-inflammatory) oL@ slas 556 .3
bl Gl o oy Jale gag dganll Les¥T 08 QLEIYT IS o5 e Loy Loo Ll Balise o150 Ld o lislidle
L Loall Sl g1 Ll sl (o) 5 38 3l lalall (065 o oy Los ol ] (o8 Dol Slayglll 333 Jlaial oy I3 1iae

s siends Sl (a8, 50lee BIAT Y Sarke TALS) T Leaal Uy el o s sl A5 e ki T L d il
el gl Lae ¥ Bislay crund i el (9 (5,AT iy ole 5355 LBl 0¥ 75 ieadsS] e Uiiews® B oda anide
6 e I (g gina ole Lyl e Hlaill (ks amy elld JSy cadll 365 a5 o lolgal¥ ]
*Pleiotropic effects of statins are the multiple beneficial effects they have beyond their primary function of

lowering cholesterol. These functions are “cholesterol independent”.
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LIPID-LOWERING DRUGS: Statins.
Adverse Effects

daladl Ll LBy
JSLiie o okl Gany gila 08 fpanigl] jladl o 4 ol yhual

» Mild gastrointestinal disturbances. - csnionin e

ol SLSEal $5 o oK Layddl 8wl clars] bl 5ul5.2

o eone . . ~
» Increased plasma activities in liver enzymes. <0 2iiiaiins

TR RSN RO ]

» In rare cases: Severe myositis (rhabdomyolysis) and angio-

(? Sl Ll Y1
358,05 SYLa o (MyOSitis) sl csboaall Glell. 1
e el I la U)L.a.dl_.l.@_dl iyl ol g sy Ll ] Ll Sl s
(Myositis)

= Rhabdomyolysis: a condition characterized by the breakdown or
disintegration of skeletal muscle fibers, leading to the release of their
intracellular contents, such as myoglobin, creatine kinase (CK), potassium,
and phosphate, into the bloodstream. This release can cause systemic
complications, including acute kidney injury, electrolyte imbalances, and

M,‘JS..“L.LA«J | ST SIS Losie &aal Bayaddis 3,06 Uls 54 :(Rhabdomyolysis) luaall Jlsill.2
metabolic disturbances. ms oS Slein s
(o VWA (I Baladl Ll s §ralad Tiais JSLitis (o] (ool il 5330 0 oS
oA gl BLLladls c(asacalis! Jia) Joles!
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(Niacin) ¢l clgs (ailad mdgs adledl
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Nicotinic Acid or Vitamin B3, one of the oldest drugs. <= S

Water-soluble B-complex vitamin, functions only after conversion
to NAD or NADP™ Nicotinamide. ) )

) ) . . . . Gsaall jasa SEG il aia, 10
Niacin has hypolipidemic effects in large doses. s zis s hypolipidemic effects)

Affects all lipid parameters: o 3 ol i

« Best agentto increase HDL-C. (35-40%) - Jsisbl oo palail i selog s 940-35 iy HDL w3,
. . (Triglycerides) 453Gl oy ganll (a38%% 2

* Lowers triglycerides. (35-45%) P645-35 Loy LA padll saiay

* Decreases LDL-C producti{cﬂm. (20-30%) ﬁ;‘g’ ;%’ﬁ’fgfgtfﬁ:“ .

Reduces fibrinogen LeVELlS. i c i e mim b i sl it st sis

Increases plasminogen activator. i i s sl e s msstil sl
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Niacin - Mechanism of Action:

topecelll Jae 21

il Tl (481

.(adipocyte adenylate cyclase) caull Lia o8 S coliinsl dae Sla) Bask e sl iVl 43 (lipolysis) oysaadl Jad bl e
7 (hepatic triglyceride synthesis) w1l o8 LN Gsaall (s oo S Lao I I (FFA) 8pall Liaall alea¥ ) Ji5 oo JI& bl | iae

» In adipose tissue, inhibits the lipolysis of triglycerides by inhibiting
adipocyte adenylyl cyclase, which reduces transport of free fatty acids to the
liver and decreases hepatic triglyceride synthesis.ﬁwaw-z

diacylglycerol acyltransferase 2 s LI ¢y saall 55 (od Jaray sane (Y] Loy by a8 bl

