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Introduction
Cholesterol is present in tissues and also in plasma. 

The increased level of cholesterol in plasma attribute to 
hypercholesterolemia. Hypercholesterolemia increases the risk 
of cardiovascular diseases. Population of people with raised 
cholesterol level report accounts for 2.6 million deaths and 
29.7 million disabilities. In 2008 global prevalence of raised 
cholesterol among adults was (>5mmol/l) which results in 
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30 per cent. The conditions manifested by high-cholesterol 
include atherosclerosis, coronary heart disease, stroke and 
peripheral vascular disease accounts for one third of all 
deaths in middle and older adults [1]. The lipid hypothesis 
in atherosclerosis and other cardiovascular diseases has been 
powerfully endorsed. Though atherosclerosis is a multifactorial 
disease it is plausible to target hyperlipidaemia. To design 
drug, the cholesterol biosynthesis pathway, the rate limiting 
steps and the degradation pathway is delineated. The therapies 
emerge by targeting enzymes prime in cholesterol biosynthesis. 
HMG-CoA reductase the rate limiting enzyme for cholesterol 
biosynthesis is targeted at expression, transcription, post-
transcription and degradation levels. HMG-CoA (3-hydroxy-
3-methylglutaryl-CoA) gets converted to mevalonic acid by 
HMG-CoA reductase which is the precursor of isoprenoids. 
Lipitor has made over $125 billion in sales which is about 
quarter of Pfizer’s revenue [2]. With enormous market space 
for anti-cholesterol the demand for new targets should be 
sorted. This review exhibit existing drugs and therapies along 
with their detailed mechanism and targets (Figure 1).

Cholesterol Regulation and Transport
Cholesterol is present in rapid equilibrium in plasma [3]. 

The transport of cholesterol is well studied. Cholesterol is 
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Abstract
Cholesterol is the integral part of cell membrane which forms 
a major reason for cardiovascular diseases, a manifestation of 
hypercholesterolemia. Cardiovascular disease is the leading cause 
of death worldwide. The failure to eliminate plasma cholesterol 
is due to the imbalance in production of apolipoprotein B by 
the liver and clearance of Low Density Lipoprotein (LDL) by LDL 
receptors. Transport of cholesterol in our body by the five classes 
of lipoproteins potentially explains hypercholesterolemia. A loud 
and clear understanding of the disease leads to the contest of 
anti-cholesterol drugs. Therapies were arrived by identifying 
an enzyme or receptor involved in biosynthesis pathway and 
developing an inhibitor which interferes with cholesterol 
synthesis. When it comes to the treatment of high cholesterol 
statins assume the centre stage. Some of the explored drugs 
and their mechanism are discussed in the current review 
which will harbinger new grounds for effective delivery of drug 
and drug design.
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Figure 1: Structure of Cholesterol.
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a lipophilic molecule which is transported by lipoproteins. 
The buoyant density and Apo lipoprotein composition is the 
determining factor of the type of lipoprotein. The forward 
transport of cholesterol is initiated by the secretion of low 
density chylomicrons (~100 nm) from dietary fats. In blood 
chylomicrons acquire apoE and apoC11. The chylomicrons 
is taken up by the hepatocytes is reassembled to VLDL (Very 
low density lipoprotein) followed by IDL (Intermediate density 
lipoprotein) and terminally to LDL (Low density lipoprotein) 
[4,5]. The reverse transport is the essential process of cholesterol 
transport. HDL (High density lipoprotein) collects the free 
cholesterol from the peripheral cell by cell surface receptors. 
Cholesterol from blood is transported back to liver in by 
reverse transport. The amphipathic cholesterol gets absorbed 
into HDL. As HDL gets matured to be alpha HDL it processed 
by direct and indirect pathway. The direct pathway is achieved 
by Scavenger receptor B1 [6]. The indirect pathway involves 
the conversion of HDL to VLDL, IDL and LDL. In response to 
increase in LDL in blood the hepatocytes express LDL receptors 
for receptor mediated endocytosis of LDL [7].

Biosynthesis of Cholesterol
Biosynthesis of cholesterol is initiated by three step 

conversion of acetyl-CoA to 3-hydroxy-3-methylglutaryl Co-A 
(HMG-CoA) (Figure 2). HMG-CoA is reduces to mevalonate 
by HMG-CoA reductase, is the rate limiting step in biosynthesis 
pathway. Series of phosphorylation reaction activate and 
decarboxylate mevalonate to isopentenyl pyrophosphate. 
The rearrangement to allylic pyrophosphate yields prenyl 
pyrophosphate by condensation. Two molecules of farnesyl 
pyrophosphate condense head to head produces presqualene 
pyrophosphate. 2,3-Oxidosqualene is the result of epoxidation 
which circularize to lanosterol. Lanosterol reduction yield 
cholesterol [8]. Figure 2 explains the importance of biosynthesis 
pathway and related enzymes in formulating potential drugs.

