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Abstract: Hypercholesterolemia, or high cholesterol, occurs when there is too much cholesterol in the body.
Cholesterol is a soft, waxy, fat-like substance that is a natural component of all the cells of the body. Molecular docking
is used to predict the binding orientation of small molecule drug candidates to their protein targets in order to in turn
predict the affinity and activity of the small molecule. Hence docking plays an important role in the rational design of
drugs. The present study is deals with the molecular docking of derivatives of 2α-hydroxyursolic acid which is the active
component of the plant Banaba leaves (Lagerstroemia speciosa L. Pers, Lythraceae) against HMG CoA reducatse
involved in cholesterol biosynthesis using AutoDock software. The protein file of HMG CoA reductase [PDB ID:
1DQ8] was taken from the protein data bank. The lead moiety 2α-hydroxyursolic acid has shown best ligand binding
energy -5.32kcal/mol. All the derivatives have shown best ligand binding energy between–2.82 kcal/mol to -
12.52kcal/mol. Out of the nine derivatives 1I show best ligand binding energy as -12.52 kcal/mol.
Keywords: Hypercholesterolemia, Lagerstroemia speciosa, 2α-hydroxyursolic acid, HMG CoA reducatse, AutoDock.

INTRODUCTION:

Cholesterol is a lipid particle found circulating
in the body1. Cholesterol, contrary to its popular image
as a potent enemy of health and longevity, is actually a
crucial substance that performs innumerable vital
functions in the body. Cholesterol is needed for the
synthesis  of  bile  acids,  which  are  essential  for  the
absorption of fats, and of many hormones such as
testosterone, estrogen, dihydroepiandrosterone,
progesterone, and cortisol. Together with sun
exposure, cholesterol is required to produce vitamin D.
Cholesterol is an essential element of cell membranes,
where it provides structural support and may even

serve as a protective antioxidant. It is essential for
conducting nervous impulses, especially at the level of
the synapse2. Cholesterol is a versatile compound that
is  vital  (in  small  amounts)  to  the  functioning  of  the
human body. Only animals produce it; no plant
product contains cholesterol unless an animal- based
product,  such  as  lard,  has  been  added  to  it  in
processing. Cholesterol synthesis occurs in the
cytoplasm3. Normal healthy adults synthesize
cholesterol at a rate of approximately 1 g/day and
consume approximately 0.3 g/day. A relatively
constant level of cholesterol in the body (150–200
mg/dL) is maintained primarily by controlling the level
of de novo synthesis. The concentration of cholesterol
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in  the  plasma  can  serve  as  a  potential  source  of
adipocyte cholesterol and thus influence the extent of
adipose tissue cholesterol storage.
Hypercholesterolemia produced either by cholesterol
feeding or by cholesterol-free, purified diets
(“endogenous” hypercholesterolemia) results in the
accumulation of cholesterol in adipose tissue.
Hypercholesterolemia is primarily due to elevated
LDL (Low-density lipoprotein) concentrations in
blood. Elevated LDL cholesterol has several causes.
One reason is high dietary intake of cholesterol and/or
saturated fat or genetic disorders like familial
Hypercholesterolemia. Hypercholesterolemia is a well
characterized cardiovascular risk factor that is known
to initiate inflammatory and thrombogenic responses
in the micro vascular4.

Cholesterol enters the intestinal tract from two
major sources, the diet and bile. A third possible
source is secretion by intestinal mucosa. Dietary
cholesterol is comprised of free and esterified
cholesterol, the ratio depending upon dietary source.
Cholesterol biosynthesis is a tightly regulated pathway
that employs multiple feedback mechanisms to
maintain homeostasis. The first committed step in
sterol synthesis, the NADPH-dependent reduction of
HMG-CoA to mevalonate, is catalyzed by HMG-CoA
reductase (HMGR, 3-Hydroxy-3-methylglutaryl
coenzyme A reductase) at the endoplasmic reticulum
(ER) membrane5. Normally in mammalian cells this
enzyme is suppressed by cholesterol derived from the
internalization and degradation of low density
lipoprotein  (LDL)  via  the  LDL  receptor  as  well  as
oxidized species of cholesterol. Competitive inhibitors
of the reductase induce the expression of LDL
receptors in the liver, which in turn increases the
catabolism of plasma LDL and lowers the plasma
concentration of cholesterol, an important determinant
of atherosclerosis. This enzyme is thus the target of the
widely available cholesterol-lowering drugs known
collectively as the statins6-8.HMGR, an eight-span
integral membrane protein, is regulated by feedback
mechanisms operating at multiple levels. HMGR is
generally considered to catalyze the rate-limiting
reaction in cholesterol biosynthesis. The enzyme
catalyzes the formation of mevalonic acid. The hepatic
enzyme is depressed by high-cholesterol diet.
Cholesterol feeding lowers HMG-CoA reductase
activity by rapid inactivation of preformed enzyme and
longer-term reduction in enzyme synthesis.