» May also inhibit a rate -limiting enzyme of triglyceride synthesis,

diacylglycerol acetyltransferase 2.
» Reduction of triglyceride synthesis reduces hepatic VLDL and consequently

D osadll ol 0,563
LD L. LDL ¢y Jiy o BlLs ST (o8 (Jn 3801 Lkinia ypaall) VIDL Julis o e Lo LBMEI Gpaadl oy o5 e

(ball ds el

» Inhibits intracellular lipase in adipose tissues leading to decreased FFA flux
to the liverOQ (:;jglx;ili:ﬁmmfuﬁlygwyl S5 Las diaall iaul¥ i (intracellular lipase) Lokadl Jals lalll Ly

‘:‘ P h a r m a c O ki n et i c S : ﬁ :(Pharmacokinetics) 4u¥wwall [ailasll

Al Bask e sl wie Blad ot 1palatie¥ e

Completely absorbed, peaks within Thr. I35 s aio e

Half-life is about 1 hr, so need to be given by twice or thrice daily

e, mmmm—— _
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Niacin - Toxicity:

ol 1 eandl T oilly uloua] (] Sty Los caladl 5 Gponll Tes¥ 1 gonnss coseans 8 puenlill
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Harmless cutaneous vasodilation and sensation of warmth.
Pruritus, rashes, dry skin or mucus membranes (acanth03|sf)

(Pruritus, rashes, dry skin) galall gikll &<all .2

nlgrlcans) see next Sllde sty ] Jo) B4 32231 Sl Bl ol il 5 (PRUUS) Sl s 8 il

LYl cad of L)1 i Bhlie o8 Glle &S1s @y jaday aladl oyl (08 it pcli dlla 529 qu_dI,A.u‘,s(Aca nthosis nigricans) gwaill Ly ek ade

Nausea, vomiting, abdominal discomfort, diarrhea’

Insulin resistance and hyperglycemla

) (Hyperuricemia) cLlsdl saaa ¢ i) .6

Hyperuricemia and gout. =2

(eldsal Gaan sk o815 oy Jamlill oY1 o8

Cardiac arrhythmias ==y

Amblyopia, blurring of vision.

(Amblyopia, blurring of vision) L5,/ Jusis .8
Ll sl) cnall aled 5 Lyl ot (e (ygilay 08 o)Ll o
Opeenlill aladiinl s Siany a8 Sl 5ol 56 g9 (Luluall

ea, vomiting, abdominal discomfort) 4ueas obilkhal .3
. ‘,JuL.ayu_,uwu G5 LR il e 5 Y Gany e

el gl Ta il pse o 8 Lo L]

Elevations in transaminases and possmle hepatotoxicity.

Insulm ‘ull@s,s.,.lluml Aol Loglis .5
e, hyperglycemia
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Niacin - Toxicity: S e
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* —Blackening of the skin in certain areas, especially the folds of the body.
* Also, it may be associated with hyper-keratinization of the skin in those areas.

Al i) Tyl Sliall
sl B 33l o (Sl ol ill Jie) el o Tignas 3olie (o alall S lacle
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Fibrates or Fibric Acid Derivatives or

Fibrates or Fibrid Acid Derivatives:

¢ P PA R s ACt iva t O rs ? :.E:;iilbrate (1962-1987)

*Gemfibrozil
*Fenofibrate

» Clofibrate, 1962-1987, Gemfobrozil, Fenofibrate, Bezafibrate. -t R

» Work on PPAR- a (Peroxisome Proliferator Activated Receptor- a) which: ARG Sl e S o
1. Stimulates fatty acid oxidation, s swsis.s s S il s bl i
2. Increases lipoprotein lipase (LPL) synthesis’."(wusu.mﬂwﬁmum.;z T
3. Reduces expression of apo C-l1177a0 ol s i se i 3

4. Increases apoA-l and apoA-ll eXPresSion. wor i, apon sl ot s stz

Net effects, on lipids, resulted from PPAR-a activation:
1. Increased lipolysis of lipoprotein triglyceride via LPL. ’D/

2. Decrease levels of VLDL and LDL. 0 = mie oo e

D 5,Lall saull Julfs o8 e lud &lyulall iDLy VLDL &b gions Julis.2

3. Moderately increase HDL.~ o s o sn g sl s -HL s g s 5353

1oAY pailasll
oLy (Anticoagulant) Jiaill sslias olbslias L ol ,uldlle

> Also have anticoagulant and fibrinolytic activities .suenn.