Peroxisome Proliferation Activator Receptor 
Alpha Agonist (Fibrates)

The overview of drug action and its mechanism with drugs 
shown in Figure 3. The fibrates induce lipoprotein lipolysis by 
peroxisome proliferation. The response is from the transcription 
factors known as peroxisome proliferation activator complex 
receptor (PPARs). PPARs heteromerize with retinoid receptor 
binds to response element in the DNA. Fibrates are synthetic 
ligands to the PPARs but specifically target PPAR alpha. The 
hypotriglyceridemic action of fibrates induces the expression 
of LPL (Lipoprotein lipase) but repress apo-CIII. This will 
enhance the LPL mediated catabolism of VLDL particles 
[9]. Hyperlipidaemic patients have increased level of plasma 
Tumour necrosis factor alpha and interferon gamma. The fact 
is LDL stimulate T lymphocytes and macrophages to release 
IF gamma and TNF alpha. Fibrates though not very superior 
treatment method effectively decrease lipids and cytokines 
[10]. The common fibrates Clofibrate and Ciprofibrate cause 

hepatomegaly. Gemifibrozil and Fenofibrate are hit medications 
in the family of fibrates they are known for milder peroxisome 
proliferation [11]. Dosage requirement of Lipofen-150 mg/day.

Cholesterol Absorption Inhibitors
ACAT Inhibitors

There are two ways which contribute to plasma cholesterol, 
one is absorption from diet (300-500 mg) and other is 
endogenous biosynthesis of cholesterol. The cholesterol 

Figure 2: Biosynthesis pathways of cholesterol and drug targets.

Figure 3: Different target mechanisms of anti-cholesterol drugs.



 
Sci Forschen

O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Citation: Reshma GB, Nadar MSAM, Selvakumar PM (2018) A Review on Anti-Cholesterol Drugs and their Mechanisms. J Med Chem 
Drug Des 1(1): dx.doi.org/10.16966/2578-9589.104 3

Journal of Medicinal Chemistry and Drug Design
Open Access Journal

esters get converted into free cholesterol by cholesterol ester 
hydrolases before entering the cell. The sequential step is the 
conversion of cholesterol esters to free cholesterol esterol by 
Acetyl Co-A cholesterol acyltransferase (ACAT), which is 
packed in chylomicrons and enter the plasma. The debate 
was whether ACAT or cholesterol ester hydrolase will be the 
better target. It was proved that ACAT inhibitor is effective in 
reducing the absorption of cholesterol rather than Cholesterol 
ester hydrolase because dietary bulk is in free form [12]. The 
potent ACAT inhibitors are Avasimibe has undergone animal 
studies helps in plaque rupture by clearing out cholesterol 
esters [13].

NPC1L1 Inhibitor
Niemann-Pick C1 like 1protein (NPC1L1) is an important site 

of interstinal cholesterol uptake. Enterocytes absorb cholesterol 
which is packed into chylomicrons as cholesterol esters is taken 
up by hepatocytes. By blocking NPC1L1 receptor ezetimibe 
decreases cholesterol absorption. Ezetimibe in combination 
with statins effectively reduce hepatic cholesterol pool [14].

Bile Acid Sequestrants
Cholestyramine and colestipol influences the hepatic 

metabolism. Cholesterol 7 alpha hydroxylase is the rate limiting 
step in bile acid synthesis. Composition of bile acid: cholic 
acid 30-40 per cent; Chenodeoxycholic acid 30-40 per cent, 
Deoxycholic acid 20-25 per cent and lithocholic acid 1-2 per 
cent. The idea is to consume bile acids which encourage the 
cholesterol to bile acid metabolism in hepatocytes. The new 
demand created by bile acid depletion will increase HMG-
CoA reductase and LDLR expression several folds thereby 
reducing plasma cholesterol level [15]. The bile acids in fixed 
amount circulate in bowels and liver called the enterohepatic 
circulation. The bile acid synthesis is stimulated when 20 per 
cent of bile acid is diverted [16].

The catabolism of cholesterol is initiated when bile acids are 
captured by anion exchange resins. The bile acids are evacuated 
by anion exchangers. The natural response is the activation 
of cholesterol 7 alpha hydrolases for obvious reason that 
cholesterol is the precursor of bile acids. The LDL receptors in 
the hepatic cells pop up and LDL cholesterol in the blood is 
recovered for biosynthesis of bile acids. Hence the cholesterol 
level is drastically lowered [17]. Colesevelam is the new line of 
drug. It works by attaching to food substance. It is passed out 
without any absorption by the intestine.