Plants have been used worldwide in traditional
medicines for the treatment of various diseases and it
is estimated that even today approximately 65-75% of
the world's population rely only on medicinal plants as
their primary source of medicines. Plants have been
used worldwide in traditional medicines for the

treatment of various diseases and it is estimated that
even today
approximately 65-75% of the world's population rely
only on medicinal plants as their primary source of
medicines.Herbal Medicine is derived from medicinal
plants are used for the prevention and treatment of
diseases. Banaba leaves (Lagerstroemia speciosa L.
Pers,Lythraceae) have been used in traditional
medicine to treat diabetes mellitus in Southeast Asia
for  a  many  years.  Banaba  extracts  are  also  known  to
have antiobesity, anti-oxidant and anti-gout effects.
Corosolic acid (2α-hydroxyursolic acid), an active
ingredient in these extracts, displays a otential anti-
diabetic activity as well as anti-oxidant, anti-
inflammation, and antihypertension properties.
Corosolic acid is also known as 2alpha-hydroxyursolic
acid. Its structure is a pentacyclic titerpene, which
means it contains five rings 10-19.

In the present study we attempt a theoretical
study of 2α-Hydroxyursolic acid derivatives (1A-1I)
by docking, to inhibit HMG CoA reductase, to identify
the inhibitory effect of 2α-Hydroxyursolic acid
derivatives.

MATERIALS AND METHODS:

The  Structure  of  the  Protein  HMG  CoA  Reductase
with the PDB ID (1DQ8) was retrieved from the
Protein  Data  Bank.  It  is  a  repository  for  the  3-D
structural data of large biological molecules, such as
proteins and nucleicacids.

Active site prediction:
After obtaining the PDB ID (1DQ8), the

possible binding sites of HMG CoA Reductase were
searched using Computed Atlas of Surface
Topography of Proteins (CASTp). These include
pockets located on protein surfaces and voids buried in
the interior of proteins. CASTp includes a graphical
user interface, flexible interactive visualization, as well
as on-the-fly calculation for user uploaded structures20.

Preparing the derivatives of 2α-hydroxyursolic
acid:
   Medicinal chemistry or Pharmaceutical Chemistry is
a discipline at the intersection  of  chemistry  and
pharmacology  involved  with  designing, synthesizing
and  developing  pharmaceutical  drugs21.  The  2α-
hydroxyursolic acid was synthesized from the lead
compound ursolic acid by hydroxylation method and
various derivatives in (Table: 1) of that were prepared
according to the scheme of Yanqiu Meng etal22.
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Docking the inhibitors against the active site of the
HMG CoA Reductase:

Docking is a computational technique that
samples conformations of small molecules in protein
binding sites; scoring functions are used to assess
which of these conformations best complements the
protein binding site23.The inhibitor and target protein
was geomentrically optimized and docked using
docking engine AutoDock.

TABLE: 1 various substitutents of 2α-hydroxyursolic acid derivatives
Compound R Compound R
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TABLE: 2 Binding energy of derivatives of 2-α-hydroxyursolic acid
S.No Name of the drugs No of   conformation Binding Energy Hydrogen bonds
1 1A 10 -4.94 1
2 1B 10 -11.17 1
3 1C 10 -4.81 1
4 1D 10 -5.52 1
5 1E 10 -4.77 1
6 1F 10 -4.42 4
7 1G 10 -3.66 2
8 1H 10 -2.88 1
9 1I 10 -12.52 1
10 2α-hydroxyursolic

acid
10 -5.32 1
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        Fig:1 2α-hydroxyursolic acid structure                                Fig:2 2α-hydroxyursolic acid derivatives

   Fig: 3 Structure of HMG CoA reductase protein (PDB ID: 1DQ8)

Fig: 4 Binding sites of PDB ID: 1DQ8 from CASTp
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Fig: 5 docking complex of HMG CoA Reductase protein (PDB ID: 1DQ8) with 1I

RESULT AND DISCUSSION:

Molecular modeling (docking) study was carried out
for series of 2α-hydroxyursolic acid (1A-1I) fig 2 for
HMG CoA reductase.  The  potential  active  site  amino
acids of HMG CoA reductase were predicted using
CASTp (Fig.1). Thus, the protein was targeted against
pocket 1 .Given the three-dimensional structure of a
target receptor molecule usually a protein; chemical
compounds having potential affinity toward sit are
designed rationally, with the aid of computational
methods . Detailed bioinformatics analysis offers a
convenient methodology for efficient in silico
preliminary analysis of possible function of new drug.
The target protein and inhibitors were geometrically
optimized. All the nine 2α-hydroxyursolic acid
inhibitors were docked against active site of the target
protein using Auto Dock which gives an insight into
the binding modes for the various inhibitors. Out of 10
inhibitors  analyzed  (i.e.  1A,  1B,  1C,  1D,  1E,  1F,  1G,
1H, 1I) 1I  and 1B has showed best binding energy of -
12.52 Kcal/mol and -11.17Kcal/mol  with 1 hydrogen
bond each against the target protein. The binding
energy of all the inhibitors was shown in Table: 2. Fig:

5 represents the docked complex (1I) of the inhibitors
to that of target protein.

CONCLUSION:

In conclusion, 2α-hydroxyursolic acid obtained from
Banaba leaves (Lagerstroemia speciosa L. Pers,
Lythraceae) are used in various diseases like diabetic,
obesity, hypertension, inflammation and cancer. In this
study is mainly done to find out the inhibitory activity
of 2α-hydroxyursolic acid and their derivatives against
HMG CoA reductase which is the key enzyme
involved in the biosynthesis of cholesterol. For this the
2α-hydroxyursolic acid and their derivatives were
docked with HMG CoA reductase protein by using
AutoDock software to get the best hit. The best drug
was selected, depending upon the binding energy. Of
which 2-nitroaniline susbstituted derivatie gives better
results when compared to 2α-hydroxyursolic acid. So
these 1I may act as a better and efficient drug to treat
hypercholesterolemia than 2α-hydroxyursolic acid.

REFERENCES:

1. Sota Omoigui. The Interleukin-6 inflammation
pathway from cholesterol to aging– Role of
statins, bisphosphonates and plant polyphenols
in aging and age-related diseases Immun. Age
2007. 4:1doi:10.1186/1742-4933-4-1.

2. Anthony Colpo., LDL Cholesterol:.Bad.
Cholesterol or Bad Science.  Journal of

American Physicians and Surgeons.2005; 10:
83-89.

3. Jonathan Isaacsohn., The role of cholesterol.
Yale University School of medicine heart
book: 37-49.

4. Karen Y. Stokes, LeShanna Calahan, Candiss
M.  Hamric,  Janice  M.  Russell  and  D.  Neil
Granger, 2009. CD40/CD40L contributes to
hypercholesterolemia-induced microvascular



Meena Chandran et al /Int.J. PharmTech Res.2011,3(3) 1581

inflammation. American J. Physiol. Heart
Circ. Physiol.2009; 296(3): H689–H697.

5. John S. Burg, David W. Powell, Raymond
Chai, Adam L. Hughes, Andrew J. Link, and
Peter J. Espenshade., Insig Regulates HMG-
CoA Reductase by Controlling Enzyme
Phosphorylation in Fission Yeast.Cell
metabolism 2008; 8: 522-531.

6. Kleinsek DA, Dugan RE, Baker TA, Porter
JW.  3-hydroxy-3-methylglutaryl-CoA
reductase from rat liver. Methods
Enzymol. 1981; 71 Pt C: 462-79.

7. Qureshi N, Nimmannit S, Porter JW. 3-
hydroxy-3-methylglutaryl-CoA reductase from
yeast. Methods Enzymol. 1981; 71 Pt C: 455-
61.

8. Stange EF, Fleig WE, Schneider A, Nöther-
Fleig G, Alavi M, Preclik G, Ditschuneit H. 3-
Hydroxy-3-methylglutaryl CoA reductase in
cultured hepatocytes. Regulation by
heterologous lipoproteins and hormones.
Atherosclerosis. 1982 Jan; 41(1):67-80.

9. Earl  D.  Mitchell,  Jr.,  Carolyn F.  Hunter,  Tina
Whittle, and RollinThayer. 3-Hydroxy-3-
Methylglutaryl Coenzyme A Reductase and
Mevalonate Kinase Activity in Turkey Liver
and Kidney. Proc. Okla. Acad. Sci. 1985; 65:
5-10.

10. Christine  M.  Kaefer  and  John  A.  Milner.  The
role of herbs and spices in cancer prevention.
J. Nutr. Biochem. 2008; 19(6): 347–361.

11. Suzuki  Y,  Unno  T,  Ushitani  M,  Hayasi  K,
Kakuda T (1999). Anti obesity activity of
extracts from Lagerstroemia speciosa L.
leaves on female kk-Ay mice. J. Nutr. Sci.
Vitaminol., 45: 791-795.