Sapaad) LA clianill bayd oYl od 8,0a 00 Gga¥ e

» Drugs of choice in severe hypertriglyceridemia. & ool il uhpmopeamema
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PPAR-Q: Juuluailly Jusil!
PPAR- (ll £ 53l (o Jastil g0l Jione) «(ysmall Gl s o Logen g coali o301 gl cnlical | cpo .55 5
dlac TS el Aiadll ¥l oI i Lalay:

PPAR- a: Activation and Cascade

Lnala] bl sda sl ool | dlile ond =il e dile oI PPAR-Q gaiie

77 sl A Lealag assie sl sl
gTheg belong to the nuclear receptor supergene family and play
a key role in regulating lipid metabolism. > il s b 2

*PPAR-Q (sl yuaill 3in o Jan, (transcription factor): as; e yuill o aSaill (o e Loy &1 s
Jaieuns (ss¥ | 5 Liaall Galaa¥l Jia) ,5)1|JM,JLA.L.= «liuall PPAR-Q Jaiiaal | Juads o3,

»Functionally, they act as transcription factors, When a ligand
(such as a fatty acid or a drug) binds to a PPAR, the receptor
becomes activated. i

Slpiaall Llatead | yeabic o Jutead | sy 3131 Jals Zdadl Jads 311 oJ) PPAR-Q i Jiihy bl gymart
Lagiudl o liall 3aall 3hbia o Sasage Slalus 9 (PPRES) diagyenSayll

»The activated receptor moves into the nucleus and binds to
peroxisome proliferator response elements (PPRESs) in the
promoter regions of target genes. ssissmest | i o s s
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»This binding regulates the expression of genes that encode
proteins involved in lipoprotein structure and function.
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Rashes, urticaria, hair loss, headache, GIT symp’toms

Ll oSt

:(Fibrates) ol yudll Lgal alasil e a3l Lol

Impotence, and anemia. > o S
.(Myopathy) cbaall Jsliel e sGLLIs
Myalgia, fatigue, myopathy and rhabdomyolysis. s i .

aladl oI Jaall fia 8 dana JSLiie

= Breakdown of muscle fibers resulting in the release of muscle fiber
contents (myoglobin) into the blood stream.

Risk of cholesterol gallstones. i;“;".’f' e i i i s AN

SIS Sy siens 1335 08 e liaad] &y gas iyl

. . oy (7 55 sk
Interacts with statins, levels of both drugs will increase.:z 5=
Used with caution in renal failure, as they have a higher risk

7D S Ll Ula iy Lpoluiinnl a5

of myopathy and rhabdomyolysis. esu e momm o o
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Elevated transaminases or alkaline phosphatase? = -te

sl ol 358 > S e Tlew S50 asmg ode o Loo canll (o sl
con ST sty (RNADAOMYOIYSIS) caliiall 5l Sk s e i psilly o3l o ganll Slalapll (Edgy Hiag oLyl Lgal aludiol 2% 5T aghl oo (ILIL
AT nes JSLi oy (silay Gkl SIS 13 Tealas «ydny Ts¥ sda aladionl a0 s 50 100 Lasiladl HBYT jlas Jul85s SLY I o Lacal Lol

Il Combination of statins and fibrates increases risk of
rhabdomyolysis by 10+ fold. Can improve insulin reS|stance
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Fibrates Toxicity: Drug Interactions and
Dol ssisesos CONtraindications
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»These drugs can compete with anticoagulants for plasma protein binding
sites.

* For example, coumarin anticoagulants, such as warfarin, may have their
activity potentiated when co-administered with these agents. .o

anly ey o ool S gl ol

* Therefore, prothrombin levels should be closely monitored in patients—=
receiving both medications concurrently. > ol L S 2
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»The use of these drugs is contraindicated durmg )pregnancy and
2lactation (nursing mothers), as their safety in these populations has not
been established. Additionally, they should not be administered to patients
with ®’severe hepatic or (4)renal lmpalrment or in those with “)pre-
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existing gallbladder disease.” =i univaris
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* Because these agents can increase the risk of cholesterol gallstone formation
by enhancing biliary cholesterol excretion, thereby predisposing patients to
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Bile Acid - Binding Resins