LDLR Expression
Berberine: Berberine is an alkaloid isolated from Huanglian 

(Coplischinesis) a Chinese herb. Found to show the highest 
expression of LDLR expression. The art behind the action is to 
articulate the LDLR and LDL cholesterol homeostasis. The high 
expression of LDLR in hepatic cells improves the clearance of 
LDL cholesterol in the plasma by receptor mediated endocytosis 
[18]. The intracellular cholesterol regulates LDLR expression by 

negative feedback mechanism. Sterol regulatory element (SRE-
1) in the promoter region of LDLR gene is triggered by Sterol 
regulatory element binding protein (SREBP) coupled with 
SREBP cleavage activation protein (SCAP). The cholesterol 
depletion in normal conditions is sensed by the cholesterol 
sensing domain of the SCAP which aid in the transport of 
SREBP from Endoplasmic reticulum to the Golgi bodies. In 
the Golgi apparatus the appropriate cleavage mechanism is 
carried out. Then SREBP bind to SRE-1 thereby increasing 
the expression of LDLR. The role of berberine is to increase 
the expression of LDLR independent of the intracellular 
cholesterol. The transcription factors of cholesterol mediated 
feedback regulation will not be involved in berberine action 
[19].

HMG- CoA Reductase Degradation: SR12813 (tetra 
ethyl 2-(3, 5 di-tert-butryl 4- hydroxyl-phenyl) ethenyl-1, 1- 
bisphosphonate), the mechanism of this synthetic drug is to block 
the endogenous cholesterol biosynthesis by rapid degradation 
of HMG-CoA reductase. The HMG-CoA reductase can be 
targeted at different levels. The expression can be supressed, 
the transcription can be blocked which is RNA centric by (oxy) 
sterols [20], the post transcription can be regulated to truncate 
the enzyme by isoprenoid metabolites [21]. SR12813 is targeting 
the HMG-CoA reductase by degradation which is direct 
suppression of the cholesterol biosynthesis. The HMG-CoA 
degradation brought forth by steroid accelerated degradation. 
The product of mevalonate apart from cholesterol includes 
other steroid and non -steroid compounds. Accumulation of 
steroids will block SCAP- SREBP complex by retarding them 
in the ER thereby blocking cholesterol synthesis and uptake. 
The sterols induce the binding of SCAP to ER retention 
proteins Insig-1 and Insig-2 [22,23]. The reductase enzyme also 
coincides with the sterol induced binding of Insig. Because of 
the accumulation of the ubiquitinated forms of the enzyme it 
becomes obligated to destruction by proteasome [24]. The end 
product and non-sterols of mevolonate combine to accelerate 
the degradation of reductase by ubiquitin proteasome pathway 
[25]. SR12813 work independent of the mevolanate derived 
metabolites, the degradation is rapid by a mechanism that 
primes the enzyme for degradation [26].

Inhibition of HMG-CoA Reductase: The family of statins 
are the most hit drugs in the market that served the heat for 
nearly four decades. The mechanism is directly blocking the 
HMG-CoA reductase. When the intracellular cholesterol 
decreases the LDLR receptor expression is enhanced in order to 
capture the LDL cholesterol that is vagrant in the plasma [27]. 
Statins also tend to inhibit hepatic synthesis of apolipoprotein 
B100 and decrease the synthesis and secretion of triglyceride 
rich lipoproteins [28]. Some statins are atorvastatin, lovastatin, 
rosuvastatin, simvastatin, pitavastatin, fluvastatin. Simvastatin 
takes its place in WHO Model List of Essential Medicine.

Squalene synthase inhibitors: Squalene synthase catalyse 
the reductive dimerization of farnesyl di-phosphate to squalene 
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the precursor of cholesterol. The search for squalene synthase 
inhibitors have been intensified because of the unique location 
in the pathway. The screening of natural compounds, synthetic 
compounds and rational designs were carried out [29]. In spite 
of the widespread success of statins it contributes to myotoxicity. 
Squalene inhibitors are proven to increase the expression of 
LDLR without inhibiting the production of other intermediates 
[30]. Statins along with squalene synthase inhibitors show 
protective effect on statin induced myotoxicity. They also 
continue to be excellent lipid lowering drugs complementing 
statin [31]. Lapaquistat acetate reached phase III clinical trials, 
unfortunately withdrawn because of hepatotoxicity [32]. 
Stilbenoid derived small molecules that can up regulate the 
LDLR. 

PCSK-9 Inhibitors: The boon of monoclonal antibodies and 
the treatment of hyperlipidaemia has shown greater propensity. 
FDA approved Alirocumab (Praluent, Safoni) in July 2015, 
the new class of drugs known as proprotein convertase 
subtilisin/kexin type 9 (PCSK9) [33]. In August FDA approved 
evolocumab (Repatha, Amgen) the second in PCSK9 inhibitors. 
PCSK9 is a protein involved in regulating LDLR recycling 
[34,35]. Evolocumab is fully human monoclonal antibody that 
binds to PCSK9 which retards the interaction with LDLR [36].