12. Unno  T,  Sakane  I,  Masumizu  T,  Kohno  M,
Kakuda T. Antioxidative activity of water
extracts of Lagerstroemia speciosa leaves.
Biosci. Biotechnol. Biochem. 1997; 4(10):
1772-1774.

13. Unno T, Sugimoto A, Kakuda T. Xanthine
oxidase inhibitors from leaves of
Lagerstroemia speciosa (L.)  Pers.  J.
Ethonopharmacol. 2004; 93: 391-395.

14. Judy  WV,  Hari  SP,  Stogsdilla  WW,  Judy  JS,
Naguib YMA, Passwater R. Antidiabetic
activity of a standardized extract (Glucosol)
from Lagerstroemia speciosa leaves in type II

diabetics. A dosedependence study. J.
Ethnopharmacol.2003; 87: 115-117.

15. Kakuda T, Sakane I, Takihara T, Ozaki Y,
Takeuchi H, Kuroyanagi M. Hypoglycemic
effect of extracts from Lagerstroemia speciosa
L. leaves in genetically diabetic kk-Ay mice.
Biosci. Biotechnol.Biochem. 1996; 60: 204-
208.

16. Lui  F,  Kim J,  Li  Y,  Lui  X,  Li  J,  Chen X.  An
extract of Lagerstroemia speciosa L. has
insulin-like glucose uptake-stimulatory and
adipocyte differentiation-inhibitory activities
in 3T3-L1 cells. J.Nutr. 2001; 131: 2242-2247.

17. Miura T, Itoh Y, Kaneko T, Ueda N, Ishida T,
Fukushima M, Matsuyama F, Seino Y.
Corosolic acid induces GLUT4 translocation
in genetically type 2 diabetic mice. Biol.
Pharm. Bull. 2004; 27: 1103-1105.

18. Murakami  C,  Myoga  K,  Kasai  R,  Ohtani  K,
Kurokawa T, Ishibashi S, Dayrit F, Padolina
WG,  Yamasaki  K  .  Screening  of  plant
constituents for effect on glucose transport
activity in Ehrlich ascites tumour cells. Chem.
Pharm. Bull. 1993; 41: 2129-2131.

19. Yamaguchi Y, Yamada K, Yashikawa N,
Nakamura K, Haginaka J, Kunimoto M.
Corosolic acid prevents oxidative stress,
inflammation and hypertension in
SHR/NDmcr-cp rats, a model of Metabolic
syndrome. Life Sci. 2006; 79(26): 2474-2479.

20. Binkowski TA, S. Naghibzadeh and J.Liang,
CASTp: Computed Atlas of Surface
Topography of proteins. NucleicAcids
Res.2003; 31: 3352-5.

21 Foye W.O, Williams D.A, Lemke T.L.
“Foye’s principles of Medicinal Chemistry”, 6th

edition, Lippincott Williams & Wilkins
publication, New York, 2002: 1-9.

22 Yanqiu Meng , Yanling Song , Zhaokai Yan
and Yan Xia. Synthesis and in vitro
Cytotoxicity of Novel Ursolic Acid
Derivatives.Molecules 2010; 15: 4033-4040.

23 Warren G.L, C.W Andrews, A.M Capelli,B.
Clarke, J. LaLonde, M.H Lambert, M.Lindvall,
N. Nevins, S.F Semus, S.Senger, G. Tedesco,
I.D Wall, J.MWoolven, C.E Peishoff and M.S
Head,A critical assessment of docking
programs and scoring functions. J Med Chem
2009;.49(20): 5912-31.

*****

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kleinsek%20DA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dugan%20RE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baker%20TA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Porter%20JW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Porter%20JW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/7278664
http://www.ncbi.nlm.nih.gov/pubmed/7278664
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Qureshi%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nimmannit%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Porter%20JW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/7024732
http://www.ncbi.nlm.nih.gov/pubmed/7024732
http://www.ncbi.nlm.nih.gov/pubmed/7024732
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stange%20EF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fleig%20WE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schneider%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22N%C3%B6ther-Fleig%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22N%C3%B6ther-Fleig%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Alavi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Preclik%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ditschuneit%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/7073795
http://www.ncbi.nlm.nih.gov/pubmed/7073795
http://www.ncbi.nlm.nih.gov/pubmed/7073795
http://www.ncbi.nlm.nih.gov/pubmed/7073795

	In the present study we attempt a theoretical study of 2α-Hydroxyursolic acid derivatives (1A-1I) by docking, to inhibit HMG CoA reductase, to identify the inhibitory effect of 2α-Hydroxyursolic acid derivatives.