These are the drugs of choice for patients with type lla and type llb
hyperlipidemias. Examples include:

. shieall Galea¥l dag,ll elasil)l) 4gul
« Colestipol. ol e ’
Lagening (3o £ L5)1) aall (g cosmall € L1 cyo (asilag il sdiyall gy ISt Tyglieall Galaa¥ s Uiyl ol )l paaind
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e Cholestyramine. ar 11038 gl L1 o ) s o ol 12 s

(Colestipol) Jsuicul<e

¢ C O le S eve la m ° Egzg::f,gz:j)n:ﬁffﬁ.
* These resins are given orally.
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» These are large polymeric anionic-exchange resins, with molecular
weights typically exceeding one million Daltons, they’re insoluble in
water. They bind the negatively charged bile acids in the intestinal
lumen and prevent their reabsorption leading to depletion of bile acid
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pool and increased hepatic synthesis. .l o mmmom wee wsm .
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Bile Acid - Binding Resins
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» Consequently, hepatic cholesterol content is decreased,
stimulating the production of LDL receptors. This leads to
increased LDL clearance and lowers LDL-C levels.

» However, this effect is partially offset (decreased) by the enhanced
cholesterol synthesis caused by upregulation of HMG- CoA

> HMG-CoA & 1,50 e bl 3012
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» May increase triglyceride levelsT s s

il S aull s (Triglycerides) Ll Gsaall olygivns 3ul (o] @lasil)ll sia a5 o3

» Because of their large size, they are not absorbed or metabolized in
the gastrointestinal tract; instead, they are excreted entirely in the
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Bile Acid-Binding Resins: Adverse Effects and
Drug interactions ...
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“*Adverse effects: (7 A i s 55 it o

A D. E. K olissliaill

* They are predominantly gastrointestinal, with the most common being
constipation. Other effects include nausea and flatulence (bloating).

= At high doses, these agents can impair the absorption of fat-soluble

[ ] (3
vitamins (A, D, E, and K). e it
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* They are significant because bile acid resins can interfere with the
intestinal absorption of many medications, including tetracycline,
phenobarbital, digoxin, warfarin, certain statins (e.g., pravastatin,
fluvastatin), aspirin, and thiazide diuretics.

» To minimize these interactions, other oral medications should be
Ca administered at least 1-2 hours before or 4-6 hours after taking the resin.
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Inhibitors of Sterol Absorption(Ezetimibe)
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*Ezetimibe Ly NPCTLT (JssiendsSI1 S sa5) Lsall Loall o,
Canreduce LDL levels. (77 o S ) gy L 5580l bl ] bl o s
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MOA: Inhibitor of a specific transport process in jejunal enterocytes, which takes up

:Ezetimibe s L
cholesterol from the lumen (NPCTILT). o oot st st b s s b bl 0 950 i sl ool i
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» Canreduce cholesterol absorption by 54%, precipitating a compensatory increase
in cholesterol synthesis. ey o
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» Reduces incorporation of cholesterol into chylomicrons, thereby reducing delivery
to the liver by the chylomicron remnants. This will stimulate the expression of the
hepatic genes regulating the LDL receptor expression leading to enhanced LDL-C
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clearance from the plasma. (15-20%0) ™ - (00 st i 015101 et et s
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> Does not affect triglyceride absorpltion s s et o
» Action is complementary to statins; therefore, they are given in combination with

statins; usually there is a formulation of ezetimibe with simvastatin. (60% reduction in
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] Side effects: Can cause allergic reactions, reversible impairment of liver function
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https://docs.google.com/forms/d/e/1FAIpQLSeu6de_AQ94S8eo3Pe1wVRnEEs6Q3RtRQPeAcXSagapHrA1sw/viewform?usp=dialog

External Resources

Additional sources:

1.

2.

Lippincott Illustrated Reviews Pharmacology,
6th edition, drugs for hyperlipidemia, [311-323]
Lipid Lowering Drugs | Statins, Fibrates, and
more, Dr Matt & Dr Mike on Yt: [Link]

Lipid Lowering Agents (Cholesterol Drugs),
Dirty Medicine on Yt: [Link]
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https://youtu.be/ynu_7PUh0Zs?si=3fAe30R5IZsNJnAx
https://youtu.be/Q9GQ4RPhKyY?si=4h9YG__uYcbAocKb
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