Apolipoprotein inhibitors: To intensify the cholesterol 
lowering potential alternative therapies were under 
investigation. Apolipoprotein B100 is a mandatory component 
of LDL cholesterol and other atherogenic lipoproteins. 
Assembly of apoB containing lipoproteins takes place in the 
endoplasmic reticulum with the aid of microsomal triglycerides 
[37]. Direct inhibition of apoB sounds brilliant but is not 
plausible yet. Mipomersen is a modified oligonucleotide which 
is complementary to the human apoB mRNA sequence [38]. 
When mipomersen hybridize with mRNA it results in the 
activation of RNase H which catalyses the cleavage of RNA 
eventually inhibiting the protein translation to decrease apoB 
concentration. More appropriate in the treatment of Familial 
hypercholesterolemia. In January FDA approved mipomersen 
as an orphan drug.

CETP inhibitors: Cholesteryl ester transfer protein (CETP) 
promotes transfer of cholestyeryl esters from HDLs to other 
lipoprotein. By inhibiting CETP increase HDL-C eventually 
decreasing atherogenic non-HDL particles [39]. Genetic 
defects in CETP showed elevated HDL-C. When humans were 
given CETP inhibitor drugs HDL-C and apoA-1concentration 
increased as a bonus in some cases decreased LDL-C and apoB 
[40]. The atheroprotective role of CETP inhibitors is manifested 
by HDLs. 1) Promote efflux of cholesterol from macrophages. 
2) Inhibit oxidation of LDLs. 3) Inhibition of vascular 
inflammation and thrombosis [41]. Anacetrapib inhibits CETP 
by tight binding of CETP to HDL thereby making it unavailable 
to shuttle cholesteryl esters [42] (Table 1).

Drug Structure Mechanism

Clofibrates PPAR alpha agonist

Ciprofibrate PPAR alpha agonist

Gemifibrozil PPAR alpha agonist

Fenofibrate PPAR alpha agonist

Avasimibe ACAT inhibitor

Ezetimibe NPC1L1 inhibitors

Anacetrapib CETP inhibitors

Berberine Increase LDLR expression

Atorvastatin HMG-CoA inhibitors

Rosuvastatin HMG-CoA inhibitors

Simvastatin HMG-CoA inhibitors

Pitavastatin HMG-CoA inhibitors

Fluvastatin HMG-CoA inhibitors

Lapaquistat 
acetate Squalene synthase inhibitor

Table 1: Structure and mechanism of anti-cholesterol drugs.
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QSAR Studies
Quantitative Structure-Activity Relationship is performed 

to determine the pharmacophore requirement that pull out 
the activity. Also it suggests the favourable and unfavourable 
interactions around the molecule. 3D-QSAR studies are 
carried out for drug-ligand binding studies. The application of 
force field renders significance to the activity of the molecule. 
Lennard-Jones potential is used for superimposing drug 
crystallography data with trained set of data of known function. 
Comparative molecular field analysis (CoMFA) determines the 
steric and electrostatic fields which are correlated by partial 
least square regression. 3D QSAR studies on CETP inhibitors 
proposed hydrophobic fields are the major contributors 
followed by electrostatic, hydrogen bond donor and steric fields 
[43]. Studies on QSAR modelling for HMG-CoA reductase 
inhibitors were carried out in order to narrow down the 
structural relationship to activity in the diversity of molecules 
available. With the knowledge of chiral topological indices 
QSAR modelling predicted HMG-CoA reductase inhibition 
activity of new chiral isomers. It was evaluated that pyrimidine 
and pyrrole substitution resulted in partial inhibition of HMG-
CoA reductase [44]. Table 1 represents the drug structure 
and their mechanism. The structure and activity relation is 
important when it comes to fabricating a potential drug.

Conclusion
The review adumbrated the various enzymes and 

mechanism of cholesterol biosynthesis and transport. The 
possible classes of mechanism enable the decision of choosing 
the right medication and the concomitant pairs. New grounds 
are open to improve drug delivery systems of effective drugs. 
QSAR studies lead to the investigation of the structure that is 
responsible for its effect. It holds immense ability in modelling 
precise drugs, with high efficiency. With the understanding 
of the mechanism of drugs available in market, cost effective 
and potential benefit drugs can be designed and proposed. 
Risk assessment is an important part in clinical decision. 
Statins have been the mainstay in LDL lowering drugs. 
Antisense RNA and monoclonal antibodies are the new line 
of treatment. New interventions focus on favourable benefit- 
risk ratio.

References
1.	 Global Health Observatory data, world health organisation, 

Raised cholesterol, situation and trend, 2015

2.	 Lipitor become top selling drug, associated press, Crain’s New 
York Business, 2011.

3.	 Brown MS, Goldstein JL (1986) A receptor mediated pathway for 
cholesterol homeostasis (Noble lecture) 25: 583–602.

4.	 Freedman DS, Croft JB, Anderson AJ, Byers T, Jacobsen SJ, et 
al. (1994) The relation of documented coronary artery disease 
to levels of total cholesterol and high-density lipoprotein 
cholesterol. Epidemiology 5: 80-87.

5.	 Gianturco SH, Ramprasad M, Song R, Li R, Brown ML,et al. (1998) 
Apolipoprotein B-48 or its apolipoprotein B-100 equivalent 
mediates the binding of triglyceride-rich lipoproteins to their 
unique human monocyte-macrophage receptor. Arterioscler 
Thromb Vasc Biol 18: 968-976.

6.	 Tulenko TN, Lopatofsky D, Cox RH, Mason RP (1996) Cholesterol 
in cell plasma membranes. In: Encyclopedia of aging. Academic 
Press: 279-288.

7.	 Fielding CJ, Fielding PE (1997) Intracellular cholesterol transport. 
J Lipid Res 38: 1503-1521.

8.	 von Eckardstein A, Nofer JR, Assmann G (2001) High density 
lipoproteins and arteriosclerosis. Role of cholesterol efflux and 
reverse cholesterol transport. Arterioscler Thromb Vasc Biol 21: 
13-27.

9.	 Hans C, Rilling, Liliana TC (1985) Biosynthesis of cholesterol. 
New comp12: 1-39.

10.	 Bart S, Jean D, Johan AD, Kristina S, Eran L et al. (1998) Mechanism 
of Action of Fibrates on Lipid and Lipoprotein Metabolism. 
American Heart Association 98: 2088-2093.

11.	 Madej A, Okopien B, Kowalski J, Zielinski M, Wysocki J, et al. 
(1998) Effects of fenofibrate on plasma cytokine concentrations 
in patients with atherosclerosis and hyperlipoproteinemia IIb. 
Int J Clin Pharmacol Ther 36: 345-349.

12.	 Pahan K (2006) Lipid-lowering drugs. Cell Mol Life Sci 63: 1165-
1178.

13.	 Largis EE, Wang CH, DeVries VG, Schaffer SA (1989) CL 277,082: 
a novel inhibitor of ACAT-catalyzed cholesterol esterification and 
cholesterol absorption. J Lipid Res 30: 681-690.

14.	 Sliskovic DR, White AD (1991) Therapeutic potential of ACAT 
inhibitors as lipid lowering and anti-atherosclerotic agents. 
Trends Pharmacol Sci 12: 194-199.

15.	 Sweeney ME, Johnson RR (2007) Ezetimibe: an update on the 
mechanism of action, pharmacokinetics and recent clinical 
trials. Expert Opin Drug Metab Toxicol 3: 441-450.

16.	 Einarsson K, Ericsson S, Ewerth S, Reihnér E, Rudling M, et al. 
(1991) Bile acid sequestrants: Mechanisms of action on bile acid 
and cholesterol metabolism. Eur J Clin Pharmacol 40 (Suppl. 1): 
53–58.

17.	 Drowling RH, Mark E, Small DM (1970) Effects of controlled 
interruption of the enterohepatic circulation of bile salts by 
biliary diversion and by ileal resection on bile salt secretion, 
synthesis, and pool size in the rhesus monkey. J Clin Invest 49: 
232-242.

18.	 Okayama M, Sato S (1997) Cholibterol-Lowering Drug. 
USO05665348A, United States Patent.

19.	 Ansell BJ, Watson KE, Fogelman AM (1999) An evidence-based 
assessment of the NCEP Adult Treatment Panel II guidelines. 
National Cholesterol Education Program. JAMA 282: 2051-2057.

20.	 Kong W, Wei J, Abidi P, Lin M, Inaba S, et al. (2004) Berberine 
is a novel cholesterol-lowering drug working through a unique 
mechanism distinct from statins. Nat Med 10: 1344-1351.

21.	 Goldstein JL, Brown MS (1984) Progress in understanding the 
LDL receptor and HMG-CoA reductase, two membrane proteins 
that regulate the plasma cholesterol. J Lipid Res 25:1450-1461.

http://www.who.int/gho/ncd/risk_factors/cholesterol_text/en/
http://www.who.int/gho/ncd/risk_factors/cholesterol_text/en/
http://www.crainsnewyork.com/article/20111228/HEALTH_CARE/111229902/lipitor-becomes-worlds-top-selling-drug
http://www.crainsnewyork.com/article/20111228/HEALTH_CARE/111229902/lipitor-becomes-worlds-top-selling-drug
http://onlinelibrary.wiley.com/doi/10.1002/anie.198605833/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.198605833/abstract
https://www.ncbi.nlm.nih.gov/pubmed/?term=8117786
https://www.ncbi.nlm.nih.gov/pubmed/?term=8117786
https://www.ncbi.nlm.nih.gov/pubmed/?term=8117786
https://www.ncbi.nlm.nih.gov/pubmed/?term=8117786
https://www.ncbi.nlm.nih.gov/pubmed/?term=9633939
https://www.ncbi.nlm.nih.gov/pubmed/?term=9633939
https://www.ncbi.nlm.nih.gov/pubmed/?term=9633939
https://www.ncbi.nlm.nih.gov/pubmed/?term=9633939
https://www.ncbi.nlm.nih.gov/pubmed/?term=9633939
https://www.ncbi.nlm.nih.gov/pubmed/9300773
https://www.ncbi.nlm.nih.gov/pubmed/9300773
https://www.ncbi.nlm.nih.gov/pubmed/11145929
https://www.ncbi.nlm.nih.gov/pubmed/11145929
https://www.ncbi.nlm.nih.gov/pubmed/11145929
https://www.ncbi.nlm.nih.gov/pubmed/11145929
https://www.sciencedirect.com/science/article/pii/S0167730608606778
https://www.sciencedirect.com/science/article/pii/S0167730608606778
https://pdfs.semanticscholar.org/e0da/0149a9c47374d1f0ebe7640369ec4d73a3d0.pdf
https://pdfs.semanticscholar.org/e0da/0149a9c47374d1f0ebe7640369ec4d73a3d0.pdf
https://pdfs.semanticscholar.org/e0da/0149a9c47374d1f0ebe7640369ec4d73a3d0.pdf
http://europepmc.org/abstract/med/9660044
http://europepmc.org/abstract/med/9660044
http://europepmc.org/abstract/med/9660044
http://europepmc.org/abstract/med/9660044
https://www.ncbi.nlm.nih.gov/pubmed/16568248
https://www.ncbi.nlm.nih.gov/pubmed/16568248
https://www.ncbi.nlm.nih.gov/pubmed/2760542
https://www.ncbi.nlm.nih.gov/pubmed/2760542
https://www.ncbi.nlm.nih.gov/pubmed/2760542
https://www.ncbi.nlm.nih.gov/pubmed/1862535
https://www.ncbi.nlm.nih.gov/pubmed/1862535
https://www.ncbi.nlm.nih.gov/pubmed/1862535
http://www.tandfonline.com/doi/abs/10.1517/17425255.3.3.441
http://www.tandfonline.com/doi/abs/10.1517/17425255.3.3.441
http://www.tandfonline.com/doi/abs/10.1517/17425255.3.3.441
https://link.springer.com/article/10.1007/BF01409410
https://link.springer.com/article/10.1007/BF01409410
https://link.springer.com/article/10.1007/BF01409410
https://link.springer.com/article/10.1007/BF01409410
https://www.ncbi.nlm.nih.gov/pubmed/?term=4983661
https://www.ncbi.nlm.nih.gov/pubmed/?term=4983661
https://www.ncbi.nlm.nih.gov/pubmed/?term=4983661
https://www.ncbi.nlm.nih.gov/pubmed/?term=4983661
https://www.ncbi.nlm.nih.gov/pubmed/?term=4983661
https://goo.gl/cGirJQ
https://goo.gl/cGirJQ
https://www.ncbi.nlm.nih.gov/pubmed/?term=10591388
https://www.ncbi.nlm.nih.gov/pubmed/?term=10591388
https://www.ncbi.nlm.nih.gov/pubmed/?term=10591388
https://www.ncbi.nlm.nih.gov/pubmed/?term=15531889
https://www.ncbi.nlm.nih.gov/pubmed/?term=15531889
https://www.ncbi.nlm.nih.gov/pubmed/?term=15531889
https://www.ncbi.nlm.nih.gov/pubmed/?term=6397553
https://www.ncbi.nlm.nih.gov/pubmed/?term=6397553
https://www.ncbi.nlm.nih.gov/pubmed/?term=6397553


 
Sci Forschen

O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Citation: Reshma GB, Nadar MSAM, Selvakumar PM (2018) A Review on Anti-Cholesterol Drugs and their Mechanisms. J Med Chem 
Drug Des 1(1): dx.doi.org/10.16966/2578-9589.104 6

Journal of Medicinal Chemistry and Drug Design
Open Access Journal

22.	 Trzaskos JM, Favata MF, Fischer RT, Stam SH (1987) In situ 
accumulation of 3 beta-hydroxylanost-8-en-32-aldehyde in 
hepatocyte cultures. A putative regulator of 3-hydroxy-3-
methylglutaryl-coenzyme a reductase activity. J Biol Chem 262: 
12261-12268.

23.	 Daisuke Y, Michael SB, Joseph LG (2002) Insig-2, a second 
endoplasmic reticulum protein that binds SCAP and blocks 
export of sterol regulatory element-binding proteins. Proc Natl 
Acad Sci USA 99: 12753–12758.

24.	 Ravid T, Doolman R, Avner R, Harats D, Ritelman J (2000) 
The Ubiquitin-Proteasome Pathway Mediates the Regulated 
Degradation of Mammalian 3-Hydroxy-3-methylglutaryl-
coenzyme A Reductase. J Biol Chem 275: 35840-35847.

25.	 Roitelman J, Simoni RD (1992) Distinct sterol and nonsterol 
signals for the regulated degradation of 3-hydroxy-3-
methylglutaryl-CoA reductase. J Biol Chem 267: 25264-25273.

26.	 Theo AB, Helen MS, Dilip DP, Craig B, Eric N, et al. (1996) The 
Novel Cholesterol-lowering Drug SR-12813 Inhibits Cholesterol 
Synthesis via an Increased Degradation of 3-Hydroxy-3-
methylglutaryl-coenzyme A Reductase. J Biol Chem 271: 14376-
14382.

27.	 Nakanishi M, Goldstein J L, Brown M S (1988) Multivalent 
control of 3-hydroxy-3-methylglutaryl coenzyme A reductase. 
Mevalonate-derived product inhibits translation of mRNA and 
accelerates degradation of enzyme. J Biol Chem 263: 8929-8937.

28.	 David JM, Sergio F, MacRae FL (2000) Current Perspectives on 
Statins. Circulation 101: 207-213.

29.	 Kovanen PT, Bilheimer DW, Goldstein JL, Jaramillo JJ, Brown 
MS (1981) Regulatory role for hepatic low density lipoprotein 
receptors in vivo in the dog. Proc Natl Acad Sci USA, 78: 1194-
1198.

30.	 Biller SA, Neuenschwander K, Ponpipom MM, Poulter CD (1996) 
Squalene Synthase Inhibitors. Current Pharm Design 2: 1-40.

31.	 Guimin G, Pei-Hua D, Timthy FO, Jae B K, Ishaiahu S (1997) 
Multiple Sequence Elements are Involved in the Transcriptional 
Regulation of the Human Squalene Synthase Gene. J Biol Chem 
272: 10295-10302.

32.	 Liao JK (2011) Squalene synthase inhibitor lapaquistat acetate: 
could anything be better than statins? Circulation 123: 1925-
1928.

33.	 Nishimoto T, Ishikawa E, Anayama H, Hamajyo H, Nagai H, et 
al. (2007) Protective effects of a squalene synthase inhibitor, 
lapaquistat acetate (TAK-475), on statin-induced myotoxicity in 
guinea pigs. Toxicol Appl Pharmacol 223: 39-45. 

34.	 Food and Drug Administration. FDA approves Praluent to treat 
certain high cholesterol, 2015.

35.	 Abifadel M, Varret M, Rabès JP, Allard D, Ouguerram K, et 
al. (2003) Mutations in PCSK9 cause autosomal dominant 
hypercholesterolemia. Nat Genet 34: 154-156.

36.	 Horton D, Chen JC, Hobbs HH (2007) Molecular biology of PCSK9: 
its role in LDL metabolism. Trends Biochem Sci 32: 71-77.

37.	 Stroes E,  Colquhoun D,  Sullivan D,  Civeira F,  Rosenson RS, et 
al. (2014) Anti-PCSK9 Antibody Effectively Lowers Cholesterol 
in Patients With Statin Intolerance: The GAUSS-2 Randomized, 
Placebo-Controlled Phase 3 Clinical Trial of Evolocumab. J Am 
Coll Cardiol 63: 2541-2548.

38.	 Davis RA (1999) Cell and molecular biology of the assembly and 
secretion of apolipoprotein B-containing lipoproteins by the 
liver. Biochem Biophys acta 25: 1-31. 

39.	 Crooke RM, Graham MJ, Lemonidis KM, Whipple CP, Koo S, et 
al. (2005) An apolipoprotein B antisense oligonucleotide lowers 
LDL cholesterol in hyperlipidemic mice without causing hepatic 
steatosis. J Lipid Res 46: 872-884.

40.	 Jeffery A, Porter, Keith E. Young, Pilip A. Beachy (1996) 
Cholesterol Modification of Hedgehog Signaling Proteins in 
Animal Development. JSTOR 274: 255-259

41.	 Cannon CP, Shah S, Dansky HM, Davidson M, Brinton EA, et al. 
(2010) Safety of anacetrapib in patients with or at high risk for 
coronary heart disease. N Engl J Med 363: 2406-2415.

42.	 Ranalletta M, Bierilo KK, Chen Y, Milot D, Chen Q, et al. (2010) 
Biochemical characterization of cholesteryl ester transfer 
protein inhibitors. J Lipid Res 51: 2739-2752.

43.	  Mandar AK, Deepa VP, Surekha RP, Krishnacharya GA ( 2004) 3D 
Qsar Studies of Inhibitors of Cholesterol Ester Transfer Protein 
(Cetp) by Comfa, Comsia and Gfa Methodologies. Med Chem 
Res 13: 590-604.

44.	 García I, Munteanu CR, Fall Y, Gómez G, Uriarte E, et al. (2009) 
QSAR and complex network study of the chiral HMGR inhibitor 
structural diversity. Bioorg Med Chem 17:165-175.

https://www.ncbi.nlm.nih.gov/pubmed/?term=3624256
https://www.ncbi.nlm.nih.gov/pubmed/?term=3624256
https://www.ncbi.nlm.nih.gov/pubmed/?term=3624256
https://www.ncbi.nlm.nih.gov/pubmed/?term=3624256
https://www.ncbi.nlm.nih.gov/pubmed/?term=3624256
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC130532/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC130532/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC130532/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC130532/
http://www.jbc.org/content/275/46/35840
http://www.jbc.org/content/275/46/35840
http://www.jbc.org/content/275/46/35840
http://www.jbc.org/content/275/46/35840
http://www.jbc.org/content/267/35/25264.abstract
http://www.jbc.org/content/267/35/25264.abstract
http://www.jbc.org/content/267/35/25264.abstract
http://www.jbc.org/content/271/24/14376.full
http://www.jbc.org/content/271/24/14376.full
http://www.jbc.org/content/271/24/14376.full
http://www.jbc.org/content/271/24/14376.full
http://www.jbc.org/content/271/24/14376.full
http://www.jbc.org/content/263/18/8929?ijkey=448c7ba9dadf4ed4252b57ddc7fe80aee395ea83&keytype2=tf_ipsecsha
http://www.jbc.org/content/263/18/8929?ijkey=448c7ba9dadf4ed4252b57ddc7fe80aee395ea83&keytype2=tf_ipsecsha
http://www.jbc.org/content/263/18/8929?ijkey=448c7ba9dadf4ed4252b57ddc7fe80aee395ea83&keytype2=tf_ipsecsha
http://www.jbc.org/content/263/18/8929?ijkey=448c7ba9dadf4ed4252b57ddc7fe80aee395ea83&keytype2=tf_ipsecsha
http://circ.ahajournals.org/content/101/2/207/tab-article-info
http://circ.ahajournals.org/content/101/2/207/tab-article-info
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC319974/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC319974/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC319974/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC319974/
http://www.jbc.org/content/272/15/10295
http://www.jbc.org/content/272/15/10295
http://www.jbc.org/content/272/15/10295
http://www.jbc.org/content/272/15/10295
https://www.ncbi.nlm.nih.gov/pubmed/21518979
https://www.ncbi.nlm.nih.gov/pubmed/21518979
https://www.ncbi.nlm.nih.gov/pubmed/21518979
https://www.ncbi.nlm.nih.gov/pubmed/?term=17599378
https://www.ncbi.nlm.nih.gov/pubmed/?term=17599378
https://www.ncbi.nlm.nih.gov/pubmed/?term=17599378
https://www.ncbi.nlm.nih.gov/pubmed/?term=17599378
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm455883.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm455883.htm
https://www.ncbi.nlm.nih.gov/pubmed/12730697
https://www.ncbi.nlm.nih.gov/pubmed/12730697
https://www.ncbi.nlm.nih.gov/pubmed/12730697
https://www.ncbi.nlm.nih.gov/pubmed/?term=17215125
https://www.ncbi.nlm.nih.gov/pubmed/?term=17215125
https://www.ncbi.nlm.nih.gov/pubmed/?term=24694531
https://www.ncbi.nlm.nih.gov/pubmed/?term=24694531
https://www.ncbi.nlm.nih.gov/pubmed/?term=24694531
https://www.ncbi.nlm.nih.gov/pubmed/?term=24694531
https://www.ncbi.nlm.nih.gov/pubmed/?term=24694531
https://www.ncbi.nlm.nih.gov/pubmed/?term=10477822
https://www.ncbi.nlm.nih.gov/pubmed/?term=10477822
https://www.ncbi.nlm.nih.gov/pubmed/?term=10477822
https://www.ncbi.nlm.nih.gov/pubmed/?term=15716585
https://www.ncbi.nlm.nih.gov/pubmed/?term=15716585
https://www.ncbi.nlm.nih.gov/pubmed/?term=15716585
https://www.ncbi.nlm.nih.gov/pubmed/?term=15716585
https://www.jstor.org/stable/2892175?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/2892175?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/2892175?seq=1#page_scan_tab_contents
https://www.ncbi.nlm.nih.gov/pubmed/?term=21082868
https://www.ncbi.nlm.nih.gov/pubmed/?term=21082868
https://www.ncbi.nlm.nih.gov/pubmed/?term=21082868
https://www.ncbi.nlm.nih.gov/pubmed/20458119
https://www.ncbi.nlm.nih.gov/pubmed/20458119
https://www.ncbi.nlm.nih.gov/pubmed/20458119
https://link.springer.com/article/10.1007/s00044-004-0104-9
https://link.springer.com/article/10.1007/s00044-004-0104-9
https://link.springer.com/article/10.1007/s00044-004-0104-9
https://link.springer.com/article/10.1007/s00044-004-0104-9
https://www.ncbi.nlm.nih.gov/pubmed/?term=19026553
https://www.ncbi.nlm.nih.gov/pubmed/?term=19026553
https://www.ncbi.nlm.nih.gov/pubmed/?term=19026553

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Cholesterol Regulation and Transport
	Biosynthesis of Cholesterol
	Peroxisome Proliferation Activator Receptor Alpha Agonist (Fibrates)
	Cholesterol Absorption Inhibitors
	ACAT Inhibitors
	NPC1L1 Inhibitor
	Bile Acid Sequestrants
	LDLR Expression

	QSAR Studies
	Conclusion
	References
	Table 1
	Figure 1
	Figure 2
	Figure 3

